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PREFACE TO THE THIRD EDITION 

The first edition of 11The Microscopic Determination 
of the Nonopaque Mineral S 11 by Esper S. Larsen, Jr., was 
published in 1921 as U.S. Geological Survey Bulletin 679 
after more than 10 years of preparation. Preparation in
volved not only compilation of data from the literature, 
but also new determinations of optical properties on about 
~;oo samples. These new desc:ri pti ons accounted for 126 of 
the 294 pages of the 1921 edition. 

The second edition, by Larsen and Harry Berman, both 
then at Harvard University, published in 1934 as U.S. Geo
logical Survey Bulletin 848, increased the data in Bulletin 
679 by more than 50 percent. The second edition was repub
lished in Russia in 1965 (Petrov, 1965) with insertions of 
newer data from the literature. 

Assembly of new data on optical properties of minerals 
~~as begun by Fleischer and Matzko in 1950, and campi 1 ati on 
;in the present tabular format was begun in 1965. Insofar 
as possible, data from the literature up to August 1, 1983 
have been included in the tab 1 es. The introductory text 
on methods was written by Wilcox, who also critically 
teviewed and suggested minor modifications of the tables 
as prepared by Fleischer. 

The present edition, in holding to the objective of 
mineral identifications, omits discussion of statistics of 
mi nera 1 optics, as covered in Chapt~er 3 of the 1934 edi
tion. Modern treatments of the Gladstone-Dale relation 
and other aspects of the re'l ati ons of refractive index to 
density and chemical composition can be found in Allen 
(1956), Jaffe (1956), Batsatnov (1961), Anderson (1975), 
Pabst (1975), Mandarino (1976, 1978, 1979, 1981) and Bloss 
and others ( 1983). The Commission on New Minerals and 
Mineral Names, International Mineralogical Association 
![American Mineralogist, v. 67, p. 191-192), states for new 
minerals, 11 It is recommended that the relationship between 
chemical composition, density, and refractive indices, be 
checked by the Gladstone-Dall~ rule ... 
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Microsc<lpic Determinaltion of the Nonopaque Minerals 
By Michael Fleischer, Ray E. Wilcox, and John J. Matzko 

CHAPTER I. INTRODUCTION 
Identification of an unknown min

eral in former times was a haphazard 
operation, involving determination of a 
few optical, physical, and chemica·! pro
perties for comparison with a wo~~fu 11 y 
incomplete set of properties of known 
minerals. Today, not only can the diag
nostic optical properties be determined 
more reliably and the chemica 1 compos i
tion more rapidly, but several X-ray 
techniques are available for determina
tion of diagnostic crystal structure. 

Compilation of X-ray data in a form 
useful for mineral identification has 
proceeded apace and has far outstripped 
the compilation of new optical data, 
with the unfortunate result that the use 
of the polal"izing microscope in minera
logic and petrologic i nvesti gati ons has 
decreased markedly; in addition, the 
time allotted in the curriculum of many 
colleges for' training in optical crys
tallography has been reduced. The po-
larizing microscope nevertheless remains 
a powerful and sometimes indispensable 
tool in mineral identification, and to 
help restore its useful ness the authors 
have taken on the t as k of b r i n g ·j n g up 
to date the tables compiled by Larsen 
and Berman (1934). 

The tables, which appear in chap
ters 3 and 4 herein, are a compilation 
of properties of known minerals. They 
have been updated by adding optical data 
that have appeared in the literature 
since the 1934 edition and up until 
August 1, 1983. The range of optical 
properties of previously listed minerals 
and isomorphous groups has been cor
rected or extended, and the names and 
data for newly discovered minerals have 
been i nsertE~d. Methods for the me~ a sure
ment of optical properties are outlined 
in chapter 2. 

Identification of an unknown by its 
optical properties proceeds most effec
tively in three stages: (1) meas1Jrement 
under the microscope of selected key 
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properties; ( 2) elimination from further 
consideration minerals not having these 
properties; and (3) determination of 
selected additional diagnostic proper
ties to eliminate all but one or a very 
few candidates. For confirmation of 
that one mineral or a final choice 
betwE~en rem a 1 n 1 n g candidates, one may 
then turn to· X-ray or chemica 1 ana 1 ys is. 

It is important that this process 
of e·l imination using the tables be given 
the same care and attention as the meas
urements of the basic optical proper
ties, for to overlook a possible candi
date at this stage can jeopardize the 
corrE~ctness of the eventua 1 i dent i fica
tion. For the fi na 1 stage, one should 
consult published encyclopedic descrip
tive mineralogies (for example, Deer and 
othe:rs, 1962, 1963, 1978; Tr6ger, 1967, 
1979; Winchell and Winchell, 1951) then 
return to the microscope to determine 
the needed additional diagnostic charac
teristics. 

Scop1e of the Tables 

For each known mi nera 1 , tables 3 to 
7 1 ist optical properties readily deter
minable by the polarizing microscope and 
its accessories, and they also note cer
tain nonmicroscopic but useful identify
ing properties such as bulk color, fusi
bility, hardness, and chemical behavior. 
The minerals are grouped in separate 
tablE~S according to basic optical char
acter (isotropic, uniaxial, or biaxial) 
and according to optic sign (positive or 
negative). For convenience in entering 
the tables by means of optical data rou
ti ne·l y obtai ned by the so-ca 11 ed immer
sion method (see chap. 2), the minerals 
in each table are arranged in order of 
increasing refractive index. The tables 
may also be entered with refractive 
indices estimated from thin sections, 
although a much greater number of listed 
minerals will usually have to be con
sidered as possible candidates due to 
the uncertainty of the estimate. 



Need for Additional Data 

Although the tables in chapters 3 
and 4 have been updated, they contain 
many imperfections and cannot be re
garded either as complete or entirely 
correct. The reliability of the indivi
dual listings varies widely and for some 
minerals cannot be estimated, inasmuch 
as the source literature does not supply 
adequate descriptions of methods used. 
Indeed, in too many cases it is pain
fully evident that no set of minimum 
standards was adhered to in carrying out 
the or i g i n a l opt i cal de term i nat i on , much 
less in the preparation and purification 
of the minerals for chemical analysis. 
Still remaining to be filled are gaps in 
the knowledge of the ranges of optical 
properties of rare minerals, many of 
which, judging from their determined 
chemical compositions, are members of 
isomorphous series. Finally, there is 
the certainty that some naturally occur
ring minerals still wait to be dis
covered and described optically. 

Opt i ca 1 methods of mi nera 1 i dent i
fication are useful not only as an 
adjunct to the powerful methods of X-ray 
and electron microprobe but in many 
situations also as the most reliable and 
rapid means of identification. However, 
the gaps and flaws mentioned above in 
available optical data of minerals are a 
matter of concern particularly because 
identification rests on the process of 
elimination. One therefore must keep in 
mind the possibility, remote as it might 
be, that the unknown mineral under exam
ination is not listed in the part of the 
table involved. The use of optical 
methods in the modern laboratory will 
not reach full effectiveness until these 
shortcomings are corrected. Fortunately, 
basic opt i ca 1 data can now be obtai ned 
with greater reliability and with con
s i de r a b l y 1 e s s ted i urn t h a n former l y , 
thanks to the availability of more docu
mented mineral specimens and more ad
vanced development of instrumentation 
and methods. Also, many of the diffi
culties due to limited sample size that 
plagued the early workers in descriptive 
mineralogy are now avoidable because 
optical, X-ray, and chemical analyses can 
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be carried out on extremely small sam
ples, using the spindle stage, the 
single-crystal X-ray goniometer, and the 
electron microprobe. 
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CHAPTER II. DETERMINATION OF 
OPTICAL PROPERTIES OF TRANSPARENT 
MINERALS BY THE IMMERSION METHOD 

Whereas the textures and interrel a
t ions of minerals in rocks, so important 
in petrologic interpretations, are well 
seen in thin section, measurements of 
principal refractive indices and other 
optical properties necessary for reli
able identification are better accom
plished on individual fragments by the 
so-called immersion method. Advantages 
of this method include the ability to 
manipulate crystal fragments indivi
dually without the handicap of inter
ference from adjacent crystals. 

For the immersion method, the 
sample is crushed to separate the indi-



vidual crystal units and expose fresh 
surfaces, so that fragments can be 
chosen and their refractive indices can 
be compared under the microscope with 
successive liquids of known refractive 
indices until a match is found. In the 
same mounts, birefringence, optic angle, 
optic sign, pleochroism, and the rela
tionships of optical directions to crys
tallographic directions (extinction angle 
and sign of elongation, and so on) may be 
measured or estimated. 

It is possible here to give only a 
brief review of established procedures 
and techniques; emphasis will be on 
several practical techniques not yet 
fully covered in most textbooks. For 
details of the conventional techniques, 
the reader is referred to textbooks such 
as Bloss (1961), Wahlstrom (1969), 
Hartshorne and Stuart (1969, 1970), 
Burri (1950), Tatarskii (1965), Stoiber 
and Morse (1972), Hutchison (1974, 
especially p. 78-93, 247-263), Schumann 
and Kornder (1973), McKie and McKie 
(1974), and el-Hinnawi (1966). Several 
u sefu 1 works deal with prob 1 ems encou n-
tered in special fields: industrial 
chemistry and product control 
(Hartshorne 4and Stuart, 1970; Chamot and 
Mason, 1958; McCrone and Delly, 1973; 
Lehr and others, 1967), ceramics (Insley 
and Frechette, 1955; Dietze 1 and KUppen, 
1974), identification and characteriza
tion of synthetic inorganic substances 
( W i n c hell a n d W i n c he 11 , 19 6 4 ; Ko r des , 
1960; Lehr and others, 1967), and or
ganic compounds (Winchell , 1954). 

Refractive Index 

Three techniques are especially 
useful for determination of refractive 
index, the primary basis for entry into 
the tables: (1) central illumination 
("Becke line"), (2) inclined illumination 
("Schroeder van der Kolk"), and (3) dis
persion coloration ("dispersion stain
ing"). All three techniques depend on 
the same basic optic phenomenon: the 
sma 11 er the difference of index b~etween 
fragment and liquid, the less strongly 
diverted the light rays passing through 
an inclined interface. The techniques 
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differ only in the manner of illumina
tion and in the resulting observed 
effects. Because the immersion liquids 
are so important for the correctness of 
the determination, their calibration and 
use will be dealt with first. 

Immersion Liquids 

Sets of liquids ranging in index 
from about 1.46 to 1.80 and separated by 
regular index intervals, say 0.005 or 
0.002, are available commercially. In 
choosing the interval between liquids, 
it may be kept in mind that the greater 
initial cost of a set having the smaller 
i nterva 1 may be more than compensated by 
the saving of time and the greater pre
cision of results. The label on each 
bottle in the set should show not only 
the index of refraction for the D-1 i ne 
of the spectrum, but also its coeffi
cients of temperature and dispersion. 
With some care and effort, sets of 
liquids can be made up in the laboratory 
from end members, as described by 
Harrington and Buerger (1931), Butler 
(1933), and Meyrowitz (1955, 1956). 
Useful general discussions of possible 
end-member liquids are given by Johannsen 
(1918, p. 259), Burri (1950, p. 221), 
Wilcox (1964), and Hartshorne and Stuart 
(1970, p. 265). 

The refractive index of a typical 
organic immersion liquid decreases sig
nificantly with increasing temperature-
on the order of 0.0004 to 0.0005 per 
degree Celsius; the corresponding change 
of index of the immersed c rys ta 1 frag
ment is an order of magnitude smaller, 
thus negligible in the present aRplica
tion. A bottle label reading n05 =1.534 
indicates that the refractive 1ndex of 
its contained liquid is 1.534 at 25°C in 
light of the D-line (wavelength 589.3 
nm). A further notation, 

dn ;o - dt = 0.00039 c, 

indicates the magnitude of the inverse 
change of index with temperature. Thus, 
after reaching the match between frag
ment and liquid, it is necessary to make 



an index correction for the difference 
between the temperature of the immersion 
mount itself and the temperature at 
which it was calibrated. If, for in-
stance, the above liquid was found to 
match the index of a fragment at 28°C, 
the correction to be made would be 3x 
0.00039, or 0.00117, to be subtracted 
from 1.534 to give 1.53283, rounded for 
the present application to 1.533. This 
is the refractive index of the matching 
liquid under these conditions and thu~ 
of the index of the fragment. 

The refractive index of each liquid 
in the set must be rechecked from time 
to time, depending on the stability of 
the 1 i quid and on the accu rancy required 
in use. Adequate for most mineralogical 
1 a bora tori es is the Abbe-type refractom
eter for indices up to about 1.70 with a 
precision about ±0.0002. Although a 
prism of special glass may be substi
tuted to permit measurements to higher 
than 1.80, the glass commonly used for 
this purpose is a high-lead glass that 
is vulnerable to corrosion from most 
liquids used in this higher range. Less 
expensive refractometers, such as that 
designed by E.E. Jelley (1934; see also 
Edwards and Otto, 1938) , extend to 1. 90, 
are not damaged by liquids above 1.70, 
and are precise enough (about ±0.001) 
for much work. Whatever the refractom
eter, it too should be calibrated care-
fully according to the directions of the 
manufacturer (see also Fisher, 1958). 

In some applications it is neces
sary to know the dispersion strength of 
the immersion liquids. This property 
may be expressed as the difference 
between refractive indices at two stan
dard wavelengths, such as the F- and 
C-lines. A common expression of the 
dispersive power of the liquid is the 
coefficient: 

~- 1 
v = 
~-~ 

Dispersion can be determined by measure
ment of refractive indices of the liquid 
at the wavelengths of the F-, D-, and C-
1 i n e s by m i n i m urn de v i at i on on a go n i om
eter using a pri sm-ce 11 , or on an Abbe 
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refractometer making corrections for the 
dispersion of the glass of its reference 
prism. Considerably more convenient, 
however, is use of an Abbe refractometer 
equipped with Amici prisms, whereby a 
measure of the dispersion is obtained in 
the course of determination of ~ in 
white light. 

Central Illumination (11Becke Line") Technique 

The so-called Becke line test of the 
refractive index difference between frag
ment and immersion liquid is carried out 
in illumination consisting of a narrow 
cone of light symmetrically about the 
axis of the microscope. The fragment in 
liquid is brought into sharp focus. (If 
anisotropic, the fragment should be 
placed in a position of extinction, then 
the upper polar is withdrawn.) As the 
focus is raised slightly, that is, as 
d1stance between obJective lens and 
object is increased, a bright-line (the 
Becke line) forms at the edge of the 
fra~ment and moves toward the substance 
of 1gher index. Thus, 1f refractive 
index of the fragment is higher, the 
Becke line moves inward; if lower, it 
moves outward. As the focus is raised 
further, the line fades and the image 
blurs. The basis for this fading and 
blurring has been variously ascribed to 
the crude lens effect of the solid frag
ment and to tot a 1 reflection of rays by 
the very steep interfaces at the edge of 
the fragment. 

Determination of the refractive 
index of the fragment becomes a matter 
of finding the matching 1 iquid in a set 
of graduated index liquids. As this 
matching liquid is approached in succes
sive liquids, the Becke line noticably 
weakens but, up to a point, may be made 
more visible by stopping down the sub
stage aperture iris diaphragm. In a 
liquid near the match and with white 
light for illumination, the edges of the 
fragment take on faint colors. Atten
tion to the quality of these faint dis
persion colors enables one to recognize 
a close approximation of the true match 
(Emmons and Gates, 1948). A more exact 



match may be established using monochro
matic light, such as that of the stan-
dard sodium line (589.3-nm wavelength); 
when the index of the sol i d and 1 i quid 
are the same in monochromatic light, the 
Becke line disappears completely, and 
the fragment becomes invisible except 
for flaws and inclusions. 

If the host fragment is crowded 
with inclusions, precise results are not 
attainable by the Becke line method, for 
as the matching liquid is approached in 
successive mounts, the still strong 
Becke lines of the crowded inclusions 
coalesce to form a single bright line 
that prevents recognition of the fading 
and disappeatance of the Becke line of 
the host. A further difficulty, pas
sib 1 y re 1 a ted, arises from the so-ca 11 ed 
"spurious Becke line," a light line that 
moves opposite to the true Becke line. 
This situation is often encountered with 
fragments having appreciable light 
absorption (body color) or unfavorable 
fragment contour. Here at best one 
finds only a broad minimum in the inten-
sity of the light lines through a series 
of adjacent immersion liquids, leaving 
in question the refractive index of the 
true match. 

Oblique Illumination (Schroeder van der Kolk) 
Technique 

The oblique illumination technique, 
details of which are given in most text
books and in the excellent discussion by 
Wright (1911, p. 92-95), is capable of 
greater sensitivity than the Becke line 
method. Briefly, to obtain oblique 
illumination, the entering cone of light 
is blocked on one side at the proper 
level in the substage or in the micro
scope tube to produce a sidelighting 
effect that enhances the appearance of 
relief (mismatch) of the fragment in 
respect to the immersion liquid: one 
edge of the fragment is highlighted 
while the opposite edge is shaded. As 
a general rule, the index of the frag
ment is higher than the liquid if its 
br1ghter s1de 1s toward the more brlght
ly illuminated portion of the field of 
v1ew. It is advisable, however, to 
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check the behavior of a particular 
microscope and illuminating system in 
this respect by use of a fragment of 
known index in a liquid of known direc
tion of mismatch. 

In white light, as the indices of 
liquid and fragment become more nearly 
equal in successive mounts, the apparent 
relief of the fragment decreases. At 
rna tc h, one edge of the fragment is 
bluish and the opposite edge reddish. 
One learns to recognize the diagnostic 
shades and intensities of colors that 
are obtained on either edge when a match 
has been reached, keeping in mind that 
the quality of the colors is affected to 
some extent by the natura 1 body col or of 
the fragment as well as the spectrum of 
the light source. The match point is 
more precisely defined with monochro
matic illumination, for at match the 
fragment completely disappears except 
for flaws and inclusions. In order to 
cancel disturbing effects due to differ
ences in shape of opposite edges of the 
fragment, it is helpful to observe the 
fragment at the one pas it ion of the 
microscope stage, then rotate the frag
ment 180° on the stage and observe it 
again to confirm that the relief effect 
is in the same relation to the lighter 
side of the field. 

Dispersion Coloration Technique Using Central 
Focal Masking 

This method is rapid and in large 
part free of misleading effects such as 
the "spurious Becke line" encountered in 
the central illumination method. Al
though the precision of this method is 
somewhat less than that of oblique mono
chromatic illumination, it is quite ade
quate for purposes of crystal i dent i fi
cation. In addition to its value for 
determination of refractive indices, the 
method enables rapid distinction between 
different mineral species in a frag
mental mixture and determination of the 
kind and amount of undesired constitu
ents in a product at successive stages 



in a purification process. Details of 
the method and its variants may be found 
in descriptions by Cherkasov (1960}, 
LJilcox (1962, 1983}, Brown and McCrone 
(1963}, Brown and others (1963}, and 
Hartshorne and Stuart (1970, p. 437}. 
Similar color effects are obtained in 
the 11 Grenzdunkel fel d11 technique descri b
ed by Schmidt and Heidermanns (1958) and 
in the early 11 dispersion staining .. tech
nique of Crossman (1948}. In the two 
latter techniques, however, some light 
rays traverse the fragment at an appre
ciable angle to the axis of the micro
scope, leading to possible inaccuracies 
when working with strongly anisotropic 
substances. 

The immersion mount is illuminated 
by a narrow beam of ordinary white 
light, produced by severely restricting 
the substage aperture diaphragm. With 
a small opaque dot mask installed in the 
objective near the focal point, the 
image of the fragment appears on the 
dark field in a color that indicates the 
degree of match or mismatch with the 
immersion liquid. These useful color 
effects result from the appreciably 
greater dispersion of the liquid over 
that of the so 1 i d of s i m i 1 a r refract i v e 
index. Thus in figure 1, the refractive 
index of the glass matches that of the 
liquid for light of wavelength near that 
of the D-line (5893 ~ or 589.3 nm) but 
is progressively 1 ess than that of the 
liquid at shorter wavelengths and great
er at longer wavelengths. 

The critical color effects begin to 
appear as the index of the immersion 
liquid approaches to within about 0.01 
of that of the fragment, depending on 
the relative dispersive strengths of 
fragment and liquid. In liquids of 
index outside this range in either 
direction, the fragment edges are imaged 
brightly in the color of the source 
1 i ght. To determine whether to go to a 
liquid of higher or lower index, one 
simply observes the movement of the 
single strong Becke line as the focus 
is raised. 

Under the microscope a fragment 
i mme rs e d i n a rna t c h i n g 1 i q u i d and i 11 u-
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minated by a thin beam of white light 
refracts the various wavelengths differ
ently (fig. 2). Light beams of a wave-
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Figure 1. Dispersion of the refractive index of a typical 
inorganic solid compared to dispersions of successive 
members of a typical set of organic immersion liquids. 

length close to the standard yellow 
wavelength, 589.3 nm, are blocked by the 
opaque dot at the focal point of the 
objective, while beams of shorter wave-
1 engths (more blue) and of longer wave-
1 engths (more red) bypass the opaque dot 
and combine again to form an image of 
the fragment edges in deep violet color. 
This violet image is the combined effect 
of the spectral colors remaining after 
the band near the yellows has been sub
tracted. The field of view is otherwise 
dark, because beams not passing through 
inclined surfaces of the fragment edge 
are also blocked by the opaque dot. By 
raising the focus slightly, a red out
line of the image moves inward and a 
blue outline moves outward. (These, of 
course, are the Becke lines for light of 
the respective wavelengths.) 

From figure 1 it can be further 
deduced that, in a liquid of slightly 
1 ower index, say by 0. 002, the edges of 
the fragment would be seen as noticeably 
richer in reds; in this case a band in 
the blue-green would have been sub
tracted. Similarly the edges of the 
fragment in a liquid higher by 0.002 
would be seen as richer in blue. 



Table 1 gives word descriptors of 
the colors seen in different situa
tions. Each person should learn the 
co 1 or of the rna tch as seen by eye, how
ever. To this end, one may make a mount 
of a solid in a liquid as closely 
matched as can be judged by inclined 
illumination (described above) using 
monochromatic sodium-D illumination, then 
change to central focal masking illumina
tion to observe and fix in mind the 
quality of color seen at the match. 

Techniques of Higher Precision 

Very precise determination of re
fractive i nd ~ices beyond the third dec i
mal place is seldom required for identi
fication of unknown minerals. Should 
greater prec1s1on be desired, for 
instance in the characterization of 
newly discovE~red minerals or in applica
tions to crystal structures, a number of 
techniques are available, each of which 
requires special auxilliary equipment. 
Perhaps the most rapid of these is the 
wavelength-variation method introduced by 
Wherry (1918), Posnjak and Merwin (1922), 
and extended by Emmons ( 19 2 9 , 19 4 3 ) • A 
precision of ±.0001 refractive index is 
estimated for this method, as refined by 
Morse (1968) using a convenient substage 
variable interference filter and immer
sion liquids for which dispersion 
strengths have previously been deter
mined. A further extension of the method 
enables determination of members of an 
isomorphous series, such as the plagio
clase series, for which dispersion char
acteristics are also known. 

Sueno (1933) and Micheelson (1957) 
use wavelength-variation techniques, 
a'dding glass powders of precisely known 
index to the immersion mount of the un
known substance to act in the role of 
refractometer, thus eliminating the 
necessity of temperature correction. In 
the double-variation method of Emmons 
(1929, 1943), both wavelength and tem
perature are changed at will to match 
solid and liquid at several wavelengths, 
enabling one to determine not only the 
refractive index of the solid at the D-

7 

~---------------, IMAGE 
PLANE 

WHITE 
LIGHT 

DOT MASK -<E--- AT FOCAL 
POINT 

OBJECTIVE 
LENS 

IMMERSION 
MOUNT 

Figure 2. Formation of violet image (spectrum minus 
yellow band) of a fragment whose refractive index 
matches the liquid for the yellow band of wavelengths of 
light. 

line, but also the dispersion curve. 
For greater sensitivity in determination 
of the index match between liquid and 
immersed solid, Saylor (1935) developed 
a double-diaphragm mask for the micro
scope objective and substage. Used with 
an ultrasensitive stage refractometer 
(Saylor, 1966), this mask enables pre
cision to the fifth decimal place in 
determ·ining the refractive index. Chao 
(1976) attains precision to the fourth 
place by interference microscopy. 

Determination of Refractive Index of Optically 
Isotropic Substances 

Light in an optically isotropic 
substance can vibrate in all directions 
in a plane perpendicular to its direc
tion o'f transmission, and the refractive 



Table 1. Dispersion colors observed at edges of fragments on dark field with 
central focal masking technique 
[Modified from Cherkasov, 1960] 

Observed color 

Refractive 
Matching Raising focus index 

wavelength At .!lD of 
(nm) focus solid is 

Moving Moving 
in out 

660 bright (none) bright 
greenish greenish 
blue blue 1 ess 

625 sky blue (none) sky blue than 

600 blue faint greenish liquid 
dark blue 
red 

589 DEEP WEAK STRONG SAME AS - VIOLET RED BLUE LIQUID 

575 purple red blue 

540 reddish orange- bluish- greater 
purple red violet 

505 orange- orange weak 
red blue than 

violet 

480 orange yellow weak 
violet liquid 

465 bright bright (none) 
gold gold 
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index is the same regardless of the 
directions of passage and vibration. 
Hence the refractive index of such a 
substance may be determined in a 
straightforward manner by making a 
series of immersion mounts of randomly 
oriented crushed fragments to find the 
matching liquid. Having found the liquid 
that matches the fragments, an appro
priate correction for the temperature may 
be applied, as outlined in the section 
entitled "Immersion Liquids." 

Determination of Refractive Indices of Anisotropic 
Substances 

Light traveling in an anisotropic 
substance is polarized, that is, its 
vibrations are confined to two direc
tions that are perpendicular both to 
each other and to the direction of 
transmission. Refractive indices depend 
on vibration directions and may vary 
between 1 imi ts set by the extreme va 1 ues 
of the principal refractive indices, 
determinations of which are necessarily 
more involved than for an isotropic sub
stance because the fragment first must 
be properly oriented. 

To aid in visualizing the behavior of 
1 ight in anisotropic crystals, one may 
make use of the optical indicatrix, an 
ellipsoid in which the length of a given 
radius represents the refractive index 
of the light wave vibrating in the di
rection of the radius. Thus, the indi
catrix of an isotropic substance is a 
sphere. Anisotropic crystals may be 
divided into two classes: uniaxial and 
biaxial. The indicatrix of a uniaxia-l 
crystal is an ellipsoid of revolution 
{fig. 3A), having its axis (called the 
optic axis) coincident with the crystal-
1 o graph i c symmetry ax i s c , per pend i c u l a r 
to which is the circular-section. Light 
traveling in the uniaxial crystal at an 
angle to the optic axis is polarized. 
One wave (called the ordinary or 0 wave) 
vibrates in the plane of the circular 
section and has a refractive index w, 
which is represented by the radius of 
the circular section. The other wave 
(called the extraordinary or E wave) 
vibrates at right angles to that of w 
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(fig. 3A) and has a refractive index£' 
which is represented by the radius of 
the ellipsoid in vibration. The index w 
is ca 11 ed the ordinary pri nc i pal refrac
tive index, and £ 1 1s called the extra
ordinary refractive index. The extreme 
value of s', obtained when light travels 
perpendicular to the optic axis, is 
designated as s, the extraordinary 
principal refractive index.l Note that, 
in this case, the other polarized wave 
again has w as its refractive index. 
Light traveling parallel to the optic 
axis is not polarized and has the ordi
nary principal refractive index w. 
Crystals in which s is greater than w 
are saicl to be optically positive (the 
indicatrix is a prolate ellipsoid, such 
as that of fig. 3A). Where s is the 
lesser index (an obTate ellipsoid), the 
crystal is said to be optically nega-
tive. 

The optical indicatrix of a biaxial 
crystal (fig. 3B) is an ellipsoid in 
which the three- unequal symmetry axes 
represent the principal vibration direc
tions X, Y, and Z of light for the three 
principal refractive indices: ex, the 
1 owes t ; e , i n termed i ate ; and y , the 
highest.2 Such an ellipsoid has two 
circu·lal"' sections, the normals to which 
here are called the optic axes. These 
axes define the optic plane, and the 
angle between them is the optic angle 
2 V • T h ~~ opt i c p l a n e i n c l u des the p r i n
cipal vibration directions X and Z as 
bisectrices of the optic angle. The 
crystal is said to be optically positive 
when 2V is acute about Z and optically 
negative when 2V is acute about X. 

lather 
indices used 

for w: 

for s: 

symbols for refractive 
in some publications are, 

n , n(\, nO, or merely 0, 
-w -v -

20ther symbols used in some publica-
t ions are, 

for ex: 
for e: 
far y: 

~, ~, ~P' or merely X, 
~e, ~, ~, or Y, 
~y, ~z, ~9 , or Z. 



OPTIC 
AXIS Z=Bxa 

X=Bxa 

Figure 3. lndicatrices of anisotropic crystals. A, Uniaxial positive (a prolate ellipsoid of revolution, w<e). 8, Biaxial positive 
(2Vz<90° ). 

Light traveling parallel to an 
optic axis vibrates in the circular sec-
tion, is not polarized, and has a as its 
refractive index. (Although optic axes 
are customarily shown in the indicatrix, 
as in figure 3, it should be kept in 
mind that they really represent direc
tions of travel and that the correspond
ing fundamental vibrational elements are 
the circular sections.) Light traveling 
at an angle to the optic axes is polar
ized into two waves vibrating at right 
angles to each other. One wave vibrates 
in the dihedral angle of the circular 
sections that includes the bisectrix X, 
and in the genera 1 case it has refrac
tive index a', a nonprincipal index 
between a and a. The other wave vi
brates in the other di hed ra 1 angle that 
includes the bisectrix Z and has refrac
tive index y' between y and a. Light 
traveling parallel to a symmetry plane 
of the indicatrix, XV, XZ, or YZ, will 
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have one wave with a pri nc i pa 1 refrac
tive index, y, a, or a, and generally 
a 11 y the other wave with a nonpri nc i pa 1 
index. Light traveling parallel to a 
symmetry ax i s X , Y , or Z w i 11 have both 
waves with principal refractive indices. 

As can be seen from the foregoing 
discussion, to determine a principal 
refractive index of an anisotropic 
crystal by the immersion method, the 
crystal fragment must be oriented so 
that the plane-polarized 1 ight from the 
polarizer of the microscope vibrates 
parallel to the corresponding principal 
vibration direction in the crystal. In 
practice, one has a choice of (1) the 
"method of random grain mounts," in 
which properly oriented fragments are 
sought in successive immersion mounts of 
multiple fragments, (2) the coated-slide 
technique, in which one seeks properly 
oriented fragments among the scattered 
fragments he 1 d on a thin fi 1m of ad he-



sive on a slide and then changes liquids 
as necessary to reach a match, or (3) a 
method wherein single fragments are 
mounted on a spindle for orientation so 
that each principal refractive index can 
be determined in its respective posi
tion. 

The method of random grain mounts. 
--This method, descr1bed 1n vary1ng 
detail in textbooks, is carried out 
using loose-grain mounts in a chosen 
succession of immersion liquids. It 
needs no special auxiliary equipment but 
does require a thorough and logical pro
cedure to ensure useful results in a 
reasonable time. The first step is to 
examine the behavior of the interference 
figures of a series of grains in a pre
liminary immersion mount to ascertain 
whether the unknown is un i ax i a 1 or bi
axial. If uniiaxial, every grain should 
show the w-index at one or the other ex
tinction position; one may, therefore, 
make a series of mounts in liquids lead
ing to a match of w. In another series 
of mounts, thE~ other pri nc i pa 1 index, E:, 

is to be sought from grains showing 
highest interference colors, the cor
rectness of the orientation being con
firmed finally by the interference 
figure, which should be a symmetrically 
behaving flash figure. 

For a biaxial substance, successive 
mounts may be made to match the index 
of grains that show very little or no 
interference color on the rotation 
between crossed nicols. This index is 
e, confirmed by a centered optic axis 
figure. Proceeding next through a 
series of mounts of progressively lower 
index and observing fragments showing 
relatively high interference colors, 
the extreme low index is sought; this 
will be the principal index, a, con
firmed by an interference figure sym
metrical about the crosshair that is 
perpendicular to the vibration direction 
of the polar·izer. Helpful details in 
the use of such symmetrically behaving 
interference figures in this procedure 
are given by Slawson and Peck (1936) and 
by Stoiber and Morse (1972, p. 188-198, 
211-214). (S~ee also discussion in sec-
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tion on "Spindle Stage," below). Simi
larly, the highest index, y, is sought 
in grains showing high interference 
colors in mounts of index successively 
greater than e, again confirmed by the 
appropriately symmetrical interference 
figure. 

If the unknown has marked cleavage 
oblique to the principal vibration 
directions, the chances are much reduced 
of finding fragments oriented suitably 
for determination of all principal 
refractive indices. Further, if the 
crushed sample contains two or more sub
stances of overlapping optical proper
ties, the unsophisticated or impatient 
investigator may settle on a set of 
totally misleading principal refractive 
indices and birefringence for the unknown 
"substance." 

The coated slide technique.--In this 
techn1 qu1~, fragments of the unknown are 
scattered over a glass slide thinly 
coated with tacky material, such as gel
atin (Olcott, 1960), thermal-setting 
epoxy (Langford, 1962), thick water glass 
(Lindberg, 1944), quick setting epoxy, or 
other colorless adhesive not affected by 
i mm e r s i on 1 i q u i d s • Ha v i n g once 1 ocate d 
a suitably oriented fragment by use of 
interference figures, the liquids can be 
changed to find the match for the respec
tive principal refractive index without 
loss or disturbance of the fragment. In 
many cases, this is a considerable im
provement over the method of random 
loose-grain mounts, in that new fragments 
need not be sought for each change of 
liquid. But this technique suffers also 
from the hazards and uncertainties 
arising when the unknown is composed of 
two or more substances of overlapping 
optical properties. 

Spindle Stage 

Most satisfactory for entry into 
the identification tables is a complete 
set of Oas i c optical data from the un
known crystal fragment. For their 
determination, the spindle stage is well 
suited, enabling determination of all 
principal refractive indices as well as 



optic angle and relation of optical sym
metry axes to cleavage.3 A succession 
of fragments should of course be exam
ined to establish the range of optical 
properties of the unknown mineral and 
whether the sample is composed of more 
than one mineral species. Procedures 
for the use of the spindle stage are 
given by Rosenfeld (1950), Wilcox (1959), 
Wilcox and Izett (1968), Hartshorne and 
Stuart (1970), Bloss and Light (1973), 
and Bloss (1981). The essentials will 
be outlined in the following. 

To carry out the determination on 
the spindle stage, the crystal fragment 
is cemented on the tip of the spindle 
and placed on the base plate (fig. 4) 
attached to the stage of the microscope. 
With the fragment in the transparent 
immersion ce 11 , orientation is accom
p 1 is hed by rotation about the hori zonta 1 
(spindle) axis and vertical (microscope) 
axis. At the orientation for each prin
cipal refractive index, immersion liquids 
are changed successively to arrive at the 
match. 

The adhesive for mounting the frag
ment must be i n so 1 u b 1 e i n the i mm e r s i on 
1 iquids, and ordinary water-soluble car
penter's glue works well for this if 
mixed with an appropriate amount of 
molasses, corn syrup, or similar sub
stance to lengthen its period of tacki
ness. The mineral fragments, crushed to 
a convenient size (usually less than 
0.2-mm diameter), are viewed under a 
s tereomi croscope ~ and the desired frag
ment is isolated. The tip of the 
spindle is touched to a drop of the 
adhesive, then brought into the field of 
the stereomicroscope, holding the spindle 
as nearly vertical as practical and bare
ly touching it to the fragment (fig. 5~). 

3The universal stage (Emmons, 1943) 
also enables determination of these diag
nostic properties to a high precision but 
requires an array of peripheral equipment 
as well as a much greater expenditure of 
time. 
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Figure 4. Spindal stage (modified from Wilcox, 1959). 

With the fragment clinging to the spindle 
tip, the mount may be breathed on gently, 
whereupon the moisture-sensitive adhesive 
flows onto the fragment to hold it more 
securely. (Care must be taken, however, 
not to moisten it so much that the adhe
sive completely coats the fragment.) If 
the fragment is out of line, as in figure 
5B, it may be gently nudged with a dis
secting needle while viewed under the 
stereomicroscope to move it into the 
axis of rotation of the spindle (fig. 
5~). 

After allowing a minute or two for 
the adhesive to set, the spindle with 
fragment thus randomly mounted is 
clamped in the groove of the base plate, 
then pushed forward to insert the frag
ment into the immersion cell, and the 
small scale for the spindle arm is put 
in place. A trial immersion liquid is 
introduced at the front end of the ce 11 , 
into which it moves by capillary action. 
Under 1 ow power, the image of the frag
ment is brought to the crosshair inter
section by shifting the base plate. 
Liquids can be changed by holding a tab 
of blotting paper at the rear of the 
cell along the shank of the spindle 
(fig. 6). After the old liquid is 



A 

Figure 5. Technique for mounting the 
fragment on spindle: A, The spindle 

with adhesive is touched to the 
fragment. 8, Fragment out of line. 
C, Fragment nudged into line with the 
spindle axis. 

B 

c 

removed~ the new liquid is introduced at 
the front of the cell as before. This 
operation should be repeated once to 
flush out old liquid trapped in the cell 
and once again if the index change is 
large. 

Orientation of the fragment for 
index determination may be carried out 
conoscopically (Wilcox, 1959, p. 1277), 
enabl in!) at the same time an overview of 
other optical properties such as optic 
angle and optic sign. If the fragment 
is too sma 11 or if interference figures 
cannot be obtained, the somewhat more 
time-consuming orthoscopic procedure 

Figure 6. Withdrawal of liquid from immersion cell (Wilcox, 1959, p. 1281; Bloss and Riess, 
usingabsorbentpaper. 1973; B"loss, 1981) can be used. 

13 



For a biaxial crystal, the correct 
orientation for index comparison is 
recognized conoscopically by an inter
ference figure having bilateral symmetry 
along the crosshair perpendicular to the 
plane of the polarizer, as pointed out 
by Slawson and Peck (1g36). Typical 
examples are shown in figure 7, in which 
the polarizer is NS. For any randomly 
mounted fragment, there are three orien
tations (within the upper hemisphere of 
rotation) that satisfy this criterion 
and at which the respective principal 
refractive indices are to be determined. 
It is advantageous to start with the 
orientation for e, that is, the orien
ta t i on where the opt i c p 1 an e i so gyre i s 
symmetrically disposed along the EW 
crosshair. This isogyre is recognized, 
even before reaching the symmetrical 
setting, by its "counterrotating" be
havior (Stoiber and Morse, 1g72, p. 122, 
17 2) or by the presence of the me 1 a tope 
i tse 1 f, a bout which the i so gyre pivots. 
With this isogyre symmetrically along 
the EW crosshair, the settings of 
spindle stage arm and microscope stage, 
at which e is to be determined, are 
recorded. 

One then proceeds toward the set
ting for the next principal index by 
small rotations about the spindle axis 
followed by compensating rotations on 
the microscope stage to keep the one 
isogyre always well within the field of 
view. Eventually another symmetrical 
interference figure must be encountered, 
with an i so gyre 1 yi ng either a 1 ong the 
EW crosshair, which is the desired set
ting, or along the NS crosshair, in 
which case the desired setting is made 
by rotating goo on the microscope stage. 
The accessory plate may be used to 
establish whether it is the vibration 
direction of a or y that is now NS, and 
the readings of spindle arm and micro
scope stage are recorded. One proceeds 
in the same manner to establish the set
ting for the third principal index. 
Converting now to orthoscopic illumina
tion and a lower power objective, the 
index of the liquid is compared with 
each of the three principal indices at 
its respective setting by means of one 
of the index comparison techniques out-

EB~ 
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Figure 7. Examples of typical isogyre configurations to 
be seen when a principal vibration direction is horizontal 
EW; that is, when the crystal is oriented for comparison 
of the corresponding principal refractive index with the 
immersion liquid (polarizer NS). 

1 ined in earlier sections. Liquids are 
changed accordingly to find the matching 
1 iquid for each index and, after cor
recting for temperature, the principal 
refractive indices are recorded. 

The procedure for a uniaxial crys
tal is somewhat simpler, once having 
established from an optic axis figure 
that it is indeed uniaxial. Here one 
simply places an isogyre along the EW 
crosshair and, by incremental rotations 
of spindle and stage, "follows" this 
i so gyre to the flash figure. The vi bra
tion direction of w is now NS and, con
verting to orthoscopic illumination at 
this setting, w may be compared with 
the 1 iquid. Rotating goo to the other 
extinction position similarly permits E 

to be compared with the liquid. 

Birefringence 

The difference between the extreme 
principal refractive indices, a andy, 
or w and E, ordinarily referred to as 
the birefringence of the mineral, is 
very helpful in identification. Bire
fringence is especially useful for iden
tification of an unknown that is a 
member of an isomorphous series, for 
birefringence usually remains within 
relatively narrow limits while the 
refractive indices may have a wide range. 



In routine immersion work, bire
fringence is usually taken as the dif
ference between the already measured 
values of y and a, or of w and £. 

Lacking these measurements, it can be 
estimated from the order of interference 
color observed between crossed polars, 
giving due consideration to the orienta
tion and the probable thickness of the 
fragment. (Thiis approach, of course, is 
the basis for rapid recognition of many 
minerals in thin section, where the 
thickness is known.) Maximum birefrin
gence may also be determined on the 
spindle stage, following the suggestion 
of Fisher (1960, p. 87), by mounting 
the fragment on the spindle so that the 
optic plane can be made horizontal 
(flash figure), in which position the 
maximum retardation, R, is determined at 
the point wher·e thicknesses is greatest 
using a compensator.4 That thickness, 
t, is measured with the ocular microm
eter after rotating the fragment 90° 
about the spindle axis to show it in 
profile. Birefringence, B, is then B = 
R/t. 

4If the optic plane of the randomly 
mounted fragment 1s oblique to the 
spindle axis, it cannot be made hori
zontal by simple rotation about the 
spindle axis. With practice, however, 
it is not difficult to correct the posi
tion of the fragment by (1) rotating the 
optic plane to verticality, (2) noting 
the a n_g 1 e of the opt i c p l an e w i t h the 
spindle, (3) withdrawing the spindle, 
(.4) dipping the spindle tip in sol vent 
to remove the oil, (5) breathing gently 
on the mount to soften the adhesive, and 
finally (6) under the stereomicroscope 
with a dissecting needle, nudging the 
fragment the estimated amount necessary 
to place the optic plane in line with 
the spindle. 
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Optic Angle and Optic Sign 

The optic angle, usually designated 
as 2V, is the angle between the two 
optic axes (see fig. 3). A statement of 
the numerical value of the angle is not 
complete without an indication of optic 
sign. A positive optic angle may be 
shown, for example, as (+)2V=47°, 2Vz= 
47°, or 2Vy=47°. The size of the 
optic angle can be calculated from the 
relationships among the three principal 
indices of refraction or can be measured 
independently, thus offering a means of 
checking on the consistency of the mea
sured values of principal refractive 
indices. 

Calculation of Optic Angle 

The relation of optic angle to the 
principal refractive indices may be ex
pressed as 

a I y2 - s2 2Vz = 2 arc cos - ----
s Y2 - a2 

(1) 

where 2Vz is the angle between the two 
optic axes across the bisectrix Z. A 
simpler approximation, 

2Vz = 2 arc cos ;f ~ = ~ (2) 

is accurate within a degree or two if 
the optic angle or birefringence is 
not too high (see also Wright, 1951; 
Trtlger, 1952). 

Convenient nomograms based on the 
exact equation (Mertie, 1941) are repro
duced by Bloss ( 1961, p. 158) and by 
Hartshorne and Stuart (1970, p. 393, and 
folding plate). Knowing any three terms 
of equation (1), the fourth term may 
quickly be determined from the nomogram. 
Thus, it is easy to determine not only 
the nominal value of 2V, but also the 
range of uncertainty due to the esti
mated inaccuracies in the refractive 
index determination, as illustrated by 
the example in table 2 (see also 



Table 2. Range of calculated optic angles, taking into account a possible 
±.001 error of refractive index determinations 

Measured refractive 
indices (±.001) 1.534 1.545 

Lowest worst case 1.535 1.544 

Highest worst case 1.533 1.546 

Range, lowest to highest 

Willard, 1961). Obviously it is more 
realistic and informative to state the 
calculated value as (+)2Vcalc=82°±8° than 
to imply an unjustifiable precision, such 
as (+)2Vcalc=81°46'. 

An approximate value of optic 
angle, quite adequate for much work, may 
be obtained from figure 8A. This nomo
gram is based on equation-(2) using the 
form proposed by Tr6ger (1952). Like 
Tr6ger' s nomogram, its error is con
siderably less than the error resulting 
from the usual uncertainties in the 
determination of the principal refrac
tive indices themselves, especially for 
minerals of low or moderate birefrin
gence. Should high birefringence 
justify refinement, a correction, to be 
added algebraically to the approximate 
value, may be obtained from figure 88. 

As an example, using the following 
measurements of a specimen of augite: 

a=1.680±0.001 Y-8=0.019 
8=1.686±0.001 y-a=0.025 

2Vz (measured}=61°±2° 

y=1.705±0.001 y-S-0.760 
y-a 

From fig. 8A: 
approximate 2V'z=(+}58.7° 

From fig. 88: 

y 
2V by 
exact 

formula 

2V by 
approx. 
formula 

I 2V by 
noma-
gram 

1.560 (+)81° 46' (+}81° 10' (+)82° 

1.561 (+}72° 40' (+}72° 10' (+}73° 

1.559 (+)89° 24' goo 00' (+)89° 
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16° 44' 17° 50' 16° 

correction + 0.6 
Corrected calculated 

optic angle, 2Vz= 59.3°, 
compared to value obtained from equa
tion (1}: 2Vz (calc}=59.2°±11°. 

Similarly, for a specimen of 
hastingsite: 

a=1.653±0.001 y-8=0.010 
8=1.665±0.001 y-a=0.022 

2Vx (measured}=80°±2° 

y=1.675±0.001 ~=~-0.455 

From fig. 8A: 
approximate 2V'x=(-)84.8° 

From fig. 88: 
correction + 0.6° 

Corrected calculated 
optic angle, 2Vx= 84.2°, 

compared to value obtained from equa
tion (1): 2Vx (calc)=84.2°±10.5°. 

This relation between optic angle 
and the three principal refractive 
indices provides a useful test of the 
internal consistency of the measured 
results. If the value of optic angle 
calculated from measured a, 8, and y 
is not in reasonable agreement with the 
optic angle, there must be an error in 
one or more of the measured va 1 ues, and 
a recheck is in order. For tab 1 es 6 and 



APPROXIMATE 

2V'z 2V'x 

0 8 2V' 
-y-oc --rr--15o-, 

0.98 I 

-y-rx 

.02 
15°~~--~~~~~~~~~~~----.---------,---------,-------~ 

EXPLANATION 

200 l---+--.!:-¥l-~::..--~.:-.+~~ ... ~~~~~---+--------- --- ~ = 1.5 

95 

.90 

.85 

.so 

75 

70 

.65 

.60 

I 
_L 

.05 

.10 

.15 

.20 

.25 

.30 

.35 

.40 

.45 

40° 
w 
...J 
(9 
z 
<x: 
u 
i= a.. 50° 0 
w 
1-
<x: 
~ 
x 
0 
a: 60° a.. 
a.. 
<x: 

.501__.....___ .50 90°L---------~~4-----~--oo 
A B 

CORRECTION 
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Figure 8. Nomogram for determination of optic angle from ratio of partial birefringences, ~: A, Approximate optic 
angle. 8, Correction to be added algebraically. -y-o. 

7, this test has been run on the data as 
reported; where agreement is poor, the 
calculated value of optic angle has been 
inserted in parentheses below the 
reported optic angle as a cautionary 
signal. Also shown in the parentheses 
is a tolerance angle based on assumed 
"worst case 11 errors of ±1 significant 

figure in the values reported for prin
cipal refractive indices.5 

5Unfortunately few data in the 
1 iterature are accompanied by estimates 
of error. The "worst case 11 assumed 
here may err on the side of charity for 
many of the reported data and may be 
too pessimistic for others. 
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Measurement of Optic Angle 

Among several means available to 
measure optic angles of crystal frag
ments in immersion mounts are the 
following: 

(1) direct measurement conoscop
ically on the universal stage or spindle 
stage by placing the optic plane perpen
dicular to the rotation axis, then rotat
ing from one melatope to the other across 
an identified bisectrix. Somewhat less 
reliably (Fairbairn and Podolsky, 1951}, 
the optic angle may be determined by 
doubling the angle of rotation from one 
melatope to a bisectrix; 

(2) measurement of the angle 
between stereographically plotted optic 
axis positions, as determined conoscop
ically by an extension of Mallard's 
method on the spindle stage (Wilcox and 
Izett, 1968; Noble, 1968}; 

(3) stereographic plotting of a 
series of orthoscopic extinction posi
tions, determined on the spindle stage, 
from which the unique positions of the 
optic axes may be inferred (Wilcox, 
1960; Tocher, 1962; Bloss and Reiss, 
1973; Bloss, 1981). This procedure is 
analogous to the Berek-Dodge Method for 
universal stage (Emmons, 1943, p. 28), 
without requiring corrections of rota
tions. 

Whatever the method of determining 
the optic angle, the identity of the 
acute bisectrix, X or Z, must also be 
determined to establish the optic sign. 
Direct measurement of optic angle by 
rotation from one optic axis to the other 
is of course to be preferred when the 
situation permits. On the universal 
stage, the optic plane may be brought 
directly into position for the rota
tional measurement, to which are applied 
corrections for index difference between 
mineral and hemispheres. On the spindle 
stage, the fragment may be nudged into 
position after the adhesive has been 
softened, and no correction to the rota
tional measurement is required. All 
three methods provide greater accuracy 
than can usually be obtained by calcula
tion of optic angle from principal 
refractive indices, particularly for 
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substances of 1 ow or moderate bi refri n
gence. 

Estimation of Optic Angle and Determination of 
Sign 

For rough work, one may use the 
method developed by Wright (1911, p. 
168) to obtain an estimate of optic 
angle. This requires an optic axis 
interference figure, that is, a melatope 
near the center of the conoscopic field, 
and judgment of the curvature of the 
isogyre when the optic plane is at 45° 
to the polars. The dark band of the 
isogyre is distinctly curved for small 
optic angles and straight diagonally 
across the field for optic angles 
approaching 90°. Estimates of optic 
angle to within about 10° can be made 
using figure 9, modified from Wright's 

Figure 9. Curvatures of superimposed isogyres for cen
tered optic axis figure of optic angles 20°, 40°, and 80° 
(after Wright, 1911). 



( 1911) composite of superposed isogyres, 
keeping in mind that objectives of 
higher numerical aperature will display 
a· greater lE~ngth of isogyre (see 
Winchell, 1965, p. 11). Determination 
of optic sign is made on the same inter
ference figure by placing the optic 
plane in the diagonal position parallel 
to the vibration direction of the slow 
ray (high index) of the inserted acces
sory plate. For an optically positive 
crystal, insertion of the plate raises 
the retardation color on the concave 
side of the isogyre at the melatope.6 

When both melatopes lie symmetri
cally disposed in the conoscopic field, 
one may use Mallard's method sensu 
stricto, on the basis of separation of 
the melatopes (Johannsen, 1918). When 
the melatopes are not symmetrically 
disposed, one may still estimate the 
size of the optic angle by comparison of 
their separation with the total diameter 
of the conoscopic field of known angular 
aperture. With one melatope and a 
bisectrix in the conoscopic field, the 
half-optic ang·le can be estimated in a 
similar manner but with reduced preci
sion. When both melatopes lie outside 
the conoscopic field of a near-centered 
bisectrix figure or flash figure, the 
optic angle may be estimated roughly by 
the amount of rotation of the microscope 
stage that is required to move the iso
gyres from the crossed position to a 
certain radial distance representing a 
known angular aperture (Johannsen, 1918, 
p • 4 7 2 ; Ka m b , 19 58 ) • I n a s m u c h as i t i s 
the darkest band of the diffuse and 

6To avoid misreading the direction 
of curvature, especially for a crystal 
of large optic angle, a setting is first 
made with the i so gyre para 11 e 1 to (not 
necessarily on) the NS crosshair. The 
stage is then rotated exactly 45° to 
read the curvature of the isogyre. The 
farther the me~l a tope from the center of 
the field, of course, the smaller is the 
length of iso~1yre available on which to 
estimate curvature and, in general, the 
less precise is the estimate. 

varying i so gyre that must be set at the 
reference radial distance, the latter is 
best chosen well within the field rather 
than at the extreme outer edge, as done 
in the theoretical treatment by Kamb 
(1958). A useful discuss;ion of this and 
other conoscopic methods is given by 
el-Hinnawi (1966, p. 114-136). 

Dispersion of the Optic Axes 
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If the directions of the optic axes 
change with wavelength, the mineral is 
said to have dispersion of the optic 
axes, a characteristic often helpful in 
distinguishing it from otherwise similar 
minerals. This property is included in 
the tables together with the nominal 
value of 2V for the standard yellow 
light. For example, for the biaxial 
positive minerals (table 6), wavellite 
at S=1.524 shows 2V 2 as "60°, .!:_ > ~ wk," 
meaning that the optic angle for red is 
slightiy greater and for blue slightly 
less than the 60° for yellow. 

Dispersion of an optic axis may be 
recognized in white light illumination 
using a near-centered optic axis figure 
with the optic plane 45° to the polars. 
BecausE~ the melatope for each wavelength 
(color) is a point of no illumination 
and because these melatopes are now 
slightly spread out along the trace of 
the optic plane, the melatope for the 
red wavelengths is represented by a 
bluish color, while that for the blue 
wavelengths is represented by a reddish 
or, more commonly, brownish color. Thus, 
if the concave side of the i so gyre is 
s e en as b l u i s h and the convex s i de red
dish or brownish, it is concluded that 
the optic angle for red is greater than 
that for blue wavelengths, .!:_ > ~· 

Relation of Optical to Crystallographic 
Directions 

The orientation of the indicatrix 
with respect to crystallographic ele-
ments, such as crystal axes, faces, 
cleavages, and twin planes, can be of 
much help in identification of an un
known, particularly after the number of 



candidates has been reduced to a manage
ab 1 e few on the basis of the observed 
principal refractive indices, optic 
angle, and sign. Firm establishment of 
the relation of indicatrix axes to crys
tallographic axes would require coordi
nated optical and X-ray structural 
investigation of the same crystal frag
ment (see for instance Chao and Minkin, 
1970). For many unknowns, however, much 
can be inferred from the behavior of 
interference figures of fragments lying 
on a prominent cleavage (see for 
instance Ehlers, 1980) and from such 
readily determinable properties as 
extinction angle and sign of elongation. 

Extinction Angle 

The extinction angle is the angle 
through which the microscope stage must 
be rotated to change it from a position 
in which a specified crystallographic 
direction is parallel to the crosshair 
to the extinction position in which the 
specified vibration direction is paral
lel to the crosshair. The vibration 
direction may be a principal symmetry 
axis of the indicatrix, such as X or 
Z, or, when the symmetry planes of the 
indicatrix are oblique to the section, 
merely an extinction position expressed 
then as X' or Z'. If the extinction 
a n g 1 e i s not g i v en as such i n ta b 1 e s 6 
and 7, it often can be inferred from 
the basic information provided in the 
columns on "Optical orientation," 
"System," and "Cleavage." Helpful in 
visualizing these relationships are the 
admirable perspective sketches of typ
ical crystals in Tr6ger (1979). 

Extinction angles serve to distin
guish between certain important minerals 
or mineral groups, for instance, between 
clinopyroxenes and clinoamphiboles using 
the angle Z:c. Extinction angles serve 
further to dlstinguish between members 
in an isomorphous series, such as the 
plagioclase series using X' :a. On the 
spindle stage the crystallographic 
directions of a fragment may be inferred 
by orienting and plotting the bounding 
cleavage surfaces, from which the speci
fied extinction angle can be read off 
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the stereogram. Alternatively the frag
ment can be mounted with a recogn i za b 1 e 
crystallographic zone axis parallel to 
the spindle axis so that the extinction 
angle can be read directly. 

Sign of Elongation 

The sign of elongation is positive 
if a characteristic direction of elonga
tion of the fragment or crystal is less 
than 45° to the extinction position of 
the slow wave (high index). A mineral 
with two directions of good or excellent 
cleavage will generally break into elon
gate fragments. Thus, cleavage fragments 
of most amphiboles show positive elong
ation, since Z is at a low angle to c, 
defined by the intersection of the exceT
lent prismatic cleavages. For most 
micas, both Y and Z lie in or very near 
the plane of the one perfect cleavage, 
so that cleavage flakes, viewed edge-on 
in thin section or on the spindle stage, 
show positive elongation. In random 
i mme r s i on mounts , of co u r s e , t h i s re 1 a
tion is generally not seen because the 
flakes lie on their cleavage. 

Color and Pleochroism 

The color of the hand specimen, 
together with its luster, can be helpful 
in sight-identification of some min
erals. Caution is required here, how
ever, because the color can be affected 
appreciably by foreign inclusions, 
internal flaws, fractures, or by varia
tions of certain minor chemical constit
uents. Under the stereo-microscope with 
standard conditions of illumination, 
small fragments may show characteristic 
colors and lusters, enabling approximate 
modal counts and removal of certain 
species by hand picking. 

In plane-polarized transmitted 
light, the colors of small fragments are 
diagnostic of certain mineral species. 
Pleochroism, the change in color with 
the change in direction of vibration of 
the plane-polarized light, is especially 
useful in sight identification. Pleo
chroism is customarily described in 



terms of colors observed for light 
vibrating parallel to the respective 
axes of the indicatrix: 0 and E for 
uniaxial crystals and X, Y, and Z for 
biaxial crystals. (Strictly speaking 
for monoclinic and triclinic crystals, 
however, the pri nc i pa 1 axes of the i nd i
catrix do not necessarily coincide w'·iith 
the principal axes of the "absorpt·iion 
ovaloid." Clinopyroxenes provide an 
example, for which a more consistent 
convention was proposed by Hess (1949, 
p. 632).) 

Depth of color for light transmitted 
through fragments in immersion mounts 
increases with the thickness of the frag
ment, so that the intensities of the 
observed colors may not correspond 
strictly to the pleochroic colors listed 
in tables 4-7. An added complication 
may arise in immersion mounts due to 
changes in dispersion colors or relief 
with rotation of the stage, for either 
may simulate pleochroism or mask a fa1int 
body color. These disturbing effects 
can largely be eliminated by swinging in 
the substage auxiliary condenser to 
flood the crystal with light. One must 
keep in mind, however, the differences 
in the spectral distribution of the 
source illumination from one microscope 
to another. In addition, one must be 
aware of the subjective nature of the 
descriptive terms used in the tables; 
these terms might be interpreted differ
ently by different observers. 

CHAPTER Ill. IDENTIFICATION TABLES 
(TABLES 3-7) 

List of Abbreviations 

a-----------------crystallographic axis a 
1\b---------------------------------a 1 bii te 
abs----------------------------absorption 
acic-----------------------------acicular 
Ak-----------------------------Akermanite 
Al------------------------------Almandine 
alk------------------------------alkaline 
amor----------------------------amorphous 
An-------------------Anorthite, Andradite 
anom----------------------------anomalous 
b-----------------crystallographic axis b 
bb--------------------before the bl owpii pe 
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b i ax--··--·-···--·---------------------bi ax i a 1 
bi ref-··--·-· .. ·--bi refringence, birefringent 
c-----··--·-· .. ·-·-----crystall agraphic axis c 
Ca----··--·- ···--·-------------------Ca 1 deri te 
ca 1 c--··---····-------------------ca 1 cul a ted 
c ha r--··--·-····--·-------------------cha rae ter 
c 1 v ---··-- -····- -·--------------------c 1 ea vage 
Cn----··--· .. ·····----------------------Ce 1 sian 
co 1 s--··--·-· ··---------------------colorless 
comp--··-- ······--~·-----------------composition 
compd-··-- '" ·· ··- --------------------compound 
coned------------------------concentrated 
conch-··--·- ·· ··--------------------concho i d a 
c ryptoc: ry~:. t.·-------------c ryptoc rys tall i ne 
c rys t--·--·- ·· ··------------------c rys ta 11 i ne 
c rys tn-·-- '" ·· ··--------------c rys ta 11 i za t ion 
cub--- .. -- ....... -·-----------------------cub i c 
dec---··--'"····- ------------------decomposed 
dehyd-··--·- ·· ·--·------------------dehydrates 
de 1 i q- ·· -- ·- ·· ·• - - --de 1 i q u e s c e s , del i que s c en t 
de t d-- ··-- ·- ·· ·- -·------------------de term i ned 
diff----------------difficult, difficulty 
d i 1---··--·-····--~----------------------d i 1 ute 
dis p--··--·- ·· ·--·------------------dis pe rs ion 
dis s--··-- ........ -~·-------------------d i sso 1 ved 
dis t--··--·-·· ·--·--------------------dis t i net 
dod---··---····- -----------------dodecahedra 1 
E-----··--·-- ·--~----------extraordinary wave 
e ff---··-- ....... ---effervesces, effervescence 
effl--··--·-· .. --,----------------effl orescent 
e 1----·--- -···--·------------------el on gat ion 
En----··--·- ....•• ,------------------- Enstatite 
ext---·--- -···-·-------------------ext i net ion 
ext r-- ··-- ... ·· ·- ----------------------extreme 
F-----··--·····--------------------fus i bi l i ty 
Fa----·--- ...... --·-------------------- Fay ali te 
fi b---·----.. ····--------------fi bers, fibrous 
fluor-·--- -···--------------------fluoresces 
Fo----·----······------------------- Fors teri te 
fr-- -- ·· --· ...... -· -------------------- -fracture 
Fs----··--········------------------ Ferros i lite 
fu s---·----···-·----------------------fus i b 1 e 
G-----·----.. ···-------------s pee i fi c gravity 
Ge----·----········-------------------Gehl en i te 
ge 1---·---····· -·------------------ge 1 at in i zes 
Go----·--- .. ······-------------------Go l dman i te 
Gr----·--- ·····-·----------------- Grossu 1 a rite 
grp---·---····· -·------------------------group 
H-----·--- ... ··----------------------hardness 
hex---·---·····-·--------------- -----hexa gona 1 
hyg---·--- ··· ·· ··-------- ----------hygroscopic 
i mperf·--- ··· ··-· -------------------- i mpe rfec t 
i nso 1-·--- ..... ·--------------------1 nso 1 u bl e 
i somor·---· .. ·------------------- isomorphous 
i sot--·---· .. ······-------------------1 sotropi c 



Kn----------------------------Knorringite 
lam--------------------lamellar, lamellae 
mass------------------------------massive 
mel----------------------------monoclinic 
Me-------------------------------Meionite 
med--------------------------------medium 
mic-----------------------------micaceous 
mod------------------------------moderate 
n------------------------refractive index 
neg------------------------------negative 
0---------------------------ordinary wave 
oct----------------------------octahedral 
opt--------------------optical, optically 
Or-----------------------------Orthoclase 
org-------------------------------organic 
orth-------------------------orthorhombic 
pet-------------------------------percent 
penet-------------------------penetration 
perc--------------------------perceptible 
perf------------------------------perfect 
pl----------------------------------plane 
pleoc-------------pleochroic, pleochroism 
poly------------------------polysnythetic 
pas------------------------------positive 
pris----------------------------prismatic 
ps---------------------------------pseudo 
Py---------------------------------Pyrope 
pyram---------------------------pyramidal 
r----------------optic angle in red light 
rect--------------------------rectangular 
sepn---------------------------separation 
ser------------------------mineral series 
sol-------------------------------soluble 
soln-----------------------------solution 
Sp----------------------------Spessartite 
spher------------spherulites, spherulitic 
sq---------------------------------square 
str--------------------------------strong 
symm--------------------------symmetrical 
synth---------------------------synthetic 
tab-------------------------------tabular 
tcl-----------------------------triclinic 
tet----------------------------tetragonal 
tetrah------------------------tetrahedral 
tr----------------------------------trace 
trig-----------------------------trigonal 
tw-------------------------------twinning 
u---------------------------------usually 
uniax----------------------------uniaxial 
unk-------------------------------unknown 
Uv------------------------------Uvarovite 
UV---------------------------ultra-violet 
v---------------optic angle in blue light 
var-------------------------------variety 
volat-----------------------~-volatilizes 
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wk-----------------------------------weak 
X, Y, Z----------vibration directions for 

a, e, y, respectively 
2Vx-------------------optic angle about X 
2Vz-------------------optic angle about Z 
1 -----------------------perpendicular to 

I I ---------------------------parallel to 
> ---------------------------greater than 
< ------------------------------less than 
- --------------------near, approximately 
± --------------------------plus or minus 
001, 0011 ---------Miller symbols for all 

faces of a form 
(conventional braces 

have been omitted) 
-----------------------------angle with 

a, e, y ------lowest, intermediate, and 
highest principal refractive 
indices of biaxial crystals, 

respectively 
w, £ ---------ordinary and extraordinary 

principal refractive indices 
of uniaxial crystals 

Arrangement of Data 

The minerals are divided among five 
tables according to their basic optical 
characteristics: isotropic minerals, 
including mineraloids and natural 
glasses, are in table 3; uniaxial posi
tive minerals are in table 4; uniaxial 
negative minerals are in table 5; 
biaxial and positive minerals are in 
table 6; biaxial negative minerals are 
in table 7. The mineral names generally 
follow those of Fleischer (1983), and 
the chemical formulas attempt to convey 
the type of compounds and interchange
able elements without necessarily indi
cating lattice positions or other struc
tural aspects. 

In table 3 the isotropic substances 
are listed in order of increasing 
refractive index, n, shown in the second 
column. In the -first column, titled 
"Other entries," arrows with values of 
refractive index indicate the next 
higher or lower listing of the partic
ular mineral. Since the determined 



value of refractive index of the unknown 
will generally fall between those of the 
representative entries of that mineral 
in the table, it is essential to ~}live 
close attention to the indications of 
index variation shown in this column. 
Known variations of index too small to 
justify separate entries are indicated 
by square bracket symbols, with or 
without numerical values. The lack of a 
variability notation in this column 
opposite a mineral name, however, does 
not mean that variability does not 
exist, rather merely that none was found 
in published descriptions, a point to be 
kept in mind especially for the lesser 
known minerals of complex composition. 

Next in table 3 are columns for 
crystal 11 System and habit 11 and for 
11 Cleavage or fracture... Here note that 
the conventional enc 1 os i ng braces denot
ing forms are omitted from the Miller 
symbols because of space limitations. 
The 11 Co 1 or 11 co 1 umn indicates the co··l or 
of fragments in reflected light. 11 Hard-· 
ness, specific gravity, and fus i bi 1 ii ty" 
are shown in the next column, and 
finally in the 11 Remarks 11 column a.re 
given various additional helpful prorH~r-

ties, such as optical anomalies, weli qht 
percentages of selected oxides of the 
chemical analysis, and behavior in chem
ical tests. Dilute acids are understood 
unless otherwise specified. 

In tables 4 and 5 the uniaxial min
erals are listed in order of increas·in9 
values of the ordinary principal refrac
tive index, w, with the extraordinary 
principal index, e:, given in the adja
cent co 1 umn. In addition to the proper
ties already mentioned for table 3, the 
11 Remarks 11 column of tables 4 and 5 g·fves 
information on twinning, sign of elonga
tion, and pleochroism. 

In tables 6 and 7, the biaxial min
erals are listed in order of increasin~J 
intermediate principal refractive in
dex, e, with the values of a andy in 
adjacent columns and with bi refri ng1ence 
in another column. (Parentheses around 
an index or birefringence indicate a 
value calculated from the reported value 
of optic angle). The column for "2V 111 

gives the reported value of optic angle, 
and if this value does not appear to be 

consistent with the reported values of 
a, e, and y, the calculated value of 
optic angle is given in parentheses, 
along with a plus-or-minus tolerance 
based on possible errors of one _in the 
last sign·ii~fiicant figure of the reported 
indices. (No calculated values are 
shown for nl'i nera 1 s of 1 ow birefringence, 
s i nee here norma 1 errors in index would 
lead to wide variations in calculated 
optic angle). Also shown is the 
reporte~d dh;persion of the optic angle. 
The column for 11 0ptic orientation .. gives 
diagnostic relationships between indica
t r i x symmetry axes X , Y , and Z , and 
crystallloqraphic axes, a, b, and c, as 
well as e>:tinction angle -and sign of 
elongation.. The statement 11 el clv pos, 11 

for instance, indicates positive elonga
tion as seen with steeply dipping cleav
age. 

Be c a u. ~i.e· of the v a r i at i on s of opt i -
cal character, some minerals are 1 isted 
in more thdn one table. For example, a 
normal,ly ·isotropic mineral that is weakly 
anisot1ropic iin some occurrences may be 
listed in both table 3 (isotropic min
erals) and in the appropriate table for 
an i sot Jr o p i c m i n era 1 s • Furthermore , i n 
some isomorphous series the optic sign 
may reverse due to progressively changing 
relations be! tween the pri nc i pa 1 refrac
tive indices. The melilite group, for 
instance, passes from optically uniaxial 
negative qehlenite through "isotropic .. 
mel il ite to uniaxial positive akermanite 
and t h IJ s ·i s 1 i s ted i n three tab l e s • I n 
the o'liviine group, the magnesium-rich 
members are optically positive, but as 
the Fe/Mg ratio increases the optic 
angle passes through goo near Fa 15 and 
the remainder of the series is optically 
negative. In table 6 (biaxial positive 
minerals), therefore, an olivine group 
mineral is entered at e-values of 1.651, 
1.664, 1 •. 674, and finally at 1.680, at 
which point .a switch to table 7 (biaxial 
negative rwinerals) is indicated by the 
notation 1.680 neg. Due to thermal 
history or other factors, the cross-over 
in an isomorphous series may not take 
place precisely at the same value of e
i ndex in E~very case; so tha·t, with an 
unknown of observed optic angle near 
goo, ·1 i ke·l y candidates should be sought 
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in both tables near the measured value 
of a. 

Use of the Tables for Identification 

In all cases, a systematic and 
thorough procedure must be carried out, 
and the following approach is recom
mended: For an isotropic unknown, one 
enters the table at the determined value 
of refractive index and then examines 
the other properties given for mi nera 1 s 
of index within a reasonable range above 
and below the determined refractive 
index. Unfortunately for isotropic 
crystals there are no other optical
crystallographic parameters easily mea
sured under the microscope, so one must 
depend heavily on cleavage, hardness, 
solubility, and so on. Those minerals 
that correspond to the unknown in these 
respects should be listed and considera
tion then given as to whether X-ray, 
chemical analysis, or another approach 
will be most effective in making the 
final assignment of identity. 

For an anisotropic unknown, after 
having determined the values of principal 
indices, birefringence, optic angle, and 
optic sign, the following steps are 
recommended: 

(1) enter the appropriate table at 
the determined value of w or a. 

(2) proceed both above and below 
in the table for a distance of at least 
0.020 difference in index, listing the 
names of those mi nera 1 s whose va 1 ues of 
birefringence and optic angle are in 
reasonable agreement with those of the 
unknown. 

(3) for each mineral so listed, 
check the remaining columns for distin
guishing properties, returning to the 
microscope or the original sample as 
necessary to make diagnostic tests and 
crossing out each nonconforming mi nera 1 • 

(4) for the remaining candidate or 
candidates, consult encyclopedic optical 
descriptions for further distinguishing 
properties. 

(5) confirm or complete identifi
cation if necessary by X-ray and chemi
cal analyses. 
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Examples 

Example No. 1.--is crushed material 
from clusters of clear, colorless crys
tals in small lithophysae in rhyolite. 
Fragments mounted on the spindle stage 
show: 

a 1.611±.001 
a 1 • 614± • o o 1 
y 1.622±.001 

y-a 0. 011±. 002 
2Vz 65°±2° measured 

Entering the table for biaxial positive 
minerals (table 6) at a=1.614 and pro
ceeding toward lower and higher values 
of a, the following minerals seem reason
able possibilities (keeping in mind that, 
due to chemical complexity, some of them 
may be expected to vary in index even 
though it is not so indicated in the 
"Other entries" column). 

Looking at the characteristics 
listed in other columns of table 6, 
tuhual ite can be eliminated at once on 
the basis of its "dark blue to black" 
color; probably uranopilite ("bright 
yellow, straw yellow") can also be elim
inated. In a simple hardness test, par
ticles of the unknown leave scratches 
when rubbed between two glass slides, 
showing that it has a hardness of 5 or 
greater; this finding confirms the elim
ination of tuhualite and uranopilite, and 
also eliminates crandallite, uralborite, 
and buchwaldite. Under the microscope, 
the unknown appears to show one perfect 
cleavage, casting doubt on stokesite, 
which should show two cleavages. As a 
test of density, particles of the unknown 
in a drop of methylene iodide (sp gr 3.3) 
on a microscope slide are seen to rest at 
the bottom of the liquid; this eliminates 
stokesite (sp gr 3.19), afwillite (sp gr 
2.62) and cuspidine (sp gr 2.86-3.05), 
all of which should float. The unknown 
is found to be insoluble eliminating 
hydrophilite, and is unaffected by acids, 
eliminating latiumite, afwillite, cuspi
dine, and uranopilite. This leaves only 
topaz which possesses all the observed 
characters of the unknown. According to 
the variation diagram given by Winchell 
and Winchell (1951, p. 509), the optical 
properties would imply a high fluorine 
variety of topaz. 



I.T-Other Bire-
entries B fringence 2Vz 

Cuspidine 1.595 .012 62° 

Hydrophilite 1.605 .012 med 

Latiumite 1.606 .014 83°-90° 

Crandallite 1.607 .013 70°-75° 

Uralborite 1.609 .011 85° 

Topaz 1.610 .011 67° 

Buchwaldite 1.610 .009 (?) 

Tuhualite 1.612 .013 60°-70° 

Stokesite 1.613 .010 70° 

(UNKNOWN IN QUESTION) 1.614 .011 65° ± 20 
±.001 :t. 002 

Topaz 1.618 .009 61° 

Afwillite 1.619 .015 55° 

Stokesite 1.621 .012 70° 

Uranopilite 1.624 • 011 small to large 

Topaz 1.631 • 099 48° 
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Example No. 2.--In a crushed sample 
of a coarse 1 gneous rock as seen under 
the stereomicroscope, fragments of the 
unknown are clear and faintly honey
brown in col or. Mounted on the spindle 
stage they show the following optical 
properties: 

Bustamite 

Gerstmannite 

Ferroaxinite 

Bronzite, 
orthopyroxene 

Tinzenite 

Manganaxinite 

Lavenite 

Chlorophoenicite 

{UNKNOWN IN QUESTION) 

Tinzenite 

Bronzite, 
orthopyroxene 

Bustamite 

Arfvedsonite 

Kempite 

Ferroaxinite 

Ferro-richterite 

Tinzenite 

Barylite 

Bustamite 

Other 
entries 

a 1.682±.001 
8 1.691±.001 
y 1.696±.001 

y-a .014±.002 
2Vx 70°±2° measured 
{73°±17° calc) 

Biaxial negative minerals of similar 
optical properties in table 7 within 
about 0.020 of this a-index form an 
extensive list as follows: 

8 

1.675 

1.675 

1.676 

1.680 

1.681 

1. 687 

1.690 

1.690 

1.691 
±.001 

1.693 

1.695 

1.695 

1.695 

1.695 

1.695 

1.699 

1.701 

1.702 

1. 708 
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Bire
fringence 

• 015 

.013 

.011 

.011 

.014 

.014 

.016 

.015 

.014 
±. 002 

.010 

.015 

.015 

.015 

.014 

.011 

.016 

.011 

.013 

.015 

53° 

50°-60° 

69° 

79° 

large 

75° 

68° 

83° 

70° ± 20 

med 

69° 

43° 

69° 

med 

70° 

35° (68° ± 15°) 

63° 

70° 

34° 



At the outset it would appear doubt
ful that the unknown could be bustamite, 
due to the fairly large discrepancy in 
optic angle. This doubt is confirmed on 
fragments of the unknown on the spindle 
stage. There they are seen to have~ two 
good cleavages, whereas bustamite has 
three cleavages, two good and one per
fect. Members of the axinite group 
(ferroaxinite, manganaxinite, and tinzen-
ite) with lavenite and gerstmannite are 
similarly eliminated, inasmuch as they 
have only one cleavage. c·teavage fJrag
ments of the unknown show parallel ex
tinction and positive elongation, e·t·imi
riating arfvedsonite and ferrorichter··ite, 
which have inclined extinction. Although 
barylite fragments should also show tw'o 
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good cleavages (001 and 100) and parallel 
extinction, the elongation would be nega
tive, since X=b. A scratch test of frag
ments of the unknown between glass slides 
shows their hardness to be between 5 and 
6, eliminating kempite and chlorophoenic
ite, hav·tn~~ hardness 3.5, and confirming 
the e 1 i nri n d t i on of g e rs tm ann i t e , h a v i n g 
hardness ~f.'5. 

This ·leaves only orthopyroxene as a 
viable candidate; and, indeed, under the 
polarizilrt£1 microscope the fragments show 
the pleochroism common in many ortho
pyroxenE:~s: Z faint green, X faint red
dish bro~m. An orthopyroxene with these 
refractive indices would have composition 
near En 73 (Deer, Howie, and Zussman, v. 
2A, 1978,1 p. 109). 
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Table 3. Isotropic minerals and mineraloids 

Hardness, 
Other j Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific I Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

1.309 ICE HEX Conch Cols H 1.5 I Melts at ooc. Biref v low, pos. 
H20 G 0.92 

1.326 I VILLIAUMITE j CUB u mass j 001 perf I Carmine-red IH 2-3.5 Sol in H20. Also uniax neg, 
NaF to cols G 2.79 biref v low. Pleoc, 0 carmine-F easy red, E golden-yellow. 

1.333 I WATER I Liquid I --- lcols IG 1.00 ---
H20 

1.339 I CRYOLITHIONITE I CUB I 011 di st ICols IH 2.5-3 IDiss by acids. 
Na3Li3All12 G 2.77 

F easy 

1.340 I HIERATITE CUB 111 perf Cols, gray H - 2.5 lsol in hot water. 
K2SiF6 cubo-oct G 2.67 

1.362 CAROBBIITE CUB 001 Cols G 2.50 (synth)ISol in H2o. 
KF F easy 

C/.j I 1.364 NEIGHBOR ITE ORTH ps cub Uneven Cols to H 4.5 Slowly diss by hot acids. Biref 0 
NaMgF 3 brownish G 3.03 0.002. 

1.369 I CRYPTOHALITE CUB 111 perf Cols H - 2.5 Sol in H2o. 
(NH4)2SiF6 cubo-oct G 2.03 

volat 

1.376 I ELPASOL ITE I CUB !Uneven ICols IH 2.5 !slowly diss by coned H2so4• 
K2NaAlF6 G 2.99 

F 3 

v I 1.38 !Unnamed fluoride near Ralstonite CUB oct --- Yellow --- Diss by acids. Am. Mineral., 
1.427 (Ca,Na)(Mg,Al) 2{F,OH) 6·H20 28, 283-284 {1943). 

v I 1.406 I OPAL Amor Conch Cols, white, H- 6 Insol in acids, diss by KOH 
1.434 Si02•xH20 gray, green G 1.9-2.3 soln. 

v I 1.423 I MELANOPHLOGITE TET ps cub --- Cols, brownish H 6.5-7 Insol in acids. Turns black 
1.467 Si02 + C, H, 0, S G 1.99 when heated (organic matter). 

infus Bi ref wk. 

1.38 I 1.427 I RALSTONITE I CUB 1111 poor 'Cols to I H 4.5 Dec by H2so4• Opt anom, divided 
1\ NaxMgxA1 2_x(F,OH) 6·H20 yellowish G 2.52-2.62 into oct biref sectors. infus 

v I 1.434 I FLUORITE I CUB 1111 perf I Co 1 s, green, I H 4 Diss by acids. 
1.440 CaF2 violet, yell ow G 3.18 

F 1.5 



1.406 1.434 OPAL Amor Conch Cols H - 6 Insol in acids, diss by KOH 
" Si 02•xH20 G 1.86 sol n. Contains 12.6% H2o. v 

1.46 

1.439 SODIUM ALUM CUB oct Conch Cols H - 3 Sol in H2o. 
NaAl(S04)2·12H20 G 1.67 

v I 1.440 I CHUKHROVITE CUB oct 111 indist Cols, white H 3 Diss by acids. An om bi ref. 
1.443 Ca 3(Y,Ce)Al 2(S04)F13 ·10H20 11 Porcelain- uneven G 2.27-2.40 

like .. F easy 

1.434 1.440 FLUORITE, yttrian I CUB u mass 1111 ICols, green, IH 4 
!Slowly diss by HCl. Contains 

" (Ca,Y)F2_3 violet G 3.41 6.9% v2o3• v 
1.457 F 2 

1.440 1.443 CHUKHROVITE- (Ce) I CUB 
" Ca 3(Ce,Y)A1 2(s04)F13 ·10H20 

,....., 

I 1.44 I HISINGERITE MCL Conch Brownish-black H 3.5 loec by acids. v 
1. 51 +3 +2 . cryptocryst G 2.5 (Fe ,Mg,Fe )2s, 2o5(0H) 4·2H 2o i nfus 

v I 1.445 I EVANSITE Amor Conch Cols, H 3-4 loiss by hot H2so4• 
1.465 I---~--· 111 ron (:; n \ iflH\ .vi-i fl ! I l_yellowish 1G 1.87-2~13 I I Clj..I!.JIUJ!.o '"''3\rv4•"'"4/\" '16 ~"2- I 

v 

I 
1.450 NATROPHOSPHATE I CUB I Conch lcols to white IH 2.5 I ---

1.462 Na 7(P04)2F·19H20 IG 1.72 
(J.j ...... 1.455 SULPHOHAL ITE I CUB dod I Conch ICols I H 3.5 jSlowly sol in H2o. 

Na 6 (SO 4) lCl G 2.50 
F 1 

1.456 I POTASSIUM ALUM I CUB oct I Conch I Coi s I H " " 5 I c::,..1 ; n 1-1 n I c.-c.. 1-'U I I ''2'-"o 
KAl(S04)2·12H 20 G 1. 76 

I i ; iF l 
i 

1.440 I 1.457 1 FLUORITE, yttrian I CUB 111 imperf Ye 11 owi sh H 4.5 jOiss by acids. 
" (Ca,Y)F2_3 G 3.55 

fus 

1.458 I TSCHERMIGITE I CUB oct Conch White H 1.5 I Sol in H2o. Opt anom. 
(NH4)Al(S04)2·12H2o G 1.65 

F 1 

1.434 I 1.46 I OPAL I Amor I Conch I Col s, white, I H- 6 Insol in acids, diss by KOH 
" SiO •xH 0 gray, green G- 2.2 soln. 2 2 i nfus 

v I 
1.46 I Glass, 11 Lechatelierite 11 I Amor I Conch I Col s H 6 Natural fused silica from 

1.48 mainly s;o2 
G 2.19 ful gurite. Si02 99%. 
infus 

1.462 I NATROPHOSPHATE I CUB 1 Conch I Col s to white H 2.5 
1.450 I Na 7(P04) l•19H20 G 1.72 

" 



1.406 1.434 OPAL Amor Conch Cols H - 6 Insol in acids, diss by KOH 
" Si 02•xH20 G 1.86 sol n. Contains 12.6% H2o. v 

1.46 

1.439 SODIUM ALUM CUB oct Conch Cols H - 3 Sol in H2o. 
NaAl(S04)2·12H20 G 1.67 

v I 1.440 I CHUKHROVITE CUB oct 111 indist Cols, white H 3 Diss by acids. An om bi ref. 
1.443 Ca 3(Y,Ce)Al 2(S04)F13 ·10H20 11 Porcelain- uneven G 2.27-2.40 

like .. F easy 

1.434 1.440 FLUORITE, yttrian I CUB u mass 1111 ICols, green, IH 4 
!Slowly diss by HCl. Contains 

" (Ca,Y)F2_3 violet G 3.41 6.9% v2o3• v 
1.457 F 2 

1.440 1.443 CHUKHROVITE- (Ce) I CUB 
" Ca 3(Ce,Y)A1 2(s04)F13 ·10H20 

,....., 

I 1.44 I HISINGERITE MCL Conch Brownish-black H 3.5 loec by acids. v 
1. 51 +3 +2 . cryptocryst G 2.5 (Fe ,Mg,Fe )2s, 2o5(0H) 4·2H 2o i nfus 

v I 1.445 I EVANSITE Amor Conch Cols, H 3-4 loiss by hot H2so4• 
1.465 I---~--· 111 ron (:; n \ iflH\ .vi-i fl ! I l_yellowish 1G 1.87-2~13 I I Clj..I!.JIUJ!.o '"''3\rv4•"'"4/\" '16 ~"2- I 

v 

I 
1.450 NATROPHOSPHATE I CUB I Conch lcols to white IH 2.5 I ---

1.462 Na 7(P04)2F·19H20 IG 1.72 
(J.j ...... 1.455 SULPHOHAL ITE I CUB dod I Conch ICols I H 3.5 jSlowly sol in H2o. 

Na 6 (SO 4) lCl G 2.50 
F 1 

1.456 I POTASSIUM ALUM I CUB oct I Conch I Coi s I H " " 5 I c::,..1 ; n 1-1 n I c.-c.. 1-'U I I ''2'-"o 
KAl(S04)2·12H 20 G 1. 76 

I i ; iF l 
i 

1.440 I 1.457 1 FLUORITE, yttrian I CUB 111 imperf Ye 11 owi sh H 4.5 jOiss by acids. 
" (Ca,Y)F2_3 G 3.55 

fus 

1.458 I TSCHERMIGITE I CUB oct Conch White H 1.5 I Sol in H2o. Opt anom. 
(NH4)Al(S04)2·12H2o G 1.65 

F 1 

1.434 I 1.46 I OPAL I Amor I Conch I Col s, white, I H- 6 Insol in acids, diss by KOH 
" SiO •xH 0 gray, green G- 2.2 soln. 2 2 i nfus 

v I 
1.46 I Glass, 11 Lechatelierite 11 I Amor I Conch I Col s H 6 Natural fused silica from 

1.48 mainly s;o2 
G 2.19 ful gurite. Si02 99%. 
infus 

1.462 I NATROPHOSPHATE I CUB 1 Conch I Col s to white H 2.5 
1.450 I Na 7(P04) l•19H20 G 1.72 

" 



~ 
~ 

1.471 
1\ 

L.-1 

v 
1.487 

1.483 
1\ 

L.-1 

,....., 
L.-1 

1.47 
1\ 

v 
1.52 

"1 II""Jrt. 
J.e"TI:J 

v 
1.505 

v 
1.509 

1.470 
1\ 

1.48 

1.482 

1.483 

1.486 

1.487 

1.489 

1.49 

1.49 

1.490 

, llfl""J 
J..-..::~w 

1.494 

1.495 

1.498 

1.50 

FAUJASITE 
( Zeo 1 i te g rp) 
(Na 2,Ca)(Al 2Si 4)o12 ·8H20 

Unnamed calcium silicate 

SOOALITE 
(Sodalite grp) 
Na 8Al 6Si 6o24c1 2 
CRISTOBALITE 
Si02 

SOOALITE, var Hackmanite 
(Sodalite grp) 
Na 8Al 6si 6(0,S) 24cl 2 
D' ANSITE 
Na 18Mg(S04)10·3NaCl 

VISHNEVITE 
(Cancrinite grp) 

l
i {Na,Ca) 6_8{A1 6Si 6o24 ) 

(S0
4

,co3 ,Cl }
2
·1-2H20 

ALLOPHANE 
Hydrous aluminum silicate 

SYLVITE 
KC1 

i A.&IA I 1~ UL I f"\1.,1"'\.i .. v nL-

(Zeo1 te grp) 
NaAlS 2o6·H20 

HAUYNE 
(Sodalite grp) 
(Na,Ca) 4_8Al 6Si 6(0,S} 24 
( so4,cl2) 1-2 

NOSE AN 
( Sodal ite grp) 
Na8Al 6Si 6o24(s04) 

ZAHERITE 
Al 12(S04)5(0H) 26 ·20H20 

ROSIERESITE 
Hydrous phosphate of Pb, Cu, Al 

CUB oct 111 dist 

CUB dod I 110 poor 

TET 
ps cub, oct 

CUB dod I 110 poor 

CUB 

HEX 10TO perf 

Amor 

CUB Cub, perf 

'-··-
i ~u~ 1i1i"'i nnnr 

~~- ·--· 
CUB dod 110 poor 

CUB dod 110 poor 

Mass, fine- I One clv 
grained 

Amor com
pact 

White 

White, silky 
fibers 

H 5 
G 1.92 
F 3 

Soft 

Gray, white, IH 6 
blue G 2.30 

F 3.5-4 

White I H 6-7 
G 2.3 
infus 

Reddish-violet, I H 5 
blue G 2.2-2.3 

F 4 

Cols, yellow 

Cols 

White, blue, 
green 

G 2.66 
F easy 

H 5 
G 2.32 

IF 2 

H 3 
G 1.86 
infus 

Cols, white, 

1 

red, yellow 
H 2 
G 1.99 
F 1.5 

! i c~h. ~~"!!t~ 

Blue, white 

Blue, white 

White 

Yellow, brown 

I ~- 25 
3.5 

H 6 
G 2.40 
fus 

H 6 
G 2.3-2.4 
F 4.5 

H 3.5 
G 2.01 
infus 

G 2.2 
infus 

Dec by HCl. On losing H2o, 
becomes uniax, pos, in 8 
sectors. 

Am. Mineral., 26, 375 (1941). 

Gel with acids. Cl 7.1, H2o 
2.5%. 

lnsol in acids. Biref very low. 
lntri cate tw. 

Gel with acids. Color fades in 
sunlight. 

Sol in H2o. 

Gel with acids. Also uniax pos 
and neg. Biref .002. 

Gel with acids. Comp variable, 
may contain (P04)-3• 

Sol in H2o. Tastes bitter. 

I ,-.._, i,, .... with HC1 .. 

Gel with acids. so3 9.8, Cl 
1.3, Na 2o 19.9, CaO 4.9%. 

Gel with acids. 

Bi ref < • 001. 

Diss by HN03• Blackens bb. 



Table 3. Isotropic minerals and mineraloids (continued) 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

1.48 1.50 Glass Amor Conch Cols, gray H 5-6 Insol in acids. 
A rhyolitic to dacitic comp G - 2.4 v 

1.53 
,......., 1.50 STEVENSITE MCL mass --- Buff, pink H 2.5 Dec by HCl. Bi ref 0 to .02. 
L....J (Smectite grp) G 2.15-2.57 

Mg 3Si 4o10(0H) 2·xH20 infus 

1.465 1.50 EVANSITE Amor Conch Cols, brown, H 3-4 Diss by hot H2so4• 
A Al 3P04(0H) 6·6H20 yellow G 1.9-2.1 

infus 

v 1.500 LAZURITE CUB dod 110 poor Azure blue H 6 Gel with acids, gives off H2s. 
1.522 (Sodalite grp) G 2.4 

(Na,Ca) 7_8(Al,Si) 12 (0,S) 24 F 3.5 
[S04,cl 2,(0H) 2J 

L....J 1.50 BOLIVARITE Am or Splintery to Greeni sh-ye 11 ow H 2.5 ---

~ 
1.51 Al 2(P04)(0H) 3·4-SH20 conch to green G 2.05 

1.502 NASTROPHITE CUB Conch Cols H 2 Dec by H2o, diss by HCl. 
Na(Sn,Ba)P04•9H20 G 2.05 

1.504 NABAPHITE CUB 100 dist Cols H- 2 Dec by H2o, diss by acids. 
NaBaP04 • 9H 20 G 2.3 

1.48 1.505 VASHEGYITE ORTH (?) --- White, green, H 3.5 Diss by acids. 
A Al 4(P04)3(0H) 3·13H20 (?) cryptocryst yellowish G 1.98 

infus 

1.493 1.505 ANALCIME, cesian CUB 100 poor Cols, white H 5 Diff dec by acids. cs 2o 14. 9%. 
A (Zeolite grp) G 2.60 v 

1.507 (Na,Cs)A1Si 206·H20 F 4.5 

1.505 1.507 POLLUCITE CUB u mass Uneven Cols, white H 6.5 Dec by acids. 
A (Zeolite grp) G 2.85 v 

1.525 ( Cs ,Na )A 1 Si 2o6-H 20 F diff 

v 1.508 TYCHITE CUB oct Conch Cols H 3.5-4 Slightly sol in H2o, diss 
1.550 Na 6Mg 2(C03)4(s04) G 2.46-2.59 by acids with eff. Compare 

F 1 Northupite. 

1.509 LEUCITE TET 110 poor Cols H 5.5 Dec by acids. In part 
KAl Si 206 ps cub, 211 G 2.47 cryptocryst. 

infus 



1.494 I 1.509 I HAUYNE I CUB dod 1110 poor I Blue, white I H 6 
j Gel with acids. Na 2o 13. 2, K20 

1\ (Sodalite grp) G 2.51 2.8, CaO 10.1%. 
(Na,Ca) 4_8Al 6Si 6(0,S) 24 fus 

(S04,cl 2)2 
1.44 1.51 HIS INGER ITE MCL Conch Brownish-black H 3 I Dec by acids. In part 

1\ 

Fe+3
2si 205(0H) 4·2H20 cryptocryst G 2.5-3.0 cryptocryst. v 

1.57 infus 

1.51 MOTUKOREAITE HEX --- White to pale H 1-1.5 
Na2Mg38Al24(C03)13(S04)8(0H)108" cryptocryst yellowish-green G 1. 48-1.53 
56 H20 

1.513 I CADWALADER ITE I Amor (?) I Conch I Lemon-ye 11 ow I G 1.6 
Al(OH) 2Cl•4H20 

v I 1.514 I NORTHUPITE I CUB oct I Conch I Col s I H 3.5-4 !Slightly sol in H20, diss 
1.550 Na 6Mg 2 ( C0 3) 4c1 2 G 2.38 by acids with eff. Tw common. 

F 1 Compare Tychite. 

1.517 I PLANERITE Cryptocryst --- Green H 5 Slightly sol in acids. In part 
(Ca,Cu)A1 6(P04)4(0H) 8·4H20 (?) G 2.65 biref. 

, 1::1 7 I SEPIOLITE, var Meerschaum ORTH --- 1 
White H 1-2 Biref 0 to 0.02. ,1@'..).1.1 I -· .... 

I I Mg4Si6015(0H)2·6H20 
I~ ~ ~ 

I_ - . . . . 

I cryptocryst I I b {..U 

1.49 
I 

1.52 I ALLOPHANE I Amor I --- I White, brown I H 3 1 Gel with ac1ds. Fe2o3 5-6%. 
C/.:) 1\ Hydrous aluminum silicate G 1.9 
Ol 

L-J 

i nfus 

1.500 I 1.522 I LAZURITE CUB dod 1110 poor 'Azure blue H 6 !Gel with acids, gives off H2s. 
1\ (Sodalite grp) G 2.4 

( Na , Ca ) 7 _ 8 ( A 1 , S i ) 12 ( 0 , S ) 2 4 I I 
F 3.5 

I [S0
4

,c1
2

• (OH)
2

] ! 

i i i I H 6. 5 1 t:n7 I 1 t:?t: I O()l I llrTTt: i r.IIR 11 mn<;c; i Uneven iCols. white i Dec by acids. -LeJV/ I .L•...I'-...1 

''<z;~1it~~grp) 1\ 
I --- - . -·--

I I - I G 2.90 
(Cs,Na)A1Si 206·H20 F diff 

1.50 1.53 Glass Am or Conch Cols, gray H 5-6 I lnsol in acids. 
1\ 

1.57 andesitic comp G - 2.5 

1.53 KEHOEITE Amor (?) --- White G 2.34 loiss by acids. Status of 
(Zn,Ca}Al 2(P04)2(0H) 2·5H2o mass i nfus mineral in doubt. 

1.530 I VISEITE CUB mass --- White, bluish, H 3-4 
NaCa 5Al 10(Si04)3(P04)5(0H) 14• yellowish G 2.2 

10H20 (?) 
F easy 

v I 1.534 I LANGBEINITE CUB tetrah Conch Col s, yell ow H 3.5-4 I Slowly sol in H20. 
1.572 K2Mg2(S04)3 G 2.83 

F 2 



Table 3. Isotropic minerals and mineraloids {continued) 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture grav i ty, and 

fusibility 

,...., 1.535 SUCCINITE {Amber) Am or Conch Amber-yellow Soft ---1-J 

a hydrocarbon G 1.07 
F easy 

1.530 1.537 TACHARANITE MCL mass 001 good White G 2.36 Biref low. ,...., 
Ca 12(Mg,Al) 2s; 18o51 ·18H20 (?) 1-J 

1.54 

1.47 1.54 NEOTOCITE Amor Conch Brown to H 4 Dec by acids. 
A MnO, Si02, H20 black G 2.7 1-J 

F diff 

1.47 1.54 Hydrated basaltic glass Amor Conch Ye 11 ow, brown , H 1. 5-3 Color may darken on exposure. 
~ ("Chlorophaeite") orange-brown G 1.8-2.2 

1.541 AJKAITE Amor --- Pale yellow to H 2.5 Gives off H2s when heated. 
a resin red-brown G 1.0 C 80, H 10, 0 9, S 1%. 

F easy and 
burns 

~ 1.542 TELEGDITE Am or --- --- H 2.5 Partly diss by alcohol. c 76.9, 
a resin G 1.09 H 10.2, 0 11.2, S 1.7%. 

,...., 
1.542 HALLOYSITE MCL u crypto- --- White, blue H 2 Insol in acids. When dried at v 

1.555 Al 2si 205{0H) 4 cryst G 2.6 
infus 

60°C, ~ increases to 1.555. 

1.544 HALITE CUB Cub, perf Cols, yellow, H 2 Sol in H20, salty taste. 
NaCl red G 2.17 

F 1.5 

1.514 1.550 NORTHUPITE CUB oct Conch Bright green H 3.5-4 Slightly sol in H 0, diss 
A Na6(Mg,Fe) 2(C03)4Cl 2 G 2.52 by acids with eff~ FeO up to 

F 1 7.6%. 

1.508 1.550 FERROTYCHITE CUB Conch Cols to light H 4 ---
A +2 yellow G 2.79 Na 6{ Fe ,Mg ,Mn )( S04)( C03) 

1. 542 1.555 HALLOYSITE MCL u crypto- --- White, blue H 2 Insol in acids. 
A Al 2Si 205(0H) 4 cryst G 2.6 

infus 
,....., 

1.558 SERPENTINE MCL or ORTH --- Green H 4 Dec by acids. Biref low. v 
1.570 Mg 3Si 205(0H) 4 cryptocryst G 2.5 Contains NiO 2.6%. Species not 

F 6 detd. 



v I 
1.56 ZARATITE CUB Conch Emerald-green H 3-3.5 IDiss by acids with eff. 

1.59 Ni 3(C03)(0H) 4•4H20 G 2.57-2.69 
infus 

v I 
1.560 GUTSEVICHITE Crusts, --- Yellow-olive H 2.5 I Diss by acids. 

1.606 (Al,Fe) 3(P04,vo4)2(0H) 3·8H20 (?) concretions to dark green G 1. 9-2.0 

v I 
1.563 jNi analogue of Serpentine MCL ( ?) --- Green G 2.58 I Dec by acids. (= Pecoraite or 

1.59 ( "Garnierite") cryptocryst infus Nepouite?) 
(Ni,Mg) 3Si 205(0H) 4 

v I 
1.563 I ZUNYITE CUB tetrah 111 Cols H 7 I Insol in acids. F 12.5, Cl 2.2, 

1.592 Al 13si 5o20 (0H,F) 18cl G 2.87 H2o 6.5%. 
infus 

v I 
1.565 IALUMOPHARMACOSIDERITE CUB --- White G 2.68 

1.676 KA1 4(As04)3(0H) 4•6.5H20 

v I 
1.569 !CARBONATE-FLUORAPATITE I HEX I --- I White, brown I H 3.5 IDiss by acids. 

1.59 ("Collophane")(Apatite grp) cryptocryst G - 2.6 
Ca 5(P04,co3)3(F,OH) F diff 

1.51 I 1.57 I HI S!NGER ITE I ~~~ rocryst 
1 Conch 1 Brownish-black I H 3.5 I Dec by acids. 

A I 

'Fe+3
2Si 205(0H) 4·2H20 G 2.5-3.0 v l I I I . -1.59 I llnTUS 

1.53 1.57 Glass Amor Conch Pale brown, H 5 I Insol in acids. A 
~ v andesitic to latitic comp yellowish G - 2.06 -1 1.61 

1.558 1.570 SERPENTINE, zincian MCL or ORTH --- Green H 4 I Dec by acids. ZnO 7.25%. 
A (Mg,Zn) 3s; 2o5(0H) 4 cryptocryst G 2.5 

F 6 
I I u "l ~ 1: C""7 

~~~~;~~;T~a ferric phosphate 
I Atnor I --- i Reddi sh=brown ! Di ss by acids~ v I 

! ~ :_1 I i ~ ~ ;,; • -~ 
1.60 i I~ :.;;' 

1.571 I NITROBARITE CUB oct --- Cols G 3.25 1 Sol in H2o. 
Ba(N03)2 F 1 

1.534 I 1.572 IMANGANOLANGBEINITE CUB tetrah --- Rose-red I G 3.02 1 Sol in H20. 
A K2Mn 2(s04)3 

1.573 I MILLOSEVICHITE --- --- Cherry-red G 1.72 Diss by acids. Fe2o3 8.8%. 
(Al,Fe) 2(s04)3 

1.577 I NAMUWITE HEX 0001 perf Pa 1 e sea-green H 2 ZnO 37.8, CuO 22%. 
(Zn,Cu) 4(s04)(0H)6•4H20 G 2.77 

,......, 

I 1.58 I KONINCKITE TET --- Yellow H 3.5 I Diss by hot acids. v 
1.65 FeP04•3H20 spherulitic G 2.3 

F 3 



Table 3. Isotropic minerals and mineraloids (continued) 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

r--1 1.582 CHINGLUSUITE Amor Uneven Black H 2-3 Gel with acids. 
L.....l Na4Mn 5Ti 3Si 14o41 ·9H20 G 2.15 

F easy 

1.57 1.59 HI SINGER ITE MCL Conch Brownish-black H 3 Dec by acids. 
A 

Fe+3
2si 205(0H) 4•2H20 cryptocryst G 3.0 v 

1.66 infus 

1.56 1.59 ZARATITE CUB Conch Emerald-green H 3-3.5 Diss by acids with eff. 
A Ni 3(c03)(0H) 4•4H20 G 2.6 v 

1.61 infus 

1.569 1.59 CARBONATE-FLUORAPATITE HEX --- White, brown H 3.5 Diss by acids. 
A 

(
11 Collophane 11 )(Apatite grp) cryptocryst G 2.6-2.7 v 

1.63 Ca5(P04,co3)3(F,OH) F diff 

1.563 1.59 Ni analogue of Serpentine MCL (?) --- Green H 2 Dec by acids. (= Pecoraite or 
A 

( 
11 Garnierite") cryptocryst G - 2.6 Nepouite?) L.....l 

(Ni,Mg) 3s; 2o5(0H) 4 infus 

&5 v 1.59 SCHOENFLIESITE CUB mass --- Brown G 3.48 Diss by HCl, slowly by NaOH 
1.667 MgSn(OH) 6 infus soln. 

1.563 1.592 ZUNYITE CUB tetrah 111 Cols H 7 Insol in acids. F 5.5, Cl 2.6, 
A Al 13s; 5o20(0H,F} 18cl G 2.89 H20 10.0%. v 

1.600 infus 

v 1.593 VOL TAITE CUB Conch Dull oil- H 3 Diss by acids. Oil-green in 
1.608 +2 +3 green, brown, G 2.6-2.8 thin section. K2Fe 5Fe 4(so4)12 ·18H20 black 

1.593 GEORGEITE Am or --- Light blue Soft ---
Cu 5 (C03)3(0H} 4 •6H20 G 2.55 

L.....l 
1.595 COESITE MCL ps hex Subconch Cols G 2.92 Insol in acids. Biref .003 -

Si02 infus .005. 

v 1.595 VUDYAVRITE Am or Conch Brown, cream, H- 3 Dec by acids. 
1.64 Hydrous silicate of Ce, La, Ti yellow G 2.40-2.52 

r--1 1.596 STURTITE +3 Amor Conch Brownish-black H 3 Dec by acids. 
L.....l (Mn,Mg) 6Fe 2s; 8o25 ·23H20 {?) G 2.05 

F diff 

1.598 COMBEITE TRIG --- Cols G 2.84 Diss by hot dilute HCl. Biref 
Na 2ca2Si 309 very low. 



1.57 1.60 BORICKITE Amor --- Reddish-brown H 3.5 I Di ss by acids. 
A Hydrous Ca ferric phosphate G - 2. 7 v 

1.67 F easy 
,......., 

1.60 STIB ICON ITE CUB u mass Conch Gray, white, H 4-6 I Insol in acids. .!!. highly v 
1.70 (Stibiconite grp) yellow G 5.1-5.6 variable. 

1Sb+3sb+5
2o6(0,0H} infus 

I 1.600 I CUB tetrah Ill! I Cols 1.592 t ZUNYITE I H 7 I Insol in acids. F 0.5, Cl 3.5, 
A 

IA113Si5020(0H,F)J8Cl G 2.88 H20 11.4%. L-1 

infus 

1.602 I EUDIALYTE +2 +2 . I TRIG I 0001 dist I Yellow, pink, I H 5-5.5 I Gel with acids. Uniax, pos or I Na 4(ca,Ce} 2(Fe ,Mn )ZrS1 8o22 brown G 2.9-3.1 neg. 
F 3 (OH,Cl} 2 

1.560 I 1.606 I GUTSEVICHITE Crusts, --- Dark green to H 2.5 IDiss by acids. 
A (Al,Fe} 3(P04,vo4)2(0H) 3·8H20 (?) concretions brown G 1.9-2.0 

1.608 !cALCIUM FERRI-PHOSPHATE Am or --- Light brown H 2-3 I Oiss by acids. 
+3 CaFe 2(P04)2(0H} 2·9H20 (?} 

I 

1.593 I 1.608 I VOL TAITE I CUB I Conch i 0"11 ,...; 1 ii-i'{ ! Oiss by acids. Oil-green in 
I\ 

K F + 2 C" + 3 ( c:: () ' • 1 Al-l (I I g;~~n:. b~own, I G 2.6-2.8 1 thin section. 
2 e 5' e 4\""V4'12 ~~ .. 2~ black 

~ 1.57 ~ 
A 1.61 Glass Am or Conch Brown H 5 
v basaltic comp G 2.8 1.65 

1.59 1.61 ZARATITE CUB 

1 

Conch Emerald-green H 3 I Oiss by acids. 
I\ Ni 3(C03)(0H} 4·4H20 I I G - 2.6 L-1 

, infus 

I DiADOCHITE 
I i 

1.61 I TCL u I Uneven to IBrown, yellow i H 3-4 ! Di ss by HCl • 
Fe2(P04)(S04)(0H)·5H20 cryptocryst conch G 2.0-2.4 

F easy 
,......., 

I 1.61 I ALLANITE MCL --- Brown, black H 6 I Gel with acids. In part biref. v 
1.68 (Epidote grp) metamict G 2.96 

(Ca,Ce, Y} 2(Al ,Fe) 3(Si04)3(0H) F 3 

1.613 l HS IANGHUAL I TE 1 CUB dod I --- I White I H 6.5 
Ca 3Li 2Be3(Si04)3F2 G 2.98 

v I 1.614 I MAYENITE CUB mass --- White G 2.85 I Insol in dil acids. 
1.643 Ca12A114°33 infus 

v I 1.616 I PITTICITE Amor --- Brown, yellow H 2-3 I Oi ss by HCl • Comp widely 
1.635 Hydrous ferric arsenate-sulfate G 2.2-2.5 variable. 

F easy 

1.618 I MET ABOR ITE I CUB tetrah I Conch I Col s to I H 5 I Slowly sol in H20. 
HB02 brownish G 2.47 

F 1 



Table 3. Isotropic minerals and mineraloids (continued) 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

,..-, 1.62 ZIRFESITE Am or --- Pale yellow G 2.70 Gel with acids. 
L....l Zr3Fe2Si 4o17 ·15H20 (?) 

1.625 BICCHULITE CUB --- Cols G 2.75 (synth) ---
Ca 2A1 2Si06(0H) 2 

1.629 KAMAISHILITE TET --- Cols --- ---
Cat1 2Si06(0H) 2 

1.59 1.63 CARBONATE-FLUORAPATITE HEX --- White, brown H 3.5 Diss by acids. 
A ("Collophane")(Apatite grp) cryptocryst G 2.7 L....l 

Ca 5(P04,co3)3(F,OH) F diff 

v 1.63 GRIPHITE +2 CUB u mass Conch Brown H 5.5 Diss by HCl. 
1.66 Na 4ca6(Mn,Fe ,Mg) 19Li 2Al 8 G 3.4 

(P04)24(F,OH) 8 
F easy 

,..-, 1.63 TRITOMITE-( Y) ( "Spencite") TRIG (?) --- Reddish-brown H 3.5 ---v 

~ 
1.685 (Y,Ca,La,Fe+2)5(Si,B,Al) 3 

metamict G 3.1 
(O,OH,F) 13 (?) F 3 

1.633 BURTITE CUB 001 good Cols H- 3 Di ss by HCl. 
CaSn(OH)6 G 3.28 

1.616 1.635 PITTICITE Amor Brown, yellow H 2-3 Diss by HCl. Comp widely 
A Hydrous ferric arsenate-sulfate G 2.2-2.5 variable. 

F easy 

1.639 SA LAMMON I AC CUB 111 imperf Cols H 1.5-2 Sol in H2o. 
NH4Cl G 1.53 

F 1 volat 

v 1.639 HARKERITE CUB oct --- Cols H 4 Diss by HCl. Anom biref. 
1.653 Ca 24Mg8Al 2(Si04)8(B03)6(C03)10• G 2.95 

2H20 

L....l 
1.639 TOMBARTHITE MCL Conch Brown, black H 5-6 ---

Y4(Si,H4}4012-x(OH}4+2x metamict G 3.51-3.65 

1.63- THOROSTEENSTRUPINE Amor Conch Dark brown H 4 Th02 35.7"/.. Weakly magnetic. 
1.66 (Ca,Th,Mn) 3s; 4o12 ·6H20 metamict G 3.02 

,..-, 
1.64 THORITE TET Brown to H 2-4 Gel with warm acids. v ---

1.685 ThSi04 {+ xH20) metamict yellow G 3.8-4.3 



~ ....... 

r-"1 
v 

1.68 

v 
1.74 

1.595 
A 

1.614 
A 

1.58 
A 

L-.1 

..... 
v 

1.675 

1.61 
" '--' 

v 
1.77 

1.648 

1.64 

1.64 

1.64 

1.64 

1.64 

1.642 

1.643 

1~65 

1.65 

1.65 

1.65 

1.65 

uniax posl 1.65 
A 
v 

uniax neg 
1.653 

1.639 
A 

v 
1.71 

1.653 

1.655 

PI CITE 
Hydrous ferric phosphate 

HOMILITE (altered) 
Ca 2(Fe+2,Mg)B2Si 2010 
UMBOZERITE 
Na 3sr4ThSi 8(0,0H) 24 

COFFINITE 
U(Si04)1_x(OH) 4x 

VUDYAVRITE 
'Hydrous silicate of Ce, La, Ti 

SAKHAITE 
Ca 3Mg(B03)2co3·xH20 (x < 1) 

MAYENITE I C•tzA1t4°33 

! KONINCKITE 
1 Fe PO 4 • 3H 2o 

EGUE I ITE 
Hydrous Ca ferric phosphate 

GREENALITE 

( ~ +2 ~~+3 ) Si 0 {QH) · e • · - '2-3· · 2-5' - 4 

j G1 ass 
1basaltic camp 

Amor 

MCL mass 

Amor 
metamict 

TET 
metamict 

Amor 

CUB 

CUB mass 

i TET I spherul itic 

Amor 

MCL 
microcryst 

Am or 

MELANOCER ITE I HEX 
(Ca,Ce) 5(Si,B) 3o12 (0H,F)·xH2o (?) metamict 

MELILITE 
{Mel il ite grp) 
(Ca,Na) 2{Mg,Al){Si,Al) 2o7 

HARKERITE 
Ca 24Mg8Al 2(Si04)8(B03)6(c03) 10• 
2H20 

ZIRCON 
ZrSi04 (+ xH20) 

TET 

CUB oct 

TET 
metamict 

Conch 

Conch 

Conch 

Conch 

Conch 

001 dist 

Dark brown 

Black 

Bottle-green 
to greenish
brown 

Ye 11 ow, brown 

Brown, cream, 
yellow 

Gray, white 

Cols 

Yell ow 

Yellow-brown 

Green to brown 

I Brown 
I 

Dark brown to 
black 

H 3-4 
G 2.8 
F easy 

H 3 
G 3.35 

H - 5 
G 3.60 

G 3.6-3. 9 

H - 3 
G 2.40-2.52 

H 5 
G 2.78-2.84 

G 2.85 
infus 

_ H 3.5 
! G 2.3 
IF 3 

I G 2.60 
F easy 

G 2.8-3.0 

H - 5 
I G - 3 

H 5-6 
G 4.1 
infus 

Cols to brown IH 5 

Cols 

Yellow, brown 

G 3.0 
F 3 

H 4 
G 2.95 

G 2.9 
infus 

Diss by acids. 

Gel with acids. 

Dec by acids. 

Diss by HCl with eff. 

Insol in dil acids. 

_Diss by hot acids. 

l 
Diss by acids. 

Dec by HCl. 

Dec by HCl. Apatite structural 
type. 

Gel with acids. Comp close to 
Gehlenite 50, Akermanite 50. 
Bi ref .001. 

Diss by HCl. Anom biref. 

Partly diss by acids. 



Table 3. Isotropic minerals and mineraloids (continued) 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

1.63 1.66 GRIPHITE CUB u mass Conch Brown H 5.5 Diss by HCl. 
A Na 4ca 6(Mn,Fe,Mg) 19Li 2Al 8(P04)24 G 3.4 1-.J 

(F,OH)8 
F easy 

1.59 1.66 HISINGERITE MCL Conch Brownish-black H 3 Dec by acids. 
A 

Fe+3si 205(0H) 4·2H20 cryptocryst G 3.0 1-.J 

F diff to 
infus 

..--, 1.66 VESUVIANITE TET --- Brown H 6 Insol in acids. 
1-.J Ca 10(Mg,Fe) 2Al 4(Si 207)2(Si04)5 metamict G 3.3 

(OH,F) 4 
F 3 

1.59 1.667 SCHOENFLIESITE CUB mass --- Brown G 3.49 Diss by HCl. A 
v (Mg,Mn)Sn(OH) 6 infus 1.705 

~ 

1.60 1.67 BORICKITE Amor --- Reddish-brown H 3.5 Diss by acids. 
1\ Hydrous Ca ferric phosphate G - 2. 7 

F 3-4 

v 1.670 HYDROGROSSULAR CUB dod --- Cols H 6-6.5 Gel with acids. Some samples 
1.702 (Garnet grp) G 3.1 divided into biref sectors. 

Ca 3Al 2(Si04)3_x(OH) 4x infus H20 8-9%. 

1.65 1.675 GREENALITE MCL --- Green to brown G 3.0 Dec by HCl. 
1\ +2 +3 . microcryst (Fe ,Fe )2_3s, 2o5(0H) 4 

1.565 1.676 PHARMACOS IOER ITE CUB cubes, 100 imperf Brown, green H 2.5-3 Diss by HCl. Biref 0 to 0.01. 
A KFe4(As04)3(0H) 4•6H20 tetrah G 2.8-3.0 v 

1.704 F 1 

1.64 1.68 PI CITE Amor --- Dark brown H 3-4 Diss by acids. 
A Hydrous ferric phosphate G 2.8 1-.J 

F easy 

1.67 1.680 HUTTONITE MCL --- Cols to --- ---..--, 
1-.J ThSi04 (+ xH20) metamict yellow 1. 71 

..--, 1.68 DELVAUXITE Amor (?) --- Brown H 2.5-4 Diss by acids. v 
1.73 +3 G 2.0-2.8 CaFe 3(P04,so4)2(0H)8• 

4-6H20 (?) 



1.61 

I 
1.68 I ALLANITE MCL --- Brown, black H 6 I In part bi ref. May gel with 

" (Epidote grp) metamict G 3.4-3.7 acids. v 
1.72 (Ca,Ce,Y) 2(Al ,Fe) 3(Si04)3(0H) F 3 

1.68 I SATPAEVITE ORTH(?) One pina- Canary- to H 1.5 Diss by acids. In section 
+4 +5 coidal, perf saffron-yellow G 2.4 greenish-yellow to olive. u Al 12v 2v 6o37 ·30H2o biaxial, pos. 

1.63 1.685 TRITOMITE-(Y) ("Spencite") TRIG --- Reddish-brown H 3.5 
" ( Y , Ca , La , Fe+ 2 ) 5 ( S i , B , A 1 ) 3 

metamict G 3.3 v 
1.7b3 ( O,OH ,F) l3 F 3 

1.64 1.685 THORITE TET --- I Brown, ye 11 ow I H 2-4 1 Gel with acids. H20 9%. 
" v ThSi04 (+ xH 20) metamict G 4.4 1. 715 

1.694 RHODIZITE CUB dod 111, Tll diffl Col s I H 8 I Insol in acids. Opt anom. 
(Cs,K)Al 4Be4B11o25(0H) 4 G 3.31-3.44 

infus 
,...., 

I 1. 70 I GADOLINITE I MCL I Conch I Greenish-black I H 7 Gel with acids. Pale green in v 
1. 78 (Y,Ca) 2FeBe2si 2010 metamict G 4.0 section. 

i nfus 

1.60 I , ;n { STIBICONITE I CUB u mass I Conch I Gray, white, I H 4-5 , lnsol in acids. n highly 

I 
.1.1u 

" jtst!bic~nite grp) I I yellow I G 5.1-5.6 ~variable. v 
l. /4 Sb+~Sb+~2o6(0,0H) 

infus 
~ 
~ 

1.670 1.702 HYDROGROSSULAR CUB dod --- Cols H 6-6.5 I Diff sol in acids. May gel. 
" (Garnet grp) G 3.35 v 

1.734 Ca 3Al 2(Si04)3_x(OH) 4x infus 

l.676 

I 
1. 704 I PHARMACOSIDERITE 

1 

CUB cubes, 100 imperf Brown. green H 2.5-3 I Diss by acids. Biref 0 to 0.01. 
" I KFe4(As04)3(0H} 4·6H2o tetrah G 2.8-3.0 

I v 
l. 712 ! 1 F 1 

I 

v I 
1. 704 I ROWLAND I TE I Amor Conch Green, red H 6-7 I Gel with acids. 

1. 726 Y3(Si04)2(0H,F) ( ?) metamict G 4.4-4.5 
infus 

1.667 I 1.705 I WICKMANITE CUB oct 001 good Brownish-to H 3.5 
" MnSn(OH) 6 honey-yell ow G 3.89 

v 1.707 BERZELI ITE CUB Subconch to Yellow, orange H 5 I Oiss by acids. MnO 1.3%. 
1.748 (Ca,Na) 3(Mg,Mn) 2(As04)3 uneven G 4.08 Garnet-type structure. 

F 3 

1.655 1. 71 ZIRCON TET --- Yellow, brown G 3.0-3.5 I Nearly insol in acids. I\ 
v ZrSi04 (+ xH 20) metamict infus 

1. 79 

1.704 1. 712 BARIUM-PHARMACOSIDERITE TET (?) 100 good Yellow-brown H 2-3 I Diss by acids. 
" Ba(Fe,A1) 4(As04)3(0H) 5•5H20 (?) G 3.00 



Table 3. Isotropic minerals and mineraloids (continued} 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

v 1. 714 PYROPE CUB --- Cols H 7 Insol in acids. Data for synth 
1. 741 ( Garnet g rp) 110, 211 G 3.58 end-member. 

Mg3Al 2(Si04)3 F 4 

v 1. 714 SPINEL CUB oct 111 imperf Cols, red, H 8 Insol in acids. Data for synth 
1.738 (Spinel grp) green G 3.58 end-member. 

MgA1 204 infus 

1.685 1. 715 THORITE TET --- Brown, green, H 4 Gel with acids. 1\ 
v (Th,U)Si04 (+ xH20) metamict yellow G 3.8-4.4 l.B04 

1.68 1.72 ALLANITE MCL --- Brown, black H 6 In part bi ref. May gel with 
1\ (Epidote grp) metamict G 3.4-3.7 acids. v 

1. 75 (Ca,Ce,Y) 2(Al ,Fe) 3(Si04)3(0H) F 3 
,......., 1.72 BRITHOLITE HEX --- Yellow, brown H 5 Gel with HCl. Yellow in v 

1.75 (Ce,Ca) 5(Si04,P04)3(0H,F) metamict G 3.85 section. Apatite structural 
infus type. 

t ,......., 1.72 BINDHEIMITE CUB u mass Conch Yellow, brown, H 4-4.5 Dec by HCl. v 
1. 79 (Stibiconite grp) gray G 4.6-5.6 

Pb 2Sb2o6( 0 ,OH) F 3-4 
,......., 1. 72 CALC IOURANO ITE Amor --- Brown to orange H 4 Weakly anisotropic. 
L......J 

(Ca,Ba,Pb)U207•5H20 G 4.62 

1. 725 DZHALINDITE CUB --- Yellow-brown G 4.34 Pale yellow in section. 
In( OH) 3 infus 

1.704 1.726 ROWLANDITE Amor Conch Green, red H 6-7 Gel with acids. 
1\ Y3(Si04)2(F,OH) (?} metamict G 4.4-4.5 

infus 

1.68 1. 73 DELVAUXITE Amor ( ?) --- Brown H 2.5-4 Diss by acids. 
1\ +3 G 2.0-2.8 L......J Cafe 3(P04,so4)2(0H) 8• 

4-6H20 (?) 

v 1. 732 HELVITE CUB tetrah 111 imperf Yellow H 6 Gel with acids. MnO 45.5, FeO 
1.738 (Helvite grp) G 3.22 2.2, ZnO 1.2%. 

(Mn,Fe,Zn) 4Be3(Si04)3S F 3 

1.702 1.734 GROSSULAR CUB Uneven White, green, H 6-7 Insol in acids. Opt anom. Data 
1\ (Garnet grp) 110 t 211 pink, brown G 3.59 for synth end member. v 

1.752 Ca 3Al 2( Si04}3 F 3 



v 

I 
1.735 IPERICLASE CUB 100 perf, Cols H 5.5 IDiss by acids. 

1. 756 MgO 100, 111 parting 110 G 3.56 
infus 

1.735 I VISMIRNOVITE CUB --- Pale yellow H 4 IDiss by HCl. 
ZnSn(OH} 6 G 4.04 

1.736 I StlHNGEITE CUB --- Light brown H 4-4.5 
Ga(OH} 3 G 3.84 

infus 

1.732 1.738 HELVITE CUB tetrah 111 imperf Brown H 6 I Gel with acids. MnO 29.9, FeO 
A (Helvite grp} G 3.4 10.1, ZnO 5.2%. v 

1.744 (Mn,Fe,Zn} 4Be 3(Si04}3S F 3 

1.714 1. 738 SPINEL CUB oct 111 imperf I Green, black rs 'Insol in acids. FeO 5.6, 
A (Spinel grp} G 3.62 Fe 2o3 1.5, MnO 0.1%. v 

1.747 (Mg,Fe}Al 204 i nfus 

1.64 1.74 COFFINITE I TET I --- I Yellow, brown I G 3.6-3. 9 A 
v U(Si04)1_x(OH) 4x metamict 1.92 

1. 74 CARYOCERITE ~~s .. ~~~~: 1 Conch !Brown I H 5-6 IDee by hot HCl. Swells without 
!Borosilicate of Y, Ce. Ca. Th 1met.a,,,,~.,l. I I I G 4.30 ,fusing bb. Compare Melano-

I lcerite. 

~ 
r-1 

I 1. 74 I THOROGUMMITE TET --- Brown to H 3 IGel with acids. Gum-like. v 
01 1.77 {Th,U)(Si ,P}04_x(OH) 4x metamict black G - 4.6 Compare Thori te. 

infus 

1. 70 1. 74 I STI8 ICON !TE CUB u mass Conch Gray, brown, H 4-5.5 I Insol in acids. 
A (Stibiconite qrp} yell ow G 5.2-5.6 v 

1.80 lsb+ 3sb+5
2o6(o,OH) infus 

1. 714 1. 741 PYROPE-ALMANDINE CUB I --- IRed, brown I H 7 
t .. .. • ~ • _ n. c c 1\ 1 I') n jlnSOI 1n ac1as. t'Y oo, t\1 Lu, 

A (Garnet g rp} 110, 211 G 3. 72 Sp 1, Gr 11, An 2. v 
1.766 {Mg,Fe} 3Al 2(Si04}3 F 3.5 

1.738 1.744 GENTHELVITE CUB tetrah I --- 'Brown, red I H 6 
'Gel with acids. ZnO 46.0, FeO 

A (Helvite.grp} G 3.66 6 .1, Mn 0 1. 5%. v 
1.745 (Zn,Fe} 4Be 3(Si04)3S F 4 

1.744 1. 745 DANALITE I CUB tetrah I --- I Pink, brown I H 6 
'Gel with acids. FeO 22.4, ZnO 

A (He 1 vi t e g rp} G 3.44 20.0, MnO 8.15%. v 
1.747 {Fe,Zn,Mn)4Be3{Si04)3S F 3.5 

1. 738 1. 747 SPINEL, zincian ICUB oct I --- I Greenish-black I H 8 
I In sol in acids. ZnO 18. 2, MgO 

A ( Sp i ne 1 g rp} G 3.97 16. 8, FeD 1. 9%. v 
1.776 {Mg,Fe,Zn)A1 204 infus 

1.745 1. 747 HELVITE ICUB tetrah I --- 'Brown I H 7 
!Gel with acids. MnO 28.0, FeO 

A {Helvite grp} G 3.31 15.8, ZnO 7.8%. v 
1.760 (Mn,Fe,Zn} 4Be 3{Si04)3S F 3.5 



Table 3. Isotropic minerals and mineraloids {continued} 

Ut 
ent 

1er 
ries 

-
1. 

1. 

1. 

1\ 
v 

1\ 
v 

1.8 

1. 
1\ ........ 

~ 1. 

1. 

1. 

1. 

1. 

1\ 
v 

)7 

77 

~ 

l 

~ 

~4 

r3 

~5 

~7 

~5 

Ketract iv e 
index 

r---

1.748 

1.75 

1.75 

1. 75 

1. 75 

1. 752 

1. 755 

1. 755 

1.756 

1. 758 

1. 760 

1.763 

MINERAL NAME 
and formula 

BERZELI ITE 
{Ca,Na) 3{Mg,Mn) 2{As04}3 

YTTRIALITE 
( Y, Th) 2Si 2o7 

HELLANDITE 
(Ca,Y) 6(Al ,Fe)Si 4B4o20{0H} 4 

BR ITHULil E 
(Ce,La,Ca} 5(Si04,P04)3{0H,F) 

ALLANITE 
(Epidote grp) 
( Ca ,Ce, Y) 2{ Al ,Fe) 3( Si 04) 3( OH) 

GROSSULAR 
{Garnet grp) 
Ca3(Al,Fe) 2{Si04)3 
ARSENOLITE 
As 2o3 

NATANITE 
Fe+2sn(OH) 6 
PERICLASE 
{Mg,Fe)O 

AZOVSKITE 
Fe3{ P04)( OH) 6 
DANALITE 
{Helvite grp) 
{Fe,Mn,Zn)4Be3{Si04)3S 

TRITOMITE 
{Ce,Y,La,Th) 5{Si,B) 3{0,0H,F) 13 

SYSTEM 
and habit 

CUB 

HEX { 1) 
metamict 

MCL 
metamict 

HEX 
metamict 

MCL 
metamict 

CUB 
llO, 211 

CUB oct 

CUB 

CUB 

Amor { ?) 

CUB tetrah 

TRIG 
metamict 

Hardness, 
CLEAVAGE Color specific Remarks or fracture gravity, and 

fusibility 

Subconch to Yellow, orange H 5 Diss by acids. MnO 8.8%. 
uneven G 4.27 Garnet-type structure. 

F 3 

Conch 01 iv e-green H 6.5 Gel with acids. 
G 4.3-4.7 
infus 

--- Brown H 5.5 Gel with acids. 
G 3.70 
F 2-3 

--- Yellow, brown H 5 Gel with HCl. Apatite-like 
G 3.85 structure. 
infus 

--- Brown, black H 6 In part biref. May gel with 
G 3.4-3.7 acids. 
F 3 

Uneven Brown, white, H 6-7 Insol in acids. Gr 85, An 13, 
green G 3.57 Py 1. 

F 3 

11l White H 1.5 Sol in H20. Volat when heated. 
G 3.80 
F 1 

--- Greenish-brown H 5 Diss by HCl. 
G 4.07 

100 perf Cols H 5.5 Diss by acids. FeO 5.8%. 
parting 110 G 3.56 

infus 

--- Dark brown H 4 Diss by acids. Faintly biref. 
G 2.5 

--- Dark red H 6 Gel with acids. FeO 38.4, MnO 
G 3.41 7.1, ZnO 6.8%. 
F 3 

--- Reddish-brown H 4-5.5 Gel with acids. 
G 4.2 
F 3 



~ 
-:) 

1.741 
" v 

1.782 

1.65 
" '--' 

1.74 
" '--' 

1. 752 
" v 

1.796 

1.747 
" v 

1.798 

1~748 

" 

1.70 
" v 

1.81 

, ICC 
l. /UU 

" v 
1. 797 

1.776 
" v 

1.805 

1. 71 
" v 

1.82 

1.72 
" y 

1.84 

1.766 

1.768 

1.77 

1. 77 

1. 773 

1. 776 

., ..,,...., 
1 =!!! 

1. 78 

1. 78 

1 70'7 
J..IUL 

1. 782 

1. 79 

1. 79 

1.790 

PYROPE-ALMANDINE I CUB 
(Garnet grp) 110, 211 
(Mg,Fe,Ca) 3(Al,Fe) 2(Si04)3 

RINGWOODITE I CUB 
{Mg,Fe) 2s;o4 

MELANOCERITE I HEX 
(Ca,Ce) 5(Si,B) 3o12 (0H,F)·xH2o (?) metamict 

THOROGUMMITE 
ThSi04_x(OH) 4x 

GROSSULAR-SPESSARTINE 
(Garnet grp) 
(Ca,Mn,Fe) 3Al 2(Si04)3 

HERCYNITE, magnesian ferrian 
(

11 Pleonaste 11
) (Spinel grp) 

(Fe,Mg)(Al ,Fe) 2o4 
i MANGANBERZELI ITE 
'Ca 3Mn 2{As04)3 

HAWLEYITE 
CdS 

GADOLINITE 
. Y ?FeBe 2Si ?OlO I - -
I ALMANDTNE~PYROPE 

(Garnet grp) 
(Fe,Mg,Ca) 3Al 2(Si04)3 
GAHNITE 
(Spinel grp) 
(Zn,Fe,Mg)Al 204 
ZIRCON 
ZrSi04 (+x H20 (?)) 

BINDHEIMITE 
(Stibiconite qrp) 
Pb 2Sb 206(0,0H) 

PH I LI PSBOR NITE 
(Crandallite grp) 
PbA1 3(As04)2(0H) 3·H20 

TET 
square 
prisms 
metamict 

CUB 

CUB oct 

1 CUB 

CUB 

MCL 
metamict 

I 

I CUB 
! 110, 211 

CUB oct 

TET 
metamict 

CUB u mass 

TRIG 

Uneven 

Conch 

Uneven 

Subconch to 
uneven 

Conch 

Uneven 

111 imperf 

Conch 

Conch 

Red, brown 

Purple 

Dark brown to 
black 

Black 

Peach-tan 

Greenish-black 

Yellow, orange 

Bright yell ow 

H 7 
G 3.88 
F diff 

G 3.90 

H 5-6 
G 4.1 
infus 

H 5.5 
G 5.4 
i nfus 

H 7 
G 3.80 
F 4 

H 8 
G 4.20 
infus 

. H 5 
! G 4.45 

F 3 

G 4.87 
i nfus 

Black to IH 6.5-7 
greenish-black G 3.9-4.3 

i nfus 

i Red to brown ! H 7 
i I G 4.02 

Gray, green, 
black 

Yellow, brown 

F 4 

H 8 
G 4.38 
infus 

H 6 
G 3.9-4.0 
infus 

Yellow, brown, I H 4-4.5 
gray G 4.6-5.6 

F 3-4 

Grayish-green H - 4.5 
G ( 4. 33) 

Insol acids. Py 43, Al 41, 
Sp 2, Gr 8, An 6. 

Structure of spinel type. 

Dec by HCl. Apatite structural 
type. 

Diff sol in acids, gel. Clouded 
in section. 

Insol in acids. Gr 56, Sp 25, 
Al 11, An 7. 

Insol in acids. Deep green in 
section. FeO 23.3, MgO 10.8, 
Fe 2o3 11. 7%. 

1 
Diss by acids. Data for synth 

1 end-member. Garnet-type 
structure. 

Dec by acids. 

Gel with acids. Heated material 
is biref with n = 1.82. 

I Insol in acids. 
i Gr 14, Sp 3. 

Al 55, Py 27, 

Insol in acids. ZnO 31.4, FeO 
8.5, MgO 2.4%. 

Insol in acids. 

Dec by HCl. 



Table 3. Isotropic minerals and mineraloids (continued) 

Hardness, 
Other l{efract iv e MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

1. 773 1.796 G~OSSULAR-UVAROVITE CUB dod Uneven Green H 7 Insol in acids. Gr 52, lN 40, 
A (Garnet grp) G 3.68 An 8. v 

1.800 ca3(Al ,Cr,Fe) 2(Si04)3 F 4 

1. 782 1.797 ALMANDINE CUB Uneven Reddish-brown H 7 Insol in acids. Al 60, Py 18, 
A (Garnet grp) 110' 211 G 4.10 Sp 15, Gr 7. v 

1.805 (Fe,Mg,Mn,Ca) 3Al 2(Si04)3 F 4 

1. 776 1.798 SPINEL, chromian CUB oct Uneven Black H 8 Insol in acids. MgO 19.5, FeO 
A (Spinel grp) G 3.94 9.8, Al 2o3 48.3, Cr2o3 19.6%. v 

1.833 (Mg,Fe)(Al ,Cr,Fe) 2o4 infus 

1. 74 1.80 STIBICONITE CUB u mass Conch Gray, brown, H 4-5.5 Insol in acids. 
A (Stibiconite grp) yellow G 5.2-5.6 v 

1.90 Sb+3sb+5
2o6(0,0H) infus 

>1.80 MANGANOSTEENSTRUPINE Amor Conch Black H 5.5-6 Brownish-red in section. 

~ 
(Ce,La,Th,Ca)MnSi03(0H) 2•2H20 G 3.29 

1.796 1.800 SPESSARTI NE CUB Uneven Red to brown H 7 Insol in acids. Synth end-
A (Garnet grp) 110, 211 G 4.18 member. v 

1.801 Mn 3Al 2(Si04)3 F 3 

1.800 YAFSOANITE CUB --- Light to --- Diss by acids. 
(Zn,Ca,Pb) 3Te06 dark brown 

1.800 1.801 GROSSULAR-ANDRADITE CUB Uneven Green, red, H 7 Insol in acids. Opt anom. Gr 
A (Garnet grp} 110, 211 brown G 3. 71 52, An 42, Al 4, Sp 2. v 

1.805 (Ca,Fe,Mn) 3(Al ,Fe) 2(Si04)3 F 4.5 

1.766 1.803 KNORRINGITE CUB u mass Uneven Blue-green H 7 Insol in acids. Kn 53, G 19, A 1 
A (Garnet grp) G 3.76 14, Py 10, An 3. v 

1.855 (Mg,Ca,Fe) 3(Cr,Al) 2(Si04)3 
1. 715 1.804 THORITE TET --- Brown, green, H 4 Gel with acids. 

A (Th,U)Si04 (+ xH20) metamict yell ow G 4.8-6.4 L-1 

1.782 1.805 GAHNITE CUB oct --- Black H 8 Insol in acids. Synth end-
A (Spinel grp) G 4.61 member. v 

1.818 ZnA1 204 infus 

1.800 1.805 SPESSARTI NE CUB Uneven Red, brown H 7 Insol in acids. Sp 80, Al 17, 
A (Garnet grp) 110, 211 G 4.20 Py 2. v 

1.814 (Mn,Fe) 3Al 2(Si04}3 F 3.5 

1. 797 1.805 ALMANDINE CUB Uneven Red, brown H 7 Insol in acids. Al 74, Py 11, 
A (Garnet grp) 110' 211 G 4.15 Gr 11, Sp 4. v 

1.814 (Fe,Mg,Ca) 3Al 2(Si04}3 F 4 



1.78 1.81 GADOLINITE MCL Conch Black to H 6.5-7 I Gel with acids. 
A Y leBe2s; 2o10 metamict greenish-black G 3.9-4.3 1.-J 

infus 

1.75 1.81 BRITHOLITE HEX --- Yellow, brown H 5 I Gel with HCl. Apatite-like 
A (Ce,La.Ca) 5(Si04.P04)3(0H,F) metamict G 4.1 structure. 

infus 

1.-J 1.81 ANTHOINITE MCL (?) mass --- White, cha 1 ky H 1 Slowly diss by acids, diss by 
1.82 Al 2W209·3H20 G 4.6 strong KOH soln. 

1.805 1.814 SPESSARTINE-ALMANDINE CUB Uneven Red, brown H 7 Insol in acids. Sp 53, Al 45, 
A (Garnet grp} 110, 211 G 4.23 Py 1, Gr 1. v 

1.818 {Mn,Fe) 3Al 2{Si04)3 F 3.5 

v I 
1.817 ROMEITE CUB oct Conch Yellow H 5.5-6.5 I Insol in acids. Opt anom with 

1.87 (Stibiconite grp) G 4.7-5.4 1 ow bi ref. 
(Ca,Na) 2Sb206(0,0H) F diff 

1.805 I 1.818 I GAHNITE CUB oct --- Black H 8 Insol in acids. FeD 1.7, 
A (Spinel grp) G 4.60 Fe2o3 2.55%. 

{Zn,Fe)(Al ,Fe) 2o4 infus 

1.805 I 1.818 I ALMANDINE CUB Uneven Red, brown H 7 Insol in acids. Al 74, Sp 20, 
" I ! 110. 211 I G 4. 25 

1
Py5.Grll. 

1.~bo ! 1 {Garnet grp) 
! 

I Brown, green 

I I (Fe,Mn) 3Al 2{s;o4)3 IF 4 

~ 1.79 I 1.82 IZIRCON, var Malacon (Naegite) TET Conch I H 3-7 I Partly di ss by acids. 
~ A I (Zr,Th,U)Si04 (+ xH20) metamict G 4.0-4.3 1.-J 

infus 

1.801 
I 

1.821 I GOLDMANITE CUB 

I 
--- ~ Deep green to I G 3.74 Weakly biref. v2o3 18.3, 

1\ (Garnet grp) dod mass dull green v Fe 2o3 5.4, A123 4.9%. 1.834 I 1 Ca 3(V,A1 ,Fe) 2(Si04)3 

I I Green I H 7. 5 I Insol in acids. n is for green 1.801 I i.825 i UVAROVITE-GROSSULAR 1 CUB dod ---
A 

I j (Garnet grp) 
! - -- - -

I i I G 3.81 i light. Uv 72, Gr~26, An 1, Py v 
1.855 Ca 3(Cr,Al) 2(Si04)3 i nfus 1. 

1.801 

I 

1.827 IANDRADITE-GROSSULAR CUB Uneven Red, brown, H 7 Insol in acids. An 57, Gr 32, 
A (Garnet grp) 110, 211 green G 3. 77 A 1 5 , Py 3, Sp 3. v 

1.863 Ca 3(Fe,Al) 2{Si04)3 F 4 

1.83 I LIANDRATITE HEX Conch Yellow to H 3.5 
+6 U (Nb,Ta) 2o8 

u metamict yellow-brown G 6.8 

1.818 I 1.830 I ALMANDINE CUB Uneven Red H 7 I lnsol in acids. Synth end-
" (Garnet grp) G 4.32 member. 

Fe 3Al 2(Si04)3 F 3 

1.83 I YTTROPYROCHLORE ("Obruchevite") CUB Conch Dark brown H 4.5-5 I Insol in acids. 
(Pyrochlore grp) G - 3. 7 
(Y,Ca,Na,U) 1_2(Nb,Ta,Ti) 2(0,0H) 7 



01 
0 

Table 3. Isotropic minerals and mineraloids (continued) 

Other Refractive MINERAL NAME 
entries index and formula 

1.798 1.833 
1\ 
v 

1.835 

1.821 1.834 
1\ 
v 

1.855 

1.833 1.835 
1\ 
v 

1.90 

1.838 

1.79 1.84 
1\ 
v 

1.94 1 

I 
1.825 1.855 I 

1\ 

I 1.834 1.855 
1\ I 

I 
v 1.856 

1.923 

L......l >1.86 

I 1.827 1.863 
1\ 
v 

1.887 

1.817 1.87 
1\ 
v 

2.09 

v 1.87 
1.915 

2\"u' '"' 1 2v6 

SYSTEM CLEAVAGE 
and habit or fracture 

CUB oct Uneven 

CUB ---

CUB oct Uneven 

CUB 100 perf 

CUB u mass Conch 

CUB Uneven 
110, 211 

CUB ---

CUB oct Conch 

CUB (?) ---
ocherous 
masses 

CUB Uneven 
110, 211 

CUB oct Conch 

CUB oct Conch 

Hardness, 
Color specific Remarks gravity, and 

fusibility 

Black H 7 Insol in acids. MgO 19.3, FeO 
G 3.93 11.7, Al 2o3 45.4, Cr2o3 16.85, 
infus Fe 2o3 5.8%. 

Green G 3.765 Data for synth compd. 

Greenish-black H 8 Insol in acids. Data calc for 
G 4.40 end-member. 
infus 

Cols H 3-4 Diss by acids, slightly sol in 
G 3.32 H~O. Rapidly alters on 
i nfus e posure to moist air. 

Ye 11 ow, gray, H 4-4.5 Dec by HCl. 
green G 4.6-5.6 

F 3-4 

Deep green H 7.5 Insol in acids. Opt anom. Uv 
G 3. 77 91, Gr 6, Py 2, An 1. 
infus 

Dark green G 3.91 v2o3 24.9, Al 203 2.0, Fe 2o3 1.1, 
MnO 15.9%. 

Black H 7.5 Insol in acids. MnO 33.1, FeO 
infus 2.3, Fe 2o3 6.4%. 

Yellow-brown G ... 5. 7 ---
to green 

Red, brown, H 7 Gel imperfectly with HCl. Opt 
green G 3. 72 a nom. An 78.5, Gr 12, Al 5.5, 

F 3.5 Sp 4. 

Yellow H 5.5-6.5 Insol in acids. Opt anom. 
G 4. t-5.4 MnO 6.3%. 
F 4.5 

Brown, yellow H 5-6 Dec by H2so4• 
G 3. 77 
infus 



,......., 
1.88 CHEVKINITE MCL Conch Black to H 5 'Gel with acids. Red-brown in v 

2.00 (Ca,Ce,Th} 4(Fe,Mg} 2(Ti,Fe} 3Si 4022 metamict reddish-brown G 4.3-4.6 section. In part biref. 
F 4 

1.863 1.887 ANDRADITE CUB dod --- Red H 7 'Gel imperfectly with acids. 
1\ (Garnet grp} G 3.86 Data for synth end-member. v 

1.890 I I Calez(Si04)3 I F 3.5 

1.887 

I 

1.890 CALDERITE-ANDRADITE CUB Conch Red-brown H 7 Fe 2o3 29.0, MnO 19.3%. 
1\ !(Garnet grp} G 4.07 (Ca 47, An 45, Gr 8%.} v 

1.893 I +2 +3 . (Min. Abs. 1£, 310.} (Mn ,Ca} 3Fe 2(s,o4}3 
1.890 

I 
1.893 ANDRADITE-SPESSARTINE CUB --- Dark green H 7 Nearly insol in acids. An 71, 

1\ (Garnet grp) 110, 211 G 3.98 Sp 28, Al 1. v 
1.94 (Ca,Mn) 3(Fe,Al )2(Si04)3 F 3.5 

1.80 

I 
1.90 STIBICONITE CUB u mass Conch Yellow, gray, I H 4.5-5.5 I Insol in acids. 

1\ (Stibiconite grp) brown G 5.2-5.6 v 
2.05 Sb+3sb+5

2o6(0,0H) i nfus 

1.835 

I 
1.90 MAGNESIOCHROMITE I CUB oct I Uneven Gray-green H 7 I Insol in acids. Data for synth 

1\ (Spinel grp) G 4.39 end-member. v 
1.97 MgCr04 infus 

I I I I i 
1.87 1.915 BETAFITE I CUB oct I Conch I Greenish-black I H 5 I Dec by H2so4• 

1\ (Pyrochlore grp) G 4.0 v 
Ol 1.925 (Ca,Na,U) 2(Ti ,Nb,Ta) 206(0H) 1 i nfus 
1--" 

1. 74 1.92 COFFINITE TET I --- I Yellow, brown I G 4.2-4.8 
1\ U(Si04)1_x(OH) 4x metamict '--' 

1.856 I 1.923 GALAXITE CUB oct j Conch 1 Black I H 7. 5 1 Insol in acids. Mahogany-red in ,., 
{Spinel grp) ~~~t;o" Mnn ~4 n ~eo lh 4 

I I I 
I G 4.23 I ~t;;:\, I ... , ... v ..... v, I .o.vo , 

(Mn,Fe)Al 2o4 infus MgO 1. 5%. 

1.915 

I 
1.925 MICROLITE I CUB oct I Conch I Ye 11 ow, brown ! H 5. 5 I De-- "'y u e-n 

1\ (Pyrochlore grp) I G- 5.5 
I .._ u "2->V4• 

v 
1.94 (Ca,Na) 2(Ta,Nb) 206(0H,F) infus 

1.93 NANTOKITE CUB 011 Cols H 2.5 I Sol in Ht· Oxidizes rapidly. 
CuCl G 4.1 Data on ynth compound. 

fus 

v I 1.93 I KALI PYROCHLORE CUB --- Yellow, H 4-4.5 
1.985 (Pyrochlore grp) greenish G 3.42 

(K,Sr) 2_4Nb 206(0,0H)•xH20 

1.84 
I 

1.94 I BINDHEIMITE CUB u mass Conch Gray, brown , I H 4-4.5 I Dec by HCl. 
1\ I (Stibiconite grp) '--' green G 5.0-5.6 

Pb 2Sb 206(0,0H) F 3-4 

1.893 

I 
1.94 I ANDRADITE CUB Conch Black H 7 I Gel with acids. Ti02 9.4%. 

1\ (Garnet g rp) 110, 211 G 3.79 v 
1.98 Ca 3(Fe,Ti) 2(Si04)3 F 4 



Table 3. Isotropic minerals and mineraloids (continued) 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

1.94 MELANI!§ --- --- --- G 3.79 Ti 02 9.4%. 
Ca 3(Fe ,Ti) 2(Si04)3 

,.--, 1.94 KIMZEYITE CUB --- Brown H 7 Zr02 29.9, Ti02 5.6%. 
L-.1 (Garnet grp) G 3.94 

Ca 3(zr,Ti) 2(Al 2Si)012 
1.925 1.94 BETAFITE CUB oct Conch Black, brown, H 5 Dec by H2so4• 

A (Pyrochlore grp) yellow G 5.2 v 
1.97 (Ca,Na,U) 2(Ti,Nb,Ta) 206(0H,F) infus 

v 1.95 BRANNERITE MCL Conch Black, brown, H 5-6 Diss by acids. 
2.11 ( U , Th , Ce ) Ti 20 6 metamict yell ow G 4.0-4.3 

infus 

1.95 STETEFELDT ITE CUB mass --- Black, brown H 3.5-4.5 ---
(Stibiconite grp) G 4.1-4.6 
Ag2sb2(0,0H) 7 (?) 

~ 
1.90 1.97 MAGNESIOCHROMITE CUB oct Uneven Black H 6 Insol in acids. MgO 16.0, FeO 

A (Spinel grp) G 4.67 11.1, Cr2o3 43.6, Al 2o3 24.4, v 
2.10 (Mg,Fe)(Cr,Al,Fe) 2o4 infus Fe2o3 4%. 

1.94 1.97 URANMICROLITE ( 11 Djalmaite 11
) CUB oct Uneven Brown, black H 5.5 Dec by H2so4• 

A ( Pyrochl ore grp) G 5.8 v 
2.00 (Ca,Na,U) 2(Ta,Nb,Ti) 206(0H) 

L-.1 I 1.97 MOLURANITE Amor Conch Black H 3-4 Diss by acids. 
1.98 +4 H4U (U02)3(Mo04)7•18H20 G- 4 

,.--, 1.98 URANPYROCHLORE ( 11 Hatchettolite 11
) CUB oct Conch Brown H 5 Insol in acids. 

L-.1 (Pyrochlore grp) G- 4.8 
(U,Ca,Ce) 2(Nb,Ta) 206(0H,F) infus 

1.94 1.98 SCHORLOMITE CUB Conch Black H 7 Gel with acids. Opt anom. 
A (Garnet grp) 110, 211 G 3.85 Ti02 16.9%. 

ca 3(Fe,Ti) 2(Si,Ti) 3o12 F 4 

1.983 MAGNUSSONITE CUB and TET --- Grass- to H 3.5-4.0 ---
Mn 5(As03)3(0H,Cl) emerald-green G 4.30 

1.93 1.985 KALI PYROCHLORE CUB --- Greenish H 4-4.5 ---A (Pyrochlore grp) G 3.48 
(K,Sr)Nb206(0,0H)•xH20 

1.88 2.00 CHEVKINITE MCL Conch Black H 5 Gel with acids. Red-brown in 
A (Ca,Ce,Th) 4(Fe,Mg) 2(Ti,Fe) 3Si 4022 metamict G 4.3-4.7 section. In part bi ref. 

F 4 



1.97 

I 
2.00 I PYROCHLORE I CUB oct Ill! I Brown, red I H 5 I Dec by H2so4• Heated material 

A (Pyrochlore grp) fr conch G 4.1-4.3 v had n 2.23. 2.02 ( Ca , Na ) 2 ( Nb , T a ) 2 infus 

>2.00 I B ISMUTOMICROLITE ( "Westgrenite") CUB I Uneven I Ye 11 ow, pi n k. , I H 5 
I Insol in acids. 

(Pyrochlore grp) brown G 6.5-7.2 
(Bi,Ca)(Ta,Nb) 2o6(0H) I infus 

>2.0 ICAFARSITE 2 3 CUB I Conch I Dark. brown I H 5.5-6 
ca 81~i,Fe+ ,Fe+ ,Mn) 6_7 G 3.90 
(As 03)12 ·4H20 

2.00 2.02 BETAFITE I CUB oct I Conch I Black I H 4.5 1 Dec by H2so4• 
A (Pyrochlore grp) G 4.76 v 

2.023 (Ca ,Na ,U) 2(Ti ,Nb, Ta) 2o6(0H,F) infus 

2.02 2.023 MICROLITE CUB oct Conch Brown, yellow H 6 
A (Pyrochl ore grp) G 6.42 v 

2.07 (Ca,Na) 2Ta 2o6(0,0H,F) i nfus 

2.04 I CHOLOALITE CUB Uneven Deep green H 3 
PbCu(Te03)2·H20 G 6.4 

1.90 I 2.05 I STIBICONITE CUB u mass Conch Yellow, brown I H 4-4.5 I Insol in acids. 
" I I (Stibiconite grp) f I I 1 G 5.2-5.6 '---' I I 

Sb+3sb+5
2o6(0,0H) 1 i nfus 

Ol I I GOETHITE ("Limonite") 
I 

~ ~ 2.05 ORTH --- Ocher-yellow H 4 I Di ss by HCl • 
FeO(OH) cryptocryst G - 3.8 

infus 

2.05 I PERCYLITE CUB 100 Sky-blue H 2.5 1 Diss by HN03• Sky-blue in 
PbCuC1 2(0H) 2 I 

I 
G 5.25 

1 

section. A doubt fu1 mineral. 
F 1 

2.05 I EUL YTITE i CUB tetrah 110 imperf I Brown, ye 11 ow, H 4.5 I Gel with acids. Opt anom. 
Bi 4si 3o12 gray G 6.11 

F 2 

v I 
2.05 I FERGUSON ITE TET Conch Dark brown H 5 Diss by hot coned H2so4• 

2.19 (Y,U)(Nb,Ta)04 metamict G 4.2-5.8 Reddish-brown in section. 
i nfus 

v I 
2.06 I ZIRKELITE I MCL ps cub Uneven to Brown to black. H 6 Dec by hot HCl • 

2.18 (Ca,Th,Ce)Zr(Ti,Nb) 2o7 conch G 4.02 
i nfus 

2.06 I LORANSKITE ORTH (?) Conch Black, brown H 5 Status doubtful, perhaps= 
(Y,Ce,Ca}ZrTa06 (?) metamict yell ow G 4.2-4.6 Euxenite. 

.--, 

I 2.06 I EUXENITE ORTH Conch Brownish-black H 6.5 lnsol in acids. Reddish-brown v 
2.24 (Y,Ca,Ce,U,Th)(Nb,Ta,Ti) 2o6 metamict G 4.6-5.5 in section. After ignition, 

i nfus n = 2.22. 



Table 3. Isotropic minerals and mineraloids (continued) 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

,...., 2.065 MOSESITE CUB oct Uneven Lemon- to H 3 In part anom biref. 
L.....J Hg2N(Cl,S04,Mo04)·H20 canary-yellow G 7. 72 

volat 

2.023 2.07 MICROLITE CUB oct Conch Brown, yell ow H 6 Insol in acids. 
II (Pyrochlore grp) G 5.95 v 

2.18 (Ca,Na) 2Ta 206(0,0H,F) infus 
I 2.071 CHLORARGYR ITE CUB u mass Sectile Gray, H 2.5 Diss by NH40H. v 

I 2.15 Ag(Cl,Br) yellowish G 5.56 
F 1 

2.07 2.08 BARIOPYROCHLORE ("Pandaite") CUB 111 poor Yellow, gray H 4-4.5 Insol inHCl. ,...., (Pyrochl ore grp l fr conch G 3.7-4.0 L.....J 

2.11 (Ba,Sr) 2(Nb,Ti) 2(0,0H) 7 infus 

,...., 2.08 PLUMBOPYROCHLORE CUB --- Greenish-yellow G 6.34 ---
L.....J (Pyrochl ore grp) to brown 

~ 
(Pb,Y,U,Ca) 2Nb 206(0H) 

2.085 GIANELLAITE CUB --- Straw-yellow H- 3 Dec by coned HCl. 
Hg4N2(S04) G 7.19 volat 

,...., I 2.087 SENARMONTITE CUB oct 111 poor Cols H 2 Diss by HCl. Anom biref. 
L.....J 

I 
Sb2o3 G 5.50 

F 1. 5 vol at 

I 2.09 BISMUTOSTIBICONITE CUB --- Yellow to G 7.38 ---
I (Stibiconite grp) yellow-brown 

j 
(Bi ,Fe)Sb2o7 

1.87 I 2.09 ROMEITE, var Schneebergite CUB oct 111 dist Honey-yellow H 6.5 In sol in acids. Opt anom, low 
II 

! (Stibiconite grp) G 5.41 biref. v 
2.20 I (Ca,Fe,Mn,Na) 2(Sb,Ti) 206(0,0H,F) F diff 

2.05 -2.1 FERRITUNGSTITE CUB --- Yell ow G 4.4-5.2 Dec by HCl. ,...., 
(W,Fe+3)(0,0H) 3 (?) L.....J 

2.20 

1.97 2.10 CHROMITE CUB oct Uneven Brownish-black. H 6 Insol in acids. cr2o3 49.7, 
II (Spinel grp) G 4.65 v Al 203 17.6, Fe 2o3 8.1, MnO 9.3, 2.12 (Mn,Fe,Mg)(Cr,Al) 2o4 infus 

FeO 8.7, MgO 2.4, ZnO 4.1%. 

v 2.10 THORIANITE CUB 001 poor Black to brown H 6 Slowly diss by HN03 or H2so4• 
2.20 (Th,U)02 fr uneven G 9.2 

infus 



....., 
I 2.10 jTHORUTITE I MCL I Conch I Browni sh-b 1 ack I H 5-6 !Compare Brannerite. 

L-..1 
( Th,U)Ti 206 metamict G 5.82 

infus 

v I 2.105 ILOPARITE ORTH --- Reddish-brown H 5-5.5 I Insol in acids. 
2.38 (Per<Hskite grp) metamict G 4.48 

(Ce,Na,Ca) 2(Ti,Nb) 2o6 infus 

1.95 2.11 BRANNERITE MCL Conch Black H 4.5 joiss with diff by hot HN03• 
" (U,Th,Ce)Ti 2o6 metamict G 4.2-4.6 v 

2.49 i nfus 

v 2.11 DAVIDITE +2 +J TRIG --- Brownish-black H 6-7 IDee by hot H2so4• 
2.3 (La,Ce)(Y,U,Fe ){Ti,Fe )20 metamict G 4.4-4.6 

(O,OH) 38 infus 

>2.11 I CLIFFORD ITE CUB oct --- Bright yellow H 4 IDiss by coned HCl. 
UTe3o9 G 6.6 {synth) 

2.10 I 2.12 ICHROMITE CUB oct Uneven Black H 6 I Insol in acids. Data for synth 
" (Spinel grp) G 5.22 compd. 

FeCr2o4 i nfus 

v 
I 

2.12 I BISMUTITE TET u earthy 001 dist Yellow, brown H 2.5-4 IDiss by acids with eff. 
2.26 

1
Bi 2(C03}02 mass G 6.7-7.4 

I I IF 1.5 

<:11 I 2.13 Na I BOR~ITE I CUB u mass I Uneven I Red-brown, H 3 I Dec by HN03• 
<:11 Cu 5Fes4 tarnishes G 5.07 

purple F 2 

2.11 I 2.13 IMURATAITE I CUB I Conch I Black G 4.50-4.69 I Insol in acids except HF. ....., 
{Na,Y) 4(zn,Fe) 3(Ti,Nb) 6018 

-( F ,OH} 4 

v I 2.13 lsAMARSKITE , I Mr.l I Conch I Black I H 4 IDiss by hot coned acids. 
2.25 t~Y,U,Ca,Fe){Nb,Ta,Tl) 206 j ~~tamict I I G 4.0-4.3 Reddish-brown in section. 

F 4.5 

2.12 2.13 YTTROCRASITE ORTH Conch Black I H 4-6 Diss by hot H2so4• ,Amber in ....., (Y,Th,U,Ca)Ti 2(0,0H) 6 metamict G 4.80 
L....-1 section. In part birefringent. 2.15 i nfus 

2.14 OLDHAMITE CUB 100 Pale brown H 4 IDiss by acids. Rapidly dec in 
( Ca ,Mn )S G 2.61 air. Meteorite mineral. 

infus 

2.14 IFORMANITE I TET I Conch I Black H 5.5-6.5 IDiss by hot coned H2so4• 
{ Y, U) { Ta , Nb) 0 4 metamict G 6.17 

infus 

2.12 

I 
2.14 I AESCHYNITE-( Y) , v ar Priori te I ORTH I Conch !Brown to black H 5-6 loiss by hot coned acids. ....., 

{Y,Ce,Ca,Th){Ti,Nb) 2o6 metamict G 4.7-5.0 
2:-18 infus 



Table 3. Isotropic minerals and mineraloids (continued) 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

,.--, 2.15 YTTROTANTALITE ORTH 010 indist Black, brown, H 5 Insol in acids. Reddish-brown 
L-....1 (Y,U,Fe)(Ta,Nb)04 metamict fr conch yellow G 5.7-6.1 in section. 

infus 

2.071 2.15 BROMARGYRITE, var Embolite CUB u mass Sectile Col s, yell ow H 1-1.5 Diss by NH40H. 
1\ Ag(Br,Cl) G 5.6-6.0 v 

2.20 F 1 

,.--, 2.155 FERGUSONITE-BETA-(Ce) MCL --- Reddish-brown H 6 Dec by H2so4• 
L-....1 ( Ce ,La, Nd) Nb04 metamict G 5.34-5.44 

infus 

2.16 Li BLAKEITE Mass --- Reddish-brown H > 2 Diss by acids. 
Ferric tellurite G > 3.1 

2.17 MANGANOSITE CUB 001 fair Emerald-green, H 5-6 Diss by acids. Emerald-green 
MnO oct, u mass turns black G 5.36 in powder and section. 

infus 

~ 2.07 2.18 PYROCHLORE CUB oct 111 poor Brownish-red H 5 Dec by H2so4• 
1\ (Pyrochl ore grp) fr conch G 4.1-4.3 v 

2.2 (Ca,Na,Ce) 2Nb 206(0H,F) infus 

2.06 2.18 ZIRKELITE MCL ps cub Conch Black to dark H 5-6 Insol in acids. Reddish-brown 
1\ (Ca,Th,Ce)Zr(Ti ,Nb) 2o7 brown G 4.3-4.7 in section. v 

2.28 1 i nfus 

2.05 2.19 FERGUSONITE TET Conch Black H 6 Dec by H2SO4• After ignition, 
1\ (Y,U,Ce)(Nb,Ta)04 metamict G - 5.8 ~ = 2.14, biref. infus 

2.192 BIDEAUXITE CUB Conch Cols to pale H 3 Diss by HN03, dec by HCl or by 
Pb 2AgC1 3(F,OH) 2 lavender G 6.26 warm NH 40H. 

F 1 

2.10 2.20 THORIANITE CUB 001 poor Black H 6 Slowly diss by HN03 or H2so4• 
1\ (Th,U)02 fr uneven G 9.32 Nearly opaque. 

infus 

2.15 2.20 BROMARGYRITE, var Iodobromite CUB Sectile Col s to yellow H. 2 Diss by NH40H. 
1\ Ag(Br,Cl ,I) G 6.0-6.2 v 

F 1 2.253 

2.20 MIERSITE CUB 011 perf Yellow H 2.5 Diss by NH40H. Tw pl 111. 
(Ag,Cu)I sectile G 5-6.4 

F 1 



2.09 I 2.20 1 ROMEITE, var Lewisite I CUB oct 1111 good I Honey-yellow I H s.s I Insol in acids. Opt anom. 
A {Stibiconite grp) to brown G 4.95 

{Ca,Fe) 2{Sb,Ti) 2o6{0,0H) fus 

2.205 I KOBEITE I Amor I --- I Dark brown 
{ Y , U ){ Ti , Nb ) 2 { 0 , OH ) 6 { ? } 

2.18 l 2.2 calc I STIBIOBETAFITE I CUB 

I 

--- IBrownfsh-b 1 ack I H- 5 I Nb2o5 21. 6, Ta 2o5 19 .3, Ti 02 A {Pyrochlore grp) G 5.30 16.5, Sb 203 23.2, CaO 14.5%. 
{Ca,Sb+3)2(n ,Nb,Ta} 2{0,0H) 7 

I 
2.22 I POL YMIGNITE I ORTH I Conch I Black I H 6.5 I Reddish-brown in section. 

{Ca,Ce,Th,Fe}{Nb,Ti,Ta,Zr)04 metamict G 4.8 
i nfus 

2.19 
I 2.23 AESCHYNITE ORTH Conch Brownish-black H 5.5 Insol acids. Reddish-brown ,-, { Ce , Ca , Fe , Th ){ T i , Nb } 2 { 0 , OH) 6 metamict G 4.9-5.2 in section. Biref after igni-'---' 

2.26 I i nfus tion. 

2.06 

I 
2.24 I EUXENITE ORTH Conch 

1 

Brownish-black H 6.5 Insol in acids. Reddish-brown 
A I ( Y, Ca , Ce , U , Th )( Nb , T a , Ti ) 2o 6 metamict G 4.6-5.5 in section. '---' 

2.28 infus 

2.13 I 2.25 I SAMARSKITE I :;~amict 1 Conch 1 Black I H 4-6 IDiff sol hot acids. In section 
/\ ! fV II ra t"e\fNh T, T;\ n r, 1\_fi_l\_7 l \ltVt'-' ,. !\•u,•u.t••J2v6 I I I~ -·- -·' 1 deep brown to opaque. 

I I I I IF 5 

Ol I 
I 

Conch H 5-6 I In so 1 in acids. Reddish-brown ,-, 2.25 I POLYCRASE ORTH Black -1 .. 
{Y,Ca,U,Th){Ti,Nb) 206 metamict G 4.7-4.9 in section. Ti analogue of 

infus Euxenite. 

,-, I 2.25 I TAZHERANITE CUB Uneven Orange to red H 7.5 
_ {Zr,Ca,Ti)02 G 5.01 

I I r.IIR I Sectile I Yell ow, green 

i nfus 

I Oi ss by NH40H. 2.20 I 2.253 I BROMARGYR ITE H 2.5 
A I 1 Ag(Br,Cl ,1) 

I --- ! G 6j 
F 1 

2.12 I 2.26 I BISMUTITE TET u mass 001 dist Yellow, brown H 2.5-4 I Diss by acids with eff. 
A Bl 2{C03)o2 earthy G 6.7-7.4 

i F 1.5 

2.262 JIXIANITE I CUB I --- I Brownish-black I H - 5 
2.315 I +3 I G 5.30 Pb{W,Fe )2{0,0H} 7 

I 
2.265 PEROVSKITE, var Knopite and I ORTH ps cub 1100 I Black I H 5 I o:c by hot H2so4• In part 

2.4o Dysanalyte G 4.1-4.2 b1ref. 
{Perovskite grp) infus 
{Ca,Ce) 2{Ti ,Nb) 2o6 

2.18 I 2.28 I ZIRKELITE I MCL ps cub I Conch I Black to dark I H 5-6 I Insol in acids. Reddish-brown 
A {Ca,Th,Ce)Zr{Ti,Nb) 2o7 brown G 4.3-4.7 in section. 

infus 



Table 3. Isotropic minerals and mineraloids (continued) 

Hardness, 
Other Refractive MINERAL NAME SYSTEM CLEAVAGE Color specific Remarks entries index and formula and habit or fracture gravity, and 

fusibility 

2.11 2.3 DAVIDITE 2 3 TRIG --- Brownish-black H 6-7 Dec by hot H2so4• 
" (La,Ce)(Y,U,Fe+ )(Ti,Fe+ )20 metamict G 4.4-4.6 L.....J 

( O,OH) 38 infus 

2.3 ( ?) TREVORITE CUB oct Uneven Black H 5 Nearly opaque. Strongly 
(Spinel grp) G 5.2 magnetic. n = 2.39 calc. 
NiFe 2o4 infus 

v 2.30 JACOB SITE CUB oct Uneven Brownish-black H 5.5-6.5 Diss by HCl. Nearly opaque. 
2.585 (Spinel grp) G 4.75-4.93 Weakly magnetic. 

+2 +3 infus (Mn,Fe ,Mg)Fe 204 
2.34 WINSTANLEYITE CUB --- Yellow, tan H 4 Diss slowly in warm HN03• 

TiTe3o8 G 5.57 

2.346 Na MARSHITE CUB tetrah 011 perf Yellow, brown, H 2.5 Diss by acids. Disp exceeds 
2. 313 Li Cui red G 5.68 that of diamond. 

F 1.5 

~ v 2. 36 Li FRANKLINITE CUB oct Uneven Iron-black H 6 Diss by HCl. Reddish-brown in 
2.45 (Spinel grp) G 5.2 section. Weakly magnetic. 

+2 +3 infus (Zn,Mn,Fe )(Mn,Fe )2o4 
2. 37 Li BUNSENITE CUB oct --- Dark green H 5.5 Diff sol in acids. 

Ni 0 G 6.90 
infus 

v 2. 37 Na SPHALERITE CUB tetrah 110 perf Col s to pale H 3.5 Diss by HCl. Luster resinous. 
2.40 2. 34 Li ZnS yellow G 4.1 Data for pure ZnS. 

F 5 

v 2.38 Na MAGNESIOFERRITE CUB oct Uneven Black H 6-6.5 Diss by HCl. Nearly opaque to 
2.42 2. 34 Li ( Spi ne 1 g rp) G 4.5-4.7 dark red in section. Strongly 

(Mg,Fe)Fe2o4 infus magnetic. 

2.105 2.38 LOPARITE ORTH --- Black to brown H 5-5.5 Insol in acids. 
" (Perovskite grp) metamict G 4.7-4.8 

(Ce,Na,Ca) 2(Ti,Nb) 2o6 infus 

2. 265 2.40 PEROVSKITE ORTH ps cub 100 Brown to black H 5-5.5 Dec by hot H2so4• In part 
" (Perovskite grp) G 4.1:..4.48 bi ref. 

ca2 Ti 2o6 infus 

2.40 ROMANECHITE MCL ps orth --- Black H 5-6 Diss by HCl with evolution of 
+2 +4 G 4.4-4.7 Cl. BaMn Mn 8o16(0H) 4 infus 



2.37 2.40 SPHALERITE CUB tetrah 110 perf Brown H 3.5-4 Diss by HCl. Luster resinous. 
1\ (Zn,Fe)S G 4.0-4.1 Fe 5.5%. 

2.~3 F 5 

2.418 DIAMOND CUB tetrah 111 highly Co 1 s , ye 11 ow , H 10 Insol in acids. Tw pl 111. 
c perf blue G 3.51 Disp extr. 

infus 

2.38 I 2.42 I MAGNETITE CUB oct Parting 111 Black H 6 Diss by HCl. Nearly opaque. 
1\ (Spinel grp) fr uneven G 5.17 Strongly magnetic. 

FeFe2o4 infus 

>2.42 I SILLENITE CUB --- Green H soft 
Bi 12Si020 G 8.8 calc 

2.40 2.43 SPHALERITE CUB tetrah 110 perf Brown to black H 3.5-4 Diss by acids. Luster resinous. 
1\ ( Zn ,Fe )S G 4.0 Fe 10.4%. 

2.47 F 5 

2.45 BIXBYITE CUB 111 in Black H 6-6.5 Slowly diss by HCl. 
(Mn,Fe) 2o3 I 

traces G 4.95-5.05 
F 4 to infus 

2.36 I 2.45 Na I FRANKLINITE I CUB oct I Uneven I I ron -b 1 ack 
I ~J ... ~ I Di ss by HCl • Reddish-brown in 

1\ 2.41 Li (Spinel grp) section. Weakly magnetic. 
- - +?-- -- - +'1. - I I I I 1111 U::ll {Zn,Mn,Fe -){Mn,~e -) 2u4 

Q1 2.43 I 2.47 I SPHALERITE CUB tetrah 110 perf Brown to black H 3.5-4 Diss by acids. Luster resinous. co 1\ (Zn,Fe)S G 3.9 Fe 17.1%. 
F 4.5-5 

2.11 I 2.49 I BRANNER ITE MCL I Conch I Black I H 4.5 Diff sol in acids. Light 
1\ (U,Ca,Ce)Ti 2o6 metamict G 4.4-5.0 reddish-brown in section. 

I CADMIUM OXIDE 1111 I Black 

infus 

2.49 Li CUB I H 3 I Di ss by HCl • 
I CdO I I I I G 8.1-8.2 i I I 

infus 

2.5 I STILLEITE I CUB I --- I --- I H 4-5 
ZnSe G 5.29 calc 

F 5 

>2.5 I CORDERO ITE I CUB I --- 1 Orange-pink I G (6.89) 
Hg 3s2c1 2 

2.58 Na I EGLESTONITE I CUB I 
--- I Yellow I H 2-3 I Dec by acids. Vol at when 

2. 49 L i Hg6c1 302H G 8.33-8.55 heated. Anom biref. Darkens 
on exposure. 

2.30 I 2.585 Na I JACOBSITE I CUB oct I Uneven I Black to I H 5.5-6.5 I Diss by HCl. Weakly to 
1\ 2.535 Li (Spinel grp) brownish-black G 4.76 moderately magnetic. 

+2 infus 
(Mn,Mg,Fe )Fe2o4 
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Table 3. Isotropic minerals and mineraloids (continued) 

Other Refractive MINERAL NAME 
entries index and formula 

,......., 2.6 MAGHEMITE 
L....J y-Fe2o3 

,......., 2.60 CRYPTOMELANE 
L....J +4 +2 K(Mn ,Mn )8o16 

2.68 Na HAUERITE 
2.62 Li MnS2 

2.69 Na METACINNABAR 
2.68 L i HgS 

2. 78 Na ALABANDITE 
2.73 Li MnS 

2.85 L i CUPRITE 
Cu 2o 

2.93 Na DOMEYKITE 
3.09 L i Cu 3As 

L....J 3.02 Na TENNANTITE 
3.54 2.97 Li (Cu,Fe) 12(As,Sb) 4s13 

3.24 Na TIEMANNITE 
3. 22 L i HgSe 

3.30 Na ALTAITE 
4.16 Li PbTe 

3.45 Na PETZITE 
3.37 L i Ag 3AuTe 2 

3.50 Na SPERRYLITE 
3. 79 L i PtAs 2 

SYSTEM 
and habit 

CUB 

MCL ps tet 
u mass 
botryoidal 

CUB 
pyrito-
hedral 

CUB tetrah 

CUB 
100, 110 

CUB 
gyroidal 

CUB u mass 

CUB u mass 
tetrah 

CUB tetrah 

CUB u mass 

CUB u mass 

CUB 

Hardness, 
CLEAVAGE Color specific Remarks or fracture gravity, and 

fusibility 

--- Brownish-black H 5 Diss by HCl. Strongly magnetic. 
G - 4.8 
infus 

--- Steel-gray to H 6 Di ss by HCl • Streak brownish-
black G 4.2-4.4 b 1 ack. 

i nfus 

001 perf Brownish-black H 4 Diss by HCl. Streak reddish. 
G 3.46 
F 3 

Subconch to Grayish-black H 3 ---
uneven G 7.65 

volat 

100 perf Iron-black H 3.5-4 Diss by HCl. Streak green. 
G 4.0 
F 3 

111 inter- Red H 3.5-4 Diss by HCl. Streak crimson. 
rupted G 6.14 

F 3 

Uneven Tin-white to H 3-3.5 Dec by HN03• 
steel-gray G 7.2-7.9 

F 2 

--- Gray, iron- H 3-4.5 Dec by HN03• In section 
black G 4.6-5.1 bright red to opaque. Tw pl 

F 1.5 111. 

Uneven to Steel- to H 2.5 Dec by HN03• 
conch blackish-gray G 8.30-8.47 

volat 

001 perf Tin-white H 3 Dec by HN03• 
G 8.15 
F 1.5 

001, fr Steel-gray H 2.5 Dec by HN03• 
subconch G 9.13 

F 1.5 

001 indist Tin-white H 6-7 ---
fr conch G 10.58 

fus 



~ 
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3o80 Na 
4o 27 L i 

3o89 Na 
3o87 Li 

4o50 Na 
4o18 Li 

I LINNAEITE 
{Co,Ni) 3s4 

I CUB oct 

I GALENA 
PbS 

I CUB 

I PYRITE I CUB 
FeS2 

pyri to-
hedral 

I 001 imperf I Stee 1 -gray I H 4o5-5o5 1 Dec by HN03 o 
fr uneven G 4o85 

F 2 

I 001 perf I Lead-gray H 2o5-3 I Dec by HN03 o 
G 7o58 
F 2 

I Conch to I Pa 1 e brass- H 6-6o5 I Dec by HN03 o 
uneven yell ow G 5o02 

F 2o5-3 
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Table 4. Uniaxial positive minerals 

Refractive Bi re-Other index MINERAL NAME 
entries frin- and formula 

w € 
gence 

1.309 1.312 .003 ICE 
H20 

1.378 1.390 .012 SELLAITE 
MgF 2 

1.40 --- mod 11 CHRYSOCOLLA 11 

,......, Cu 2H2Si 205(0H} 4•xH20 v 
1.46 

1.439 1.442 .0029 KOGARKOITE 
Na 3(S04)F 

1.443 1.445 .0012 SCHAIRERITE 
Na 21 (S04)l6Cl 

1.447 1.449 .002 GALEITE 
Na 15 (s04)5F 4c1 

1.0 red COVELLITE 
1.45 Na --- --- CuS 
1.80 Tl 

1.40 1.46 1.57 .11 11 CHRYSOCOLLA 11 

1\ (Cu,Al} 2H2Si 205(0H) 4·xH20 L-.J 

1.460 1.478 .018 LANNONITE 
HCa 4Mg 2Al 4(s04)8F9•3H 20 

1.461 1.474 .013 TINCALCONITE 
Na 2B407•5H 20 

1.461 1.465 .004 CHABAZITE (Zeolite grp} 
v (Ca,Na 2}Al 2Si 4o12 ·6H20 

1.487 

1.468 1.473 .005 ERIONITE (Zeolite grp} 
v (K2,ca,Na 2}2Al 4Si 14o36• 

1.477 11:u n 15H20 

Hardness, SYSTEM CLEAVAGE 
and habit or fracture Color specific gravity, Remarks 

and fusibility 

HEX Conch Cols H 1.5, G 0.92 Melts at ooc. 
mass 

TET 010, 110, Cols H 5, G 3.16, F 5 Diss by coned H SO • 
prism perf F with intumesc~nc~. 

El pos. 

Fib c --- Green H 2~, G 2, infus Dec by acids. Pleoc 
opa 1:-1 ike faint, 0 nearly cols, 

E pale bluish-green. 
Perhaps stained opal. 

MCL --- Cols H 3.5, G 2.67, Sol in H 0. Biref 
ps trig F 1.5 determin~d on synth 

crystal. 

TRIG Conch Cols H 3.5, G 2.62, Sol in H20. 
steep rhombs F 1.5 

TRIG --- White G 2.61, F 1.5 Sol in H2o. 

HEX 0001 perf Indigo-blue H 1.5-2, G 4.6- Diss by HN03• Trans-
plates 4.76, F 2 lucent only in thinnest 

plates. In transmitted 
light, green and pleoc. 
Disp extr. 

MCL --- Bluish-green H 3, G 2.4, infus Dec by acids. Pleoc 
fib faint, 0 nearly cols, 

E pale bluish-green. 
index increases with 
absorption of immersion 
liquid. 

TET --- White G 2.22 Diss by acids. 

TRIG Hackly Cols, white H 2.5, G 1.88, F 2 Sol in H 0. 
synth co~pd. 

Data for 

TRIG 10T1 dist White, red H 4.5, G 2.05, F 3 Dec by HCl with sepn 
rhombs of slimy silica. 2V 

small to 0°. 

HEX --- White G 2.02, F easy Diff dec by HCl with 
fib sepn of s i 1 i ca. El 

pos. 



1.47 11.50 1.03 IHATCHETTITE ORTH (?) 001 good !white IH 1, G. 0.9, F 1 'Sol in org liquids. 
c40H82 I Melts at 65° and burns. 

L......l 11.470 ,1.474 ,.004 IGMELINITE (Z~ol ite grp) HEX 10TO dist 'White IH 4.5, G 2.0-2.1, IDee by HCl. 2V small 
1.475 (Na 2,Ca)Al 2S1 4012 ·6H20 F 3 to 0°. Tw axis c. 

1.471 ,1.474 .003 HERSCHELITE (Zeolite grp) !TRIG I --- jWhite IH 4.5, G 2.1, F 3 IDee by HC1. 
1.476 I (Na 2,Ca)Al 2Si 4o12 ·6H20 

1.472 11.492 .020 GAGARINITE HEX Prism, fair Creamy, H 3-4.5, G 4.1-4.2 Dec by acids. An om 
1.475 I Na Ca Y ( F , C 1 ) 6 yellow biax, 2V up to 20°. 

1.468 j1.477 11.480 1.003 IERIONITE (Zeolit~ grp) HEX --- White G 2.08, F easy Diff dec by HCl with 
1\ (K 2,ca,Na 2)2Al 4Sl 14o36 • fib sepn of silica. El 

15H20 pos. 

4• 

i- 10TO perf 1.478 11.484 I .006 IBENTORITE :HEX Bright H 2 Cr2o3 7.5, Al 203 
Ca 6(Cr,Al )2SS~)J30~ 1? 0001 dist violet 2.03 1.0%. Pleoc, E pale 
26H 20 ~ violet, 0 nearly cols. 

1.48 I --- I wk IFAUJASITE (Zeolite grp) CUB 111 di st White H 5, C 1. 92, F 3 Dec by HCl • Uni ax in 8 
(Na 2,ca)Al 2Si 4012 ·8H20 oct segments. 

_1.480 11.493 I .013 ITETRANATROLITE TET --- White H 5, G 2.25, F 2 Ge 1 with HCl. 
OJ 

I I I j(Zeo1 it~ grp) 
~ I I Na 2Al 2s, 3o10 ·2H20 

1.481 11.483 1.002 ILEVYNE (Zeolite grp) TRIG 02"2'1 di st White H 4, G 2.14, !Gel with acids. 
CaA1 2s; 4o12 ·6H20 F 2-2.5 

1.484 h.603 1.119 !uREA TET --- Yellow, G 1.33 IDi ss by H2o. 
CO(NH 2)2 pyram brown 

v 11.487 11.492 I .005 IAPHTHITALITE TRIG llOTO fair White IH 3, G 2.68, F 1.5 !Slowly sol in H2o. 
1.498 {K,Na) 3Na(S04)2 tab, rhombs 0001 poor 

1.461 CHABAZITE (Zeolite grp) TRIG lOTI di st White, red H 4.5, G 2.08, F 3 Dec by HCl with sepn of 
1\ 1.487 1.489 .002 (Ca,Na 2)Al 2Si 4o12 ·6H20 rhombs silica. 2V small to 0°. v 

1.503 

1.488 1.500 .012 DOUGLASITE MCL --- Light green, G 2.16 Nearly uniax. Sol in 
K2FeC1 4·2H20 u mass alters to H 0. Tends to lie on 

reddish f&ce normal to opt axes. 

1.490 II. 502 1.012 INATROLITE (Zeolite grp) ORTH 110 perf White H 5, G 2.26, F 2-3 Gel with acids. El pos. 
(Na 2,Ca)Al 2Si 3010 ·2H20 fib 010 imperf Submicroscopic inter-

growths of fibers give 
2V near 0°. 

I --- !Pale violet- IH 6-7, G 2.35 
I 

1.491 11.507 1.016 IGIUSEPPETTITE 'HEX 
(Cancrinite grp) blue 
(Na ,K,Ca) 7_8(Si ,Al )12o24 (S04,C1) 1_2 



Table 4. Uniaxial positive minerals (continued) 

Refractive Bire-

I I I 
I Hardness, Other I index MINERAL NAME SYSTEM CLEAVAGE 

entries frin- and formula and habit or fracture Color specific gravity, I Remarks 
w e: 

gence and fusibility 

v 1.496 1.542 .046 PARAFFIN HEX and ORTH I --- 'White, cols IH 1, G 0.9, F llnsol in acids. 
1.504 (mixt. of hydrocarbons) plates and very easy 

fib 

1.492 1.496 1.502 .006 TUGTUPITE TET Pyramid, I Rose, gray, IH 4, G 2.34 I ---.....-, Na 4BeAl Si 4o12Cl conch bluish 

1.487 j1.498 ,1.503 ,.005 IAPHTHITALITE TRIG lOTO fair White, blue, IH 3, G 2.68, F 1.5 !Slowly sol in H2o. 
A (K,Na,Cu) 3Na(S04)2 0001 poor yellowish 

L.......l 11.500 11.502 1.002 IGARRONITE (~eolite grp) ORTH 2 at 90°, Cols IG 2.15, H 4 I ---

1.505 Na 2ca5Al 12s, 20o64 • ps tet, poor 
27H20 radiating 

1.487 1.503 1.507 .004 CHABAZITE (Zeolite grp) TRIG 'lOTI di st !White, red IH 4.5, G 2.09, F 3 IDee by HCl with sepn of 
A (Ca,Na 2)Al 2Si 4012 ·6H20 rhombs silica. 2V small to 0°. 

~ 1.496 1.504 1.550 .046 PARAFFIN HEX (?) and I --- rhite, cols H 1, G 0.9, Insol in acids. Lies on 
A (mixt. of hydrocarbons) ORTH, plates F very easy base when crushed below 

and fib cover glass. 

1.508 11.509 1.001 ILEUCITE ITET 1110 poor 'Col s H 6, G 2.5, infus Dec by acids. Inclusions 
KAl Si 206 ps cub, 211 are characteristic. 

2V small to 0°. Poly tw. 

L.......l 11.510 11.515 1.005 IFRANCOANELLITE ITRIG I --- !Yellow, whiteiVery soft, G 2.27 IDi ss by acids. 
1.513 H6(K,NH4)3Al 5(P04)8·18H20 nodular, 

pulverulent 

1.510 II. 512 1.002 IFRANZINITE I HEX I --- !white IH 5, G 2.49 I ---

(Cancrinite grp) pris 
(Na,Ca) 7(Si,Al) 12o24 
(S04,co3,0H,Cl) 3·H20 

L.......l 11.511 1.518 .007 LEIFITE TRIG · Pri s di st Cols H 6, G 2.5, F I Insol in HCl. El pos. 
1. 518 Na 2(Si,Al ,Be) 7(0,0H,F) 14 pri s easy 

1.514 1.522 .008 NITROCALCITE Fib, efflor One perf Cols G 1.90 !Readily sol in H 0, 
Ca ( N0 3) 2 • 4H 20 hygroscopic. Dafa on 

natural material (synth 
material biax neg, B = 
1.498). 

.....-, 11.515 11.54 ,.025 IOZOCERITE IORTH (?) I --- I Pale yell ow IH 2.5, G 1.9-2.1, llnsol in acids. Burns. 
L.......l 

(hydrocarbon) fib F very easy El neg. Lies on base. 



1.515 negll.518 11.521 1.0031DAVYNE (Cancrinite grp) IHEX 110TO, 0001 ICols IH 5.5, IGel with acids. F with 
~ (Na,Ca,K) 8Al 6Si 6o24 perf G 2.4~, F 4 intu~escence •. Also iso-

1.522 (Cl SO CO ) trop1c and un1ax neg. 
, 4' 3 2-3 

1.518 11.561 I .043 IFIBROFERRITE IMCL 1001 perf !Pale yellow IH 2.5, G 1.9-2.1 IDee by H2o, diss by HCl. 
v I F +3so (OH)· 5H 0 lfib, ps trig I F 4.5-5 El pos. Pleoc wk, 0 

1.537 e 4 2 nearly col s. E pale 
yell ow. 

v ,1.52 11.55 1.03 IKOENENITE TRIG 0001 mic Yellow to H 1.5, G 1.98 Dec by H2o, diss by 
1.555 Na 4(Mg,Ca) 9Al 4(0H) 22cl 12 foliated red acids. Pleoc, 0 red

brown, E cols. El neg. 

1.520 11.540 I .020 IANDERSONITE TRIG --- Yellow G 2.8 Sol in H2o. Pleoc, 0 
Na 2ca(U02)(C03)3·6H20 ps cub green cols, E pale yellow. 

Fluor bright green in UV. 

1.521 11.529 I .008 IMICROSOMMITE 'HEX 110TO perf Cols H 6, G 2.4, F 4 Gel with acids. Poly-
(Cancrinite grp) 0001 less so type of Davyne. 
(Na 2,ca,K2)7_8(Al ,Si) 12 
o24(Cl2,co3,so4)2-3 

1.523 ,1.544 I .021 lwEDDELLITE jTET 1 --- jWhite jH 4, G 1.94, IDiss by acids. 
1.529 I 1 1 1CaC.,0,•2H.,O (oxalate) 1 1 1 1infus 

ffi 1.523 1.529 .006 AFG~A~ITEe.- . IHEX 110TO perf !Bluish-white IH 5.5-6, G 2.55, !Gel with acids. 
'--' (Cancrinite grp) fus 

1.528 (Na,Ca,K) 8(Al,Si) 12o24 
(Cl ,so4,co 3)3·H20 

1.522 ,1.524 ,1.532 .008 IBERLINITE !TRIG ~Conch ICols IH 6.5, G 2.64, IInsol in acids. Iso-
AlP04 infus structural with Quartz. 

11.525 11.525 <.0011 KALBORSITE __ _ _ _ ___ I TET I no perf I Co 1 s to rose I H 6, G 2. 5 I ---
K6Al4ss,6o20LB{UH)4JCI · · 

v 

1
1.536 1.572 .036 COQUIMBITE TRIG 10T1 imperf Cols to H 2.5, G 2.07, ISol in H2o. 

1.552 Fe 2(S04)3·9H20 violet F 4.5-5 Al
203 6•9%. 

1.536 1.545 .009 ASHCROFTINE TET 100 perf White, pink H 5, G 2.61 
KNaCaY 2si 6o12 (0H) 10 ·4H 2o acic 001 good 

1.536 11.544 I .008 lvAGIITE HEX --- 'Light blue IG 2.70 IPleoc wk, E cols, 0 very 
(Na,K) 3Mg 4(Al,Mg) 6 to cols bright blue. 
(Si ,Al )24o60 

1.530 
~ 1.536 1.538 .002 FLUORAPOPHYLLITE TET 001 perf Cols H 5, G 2.44, F 2 Dec by HCl with sepn of 

1.542 KCa 4s; 8o20 (F,OH)•8H20 110 poor slimy silica. Opt anom. 

1.~18 1.537 1.572 .035 FIBROFERRITE MCL . . 001 perf Pale yellow H 2.5, G 1.9-2.1, Dec by H20, diss by HCl. 
F +3so (OH)· 5H 0 ps tr1g, f1b F 4.5-5 El pos. Pleoc wk, 0 
e 4 2 nea r 1 y co 1 s , E pa 1 e 

yellow. 



Table 4. Uniaxial positive minerals (continued) 

Refractive Bire-Other index frin- MINERAL NAME SYSTEM 
entries and formula and habit 

w e: gence 

1.537 1.542 .005 I HEX 

1.540 1. 560 .020 I HEX 

1.540 1.546 .006 I HEX 

v 
1.546 

1.536 1.542 1.543 .001 I TET 
A I 

1.543 1. 5455 .0025 I HEX 
I 

~ I 

1.544 1.553 .009 I TRIG 
hex prisms 
and pyramids 

1.540 1.546 1.550 .004 I HEX 
A 

v 1.547 1.575 .028 I HEX 
1. 558 ps hex, fib 

1.550 1.650 .100 I HEX 
I fib 

1.536 1.552 1.558 .006 I TRIG 
A I 

1.52 1.555 1.585 .030 I TRIG 
A I foliated 

1.556 1.645 .089 I TET 
I pri s 

1.558 1.613 .055 I TRIG 
! 3 4)3 "'"2 acic 

CLEAVAGE Colo or fracture 

---

0001 perf II 
I< 
it 

--- l 

001 perf I 

---

Conch j( 

--- I 

--- I~ 

--- I 

10T1 imperf 

0001 mic 
II 

001 II 

10TO perf [I 
1120 less so 

r 

ue 

Hardness, 
specific gravity, 
and fusibility 

G 2.6 

Soft, G 2.0-2.1, 
infus 

G 2.63 

H 4.5-5, G 2.37, 
F 2 

H 7, G 2.66, 
infus 

ue, JG 2.62 

0 

G 2.7 

G 2.64, infus 

H 2.5, G 2.1, 
F 4.5-5 

H 1.5, G 2.15 

G 1.65 

H 2.5, G 2.57, 
F 1.5 

Remarks 

Diss by acids. 

Pleoc wk, 0 cols, E pale 
blue. 

Dec by HCl with sepn of 
slimy silica. Opt anom. 

Stated to be negative. 

lnsol in acids, dec by HF. 

Pleoc wk, 0 light blue, E 
cols. 

Diss slowly by acids. 
El pos. 

Diss by acids with eff. 
Spher aggregates give 
lower ns down to 1.538. 

Sol in H2o. 

Dec by H 0, diss by 
acids. ~leoc, 0 red
brown, E cols. El neg. 

Sol in H2o. An arti
fact? 

Sol in H2o. 



1.547 11.558 11.586 1·028 IBASSANITE HEX --- White G 2. 7 Diss slowly by acids. 
1\ 2CaS04·H20 ps hex, fib El pos. 

v 11.559 I --- I Low IMERRIHUEITE HEX --- Greenish- G 2.87 {calc} Opt char unk. FeO 10.5%. 
1.592 ;~ri ~ Osumil ite +~rp). . _ blue Pleoc cols to greenish-

··· - 'lK,Na) 2(Fe ,Mg) 5S1 12u30 
blue. 

v 11.559 11.580 ,.021 'BRUCITE TRIG 0001 mic White H 2.5, G 2.39, Diss by acids. Flexible. 
1.59 Mg(OH) 2 tab to fib i nfus Luster pearly on base. 

Opt anom. El neg. 

v 11.562 11.576 ,.014 ICLINOCHLORE MCL 0001 mic White H 2.5-3, G 2.5, 'Diff dec by acids. 
1.576 (Chlorite grp) ps hex, F diff El neg. Fe 2o3 1.7%. 

(Mg,Fe} 5Al {Si 3Al )0 10{0H) 8 plates 

1.564 I 1. 577 I • 013 I PERHAM ITE HEX 0001 perf Brown, H near 5, G 2.64 
Ca 3Al 7(Si04)3{P04)4{0H) 3• white 
16H20 

1.565 11.575 I .010 IPINNOITE ITn I uneven I Ye 11 owi sh IH 3.5, G 2.27, F 3 loiss by acids. 
MgB 204·3H20 

1. 569 11.581 I . 012 I SCHAURTE ITE ~~;~r I --- I White IG 2.65 
1Ca 3Ge{S04)2(0H) 6·3H20 ~-~-~ 

1. 571 1.590 .019 NEFEDOVITE TCL I Conch lcols IH 4.5, G 3.01 loiss by acids. 

~ 

11.572 

Na 5ca 4(P04)l ps tet 
-:! 

v 1.592 .020 ALUNITE TRIG 0001 dist White, H 3. 5-4, G 2. 6, Insol in acids, but sol 
1.583 (Alunite grp) tab 0001, yell ow, infus in acids after gentle 

KA1 3(s04)2{0H) 6 u mass reddish heating. El neg. 

11.572 11.586 1.014 IEUCRYPTITE I TRIG Conch Cols IH 5.5-6.5, G 2.66 Gel with acids. Fluor 
LiA1Si04 pink in UV. 

1.573 11.599 I .026 ITUNISITE TET 001 perf Col s H 4.5, G 2.51, Insol in H20. 
NaCa 2Al 4(c03)4(0H) 8Cl pris good infus 

1. 574 11.590 I' 016 I NATROALUN ITE TRIG 0001 dist White, H 4, G 2.78, Insol in acids, but diss 
v I 

{Alunite grp) tab 0001, yellow i nfus after gentle heating. El 
1.603 NaA1 3(s04) 2(0H) 6 u mass neg. Na 20 7.6, K20 

0.1%. 

1.562 
11.576 11· 579 

I ICL1NOCHLORE IHCL I 001 perf rreen, IH 2, G 2.7, IOec by H SO • El neg. 
1\ .003 (Chlorite grp) ps hex, white F 5-5.5 Abnormal 2blde interf v 

1.587 (Mg,Fe) 5Al(Si 3Al)0 10 (0H) 8 plates color. Pleoc, X, Y green, 
Z cols. 

1.577 I --- I very I NAMUWITE HEX 0001 perf Pale sea- I G 2. 77 IOpt sign unk. 
low (Zn,Ca) 4(so4)(0H) 6·4H2o green 

1.580 11.588 I • 008 I COERULEOLACT ITE TCL (?) --- Milk-white, IH 5, G l~55- IDiss by acids. Related 
(Ca,Cu}Al 6(P04)4(0H) 8• fib crusts light blue 2.70, infus to turquoise. 
4-SH20 



Table 4. Uniaxial positive minerals (continued) 

Refractive Bire- Hardness, Other index MINERAL NAME SYSTEM CLEAVAGE 
entries frin- and formula and .habit or fracture Color specific gravity, Remarks 

(I) e: 
gence and fusibility 

1.572 ALUNITE TRIG 0001 dist White, red, H 4, G 2.7, Insol in acids, but diss 
A 1.583 1.595 .012 (Alunite grp) tab 0001 yell ow infus by acids after gentle v 

1.620 (K,Na)(Al ,Fe) 3(S04)2(0H) 6 u mass heating. El neg. 

1.575 CACOXENITE HEX --- Yellow to H 3-4, G 2.3, Diss by acids. Pleoc, 0 ,......, 1.585 1.656 .071 +3 needles c brownish F 2.5-3 cols to pale yellow, E v Fe 9(P04)4(0H) 15 ·18H20 1.604 orange- to canary-yellow. 

v 1.586 1.595 .009 WARDITE TET 001 perf Col s to H 5, G 2.87, F 3 Slowly diss by acids. 
1.594 NaA1 3(P04)2(0H) 4·2H20 pale green Opt anom, biax in sectors. 

El neg. 

1.576 CLINOCHLORE MCL 001 perf Greenish- H 2.5, G 2.67, Slowly dec by acids. 
A 1.587 1.594 .007 (Chlorite grp) ps hex, gray F 4.5 2V 0-5°. El neg. v 

1.598 (Mg,Fe) 5Al(Si 3Al)010(0H) 8 plates 

v 1.588 1.593 .005 EUDIALYTE TRIG 0001 dist Yellow, H 5-5.5, G 2.85, Gel with acids. Opt anom, 
1.604 Na 4(Ca,Ce) 2FeZrSi 8o22 1020 poor pink, brown F 3.0 biax. Pl eoc wk in pi n k 

(OH,Cl) 2 
and yellow. 

~ 1.588 1.589 .001 RINNEITE TRIG 11"'2'0 good Cols, rose, H 3, G 2.35, Sol in H 0. Anom 
K3NaFeC1 6 yell ow F easy biax. A~normal interf 

colors in ultrablue. 

1.559 1.59 1.60 .01 BRUCITE TRIG 0001 perf Light brown H 2.5, G 2.5, Diss by HCl. El neg. 
A (Mg ,Mn )( OH) 2 infus MnO 18.1, ZnO 3.7%. v 

1. 707 

1.59 --- very CHLORMANGANOKALITE TRIG Conch Yellow H 2.5, G 2.31, Sol in H2o. Deliq. 
wk K4MnC1 6 F easy 

1.559 1.592 --- low MERRIHUEITE HEX --- Greenish-blue --- Opt char unk. MgO 4.4 
A to (Osumilite grp) FeO 24.9%. 

med (K,Na) 2(Fe+2,Mg) 5Si 12o30 

1.586 1.594 1.604 .010 WARDITE TET 001 perf Cols to H 5, G 2.81, F 3 Slowly diss by acids. 
A NaA1 3(P04)2(0H) 4•2H20 green Opt anom, biax in sectors. 

El neg. 

1.597 1.612 .015 AMESITE (Kaolinite- MCL 001 mic Pale H 2-3, G 2.77, Slowly dec by HCl. 
Serpentine grp) ps hex, bluish-green infus El neg. 
(Mg,Fe} 4Al 2 (Al 2~i 2 }0 10 plates 
(OH) 8 

1.587 1.598 1.606 .008 CLINOCHLORE MCL 001 mic Green H 2, G 2.80, F 5 Diff dec by HCl • 2V 0-
1\ (Chlorite grp) ps hex, 20°. El neg. FeO 9.1, v 

1.618 (Mg,Fe) 5Al(Si 3Al)010(0H} 8 plates Fe2o3 1.9%. 



1.598 11.598 I very COMBEITE TRIG I --- !Col s I G 2. 84 !Gel with hot HCl. 
wk Na 2ca 2Si 309 pri s 

v 11.601 11.632 1·031 NARSARSUKITE TET 110 good !Honey-yellow IH 6-7, G 2.75, IInsol in acids. Pleoc 
1.612 Na?(Ti ,Fe)Sill(O,F) 11 tab 010 dist to reddish F easy wk, 0 yellow, E cols. 

1.574 11.603 11.611 1.008 INA;ROALUNITE. -- TRIG 0001 dist White, H 4, G 2.78, 'Insol in acids but diss in A (Alunite grp) tab 0001, yell OW i nfus acids after being heated 
(Na,K)Al 3(s04,P04)2(0H) 6 u mass gently. Na 2o 3.9, 

K20 2.3, P2o5 5.1%. 

11.609 1.006 !cALCIUM CATAPLEIITE I HEX lone cl v !Pale yellow, IH 4.5-5, G 2.77 
I 

1.603 
CaZrSi 309·2H20 cream 

1.585 11.604 11.676 1.012 lcACOXENITE I HEX I --- I Yell ow to I H 3-4. G 2. 3. 'Diss by acids. Pleoc, 0 
A +3 needles.£ brownish F 2.5-3 cols, E canary yellow. Fe 9(P0 4)4(0H) 15 ·18H2o 

1.604 11.615 I . 011 I SARCOLITE ITET I --- I Light rose IH 6, G 2.93, jGel with acids. An om 
(Ca,Na) 7_8Al 4Si 6o24 F 3 (?) biax. 
(OH) 2 (?) 

1.588 11.604 11.607 1·003 ~~~o~~:v::, t:.-. 7 .. <:; n I TRIG 10001 dist I Yell ow, IH 5-5.5, G 2.84, !Gel with acids. Opt anom, 
/\ 

1
1020 poor pink, brown F 4-5 biax. Pleoc wk in pink v 

I I 1l'i0.~t\\..-09VC)I')I ~L-1 .JIQ""?? I 
1.624 I l(o~.cl)2 ~ v <-<- I 

I I land _yellow. 

I 
I 

1.606 11.620 1.014 I SARYARKITE I HEX --- !White IH 3.5-4, G 3.1 IDee by acids. Related 
~ I Ca(Y,Th)Al 5(Si04)2 microcryst to Rhabdophane. 
~ 

(P04,so4)2(0H) 7•6H 20 

1.606 11.608 • 002 I SOGD IANITE !HEX I --- jViolet IH 7, G 2.90 1zro2 9.8, Ti02 2.9, 

I I 
I(Osumilite grp} 

I I I I 'FeO 1.2, Fe2o3 4.6, 
(K,Na)?Li?(Li ,Fe+3,Al)? 

~ ~ - Na 2o 2.8, K20 4.8, 
ZrSi 12o30 I I I I 1Li 20 ~.7%. Reported 

as um ax neg. 

I --- lsrown, white IH 6, G 3.1-3.3 
I 

1.610 1.620 .010 GORCEIXITE I TRIG 
v 

I 
(Crandallite grp) u mass 

1.625 {Ba,Ca,Ce)Al 3(P04)2(0H) 5• 
H20 

1.601 11.612 1.660 .048 NARSARSUK ITE TET 110 good Honey-yell ow H 6-7, G 2.78, lnsol in acids. Pleoc 
A Na 2(Ti ,Fe)Si 4(0,F) 11 tab 010 dist to reddish F easy wk, 0 yellow, E cols. 

1.613 1.622 .009 CRANDALL ITE TRIG 0001 perf Cols, yellow H 5, G 2.8, F 3 Diff sol in acids. Fuses 
v I (Crandallite grp) u fib with intumescence. El 

1.623 CaAl 3(P0 4)2(0H) 5·H 20 neg. 

1.615 1.617 .002 FLUOCERITE HEX 0001 perf Reddish- H 4, G 5.8, Insol in HCl or HN03, 
(Ce,La)F3 yell ow infus diss by H2so4• 

1.618 11.630 1.012 I GAINESITE TET Conch Pale bluish- H 4, G 2.94 Insol in HCl. 
Na 2zr2Be(P04)4 lavender 



Table 4. Uniaxial positive minerals (continued) 
----

Refractive Bi re- Hardness, Other index MINERAL NAME SYSTEM CLEAVAGE 
entries frin- and formula and habit or fracture Color specific gravity, Remarks 

w e: 
gence and fusi bi 1 ity 

1.598 1.618 1.621 .003 CLINOCHLORE MCL 001 perf Green H 2, G 2.8 Pleoc wl< in green. FeO 
1\ (Chlorite grp) ps hex 13.7, Fe2o3 1.9%. 

(Mg,Fe) 5Al(Si 3Al)010(0H)8 
1.583 1.620 1.641 .021 ALUNITE TRIG 0001 dist White to H 4, G 2.81, Insol in acids, but after 

1\ (Alunite grp) u mass reddish infus gentle heating diss by 
K(Al,Fe)(S04)2(0H) 6 acids. El neg. 

Fe2o3 5.0%. 

1.620 1.630 .010 GOYAZITE TRIG 0001 perf Col s to H 4.5-5, G 3.15- Slowly diss by acids. 
v (Crandallite grp) tab 0001 brown 3.26, F 4 Zoned. Anom biax on basal 

1.640 SrA1 3(P04)2(0H) 5·H20 sections. Pl eoc, 0 red-
brown, E yellow. 

1.613 1.623 1.634 • 011 CRANDALL ITE TRIG 0001 perf Col s to H 5, G 2.8, F 3 Diff sol in acids • Fuses 
1\ (Crandallite grp) u fib yellow with intumescence. El v 

1.627 CaA1 3{P04)2(0H) 5·H20 neg. 

v 1.624 1.673 .049 WADEITE HEX 2 dist Col s, rose, H 6, G 3.11, F Insol in acids. El pos. 

~ 
1.624 K2CaZrSi 4o12 fr conch 1 il ac diff 

1.624 1.624 1.653 .029 WADEITE HEX 2 dist Col s, rose, H 6, G 3.10, F Insol in acids. An om 
1\ K2CaZrSi 4o12 fr conch 1 i 1 ac diff biax. El pos. 

1.604 1.624 1.629 .005 EUDIALYTE TRIG 0001 dist Yellow, H 5-5.5, G 2.94, Gel with acids. Opt anom, 
1\ Na 4(ca,Ce) 2FeZrSi 8o22 1T20 poor pink, brown F 4-5 bi ax. Pl eoc wl< in pi n I< 

(OH,Cl} 2 
and yell ow. 

1.610 1.625 --- wl< GORCE IXITE TRIG --- Brown, H 6, G 3.09- ---
1\ (Crandallite grp) u mass white 3.32 

(Ba,Ca,Ce)Al 3(P04)2(0H) 5• 
H20 

v 1.626 1.640 .014 SVANBERGITE TRIG 0001 dist Col s, H 4.5, G 2.98- Diss with diff by acids. 
1.639 (Beudantite grp) ps cub yell ow, 3.22, F diff Basal section may show 6 

SrA1 3{P04)(S04)(0H) 6 brown biax sectors. 

1.62 1.626 1.627 .001 METATORBERNITE TET 001 mic Green H 2.5, G 3.6- Diss by acids. Pleoc 
r-t (Meta-autunite grp) tab 001 3.8, F 3 wl<, 0 bright green, E '--' 

1.63 Cu(U02)2(P04)2·8H20 col s. Not fluor in UV. 

1.623 1.627 1.632 .005 CRANDALL ITE TRIG 0001 perf Cols to H 5, G 3.2, Diff sol in acids. SrO 
1\ (Crandallite grp) u fib yellow F 4 5.1, RE2o3 10.5%. 

(Ca,Sr,Ce)Al 3{P04)2(0H) 5• 
H20 



1.629 I --- Ivery IKAMAISHILITE ITET I --- !Col s I --- !Opt sign unk. 
low Ca 2Al 2Si06(0H) 2 

1.629 11.632 I .003 IBABEFPHITE TET --- White G 4.31 Insol in acids, diss by 
BaBe(P04){0,F) tab aqua regia or HF. 

1.630 11.638 I .008 IHAUCKITE +3 HEX 001 perf Orange to H 2-3, G 3.10 Pleoc, 0 golden-brown, 
Zn 18{Mg,Mn) 24Fe {S04)4 yellow E pale yellow. ZnO 36.0, 

(C03)2{0H)81 (?) 
MnO 17.1%. 

v 11.630 11.637 ,.007 IMELILITE TET 001' 110 Col s H 5, G 2.95- Gel with acids. Fe 2o3 1.632 {Mel il ite grp) 3.05, F 3 1.9, FeO 3.1, Na 2o 
(Ca,Na) 2(Mg,Al){Si,Al) 207 3.75%. 

1.631 11.652 I .021 I FAHEYITE +3 HEX Pris White to G 2.66 Slowly diss by hot acids. 
(Mn,Mg)Fe 2Be 2(P04)4• fib perf brownish El pos. 
6H 20 

1.630 ,1.632 ,1.639 I .007 IAKERHANITE ITET 1001, 110 'Col s IH 5, G 2.95 'Gel with acids. Data for 
" (Melilite grp) synth compd. v 

1.648 Ca 2MgSi 2o7 

1.633 I --- I 1 ow I BURTITE I TRIG 1001 good I Col s IH - 3, G 3.28 IAnom biax. 
CaSn(OHL:~ 

I v I I i i 

10001 good ICols IH 4.5, G 3.01 
i 

1.636 1.647 .Oll WOODHOUSEITE TRIG IDiff diss by acids. Basal 
v (Beudantite grp) section may show biax 

-.::) 1.662 CaA1 3(P04}(S04)(0H} 6 sectors. 
........ 

1.626 1.639 1.646 • 007 SVANBERGITE TRIG 0001 dist Col s, H 4.5, G 2.98- Diff diss by acids • Basal 
" (Beudantite grp) ps cub yellow, 3.22, F diff section may show 6 biax 

SrAl 3(P04}(S04)(0H) 6 brown sectors. SrO 21.2, CaO 

I. Oll I GOYAZITE 

1.0%. 

1.620 11.640 11.651 TRIG 0001 perf Cols to H 4.5-5, G 3.15, lDiff diss by acids. An om 
" I I I I(Crandallite grp} rtab 0001 rbrown 1: A I II "T ,biax. 2V 0-20°. 

SrAl 3(P04}2(0H} 5·H20 

v 11.643 11.755 I .112 I PAR Is ITE- ( y) I HEX 10001 ~Yellow, I --- !No analysis, needs 
1.670 ("Yttroparisite") brown confirmation. 

Ca(Y,Ce) 2(C03)3F2 

L-J 11.643 11.73 ,.087 ISYNCHYSITE-(Y) ORTH lo01 IRed-brown IG 3.6-3.7 (?) IDiff diss by acids. 
1.650 ("Doverite") ps hex, 

CaY(C03)l u mass 

v 11.644 11.744 ,.100 ISYNCHYSITE ps hex I --- IRed-brown IH 4.5, G 3.9 loiff diss by acids. 
1.674 CaCe(C03)l 

1.644 11.664 I .020 ITRISTRAMITE HEX --- Pale- to IG 3.8-4.2 !Not fluor in UV light. 
+4 +3 fib greenish-(Ca,U ,Fe }(P04,so4)· yellow 2H 2o 

1.646 11.647 I .001 I BRAITSCHITE HEX --- White to IG 2.90 
(Ca,Na 2)7(Ce,La) 2B22o43 • mass pink 
7H2o 



Table 4. Uniaxial positive minerals (continued) 

Refractive Bire- Hardness, Other index MINERAL NAME SYSTEM CLEAVAGE 
entries frin- and formula and habit or fracture Color specific gravity, Remarks 

gence and fusibility 
(I) e: 

1.632 1.648 1.649 .001 MELILITE TET 001, 110 Cols H 5 , G 2. 9- 3 • 1 , Gel with acids. Data for 
A (Mel il ite grp) F 3 synth Ak 60, Ge 40. v 

1.653 neg Ca 2(Mg,Al)(Si,Al) 2o7 

1.~80 
1.653 1.675 .022 PLUMBOGUMMITE TRIG --- Yellow, H 4-5, G 4.0, Diss with diff by HN03• 

(Crandallite grp) gum-like brown F 4-5 (?) 
PbA1 3(P04)2(0H) 5·H20 

1.~78 
1.653 1.661 .008 FLORENCITE TRIG 0001 Pink H 5, G 3.46, Diss with diff by acids. 

(Crandallite grp) infus 
CeA1 3(P04)2(0H) 6·H20 

1.615 
1.654 1.703 .049 RHABDOPHANE HEX Uneven Brown, H 3-4, G 3.5- Diss by acids. 

(Ce,La)P04·H20 fib, mass white, 4.0, infus 
reddish 

1.654 1.670 .016 PHENAKITE TRIG 1T20 di st Cols, H 7.5. G 2.97. f~sol in acids. Tw pl 
Be2Si04 pri s lOll imperf yell ow infus 010 penet. 

fr conch 

t2 L-....i 1.655 1.656 .001 CAHNITE TET 110 perf Cols H 3. G 3.06. Diss by acids. Tw. 
1.662 Ca 2BAs04(0H) 4 F 3 Abnormal interf colors in 

brown. 

1.652 1.656 1.708 .052 DIOPTASE TRIG 1011 perf Emerald- H 5, G 3.28, Gel with acids. An om ,...., 
CuSi02(0H) 2 green infus biax. Abs in thick L-....i 

1.658 sections 0 > E. 

1.656 1.682 .026 DESPUJOLS ITE HEX Conch Lemon-yellow H 2.5, G 2.46 Diss by HCl with evolution 
+4 of chlorine. Pleoc wk. 0 Ca 3Mn {S04)2(0H) 6·3H20 pale yellow, E yellow. 

1.660 1.756 .096 R~NTGENITE TRIG --- Cols to G 4.2 Diff diss by acids. 
Ca 2ce 3{C03) 5F 3 light yell ow 

1.636 1.662 1.669 .007 WOODHOUSE ITE TRIG 0001 good Cols, gray, H 4-4.5, G 2.9- Diff diss by acids. Basal 
A (Beudantite grp) lilac 3.0 section may show biax 

CaA1 3{P04){S04)(0H) 6 sectors. 

1.664 1.672 .008 MELI PHANITE TET 010 perf Cols H 5, G 3.03 Gel with acids. 
var Gugiaite thin tab 001 dist 
(Ca,Na) 2Be{Si ,Al) 2 
(O,OH,F) 7 

v 1.665 1.685 .020 THOROGUMMITE TET Conch Yellow, H 3, G 4.0-4.7, Gel with acids. 
1.692 (Th,Ce){Si04)1_x(OH) 4x u mass brown infus 

earthy 



1.666 I 1. 747 I .081 IPETERSITE HEX --- Yellow-green G 3.41 Dec by HCl. Pleoc, 0 
(Y,Ce,La,Ca)Cu6(P04)3 light yellow-green, E 
(OH} 6·3H20 green. 

1.643 11.670 11.768 1.0981PARISITE TRIG 0001 Yellow H 4.5, G 4.0-4.4, Diss by acids. Pl eoc, 
A ~a(Ce,La} 2 (C0 3 ) 2F infus 0 pale yellow, E yellow-v 

1.678 brown. El neg. 

1.67 1.70 .03 HINSDALITE TRIG 0001 perf Cols H 4.5, G 3.65, Anom biax in 6 basal 
v I 

(Beudantite grp) infus sectors. El neg. 
1.688 PbA1 3(P04)(S04)(0H) 6 

1.673 1.678 .005 FILLOWITE MCL 001 perf Yellow, IH 4.5, G 3.43, IDiss by acids. 
Na 2Ca(Mn,Fe} 7(P04)6 ps hex brown, cols F 1.5 

1.644 ,1. 67 4 11.770 ,.096 lsYNCHYSITE ps hex --- Red-brown H 4.5, G 3.9, IDiff diss by acids. 
A CaCe(C03)2F infus 

1.654 1.675 1.705 .030 RHABDOPHANE HEX Uneven Brown, H 3-4, G 3.3- IDiss by acids. 
A ( Ce , La) PO 4 • H20 fib, mass gray-green 4.0, infus v 

1.692 

v 1.675 1.685 .010 BAZ IR ITE HEX 0001 Cols G 3.82 calc IFluor whitish-blue in 
1.681 BaZrSi 309 pri s short-wave UV. 

1.670 t., c-ro 11 7&:.7 I .089 •PARiSITE 1TRIG 1 ooo1 !Yellow, IH 4-5, G 4.0- jDiss by acids. Pleoc, !o0/0 J. • I VI 

A Ca(Ce,La) 2(C03)3F2 
.. '4.4, i nfus •0 pale yellow, E or own 

-.:] !yellow-brown. El neg. 
C/.j 

1.653 1.678 1.684 .006 FLORENCITE TRIG 0001 Brown H 5-6, G 3.46, Diff diss by acids. 
A (Crandallite grp) infus v 

1.695 CeA1 3(P04)2(0H) 6 
1.653 r-680 11.698 1.018 IPLUMBOGUMMITE I TRIG 

I 
I Yell ow, IH 4.5, G 4.0- joiss with diff by HN0 3• 

A 

I 
{Crandallite grp) lgum-1ike brown, gray 4.9, F 4-5 (?) 

IPbA1 3(Po4)2(oH) 5·H2o 

11.695 I .015 lsROCKITE 
I 

'Reddish-
I 

!Related to Rhabdophane. 1.680 I HEX I G 3.9 
(Ca,Th,La)(P04) mass, earthy brown to 

yellow 

1.675 11.681 ,1.691 I .010 IBAZIRITE HEX 0001 Cols G 3.82 calc Fluor whitish-blue in 
A BaZrSi 3o9 pris short-wave UV. 

1.688 11.698 I .010 IWEILERITE TRIG --- White --- Diss by acids. 
( Beudant ite g rp) crusts Opt char unk. 
BaA1 3{As04)(S04)(0H) 6 (?) 

1.67 11.688 11.697 I .009 IHINSDALITE I TRIG I 0001 perf ICols IH 4.5, G 3.65, IAnom biax in 6 basal 
A (Beudantite grp) infus sectors. El neg. 

PbA1 3(P04)(S04)(0H) 6 

1.689 11.695 I .006 I ILIMAUSSITE I HEX I Conch !Brownish- I H - 4, G 3.6 

Ba 2Na 4CeFe+3Nb 2s; 8o28• yell ow 

SH20 



Table 4. Uniaxial positive minerals (continued) 

Refractive Bire- Hardness, Other index MINERAL NAME SYSTEM CLEAVAGE 
entries frin- and formula and habit or fracture Color specific gravity, Remarks 

w E: 
gence and fusibility 

v 1.690 1.760 .070 TET 100 perf Yell ow, H 4-5, G 4.7- Insol in acids. Pleoc wk, 
1.720 brown 5.1, infus 0 pale yellow, E greenish-

yellow. 

v 1.691 1.719 .028 TRIG 0001, Green, H 5.5, G 4.05- Gel with acids. Fluor 
1. 714 11"2"0 white, red, 4.20, infus bright green in UV. MnO 

brown 0.12%. 

1.675 1.692 1.732 .040 
A 

HEX Uneven Brown, gray H 3-4, G 4.4, Diss by acids. 
v mass infus 

1. 721 

1.665 1.692 1.710 .018 TET Conch Yell ow, H 3, G 4.0-4.7, Gel with acids. Forms A 
u mass, brown infus series with Thorite? v 

1. 78(?) earthy 

1.694 1. 701 .007 II TRIG Splintery Cols to pale H 5, G 3.52 Diff diss by acids. 
yell ow 

~ 1.695 1.785 .090 II HEX Parting Yellow, H 4, G 4.9-5.1, Diff diss by acids. Pleoc 
v pris 0001 brown, infus wk, abs E > 0. 

1. 717 reddish 

1.678 1.695 1.705 .010 TRIG 0001 Cols, brown H 6, G 3.69, Diff diss by acids. 
A 

infus v 
1.713 I< 

1.697 1.704 .007 !~ TET 001, 100 Orange H 2.5, G 3.86, Dec by acids. An om 
IE indist F 3 purplish-brown interf 

colors • 

1.701 1.707 • oo6 it TRIG 0001 Grayish- H 5.5, G 3.63 ---
brown 

1.702 1.706 .004 TET 110 poor Cols, green, H 6-6.5, G 3.37, Insol in acids. Pleoc wk. 
v I< pri s brown, F 3 Anom biax. Abnormal 

1.722 yell ow interf colors in blue 
and brown • 

1.704 1.765 • 061 II HEX --- Ye 11 ow-green H 3-4, G 3.50 Pleoc, 0 pale yellow-
It pris £ green, E green. Compare 

Mixite. 

v 1.705 1. 777 .072 
1.722 

HEX --- Blue-green G 3. 72 Diss by acids. 

2 



~ (Brucite ser) fr uneven turns brown infus 31.6, FeO 30.4, Mgo 10.1, 
1.59 11.707 11.722 ,.015 IAMAKINITE ITRIG 10001 ~Greenish, IH 3.5-4, G 2.98, Diss by acids. Fe 2o3 

(Fe,Mg)(OH) 2 MnO 3.6%. Compare Brucite 
at w = 1.59. 

v 
1
1.71 [1.715) ,.005 IHIDALGOITE 'TRIG I --- !White IH 4.5, G 3.96 Insol in acids. 

1.730 r (Beudantite grp) mass 
PbAl 3(As04)(S04)(0H) 6 

1.695 p.n3 11.119 ,.006 IFLORENCITE ITRIG 10001 ICols, brown IH 6, G 3.4-3.6, loiff diss by acids. 
A (Crandallite grp) infus 

CeAl 3(P04)2(0H) 6 

1.691 11.714 11.732 1·018 IWILLEMITE TRIG 0001, Reddish- H 5, G 4.05- Gel with acids. MnO 6.8, 
A (Zn,Mn)

2
Si0

4 
1170 brown 4.20, infus FeO 0.2%. 

v ,1.714 11.731 ,.017 OSARIZAWAITE TRIG --- Green G 4.04 Diss by hot HN03• Anom 
1.75 PbCuAl 2(s04)2(0H) 6 mass biax. 

1. 715 11.728 I .013 JASMUNDITE TET --- Dark brown G 3.03 
Ca 11 ( Si 04 ) 4o2s 

1.695 11.717 11.818 1.101 BASTNAESITE HEX Parting Yellow, IH 4, G 4.9-5.1, I Diff diss by acids. Pleoc 
C (Ce,La)C03F pris 0001 brown, infus wk, abs E > 0. 

1.730 reddish 
1

1.719 I' 1.733 I' .0141
1

BROMELLITE I' HEX l'lOTO good 'Co1s iH 8.5-9, G 3.02, li Inso1 in acids. 
-.::~ I BeO 11"2"0, 0001 i nfus 
~ poor 

,......., 11.72 I --- Ivery !ZIRCON "Malacon" ITET !Uneven Brown H 6-7, G- 4 IMetamict. Insol in acids. 
1.81 wk ZrSi04 

1.690 11.720 11.820 1.100 IXENOTIME ITET 1100 perf Yell~w to ~ 4-5, G 4.7-5.1, Ins?l in acids •. Pleoc wk, 

1.753 brown E pale greenish-yellow. 
0 1 YP0 4 I 

1 

redd1sh- 1nfus 0 p1nk to pale yellow, 

1.692 11.721 11.748 ,.027 IRHABDOPHANE I HEX !Uneven 'Greenish- H 3-4, G 3.3-4.0, jDiss by acids. 
A (Ce,La)P0

4
-H

2
o u mass yellow, infus 

brown 

1.705 11.722 11.815 ,.093 IAGARDITE I HEX I --- !Blue-green G 3.72 IDiss by acids. Compare 
A (Y,Ca)Cu

6
(As0

4
)
3

(0H)
6

• Mixite at w = 1.730. 
3H 20 

1.702 11.722 j1.725 ,.003 IVESUVIANITE TET 110 poor Cols, green, H 6-6.5, G 3.4, Insol in acids. Pleoc wk. 
A Ca

10
Mg

2
Al

4
(Si 207)2(Si04)5 pris brown, F 3 ~nom biax. Ab~ormal 

(OH F) yellow 1nterf colors 1n blue 
' 4 and brown. 

v 

1
1.724 I 1.746 ,.022 ICONNELLITE HEX --- Fine blue, H 3, G 3.36, Diss by acids. 

1.736 Cu
19

(s0
4

)Cl
4

(0H)
32

·3H2o acic greenish- F 2.5 
blue 
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Table 4. Uniaxial positive minerals (continued) 

Refractive Bi re-Other index MINERAL NAME 
entries frin- and formula 

w E 
gence 

v 1. 728 1.730 .002 BR ITHOLITE-(Y) 
1. 780 ("Abukumalite") 

{Y,Ca,Ce) 5{Si04,P04)3 {OH,F) 

1.717 1.730 1.830 .100 BASTNAESITE 
1\ (Ce,La)COl 

1.757 

1.749 
1. 730 1.810 .080 MIXITE 

BiCu 6(As04)3{0H) 6·3H20 

1. 71 1.730 1. 735 .005 HIDALGOITE 
1\ (Beudantite grp) 

PbA1 3(As04)(S04)(0H) 6 

1. 724 1.736 1. 756 .020 CONNELL ITE 
1\ Cu 19(S04)Cl 4(0H) 32 ·3H20 

1.738 1.752 .014 BUTTGENBACHITE 
Cu 19 (N0 3)2Cl 4(0H) 32 ·2H20 

1.747 1. 776 .029 FLE !SCHER ITE 
Pb 3Ge(S04)2(0H) 6·3H20 

1.730 1.749 1.83 .081 MIXITE 
1\ BiCu 6(As04)3(0H) 6·3H20 

1. 714 1.75 ~ 1. 76 ~ .01 OSARIZAWAITE 
1\ Pb(Cu,Al) 3(S04)2(0H) 6 

1. 720 1. 753 ~1.84 ~.09 CHERNOVITE 
1\ (Xenotime ser) v 

1.783 Y(As,P)04 

1.756 1.802 .046 BENITOITE 
Ba Ti Si 309 

1. 730 1.757 1.864 .107 HYDROXYLBASTNAESITE 
1\ (Ce,La)C03(0H,F) 

1.754 1.757 --- very MCGOVERNITE ,....., wk (Mn,Mg,Zn) 22 (As03)(As04)3 L.....l 

1. 761 (Si04)3(0H) 2 

SYSTEM 
and ·habit 

HEX 

HEX 
pris 

HEX 
acic 

TRIG 

HEX 
acic 

HEX 
acic 

HEX 
fib 

HEX 
acic 

TRIG 

TET 
pris 

HEX 
pyram or tab 

HEX 
pri s 

TRIG 

Hardness, CLEAVAGE 
or fracture Color specific gravity, Remarks 

and fusibility 

0001, lOTO, Reddish- H 6-6.5, G 4.25 Dec by acids. Apatite 
imperf brown structural type. 

parting Yell ow, H 4, G 4.9-5.1, Diff diss by acids. 
0001 brown, i nfus 

reddish 

One perf Emerald- to H 3-4, G 3.8, Diss by acids. Pleoc 
bluish-green F 2 very wk in shades of 

green. 

--- Pale green H 4.5, G 3.95 Insol in acids. Mo03 to emerald- 3.5%. 
green 

--- Fine blue, H 3, G 3.36, Diss by acids. 
greenish- F 2.5 
blue 

--- Azure-blue H 3, G 3.33, Diss by acids or by 
F 2 NH40H. 

--- White to H soft, G 4.2-4.4 ---
pale rose 

One perf Blue-green H 3-4, G 3.8, F 2 Diss by acids. 

--- Green --- Diss by hot HN0 3• An om 
biax. 

100 perf Brown, H 4-5, G 4.8, Insol in acids. Forms a 
yell ow i nfus series with Xenotime. 

lOTI imperf Blue H 6, G 3.65, F 3 Insol in acids. Pleoc, 
fr conch 0 cols, E purplish-blue. 

11"2"0 imperf Reddish- H 4, G 4.7, Slowly diss by acids. 
brown, i nfus 
yellow 

0001 mic Reddish- H 3, G 3. 72 El neg. 
bronze 



1.759 11.760 I .001 I THEOPHRASTITE TRIG 0001 perf Emerald- IH 3.5, G 4.00 IPleoc wk. 
Ni (OH) 2 green 

1.765 11.800 l.o35 I HENRITERMIERITE TET Conch Clove-brown G 3. 34, fus Dec by HCl. Anom biax. 
(Garnet grp) Pleoc wk., 0 pale yellow, 
Ce 3(Mn,Al) 2(Si04)2(0H) 4 E 1 emon-yell ow • 

1.76 1. 765 1. 782 . 017 ISTILLWELL!TE TRIG Conch Pinkish- H 5-6, G 4.6 Anom biax, 2V 0-6°. 
1'""""1 (Ce,La,Ca)BSi05 gray, brown 1.-J 

1.78 

v 1.77 --- .03- I LUSUNGITE I TRIG I --- I Dark. brown I --- IPleoc wk. 
1.855 .04 (Crandallite grp) 

(Sr,Pb)Fe+3{P04)2{0H) 5• 
H,O 

c. 

1. 778 ,1.801 ,.023,CONICHALCITE ORTH 'Uneven Pistachio- I H 4-5, G 4.13, jin section green, pleoc 
1. 795 I CaCu{As04){0H) fib to emerald- F 3 wk. U biax. 

green 

1. ~92 (?) 1. 78 1. 79 .01 THORITE TET 110 di st Brown, I H 5, G 4. 4-5. 7, IGel with acids. 
v ThSi04 yellow infus 

1.837 

1. 728 1.780 1.783 .003 BRITHOLITE-(Y) HEX 0001, 10TO, jReddish- IH 6, G 4.35 jDec by acids. Apatite ,., 
• ( "Abukuma lite") I 

1 
imperf 

1brown ,structural type. 
{Y,Ca,Ce) 5{Si04,P04)3 

I ! 

-:J 

11.783 11.879 
(OH,F) 

-:J I. 0961 CHERNOVITE 1.753 I TET 1100 perf I Yellow IH 4-5, G 4.87 'Insol in acids. Pleoc wk, 
1\ YAs04 pris i nfus 0 cols, E pale pinkish-

yellow. 

1. 794 11.803 
1

.009 rARYINITE •'· IMCL 
1110, 010 !Brown I H 3-4, G 4.25, 'Diss by acids. Orange to 

I 
(Na,Ca,Pb) 3 (Mn,Mg,Fe'~) 4 u mass 

I I F 2-3 red in section, not pleoc. 
(AsO .. ), (?) 

1.800 11.845 1.045 I ~TIS~~~I;E· TET --- Cols G 4.35, infus Insol in acids, very 
Si02 slowly diss by HF. 

1.785 11.80 11.81 l.o1 I NIGER ITE TRIG --- Dark brown H 8-9, G 4.08- Insol in acids. 
(Zn,Mg,Fe){Sn,Zn) 2 {Al ,Fe) 12o22 (0H) 2 

to yell ow 4.51 

1.805 I --- I wk IKRAISSLITE +3 I HEX 10001 perf !Deep coppery IH 3-4, G 3.88 !Brittle. 
{Mn,Mg) 24zn 3Fe (As03)2 brown 
(As04)3(Si04)6(0H) 18 

1.806 11.808 I· 002 I CER ITE I TRIG I Uneven I Brown, IH 5.5, G 4.75, IGel with acids. Commonly 
1.82 I (Ce,Ca) 9(Mg,Fe)Si 7(0, reddish infus biax, 2V 0-25°. 

OH,F) 28 



Table 4. Uniaxial positive minerals (continued) 

Refractive Bire- Hardness, Other index MINERAL NAME SYSTEM CLEAVAGE 
entries frin- and formula and habit or fracture Color specific gravity, Remarks 

w e 
gence and fusibility 

1.81 2.02 .21 GAUDEFROYITE HEX Pris Black H 6, G 3.35 Diss by HCl. Pleoc, 0 
Ca 4Mn+3

3_x(B03)3(C03) pris reddish-brown, E orange-
red. 

(O,OH) 3 
1.72 1.81 1.86 .05 ZIRCON TET 110 Brown, H 7.5, G 4.56, Insol in acids. El pos. 

A ZrSi04 pri s fr uneven yell ow infus Partly metamict. v 
1.878 

v 1.81 1.84 .03 CHROMATITE TET Conch Lemon- --- Diss by acids. 
1.85 Cacro4 yell ow 

--- --- mod DOWNEYITE TET --- Col s to G calc 4.15 Sol in H2o, very hygro-
Seo2 yell ow scopic. Mean ~calc = 

1.84. 

1.78 1.837 1.898 .061 THORITE TET 110 Green, brown H 5, G 6.63, Gel with acids. 
A (Th,U)Si04 infus 

Ci1 
1.842 1.848 .006 PARATACAMITE TRIG lOTI good Green H 3, G 3.74, Diss by acids or 

Cu 2Cl(OH) 3 F easy NH40H. Tw lOTI, poly. 

1.85 1.93 .08 ZEMANNITE HEX --- Light to Soft, G 4.36 Pleoc, E yellow-brown, 0 
(Zn,Fe) 2(Te03)3NaxH2_x· pri s dark brown reddish brown, abs 0 > E. 
yH20 

1.81 1.85 1.88 .03 CHROMATITE TET Pris poor, Lemon- --- Diss by acids. 
A CaCr04 fr conch yell ow 

1. 77 1.855 --- .03- LUSUNGITE TRIG --- Dark brown --- Pleoc wk. 
A .04 (Crandallite grp) 

(Sr,Pb) 3Fe 3(P04)2(0H) 5• 
H20 

v 1.855 1.860 .005 BYSTROMITE TET --- Blue-gray H 7, G 5.5 calc Pleoc, 0 straw yellow, 
1.908 MgSb206 u mass E brownish-yellow. 

Opt char unk. 

1.864 1.88 .016 WELINITE HEX 0001 poor Red-brown H 4, G 4.47 Dec by HCl. Blood-red in 
+4 +2 to dist to reddish section. Anom biax with (Mn ,W) 1 (Mn ,W,Mg) 3 black small 2V. Si(O,OH)

7
-x -y 

1.81 1.878 1.895 .017 ZIRCON TET 110, Brown, H 7, G 4.62, Insol in acids. El pos. 
A ZrSi04 pris fr uneven yell ow infus v 

1.925 



1.880 11.884 I .004 IMORELANDITE 'HEX I 0001 poor !Light yellow IH 4.5, G 5.33 IDiss by cold HN03• 
(Apatite grp) to gray 
Ba 5(As04}3Cl 

1.89 12.00 I .11 IDENNINGITE TET 001 perf Col s to H 4, G 5.05, Diss by cold HCl, insol in 
(Mn ,Zn )Te 2o5 platy fr conch pale green F easy HN0 3• An om bi ax, 2V 0-

15°. 

1.898 11.915 I .017 IHUEGELITE MCL 100 good Brown to G 5.0 Diss by HNOd. Pleoc, 0 
Pb 2(uo2)3(As04)2(0H) 4• tab orange- yellow, E c ls to pale 
3H2o yell OW yellow. Anom interf 

color. 

1.90 I 2.12 I • 22 ITRIPPKEITE ITET 100 perf Bluish- Soft, G 4.8, Diss by acids. Breaks 
CuAs 2o4 110 good green F easy into flexible pieces. 

Bluish-green in section, 
not pleoc. 

1.855 jl. 908 jl. 915 ,.007 jBYSTROMITE TET --- Blue-gray H 7, G 5.5-5.7 Diss by coned HCl + KI. 
A MgSb 206 u mass Opt char unk. 

1.910 11.945 I . 035 I GANOMAL ITE HEX 0001, Gray H 3, G 5.74, Gel with acids. An om 
Pb6(Ca,Mn) 4(Si 207)3(0H) 2 tab 0001 10TO perf F 3 (?) biax. Biref variable. 

v 11.912 11.925 ,.013 ISCHEELITE TET 101 dist White, H 4.5-5, G 6.1, Dec by HCl with sepn of 
1.930 CaWO, oct or tab yellow, F 5 yellow WO • Fluor 

I '"t I I 1gray, brown I ~~~;f~ ~~~~V(~~~~~~l ~~en -.::] I I I I ~ Mo is present). 

v 11.913 11.923 .010 NASONITE HEX 0001, White H 4, G 5.5, 
1.945 Pb 6ca 4(Si 207)3Cl 2 pri s 10TO imperf F easy 

1.878 11.925 11.983 .058 ZIRCON TET 110, Brown, col s, H 7.5, G 4.70, I Insol in acids. El pos. 
" 

1

zrs;o4 lpris fr uneven yellow, i nfus v I I 
I I 

1.960 'green, 
purple 

1. 912 11.930 11.947 1.017 SCHEELITE TET 101 dist White, H 4. 5-5, G 6.1, Dec by HCl with sepn of 
" Ca(W,Mo)0 4 oct or tab brown F 5 yellow W0 3• Fluor v 

1.951 ye 11 ow in UV. 

1.94 12.16 I .22 IBAOTITE TET 2 clvs Light brown H 6, G ~.42-4.71 Pleoc, 0 cols to brown, E 
Ba 4(Ti ,Nb) 8Si 4028cl to black greenish-yellow to dark 

red-brown. 

1. 913 jl. 945 jl. 970 I . 025 I NASON ITE HEX 0001, White H 4, G 5.5, 
" Pb 6ca 4(Si 207)3Cl 2 pris 10TO imperf F easy 

1.948 11.958 I • 010 I HEDYPHANE HEX 2 clvs White H 4, G 5.7, joiss by HN0 3• 
(Apatite grp) mass, fib F 1 
(Pb,Ca) 5(As04)3Cl 

1.930 11.951 11.967 1.016,POWELLITE TET --- White, H 4, G 5.3, F 5 Dec by HCl with sepn of 
A ( Schee 1 ite ser) pyram yellow yellow WO~. Data for v 

1.974 Ca(Mo,W}04 synth. C Mo0 4 60, 
CaW04 40%. 



Table 4. Uniaxial positive minerals (continued} 

Refractive Bire- Hardness, Other index MINERAL NAME SYSTEM CLEAVAGE 
entries frin- and formula and habit or fracture Color specific gravity, Remarks 

w e: 
gence and fusibility 

1.925 1.960 2.015 .055 ZIRCON TET 110 Brown, H 7.5, G 4.65 Insol in acids. El pos. 
1\ ZrSi04 pri s fr uneven ye 11 ow, co 1 s i nfus 

1.96 --- wk DI XENITE TRIG 0001 mic Dark brown H 3-4, G 4.20- Dec by HCl. Glowing red 
+1 +3 Cu Mn 14Fe {As03}5(As04} plates 4.36 in transmitted light. 

{Si04}2{0H} 6 
1. 973Na 2.656Na .683 CALOMEL TET 110 good Col s, gray H 1.5, G 6.8-7.15, ---
1.956L i 2.601Li .645 Hg 2c1 2 011 imperf volat 

sectile 

1.951 1.974 1.984 .010 POWELLITE TET Uneven White H 4, G 4.23, Diss by HCl. Data for 
1\ (Scheelite ser} pyram to conch F 5 synth. CaMoO 4• Fluor 

CaMo04 ye 11 ow in UV. 

1.993 2.001 2.098 .097 CASSITERITE TET 100 imperf Brown, black, H 6-7, G 6.98- Insol in acids. Tw 011 
,......., Sno2 pyram fr subconch white 7.02, infus poly. Sometimes L....J 

2.008 to uneven dichroic in brown. 

~ 2.013Na 2.029Na .016 ZINCITE HEX 10TO good Deep red H 4, G 5.66, Diss by acids. In sec-
1.990Li 2.005Li .015 ZnO 1120, 0001 infus tion deep red, not 

poor pleoc. MnO 0.27%. 

2.01 2.03 --- high VOLTZITE HEX --- Yell ow, H 4-4.5, G 3.1- Dec by acids, leaving an ,......., ZnS + Zn-salt of organic spherical brown, black 3.7, infus organic residue. L....J 

2.05 acid globules 

>2.0 --- high BEHlER ITE TET 110, 010 Grayish- H 7-7.5, G 7.86, Insol in acids. Mean n 
(Ta,Nb}B04 pyram dist pink i nfus calc = 2.12. 

»1.74 --- -.1 SCHAFARZ I KITE TET 110 perf Red to H 3.5, G 5.5 Pleoc, 0 straw yellow, E 
FeSb2o4 pyram 100 good reddish- calc brownish yellow. Mean n 

brown calc = 2.10. 

2.27 
2.10 2.26 .16 CALZIRTITE TET Conch Yellow- to H 6-7, G 5.07, Partly diss by coned 

Cazr3Ti09 pri s dark-brown i nfus acids. Not pleoc. 

2.116 2.143 .027 PHOSGENITE TET 001, 110 White, gray, H 2-3, G 6.13, Diss with eff by HN03• 
Pb2co3c1 2 pris tab dist yellow F 1 Pleoc wk, 0 reddish, 

E greenish. 

2.13 2.21 .08 PENFIELD ITE HEX 001 dist White G 5.9-6.6, F 1 Diss by HN0 3• Tw. 
Pb2Cl 3{0H} pri s 

>2.1 --- --- PRIDERITE TET 001 perf Reddish- G 3.86, infus Pleoc, 0 deep reddish-
{K,Ba}(Ti,Fe}8o16 pris pris fair black brown, E deep reddish-

brown to b 1 ac k • 



2.15 12.275 I .125 I RANC IE ITE HEX ( ?) --- Dark brown, 1 Soft. G 3.3 jDiss by HCl. Opt char 
+2 +4 mass streak unk. (Ca,Mn )Mn 409·3H20 purplish 

2.18 I --- I --- I RUSSELL ITE TET --- Yell ow IH 3.5, G 7.37 !Opt char unk. 
Bi 2wo6 mass 

L-J 12.18 12.19 ,.01 I IODARGYRITE I HEX 10001 perf I Yellow, I H 1-1.5, G 5.6- 'Becomes isotropic at 
2.21 Agi thin plates sectile green, 5.7, F 1 146°C. Abnormal green 

brown interf colors. Anom biax, 
2V small. El neg. 

2.19 12.21 l.o2 I KLE I NITE HEX 0001 easy Yellow, H 3.5-4, G - 8, Diss by acids. Uniax 
Hg2N(Cl ,so4)·xH2o short prisms uneven, orange volat above 130°C, biax neg at 

10TO imperf room temp. 

2 .19L i 12.21Li 1.02 IMACKAYITE TET Subconch Green to H 4.5, G 4.86, Pleoc, 0 green, E yellow. 
FeTe 205 (OH) yellow-green fus 

>2.0 I --- I --- loRDONEZITE TET Conch Pale to dark IH 6.5, G 6.64 Insol in acids. Tw pl 
ZnSb 2o6 tw brown (013). Mean n calc 

2.28. 

2.21 I --- I wk I ZAVAR ITS KITE ITET I --- I Gray IG (9.2) Opt sign unk. 
BiOF 

I I I i 

00 12.27 2.43 .16 PARATELLURITE TET 102 perf Grayish- IH 3, G 5.60, 
,..._. Teo2 pyram 110 di st yell OW fus 

v ,2.27Li 2.42Li .15 TAPIOLITE TET --- Black IH 6, G 7.3-8.2, 'Red-brown in section. 
2.35 Fe{Ta,Nb) 2o6 infus Pleoc str, 0 yellow to 

reddish-brown, E nearly 
opaque. 

I I I I I I Conch 
I I ~ - -

!Partly diss by coned 2.10 ,2.27 ,2.36 ,.09 ICALZIRTITE ITET 'Yellow- to I H 6-7, l:i 5. u' 
A CaZr3Ti09 pri s dark-brown infus acids. 

,2.35 ,2.47 ,.12 I TAPIOLITE 'Black 
I 

2.27 TET --- IH 6-7, G 7.49, 
A Fe(Ta,Nb} 2o6 i nfus 

v 
1

2.36Na 12.38Na 1.02 I·WURTZITE HEX 1120 good !Brownish- IH 3.5-4, G 3.98, IDiss by acids. Pleoc 
2.374 2.33Li 2.35Li .02 {Zn,Fe)S pris 0001, black F diff wk. 

10TO poor 

2. 37L i I2.42Li I .05 I FREUDENBERGITE IMCL 12 good Brownish- G 4.3 Insol in acids. Pl eoc, 
Na 2 ( T i , Fe ) 8 0 16 ps hex black 0 dark brown, E yellow-

brown. 

2.36 ,2. 374Li ,2. 395Li ,.021 I WURTZ ITE rEX 11120 good Green H 3.5-4, G 4.44, Diss by acids. Data for 
A {Zn,Cd)S pris 0001 poor F diss 41.5 mol % CdS. Fluor v 

2.39 yellow in UV. 

2.374 ,2.39Li ,2.41Li ,.02 I GREENOCKITE I HEX 110TO good Orange H 3-3.5, G 4.53, Diss by acids. Data for 
1\ (Cd,Zn)S pris 1120, infus 57.6 mol % CdS. Fluor v 

2.50 0001 poor orange-red in UV. 



Table 4. Uniaxial positive minerals (continued) 

Refractive Bire-Other index MINER 
entries frin- and f 

w E: 
gence 

AL NAME SYSTEM CLEAVAGE Hardness, 

ormula and habit or fracture Color specific ~ravity, Remarks 
and fusibility 

2.39 2.50Na 2.53Na .024 GREENOCKITE HEX 10TO good Yellow, H 3-3.5, G 4.9- Diss by acids. Data for 
1\ 2. 43L i 2.45Li .024 CdS pri s 1120, green 5. 0, i nfus synth CdS. 

0001 poor 

2.45 2.51Li .06 IDERBYLITE 
Fe4 Ti 3sb013 ( 

2.476 12.485 1.009 lcHANGBAIITE 

MCL Conch Black H 5, G 4.53, Insol in acids. Not 
OH) pri s i nfus pleoc. 

TRIG 0001 perf Brown, H 5-5.5, G 6.48 ---
PbNb 2o6 yellow-

brown, 
creamy-white 

v 2.61Na 2.90Na .287 RUTILE TET 110 dist Brown, red, H 6-6.5, G 4.22, In sol in acids. Pleoc w k, 
2.65 2. 56L i 2.84L i .28 Ti02 pri s 100 less so yell ow infus abs 0 < E. El pos. 

2.61 2.65 2.80 .15 RUTILE, var TET 110 di st Black H 6-6.5, G 4.36, Insol in acids. Pleoc w k 
1\ 11 menorut i 1 e (niobian) pris 100 less so infus in brown, abs 0 < E. 

( T i , Nb , Fe ) 0 2 

00 
1

2.65Na 2.69Na .043 MOISSANITE 
t-:> 2.63Li 2.67Li .040 SiC 

HEX Conch Green, blue- H 9.5, G 3.22, Insol in acids. Pleoc, 
plates 0001 b 1 ack , b 1 ac k infus 0 light blue, E deep 

indigo blue. Data for 
synth compd. 

2.85Na 3.20Na • 347Na CINNABAR TRIG 10TO perf Cochineal- H 2-2.5, G 8.09, Streak scarlet. Disp 
2.82Li 3.15Li .327Li HgS red volat very high. Circular 

polarization. 





Table 5. Uniaxial negative minerals 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Biref MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture 

w e: fusibility 

1.312 1.309 .003 MALLADRITE TRIG --- Cols, rose G 2. 71 Sol in hot H2o. 
Na 2Si F 6 F 1 

1.327 --- very VILLIAUMITE CUB ps tet, 001 perf Carmine-red H 3.5 Sol in H2o. Pleoc, 0 
wk NaF u mass G 2.79 ~ 

F 1.5 carmine-red to pink, E 
yellow. 

1.349 1.342 .007 CHIOLITE TET 001 perf White H 3.5-4 Diss by acids. 
Na5All14 sq prisms 011 di st G 3.00 

F 1.5 

1.388 1.385 .003 COLQUIRIITE TRIG Conch Cols, white H 4 ---
CaLiAlF6 G 2.94 

1.406 1.309 .097 BARARITE HEX 0001 perf White H 2.5 Sol in H2o. 
(NH4)2SiF6 G 2.15 

volat 

~ 
1.458 1.432 .026 MENDOZITE MCL fib 100 good Cols H 3 Sol in H2o. 

NaAl(S04)2·11H20 G 1. 75 
F 1 

1.462 1.460 .002 CHABAZITE TRIG rhombs 10T1 dist White, red H 4.5 Dec by HCl with sepn of 
v (Zeolite grp) G 1.97 slimy silica. Anom biax. 

1.489 (Ca,Na)Al 2s; 4o12 ·6H20 F 3 

v 1.464 1.458 .006 ETTRINGITE HEX acic 10TO perf Cols, white H 2-2.5 Diss by acids. Indices 
1.491 Ca6Al 2(S04)3(0H) 12 ·26H20 G 1.77 increase on dehydration. 

F 3 

1.474 1.436 .038 HUMBERSTONITE TRIG 0001 perf Cols G 2.25 Diss by H2o. El pos. 
K3Na 7Mg 2(s04)6(N03)2·6H20 platy 0001 

L-.1 1.474 1.470 .004 HERSCHELITE TRIG plates --- White H 4 Dec by acids. 
1.485 (Zeolite grp) G 2.06 

(Na,Ca,K)A1Si 206•3H20 F 3 

1.465 1.477 1.475 .002 GMELINITE HEX rhombs 10TO good Cols, rose H 4.5 Dec by acids. Anom biax ,......, 
(Zeolite grp) 0001 G 2.04 with small 2V. Tw axis c. L-.1 

1.484 (Na 2,Ca)Al 2Si 4o12·6H20 F 3 

1.479 1.408 .071 ZHEMCHUZHNIKOVITE TRIG acic 0001 fair Smoky green H 2 An oxalate. Sol in H2o. 
NaMg(Al,Fe)(c2o4)3•8H20 G 1.69 Pleoc, 0 greenish-yellow, infus E reddish-violet. 

1.481 1.461 .020 HANKSITE HEX 0001 good White H 3-3.5 Easily sol in H2o. 
KNa 22 (s04)9(c03)2Cl short G 2.56 

prisms F 1.5 



1.487 I 1.484 I .003 I CRISTOBAL ITE TET --- Cols H 6-7 Insol in acids. Some 
Si02 ps cub, oct G 2.33 samples are biax. 

infus 

1.479 1.487 1.486 .001 ANALCIME CUB, 211 001 poor Cols, white H 5 Dec by acids. Commonly , (Zeolite grp) G 2.25 biax. Lam tw on 001 and L-1 

1.493 NaAl Si 2o6-H20 F 3.5 110. 

L-1 I 
1.489 1.486 • 003 OFFRETITE HEX pris 0001 Cols, white G 2.13 Dec by acids. El neg • 

1.495 (Zeolite grp) IF 3 
(K2,Ca) 5Al 10si 26o72 ·30H20 

1.462 

I 
1.489 

I 
1.486 I .003 I CHABAZITE TRIG rhombs lOTI di st !White, red r 4.5 'Dec by HCl with sepn of 

1\ (Zeolite grp) G 2.06 slimy silica. Anom biax. v 
1. 518 (Ca,Na}Al 2Si 4o12 ·6H20 F 3 

v I 
1.489 

I 
1.487 I .002 ILEVYNE TRIG 0221 dist White IH 4 IGel with acids. 

1. 510 (Zeolite grp) G 2.14 
CaAl 2Si 4o12 ·6H 20 1F 2-2.5 

1.490 I 1.471 I .019 I LOEWE ITE TRIG Conch White, IH 2.5-3 !Sol in H20. Opt anom. 
Na 12Mg 7(S04)13 ·15H20 yellow IG 2.40 

IF 1.5 

1.490 I 1.476 I .014 IWARDSMITHITE jHEX platy jlOTO perf j White H 2.5 IDiss by acids. 
r~ M~o n .~nu n 

1 0001 (?) ir, l.RR 
"'"'5'·,~u24v42 ..... voo2v ! I !.: .::::-: 

I good i jl t::.O"J:f 

I I 
00 1.464 I 1.491 I 1.470 I .021 I ETTR I NG ITE !HEX acic I --- ICols, white iH 2-2.5 IDiss by acids. Indices C.,."'"l 

1\ I I 1ca6Al 2(s04}3(0H} 12 ·26H20 I I IG 1.77 !increase on dehydration. 
F 3 

1.492 I 1.475 I .011 ICHARLESITE I HEX lOTO perf Cols H 2.5 
ca6(Al ,Si )2(S04}2B(OH,0} 16• G 1. 77 

26H 20 I i 
I I 

1.493 I 1.482 I .011 IWERMLANDITE IHEX 0001 perf Greenish- I H 1.5 I Di ss by HCl. In part bi ax, 
~ . . '·- + 3 '' ' '.-.. -. ' '.-."' i gray l G 1. 93 12V 3-5°. 
La 2Mg 14 ~re ,AIJ 4tLU 3JtUHJ 42 ·• 

I 14-15H20 

v I 
1.494 

I 
1.467 I .o-27 I THAUMASITE HEX fib --- White IH 3.5 Dec by acids with eff. 

1.507 Ca 3Si(OH} 6(C03}(S04}·12H20 columnar G 1.87 El neg. 
infus 

1.494 I 1.489 I .oo5 I GOBB INS ITE ITET I --- 1 White IG 2.19 El neg. 
(Zeolite grp) fib 
Na 4(Ca,K2}Al 6Si 10o32 ·12H20 

1.495 I 1.460 I .035 !ACETAMIDE I TRIG I Conch ICols to IH 1-1.5 IDiss by H2o. 
CH3CONH 2 grey G 1.17 

F easy 



Table 5. Uniaxial negative minerals (continued) 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Biref MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture w e: fusibility 

-
1.490 1.499 1.493 .006 VISHNEVITE HEX 10TO perf Cols H 5 Gel with acids. so3 4. 

r-1 (Cancrinite grp) G 2.40 v C02 2.2%. Some samples 1.515 Na 6ca 2Al 6Si 6024 F 2 
(so4,co3,cl 2)2_4 

are isotropic, some uni 
pos. 

7, 

ax 

1.502 1.449 .053 UNGEMACH ITE TRIG 0001 perf Cols, pale H 2.5 Diss by acids. El clv 
+3 K3Na8Fe (S04)6(0H) 2·10H20 yellow G 2.29 pos. 

1.504 1.49 .01 NYEREREITE ORTH --- Cols G 2.41-2.54 Diss by acids with eff. 
( Na ,K) 2ca(C03) 2 ps ·hex, tab fus Tw poly. 

1.505 1.486 .019 SACROFANITE HEX 0001, OT10 Cols H 5.5-6 ---
(Cancrinite grp) perf G 2.42 
(Na,Ca,K) 9(Si,Al) 12o24 
[(OH) 2,so4,co3,cl 2] 3·xH2o 

1.506 1.499 .007 MAZZITE HEX acic --- Cols G 2.11 ---
(Zeolite grp) 

~ K2CaMg2(Al ,Si) 36o72•28H20 

1.507 1.464 .043 MCALLISTER ITE TRIG 0001, 01T2 Cols H 2.5 Diss by acids. 
Mg2B12014(0H)12•9H20 good G 1.87 

1.494 1.507 1.468 .039 THAUMASITE HEX fib --- White H 3.5 Dec by acids with eff. 
1\ Ca 3Si(OH) 6(c03)(S04)•12H20 columnar G 1.87 El neg. 

infus 

1.507 1.502 .005 TARANAKITE TRIG --- White Soft Diss by acids. 
KA1 3(P04)3(0H)•9H20 u mass G 2.09-2.15 

F easy 

v 1.507 1.505 .002 GARRONITE ORTH ps tet 2 at 90° Cols G 2.15 ---
1. 515 (Zeolite grp) radiating 

Na 2ca 5Al 12si 20o64 ·27H20 

1. 510 1.486 .024 RETGERSITE TET tab 001 perf Emerald- H 2.5 Sol in H2o. 
NiS04•6H20 green G 2.05 

v 1.510 1.486 .024 FLUOBORITE HEX fib 0001 indist White H 3.5 Diff diss by acids. Co mp 
1.530 Mg 3B03(F,OH) 3 G 2.96 near F end member. 

1.489 1.510 1.502 .008 LEVYNE TRIG 02"'2"1 dist White H 4 Gel with acids. 
1\ (Zeolite grp) G 2.14 

CaA1 2Si 4o12 ·6H20 F 2-2.5 



1.511 
I 

1.495 
I 

.016 I HYDROTALCITE I TRIG plates 0001 perf White. I H 2 IDiss by acids. El pos. 
1.52 I Mg6Al 2C03(0H) 16 ·4H20 1 uster G 2.06 Anom biax. 

pearly infus 

1.513 I 1.470 I .043 I ARCHERITE TET --- Cols Soft Sol in H2o. 
(K.NH4)H2Po4 G 2.23 

1.515 I 1.417 I .098 I STEPANOVITE TRIG --- Yellow-green H 3 An oxalate. Diss by H~O. 
+3 G 1.61 Pleoc. E cols. 0 yello-NaMgFe (C 204)3•9H 20 green. 

1.499 " 

" 1.515 1.496 .019 CANCRINITE HEX 10TO perf Cols H 5 Gel with acids. C02 1.518 pos (Cancrinite grp) G 2.42 7.0. so3 1.4. Cl 0.4%. 
v Na 6ca 2Al 6Si 6024 (C03)2 F 2 

1.528 

1.507 1.515 1.512 I .003 GARRONITE ORTH 2 at 90° Cols I G 2.15 
" (Zeolite grp) ps tet 

Na 2ca 5Al 12si 20o64 ·27H20 radiating 

v 11.516 I 1.470 l .046 I BEIDELLITE MCLu mass I 001 mic I White, IH 1.5 12V 0-16". El clv pos. 
1.533 (Smectite g rp) brown. G 2.6 Indices increase on stand-

( Na .ca) O. 33A 12 { Si .A 1 ) 40 lO yellow infus ing in certain oils. 

{OH) 2·xH20 

11.517 
i i i I TRIG I ---. I- . I G 1.9 '-. I -1.501 i -.016 i MEl XNER ITE j UUUl perf j LOiS jUlSS by acids. 

I I ' 1Mg6Al 2(0H) 18 ·4H20 I 

I 
I I i nfus I 

00 

11.518 I 
j I I I -.::) 

1.489 1.515 ' .003 I CHABAZITE TRIG rhombs lOll di st White, red H 4.5 IDee by HCl with sepn of 
" 

j 
(Zeolite grp) G 2.18 slimy silica. Anom biax. 
(Ca,Na)Al 2si 4012 ·6H 20 F 3 

1.519 I 1.503 I .016 I TEEPLE ITE TET tab Uneven Cols H 3-3.5 Iniss by H2o. I 

Na 2B{OH) 4Cl G 2.08 
F 1 

I 1.51 IMOUNTKEITHITE_ j HEX I 0001 perf jP~~e pink to~~ so!! I o· ·d Pleoc pale 1.52 : .01 1 ~s~ ~Y ac! s. 
(Mg,Ni) 11 (Fe+3 ,Cr,Al) 3(0H) 24 I 1wn1te 1u 2.1z IPlnK to co1s. 

(S04,co3)3•5·11H20 

1.520 I 1.512 I .008 I TACHYHYnR ITE I TRIG I lOTI perf I Wax- to H 2 !Easily sol in H2o. De 1 i q. 
CaMg 2Cl 6·12H20 honey- G 1.67 

yell ow F 1 

1.521 I 1.517 I .004 I CARLETONITE I TET I 001 perf I Pi n k to b 1 ue H 4-4.5 !Blue var pleoc, 0 pale 
KNa 4ca 4si 8o18(co3)4(F,OH)· 110 good G 2.45 blue, E pale pinkish-brown. 
H20 

1.524 I 1.510 I .014 I MANASSE ITE I HEX 10001 perf I White I H 2 Iniss by acids. El clv pos. 
Mg6Al 2C0 3(0H) 16 ·4H20 foliated G 2.05 

i nfus 



Table 5. Uniaxial negative minerals (continued} 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Biref MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture w e: fusibility 

1.520 .005- HEX --- Cols G 2.46 calc ---
(mean .!!) .006 

1.525 1.459 .066 ORTH (?} One perf White H 2.5 Poly tw. In part biax. 
ps hex 001 ( ?} = Nyerereite (?}, w = 

1.504. 

1.525 1.480 .045 I TET --- White to G 2.04 Diss in H20. 
dark brown volat 

v 1.526 1.495 .031 TRIG tab --- Yellow- G 1.95 Diss by acids. Pleoc, 0 
1. 537 green lemon-yellow, E pale 

yell ow to col s. 

1.515 1.528 1.503 .025 I HEX 10TO perf Cols H 5 Gel with acids. El clv 
A G 2.48 neg. C02 6.2, S03 0.2, Cl 

F 2 o.a. 

~ 1.510 1.530 1.507 .023 I HEX fib 0001 indist White H 3.5 Diff diss by acids. 
A I G 2.95 F 20.9, H20 3.2%. v 

1.547 

1. 528 1.530 1.528 .002 I HEX --- Cols H 5 so3 8.7, Cl 2.6, co2 2.1%. 
A flat prisms G 2.56 L......J 

v 1.531 1.527 .004 I HEX 10TO dist Cols H 6 Gel with acids. Luster 
1.539 0001 imperf G 2.58 greasy. 

F 3.5 

v 1.532 1.522 .010 I TET 100 perf Cols H 6 Insol in acids. Na 2o 7.1, 
1.546 110 less so G 2.55 CaO 6.3, K20 4.3, Cl 1.0, F 3 ~ 

C02 2.0%. 

1.530 1.532 1.527 .005 HEX pris 10TO dist Cols H 6 Gel with acids. ,......., 
G 2.60 L......J 

1.536 F 3.5 

v 1.532 1.529 .003 I HEX 0001 indist Cols, pale H 5-5.5 Insol in acids. Basal 
1.553 green, pink G 2.57 section shows 6 biax 

F 3 segments. 

1.533 1.498 .035 HEX plates 0001 good Cols G 2.45 Diss by acids with eff. 
2" .. \""3 1 2 F 2 El pos. 



1.516 

I 
1.533 

I 
1.502 I .031 IBE IOELLI TE IMCL u mass 1001 perf !White, IH 1.5 12V small. El clv pos. 

A (Smectite grp) brown, G 2.6 Fe2o3 8.7"/o. v 
1.549 Na 0•33 (Al ,Fe+3)2(Al,Si) 4o10 

yellow infus 

(OH) 2·xH20 

1.534 I --- I --- lsTRAETLI NGITE TRIG 001 perf Cols to I G 1.9 
Ca 2Al 2Si07•8H20 1 i ght green 

1.534 I 1.514 I .o2o lziNCALUMINITE HEX or ps --- White H 2.5-3 IDiss by acids. In part 
zn6Al 6(S04)2(0H) 26 ·5H20 hex, plates G 2.26 biax with small 2V. 

i nfus 

v I 
1.535 1.531 .004 KALSIL ITE HEX --- Cols G 2.65 !Gel with acids. 

1.554 (K,Na)(Al ,Fe)Si04 F 3.5 

v I 
1.537 0.490 .047 SCHROECKINGER ITE TCL ps hex I 001 I Greenish- IH 2.5 IDiss by H2o. 2V 0-18°. 

1.545 NaCa 3(u02)(C03)3(so4)F· yellow G 2.54 Fluor yellow-green in UV. 
10H20 

1.526 
I 

1.537 
I 

1.498 1 .039 IsLA VI KITE TRIG tab --- Yell ow-green G 1.45 Diss by acids. Pl eoc, 
A NaMg2Fe5(s04)7(0H) 6·33H20 0 lemon-yellow, E pale 

yellow to cols. 

1.538 I 1.535 I .oo3 IINDIALITE HEX --- Cols to blue H 6-7 Insol in acids. Dimorph 
IMn Ill c::; (\ I i i iG ?.6 iwith Cordierite. 1'''::12'" 4'"'' 5vl8 I I I j i nf~s 

00 

I 

! 
I . I 

~ 1.531 1.539 1.536 .003 NEPHELINE HEX 10TO dist Col s H 6 Gel with acids. Luster 
A ( Na , K) A 1 S i 0 4 0001 imperf G 2.60 greasy. K20 5.7, CaO v 

1.546 F 3.5 1.45"/o. 

v I 1.540 1. 510 .030 BRUGNATELL ITE HEX 0001 mic White, H 2 Diss by acids. El pos. 
1.562 Mg 6FeC03(0H) 13 ·4H20 tab 0001 brownish G 2.14 Pleoc, 0 yellow-red, E 

infus col s. 

1.540 

' 
1.512 I .o2s IMELLITE ITET I 011 indist !Honey- H 2-2.5 IDiss by HNO~, dec by hot 

(aluminum mellitate) yellow, G 1.64 H2o. In pa t biax with 
Al 2[c6(C00) 6]·16H20 white small 2V. Pleoc wk, E 

cols, 0 pale yellow. 

1.540 I 1.535 I .oo5 ITETRAKALS IL ITE HEX --- Cols G 2.59 Gel with acids. 
( K , Na ) A 1 S i 0 4 F 3.5 

v I 
1.540 

I 
1.517 1 .023 IVERMICULITE IMCL ps hex 1001 mic I Green, IH 1.5 IDee by acids. Exfoliates 

1.560 (Mg,Fe,Al )3(Al,Si )4o10(0H) 2• white G 2.3 when heated. El clv pos. 
4H20 

1.542 I 1.533 I .oo9 I IOWAITE I HEX 10001 perf I Bluish- IH 1.5 jDiss by acids. Anom biax. 
+3 green G 2.11 El cl v pos. Mg 4Fe (OH)80C1•2-4H20 

1.537 I 1.545 
I 

1.496 1 .049 iscHROECKINGERITE ITCL ps hex 1001 'Greenish- IH 2.5 IDiss by H2o. 2V 0-18°. 
A yellow G 2.55 NaCa 3(U02)(C03)3(s04)F·10H20 Fluor yellow-green in UV. 



c.o 
0 

Table 5. Uniaxial negative minerals (continued) 

Refractive index Other Biref MINERAL NAME 
entries and formula 

w E 

1.542 1. 545 1.518 .027 STICHTITE 
,..-, Mg 6cr2co3{0H) 16 ·4H20 L-..1 

1.553 

1.532 1.546 1.542 .004 MARIALITE 
A {Scapolite grp) v 

1. 561 3NaA1Si 3o8·NaCl 

1.539 1.546 1.542 .004 NEPHELINE 
A {Na ,K)Al Si 04 

1.530 1.547 1.522 .025 FLUOBORHE 
A Mg 3B03{F,OH) 3 v 

1.570 

1.545 1.547 1.536 .011 GYROLITE 
,..-, 

Ca 2Si 307{0H) 2·H20 L-..1 

1.549 

1.533 1.549 1.517 .032 BEIDELLITE 
A 

I (Smectite grp) v 
1.585 I Na 0•33{Al ,Fe) 2{Al ,Si) 4010 I (OH) 2·xH20 

I 
i 1.549 1.522 .027 TRUSCOTTITE 
I 

{Ca,Mn) 14si 24o58 (0H) 8·2H20 
l 

1.550 1.495 .055 ANTARCTICITE 

I 

CaC1 2·6H20 

v 1.550 1.522 .028 TAENIOLITE 
1.570 {Mica grp) 

Kli Mg 2Si 4o10F 2 
1. 532 1.553 1.549 .004 MILARITE 

A (Osumil ite grp) 
K2ca 2Al 2Be4Si 24o60 ·H20 

1.535 1.554 1.550 .004 KALSIL ITE 
A (K,Na)(Al ,Fe)Si04 

1.556 1.540 .016 JOURAVSKITE 
+4 Ca 3Mn (S04,co3)2(0H) 6• 

--·. -12H20 

SYSTEM 
and 

habit 

TRIG 
plates 0001 

TET 

HEX 

HEX fib 

HEX fib 

MCL u mass 

HEX 

TRIG 

MCL ps hex 

HEX 

HEX 

HEX 

CLEAVAGE Hardness, 
or Color specific Remarks 

fracture gravity, and 
fusibility 

0001 perf Lilac H 1. 5-2 Diss by acids. Anom biax. 
G 2.16 El pos. Pleoc wk, abs 0 > 
infus E. 

100 perf Cols H 6 Insol in acids. Na 2o 10. 5, 
110 1 ess so G 2.62 CaO 4.8, K20 1.2, Cl 3.0, F 3 

C 0 2 1. 1% (Me 19 ) • 

10TO dist Cols H 6 Gel with acids. Luster 
0001 imperf G 2.65 greasy. K20 8.7, CaO 

F 3.5 3.7%. 
I 

0001 indist White H 3.5 Diff diss by acids. F 
G 2.92 17.6%. 

0001 mic White H 3-4 Dec by acids. El cl v pos. 
G 2.39 
F diff 

001 mic Brown, H 1.5 2V small. El clv pos. 
yell ow G 2.6 

infus 

One mic White G 2.47 Dec by HCl. Commonly 
b i ax, 2V sma 11 • 

0001 and Cols G 1. 7 Readily sol in H20. 
pris, perf 

001 perf Cols, IH 3 Nearly insol in acids. 
yellowish G 2.82 Biax, 2V small. El cl v 

F 3 pos. 

0001 indist Cols, pale H 5.5-6 lnsol in acids. Basal 
green, pink G 2.57 section may show 6 biax 

F 3 segments. 

--- Cols G 2.66 Gel with acids. 
F 3.5 

Pris, good Greenish- H 2.5 In section bright yellow, 
yellow, G 1.95 pleoc wk. Abnormal i nterf 
orange colors. 



1.557 I 1.529 I .028 I BARBERTON ITE HEX u mass 0001 perf Li 1 ac, H 1.5-2 IDiss by acids. 
Mg6Cr2co3(0H) 16 ·4H20 rose-pink G 2.10 

i nfus 

v I 1.559 I --- I wk to IMERRIHUE ITE HEX --- --- G 2.87 calc I Opt char unk. FeO 10.5%. 
1.592 med (Osumilite grp) 

(K,Na) 2(Fe+2,Mg) 5Si 12o30 

1.559 I 1.557 I .002 I HOL TEDAHL ITE HEX --- Cols H 4.5-5 
Mg 2P04(0H) G 2.94 

1.560 I 1.507 I • 053 I CHLORALUMINITE TRIG --- Cols to --- Sol in H20 • De 1 i q. 
AlC1 3•6H2? yellowish 

v 

I 
1.560 I 1.540 

I 
.020 I SAPONITE MCL ps hex 001 perf White, H 1-2 U biax, 2V small. El cl v 

1.593 (Smectite grp) green G 2.26 pos. A1 203 7.2, Fe 2o3 {Na,Ca) 0•33{Mg,Fe) 3{Si ,Al) 4 F diff 1.0%. 

010( OH) 2 • 4H2o 

1.540 

I 
1.560 

I 
1.540 

I 
.020 I VERMICULITE MCL ps hex 001 mic Green H 1.5 Dec by HCl. Exfoliates 

1\ (Mg,Fe,Al )3(Al ,Si )4o10{0H) 2• G 2.3 when heated. El clv pos. v 
1.583 4H20 Fe 2o3 4.2, FeO 1.8%. 

v I 1. 560 
I 

1.545 
I 

.015 I~YR~AU~!T~~ .. , ... " TRIG 0001 mic White, H 2.5 Diss by acids. El pos. 
L572 I gc~e~~U~tUHJ 1 k•qn?u 1tab 0001 I 1yellowish r, ?.12 Pleoc. 0 yellow-red, E 

U L ~ ~v ~ I_;--~-~:- lr~l~ n;mArnh wi+h fib I I 1111 u::. 1 ':'u 1 ,:)• v~:lllvi P" "1 ...,_, 

1:.0 ! I I ISjogrenite. 
Jooo-l 

1.546 1. 561 1.546 .015 SCAPOLITE TET 100 perf Cols, brown H 6 Insol in acids. Na 2o 8.6, 
1\ (Scapol ite grp) 110 1 ess so G 2.63 v CaO 8.3, K20 1.1, Cl 2.2, 1.574 3NaA1Si 308·NaCl - F 3 

3CaA1 2Si 208·CaC03 
C02 1.7, so3 0.4% {Me 33 ). 

v I 1. 561 I 1.549 
I 

.012 I LOVOZER ITE TRIG Uneven to Dark brown H 5 Insol in acids. Tw. 
1.578 I I 

1
Na 3zrSi 6(0,0H) 18 I conch to black G 2.64 I I I I If 2 I 

1.540 I 1.562 I 1.543 I .019 I BRUGNATELL ITE I HEX I 0001 mic I Brown I H 2 Diss by acids. Cr 2o3 1\ Mg 6{Fe,Cr)C03{0H) 13 ·4H20 tab 0001 G 2.1 4.9-6.2%. 
infus 

v l 1.564 I 1.535 I .029 I PHLOGOP ITE MCL ps hex, 001 perf Yell ow, H 2-2.5 In sol in acids. 2V 0-10°. 
1.584 (Mica grp) platy brown G 2.75 El pos. 

K{Mg,Fe) 3A1Si 3o10{F,OH) 2 F diff 

1.565 I 1.535 I .030 I ZAKHAROV ITE TRIG 0001 perf Yellow H 2 !strongly electromagnetic. 
Na 4{Mn,Fe) 5si 10o24 {0H) 6·5H20 conch G 2.61 

1.565 I 1.560 I .005 I ZEOPHYLL ITE TCL ps trig 001 perf Cols, white H 3 IGel with acids. Biax, 2V 
Ca 4Si 308(0H,F) 4·2H20 G 2.76 0-27°. El clv pos. 

F 2 



Table 5. Uniaxial negative minerals (continued) 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Bi re.f MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture w e: fusibility 

1.567 1.566 .001 BRANNOCKITE HEX --- --- G 2.98 Fluor bluish white in UV. 
(Osumilite grp) K20 3.7-4.5, Li 20 3.75, 
Kli 3sn 2Si 12o30 sno2 28.2%. 

1.568 1.563 .005 REYERITE trig 0001 perf Col s G 2.55 Dec by HCl. El clv pos. 
(Na,K) 4ca 14 (Si,Al) 24o60 radiating 
(OH) 5·SH 20 

v 1.568 1.564 .004 BERYL HEX pris 0001 imperf Green, H 8 Insol in acids. Pleoc 
1.576 Be3Al 2Si 6o18 blue, cols G 2.66 variable. El neg. Data 

infus for nearly alkali-free 
mineral. 

1.569 1.547 • 022 DESAUTELS ITE TRIG tab 0001 perf Orange G 2.13 Diss by acids • 
+3 Mg6Mn 2(C03)(0H) 16·4H20 

~ 

1.569 1.549 .020 KALI STRONTITE TRIG 0001 perf Col s H 2 Dec by dil acids. 
K2Sr(S04)2 G 3.20 

1.57(?) --- wk LAWRENCITE HEX tab 0001 imperf Green, brown G 3.16 A meteorite mineral. Diss 
(Fe,Ni)Cl 2 in Ht· Alters readily. 

El p s. 

1.547 1.570 1.534 .036 FLUOBORITE HEX fib 0001 indist White H 3.5 Diff diss by acids. F 
1\ Mg3B03(F,OH) 2 G 2.8 14.8%. 

1.550 1.570 1.540 .030 TAENIOLITE MCL ps hex 001 perf Brown H 3 Nearly insol in acids. 
1\ (Mica grp) G 2.82 Bi ax, 2V - 5°. El clv pos. 

Kli Mg 2Si 4o10F 2 F 3 Ti02 2.0, FeO 1.9%. 

1.570 1.564 .006 CESANITE HEX --- Cols H 2-3 ---
Ca 2Na 3(SO 4) 3(0H) G 2.79 

1.560 1.572 1.549 .023 PYROAURITE TR'IG 0001 mic White, H 2.5 Diss by acids. El pos. 
1\ Mg6Fe2co3(0H) 16 ·4H20 tab 0001 yell ow G 2.12 Pleoc, 0 yellow-red, E 

infus cols. Dimorph with 
Sjogrenite. 

1.573 1.572 .001 STEACYITE TET --- Dark brown H 5 ---
Th(Ca,Na) 2K1_xSi 8o20 G (3.02) 
(x = 0.2-0.4) 

1.573 1.550 .023 SJ~GRENITE HEX plates 0001 perf Yellowish H 2.5 Diss by acids. El pos. 
Mg6Fe2co3(0H) 16·4H20 G 2.11 Dimorph with Pyroaurite. 

infus 



v I 
1.573 1.572 .001 EKANITE TET --- ICols, green, IG 3.3 

1.609 (Th,U)(Ca,Fe,Pb) 2s; 8o20 brown 

1.574 1.547 .027 PORTLAND ITE HEX 0001 perf Cols H 2 IDiss by acids. El clv 
Ca(OH) 2 G 2.23 pos. Luster pearly. 

infus 

1.561 1.574 1.549 .025 SCAPOLITE TET 100 perf Cols, brown H 5-6 Insol in acids. Na 2o 
A (Scapolite grp) 110 less so G 2.68 v 5.4, CaO 12.5, K20 1.0, 1.587 3NaA1Si 308·NaCl - F 4 

3CaA1 2Si 208·CaC03 
C02 2.9, Cl 1.4%. 

1.574 I 1.552 I .022 !unnamed P analogue of I TET I 001 perf I Yell ow to I H 3 IDiss by acids. El clv 
Troegerite greenish G 3.76 pos. 
(Autunite grp) 
(U02)3(P04)2·8H20 

1.571 I 
1.574 I 1.559 I .015 I SALEEITE MCL ps tet 001 perf Yell ow H 2-3 Diss by acids. El pos. I 

(Autunite grp) tab G 3.27 Pleoc, 0 pale yellow, E 
Mg(U02)2(P04)2·10H20 cols. Fluor yellow in UV. 

Biax in part. 

1.575 I 1.57 I .005 I CALC IOFERR ITE MCL 0001 perf Yellow-green H 2.5 Diss by HCl. El clv pos. 
Ca 2Fe 2(P04)3(0H)·7H20 scales, G 2.53 

nodules F easy 

I 'AUTUNITE I TET tab I 001 perf IYellowto IH2-~.5 I 
v I 1.575 

I 1.572 • 003 !Di~~ by_ac~.~s ... F~~or ~ .. (,0 1.586 I I I (Autunite grp) 100 indist yellow-green G 3.Z yellow 1n uv. u o1ax, £v Co¢ 

Ca(U02)2(P04)2·10-12H20 F 3 0-30°. El pos. 

1.576 I 1.546 I .030 I PARSETTENSITE MCL ps hex 001 Copper-red G 2.59-2.68 Dec by hot HCl • Pl eoc, 0 
(K,Na,Ca)(Mn,Al} 7Si 8020 fus greenish-yellow, E cols. 
(OH) 8·2H20 (?) 

1.568 
I 

1.576 
I 

1.573 .003 I BERYL I HEX pris 0001 I Pale green I H 8 I Insol in acids. El neg. 
1\ Be 3Al 2Si 6o18 imperf G 2. 71 Pleoc variable. Fe 2o3 v 

1.584 

I LOVOZER !TE 

infus 10.7, total alkalies 0.7%. 

1.561 1.578 1.538 .040 TRIG Uneven to Dark brown H 5 lnsol in acids. Tw. 
" Na 3ZrSi 6(0,0H) 18 conch to black G 2.63 

F 2 

1.578 I 1.548 I .030 I NOVACEKITE TET tab 001 perf Yell ow H 2-2.5 Diss by acids. Fluor 
(Autunite grp) 100 dist G 3.23 yell ow in UV. Commonly 
Mg(U02)2(As04)2·12H20 biax, 2V 0-40°. 

1.578 I 1.559 I .019 I SODIUM AUTUNITE TET plates 001 perf Lemon-yellow H 2-2.5 Diss by acids. El clv pos. 
(Autunite grp) 100 less so G 3.58 Pleoc, 0 light yellow, E 
Na 2(U02)2(P04)2•8H20 pale yellow. Fluor yellow-

green in UV. 

1.578 I 1.577 I .001 I ARCTITE TRIG 001 perf Cols H 5 Oiss by acids. 
Na 2ca4 (P04) 3F G 3.13 



Table 5. Uniaxial negative minerals (continued} 
-

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Bi ref MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture w e: fusibility 

-
1.579 1.577 .002 CLINOCHLORE, var Penninite MCL 001 perf Green, H 2 Dec by H2so4• Biax, 2V 

(Chlorite grp) ps trig, brown, cols G 2.7 small. El clv pos. Pleoc, (Mg,Fe) 5Al(Si ,Al} 4o10(0H) 8 plates F diff 0 green, E nearly cols. 
Abnormal blue interf 
colors. 

--- 1.577 very NAMUWITE HEX 001 perf Pale sea- G 2.77 Opt sign unk. 
low (Zn,Cu) 4(s04)(0H) 6·4H20 green 

1.580 1.575 .005 DARAPIOSITE HEX --- --- H 5 Na 20 3.0, K20 5.1, Zr02 (Osumilite grp) G 2.92 5.0, MnO 8.2, ZnO 7.8%. KNa 2Li(Mn,Zn} 2ZrSi 12o30 
1.580 1.485 .095 BERBORITE TRIG 0001 perf Cols H 3 Insol in acids. El cl v 

Be2(B03)(0H,F}•H20 G 2.20 pos. 
infus 

1.580 1.550 .030 ZI NNWALD ITE MCL ps trig 001 perf Brown H 2.5-4 Insol in acids. 2V 0-30°. 
;f (Mica grp) G 3.01 

KLiFe+ 2AlSi 3Al010 (F,OH} 2 
F 2.5 

1.581 --- --- META-ANKOLE ITE TET 001 perf Yellow G 3.54 Diss by acids. El pos. 
(Meta-autunite grp) thin plates 100 dist Fluor yellow-green in UV. 
(K2,Ba,Ca}(U02)2(P04)2•6H20 

1.582 1.564 .018 SABUGALITE TET plates 001 perf Yellow H 2.5 Diss by acids. El clv pos. 
(Autunite grp) G 3.20 Fluor bright yellow in UV. 
HAl(U02)4(P04)4•16H20 Commonly biax, 2V 0°-med. 

1.576 1.583 1.554 • 029 STILPNOMELANE MCL and TCL 001 mic Brown H 3.5 Dec by acids • El clv pos. 
,.-, ( +2 +3 . ps hex G 2.74 Pleoc, E pale yellow, 0 

1.603 K Fe ,Mg,Fe ,Al) 10s, 12o30 F 3.5 green. FeO 26.7, Fe2o3 (O,OH} 12 2.1%. 

1.560 1.583 1.564 .019 VERMICULITE MCL ps hex 001 mic Green H 1.5 Dec by HCl. Exfoliates 
1\ (Mg,Fe} 3(Al ,Si) 4o10(0H) 2• G 2.67 when heated. El clv pos. v 

1.607 41'120 Fe2o3 6.2, FeO 2.6, MgO 
27.3%. 

v 1.584 1.545 .039 TALC TCL ps hex 001 perf White to H 1 Tric analogue of monoclinic 
1.599 Mg 3Si 4o10(0H,F) 2 green G 2.7 Talc. 2V 0-10°. Pearly 

infus luster, greasy feel. El 
clv pos~ 

1.564 1.584 1.555 .029 PHLOGOPITE MCL ps hex, 001 perf Brown H 2-2.5 Insol in acids. 2V 
1\ (Biotite ser, Mica grp) plates G 2.86 0-30°. El pos. FeO 4.2, v 

1.598 K(Mg,Fe} 3Si 3Al010(F,OH) 2 F diff Fe2o3 3.7%. 



1.576 1.584 1.577 .007 BERYL HEX pri s 0001 imperf Azure-blue, H 8 ~nsol in acids. El neg. 
1\ Be 3Al 2Si 6o18 green G 2.72 leoc variable. Data for v 

1.595 i nfus ineral with 1-2% alkalies. 

1.549 1.585 1.559 .026 BEIDELLITE MCL u mass 001 mic Brown H 1.5 iax, 2V 0-30°. El clv 
1\ {Smectite grp) G 2.7 os. 

Na 0•33{Al ,Fe) 2{Al,Si) 4o10 infus 
{OH) 2·xH20 

v I 1.586 I 1.559 
I 

.027 'GLAUCONITE, var Skolite MCL ps hex 001 perf Co 1 s, b 1 ue, H 2 Dec by acids. 2V small. 
1.600 {Mica grp) green G 2.6 El clv pos. Fe 2o3 6.4, 

{K,Na){Al ,Fe,Mg) 2{Si ,Al )4o10 fus Al 2o3 18.2, FeO 2.6%. {OH) 2 

1.586 I 1.560 I .026 I URANOSPINITE TET 001 perf Yellow H 2-3 Diss by acids. Commonly 
{Autunite grp) G 3.45 biax. El clv pos. Pleoc, 
Ca{U0 2)2{As04)2·10H20 fus 0 pale yellow, E cols. 

Fluor bright yellow in UV. 

1.575 I 1.586 I 1.578 I .008 I AUTUNITE TET tab 001 perf Yellow to H 2-2.5 Diss by acids. Commonly 
1\ {Autunite grp) yellow-green G 3.2 biax, 2V 0-30°. El cl v 

Ca{U0 2)2{P04)2·10H2o F 3 pos. Fluor yellow in UV. 

1. 587 I 1.336 I • 251 I NITRATITE TRIG 10T1 perf White H 1. 5-2 Sol in H2o. Taste cooling. 
1 (Soda niter) G 2.27 Deflagrates when heated. ,1\l ... f\1() != 1 i llOilV~ I 

1100 perf ICol s to 

I I 
~ I I I I v ~~~~ 

IH 5-6 
lr~~~1 ~" a,.;,.j,.. r,n 11:: Q Ol 1.574 I 1.587 

I 
1.555 I .032 IMEIONITE I' <I 

I ~N~;o·2:4. K~o·2.4:·so;~·u· 1\ I (Scapolite grp) 110 less so brown G 2.70 v 
I 1.607 13CaA1 2Si 208·CaC03 - F 4-5 0.9, C02 2.9% (Me 70 ). 

3NaAl Si 308 • NaCl 
I 

1.587 1.570 .017 I SHAFRANOVSKITE !TRIG j 0001 perf !Dark green IH 2-3 !Magnetic. 
j{Na,K) 6(Mn,Fe) 3Si 9024 ·6H20 G 2. 77 
I 

!TRIG plates 10001 1.588 I 1.560 1 .028 iCOALINGITE IReddi sh- IG 2.33 IDiss by acids. Pleoc, 0 v I I 
1.606 ! I )Mg 10Fe 2co 3(0H) 24 ·2H20 brown i nfus golden-brown, E cols. I 

Anom biax, 2V 5-20°. El 
clv pos. 

v I 
1.589 1.583 ! .006 I KAEMMERER ITE MCL ps hex 001 perf Rose, 1 i1 ac H 2.5 In sol in HCl. El clv pos. 

1.619 I r(Chlorite grp) G 2. 72 FeO 2.0, Cr 2o3 7.9%. 2V 
(Mg,Al ,Cr) 6(Si 3Al )010 (0H) 8 F diff 0-8°. 

1.590 1.543 .047 IMONOHYDROCALCITE HEX --- White Infus Diss by acids with eff. 
1.594 I CaC03·H 2o 

1.59 1.56 .03 I"CONNARITE" IMCL I 001 perf lYe 11 ow-green H 2.5-3 Pleoc wk. El clv pos 
(Mg,Ni) 3Si 205(0H) 4 (?) ps hex (?) G 2.5 (interlayered vermiculite-

infus chlorite). 

1.590 I 1.585 ! .005 IIRAQUITE ITET 12 good 'Pale green- H 4.5 In part biax, 2V up to 
(K,Ce,La,Th){Ca,La,Na) 2Si 8020 fr uneven ish yellow G 3.27 7o. Compare Ekanite. 



Table 5. Uniaxial negative minerals (continued) 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Bi ref MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture 

w e: fusibility 

1.588 1.591 1.573 .018 HEX scales 0001 perf Yellow- H 2.5 Dec by hot H2o, diss by ,....., 
+3 brown, G 2.53 L......J 

e 6(S04)12°2" acids. El clv pos. Pl eoc, 1.596 greenish- F 5 0 yellow, E pale yellow. brown 

1.559 1.592 --- wk to HEX --- --- --- Opt char unk. MgO 4.4, 
1\ med grp) FeO 29.7%. 

2,Mg)5Si12080 

1.592 1.582 .010 TET tab 001 perf Green H 2-2.5 Diss by acids. El clv pos. 
rp) 100 indist G 3.22 Pleoc, E pale green, 0 dark 
4)2·10-12H20 F 3 green to blue. Not fluor 

in UV. 

1.560 1.593 1.573 .020 MCL ps hex 001 perf White, green H 1-2 U biax, 2V small. 
1\ rp) G 2.39 Fe2o3 19.9, FeO 5.3, 

e,Fe+3)3(Si ,Al )4 
F 4 A1 203 5.7%. 

~ 20 

1.593 1.585 .008 ITE TRIG Conch Cols H 2-3 Diss by acids. 
o4)(As030H) 3 G 2.5-2.6 
5H20 

v 1.595 1.455 .140 E TRIG --- Cols G 2.60 Dec by acids with eff. 
1.605 

1.584 1.595 1.587 .008 HEX pri s 0001 imperf Pink H 8 Insol in acids. El neg. 
1\ K]Be 3Si 6o18 G 2.79 Na 2o 1.6, Li 20 1.7, v 

1.608 infus (Cs,Rb,K) 20 1.7%. 

1.595 1.589 .006 HEX pris Pris, poor White, gray H 6 In part biax, 2V 0-10°. 
1)20039(0H)2 G 3.19 Cancrinite grp? 

(?) 

1.597 1.570 .027 E TET tab 001 perf Yellow H 2-3 Diss by acids. El pos. 
ite grp) G 3.74 Pleoc, 0 yellow, E pale 
04)2·4H20 yellow. Fluor yellow-green 

in UV. In part biax. 

1.584 1.598 1.558 .040 MCL ps hex, 001 mic Dark brown H 2-2.5 2V 0-13°. El pos. FeO 
1\ plates to green G 2.95 13.85, Fe2o3 2.1, MnO 0.4%. v 

1.640 l,Fe)Si 3010(0H,F) 2 F 3-4 

1.598 1.598 <.001 TRIG pris --- Cols G 2.84 Gel with hot HCl. 
2'".2'"'' 3"9 



1.584 I 1.599 I 1.554 I .045 I TALC TCL ps hex 001 perf Green H 1 Insol in acids. 2V 0-28°. 
A (Mg,Fe) 3Si 4o10(0H) 2 G 2.87 El clv pos. Luster pearly. 

infus FeO 13.4, Fe 2o3 1.7%. 

1.586 

I 
1.600 

I 
1.585 

I 
.015 I GLAUCON !TE MCL ps hex 001 perf Green, blue, H 2 Dec by acids. 2V 0-10°. 

A (Mica grp) cols G 2.59 El clv pos. Fe 2o3 14.1, v 
1.618 ( K , Na )( A 1 , Fe , Mg ) 2 ( S i , A 1 ) 4 fus Al 2o3 8.9, FeO 1.6%. 010 (0H) 2 

v I 
1.600 I 1.598 I .002 I MET A-AUTUNITE TET tab 001 perf Yellow to H 2-2.5 Diss by acids. El clv pos. 

1.611 (Meta-autunite grp) greenish- G 3.5 Commonly biax, 2V small. 
Ca(U02)2(P04)2·6H20 yellow F 3 Fluor yellow-green in UV. 

1.601 I 1.480 I .121 I GR IMSELITE HEX prism Conch Yell ow H 2-2.5 So 1 in H 0. Pl eoc , 
K2Na(U02)(C03)3·H20 G 3.30 0 yellow~ E nearly cols. 

1.601 I 1.591 I .010 I DAVISONITE HEX fib, 0001 perf Cols, white H 4.5 Diss by acids. El clv pos. 
Ca 3Al(P04)2(0H) 3·H20 botryoidal G 2.85 

crusts 

1.598 l 1.602 I 1.594 I .008 I TAKOVITE TRIG --- Yellow-green G 2.80 Diss by acids. Compare 
Ni 6Al 2(0H) 16 (co3,0H)·4H20 to blue-green infus Hydrotalcite. 

1.583 

I 
1.603 

I 
1.555 

I 
.048 I STILPNOMELANE MCL and TCL 001 mic Brown H 3.5 Dec by acids. Pl eoc, E 

A +2 +3 . ps hex G 2.80 pale yellow, 0 deep olive-v 
~if~ .. , ,Mg,Fe )10s1 12°30 1.634 F 3.5 ~~r~w~ •• E~-p~s.r ~;o 21.6, I ~ v ,vn J 12 I I I 

I 
1Mnu !.q, re 2u~ o.~~. I I I I " 

~ 

I l l -:J v 1.603 1.598 .005 I CARBONATE-HYDROXYLAPATITE HEX u mass --- Cols, gray, H 5 Diss by HCl with slight 
1.622 (Apatite grp) brown G 2.9 eff. C02 3.4, so3 0.4, 

Ca5(P04,co3)3(0H,F) F diff H20 3. 9%. 

1.605 I 1.450 I .155 I EITELITE TRIG 0001 Cols --- IDee by HCl with eff. 
Na 2Mg ( C0 3)2 

1.595 I 1.605 I 1.453 I .152 I BUETSCHLI ITE TRIG --- Cols G 2.60 joec by HCl with eff. 
A I I K2Ca(C03)2 

I 

1.605 I 1.574 I .031 I HEINRICHITE TET 001 perf Yellow to H 2.5 Diss by acids. Pleoc, 0 
(Autunite grp) 100 dist green pale yellow, E cols. In 
Ba(U02)2(As04)2·10-12H20 part biax, 2V 0-20°. 

Fluor green to greenish-
ye 11 ow in UV. 

1.606 I 1.608 I .002 I SOGD IANITE HEX --- Violet H 7 Zr02 9.8, Ti02 2.9, FeO 
(Osumilite grp) G 2.90 1.2, Fe 2o3 4.6, Na 2o 2.8, 
(K,Na} 2Li 2(Li ,Fe+3,Al )2zr K20 4.8, Li 20 3.7%. Opt 
Si12°30 sign pos by indices. 

1.588 

I 
1.606 

I 
1.575 

I 
.031 I COALINGITE I TRIG platy I 0001 reddish- G 2.32 Diss by acids. El pos. 

A Mg 10Fe 2co3(0H} 24 ·2H20 brown infus Pleoc, 0 golden-brown, E v 
1.634 cols. Anom biax, 2V 5-20°. 



Table 5. Uniaxial negative minerals (continued} 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Bi ref MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture w £ fusibility 

v 1.606 1.602 .004 EUDIALYTE +2 2 TRIG 0001 dist Yellow, H 5-5.5 Gel with acids. Pleoc wk 
1.630 Na 4(Ca,Ce} 2(Fe ,Mn+ }ZrSi 8 1020 poor pink, brown G 2.85 in pink and yellow. An om 

o22 (0H,Cl} 2 
F 3 bi ax. Also uniax pos. 

1.583 1.607 1.560 .047 VERMICULITE MCL ps hex 001 perf Green, brown H 1.5 Dec by HCl. El clv pos. 
" ( Mg , Fe , A 1 } 3 ( S i , A 1 } 4 0 10 ( 0 H } 2 • G 2.77 Exfoliates when heated. v 

1.648 4H20 F 5 Fe2o3 4.5%. 

1.587 1.607 1. 571 .036 MEIONITE TET 100 perf Col s to H 5-6 Insol in acids (Me84}. 
" (Scapolite grp} 110 1 ess so brown G 2.7 

3CaA1 2Si 208·CaC03 - F 4-5 
3NaAl Si 308•NaCl 

,......., 1.607 1.602 .005 JAMBORITE HEX --- Green G 2.67 Slowly diss by cold HCl. 
1-.J 

(Ni+2,Ni+3,Co,Fe}(OH} 2 
fib, platy infus 

(OH,S,H20} (?} 

~ 
v 1.607 1.604 .003 WHITLOCKITE, carbonatian, TRIG u mass --- Cols H 5 Diss by acids. 

1.623 var Martinite G 3.12 
Ca 9(Mg,Fe}H(P04,co3}7 infus 

1.595 1.608 1.599 .009 BERYL HEX pris 0001 imperf Blue-green H 8 Insol in acids. El neg. 
" Csx[Al 2_x(Li ,Fe}x] G 2.92 FeO 2.2, Fe2o3 2.0. Total 

(Be3_/ex}Si 6o18 
infus alkalies 8.2%. 

1.608 1.606 .002 SOGDIANITE HEX 0001 perf Violet H 7 ---
(Osumilite grp} +3 G 2.90 
(K,Na} 2Li 2(Li ,Fe ,Al }2Zr 

Si12°30 

1.609 1.596 .013 HILAIRITE TRIG Conch Pa 1 e brown H > 4 Slightly attacked by HCl 
Na 2zrSi 309 • 3H 20 G 2.72 at room temp. 

1.573 1.609 1.604 .005 EKANITE TET --- Green, G 3.3 ---
" (Th,U}(Ca,Fe,Pb} 2s; 8o20 brown, cols 

1.610 1.605 .005 ZIRSINALITE TRIG Uneven to Cols H 5 Dec by warm HCl. 
Na 6(ca,Mn,Fe}ZrSi 6o18 conch G 2.90 

F 3 

1.610 1.607 .003 SUGILITE HEX 0001 poor Light H 6-6.5 ---
(Osumilite grp} brownish- G 2.74 
(K,Na}(Na,Fe} 2(Li,Fe}Si 12o30 yellow 



1.611 I 1.592 I .019 I MELIPHANITE TET pyram 001 perf Yellow H 5-6 I In sol in acids. Anom biax. 
(Ca,Na) 2Be(Si ,Al )2(0,F) 7 G 3.01 El clv pos. 

fus 

1.~00 I 1.611 I 1.594 I .017 I META-AUTUNITE TET tab 001 perf Yellow to H 2-2.5 Diss by acids. Fluor 
(Meta-autunite grp) greenish G 3.5 yellow-green in UV. Com-
Ca(U0 2)2(P04)2·6H20 F 3 monly biax neg, 2V small. 

1.612 I 1.585 I .021 lsoDIUM URANOSPINITE TET 001 perf Yellow, H 2.5 Diss by acids. Fluor 
(Meta-autunite grp) tab, fib 010, 100 yellow- G 3.85 yellow-green in UV. 
(Na 2,Ca)(U02)2(As04)2·5H20 dist green Anom biax. Pleoc, E col s, 

0 yellowish. 

1.610 1.613 1.585 .028 ZEUNER ITE TET tab 001 perf Green H 2-2.5 Diss by acids. El clv pos. , 
(Autunite grp) 010 dist G 3.4 Does not fluor in UV. L-.1 

1.616 Cu(U02)2(As04)2·10-16H20 fus 

1.614 I 1.595 I .019 I SEMENOVITE I ORTH I Uneven ICols IH 3.5-4 I Tw 110. 
(Ca,Ce,La,Na) 10_12 (Fe,Mn} ps tet G 3.14 

(Si ,Be) 20 (0,0H,F) 48 

1.609 1.614 1.608 .006 FLUOCER ITE HEX 0001 dist Wax-yellow H 4-5 In sol in HCl or HN03, di ss , (Ce,La)F3 to brown G 5.8-6.0 by H2so4• Anom biax. 
1.618 infus 

1.598 

I 
1. 617 

I 
1.575 I .042 IBIOTITE, var Manganophyllite MCL 001 perf Reddish- H 2.5-3 ,..,, n "'lno El clv pos. LV U-,)V • 

" (Mica grp) ps hex brown G 2.98 Pleoc, 0 dark brown, E v 
~ 1.640 K{Mg,Fe,Mn) 3(Al ,Fe)Si 3010 F 3-4 brown. Fe 2o3 5.8, FeO 1.2, 
~ 

(OH,F) 2 MnO 6.2%. 

1.617 I 1.595 I .022 I KARNASURTITE HEX ( ?} One good Ye 11 ow H 2 Anom biax. 
(La , Ce , Th )( T i , Nb )(A 1 , Fe) G 2.92 
(Si ,P) 2o7(0H) 4·3H20 (?) 

I 
1.618 I 1.552 I .066 I CHALCOPHYLLITE j TRIG tab 0001 perf I Deep H 2 Diss by acids or NH 40H. 

1.6'32 I Cu 18A1 2{As04)3(s04)3(0H) 27 • 

I 
I emerald- G 2.69 El clv pos. Pleoc, 0 blue-
green F 2-2.5 green, E nearly cols. 

33H20 Indices increase with loss 
of H2o. 

1.600 

I 
1.618 

I 
1.597 I .021 I GLAUCONITE MCL 001 perf Green H 2 Dec by acids. El clv pos. 

A (Mica grp) ps hex G 2.7 Pleoc, E yellow, 0 bluish-
v 

1.634 ( K, Na )(A l , Fe , Mg} 2 ( S i , A l ) 4 fus green. Fe 2o3 18.8, Al 2o3 o10(0H) 2 8.5, FeD 4.0, MgO 3.6%. 

v I 
1.618 I 1.606 I .012 I BURBANKITE I HEX u mass IPris, 0001 Yellow, H 4.5-5 Diss by acids with eff. 

1.632 (Na,Ca) 3(Sr,Ba,Ce) 3(C03)5 pink G 3.39-3.60 
infus 

1.589 I 1.619 I 1.605 I .o14 I CLINOCHLORE MCL ps hex 001 perf Olive- to H 2 Dec by acids. El clv pos. 
A (Chlorite grp) dark-green G 2.8 Pleoc, E pale green, 0 

(Mg,Fe) 5Al(Si 3Al)010(0H) 8 
F 5 green. 2V 0-5°. 

1.611 I 1.619 I 1.611 I .008 I CYMRITE MCL ps hex 001 perf Cols H 2-3 Slightly sol in acids. 
, BaA1 2Si 2(0,0H) 8·H20 pri s imperf G 3.45 El clv pos. 
L-.1 

1.622 



Table 5. Uniaxial negative minerals (continued) 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Biref MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture 

(I) e: fusibility 

1.619 1.618 .001 GILLESPITE TET platy 001 mic Rose-red H 3 Dec by HCl. El pos. Pleoc 
BaFeSi 4o10 G 3.33 str, 0 pale pink, E deep 

F easy rose-red. 

1.621 1.609 .012 KHANNESH ITE HEX Prism Pale yellow H soft Diss by HCl. 
(Na,Ca) 3(Ba,Sr,Ce,Ca) 3 indist G 3.8-3.9 
{C03)5 

v 1.622 1.606 .016 BAZZITE HEX --- Bright blue H 7 Insol in acids. Pleoc, E 
1.636 Be3(Sc,Al ,Fe) 2Si 6o18 barrel- G 2.78 azure-blue, 0 pale yellow 

shaped infus to cols. 

1.603 1.622 1.614 .008 CARBONATE-FLUORAPATITE HEX 0001 perf Gray to H 5 Diss by acids. El clv pos. 
1\ (Apatite g rp) pris, fib greenish G 3.05 Basal section may show v 

1.640 Ca 5(P04,co3)3(F,OH) F 3 biax segments. 

1.622 1.615 .007 HUNTITE TRIG u mass --- White H 2-2.5 Diss by HCl with eff. 
CaMg 3(C03) 4 G 2.70 

infus 
..... g 1.607 1.623 1.620 .003 WHITLOCKITE TRIG --- Cols H 5 Diss by acids. Meteorite 

1\ ( "Merri 11 ite") G 3.1 mineral. v 
1.630 (Ca,Na) 9(Mg,Fe)H(P04)7 infus 

1.623 1.619 .004 OLGITE HEX --- Bright b1u~, H 4.5 ---
Na(Sr,Ba)P04 greenish- G 3.94 

blue 
I 

1.624 1.591 .033 TISINALITE TRIG Uneven to Yellow to H 5 ---
(Lovozerite grp) conch 
Na 3H3(Mn,Ca,Fe)TiSi 6 

orange G 2.67 

(O,OH) 18·2H20 

1.624 1.627 1.582 .045 TROEGERITE TET 001 perf Lemon- H 2-3 Diss by acids. Fluor ......, 
(Autunite grp) tab 001 100 good yellow G 3.3 Fluor yellow in UV. I.--I 

1.630 (U02)3(As04)2•12H20 (?) F 2.5 

1.629 --- very KAMAISHILITE TET --- Cols --- Opt sign unk. 
low Ca 2Al 2Si06(0H) 2 ' 

v 1.629 1.624 .005 MELILITE TET 001 dist Cols H 5 Gel with acids. MgO 8.2, 
1.653 (Melilite grp) G 2.98 FeO 2.1, Fe2o3 1.2, Al 203 (Ca,Na) 2(Mg,Al )(Si ,Al )207 F 3 6.9, Na 2o 3.2%. 



1.63 I 1.59 I .04 I HYOROHONESS ITE I HEX I --- 'Bright I --- IDiss by acids. 
Ni 6Fe+3

2{S04)(0H) 16• yellow 

7H 20 

1.606 1.630 1.620 .010 EUOIALYTE 2 I TRIG I 0001 dist I Yellow, IH 5-5.5 'Gel with acids. Pleoc wk 
" Na 4(ca,Ce) 2(Fe+ ,Mn)ZrSi 8 10TO poor brown, pink G 3.03 in pink and yellow. Anom v 

1.652 o22{0H,C1) 2 
F 3 biax. 

1.623 1.630 1.627 .003 WHITLOCKITE TRIG u mass --- Cols H 5 IDiss by acids. 
" Ca 9(Mg,Fe)H(P04)7 G 3.12 

infus 

1.625 I 1.631 I 1.628 I .003 IMETATORBERNITE TET tab 001 perf Green H 2.5 Diss by acids. Pleoc, 0 
(Meta-autunite grp) 100 indist G 3.7-3.8 dark green, E pale green 
Cu(U02)2(P04)2·4-8H 20 F 3 to blue. Does not fluor 

in UV. 

1.618 11.632 I 1.575 1 .057 I CHALCOPH YLLITE TRIG tab 0001 perf Deep H 2 Diss by acids or NHgOH. El 
" Cu 18Al 2(As04)3(s04)3(0H) 27 • emerald- G 2.69 clv pos. Pleoc, 0 lue-

33H20 green F 2-2.5 green, E nearly cols. 

v I 1. 632 I 
1.602 I .o3o IBEMENTITE MCL fib 001 perf Brown H 4-6 Pleoc wk, 0 yellow, E 

1.650 Mn 8s; 6o15 (0H) 10 G 2.7-3.1 nearly cols. 

I 
IPris, 0001 

F 3 

""""' 1 1.632 
I 

1 .012 IH 4.5-5 Iniss by acids with eff. 0 1.618 I 1.620 I BURBANKITE HEX u mass Yellow. 
~ 

" G 3.39-3.60 (Na,Ca) 3(Sr,Ba,Ce) 3(C03)5 pink 
infus 

1.633 I 1.590 I .043 I CUPROR I VA ITE TET 001 perf Blue H 5 Insol in acids. El cl v 
CaCuSi 4010 G 3.08 pas. Pleoc, 0 blue, E pale 

rose. 

1.622 . 1.633 I 1.630 .003 I FLUORAPATITE HEX pri s 0001 imperf Cols, green, H 5 
1
oiss by acids. El neg. 

" (Apatite grp} I !brown ~~ ;·2 v 1Data for synth compd. 
1.638 Ca5(P04)l 
1.603 1.634 1.575 .059 STILPNOMELANE MCL and TCL 001 mic Brown H 3.5 Dec by acids. Pleoc, 0 

" +2 +3 . ps hex G 2.84 dark brown, E pale brown. v 
1.661 K(Fe ,Mg,Fe ,Al) 10s, 12o30 F 3.5 El clv pas. FeO 22.7, 

(O,OH) 2 Fe 2o3 12.2%. 

1.606 1 1.634 I 1.590 1 .o44 I COALINGITE I TRIG platy 10001 !Reddish- IG 2.32 !Diss by acids. Pleoc, 0 
" Mg 10Fe 2co3(0H) 24 ·2H2o brown infus deep golden brown, E cols. 

Anom biax. 

1.~18 11.634 

I 
1.610 I .024 I GLAUCONITE MCL ps hex 001 perf Green H 2 Dec by acids. El clv pos. 

(Mica grp) G 2.74 Pleoc, E yellow-green, 0 
1.643(?) +3 +2 fus blue-green. Fe 2o3 24.5, (K,Na)(Fe ,Al ,Mg,Fe )2 {Si ,Al )4o10(0H) 2 

Al 203 7.3, FeO 2.9%. 2V 

0-15°. 



Table 5. Uniaxial negative minerals (continued) 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Biref MINERAL NAME and or Color specific Remarks entries and formula habit fracture gravity, and 

w £ fusibility 

v 1.634 1.612 .022 DRAVITE TRIG pris 1120, lOll Brown H 7 Insol in acids. El neg. 
1.638 (Tourmaline grp) very poor G 3.03 Pleoc, abs 0 > E. MgO 8.4, 

NaMg3Al 6(B03)3Si 6o18{0H)4 infus FeO 0.2, Na2o 1.9%. 

v 1.635 1.618 .017 ELBAITE TRIG pris 1120, lOTI Red H 7 Insol in acids. El neg. 
1.637 (Tourmaline grp) very poor G 3.02 Pleoc, abs 0 > E. Fe2o3 Na{Al ,Li )3Al 6{B03)3Si 6o18 infus 0.3, Li 20 1.9, CaO 0.4, {OH) 4 Na 2o 2.4%. 

,--, 1.635 --- wk EYLETTERSITE TRIG --- White to G 3.38-3.44 Fluor wk greenisn-yellow 
L......J {Crandallite grp) cream in short-wave UV. 

{Tn,Pb,Ba)Al 3(P04,Si04)2 {OH)6 {?) 

1.622 1.636 1.618 .018 BAZZITE HEX --- Blue H 7 Insol in acids. Pleoc, E 
A Be3(sc,Fe) 2si 6o18 barrel- G 2.78 azure blue, 0 pale yellow 

shaped infus to cols. 

....... 
~ 

1.637 1.615 .022 MITSCHERLICHITE TET --- Green to H 2.5 Sol in H 0. Pleoc, E 
K2CuC1 4·2H20 tw on 001 t>lue G 2.40 sky-blue~ 0 grass-green. 

fus Anom biax. Data for synth 
compd. 

v 1.637 1.615 .022 CHAMOSITE MCL ps hex 001 mic Green H 2.5 Dec by acids. Pleoc, E 
1.649 {Chlorite grp) G 3.0 olive-green, 0 brownish-

+2 +3 . F diff yellow. FeO 22.8, Fe2o3 {Mg,Fe ,Fe )5Al{S1 3Al)010 9.1, Al 2o3 22.1%. {O,OH)8 
,--, 1.637 1.620 .017 METANOVACEKITE TET tab 001 perf Yellow H 2-2.5 Diss by acids. Fluor 
L......J {Meta-autunite grp) 100 dist G 3.66 yellow in UV. Commonly 

Mg{U02)2(As04)2·8H20 biax, 2V 0-20°. 

1.635 1.637 1.621 .016 LIDDICOATITE TRIG pris 1120, lOTI Brown, H 7.5 Insol in acids. Pleoc, 0 
A (Tourmaline grp) very poor pink, green G 3.02 dark brown, E light brown. v 

1.646 Ca{Li,Al) 3Al 6{B03)3Si 6018 i nfus El neg. CaO 4.2, Na2o 0.9, 
{O,OH,F)4 Li 20 2.5, F 1.7%. 

1.634 1.638 1.619 .019 UVITE TRIG pris 1120, lOTI Brown H 7 Insol in acids. El neg. 
A (Tourmaline grp) very poor G 3.08 Pleoc, abs 0 > E. MgO v 

1.653 {Ca,Na){Mg,Fe)3Al 5Mg{B03)3 F 5 15.4, FeO 0.5, CaO 5.5, 
Si 6o18{0H,F)4 Na2o 0.2%. 

1.633 1.638 1.634 .004 FLUORAPATITE HEX pris 0001 imperf Cols H 5 Diss by acids. El neg. 
A {Apatite grp) G 3.32 SrO 11.6%. v 

1.644 (Ca,Sr) 5(P04)l F 5 



1.617 11.640 I 
1.590 I .050 I s JDEROP H YL LITE MCL ps hex 001 mic Black, dark H 3 El clv pos. Pleoc, X 

1\ (Biotite ser, Mica grp) brown G 3.12 brown, Y and Z dark brown. v 
1.652 KFe 2Al(Al 2Si 2)o10(F,OH) 2 F 4 FeO 30.2, MnO 1.0%. 

1.622 I 1.640 I 
1.633 .007 CARBONATE-FLUORAPATITE HEX pris, 0001 good Gray to H 5 Diss by acids. El clv pos, 

1\ ("Dehrnite") (Apatite grp) fib greenish G 3.05 el crystal neg. v 
1.651 (Ca,Na,K) 5(P04,co3)3(F,OH) F 3 

1.641 I 1.609 .032 METAHE INRICHITE TET 001 perf Yellow to H 2.5 Diss by acids. Pleoc, 0 
(Meta-autunite grp) 100 dist green G 4.04 pale yellow, E cols. 
Ba(U02)2(As04)2·8H20 Fluor yellow-green in UV. 

1.642 I 1.608 I .034 I METAKAHLER ITE TET 001 perf Sulfur- --- Diss by acids. Does not 
(Meta-autunite grp) 100 good yellow fluor in UV. An om bi ax. 
Fe(U02)2(As04)2·8H20 

1.6r(?)l1.643 

I 
1.612 I .031 I CELADONITE MCL ps hex 001 perf Bright H 2 Dec by HCl. Pleoc, E 

(Mica grp) green G 2.8 yellow-green, 0 green. 
1.663 +3 +2 F 3 Fe 2o3 24.3, Al 2o3 1.0, FeO (K,Na)(Fe ,Al ,Fe ,Mg) 2 {Si ,Al )4010 (0H) 2 9.8, MgO 3.7%. 

1.643 I 1.623 I .020 I ZI,JSSMANITE TRIG tab 0001 perf Pale green G 3.15 El clv pos. Pleoc wk, 0 
K(Fe,Mg,Mn) 13 (Al,Si )18o42 pale green, E cols. 
(OH) 14 

1.644 1.542 .102 i EWALDITE I HEX I --- Blue-green, lH 3 ...... I 1Ba(Ca,Y,Na,K)(C03) 2 brick red G 3.42 
0 

I 001 perf 
~ 

1.644 1. 617 .027 METAKIRCHHEIMERITE ORTH Rose IH 2-2.5 jDiss by acids. El clv pos. 
(Meta-autinite grp) ps tet (?) G > 3.33 Not fluor in UV. 
CO(U0 2)2(As04)2·8H20 plates 

1.638 11.644 

I 

1.638 I .006 I FLUORAPATITE HEX pri s 0001 imperf Blue H 5 Diss in acids. El neg. 
1\ (Apatite grp) G 3. 26 Fluor orange in UV. MnO v 

1.651 I I (Ca,Mn) 5(P04)l F 5 4.7%. 

1.637 1 1. 646 I 1.625 1 .021 I ELBAITE TRIG pris li"lo, 10T1 Blue-green H 7 Insol in acids. El neg. 
1\ (Tourmaline grp) very poor G 3.09 Na 2o 2.5, Li 20 1.2, FeO 

Na(Al ,Li ,Fe) 3A1 6(B03)3Si 6o18 i nfus 4.9, MnO 0.7%. (OH) 4 

1.646 I 1.635 I .Oll I ZAPATALITE TET 001 good Pale blue H 1.5 Pleoc, wk in green, abs 
Cu 3A1 4(P0 4)3(0H) 9·4H20 G 3.02 E > 0. Diss by acids. 

1.646 I 1.639 I .001 I KELL YITE TRIG and 0001 perf Yellow G 3.07 Anom biax. Pleoc wk, 
(Kaolinite-Serpentine grp) HEX E cols, 0 pale yellow. 
(Mn,Al ,Mg) 3(Si ,Al )205(0H) 4 granular 

1.647 I 1.637 I .010 I AM I NOFF ITE TET pyram 001 poor Cols H 5.5 IAnom biax, 2V 0-15°. 
Ca 2(Be,Al)(Si ,A1) 207(0H)·H20 fr conch G 2.94 

1.607 1 1.648 I 1.622 1 .o26 I VERM I~ULITE . MCL ps hex 001 perf Brownish- H 1.5 Dec by HCl. El clv pos. 
1\ {Mg,N1 ,Fe) 3{Sl ,Al )4o10{0H) 2• b 1 acl< G 2.8 Exfoliates when heated. 

4H20 F 5 Fe2o3 19.2, FeO 5.0, MgO 

13. 9 , Ni 0 8. 6%. 



Table 5. Uniaxial negative minerals (continued) 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Bi ref MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture 

w e: fusibility 

1.643 1.648 1.624 .024 METAZEUNER ITE TET tab 001 perf Green H 2.5 Diss by acids. Does not ,....., 
(Meta-autunite grp) 010 dist G 3.67 fluor in UV. '--' 

1.651 Cu(U02)2(As04)2•8H20 

1.648 1.625 .023 KAZAKOVITE TRIG Uneven to Pale yellow H 4 Tw poly. 
Na 6H2Ti Si 6o18 subconch G 2.84 

F 1.5 

1.637 1.649 1.643 .006 CHAMOSITE MCL ps hex 001 perf Dark green H 2 Dec by hot HCl. El clv 
A (Chlorite grp) G 3.20 pos. Pleoc, 0 olive-green, v 

1.685 +2 +3 . E pale yellow. (Fe ,Mg,Fe )5Al(Sl 3Al)010 (OH,0) 8 
1.649 1.641 .008 JEREMEJEVITE HEX pris Conch Col s to H 6.5 After ignition, diss by 

Al 6B5o15(0H) 3 yellow-brown G 3.28 coned H2so4 or KOH. El 
infus neg. Pleoc, 0 yellowish, 

E 1 i ght b 1 ue • Anom biax. 
..... 
~ v 1.65 1.60 .05 PYROCHROITE TRIG 0001 perf Cols to H 2-2.5 Diss by acids. Rapidly 

1. 724 Mn(OH) 2 brown G 3.1-3.2 darkens in air. El clv 
infus pos. 

1.632 1.650 1.624 .026 BEMENTITE MCL fib 001 perf Brown H 4-6 Dec by acids. Pleoc wk, 0 
A Mn8si 6o15(0H) 10 G 2.7-3.1 yellow, E nearly cols. 

F 3 

1.644 1.651 1.637 .014 STRONTIUM-APATITE HEX --- Cols to H 5 Diss by acids. El neg. 
A (Apatite grp) green G 3.84 SrO 4.6, CaO 10.8, BaO v 

1.660 (Sr,Ca,Ba) 5(P04)3(F,OH) 2.7%. 

1.640 1.651 1.644 .007 HYDROXYLAPATITE HEX --- Cols H 5 Diss by acids. El neg. 
A (Apatite grp) G 3.21 F 0.16, H20 1.86%. 

Ca5(P04)3(0H,F) infus 

1.640 1.652 1.595 .057 BIOTITE MCL ps hex 001 perf Dark brown H 2.5-3 El clv pos. Pleoc, 0 dark 
A (Mica grp) G 3.05 brown, E brown. FeO 19.9, v 

1.672 K(Fe,Mg) 3(Al ,Fe)Si 3o10(0H,F) 2 F 4 MnO 0.4, Fe2o3 3.2"/.. 

1.630 1.652 1.640 .012 EUDIALYTE +2 TRIG 0001 dist Pink H 5-5.5 Gel with acids. Pleoc wk 
A Na 4(Ca,Ce) 2(Fe ,Mn)ZrSi 8 lOTO poor G 2.87 in pink. MnO 10.8, Fe2o3 

o22(0H,Cl) 2 
F 3 1.9%. 

1.647 1.652 1.649 .003 11 WILKEITE 11 HEX u mass 0001 imperf Yellow, H 5 Dec by acids. P2o5 15.9, ,....., (Apatite grp) reddish G 3.1 '--' so~ 13.5, SiO~ 12.01.. 1.655 Ca5(Si04,Po4,so4)3(0,0H,F) F diff = ilicatian ulfatian 
Apatite or phosphatian 
Fluorellestadite. 



1.638 

I 

1.653 

I 

1.637 I .016 IDRAVITE TRIG pris 1i20,10T1 Dark brown H 7 Insol in acids. El neg. 
A {Tourmaline grp) very poor G 3.25 Pleoc, 0 deep olive-green, v 

1.660 {Na,Ca){Mg,Fe) 3Al 6{B03)3 F 5 E pale brown, abs 0 > E. 
Si 6o18{0H)4 MgO 9.3, FeO 3.6, Fe2o3 

2.2, CaO 1.6, Na 2o 1.7%. 

I I .on I CHANTALITE hn I --- lcols, white IG 2.8-2.9 
I 

1.653 1.642 
CaA1 2Si04{0H) 4 

1.629 

I 

1.653 1.652 .001 MELILITE TET 001 dist Cols H 5 !Gel with acids. Data for 
A ~Mel i1 ite grp) G 3.0 synth Ge 50, Ak 50. v 

1.672 Ca,Na) 2{Mg,Al){SiAl)07 F 4 

v I 
1.654 1.629 .029 FRIEDELITE MCL ps trig 0001 perf Pink, brown H 4.5 Dec by acids. Fus to 

1.681 {Mn,Fe)8s; 6o15{0H,Cl) 10 tab 0001 1010 imperf G 3.17 black glass. Anom biax, 
fus 2V sma 11. E1 pos. 

L..-J I 
1. 655 I 1.645 I .010 I KONI NCKITE ITET fib I --- ~Yellow-green H 3 Diss by coned acids. 

1.660 FeP04·3H20 G 2.4 
F 2.5-3 

1.654 

I 

1.655 

I 

1.650 I .005 IELLESTADJTE I HEX rOO! imperf Col s, pale H 5 Dec by acids. El neg. ,..., (Apatite grp) rose, G 3.1-3.2 Sio2 17.3, so3 26.7, v 
1.703 Ca 5(Si04,P04,so4)3(0H,Cl ,F) purple F diff P2o5 3.1%. 

v I 1.658 I 1.486 I .112 I CALCITE jTRIG 11011 perf Col s, pink, H 3 Diss by acids with eft. 
....... 1.672 I I I !(Calcite grp) I brown (' ') 71 Data for pure Caco3• 0 I U C....• I J.. 

c;n Caco3 i nfus 

v I 
1.658 I 1.653 I .005 I CHLORAPATITE MCL ps nex 001 i mperf Greenish- H 5 Diss by acids. El neg. 

1.666 {Apatite grp) yellow G 3.18 Cl 3.7, F 1.15%. 
Ca5(P04)3{Cl ,F,OH) F 5 

1.66 I 1.57 I .09 I MCKELVEYITE TCL ps trig --- Dark green G 3.5-3.6 Diss by acids. Pleoc in 
Ba3Na(Ca,U)Y(C03)6·3H20 tab green, abs 0 > E. 

1.651 I 1.660 I 1.640 1 .ozo I BELOVITE HEX pris Pri s, Honey- H 5 Diss by acids. El neg. 
A {Apatite grp) pinacoidal, yell ow G 4.19 

(Sr,Ce,Na,Ca) 5(P04)3(0H) imperf F diff 

1.66 I --- I wk I FERMORITE HEX pyram --- Pink to H 5 !Diss by acids. 
(Apatite grp) white G 3.52 
(Ca,Sr) 5(P04,As04)3(0HiF) F diff 

1.653 

I 

1.660 

I 

1.639 I .021 I UVITE TRIG pris 1120, lOll Dark brown H 7 Insol in acids. El neg. 
A (Tourmaline grp) very poor G 3.16 Pleoc, abs 0 > E. MgO v 

1.661 Ca(Mg,Fe) 3A1 5Mg(B03)3Si 6018 F 5 11.0, FeO 5.8, Fe2o3 2.7, 
(OH,F) 4 CaO 7.5%. 

1.634 

I 

1.661 

I 

1.584 I .077 IST!LPNOMELANE MCL and TCL 001 perf Brown H 3.5 Dec by acids. El c 1 v pos. 
A +3 +2 . ps nex G 2.80 Pleoc, 0 deep brown, E v K{Fe ,Fe ,Mg) 10s, 12o30 1.685 F 3.5 golden-yellow. FeO 8.9, (O,OH) 12 MnO 2.9, Fe2o3 19.4%. 



Table 5. Uniaxial negative minerals (continued) 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Bi ref MINERAL NAME and or Color specific Remarks entries and formula habit fracture gravity, and 

w E: fusibility 

1.660 1.661 1.632 .029 SCHORL TRIG pris 1120, lOll Black H 7 Insol in acids. El neg. 
1\ (Tourmaline grp) very poor G 3.17 Pleoc, abs 0 > E. FeO 8.7, v 

1.675 NaFe3Al 6{B03)3Si 6o18{0H) 4 F diff MgO 5.6, Fe2o3 0.8, Na 2o 
2.3%. 

v 1.661 1.646 .015 PENNANTITE MCL ps nex, 001 perf Orange- H 2.5 Pleoc in orange. El clv 
1.667 {Chlorite grp) plates brown G 3.06 pos. MnO 38.9, Al 2o3 Mn 5Al{Si 3Al)010 (0H) 8 18.6, Fe2o3 4.4%. 

1.643 1.663 1.644 .019 CELADONITE MCL ps hex 001 perf Bright H 2 Dec by HCl. El cl v pos. 
1\ {Mica grp) green G 2.8 Pleoc, E yellow-green, 0 

{K,Na){Al ,Fe,Mg) 2{Si ,Al )4o10 F 3 emerald-green. Fe2o3 (OH) 2 26.9, A1 2o3 2.1, FeO 9.3%. 

v 1.664 1.634 .030 PYROSMALITE TRIG 0001 perf Brown H 4.5-5 Dec by HCl. El cl v pos. 
1.669 {Fe,Mn)8si 6o15 (0H,C1) 10 G 3.11 Pleoc, 0 light brown, E 

fus dark brown • 

...... 
~ 

1.664 1.646 .018 GONYERITE ORTH {?) 001 perf Deep brown H 2.5 Dec by HCl. El clv pos. 
(Chlorite grp) ps hex G 3.01 Pleoc, 0 light brown, E 
{Mn,Mg) 5Fe(Si 3Fe)o10 (0H) 8 dark brown. 

1.666 1.653 .013 TI ENSHANI TE HEX 0001 dist Pistachio- H 6-6.5 ---
B~Na 2MnTiB2si 6o20 green G 3.29 

F 2 

1.658 1.666 1.660 .006 CHLORAPATITE MCL ps nex 001 imperf Cols H 4.5 Diss by acids. El neg. 
1\ (Apatite grp) G 3.2 Data for synth compd. 

Ca5{P04)3Cl F 5 

1.661 1.667 1.658 .009 PENNANTITE MCL ps hex 001 Blackish- G 3.15 Pleoc, 0 very dark brown, 
1\ ("Grovesite") brown E reddish-brown. v 

1.673 (Chlorite grp) 
{Mn,Fe)Al(Si 3Al)010(0H)8 

1.664 1.667 1. 662 .005 STEENSTRUPINE HEX --- Brown, red, H 5 Pleoc wk in brown and ,--, {Ce,La,Na,Mn)6{Si ,P) 6o18(0H) yellow G 3.5 yellow. '--' 
1.671 infus 

1.668 1.641 .027 MCGILLITE MCL ps trig 0001 good Pink G 2.98 Dec by HCl. 
(Mn,Fe+2,Mg) 8Si 6o15(0H) 8C1 2 

1.664 1.669 1.631 .038 MANGANPYROSMALITE HEX 0001 perf Brown H 4.5-5 Dec by HCl. El clv pos. 
1\ {Mn,Fe)8si 6o15 (0H,C1) 10 G 3.13 Pleoc, 0 greenish-yellow, E v 

1.682 fus cols. 



1.669 I 1.657 I .012 I HARDYSTON ITE 
rET I 001 good 'White r 3 

IGel with acids. 
(Melilite grp) granular 100, 110 G 3.4 
Ca 2ZnSi 207 rare F diff 

1.653 

I 

1.669 

I 

1.658 I .011 IGEHLENITE TET 001 imperf ICols r 6 
I Gel with acids. Data for 

A (Melilite grp) G 3.04 synth compd. v 
1.672 Ca 2Al (Al Si )07 F 6 

1.658 

I 

1.672 

I 

1. 501 • 171 CALCITE TRIG 10T1 perf White, pink H 3 Diss by acids with eff • 
A (Calcite grp) G 2.82 MnO 4.2, FeO 2.1, MgO v 

1. 710 (Ca,Mn,Mg)C03 infus 1.3%. 

1.652 I 1.672 I 1.624 .048 ANNITE MCL ps hex 001 perf Dark brown H 2.5-3 Pleoc, 0 dark brown, E 
A (Biotite ser, Mica grp) G 3.0 brown. FeO 32.1, Fe 2o3 KFe 3AlSi 3010(0H,F) 2 F 4 3.1, Ti 02 3.6%. 

1.669 I 1.672 
I 

1.661 I .Oll IMELIL ITE TET 001 dist Brown H 5 Gel with acids. Fe 2o3 A G 3.1 (Melilite grp) 8.4, Al 2o3 8.4, FeO 1.1, (Na,Ca) 2(Mg,Fe,Al )(Si ,Al )2o7 F 4 
MgO 4.7, Na 2o 3.8%. 

1.672 I 1.527 I .145 I PARALSTONITE I TRIG I --- I White, col s IH 4-4.5 Fluor pale to bright 
(Ba,Sr)Ca(C03)2 G 3.60 orange in long-wave UV. 

infus 

1 CC"? I 1.673 I },f\f\4 1 .nnq l PENNANTITE MCL ps hex 1 001 perf !Brown IH 2.5 Pleoc in browns. El cl v .i.UVi 

I I 1--"' A I !(Chlorite grp) lG 3.04 0 I I jpos. 
-::) I I , (Mn ,Fe) 5A1 (Si 3A1 )010 (0H) 8 

1.675 I 1. 59 I .085 I CHLOROMAGNESITE HEX plates 1--- Cols H soft jsol in H2o, deliq. 
MgC1 2 G 2.33 

F 2 

1.661 I 1.675 

I 
1.643 I .031 IDRAVITE ITRIG pris 11170, lOTI Green H 7 I Insol in acids. El neg. 

A I (Tourmaline grp) very poor G 3.13 Pleoc, E pale green, 0 red-v 
1.693 I NaMg 3(Al,V) 6(B0 3)3s; 6o18(0H) 4 F 5 brown. MgO 6.3, FeO 1.3, 

I IV?03 8.0%. 

v 
I 

1.678 
I 

1.630 I .048 I SPANGOLITE I TRIG tab I 0001 perf Dark- to H 2-3 Diss by acids. El pos. 
1.686 Cu 6Al(S04)(0H) 12cl •3H 20 bluish- G 3.14 Pleoc, 0 green, E bluish-

green F 3 green. 

v 
I 

1.680 I 1.501 I .179 I DOLOMITE TRIG 10T1 perf White, buff H 3.5-4 Diss with eff in warm HCl. 
1.694 (Dolomite grp) G 2.865 FeO 0.5%. 

CaMg(C03)2 i nfus 

,.., I 1.680 I 1.655 I .025 I SINCOSITE MCL ps tet, 001 good Leek-green H soft Diss by acids to a blue 
+4 tab 100, 110 G 2.84 sol n. Pleoc, 0 gray-

CaV 2(P04)2(0H) 4·3H20 poor fus green, E nearly cols. 

1.654 I 1.681 I 1.643 I .038 I FRIEDELITE IMCL ps trig 10001 perf Brown H 4.5 Dec by HCl. El pos. 
A (Mn,Fe) 3s; 6o15 (0H,Cl) 10 tab 0001 10TO imperf G 3.3 Pleoc in browns. 

fus 



Table 5. Uniaxial negative minerals {continued) 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Biref MINERAL NAME and Color specific Remarks entries and formula or gravity, and habit fracture w e: fusibility 

1.669 1.682 1.650 .032 PYROSMALITE HEX 0001 perf Brown H 4.5-5 Dec by HCl. Anom biax. 
II {Fe,Mn) 8si 6o15{0H,Cl) 10 G 3.1 El clv pos. 

fus 

1.683 1.672 .011 VERPLANCKITE HEX 11"2"0 good Orange to H 2.5-3 Pleoc, 0 orange-yellow, 
Ba 2{Mn,Fe+2,Ti)Si 206 

yellow G 3.52 E cols. 

{O,OH,Cl ,F) 2·3H20 

v 1.684 1.672 .012 SVABITE HEX --- Green H 4-4.5 Diss by acids. P2o5 12.5, 
1.716 {Apatite grp) G 3.54 F 1.4%. 

Ca5{As04,Po4)3{F,OH) F 5 

1.661 1.685 1.595 .090 STI L PNOMELANE MCL and TCL 001 mic Brownish- H 3.5 Dec by acids. El clv pos. 
II +3 +2 . ps hex black G 2.85 Pleoc, 0 dark olive-brown, v K{Fe ,Fe ,Mg) 10s1 12o30 1.705 F 3 E yellow. FeO 13.7, {O,OH) 2 Fe2o3 22.0%. 

""""' ~ 
1.649 1.685 1.670 .015 CHAMOSITE MCL ps hex 001 perf Brown H 6 Dec by hot HCl. El cl v 

II {Chlorite grp) G 2.96 pos. Pleoc, 0 dark green, 
+2 +3 . E yell ow. {Fe ,Fe ,Mg) 5Al{Sl 3Al)010 {OH,0) 8 

1.685 1.674 .011 PABSTITE HEX --- Cols, white H 6 Anom blue-violet and 
Ba { Sn, Ti )Si 3o9 G 4.03 yellow interf colors. 

Fluor bluish white in 
short-wave UV. 

1.678 1.686 1.635 .051 SPANGOLITE TRIG tab 0001 perf Dark- to H 2-3 Diss by acids. El clv pos. 
II Cu 6Al{S04)Cl{OH) 12 ·3H20 bluish- G 3.14 Pleoc, 0 green, E bluish-

green F 3 green. 

1.687 1.684 .003 JOHNBAUM ITE HEX 100 dist Cols, white H 4.5 Fluor med pink-orange in 
{Apatite grp) G 3.68 short-wave UV. 
Ca 5 {AsO 4) 3 {OH) 

1.690 1.684 .006 COMBLAINITE TRIG --- Turquoise G 3.05 ---
.+2 +3 (N1 ,Co ){OH) 2(c03)·xH20 

v 1.691 1.527 .164 BENSTONITE TRIG 10T1 very White H 3-4 Diss by acids with eff. 
1. 705 (Ba,Sr) 6{Ca,Mn) 6Mg{C03)13 good G 3.60 Fluor red in UV. 

infus 

1.691 1.641 .050 BANDYLITE TET tab 001 perf Deep blue H 2.5 Diss by acids or by NH 40H. 
CuB{OH) 4Cl G 2.81 El clv pos. Pleoc, 0 deep F 2 blue, E pale greenish-

yellow. 



1.692 I 1.648 I .044 I WICKENBURGITE I HEX tab I 0001 indist White, pink H 5 IInsol in acids. F1 uor dull 
Pb3CaA1 2Si 10o24 (0H)6 G 3.85 orange in UV. 

F 3 

1.675 

I 

1.693 

I 
1.65g I .034 I SCHORL I TRIG pris lli20, lOTI Black H 7 rnso 1 in acids, El neg. 

" (Tourmaline grp) very poor G 3.2 Pleoc, abs 0 > E. MgO 7.3, v 
1. 710 NaFe3A1 6(B03)3Si 6o18(0H)4 F 5 FeO 0.6, Fe2o3 9.2, CaO 

1.5, Na 2o 2.6, Ti02 2.2%. 

1.680 

I 

1.694 

I 
1.510 I .184 I DOLOMITE TRIG lOTl perf IWMte, IH 3.5-4 IDiss by warm HCl. FeO 

" (Dolomite grp) brown G 2.92 8.4, MnO 1.1, SrO 0.4%. v 
1.700 Ca(Mg,Fe)(C03)2 infus 

1.687 

I 

1.694 1.519 .175 NORSETHITE TRIG lOll perf White to IH 3.5 IDiss by acids. ,....., 
(Dolomite grp) yell ow- G 3.74-3.84 v 

1.712 BaMg(C03)2 green i nfus 

1.696 1.694 .002 ALFORSITE HEX --- Cols IG 4.80 !Data for synth. 
(Apatite grp) 
Ba5(P04)3Cl 

v I 1.699 I 1.658 I .041 I PHOSPHURANYLITE IORTH plates 1100 good I Lemon- IH 2.5-3 Diss by acids. Pleoc, E 
1. 724 Ca(U02}4(P04)2(0H) 4·7H20 010 yellow G 4.1 pale yellow, 0 golden-

fus yellow. U biax, 2V 0-20°. 
Not fluor in UV. 

;-...< 1 .::oJI I 1.700 I 1.21 I .179 l{g~?~~ii~ ~~;)ian I TRIG 11011 perf I white, IH 3.5-4 Diss by warm HCl. Fluor J.•UJ~ 

I I I 0 " brown G 2.95 rea 1n uv. FeO 2.2, ZnO ~ v 
1. 710 Ca{Mg ,Zn){C03)2 i nfus 8.3, PbO 1.1%. 

v I 1. 700 I 1.509 I .191 I MAGNESITE TRIG u mass 10T1 perf Cols, white H 3-4 Diss by warm acids. Data 
1.711 (Calcite grp) G 2.96 for pure MgC03• 

MgC03 i nfus 

v I 1.702 I 1.700 I .002 I VESUVIANITE I TET 1110 poor I Brown, IH 5.5-6 'Nearly insol in HCl. FeO 
1.714 Ca10 (Mg,Fe} 2Al 4(Si 2o7)2 green, blue G 3.40 2.0, Fe2o3 2.3, Ti02 1.7%. 

{Si04)5(0H,F) 4 
F 4 

1.655 

I 
1. 703 1.699 .004 APATITE-BRITHOLITE HEX mass --- Reddish- H 4.5 Dec by HCl. P2o5 17.3, 

" (Apatite grp) brown G 3.83 v Si02 12.4, Ce2o3 12.9%. 1.752 (Ca,Ce) 5(P04,Si04}3F i nfus 

1.704 1.679 .025 SCHALLERITE +3 TRIG 0001 perf Reddish- H 4.5 Slowly dec by HCl. El clv 
(Mn,Fe) 16si 12As 3o36 (0H) 17 brown G 3.37 pos. MnO 44.7, FeO 2.1%. 

F diff 

1.691 I 1. 705 I --- j very strj BENSTONITE TRIG 10T1 very White H 3-4 Oiss by HCI with eff. BaO 
" (Ba)Sr} 6(Ca,Mn} 6Mg(C03)13 good G 3.58 44.2, cao 12.3, PbO 2.8, 

infus MgO 4.7, MnO 1.6%. 

1.685 1. 705 1.596 .109 STILPNOMELANE MCL and TCL 001 mic Brownish- H 3.5 Dec by acids. El clv pos. 
" +3 +2 . ps hex black G 2.85 Pleoc, E golden-yellow, 0 v K(Fe ,Fe ,Mg) 10s, 12o30 1.735 F 3 dark red-brown. Fe2o3 (O,OH) 2 23.9, FeO 13.2%. 



....... 

....... 
0 

Table 5. Uniaxial negative minerals (continued} 

Refractive index Other Biref MINERAL NAME 
entries and formula 

w e: 

1.700 1. 710 1. 519 .191 KUTNOHOR ITE 
1\ (Dolomite grp) v 

1. 711 ca ( Mn ,Mg) ( co3) 2 
1.672 1. 710 1.523 .189 CALCITE, cadmi an 

1\ {Calcite grp) v 
1.713 ( Ca ,Cd )C03 
1.693 1. 710 1.664 .046 DRAVITE, chromian 

1\ (Tourmaline grp) v 
1. 735 NaMg3(Al ,Cr)6(B03)3Si 6o18 

(OH) 4 
1.700 1. 711 1. 519 .192 MAGNESITE, nickeloan 

1\ (Calcite grp) v 
1.726 (Mg ,Ni )C03 
1. 710 1. 711 1.520 .191 DOLOMITE, ferroan 

1\ (Dolomite grp) v 
1. 740 Ca{Mg,Fe)(C03)2 
1.694 1. 712 1.512 .200 NORSETHITE 

1\ (Dolomite grp) 
Ba(Mg,Fe}(C03)2 

1. 712 --- str PALMIERITE 
(K,Na) 2Pb(S04)2 

1. 710 1. 713 1.519 .194 CALCITE, manganoan 
1\ (Calcite grp) v 

1.731 (Ca,Mn}C03 
1. 714 1. 702 .012 TRASKITE 

Ba9Fe2 Ti 2si 12o36 
(OH,Cl,F) 6·6H2o 

1.702 1. 714 1.709 .005 VESUVIANITE 
1\ Ca 10Mg 2Al 4(Si 207)2(Si04}5 v 

1.742 (OH,F) 4 
1.684 1. 716 1.698 .018 SVABITE 

1\ (Apatite grp) 
Ca5(As04)3(Cl,F) 

1. 721 1. 719 .002 SATTERLYITE 
(Fe+2,Mg,Fe+3)2(P04)(0H) 

SYSTEM 
and 

habit 

TRIG 

TRIG 

TRIG pris 

TRIG 

TRIG 

TRIG 

TRIG plates 

TRIG 

HEX 

TET 

HEX 

HEX 

CLEAVAGE Hardness, 
or Color specific Remarks 

fracture gravity, and 
fusibility 

lOTI perf Pink, brown H 3-4 Diss by hot acids. MnO 
G 3.00 17.6, MgO 10.0, FeO 1.3%. 
infus 

lOTI perf Cols to G 2.9 CaC03 73, CdC03 27%. 
yellow infus 

1120, lOTI Green H 7 Insol in acids. El neg. 
poor G 3.13 Pleoc, abs 0 > E. Cr2o3 i nfus 17.8, Fe2o3 1.0, FeO 1.8%. 

lOTI perf Green H 3-4 Diss by hot acids. NiO 
G 3.15 13.55%. 
infus 

lOTI perf Brown H 3.5-4 Diss by warm HCl. FeO 
G 3.01 12.6, MnO 1.2%. 
infus 

lOTI perf White to H 3.5 Diss by acids. FeO 3.6, 
yellow- G 3.85 MnO 0.8%. 
green i nfus 

--- Cols G 4.5 Dec by boiling H2o, diss 
F easy by HN03• Luster pearly. 

lOTI perf Pink H 3 Diss by acids with eff. 
G 3.02 MnO 20.1, ZnO 0.4%. 
infus 

Conch Brownish- H 5 Insol in acids. Pleoc, 0 
red G 3. 71 brown-red, E cols to straw-

F 3.5 yell ow. 

110 poor Brown H 5 Nearly insol in HCl. 
G 3.38 Fe2o3 3.3, MnO 3.3, BeO 
F 4 1.6%. 

--- Green, H 4-4.5 Diss by acids. Cl 1. 9, 
brown G 3.5 F 0.45%. 

F 5 

--- Pale brown, H 4.5-5 Diss by acids. Pleoc, 0 
pale yellow G 3.68 pale yellow, E brownish-

fus yellow, abs E > 0. 



1. 722 I 1. 718 I .004 I TAAFFEITE I HEX I --- I Mauve I G 3.61 
Mg3Al 8Be016 

1.723 I 1. 716 I .007 I HATRURITE 1 ps hex I --- 1 Col s I --- 1 Dec by H2o. 
Ca 3s; 05 

1.699 I 1. 724 I 1.674 I .050 I PHOSPHURANYL ITE ORTH plates 100 good Lemon- H 2.5-3 Diss by acids. Pl eoc, E 
A Ca(U02)4(P04)2(0H) 4•7H 20 010 yellow G 4.1 pale yellow, 0 golden-

fus yellow. U biax, 2V 0-20°. 

1.65 I 1.724 I 1.682 I .042 I PYROCHROITE TRIG 0001 perf White to H 1. 5-2 Diss by acids. El clv pos. 
A Mn{OH) 2 brown G 3.1-3.25 Darkens in sunlight. Abs 

i nfus 0 > E. 

1.711 

I 
1. 726 1.528 .198 MAGNESITE I TRIG I lOT! perf White to H 3-4 Diss by hot acids. FeO 

A {Calcite grp) brown G 3.10 9.5, CaO 0.4%. v 
1.788 {Mg,Fe)C03 i nfus 

1. 727 --- --- KITTATINNYITE I HEX I 0001 perf j Bright I H - 4 I Pleoc wk, abs E > 0. 
+3 +2 . yellow G 2.61 Ca 4Mn 4Mn 2s, 4o16(0H) 8• 

18H20 

1. 728 I --- I --- I WALLKILLDELL ITE I HEX I 0001 perf I Dark red I G 2.85 I Pleoc, 0 reddish-orange, E 
+2 +5 orange-pink, abs 0 > E. Ca 4Mn 6As 4o16(0H) 8·18H 20 

I I I I Co- C 0 o-- 0- ---~ I 1. 73 I 1.69 I .04 I t5lKNt.:>::>i It ' ORTH mass I 
--~ I Rrr"•l"; c:h- I H L5 I Di ss bv HCl. Nearly ~ 

1 bi ~~k · ~ G 3.0 j opaque-. ~ Na 4Mn 14o27 ·9H20 
i nfus 

-1.73 I 1.72 I .01 I MELANOCER ITE HEX tab Conch Deep brown H 5-6 IDee by acids. Pale 
(Ca,Ce,Y) 5(Si ,B) 3o12 (0H,F)· to black G 4.13 yellow in section. 
xH2o infus 

1. 713 
I 

1. 731 

I 
( 1. 55) .18 RHODOCHROSITE TRIG 10T1 perf I Pink I H 4 IDiss by hot acids. MnO 

A (Calcite grp) G 3.05 33.4, CaO 21.0, FeO 2.7, v 
1. 753 (Mn,Ca)C03 

I I I infus I MgO 2. 2%. I i I 

I 
I 

1. 733 1. 714 .019 HEMATOLITE TRIG 0001 perf Brown to H 3.5 Diss by acids. El clv pos. 
(Mn,Mg,Al) 15(As04)2As0 3 red G 3.49 In section yellow to brown. 
(OH)23 infus Anom biax, small 2V. 

v I 1. 734 I 1.592 I .192 I MINRECORDITE TRIG 1014 perf Col s H 3.5 Slowly diss by cold HCl. 
1.750 I (Dolomite grp) G 3.32 

Ca(Zn,Mg)(C03)2 

I I I I STILPNOMELANE I MCL and TCL I 001 mi c I Brownish- I H 3.5 IDee by acids. El clv pos. 1.705 1.735 I 1.625 .110 
1\ K(Fe,Mg,Al) 10si 12o30 (0H) 12 ps hex black G 2.83 Pleoc, E golden yellow, 0 

F 3 deep red-brown. Fe 2o3 
31.7, FeO 1.3, MnO 2.6%. 

1.72 I 1. 735 I ( -1.650)1-.085 I REEVESITE I TRIG I --- I Yellow to I G 2.80-2.88 I Diss by acids. 
Ni 6Fe 2(0H) 16co3·4H20 greenish- infus 

yellow 



..... ..... 
~ 

Table 5. Uniaxial negative minerals (continued) 
--··--

Refractive index Other Biref MINERAL NAME 
entries and formula 

w e 

1.710 1.735 1.655 .080 BUERGERITE 
A (Tourmaline grp) 

NaFe 3Al 6(B03)3Si 6o21F 

1.738 1.728 .010 STOTTITE 
FeGe(OH) 6 

1.711(?) 1.740 1.547 .193 KUTNOHOR ITE 
A (Dolomite grp) v 

1.741 CaMn(C03)2 
1.740 1.741 1.536 .205 ANKERITE 

A (Dolomite grp) 
Ca(Fe,Mg)(C03)2 

1. 714 1. 742 1. 736 .006 VESUVIANITE 
A Ca 10(Mg,Fe,Ti) 2Al 4(si 207)2 v 

1. 762 (Si04)5(0H) 4 
1. 745 1.565 .180 ZHONGHUACER ITE 

Ba 2Ce(C03) l 
1. 747 1. 741 .006 AKDALAITE 

4Al 203·H20 

1.748 1.645 .103 LAVENDULAN 
NaCaCu 5(As04)4Cl•5H20 

1. 734 1.750 1.550 .200 MINRECORDITE 
A (Dolomite grp) 

CaZn(C03)2 
1.75 1.728 .02 JASMUNDITE 

Ca 1l (Si 0 4) 2o2s 

1. 751 1.645 .106 CLARAITE 
(Cu,Zn) 3(c03)(0H)•4H20 

r-1 1. 751 1.748 .003 CAPPELENITE 
L......J (Ba,Ca,Na)(Y,La) 6B6Si 3 (O,OH) 27 

1.703 1.752 1.748 .004 BRITHOLITE 
A (Ce,Ca,Y) 5(Si04,P04)3(0H,F) v 

1.823 

SYSTEM 
and 

habit 

TRIG pris 

TET ps oct 

TRIG 

TRIG 

TET 

TRIG 

HEX 

ORTH ps hex 

TRIG 

TET 

TCL (?) 
ps hex 
spherulitic 

HEX 

HEX 

CLEAVAGE Hardness, 
Color specific Remarks or gravity, and fracture fusibility 

Prism, dist Dark brown H 7 Insol in acids. El neg. 
G 3.31 Pleoc, 0 yellow-brown, E 
F diff pa 1 e ye 11 ow. 

100, 010 Brown H 4-5 Luster greasy. Anom bi ax. 
good, 001 G 3.60 

lOTI perf Pink, brown H 3-4 Diss by hot acids. MnO 
G 3.14 31.8, ZnO 1.4, FeO 0.8, 
infus MgO 0.5%. 

lOTI perf Brown H 3.5-4 Diss by hot HCl. FeO 
G 3.12 24.0, MnO 1.6%. 
infus 

110 poor Brown H 5 Insol or partly dec by 
G 3.41 HCl. Fe 2o3 4.4, FeO 1.6, 
F 4 

Ti 02 4. 7%. 

--- Yell ow H 4.5-5 Diss by acids. 
G 4.3 

Fr irreg White H 7 ---
G 3.68 

010 good Greenish- H 2.5 Diss by acids. Pl eoc, E 
100, 001 blue G 3.54 blue to greenish-blue, 0 
dist F easy pale blue to pale greenish-

blue, abs E > 0. 

10T4 perf Milk-white H 3.5 Slowly diss by cold HCl. 
G3.45 

--- --- G 3.03 ---

10TO perf Bluish- H - 2 r > v. 
green G 3.33 

--- Green to H 6-6.5 Diss by HCl, gel. 
brown G 4.41 

F diff 

--- Brown H 5 Gel with acids. Apatite 
G 4.1-4.4 structural type. 
infus 



1.753 I 1. 740 I .004 IOKANOGANITE ITRIG I --- !Pale pink IH 4 ITw. 
(Na,Ca) 3(Y,Ce,Nd,La) 12si 6 G 4.35 
62°2l14 

1.731 11.753 

I 
1.560 I .193 rHO DOC HROS ITE TRIG 10T1 perf Pink H 4 Diss by hot acids. MnO 

II (Calcite grp) G 3.3 44.3, CaO 13.4, MgO 2.3, v 
1.803 (Mn,Ca)C03 i nfus FeO 0.8%. 

1.753 I 1.717 I .036 IWISERITE TET fib Clv across Dark brown G 3.42 Diss by HCl. 
Mn 4s2o5(0H,Cl) 4 fibers, 

perf 

1.755 I 1. 731 I .024 ICONGOLITE TRIG --- IPale red IG 3.58 IDiss by acids. 
(Fe,Mn,Mg) 3s7o13cl 

1.756 I 1.680 I .076 INATISITE ITET 1001 perf !Yellow- H 3-4 lrnsol in dilute acids. 
Na 2TiSi05 100 less so green_to G 3.15 calc 

green1sh- F easy 
gray 

1........1 I 1. 76o 
I 

1.577 I .183 ICORDYLITE HEX pyram 0001 dist Wax-yellow H 4.5 Diss by acids. Pleoc, 0 
1.765 Ba{Ce,La) 2{C03)3F2 G 4.10 green-yellow, E brownish-

infus yellow. 

1. 742 11.762 
I 

1. 750 I .012 IVESUVIANITE TET 110 poor Dark brown H 5 Insol in acids. 
II (Ca,Ce) 10 (Mg,Fe) 2Al 4(Si 207)2 G 3.60 (Ce,La) 2o3 16.7, Fe 2o3 ....... v 

....... 1. 7Q'> F 4 
C\:) 

.,.. . ~ ~ """ I I i I(Si04)5(0H) 4 I I 5.4, FeO 5. 5~ • 

1. 765 I 1.735 I .030 I SHERWOOD ITE TET Conch to Blue-black H 2 Diss by acids. Pleoc, 0 
+5 +4 ca 9A1 2v 24v 4o80 ·56H 2o uneven G 2.8 green, E b 1 ue. 

1. 766 I 1.585 I .178 I HUANGHO ITE HEX 0001 Honey- H 4.5-5 Diss by acids. Pleoc wk 
Ba{Ce,La)(C03)2F yellow to G 4.58 in yellow-green. 

yellow- infus 
green 

I 
v I 1. 766 I 

1.758 
I 

.008 I CORUNDUM I TRIG I Parting I Col s, red, r 9 
Insol in acids. Colored 

1. 794 A1 203 0001, OOT1 blue, brown G 4.00 var pleoc. An om bi ax, 2V 
sometimes i nfus 0-58° 
perf 

1. 772 I 1. 770 I .002 I SWEDENBORGITE IHEX pris I 0001 di st I Col s to H 8 lnsol in acids. El 
NaBe4Sb07 w1ne- G 4.29 crystal neg. 

yellow 

1. 775 I 1.765 I .010 I FRESNOITE TET 001 fair Lemon- to H 3-4 Insol in cold, dec by hot 
Ba 2TiSi 208 canary- G 4.43 HCl. Pleoc, 0 cols, E 

yellow F 4 yellow. 

1. 778 I 1.660 I .118 INORDENSKI~LDINE TRIG tab 0001 perf Cols to H 5.5-6 Diff diss by acids. El 
CaSnB2o6 fr conch yell ow G 4.20 neg. 

i nfus 
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Table 5. Uniaxial negative minerals (continued) 

Refractive index Other Bi ref MINERAL NAME 
entries and formula 

w e: 

1. 778 1. 772 .006 CHROMDRAV ITE 
(Tourmaline grp) +3 Na(Mg,V,Al )3(Cr,Fe )6B3Si 6 
027(0H)4 

v 1. 78 1. 75 .03 HIBONITE 
1.846 ( Ca ,Ce) (Al • Ti ,Fe ,Mg) 12o19 

1.782 1.780 .002 CLAR I NGBULL ITE 
Cu 8cl 2(0H) 14 ·H20 

1. 726 1.788 1.570 .218 MAGNESITE-SIDERITE 
1\ 

(Calcite grp) v 
1.816 (Mg,Fe)C03 

v 1.791 1.705 .086 JAROSITE 
1.820 (Alunite grp) 

KFe 3(S04)2(0H) 6 

1.766 1.794 1.785 .009 CORUNDUM 
1\ (Al,Fe) 2o3 

1.762 1.795 1. 775 • 020 VESUVIANITE 
1\ (Ca,Sb) 10 (Mg,Fe) 2A1 4(si 207)2 

(Si04)5(0H) 4 

1.80 --- str CRONSTEDT ITE 
(Kaolinite-Serpentinite grp) 
(Fe+2,Mg)Fe+3(SiFe)O(OH) 

1.800 1.743 .057 FERRIDRAVITE 
(Tourmaline grp) 

+2 +3 . (Na,K)(Mg,Fe )3Fe 6B3S1 6 o27 (0,0H) 4 
1.800 1. 750 .050 AMMON IOJAROS ITE 

{Alunite grp) 
(NH4)Fe 3(s04)2(0H) 6 

SYSTEM 
and 

habit 

TRIG 

HEX 

HEX plates 

TRIG 

TRIG tab, 
rhombs 

TRIG 

TET pri s 

HEX, TRIG, 
and MCL 
polytypes 

TRIG 

TRIG tab 

CLEAVAGE Hardness. 
Color specific Remarks or gravity, and fracture fusibility 

--- Dark green G 3.40 Pleoc, 0 dark green. E 
yellow-green. abs 0 > E. 

0001 easy. Brownish- H 7.5-8 Insol in acids. Pleoc. 0 
parting black G 3.84 co 1 s • E b 1 ue • 
lOTO i nfus 

0001 perf Blue G 3.9 Abnormal interf colors 
lOTO, 1120 dark blue to yellow-green. 
dist 

lOll perf White to H 4 Diss by hot acids. Calc 
brown G 3.43 for Mg:Fe = 1:1, FeO 35.9, 

i nfus MgO 20.1%. 

0001 dist Yellow to H 2.5-3.5 Diss by HCl. Pleoc, 0 
brown G 2.9-3.2 yellow to brown. E paler 

F 4.5 to cols. Basal section 
may be divided into biax 
segments. 

Parting Brown H 9 Insol in acids. Fe 2o3 0001, OOTl G 4.1 9.2, Ti02 0.4%. 
sometimes i nfus 
perf 

110 poor Pale green H 5 Insol in acids • El neg. E 
F 4 cols, 0 pale yellow-green. 

Sb2o3 15.7, Fe 2o3 3.3, FeO 

4.1%. 

0001 perf Black H 3.5 Gel with acids. Pl eoc, E 
G 3.34 dark reddish-brown, 0 
F 4 nearly opaque. 

Uneven Black G 3.26 Streak brown. Insol in 
acids. 

0001 dist Pale yell ow G 3.11 Diss by HCl. 



1.80 I 1.795 I .005 INIGERITE TRIG --- Dark brown H 8-9 Insol in acids. Pl eoc, 0 
(Zn,Mg,Fe)(Sn,Zn) 2(Al ,Fe) 12 G 4.25 yellow-brown, E yellow. 
022(0H)2 U opt pos. 

1.802 I 1.740 I • 062 I QUETZALCOATLITE HEX 10TO fair Blue H 3 Diss by acids • Pleoc, 0 
zn8cu 4(Te03)3(0H) 18 G 6.05 blue-green, E nearly cols. 

1.753 

I 
1.803 

I 
1.584 

I 
.219 I RHODOCHROSITE TRIG 10T1 perf Pink H 4 Diss by hot acids. FeO 

A (Calcite grp) G 3.65 3.8, MgO 0.6, CaO 1.3%. v 
1.816 (Mn,Ca)C03 i nfus 

1.804 I 1. 773 I .031 ICYRILOVITE TET --- Yell ow, G 3.08 IDiss by hot acids. Pleoc 
NaFe 3{P04)2(0H) 4•2H 20 brown, F 2-3 faint, abs 0 > E. 

yell ow-
green 

v I 1.805 I 1.783 I .022 I H~GBOMITE I HEX and 10TO good Brown, H 6.5 Insol in acids. Pleoc, 0 
1.851 (Mg ,Fe) 2{Al, Ti) 5o10 TRIG parting yellow G 3.70 deep yellow, E yellow. 

polytypes 0001 i nfus TiO~ 9.1, FeO 7.8%. 
Ano biax. 

1.711 

I 
1.81 I 1.58 

I 
.23 I GASPEITE TRIG 10T1 perf Green H 3-4 Diss by hot acids. Ni 0 

A {Calcite grp) G 3.6 36.8, MgO 14.8, FeO 4.3%. v 
1.84 I (Ni ,Mg)C03 i nfus 

v I 1.815 I 1. 740 I .075 I NATROJAROS ITE TRIG plates 0001 perf Yellow, H 3 'Diss by HCl. El pos. ....... 1.832 (Alunite grp) brown G 3.18 ~leo~-!~ !~~~ows~~~~~ ~ft~ ...... 
Ol I I I INaFe 3(so4)2(0H) 6 I I I IF 4. 5 1[.• MJJUJIJ UIOAo ua.::.a1 .:><::'--

tions divided into seg-
ments. 

v I 
1.815 I 1.601 I .214 I SMITHSONITE I TRIG I lOTI perf Milky H 4.5 Diss by hot acids. ZnO 

1.850 (Calcite grp) white i nfus 53.2, MgO 7.6, CaO 1.1%. 
{Zn,Mg)C03 

1.815 I 1. 761 I .054 I MOL YBDOPHYLL ITE ITRIG lam I 0001 perf ICols to IH 3-4 lcols in section. El pos. 
Pb 2Mg 2Si 207(0H) 2 pale green G 4.72 

F diff 

1.788 

I 
1.816 

I 
1.592 

I 
.224 SIDERITE TRIG lOll perf Brown H 4 IDiss by warm acids. MgO 

A (Calcite grp) G 3.59 11.8, MnO 5.9, CaO 1.4%. v 
1.836 (Fe,Mg,Mn)C03 infus 

1.803 

I 
1.816 

I 
1.597 

I 
.219 RHODOCHROSITE TRIG lOTI perf Pink H 4 IDiss by warm acids. Calc 

A (Calcite grp) G 3.70 for pure end member. 
v 

1.836 MnC0 3 infus 

1.816 I 1. 728 I .088 !HYDRONIUM JAROSITE TRIG 0001 Yellow, H 4-4.5 I Di ss by HCl. 
(Alunite grp) brown G 2.5-2.9, 

+3 (H 30)Fe 3(s04)2(0H) 6 
3.17 calc 

1.816 I 1. 788 I .028 IPAINITE HEX --- Garnet-red H 8 I Insol in acids. 
CaZrBA1 9o18 G 4.00 
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Table 5. Uniaxial negative minerals (continued} 

Refractive index Other Bi ref MINERAL NAME 
entries and formula 

w E: 

1. 791 1.820 1. 715 .105 JAROSITE 
1\ (Alunite grp) 

KFe 3(s04)2(0H) 6 

1.82 1.78 .04 NANLINGITE 
CaMg4(As03}l4 

1.752 1.823 1.817 .006 BRITHOLITE 
1\ (Ce,Ca,Y} 5(Si04,P04)3(0H,F) 

1.82- --- --- ZAIRITE 
1.83 (Crandallite grp) 

Bi(Fe,Al} 3(P04)2(0H} 6 
1.816 1.830 1.605 .225 OTAVITE 

1\ (Calcite grp) v 
1.836 (Cd,Ca)C03 
1.815 1.832 1.750 .082 NATROJAROS ITE 

1\ (Alunite grp) 
NaFe 3(so4)2(0H) 6 

1.816 1.836 ( 1.610} .226 RHODOCHROSITE 
1\ (Cal cite grp) v 

1.840 (Mn,Zn,Fe)C03 
1.837 1.833 .004 JEANBANDYITE 

(Fe+3,Mn+2}Sn(OH} 6 
1.836 1.840 1.615 .225 RHODOCHROSITE, ferroan 

1\ (Calcite grp) v 
1.849 (Mn,Fe}C03 
1.81 1.84 (1.62) .22 GASPEITE 

1\ (Calcite grp) 
NiC03 

1.78 1.846 1.804 .042 HIBONITE 
1\ (Ca,Ce)(Al,Ti,Fe) 12o19 

1.840 1.849 1.615 .234 SIDERITE, manganoan 
1\ (Calcite grp) v 

1.860 (Fe ,Mn )C03 

SYSTEM 
and 

habit 

TRIG tab, 
rhombs 

TRIG 

HEX 

TRIG 

TRIG 

TRIG plates 

TRIG 

TET ps cub 

TRIG 

TRIG 

HEX 

TRIG 

CLEAVAGE Hardness, 
Color specific Remarks or gravity, and fracture fusibility 

0001 dist Yellow to H 2.5-3.5 Diss by HCl. Pleoc in 
brown G 3.2 brown and yellow, abs 0 > 

F 4.5 E. Anom biax, with basal 
segments. 

One imperf Brownish- G 3.93 ---
red 

--- Brown H 5 Gel with acids. Apatite 
G 4.77 structural type. 
infus 

--- Greenish G 4.37 ---

lOTI perf White, G- 4.9 Diss by acids with eff. 
yellow infus CdC03 91, CaC03 9%. 

0001 perf Yellow, H 3 Diss by HCl. El pos. 
brown G 3.18 Pleoc in yellow, abs 0 >E. 

F 4.5 Anom biax with basal seg-
ments. 

lOTI perf Pink H 4 Diss by warm acids. MnO 
G 3.76 29.8, FeO 13.9, ZnO 14.9, 
infus CaO 3.1%. 

001 and Brown-orange H 3.5 Diss slowly by cold HCl. 
100 fair G 3.81 

lOTI perf Brown H 4 Diss by warm acids. MnO 
G 3. 72 35.4, FeO 26.1%. 
infus 

lOTI perf Emerald- H 3-4 Diss by hot acids. NiO 
green G 3.7 55.5, MgO 3.3, FeO 0.1%. 

infus 

0001 easy, Brownish- H 7.5-8 Insol in acids. Pl eoc, 
parting black G 3.88 abs E > 0. 
lOTO infus 

lOTI perf Brown H 3.5 Diss by warm acids. FeO 
G 3.81 47.9, MnO 9.5, MgO 3.2, CaO 
infus 0.2%. 



1.815 I 1.850 I 1.623 I .227 I SMITHSON ITE TRIG 10T1 perf Cols, green H 4.5 'Diss by acids. FeO 0.4, 
" (Calcite grp) G 4.42 MnO 0.5%. '--1 

ZnC03 infus 

1.83 

I 
1.85 I (-1.81) l-.04 I BEAVERITE TRIG --- Canary- G 4.08-4.36 I Di ss by acids. ,....., 

(Alunite grp) plates, yell ow '--1 

1.87 Pb(Cu,Fe,Al) 3(S04)2(0H) 6 u earthy 

1.805 I 1.851 I 1.802 I .049 I HtlGBOMITE HEX and 10TO good I Brown, IH 6.5 I lnsol in acids. Pleoc, 0 
" (Mg,Fe) 2(Al ,Ti) 5o10 TRIG parting yell ow G 3.81 dark brown, E med-brown. 

(polytypes) 0001 infus Anom biax. 

1.855 I 1.60 I .255 I SPHAEROCOBALTITE TRIG 10T1 perf Rose-red H 3-4 jDiss by acids. Pleoc, 0 
(Calcite grp) G 4.1 violet-red, E rose red. 
CoC03 i nfus 

1.849 

I 
1.860 

I 
1.625 

I 
.235 I SIDERITE, zi nci an TRIG 10T1 perf Brown H 4 Diss by hot acids. MnO 

" (Calcite grp) G 3.92 14.65, ZnO 11.55, MgO 0.3, v 
1.875 (Fe,Mn,Zn)C03 i nfus FeO 36.4%. 

1.86 I 1.83 l .03 I ASBECAS ITE TRIG 10T1 perf Lemon- H 6.5-7 Anom biax, 2V 0-17°. 
Ca 3(Ti ,Sn)As 6Be 2Si 2o20 yellow G 3.70 

v I 1.860 1.855 .005 BYSTROMITE TET u mass --- Blue-gray H 4 Insol in dil acids, diss by 
1.915 I MgSb 206 G 5.7 coned HCl + KI. Opt char 

unk. 
1-' I 1.870 I 1.792 I .078 I ARSENIOS IDER ITE I MCL ps tet, 001 perf !Yellow, H 4.5 1 Diss by acids. Pleoc, 0 1-' v 
-..l 1.898 I I I Ca 3Fe 4(As04)4(0H) 6·3H20 fib brown G 3.5-3.6 brownish-red, E pale 

F 3 yellow. 

1.870 I 1.845 I .025 I DUSSERTITE TRIG 0001 Yellow, H 3.5 Diss by acids. An om 
(Crandallite grp) green G 3.75 biax, 2V 0-20°. 
BaFe 3(As04)2(0H) 5·H20 

1.860 I 1.875 I 1.633 I .242 I SIDERITE I TRIG !1011 perf 1 Brown I H 4 1 Diss by hot acids. Calc 
/\ ! 1 (Calcite grp) I I 

I ~ 3.89 1 for pure end-member. 
FeC03 I I in fu s 

1.875 I 1. 785 I .090 I PLUMBOJAROS ITE TRIG plates 10T4 fair Brown H soft Diss by HCl. Pleoc, 0 
( A 1 unite g rp ) G 3.63 brown-red, E pale golden-
PbFe6(S04)4(0H) 12 yellow. 

1.882 I 1. 785 I .097 I ARGENTOJAROSITE TRIG plates 0001 Yell ow, G 3.66 Diss by HNO • El pos. 
(Alunite grp) brown Pleoc in yeflow, abs 0 > E. 
AgFe 3(s04)2(0H) 6 

1.870 I 1.898 I 1.815 I .083 I ARSENIOSIDER ITE MCL ps tet, 001 perf Ye 11 ow, H 4 Diss by acids. Pl eoc, 0 
1\ Ca 3Fe4(As04)4(0H) 6·3H20 fib brown G 3.5-3.6 brownish-red, E pale 

F 3 yell ow. 

1.91 I ( 1. 90) I .01 I DAUBREE ITE TET 001 perf Yellow, H 2-2.5 Diss by HCl. El clv pos. 
BiO(OH,Cl) brown G 6.4-7.5 

F easy 



....... 

....... 
00 

Table 5. Uniaxial negative minerals (continued) 

Refractive index Other Bi ref MINERAL NAME 
entries and formula 

w € 

1.860 1.915 1.908 .007 BYSTROMITE 
1\ MgSb 2o6 

v 1.916 1.909 .007 BEUDANTITE 
1. 957 {Beudantite grp) 

PbFe3{As04}{S04){0H} 6 
1.93 --- wk COR KITE 

( Beudantite grp) 
PbFe 3{P04)(S04)(0H) 6 

1.916 1.957 1.943 .014 BEUDANTITE 
1\ (Beudantite grp) L.....J 

1.98 PbFe 3(As04)(S04)(0H) 6 

1. 97 --- wk DI XENITE 
+1 +3 +3 Cu Mn 14Fe (As 03)5 

(As+5o4}(Si04)2(0H} 6 
1.977 1.967 .010 DUGGANITE +6 Pb 3(zn,Cu) 3(Te 06}As04(0H} 3 
1.98 1.85 .13 DIABOLE ITE 

Pb2CuCl 2(0H) 4 

1.99 --- mod Unnamed 
(Crandallite grp) 
PbFe 3(As04)2(0H) 5·H20 

2.0 red --- extr GRAPHITE 
c 

,......., 
L.....J 2.0 (1.8} .025 JAGOITE 

Pb 3FeSi 3o10(0H,Cl} 

2.00 2.14 .14 WAKEFIELDITE 
YV04 

2.01 1.99 .02 ARMANGITE 
Mn 26As 18o50{0H} 4co3 

SYSTEM 
and 

habit 

TET u mass 

TRIG 

TRIG 

TRIG 

TRIG plates 

HEX 

TET tab 

TRIG 

HEX and 
TRIG 

TRIG 

TET 

HEX 

CLEAVAGE Hardness, 
Color specific Remarks or gravity, and fracture fusibility 

--- Blue-gray H 7 Insol in dil acids, diss 
G 5.7 by coned HCl + KI. Opt 

char unk. 

0001 easy 01 i ve, H 4 Diss by acids. Pleoc, 0 
brown, G 4.0-4.3 yellow, E pale yellow. 
yellow F 3.5 Anom biax. As: S = 4:1. 

0001 easy Yellow, H 4 Diss by HNOi. Abnormal 
brown, G 4.2-4.3 green inter colors. 
greenish F 4-5 Anom biax. 

0001 easy Yellow, H 4 Diss by HNO~. Pleoc, 0 
brown, G 4.0-4.3 yellow to r d-brown, E 
black F 3.5 cols to yellow. Anom biax. 

As:S = 1:1. 

0001 mic Black H 3-4 Dec by HCl. Gl owi n g red in 
G 4.20 transmitted light. El pos. 

--- Cols to H 3 ---
green G 6.33 

001 perf Sky-blue H 2.5 Diss by HNO • Pleoc, 0 
G 5.42 deep blue, ~ nearly cols. 
F easy El pos. 

0001 Brown --- Di ss by HN03• Anom biax, 
2V 0-50°. 

0001 perf Black H 1-2 Insol in acids. Thinnest 
G 2.2 flakes are deep blue in 
infus transmitted light. Strong-

ly pleoc. El pos. 

0001 perf Yellow- H 3 El clv pos. 
green G 5.43 

--- Pale tan H 5 ---
G (4.26) 

0001 fair Black H 4 Diss by HCl. Streak 
G 4.43 brown. 
F easy 



v I 2.026 I 1.965 I .061 I CUMENGITE I TET 101 good Indigo- H 2.5 IDiss by warm HN0 3• 
2.041 Pb4Cu 4Cl 8(0H) 8·H20 110 dist blue G 4.67 

F 1 

>2.0 I >2.o I str I KUSUITE TET --- Black H 4.5 'Streak rust-brown. In 
(Ce+3,Pb+2,Pb+4)V04 

G 5.30 calc section honey-yellow. 

>2.0 I >2.0 I --- I DREYER ITE TET plates --- Orange- to IH 2-3 'Pleoc, 0 bright yelow, E 
Bi vo4 brownish- G (6.25) brownish-yell ow. 

yellow 

2.026 I 2.010 I .016 I HEDYPHANE HEX lOTl White H 4.5 I Di ss by HN03. 
(Apatite grp) (mel, ps G 5.82 
(Ca,Pb) 5(As04)3Cl hex?) F 2 

2.03 I 2.00 I .03 IPSEUDOBOLEITE TET ps cub 001, 101 Indigo- H 2.5 Diss by warm HN0 3• Pearly 
Pb 5Cu 4Cl 10 (0H) 8·2H20 perf blue G 4.85 luster on clv. 

F 1 

2.ih I 
2.033 I 2.015 I .018 I BARYSILITE I TRIG tab I 0001 di st I Gray, white IH 3 Gel with acids. MnO 3.3, 

Pb8Mn(Si 207)3 G 6. 72 MgO 0.8, ZnO 0.3%. 
F 2.5 

I 
2.04 2.00 .04 SIMPSONITE TRIG 0001 White, H 7 Fluor blue (pure Ta) to 

2.06 Al 4(Ta,Nb) 3(0,0H,F) 14 yell ow G 6.6-7.3 yellow (Nb present) in UV. 
i nfus 

~ - 2.026 I 2.041 I 1.926 I .115 I CUMENGITE I TET 1101 good 1 lndi go- 1 Diss by warm HN03• ~ IH 2.5 
r, .Pb4cu 4c1 8(0H) 8·H2o 

1
110dist 

1 
blue 

1
G 4.67 
F 1 

2.05 I 2.03 I .02 I BOLE ITE I TET ps cub I 001 perf I lndi go- IH 3-3.5 Diss by warm HN0 3• Pearly 
Pb 26Ag 10cu 24cl 62 (0H) 48 ·3H 20 101 good blue G 5.05 luster on clvs. Trillings 

F 1 on 001. 

2.05 I --- Ivery wk !EULYTITE I CUB tetrah 1110 imperf I Gray, brown IH 4-4.5 Gel with acids. 
Bi 4s; 3o12 G 6.62 

F 2 

2.055 I 1.975 I .080 I GRIMALDI ITE TRIG tab --- I Deep red IG 4.12 I Data for synth compd. 
CrO(OH) 

2.05 

I 
2.057 

I 
2.046 I .011 I PYROMORPHITE HEX pri s lOll poor I Green, IH 3.5-4 Diss by HN0 3• Luster 

,...., (Apatite grp) yellow, G 7.0-7.1 
v resinous. Pl eoc, 0 green, 

2.135 Pb 5(P04)3Cl brown F 1.5 E greenish-yellow. An om 
biax. 

>2.05 I --- I --- I KETTNER ITE I TET plates I --- I Brown to IH "not too 
CaBiO(C03)F yell OW high" 

G 5.80 

2.06 I 2.05 I .01 I CUZTICITE I HEX I --- I Dark yell ow IH 3 
+3 +6 G 3.9 

Fe 2Te 06•3H 20 



Table '5. Uniaxial negative minerals (continued) 

Refractive index SYSTEM CLEAVAGE Hardness, 
Other Biref MINERAL NAME and Color specific Remarks entries and formula or gravity, and 

w e: habit fracture fusibility 

2.033 2.07 2.05 .02 BARYSILITE TRIG tab 0001 dist Gray, white H 3 Gel with acids. 
1\ Pb8Mn{Si 207)3 G 6.72 

F 2.5 

2.09 1.94 .15 HYDROCERUSSITE TRIG plates 0001 perf Cols H 3.5 Diss by HN03• Data for 
Pb 3(C03}2{0H} 2 G 6.80 synth compd. El pos. 

F 1.5 

2.125 2.059 .074 YEDLINITE TRIG 1120 di st Red-violet H 2.5 Pleoc, 0 pale cobalt blue, 
Pb6Cr(O,OH) 8Cl 6 G 5.85 E lavender. 

2.11 2.13 1.99 .14 BEYERITE TET tab Conch Yellow, H 2-3 Diss by acids. 
ro {Ca,Pb)Bi 2(C03}2o2 green G 6.56 L....J 

2.15 F 1.5 

2.057 2.135 2.12 • 015 MIMETITE MCL ps hex 10T1 imperf Yellow, H 3.5-4.5 Diss by HN03 • Commonly 
1\ (Pyromorphite ser, brown, gray G 7.1-7.24 biax. L....J 

2.18 Apatite grp} F 1 

"""'" ~ 
Pb 5 (AsO 4} 3c1 

2.145 2.006 .14 MATLOCKITE TET tab 001 perf Yellow, H 2.5-3 Diss by warm HNO~. An om 
PbFCl greenish G 7.12 biax. El clv po • 

F 1 

2.15 --- str BISMOCLITE TET 001 perf Yell ow, H 2-2.5 Diss by acids. El clv pos. 
BiOCl brown G 7.4-7.6 

F 1 

2.155 1.975 .180 GRIMALDI ITE TRIG --- Deep red G 4.12 synth ---
CrO(OH} infus 

2.155 2.120 .035 PARAKHINITE HEX --- Dark green H 3.5 ---
PbCu 3Te04(0H} 6 G 6.7 calc 

>2.10 >2.10 mod to SCHUETTEITE HEX --- Yell ow H 3 Diss by acids. Pl eoc wk, 
str Hg 3(S04}o2 G 8.2 0 greenish-yellow, E 

volat orange yell ow. 

2.18 --- --- RUSSELLITE TET mass --- Yell ow H 3.5 Opt char unk. 
Bi 2wo6 G 7.37 

2.21 --- wk ZAVARITSKITE TET --- Gray G (9.2) Opt sign unk. 
BiOF 

v 2.25 2.20 .05 VANADINITE, arsenatian HEX pri s --- Yell ow H 3 Diss by HN03• El neg. 
2.43 (Apatite g rp) G 7.0 

Pb5(vo4,As04)3Cl F 1.5 



2.26 I 2.10 I .16 I HYDROHETAEROLITE I TET fib I 001 perf I Brownish- I H 5-6 I 01 ss by HCl • Pl eoc wk , 
Zn 2Mn 4o8·H2o black G 4.6 0 red-brown, E nearly 

infus opaque. 

v I 
2.27 I 2.18 I .09 I STOLZITE I TET pyram 001 imperf Green, I H 2.5-3 Dec by HCl. Pleoc, 0 pale 

2.30 PbW04 gray, brown G 7.9-8.4 greenish-yellow, E bright 
F 2 yellow. 

2.275 I 2.15 I .125 I RANC IE ITE I HEX ( ?) --- Dark brown, Soft Diss by HCl. Opt char unk. 
+2 +4 mass streak G 3.3 (Ca,Mn )Mn 4o9•3H20 purplish 

2.295 I 2.285 I .01 I F INNEMANITE I HEX pris 110T1 dist 01 ive-green, H 2-3 1 Diss by HN03• El neg. 
Pb 5 (As03) 3c1 gray, black G 7.27 

F 2 

v I 
2.30 I 2.07 I .23 I HETAEROLITE I TET I 001 indist I Black H 6 I Di ss by HCl • Red-brown in 

2.35 ZnMn 2o4 G 5.2 section. Pleoc wk, abs 
i nfus 0 > E. 

2.27 2. 30 L i 2. 23 Li .07 WULFENITE, tungstenian TET 011 di st Yellow H 3 Dec by acids. Mo03 21%, 
II Pb{Mo,W)04 G 6.6 W/Mo = 0.7. v 

2.35 F 2 

2. 30 L i --- --- PLATTNER ITE TET 110 Black H 5-5.5 Diss by HCl with evolution 
_ PbO? G 8.5-9.5 Cl? •. Nea:ly op~que. Basal 

I 
-

I 
1 F 2 I sect1on shows blax 

~ I 
I 

I I segments. ~ 
~ I 

I I SANTANAITE Ill_ 4 2.32 2.12 .20 HEX 0001 perf Straw-
9Pb0•2Pb02·Cr03 1"2"10 yellow 

2.32 Lil 2.25 Lil .07 I ECDEMITE TET tab 001 dist Yell ow, I H 2.5-3 I D~ ss by HN03. In part 
Pb6As 2o7cl 4 green G 7.14 b1ax. 

F 1.5 

2.31 2.33 1.96 i ..,., 
I GE I KI ELITE TRIG rhombs 10T1 perf 1 Brownish- I H 6 Diff diss by HCl. Pleoc .;Jf ...., ( Mg , Fe ) Ti 0 3 black G 3.8-4.1 wk in red-brown, red, or '--' 

2.35 i nfus purple. 

2.30 2.35 2.12 .23 HETAEROL ITE TET 001 indist Black H 6 Diss by HCl. Red-brown in 
II ZnMn 2o4 G 5.18 section. Pleoc wk, abs 

i nfus 0 > E. 

2.30 2.35 2.29 .06 WULFENITE, uranian TET tab 011 di st Yell OW H 3 Diss by HN03• uo3 11.6%. 
II Pb(Mo,U)04 G 6.6 v 

2.47 F 2 

'--' 2.35 Li 2. 33 Li .02 11 LORETTOITE 11 TET (?) 001 perf Orange- H 3 Diss by HN03• Probably 
2.40 Pb 706c1 2 mass yellow G 7.95 synth material (?). F 1 

2.36 Li I 2.25 Lil .11 ISCHWARTZEMBERGITE I TET I 001 di st I Honey- to I H 2.5 Diss by HN03• Shows biax 
Pb5 ( I03) Cl 303 or ps tet straw- G 7.39 sectors. 

yellow, F 1 
reddish 



~ 
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Table 5. Uniaxial negative minerals {continued) 

Refractive index Other Biref MINERAL NAME 
entries and formula 

w E 

2.36 Li 2. 31 L i .05 LANGBANIIE 
+2 +4 . {Mn ,Sb,Ca) 4{Mn ,Fe) 3s,o12 

......., 2.41 Li --- wk MINIUM 
L-J Pb 3o4 

2.25 2.43 2.37 .06 VANADINITE 
A {Apatite grp) 

Pb 5 {V04) 3c1 

2.45 2.33 .12 TAPIOLITE 
Fe{Ta ,Nb}2o6 

2.46 Li 2.15 Li .31 HAUSMANNITE 
2.40 2.15 M +2M +3 0 n n 2 4 

2.35 2.47 2.26 .21 WULFENITE 
A PbMo04 

2.48 Na 2.21 Na .27 PYROPHANITE 
2.46 2.07 .39 MnTi03 

2.50 Li --- wk to SENAITE 
mod Pb{Ti ,Fe,Mn) 21o38 

2.55 2.56 2.49 .07 ANATASE ......., Ti02 L-J 

2.60 

2.6 Li --- extr TRECHMANN ITE 
AgAsS2 

2.60 2.50 .10 BRAUNITE 
3Mn 2o3·MnSi03 

2.665L i 2.535Li .130 LITHARGE 
PbO 

SYSTEM 
and 

habit 

I RIG 

TET u mass 

HEX pris 

TET 

TET oct 

TET tab 

TRIG 

TRIG 

TET oct 

TRIG 

TET pyram 

TET tab 

CLEAVAGE Hardness, 

Color specific Remarks or gravity, and fracture fusibility 

--- Iron-black H 6.5 Diff diss by HCl. Pleoc 
G 4.6-4.8 wk in reddish-brown, abs 
infus 0 > E. 

--- Brownish- H 2.5 Diss by acids. Abn green 
red G 9.1 interf colors. Pl eoc, 

F 2 deep red-brown to nearly 
cols. 

--- Red, H 3 Diss by HN03• El neg. 
yellow, G 6.65-6.98 
brown F 1.5 

--- Black H 6-7 Pleoc str, dark red to 
G 7.11 black. U opt pos. 
i nfus 

001 good Brownish- H 5.5 Diss by HCl. In sect ion, 
black G 4.84 brownish-red, not pleoc. 

i nfus 

011 di st Yellow, H 3 Diss by HN0 3• 
001, 013 orange G 6.7 
less so F 2 

0221 perf Deep H 5 Nearly insol in HCl. In 
10T2 less so blood-red G 4.54 section yellow-red. 

i nfus 

--- Black H 6 Nearly opaque. Not pleoc. 
G 5.30 Tw pl 11~0 common. 

001' 011 Brown to H 5.5-6 Insol in acids. Pleoc in 
perf black G 3.90 thick sections, 0 pale 

infus blue to yellow, E dark 
blue to orange. 

10T1 good Scarlet- H 1.5-2 Streak scarlet. Pleoc, 0 
0001 dist vermilion F 1 pale red, E cols. 

112 perf Brownish- H 6-6.5 Dec by HCl. 
black G 4.72-4.83 

infus 

110 perf Red H 2 Diss by HN03• Fuses to a 
G 9.13 yellow bead. El clv neg. 
F 1.5 



2.70 I 1.75 I .95 I CHALCOPHANITE I TCL I 001 perf 'Brownish- IH 2.5 Diss by HCl. Pleoc str, 0 
(Zn,Mn)Mn 307·3H20 black G 4.0 nearly opaque, E deep red. 

infus 

2.98 Li I 2.11 u I .27 I PROUSTITE I TRIG 110T1 di st I Searl et IH 2-2.5 Dec by HN03• Streak 
3.09 Na 2. 79 Na • 30 Ag 3AsS 3 

G 5.57 scarlet. Bright red in 
F 1 section, pleoc wk, 0 blood-

red, E cochineal-red. 

3.01 Li I 2.78 Li I .23 I HEMATITE I TRIG I Parting I Red to IH 5-6 Diss by HCl. Streak red. 
3.22 Na 2.94 Na .28 Fe 2o3 

0001 black G 5.26 Abs 0 > E. 
i nfus 

3.08 L i I 2.88 Li I .20 I PYRARGYR ITE I TRIG 110T1 di st I Dark red IH 2.5 Dec by HNO • Streak 
Ag 3SbS3 

G 5.85 purplish-r~d. Red in 
F 1 section. Tw pl 1120. 

3.25 I 2.40 I .85 I CREDNER ITE I MCL ps hex I 001. 100 Iron-black H 4 I Di ss by HCl. Poly tw. 
CuMn02 

perf G 5.0 
Tll good F diff 

3.30 I 2.90 I .40 I HOLLANDITE MCL ps tet --- Black, gray H 6 I Di ss by HCl • 
+4 +2 G 2.95 

Ba(Mn ,Mn )8o16 i nfus 

3.78 I 3.75 I n< I f.RATONTTI=" TRTC:: Conch I Lead-arav I H 2. 5 
;....o 

I I 
I ·--

1 Pb~A~~s~~ I I 
- I G 6. 22 t..:l 

~ - F 1 

4.34 L i I 2.03 Li I 2.31 I MOLYBDENITE I HEX I 0001 perf I Lead-gray I H 1-1.5 I Dec by HN0 3• El clv pos. 
MoS 2 

G 4.7 
i nfus 



Table 6. Biaxial positive minerals 

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula {2Vz calc) orien- and or Color gravity, Remarks 

! disp tat ion habit fracture and a y fusibility 

1.301 1.301 1.307 .006 FERRUCCITE no X = b ORTH 100, 010 Cols H 3 Sl sol in H20, diss 
NaBF 4 z = c tab 001 G 2.50 by acids. 

F 1 

1.338 1.338 1.339 .001 CRYOLITE 43° X = b MCL Parting White, H 2.5 Insol in H2o, tw 
Na 3Al F 6 r < v Z:c -;; -44° 110, 001 reddish, G 2.97 110 lam. 

brownish F 2 

1.346 1.348 1.350 .004 WEBERITE 80° X = a ORTH 101 poor Gray H 3.5 ---
Na 2MgAl F7 Y=b 010 G 2.96 

1.409 1.412 1.419 .010 PACHNOLITE 76° X = b MCL 001 fair White H 3 Tw pl 100. 
NaCaAlF6·H20 r < v wk Z:c -; 53- G 2.98, 

-69° 2.g7 calc 
disp str 

1.411 1.416 1.422 .011 CARLHINTZEITE no --- TCL --- White, G 2.36 Tw [010]. 

...... 
Ca 2Al F 7·H20 pris cols 

~ 1.413 {1.417) 1.423 .010 YAROSLAVITE 74° --- ORTH Pina- White G 3.og ---
Ca 3Al 2F10(0H) 2·H20 fib coidal 

1.425 1.428 1.438 .013 CALCJARLITE no Z:c = 10- MCL Uneven Cols H 4 ---
(Na,K)(Ca,Sr) 3Al 3 -15° G 3.51 
(F,OH) 16 

1.42g 1.433 1.435 .006 JARLITE - goo y = b MCL --- Col s H 4-4.5 Formula in doubt. 
NaSr3Al 3{F,OH) 16 X:c -; -6° tab G 3.78-3.g3 

F easy 

1.422 1.435 1.480 .058 SANTITE 70° X = c ORTH 010 perf Cols H 2.5 Diss by acids. Tw 
KB 5o6 (OH} 4 • 2H 20 ( 58_:5°) Y=b 100 dist G 1. 74 01T. 

1.431 1.438 1.488 .057 SBORGITE 35° --- MCL --- Cols H 3.5 Sol in H2o. 
NaB5o6(0H) 4•3H20 (42+6°) G 1. 71 

r >-v wk 

1.439 1.442 1.46g .030 STERCORITE 36° z = b TCL --- Cols H 2 Sol in H2o. Sec-
HNa(NH4)P04•4H20 r > v Y:c -; 30° G 1.6 tion 010 shows 2 

rather str disp str F 1 sets of tw lam at 
about goo. 

1.441 1.442 1.444 .003 USOVITE 70° --- MCL One, perf Brown H 3.5 Pl eoc, .X and Y 
Ba 2CaMgAll 14 F easy brownish-yellow, Z 

pale yell ow. 



1.445 I 1.460 I 1.491 I .046 I MER CALL ITE 56° I X = E. IORTH I --- I Col s, I G 2. 31 ISol in H~O, giving 
KHS04 (71+5°) Z = a sky-blue F 1 an acid olution. 

r <-v wk 

1.456 I 1.460 11.480 1.024 I CHESSEXITE 47° I X = a IORTH 1010 I White I G 2.04 I Diss by HCl. 
Na 4ca 2(Mg,Zn) 3Al 8 Z=b 

(S04)10(Si04)2(0H)10" 
40H2o 

v 11.460 11.461 ,1.470 ,.010 IALUNOGEN 31° X - b TCL 010 perf White H 1.5-2 Sol in H20. In 
1.478 Al 2(s04)3·17H20 Z:c-;; 42° tab or 100, 3T3 G 1. 77 closed tube, melts in 

fib c infus its water of crystn. 

1.454 I 1.461 11.471 l.o11 looRFMANITE 65° --- ORTH --- White H 1-1.5 Sol in H~O, gives 
Na 2HPO 4 • 2H 20 ( 80.2:_14°) G 2.00 an alk r action. 

r > v wk 

L.-1 I --- I 1.461 I --- I lo• I SILHYDR ITE --- --- ORTH Uneven to White G 2.14 Dec by HCl. Opt sign 
1.466 3Sl 02·H20 subconch unk. 

1.461 I 1.463 I 1.476 I .015 I PICROMERITE 48° y = b MCL 20T perf White H 2.5 Sol in H20. 
K2Mg(S04)2·6H20 r > v X:a-;; -1° G 2.10 

F 2 

I-" 
. 1 41::9 I 1 464 I, 47(\ I nn I ALUM!N!TE Med to X = el ,MCL --- White H 1-? Iniss by acids. 

~ 
~~- ~ ~-~--~ Lo IV loV 

IA12S04(0H)4·7H20 large fib G 1.66-1.8 01 
(85.2:_21°) i nfus 

1.462 I 1.465 I 1.474 I .012 I MALLAROITE 1 Large Z:c = 44° MCL 001 di st Rose G 1.84 I Sol in H20. 
(Melanterite grp) 
MnS04·7H20 

11.462 11.466 11.4691.007 IBOGGILDITE 1790 --- MCL --- 'Flesh-red IH 4-5 
Na 2sr 2A 12 (PO 4) F g G 3.66 

F 1-2 

1.464 I 1.468 I 1.474 I .010 I KONYAITE 106° --- MCL --- Cols H 2.5 Sol in H&O. Stated 
Na 2Mg(S04)2·5H20 (79.:!:_24°) G 2.097 to be bi x neg. 

1.456 I 1.469 I 1.508 I .052 I LANSFOROITE 60° X = b MCL 001 perf Cols H 2.5 Diss by acids. 
MgC03·5H 20 z- c tab 100 less G 1. 71 Alters in air to 

so i nfus Nesquehonite. 

1.468 I 1.470 I 1.473 I .005 I ERIONITE I --- lel pos 'HEX I --- I --- I G 2.05 I Diff dec by HCl with 
(Zeolite grp) fib F easy sepn of silica. 
(K2,ca,Na 2)2Al 4Si 14 
036 ·15H20 

v 
1

1.468 I 1.470 
1

1.474 
1

.oo6 I TRIOYMITE 140" I X = b IMCL 1--- I Col s I H 6.5 I lnsol in acids, diss 
1.484 Si02 z = c ps hex, G 2.25 by hot Na 2CO 

el neg tab infus soln. Tw, t~illings, 
fourlings. 



...... 
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Table 6. Biaxial positive minerals (continued) 
--------

Refractive index 
Other MINERAL NAME 

entries Biref and formula 
a §_ y 

v 1.467 1.471 1.476 .009 MELANTERITE 
1.478 (Fe,Mg)S04·7H20 

v 1.470 1.471 1.479 .009 BOUSSINGAUL TITE 
1.491(?) (NH 4)2Mg(S04)2·6H20 

1.469 1.473 1.491 .022 META-ALUNOGEN 
Al 4(S04)6·27H20 

1.458 1.473 1.501 .043 BARRINGTONITE 
MgC03·2H20(?) 

1.466 1.474 1.495 .029 CARNALLITE 
KMgC1 3·6H20 

1.473 1.469 1.475 1.484 .015 THENARDITE ,......., -- Na 2so4 L....J 

1.4n 

--- 1.47- --- wk HYDROBASALUMINITE 
"'1.48 Al 4so4(0H) 10·12-36H20 

1.472 --- 1.487 ,.015 MAKATITE 
Na 2Si 409·SH20 

v 1.472 1.475 1.4n .005 MORDENITE 
1.482 -- (Zeolite grp) 

(Ca ,K2,Na 2)AT2Si 10o24 • 7H2D 

1.471 1.471 1.478 1.486 .015 ME LANTER ITE 
1\ -- FeS04•7H20 v 

1.483 

1.461 1.475 1.478 1.482 .010 ALUNOGEN 
1\ -- Al 2(S04)3·17H20 

v 1.478 1.479 1.482 .004 FERRIERITE 
1.489 -- (Zeolite grp) 

(Na,K) 2MgA1 3Si 15o36 
(OH}·9H20 

2Vz 
(2Vz calc) 

disp 

Large 
r > v 

51° 
r > v 
perc 

Large 
(51.::_12°) 

(74.::_6°) 

70° 
r < v 

83° 
r > v wk 

---

---

80° 

85° 
r > v wk 

75° 

50° 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

y = b MCL T01 perf Greenish H 2 Sol in H 0. MgO z :c -;- no el c 111 poor G 1.76 7.45, cu6 0.3, ZnO 
F easy 0.5%. 

y = b MCL 20T perf Cols H 2 Sol in H 0. Con-
Z:c-;- 12° G 1.72 tinuous ~eries to 

F 1 Mohrite? 

--- --- --- White --- ---

el pos TCL --- Cols G 2.82 Optics are discordant 
fib (calc) for compn given. 

z = a ORTH Conch White, H 2.5 Sol in H20. Del iq. 
X= c reddish G 1.62 

F 1-1.5 

X = c ORTH 010 perf White H 2.5-3 Sol in H2o. 
Y=b 101 fair G 2.66 

F 2 

--- --- --- Cols to G 1.86 Diss by acids. Opt 
yellowish char unk. 

--- ORTH --- White G 2.07 Dec by acids. Opt 
or MCL char unk. 
spher 

X = c ORTH 100 good Col s, H 3-4 Partly dec by HCl. 
v=a 010 fair pink, G 2.12 

yellow F 4-5 

y = b MCL T01 perf Green H 2 Sol in H2o. 
Z:c-;;; no el c 111 poor G 1.90 

F easy 

X- b TCL 010 perf White H 1. 5-2 Sol in H 0. In 
Z:c -;;; 42° tab or 100, 3T3 G 1.79 closed t6be, melts in 

fib c infus its water of crystn. 

X = a ORTH 100 perf White H 3 Insol in HCl. 
Y=b blades G 2.15 
el pos 100 F 3-4 



11.478 11.479 11.481 1.003 ICLINOPTILOLITE 140" 

1

x • b rCL I 010 perf I Cols I H 4 IDee by HCl. SiO 
,-, (Zeolite grp) r > v el cTv pos G 2.11 68.3, CaO 1.0, N~ 2o v 

1.493 (Na,K,Ca) 2_3Al 3(Al ,Si )2 F 2 2.5%. 
Si 13o36 ·12H20 

1.47 I 1.48 11.49 I .02 I BOOTHITE Large y = b MCL 001 Blue H 2-2.5 So 1 i n H 0 • De hy-
CuS04·7H20 X- c fib c imperf G 2.1 drates r~adily. Cols 

F 3 in thin section. 

1.475 I 1.480 11.488 I .013 I DIETRICHITE Large X = b MCL White H 2 Sol in H2o. 
(Zn,Fe,Mn)Al 2(so4)4• Z:c -;- 29° fib c i nfus 
22H 2o 

v I 1.477 11.48o 11.490 ,.o13 I NATROLITE 63° X = a ORTH 110 perf I White I H 5 !Gel with acids. Tw 
1.486 (Zeolite grp) r < v z=c acic c 010 G 2.22 pl 110, 100, rarely 

Na 2Al 2Si 3o10·2H20 wk el pos imperf F 2 301. 

1.475 I 1.480 11.490 1.015 I MAKATITE (71_:!-_16°) ORTH White H 4.5 
Na 2Si 4o9·5H 20 spher G 2.07 

1.475 I 1.480 11.487 I .012 !MISENITE Large z = b MCL 010 dist White G 2.32 I Sol in H~O to an 
K2S04·6KHS04 (?} X:c -;- 29° fib c F 1.5 acid sol • 

1.480 I --- wk I FAUJASITE - oo --- CUB 111 dist White I H 5 Dec by HCl. Shows 8 

I 
(Zeolite grp) oct I G 1. 92 biax segments. 

,_. 

I 1.480 I (1.480) 

·(Na 2,Ca)Al 2Si 4o12 ·BH 20 F 3 
~ I -1 

v 1.485 .005 CHABAZITE Small --- TRIG 10T1 di st White, IH 4.5 Dec by HCl with 
1.485 (Zeolite grp) rhombs red G 2.06 sepn of slimy silica. 

I 1.480 I 1.481 

(Ca,Na 2}Al 2Si 4o12 ·6H 20 F 3 

v 1.485 .005 OACHIARDITE 55-60° X = b MCL 100, 001 White H 4-4.5 Dec by acids. 
1.496 1- (Zeolite grp) Z:c-;- 35° perf G 2.16 Mimetic tw perf. 

I (K2,Na 2,Ca) 5A1 10si 38 
- fus 

o96 ·25H 20 

1. 470 I 1. 481 11.497 I .027 IRIVAOAVITE 80° y = b MCL 100, T01 Col s, H 3.5 Diss by hot H2o. 
Na 6MgB 24o40 ·22H20 r > v Z:a-;- -32° el b perf white G 1.91 

010 poor F 1.5 

1.470 I --- 11.493 I .023 INICKEL-HEXAHYDRITE I --- IZ:~ ~ 45" IMCL 1010 perf Blue- --- Diss by H20. NiO 
(Ni,Mg,Fe)S04•6H 20 crusts, 100 green 22.6, MgO 2.8, FeO 

fib 2.6%. Opt char unk. 

1.482 I --- I .002- IGMELINITE - oo HEX 10TO dist White H 4.5 Dec by HCl. Tw 
.008 (Zeolite grp) G 2.0-2.1 axis c. 

(Na 2,Ca}Al 2s; 4o12 ·6H 20 F 3 

1.475 1 1.481 1 1.482 11.486 1.005 IMORDENITE Large X = c ORTH 100 good White to H 3-4 I Partly dec by HCl. 
A var. Ashtonite v=a radi- 010 fair red G 2.12 SrO 1.3%. 

(Zeolite grp) ating F 4-5 
(Ca,Na 2)Al 2Si 10o24 ·7H20 

1.462 I (1.483) 11.531 1.069 I BAYLIss ITE 
K2Mg(C03)2·4H20 

164° I --- I MCL I Conch I Col s I H 2-3 
G 2.01 

IDiss by acids with 
eff. Dec by H20. 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 

tat ion habit fracture and a ~ y disp fusibility 

1.478 1.479 1.483 1.488 .009 ZINC-COPPER MELANTERITE Large --- MCL --- Light H 2 Sol in H~O. Dehy-
1\ {Zn,Cu)S04•7H20 disp wk fib blue- G 2.02 drates i air. 

green F easy 

1.480 1.483 1.486 .006 LEONITE - goo y = b MCL Conch Col s, H 2.5-3 Sol in H2o. Poly 
K2Mg(S04)2·4H20 Z:a small pris yellow G 2.20 tw. 

F easy 

1.468 1.484 1.515 .083 CALCLACITE 80° --- MCL or --- Cols G 1.5 Calcium chloride-
CaC1 2·Ca(C2H3o2)2•10H20 (72_:!:5°) TCL acetate (an arti-

fact?). Sol in H 0. 
The synth salt ha~ ~ 
1.468, 1.502, 1.523, 
2V -58°, {81..:!:.1°). 

1.470 1.482 1.484 1.486 .004 TRIDYMITE 86° X = b MCL --- Cols H 6.5 Insol in acids. Di ss 
~ 

~ 

1\ Si02 z=c ps hex, G 2.25 by hot Na 2co 
tab infus soln. Tw trfllings, 

fourlings. 

v 1.483 1.485 1.487 .004 PHILLIPSITE 63° X = b MCL 100, 010 White H 4 Gel with acids. Tw 
1.503 (Zeolite grp) r < v mod Z:c -; 19° fib a dist G 2.19 pl 001 and 011 penet 

(K2,Ca ,Na 2) 1_2(Al ,Si) 8 el-pos - F 3 giving ps orth forms. 
o16·6H20 

(1.480) 1.485 1.485 1.488 .003 CHABAZITE Med to --- TRIG lOT dist Col s, H 4.5-5 Dec by HCl. Tw pl 
1\ (Zeolite grp) large white, G 2.1 lOTl. v 

1.492 (Ca,Na 2)2Al 2Si 4o12 ·6H20 red F 3 

--- 1.485 --- low MAGADI ITE --- el pos MCL --- White --- Dec by HCl. Opt sign 
NaSi 7o13(0H) 3·3H20 unk. 

1.472 --- 1.502 .030 INDIGIRITE --- el pos fib --- Snow- H 2 Diss by acids. Opt 
Mg 2Al 2(C03)4(0H) 2•15H20 white G 1.6 char unk. 

1.484 1.486 1.502 .018 CYANOCHROITE 47° y = b MCL 20T perf Greenish- G 2.22 Sol in H2o. 
K2Cu(S04)2·6H20 r < v str X:c -; 19° crusts blue F 2 

1.480 1.483 1.486 1.495 .012 NATROLITE Med X = a ORTH 110 perf White H 5 Gel with acids. Tw 
1\ (Zeolite grp) (60+20°) z=c acic c 010 poor G 2.22 pl 110, 100, rarely 

Na 2Al 2Si 3o10·2H20 r <-v wk el pos F 2 301. 

1.470 1.487 1.540 .070 AMMON I OBOR ITE 59° y = b MCL --- White Soft Slowly sol in cold 
(NH4)2B10016•5H20 r < v wk Z:c-; 7° G 1. 77 H20. 

volat 



1.476 I --- I 1. 500 I • 024 IUKLONSKOVITE --- --- MCL 01, Tll I Col s IG 2.42-2.5 IDiss by acids. 
Na 2Mg 2(S04)2(0H) 2·3H20 good 

1.484 I 1.487 I 1.4961 .012 hAMARUGITE 60° y = b MCL 010 perf Cols H 3 1 Sol in H2o. Poly tw. 
NaAl (S04)2·6H20 disp wk X:c -;- 5° fib c G 2.07 

fus 

v 11.4881 !.48811.4891,001 IHEULANDITE 70° z = b MCL 010 perf White H 4 I !lee by HCl , S1 0 
1.498 ( Zeo 1 i te g rp) r > v el cTv neg G 2.14 61.8, CaO 5.5, N~2o (Ca ,Na 2)2_3Al 3(Al ,Si) 2 F 2 1.1, K20 0.3%. 

Si 13o36 ·12H20 

1.479 11.489 11.489 11.49 j.ool I FERRIER ITE rmall r .. I ORTH roo perf I White r 3 
I Insol in HCl. 

A (Zeolite grp) y = b blades G 2.21 
(Na,K) 2MgA1 3Si 15o36 el pos 100 F 3-4 
(OH) • 9H 2o 

1.489 11.480 1.491 1.509 .029 FLUELLITE 85° X = b ORTH 010, 111 White H 3 I Insol in acids. 
ro Al 2(P04)F2(0H)•7H20 r < v y = c indist G 2.16 .._. 

1.496 infus 

1.488 1.491 1.505 .017 INDERITE 3]0 Z :c = 9° MCL 110 good (o 1 s H 2.5 IDiss by acids. 
MgB 3o3(0H) 5·5H20 G 1. 79 

F 1 

20T good 
[ I. . .. - -1.471(?} 1.487 1.491 1.499 .012 MOHRITE ..... 75° y = b MCL Pale G 1.86 jSOl in H U. Con-

A (NH4)2Fe(S04)2•6H 20 010 dist bluish- ltinuous ~eries to ....... 
1:\:) green IBoussingaultite? ~ 

1.485 1.491 1.492 1.494 .003 CHABAZITE 58° --- TRIG lOll di st Col s, H 4-5 Dec by HCl. Tw pl 
A (Zeolite grp) red, G 2.1 10Tl. 

(Ca,Na 2)Al 2s; 4o12 ·6H20 white F 3 

1.479 11.491 1 1.493 1 1.497 1 .oo6 ICLINOPTILOLITE 720 X = b MCL 010 perf Cols H 4 Dec by HCl. SiO 
A (Zeolite grp) r > v el cTv pas G 2.1 59.7, CaO 3.4, N~2o (Na 2,Ca,K2)2_3A1 3 F 2 1. 3, K20 4. 2%. 

(Al ,Si) 2Si 13o36 ·12H20 
12H2o 

1.485 I 1.494 I 1.505 I .020 ICANAVESITE Very large z = b MCL --- Mi 1 ky IG 1.8 
Mg 2(C03)(HB03)·5H20 disp wk fib white 

1.494 I 1.495 I 1.497 I .003 IARCANITE 67° X = b ORTH 010, 001 White G 2.66 Sol in H2o. Tw 
K2so4 r > v mod z=c good F 3 common. 

1. 495 I 1. 496 I 1. 504 I • 009 ISTRUVITE 37° X = b ORTH 001 good Col s to H 2 Diss by acids. 
{NH4)MgP04•6H20 r < v str z=a 100 poor yell ow G 1. 71 

1.481 11.493 1 1.496 1 1.soo ,.oo7 jDACHIARDITE 69° X = b MCL 100, 001 White H 4-4.5 I Dec by acids. 
" {Zeolite grp) z :c -;- 35° perf G 2.17 Mimetic tw 001. 

{K2,Na 2,Ca) 5Al 10si 38 fus 

096 • 25H 20 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula (2Vz calc) orien- and or Color gravity, Remarks 
a ~ y disp tat ion habit fracture and 

fusibility 

L......J 1.495 1.497 1.504 .009 YUGAWARALITE 78° z = b MCL Parting Cols H 4.5 Insol in acids. u 
1.504 (Zeolite grp) r > v wk Y:c -;; 7° 010 G 2.23 opt neg. 

CaA1 2Si 6o16 ·4H20 

1.484 1.498 1.523 .039 ARISTARAINITE 70° X = b MCL 001' 100 Cols H 3.5 Diss by HCl. 
Na 2MgB 12o20 ·8H20 r > v wk Y:c -;; -38° perf G 2.03 

110 fus 
v 

1.510 1.497 1.498 1.499 .002 GONNARDITE Med to --- ORTH --- White G 2.26 ---
(Zeolite grp) large fib 
Na 2CaA1 4Si 6o20 ·7H20 

1.488 1.496 1.498 1.504 .008 HEULANDITE 35° z = b MCL 010 perf White H 4 Dec by HCl • Si 0 
1\ (Zeolite grp) el cTv neg G 2.20 57.4, cao 7.0, s~o v 

1.507 (Ca,K2)2_3Al 3(Al ,Si) 2 F 2 1. 55, Na 20 0.1, 
Si 13o36 ·12H20 K20 1.4%. 

1.499 1.500 1.502 .003 WAIRAKITE 75° X = b MCL --- White H 5-5.6 Gel with acids. 
...... gg (Zeolite grp) r > v wk z- c G 2.26 

CaA1 2s; 4o12 ·2H20 F 2.5 

1.484 1.501 1.550 .066 GOWERITE (63+4°) y = b MCL 001 perf White H 3 Diss by acids. 
CaB6010·5H20 r >-v wk Z:c-;; 27° G 2.00 

fus 

1.498 1.500 1.501 1.504 .004 WELLSITE 39° z = b MCL --- Cols H 4-5 Dec by acids. Com-
r--1 (Zeolite grp) X:c -;- -52° G 2.3 plex tw. Perhaps a L......J 

1.503 (K2,Ca,Ba)Al 2Si 6016 • F 3 barian Phillipsite. 
6H20 

1.497 1.502 1.539 .042 LIEBIGITE 40° X = a ORTH 100 Green to H 2.5-3 Diss by acids. 
Ca 2(U02)(C03)3•10H20 r > v med z=c crusts yell ow- G 2.41 Pleoc, X nearly cols, 

green i nfus Y and Z pale yellow-
green. Fluor green 
in UV. 

1.498 1.503 1.510 .012 HE XAHYDROBOR ITE 83° X:c = 14° MCL --- Cols, H 2.5 Diss by acids. 
Ca[B(OH) 4]2•2H 20 r > v pri s white G 1.87 

very str 

1.485 1.500 1.503 1.510 .010 PHILLIPSITE Med X = b MCL 100, 010 White H 4 Gel with acids. Tw 
1\ -- (Zeolite grp) r < v mod Z:c -;; 19° fib a dist G 2.15 p 1 001 and 011, 

(K2,Ca,Na 2)1_2(Al ,Si )8 el-pos - F 3 penet, giving orth 

016• 6H 20 
forms. 



1.501 I 1.503 I 1.510 I .009 I PROSOPITE 63° y = b MCL 111 perf Cols H 4.5 
CaA1 2(F,OH) 8 r > v str Z:c-;- -35° tab 010 G 2.38 

infus 

1. 503 I ( 1. 504) 11. 535 I. 032 I SVElTE Small --- MCL 001 perf White Very soft ~~ec b~ H20. Sol 
KA1 7(N0 3)4Cl 2(0H) 16• G 2.0 1n ac1ds. 
8H 20 

1.504 I 1.504 I 1.553 I .049 I EVEN KITE 
(n-tetracosene) 

I Small I --- I MCL lOne good ICols I H 1 
G 0.92 

,M.p. 50°C. Hydro-
carbon. Poly tw. 

c21H44 

1.501 I 1.504 I 1.520 I .019 IHYDROCHLORBORITE 46° y = b MCL 001 good Cols H 2.5 Di ss by hot H20. 
Ca 2B404Cl(OH) 7·7H20 r < v X:c ~ 25° mass conch G 1.85 

v 11.501 11.504 ,1.509,.008 IHARMOTOME 78° z = b MCL 010 good White H 4.5 Dec by HCl. 
1.509 (Zeolite grp) disp X:a -;- 65° pris 001 less G 2.38 Cruciform tw, tw pl 

~~aOK2)1-2(Al,Si)8016. crossed so F 3.5 001. 
2 

1.493 I 1.505 I 1.529 I .036 I ULEXITE 170-73' I X = b I TR IC 010 perf White H 2.5 Diss by acids. 
NaCaB 5o9 •8H 20 (84~9°) y :_£ -: 20° fib i2o good G 1.96 Partly dec by hot 

F 1 H20. 

1.5oo 1 1.505 1 1.525 l·o25 jLOUGHL!~IJE -·· , !60° I --- I ~~!H --- White G 2.165 Dec by HCl, slowly 
Na 2Mg 3s, 6u 16 ·~H 2u 

I X = ~ I o:~H 1100 good /white I G 2.36 

1
dec by H2o. 

1.502 1.505 1.514 .012 RHODESITE Small 
~ 

I 
(Ca,Na 2,K2)8Si 16o40 • ( 60~20°) Y = a fib fus 

~ 
~ 11H20 

1.504 1.505 1.507 .003 MESOLITE Large y = b MCL 101, T01 White, H 2.5 Gel with acids. Tw 
(Zeolite grp) r > v str X~ c el = b perf gray G 2.26 pl 100, 2V may vary 
Na 2ca 2A1 6Si 9030 ·8H 20 F easy with temp. 

1.494 I 1.507 l1.52a l.o34 IBISCHOFITE 79° X = b MCL 

l 
--- ICols I H 1.5 Sol in H2o. Deliq. 

MgC1 2·6H2o r > v wk Y:c -;- 9.5° fib G 1.60 
fus 

1.498 11.504 I 1.507 
1

1.515 
1
.ou I HEULANDITE 10-40° z = b MCL 010 perf White H 4 Dec by HCl. SiO 

1\ (Zeolite grp) (63+22°) el cTv neg G 2.20 55.8, cao 3.0, s~o 
(Ca ,Na ,Sr) 2_3A1 3 

r >-v F 2 4.4, BaO 2.4, Na 2o 

(Al ,Si) 2si 13o36 ·12H20 1. 5, K20 1. 3%. 

1...-.J I 1.504 11.508 11.5431.039 I USSINGITE 32-39° Z:b = 3° TCL 001 perf Rose- H 6 Gel with acids. 
1.512 Na 2Al Si 3o8(0H) 110 fair violet G 2.48 

F easy 

1.502 I 1.508 I 1.525 I .023 I RABBITTITE 1(62::11') I y = b I MCL 1001 and I Pale I H 2.5 Diss by acids, slowly 
Ca 3Mg 3(uo2)2(C03)6 Z:_£ ~ 15° fib 2 pris green G 2.6 dec by H2o. Weakly 

(OH) 4·18H20 
fluor in UV. 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula (2Vz calc) orien- and or Color gravity, Remarks 
a it y di sp tat ion habit fracture and 

fusibility 

--- 1.508 --- .001 LEUCITE Small Z = a TET 110 poor Cols H 6 Dec by acids. Poly 
KA1Si 2o6 ps cub G 2.5 tw. 

i nfus 

1.493 1.509 1.561 .068 LARDERELL ITE 60° X = b MCL 001, 010 Cols Soft Diss by acids. 
(NH4)B506(0H) 4 r < v Z:c -;;- 30° tab perf G 1.91 Rhombs with angle 

volat 66°. 

1.504 1.505 1.509 1.513 .008 HARMOTOME - goo z = b MCL 010 good White H 4.5 Dec by HCl. Tw 
1\ (leo 1 ite g rp) disp X:a -;- 68° pris 001 1 ess G 2.44 001 cruciform. 

(Ba ,K2)1_2(Al ,Si )8o16• crossed so F 3.5 
6H20 

1.510 1.510 1.512 .002 OLYMPITE 46° --- ORTH Conch Cols H 4 Sol in H~O, gives 
Na 3Po4 G 2.8 an alk r action. 

1.470 1.510 1.579 .109 STRONTIOBORITE 85° --- MCL --- Cols G 2.81 Diss by acids. 
SrB8011 (OH) 4 plates 

"""" ~ 1.504 1.510 1.573 .069 PIRSSONITE 30° X = a ORTH Conch Cols H 3-3.5 Diss by acids with 
Na 2Ca(C03)2·2H20 r < v wk Z=b pris G 2.36 eff. Dec by hot 

or tab F 2-2.5 H20. 

v 1.508 1.510 1.569 .061 HATCHETTITE 26° --- ORTH(?) 001 good Yellow H 1 A paraffin hydro-
1.523 c40H82 (?) r < v G 0.95 carbon. 

F 80°C 

1.510 1.510 1.545 .035 SOLONGOITE Very small Z:c = 2.5° MCL --- Cols G 2.51 Diss by HCl. 
Ca 2B304Cl(OH) 4 r > v wk el-pos 

L....J 1.504 1.510 1.519 .015 MOUNTAINITE Med to y = b MCL --- White G 2.36 ---
1.513 (Ca,Na 2,K2)2Si 4o10• large z :c -;- 18° fib 

3H20 

1.508 1.510 1.516 .008 DYPINGITE --- --- Gl obu- --- White G 2.15 Diss by HCl with eff. 
Mg5(C03)4(0H) 2•5H20 1 ar calc Fluor light blue in 

aggre- uv. 
gates 

1.498 1.508 1.510 1.513 .005 GONNARDITE Med to --- ORTH --- White G 2.27 ---
1\ -- (Zeolite grp) 1 arge fib 

Na 2CaA1 4Si 6020 • 7H20 

1.508 1.511 1.523 .015 BREWSTER ITE 55° z = b MCL 010 perf White H 5 Dec by acids. -- (Zeolite grp) r > v wk X:c -;;- 22° el c G 2.32 
(Sr ,Ba ,Ca)Al 2Si 6o16• el-cl v neg F 3 
5H20 



1.505 I 1.511 I 1.516 1.011 IPETALITE 83° z = b MCL 001 perf Cols, H 6 I In sol in acids. 
Li Al Si 4o10 r > v wk. X:a -;; -5° 201 good pink., G 2.39 

white F 5 

1.505 I 1.512 I 1.524 1.019 IFLAGSTAFFITE no Z = a ORTH 110 Cols Soft Sol in warm alcohol 
C10H22°3 r > v x=c pri s imperf G 1.09 (= cis-terpin 

F 119°C hydrate). 

v 11.501 1.513 1.536 .035 BOB IERR ITE 73° y = b MCL 010 perf Cols H 2-2.5 Diss by acids. Data 
1.553 Mg3(P04)2·8H20 r < v wk. Z:c-;; 27° acic G 2.20 for synth compound. 

fus 

v 11.511 1. 513 1.518 .007 THOMSONITE 75° X = a ORTH 010 perf White H 5 Gel with acids. 
1.525 (Zeolite grp) r > v z = b pris 100 good G 2.33 

NaCa 2Al 5Si 5o20 ·6H20 fib c F 2 

1.s1o I 1.s13 I 1.s11 l.oo1 IMONTEREGIANITE 87° X = c ORTH 010 perf White, f H 3. 5 !Dec by acids. 
(Na,K) 6(Y,Ca) 2Si 16o38• v=a acic, 001 good cols I G 2.42 tab a 100 fair 
10H20 

1. 514 I --- I --- IKINGITE --- --- TCL --- White l G 2.2-2.3 !Opt char unk.. 
A1 3(P04)2(0H,F) 3·9H20 mass 

I G 1.83 
I 
11.508 1.515 1.523 .015 SCHERTELITE 86° Z = a ORTH --- Cols Dec by hot H20, 

(NH 4)2H2Mg(P04)2·4H20 diss by acids. 

11.513 

I 
....... (1.515) 1.518 .005 LOVDARITE 70° ORTH 100, 010, Col s to I H 5-6 Insol in acids. ~ ---
~ (Na,K) 2(Be,Al)Si 308• pris 001 dist yellowish G 2.33 

2H20 F 3 

v 11.518,1.518,1.561 ,.043 IFIBROFERRITE Small z = c MCL 001 perf Pale H 2.5 Dec by hot H~O, 
1.534 Fe(S04)(0H)·5H20 el cTv neg ps trig yellow, G 1.97 diss by acid • 

pale F 5 Pleoc, X and Y cols, 
green 

I 
Z pa 1 e ye 11 ow. 

1.514 I 1.518 I 1.533 1.019 I NEWBERYITE 45° X = a ORTH 010 perf rhite 1 H 3-3.5 Diss by acids. 
MgHP04•3H20 r < v perc Y=b tab 100 001 I G 2.11 

imperf i nfus 

1.516 I 1.518 I 1.533 1.017 I FELS~BANYA ITE 48° X = a ORTH(?) 001 perf Cols H 1.5 Diss by acids. Clv 
Al 4(S04)(0H) 10 ·5H20 r > v Y=b 100, 010 G 2.35 fragments lath-

infus shaped. 

1.so1 I 1.519 I 1.755 1.254 IKLADNOITE 25° z = b MCL --- --- G 1.47 = Phthalimide. 
C6H4(C0) 2NH (34.:!:_2°) Y:c -;; 16° F 234°C 

1.sos I 1.s19 I 1.533 l.o28 I STANLEy ITE Large --- ORTH --- Deep blue H 1-1.5 So 1 i n co 1 d H 0. 
VOS04•6H20 G 1.95 Pleoc, X and ~ blue, 

Z pale blue. 

1.510 I 1.520 I 1.554 j.044 INOBLEITE {76_:t4°) y = b MCL 100 perf Cols H 3 Diss by acids. 
CaB609(0H) 2•3H20 r > v wk. Z:.£-; -7° G 2.09 

1.51 I --- I 1.52 I --- 1.005- IBASALUMINITE --- el neg Mass, Conch White G 2.1 IDiss by HCl. Opt 
r"'""1 • 010 Al 4(S04)(0H) 10·5H20 compact char unk. • L-1 

1.53 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vz calc} orien- and or Color gravity, Remarks 
a ~ y disp tat ion habit fracture and 

fusibility 

l.S10 l.S1a 1.S23 1.saa .070 HATCHETTITE 33° z = c ORTH(?) 001 good White H 1 A paraffin hydro-
1\ c4oHa2 (?) r < v G 0.95 carbon. 

F aooc 

1.S20 l.S23 1.S33 .013 GYPSUM sao y = b MCL 010 perf White H 1. 5-2 Diss by HCl. Tw pl 
CaS04•2H20 r > v perc X:c -;- 37° tab 011, G 2.32 100. 

disp str 010 100 poor F 2.S-3, 

1.S21 1.S23 1.533 .012 MASCAGNITE 52° X = c ORTH 001 dist Cols, H 2-2.S Sol in H 0. Vol at 
(NH4}2so4 r < v wk Y=b el c yellowish G177 when hea~ed. Tw pl 

F 1 110. 

1.S1a --- 1.S30 .012 TACHARANITE --- X = fib MCL 001 good Col s G 2.3S Opt char unk. 
Ca 12Al 2Si 1aos1·1aH20 fib 

""""' 

v 1.518 1.S24 1.S44 .026 WAVELLITE 60° X = b ORTH 110 perf White, H 3.S-4 Diss by acids. 
l.S34 Al 3(P04)2(0H,F} 3•SH 20 r > v wk Y =a fib' 101 good yellow, G 2.36 Colored vars pleoc, X 

el pos radi- 010 dist green infus greenish, Z yellow-
~ ating ish, abs X > Z. 

l.S1a 1.S24 1.S30 .012 MACDONALD ITE goo X = c ORTH 010 perf Cols, H 3.S-4 Insol in cold acids, 
BaCa4Si 16o36 (0H} 2•10H20 Y=b acic 001 good white G 2.27 dec by boiling HCl 

F S.5 (1:1). 

1. soa 1.52S 1.Sa6 .07a S IDERONATR ITE sao X = a ORTH 001 perf Orange H 2 Dec by hot H2o, 
Na 2Fe(S04)2(0H}•3H 20 r > v str Y=b fib c to straw- G 2.2a diss by HCl. Pleoc, 

yellow F 2 X cols, Y pale 
yellow, Z pale amber-
yell ow. 

1.513 1.S25 1.S77 .064 STRONT IOGI NOR ITE sao y = b MCL 010 perf White H 3 Diss by acids. Sr:Ca 
(Sr,Ca) 2B14o23 ·aH20 Z:c-;- 40° G 2.2S = 2:1 to 1:1. 

fus 

1.517 l.S25 1.579 .062 GINORITE 42° y = b MCL 010 perf White H 3.S Diss by acids. 
Ca 2B14o23 ·8H20 inclined Z:c -;;;;- 39° flat G 2.0a 

disp rhombs fus 

1.51S 1.S25 1.S44 .029 PROBERTITE 730 y = b MCL 110 perf White H 3.S Diss by acids. 
NaCaBS07(0H} 4•3H 20 r > v Z:c -;;;;- 12° pris G 2.14 

el-pos F 2 

v 1.513 1.525 1.S42 .029 VOGLITE goo X = b MCL 010 perf Emerald- Soft Diss by acids. 
l.S47 Ca 2Cu(U02)(C03)4• (81~a0 ) Y=c to grass- infus Pleoc, X deep blue, 

6H 20 (?) el cTv pos green Y bluish-green, Z 
yell ow. Poly tw. 



1.521 I 1.525 I 1.545 I .024 I SPADAITE ~Small to ext - II, ORTH(?)I --- I Cream to I G 2. 2 I Dec by HCl. 
MgSi02(0H} 2·H20(?} med el pos felted, pink F 5 

( 49.:_12°) colum-
nar 

1.523 I 1.525 I 1.532 I .009 I CHALCOALUM ITE Small Ext 40° MCL Several Turquoise IH 2.5 I Di ss by hot acids. 
CuA1 4(s04)(0H} 12 ·3H20 r > v str on flat fib perf green to G 2.29 Tw p 1 II e 1 • 

face crusts blue F 5 

1.513 11.52311.525 1.532 .009 THOMSONITE 48° X = a ORTH 010 perf White IH 5 I Gel with acids. 
A (Zeolite grp) r > v z = b pris, 100 good G 2.32 v 

1.533 NaCa 2Al 5Si 5020 ·6H 20 fib c F 2 

1. 508 I 1. 527 1.550 .042 KALIBORITE 81° y = b MCL 001, Tal White H 4-4.5 I Diss by acids. 
KHMg 2B12o16(0H) 10·4H 20 Z:c -;- 65° pris perf G 2.13 

100 good F 1 

v ' 1.523 11.527 11.545 ,.022 I HYDROMAGNESITE 50° z = b MCL 010 perf White H 4-4.5 Diss by hot acids. 
1.537 Mg 5(c03)4(0H) 2·4H20 X:c -;- 47° ps orth parting G 2.22 Tw pl 100, poly 

el-clv neg fib c 100 infus common. 

1.526 11.528 11.551 1.025 I TERUGGITE 33° z = b MCL 001 good Col s, H 2.5 Diss by acids. 
Ca 4MgAs 2B12o22 (0H) 12 • r > v wk X:c -;- -26° pris 110 fair white G 2.15 

12H20 fus 

1. 525 1.528 1.544 .019 SAZHINITE 47° Z = a ORTH 100, 010, Gray, IH 2-3 
~ 

I 
Na 2CeSi 6o14(0H)·5H 2o y = b ps tet 001 perf white, G 2.61 

~ tab cream 
Ol 

1. 527 --- 1.531 .004 B IRUNITE --- --- ORTH(?) One perf White H 2 I Gel with acids. 
Ca36(Si03)17(C03)17 fib G 2.36 

(S04)2·30H 20 (?} infus 

v 11.507 11.529 11.573,.067 IMAGNESIOCOPIAPITE 730 X - b TCL 010 perf Sulfur- H 2. 5-3 Diss by acids. 
1.535 '{Mg,Fe)Fe+ 3

4(so4)6 
r > v str Y:c :- 38° tab T01 to G 2.13 Pl eoc, X ye 11 ow--

I 
imperf golden- F 4-5 green, Y pale yellow, 

(OH) 2·20H20 yell ow Z yellow to yellow-
green. 

v 11.522 11.529 11.577 ,.055 IBOTRYOGEN 141° r . b 

1
MCL 1010 perf IRed to I H 2-2.5 I Dec by hot H 0, 

1.548 MgFe+3(S04)2(0H)·7H 20 Z:.£_-;;12° reni- 110 good orange G 2.05-2.14 diss by acid~. 
form F 4.5-5 Pleoc, X cols to 

brown, Y pale brown, 
Z golden- to orange-
red. 
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Table 6. Biaxial positive minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
a ~ y 

1.483 1.530 1.576 .093 CHALCONATRONITE 
Na 2Cu(C03)2·3H20 

1. 515 1.530 1.580 .065 EARLANDITE 
Ca 3(c6H507)2·4H20 

--- --- 1.542 --- GLAUCOKERINITE 
(Zn,Cu) 10Al 4{S04) 
(OH) 30 ·2H20 {?) 

1.525 1.53 1.550 .025 ROESSLER ITE 
MgHAsO 4 • 7H 20 

1.496 1.531 1.579 .083 CHALLANTITE 
6Fe2(s04)3·Fe203•6H20 
63H 20 

1.530 1.531 1.534 .004 BUDD I NGTON ITE -- (Feldspar grp) 
{NH4)2Al 2si 6o16·H20 

1.5285 1.531 1.532 .004 Unnamed silicate 
(K,Na) 4ca 2Al Si 6 
(O,OH,F) 18·NaCl 

v 1.528 1.532 1.539 • 011 ALBITE 
1.541 plagioclase, plutic 

(Feldspar grp) 
NaAl Si 3o8 

v 1.527 1.532 1.538 .011 CORDIERITE 
1.542 Mg2Al 4Si 5018 

v 1.520 1.533 1.584 .064 KIESER HE 
1.590 MgS04·H20 

2Vz Optical 
~2Vz calc) orien-

disp tat ion 

Large Y = el 
( 93~2°) Z:c small 

60° ---

--- Z = el 

Small z = b 
X:a -;; 14° 

80° ---

--- z = b 
X:a -;; 4° 

29° el clv neg 

74° x· :a on 
r < v wk 001-= 3° 

010 = 20° 

88° X = c 
Z=b 

55° y = b 
r > v mod Z:c -;; -77° 

disp dist 

Hardness, 
SYSTEM CLEAVAGE specific 
and or Color gravity, Remarks 

habit fracture and 
fusibility 

MCL --- Greenish- Soft Dec by H~O, diss by 
ps hex blue G 2.27 acids. leoc, X 

nearly cols, Y pale 
blue, Z blue. 

MCL --- White to G 1.95 Calcium citrate. 
pale Diss by acids. 
yellow 

Radi- --- Sky-blue H 1 Concentric color 
ating, G 2.15 banding. Opt char 
fib unk. 

MCL 110 Cols H 2-3 Diss by acids. 
imperf G 1.94 

tab --- Yell ow --- Slowly sol in H20, 
diss by HCl. 

MCL 001 good Cols H 5.5 Insol in acids. 
010 dist G 2.32 

F 5 

ORTH One perf Cols H 4 Gel with acids 
G 2.58 (Am. Min. 44, 90). 
F easy 

TCL 001 perf Cols, H 6 End member, An 0 • 010 good white G 2.61 Insol in acids. Poly 
F 4 tw pl 010 almost 

universal. Other tw 
laws common. 

ORTH 010 poor Blue, H 7 Nearly insol in 
cols G 2.59 acids. Fe~Oa 1.5, 

F 5.5 FeO 2.2, N 2 0.2%. 
Tw 110, 120. 

MCL 111, 110 White H 3.5 Slowly sol in H20, 
G 2.57 diss by acids. Poly 

terf 
11, F 2-3 tw. 

T01, 011 
imperf 



1.525 1 1.53 1 1.533 1 1.542 ,.o12 I THOMSON ITE 152° I X = a I ORTH I 010 perf I White I H 5 
I Gel with acids. 

1\ (Zeolite grp) r > v, Z=b pri s, 100 good G 2.37 
Na(Ca,Sr) 2Al 5s; 5o20 • dist fib c F 2 
6H20 

1.519 I 1.534 I 1.569 1.050 I TUNELLITE ( 68~5°) y = b MCL 100 perf Cols H 2.5 I Diss by acids. 
SrB6010 •4H20 r > v wk Z:c-;; -5° 001 dist G 2.40 

fus 

1. 522 I 1. 534 I 1. 569 I .047 I HYDROBORACITE 63° y = b MCL 010 perf Whit.e H 2-3 I Diss by acids. 
CaMgB 608(0H) 6·3H20 r < v perc X:c -;; 33° tab 100 less G 2.17 

el-neg 010 so F 2 

1.518 j1. 533 !1. 534 !1. 575 j.o42 IF IBROFERR ITE Small z = c MCL 001 perf Pale H 2.5 Diss by acids. 
1\ Fe(S04)(0H) •5H20 ps yellow G 1.9-2.1 Pleoc, X and Y nearly 

trig F 5 cols, Z pale yellow. 

1. s2o I --- I 1.558 l.a38 I CHELKAR ITE --- --- ORTH Perf Cols to G 2.21 Opt char unk. 
CaMgB 2o4cl 2·7H 20 (?) pri s II el pale rose 

1.524 I 1.525 I 1.534 I 1.553 .028 WAVE LUTE no X = b ORTH 110 perf White, H 3.5-4 Diss by acids. 
1\ Al 3(P04)2(0H,F) 3·5H2o r > v wk v =a fib' 101 good yellow, G 2.36 Colored vars are v 

1.543 el pos radi- 010 dist green i nfus pleoc, X greenish, Z 
ating yellowish, abs X> Z. 

1.527 1.531 I 1.534 I 1.538 .007 MINYULITE Large I X=~ ORTH --- Cols H 3.5 Diss by warm acids. 
r-1 KA1 2(P04)2(0H,F)·4H20 Y = a acic c G 2.46 

~ '----' 

CIJ 1.537 F 4-5 
-1 

1.529 1.52 I 1.535 I 1.578 I .06 I COPIAPITE 
170" I X - b I TCL I 010 perf I Sulfur- I H 2,5-3 I Diss by acids. 1\ +2 +3 {63~4°) Y:£-::; 38° tab Tal to golden- G 2.1 Pleoc, X and Y pale v Fe Fe 4(s04)6(0H) 2• 1.540 r > v str yellow F 4-5 yellow, Z yellow. 

20H 20 

1. 535 I --- Ivery I NEKDITE 1700 I X: needles I TCL 1100 good Cols I G 2.23 I Tw. low Ca 3s; 6o12 (0H) 6·5H20 = 26° acic 
I z - I 100 ' I I I 

1.531 I 1.536 I 1.544 1.013 IPENTAHYDROBORITE 1730 I ___ "- I TCL --- Col s I H 2.5 I Diss by acids. 
CaB 20(0H) 6·2H20 u mass 1 G 2.01 

1.536 I 1.536 I 1.543 l.oo7 I ROEDDER ITE I 5-8° I --- I HEX I --- I Col s I G 2.6 
(Osumilite grp) 
(Na,K) 2(Mg,Fe) 5Si 12o30 

1.535 I 1.536 I 1.538 1.003 IFLUORAPOPHYLLITE 18-42° z = c TET 001 perf I Col s to I H 5 
I Dec by HCl with sepn 

KCa 4Si 8o20F·H20 110 poor yellow G 2.3-2.4 of slimy silica. 
110 poor F 2 

1.527 1 1.527 1 1.537 1 1.550 1 .023 I HYDROMAGNESITE 83° z = b MCL 010 perf I White I H 4-4.5 I Di ss by hot acids. 
1\ Mg5(C03)4(0H) 2·4H20 X:c -;; 47° ps parting G 2.17 Tw pl 100, poly 

orth, 100 infus common. 
fib c 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME z Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula {2Vz calc) orien- and or Color gravity, Remarks 
ct. ~ y disp tat ion habit fracture and 

fusibility 

1.535 1.537 1.545 .010 ASHCROFT I NE Small z = c TET 100 perf White, H 5 ---
KNaCaY2Si 6o12 (0H) 10 • acic 001 good pink G 2.61 
4H20 

1.536 1.538 1.544 .008 NATROAPOPHYLLITE 32° --- ORTH 001 perf Cols to G 2.50 Slightly dec by HCl. 
NaCa 4Si 8o20F•8H20 yellow 

1.536 1.539 1.603 .067 VOLKOVSKITE 24° y = b MCL 010 perf Cols G 2.32 ---
{Ca,Sr)B6o16·3H20 Z:a-;-31° 001 good 

1.535 1.525 1.540 1.590 .065 ALUMINOCOPIAPITE Mod --- TCL 010 perf Yellow --- Pl eoc in yell ow. 
A 

A1Fe+3
4(S04)60(0H)· v 

1.545 20H 20 

1.541 1.541 1.547 .006 OSUMILITE-{Mg) 5-15° --- HEX --- Cols G 2.63 ---
(Osumilite grp) 
( K , Na )( Mg , Fe ) 2 { A 1 , Fe ) 3 

"""" ~ 
{Si,Al) 12o30 ·H20 

1.532 1.536 I 1.541 1.546 .010 OLIGOCLASE - goo X' :a on TCL 001 perf Cols H 6 Data for An 18• In sol 
A 

I 
plagioclase, plutonic 001-= 1° 010 good G 2.64 v in acids. Tw poly on 1.541 neg {Feldspar grp) 010 = 7° 010. 

I 
{Na ,Ca)Al {Si ,Al )Si 2o8 

1. 532 I 1. 542 1.556 .024 PHAUNOUXITE 80° --- TCL 100 perf Cols G 2.28 Diss by acids. 
Ca 3 {As04) 2 •11H20 011 good 

1. 540 11. 542 1.550 .010 RAITE (- 50°) Z:c = 0- ORTH 100, 010, Gold to H 3 Dec by acids. Pleoc, 
Na 4Mn 4si 8{0,0H) 24 • 30° acic 001 perf brown G 2.39 X nearly cols, Y 

F easy yellowish, Z gold or 

1.538 11.542 

8-10H20 brown. El pos. 

1.532 1.547 .009 CORDIERITE 84° X = c ORTH 010 dist Blue H 7 Partly dec by acids. 
A {Mg,Fe) 2Al 4s; 5o18 Z=b G 2.64 FeO 8.0, Fe2o3 0.6, v 

1.550 F 5 Na 2o 1.0%. 

1.534 1.535 1.543 1. 561 .026 WAVELLITE 65° X = b ORTH 110 perf White, H 3.5-4 Diss by acids. 
A Al 3{P04)2{0H,F) 3·5H 20 r > v wk Y=a radi- 101 good yellow, G 2.30 Colored var pleoc, X 

el pos ating, 010 dist green infus greenish, Z yellow-
fib ish, abs X > Z. 

1.534 1.543 1.558 .024 GORDONITE 730 X 1 010 TCL 010 perf Cols H 3.5 Diss by acids. 
MgA1 2(P04)2{0H) 2•8H20 r > v Z:c = 30° laths G 2.23 

F 3 



1. 536 I --- I 1.550 I .014 ILOUOOUNITE I --- I --- I fib I --- I Green to I H 5 'Opt sign unk. Ext 
Naca 5zr4si 16o40 (0H) 11 • white G 2.48 wavy. 
8H 2o 

v 11.540 11.543 11.549,.009 I CHKALOV ITE 1780 I y = .£ I ORTH I 001 good I White I H 6 Dec by acids with 
1.550 Na 2BeSi 206 r > v 111 poor G 2.66 sepn of s i1 i ca. 

F easy 

1.540 I 1.544 I 1.559 I .019 IFARRINGTONITE 55° Z:c = lf:;o MCL 100, 010 I Col s to I G - 2.80 FeD 3.7-5.4%. 
(Mg,Fe) 3(P04)2 fair to yellowish Meteorite mineral. 

good 

1.542 I 1.544 I 1.551 I .009 ICAVANSITE 52° X = b ORTH 010 good I Greenish-, H 3-4 'Oiff diss by acids. 
Ca(VO)Si 4o10·4H20 r < v extr Y=a pris blue G 2.21-2.31 Pleoc, X and Z cols, 

Y blue. 

1.543 I 1.544 I 1.546 I .003 ! EPID IDYM ITE 122-30° I X = a I ORTH I 010, 001 I Col s I H 5.5 I Insol in acids. Tw. 
NaBeSi 3o7(0H) r > v Z=b plates perf G 2.58 

F 3 

1.540 11.52511.54511.5951.070 IMAGNES!OCOPIAPITE Med I X - b I TCL I 010 perf I Ye 11 ow I H 2.5-3 Diss by acids. 
1\ t +3 r > v str el cTv pos tab G 2.1 Pleoc, X and Y nearly v 

1.550 Mg,Fe)Fe 4(s04)6 F 4.5-5 cols, Z deep yellow. (OH) 2·20H20 

1.532 I 1.545 I 1.572 I .040 IHALURGITE ( 71.:_6°) X = b MCL --- Cols H 2.5-3 Diss by boiling 
Mg 2B8o10(0H) 8·H20 z-c G 2.19 H20. 

,...... 
11.539 i 1.545 11.551 ,.012 I BRUSHITE ~ 87° z = b MCL 010, 001 White H 2.5 Diss by acids. 

~ 
CaHP04·2H20 r > v X:c -;;- -30° el c perf G 2.30 

crossed F 3 

v 11.545 ( 1. 546) 1.553 .008 I CHR YSOT!LE 50° --- MCL --- Pale G 2.55 Insol in acids. 
( 1. 569) (Serpentine grp) fib green i nfus Fe~0 3 2.3, Al 203 

1. 546 ll. 562 

Mg 3si 205(0H) 4 1. , FeO 1. 6%. 

1. 531 .031 BRASSITE Very large I Z = .£ I ORTH 001 perf White I G 2.28 ioiss by acids. 
--i MgHAs04·4H 2o I crusts 1 infus 1 Y = a I I 

1.545 1.546 1.549 .004 EUDIDYMITE 23-30° y = b MCL 001 perf White H 6 Insol in acids. Tw 
NaBeSi 3o7(0H) r > v Z:c-;;- -55° tab G 2.58 pl 001, lam, always 

F 3 present. 

1.525 11.s41 1 1.547 1 1.564 1.o23 I VOGL ITE 60° X = b MCL 010 perf Emerald- Soft Poly tw lam. Pleoc 
1\ Ca 2Cu(U02)(C03)4• y = c green i nfus str, X and Y deep 

6H 20 (?) 
bluish-green, Z 
yellow. 

1.529 11.54411.54811.5721.028 180TRYOGEN 140" X = b MCL 010 perf Red to H 2-2.5 Oiss by acids. 
1\ +3 r > v str Z:c-; 12° reni- 110 good orange G 2.08 Pl eoc, X ye 11 ow, v MgFe (S04)2(0H)·7H20 1.551 el-clv pos form F 4. 5-5 Y red, Z orange-red. 

1.542 I 1.548 I 1.566 I .024 I SCHODER ITE 1(61.:_11°) y = b MCL --- Yellow- H 2 
A1 2(V04)(P04)·8H20 z :c -;;- 29° tab orange G 1.88 

010 
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Table 6. Biaxial positive minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
a ~ y 

1.547 1.54g l.Ssg .012 PARTHEITE 
CaA1 2Si 2o8·2H20 

v 1.54g 1. 54g 1.680 .131 STUDTITE 
1.555 U04·4H20 

1.545 1.530 1.550 l.Sg2 .062 FERRICOPIAPITE 
II +3 +3 v Fe Fe 4(s04)60{0H)· 1.554 20H 20 

1.542 1.544 1.550 1.556 .012 CORDIERITE 
II {Mg,Fe) 2Al 4Si 5018 

1.550 neg 1.546 1.550 1.554 .008 ANDESINE 
II plagioclase, plutonic v 

1.558 {Feldspar grp) 
(Na ,Ca )Al {Si ,Al )Si 208 

1.543 1.54g 1.550 1.553 .004 CHKALOVITE 
II Na 2BeSi 206 

1.54g 1.551 1.621 .072 VEATCHITE-A 
Sr2B11o16{0H) 5·H20 

1.548 1.542 1.551 1.587 .045 ZINCOBOTRYOGEN 
II +3 (Zn,Mg)Fe {S04)2{0H)· 

7H 20 

1. 540 1.552 1.570 .030 RAUENTHAL ITE 
Ca 3(As04)2·10H20 

v 1.548 1.552 1.570 .022 NORBERGITE 
1.570 -- {Humite grp) 

Mg 3Si04(F,OH) 2 
1.552 neq 1.54g 1.552 1.556 .007 ANDESINE 

II -- plagioclase, volcanic v 
1.562 (Feldspar grp) 

(Na,Ca)Al{Si ,Al)Si 2o8 
1.534 1.553 1.638 .104 RHOMBOCLASE 

HFe{S04)2·4H20 

2Vz 
{2Vz calc) 

disp 

48° 
r > v mod 

Small 

6go 
r > v 

85° 

goo 

81° 
r > v 

25° 

{54.!:_6°) 
r > v 

85° 

33° 
{51.!:_13°) 

- goo 

2]0 

( 53.!:_3°) 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

X:el = 23- MCL cl v II el White G 2.3g ---
30° 

Z = el MCL --- Yellow --- Slowly sol in cold 
fib dil HCl. Hydrous 

U-peroxide. 

X - b TCL 010 perf Yellow H 2 Diss by acids. Pleoc 
G 2.2 in yell ow. 

X = c ORTH 010 di st Blue H 7 Partly dec by acids. 
Z=b G 2.63 FeO 8.4, Fe2o3 0.6%. 

F 5 

x· :a on TCL 001 perf Cols H 6 Insol in acids. Poly 
001-= 0° 010 good G 2.66 tw 010. Data for 
010 = -5° F 5.5 An33" 

y = c ORTH 001 good White H 6 Dec by acids with 
111 poor G 2.66 sepn of silica. 

F easy 

X = c TCL 100 perf Cols G 2.73 Diss by acids. 
Z=b 011, OT1 

good 

X = b MCL 010 good Orange- H 2.5 Diss by acids. 
pri s red G 2.20 Pleoc str, X yellow, 

Y and Z red. 

Y:el = 5- TCL --- Snow- G 2.36 ---
10° spher white 

X = a ORTH --- Cols H 5 Gel with acids. Data 
Z=b G 3.2 for synth F compd. 

i nfus 

x· :a on TCL 001 perf Cols H 6 Insol in acids. Poly 
001-= 2° 010 good G 2.67 tw 010. Data for 
010 = -4° F 5.5 An36" 

X = c ORTH 001 perf Cols to H 2 Slowly sol in H2o, 
Y=a tab 110 good yellowish G 2.23 diss by acids. 

001 fus 



1.S43 I 1.SS3 I 1.620 1.077 I VEATCHITE 44° z = b MCL 100, 011 White H 2 I Di ss by acids. 
Sr2s11o16(0H)s·H20 r > v wk X:c -;- -30° perf G 2.69 

F 1.S 

1.ss1 I 1.ss3 I 1.621 l.o7o 'p-VEATCHITE 37° y = b MCL --- Cols H 2 IDiss by acids. 
Sr2s11o16(0H)s·H20 (20~10°) G 2.60-2.69 

F l.S 

l.S13 ll.S47 ll.SS3 ll.S82 l.o3s I BOB IERR ITE S7° y = b MCL 010 perf Cols H 2-2.S IDiss by acids. FeO 
1\ (Mg,Fe) 3(P04)2·8H20 r < v Z:c-;- 27° acic G 2.3 1S.1, MnO 2.9S%. 

fus 

1.sso I 1.ss3 I 1.ss9 l.oo9 I CHAROITE 29° X = b MCL 3 clv Lilac to G 2.S4 lin thick fragments, 
K( Ca, Na) 2si 4010 Z:c-;- so violet pleoc, X rose, Z 
(OH,F)•H20 el-pos col s. 

1.s4o I 1.ss3 I 1.s1o l.o3o I LEMOYNITE 80° y = b IMCL 1100 I Cols IH 4 
(Na,K) 2CaZr2s; 10o26 • r < v wk Z:a -;- so G 2.29 
S-6H20 el-pos 

1.SSO 11.534 1.S54 1.586 .052 ZINCOCOPIAPITE (78~5°) X - b TCL 010 perf Yell ow- H 2 Diss by acids. 
1\ --
v ZnFe4(S04)6(0H) 2·18H 2o r < v str el cTv pos tab green G 2.18 Pleoc str in shades 

1.575 F 5 of yellow. 

1.547 --- 1.571 .024 GLUCINE --- el pos, Fine --- Cols H - 5 Diss by acids. Opt 

I 
Ca 2Be8(P04)4(0H) 8·H20 ext II needles G 2.23-2.40 char unk. ...... 

~ ...... 1.554 --- .016 GROTHINE Med y = c I ORTH I --- ICols I G 3.09 1 Dec by H2so4• 
Silicate of Ca, Al, r < v z =a tab infus 
Fe (?) 010 

v 11.55311.554 11.558,.005 I c LI NOC HLORE 150° I z -"" rCL I 001 mic I Green IH 3 
I lnsol in acids. 

1.571 var. Corundophilite r < v G 2.6 
(Chlorite grp) F diff 
(Mg,Fe)SAl(Si 3Al)0 10 (OH) 8 

1.491 I 1.555 I 1.654 1.163 I WHEW ELL ITE 183° I X = b IMCL ITO! good ICols IH 2.5-3 I Dis~ by acids. Tw 
(oxalate) r < v wk Z :_£ 30° 001, 010 G 2.21 pl 101. 
Cac2o4·H20 dist infus 

1.549 11.545 11.555 11.680 1.135 I STUDTITE Small Z = el MCL --- Yell ow --- Slowly sol in cold 
1\ U0 4·4H20 fib di 1 HCl • Hydrous 

U-peroxide. 

1.532 I 1.555 I 1.591 l.a59 I AMAR ILLITE Large y = b MCL 110 good Pale H 2.5-3 Sol in H2o. 
NaFe(S04)2·6H20 r < v Z:c-;-51° thick greenish- G 2.19 

tab yell OW 

1.546 I 1.555 I 1.587 l.a41 I HARTITE Med --- TCL --- White I H < 1 lA hydrocarbon. Diss 
c19H32 (?) (57+7°) G 1.06 by alcohol or ether. 

r <-v perc F 1 

v 11.552 ,1.555 ll.S65 1.013 IWOODWARDITE I (58~19°) --- ORTH(?)I --- !Greenish- IG 2.38 
-1.571 Cu 4Al 2(s04)(0H) 12 • spher blue 

3H 20 (?) 



Table 6. Biaxial positive minerals (continued} 

Refractive index 2V Hardness, 
Other MINERAL NAME z Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vz calc} orien- and or Color gravity, Remarks 
a. ~ y disp tat ion habit fracture and 

fusibility 

1.551 1.555 1.562 .011 VAUXITE 32° z- l TCL --- Sky blue H 3.5 Pl eoc st r, X and Z 
FeA1 2(P04)2(0H) 2•6H20 ( 74_2:21 °) 001 tab to vene- G 2.39 co 1 s, Y b 1 ue. 

r > v str 010 tian blue 

1.550 1.557 1. 567 .017 LITH IOPHOSPHATE 69-88° X = a ORTH 100 perf Col s to H 4 Slowly sol in H20, 
Li 3Po4 y = 0 u mass 110 dist rose G 2.46 diss by acids. 

L-J 1.551 1.558 1.582 .031 MET AVARISC ITE 55° y = b MCL 010 Green H 3.5 Diss by HCl after 
1.561 AlP04·2H20 r < v wk G 2.54 being heated gently 

infus (color changes to 
lavender). Pleoc wk, 
X cols, Y and Z pale 
green. 

1.545 1.554 1. 565 .020 Unnamed phosphate - goo ext MCL(?} --- Cols --- Occurs with Lacroix-
large ite (Am. Mineral., 

~' 1914 (1972)} • 
...... 
~ 1.554 1.558 1.573 .019 PARAVAUXITE Med --- TCL 010 perf Cols H 3 ---

FeA1 2(P04)2(0H} 2·8H20 pris G 2.36 

1.550 1.555 1.558 1.562 .007 LABRADORITE 78° x• :a on TCL 001 perf Col s H 6 Insol in acids. Poly 
A -- plagioclase, plutonic 001-= -6° 010 good G 2.69 tw 010. Data for v 

1.568 (Feldspar grp) 010 = -17° An so· 
(Ca ,Na}Al (Si ,Al }Si 2o8 

1.536 1.559 1.697 .161 ZELLERITE 30-40° z = c ORTH --- Light Soft Pleoc, X and Y cols, 
Ca(U02)(C03)2•SH20 ( 47!_2°} fib lemon- G 3.25 Z light green. 

r < v wk yell ow Fluor green in UV. 

1.559 1.560 1.584 .025 BASSANITE 10-15° z II fib HEX --- White G 2.7 Di ss by HCl. Tw pl 
2CaS04 ·H20 X l fib 

el pos 
F 3 100. 

1.557 1.561 1.569 .012 CLINOPHOSINAITE 80° MCL Conch Pale H 4 Dec by HCl. 
Na 3CaPSi 07 lilac G 2.85 

1.494 1.561 1.692 .198 HUMBOLDTINE Large --- MCL --- Yell ow H 1. 5-2 Diss by acids. 
(oxalate) ps orth G 2.28 Pleoc, X pale yellow-
FeC204•2H2o infus green, Y pale 

greenish-yellow, 
Z intense yellow. 

1.550 1.561 1.582 .032 METAVAUXITE Large X = b MCL --- Cols H 3 ---
FeA1 2(P04)2(0H}z•8H20 Z:c -;- -17° acic G 2.34 



1.559 I 1.562 I (1.572}1.013 IMCNEARITE 1660 I Y:c = 0- ITCL lOne perf !White IG 2.60 I Diss by acids. 
NaCa 5H4(As04)5·4H20 disp str -22° fib 

el pos 

1.552 11.55811.56211.5661.008 I LABRADORITE 76° x• :a on TCL 001 perf Cols H 6 Insol in acids. Poly 
1\ plagioclase, volcanic 001-= -15° 010 good G 2.69 tw 010. Data for v 

1.569 (Feldspar grp) 010 = -26° i nfus Ansa· 
(Ca ,Na}Al (Si ,Al }Si 208 

1.561 I 1.563 I 1.567 1.006 I DICKITE 55-80° z = b MCL 001 perf White H 2 lnsol in acids. 
Al 2Si 205(0H} 4 r > v str Y:a -;- 14- ps hex G 2.62 

-20° plates infus 

1.554 I 1.564 I 1.595 I .041 I BARIC ITE 590 X = b MCL 010 perf Cols to H 1. 5-2 Compare Vivianite. 
(Mg,Fe) 3(P04}2·8H20 r < v wk Z:c -;- 32° plates pale blue G 2.42 FeO 19.9, Fe 2o3 010 2.8%. 

1.547 I 1.566 I 1.594 1.047 I QUENSTEDTITE 1700 --- TCL 010 perf Violet H 2.5 Sol in H2o. 
Fe 2(S04)3·10H20 (80.2:_5°) 100 good G 2.15 

r < v str 
horizontal 

1.562 I 1.566 I 1.587 I .025 I SENEGALITE 53° Z = a loRTH I --- I Col s IG 2.55 
Al 2(P04)(0H) 3·H 20 r > v y = c 

11.561 11.56811.5851.024 IPlCROPHARMACOLITE Med large X = b TCL I One good I White IG 2.64 I Diss by acids. 

"'"""" 
1.571 H2Ca 4Mg(As04)4·11H20 Z:c --;;- 8- fib 

~ - 15° Cl:l 
el pas 

loiss by hot coned v I 1.568 11.568 11.587 ,.o19 'GIBBSITE ,0-5° X = b MCL 001 perf White, H 3 
1.579 Al(OH) 3 r < v or Y:c --;;- 69° ps hex, brownish G 2.3-2.4 Hfso~.or by hot 

r > v tab 001 i nfus a ka 1es. 

1.565 11.56211.56811.5751.013 I ELPIDITE 184' X = c ORTH 110 di st White, H 5-7 Insol in acids. 
,---, Na 2ZrSi 6015 ·3H20 r < v dist z =a el c red, IG 2.63 ! Pleoc wk in yellow, 
L....J 

1. 570 el neg 
1
brown i abs Y > X. 

I 

1.~58 11.56311.56811.5731.010 I BYTOWNITE ~ goo x· :a on TCL 001 perf Cols H 6 Insol in acids. 
plagioclase, plutonic 001-= -16° 010 good G 2. 71 Poly tw on 010. 

1. 568 neg (Feldspar grp) 010 = -29° infus Data for An 70 • 
(Ca,Na)Al (Si ,Al )Si 208 

1.560 I 1.569 I 1.584 I .024 I G~RGEYITE 80° --- MCL 100 dist Col s, H 3.5 Dec by H2o, diss by 
K2ca 5(S04)6·H20 tab yellowish G 2.8-2.9 acids. 

v I 1.563 I 1.569 I 1.581 ,.018 I SUDOITE 54° Z:c = 7° MCL 001 perf White G 2.63 Dioctahedral chlor-
1.582 (Chlorite grp) (71_:13°) el-cl v neg ite. 

Mg 2(Al ,Fe) 3Si 3Al0 10 
(OH) 8 

1. 56 8 I 1. 56 9 I 1. 581 I • o 13 I LIZARDITE 1Sma11 I --- ITRIG I 001 perf I Green IG 2.58 I Near 1 y in so 1 i n 
(Serpentine grp) and HEX infus acids. Fe 2o3 3.6, 
Mg 3si 205(0H) 4 fib FeO 1.1%. 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME z Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula (2Vz calc) orien- and or Color gravity, Remarks 
a ~ y disp tat ion habit fracture and 

fusibility 

1.562 1.565 1.569 1.574 .009 BYTOWNITE - goo x· :a on TCL 001 perf Cols H 6 Insol in acids. Poly 
1\ plagioclase, volcanic 001-= -23° 010 good G 2. 72 tw on 010. Data for v 

1.569 neg (Feldspar grp) 010 = -33° infus An75" 
(Ca ,Na)Al (Si ,Al )Si 208 

( 1. 546) 1.569 ( 1. 569) 1.570 .001 CHRYSOTILE Med --- MCL --- Dark G 2.53 lnsol in acids. 
1\ (Serpentine grp) fib green infus Fe2o3 1.4, 

Mg3s; 2o5(0H) 4 Al 203 0.7, FeO 1.3%. 

v 1.555 1.57 1.585 .030 TENGERITE Large X = el ORTH --- White Infus Diss by acids with 
1.628 CaY3(c03)4(0H) 3·3H20 fib G 2.8 eff. 

1.552 1.565 1.570 1.591 .026 NORBERGITE 49° X = a ORTH --- Yell ow to H 5 Gel with acids. 
1\ (Humite grp) z = b brown G 3.20 

Mg 3s;o4(F,OH) 2 infus 

...... 
t 

v 1.569 1.570 1.582 .013 WAGNERITE 27° y = b MCL 100, Cols, H 5-5.5 Slowly diss by acids. 
1.582 {Mg,Fe) 2{P04)F r > v perc Z:c-;- -22° 120, 010 flesh, G 3.15 

imperf yellow F 4 

v --- 1.570 1.626 >.05 BUKOVSKYITE --- ext at 18° MCL{?) --- Yell ow to G 2.34 Diss by HCl. Opt 
1.582 Fe 2(As04)(S04)(0H)• needles gray- char unk. 

7H20 green 

1.543 1.571 1.577 .043 SHABYNITE --- X II el MCL --- Snow-white H 3 Diss by acids. 
Mg 5(B03)(Cl ,OH} 2(0H) 5• fib G 2.32 
4H20 

v 1.563 1.571 1.596 .033 HOERNESITE 60° X = b MCL 010 perf White G 2.73 Diss by acids. 
1.589 Mg3(As04)2·8H20 Z:c-; 31° tab 010 F 2-3 

el-cl v pos 

1.565 1.571 1.584 .019 BRUCITE 30-70° X = el TRIG 0001 perf Greenish- H 2.5 Diss by acids. An om 
disp Mg(OH) 2 fib white G 2.4 biax. Anom interf 
str infus colors in some 

specimens. 

1.571 1.571 1.590 .019 NEFEDOVITE - oo --- TCL Conch Cols H 4.5 Diss by acids. 
Na 5ca4(P04)l ps tet G 3.01 

1.570 1.571 1.578 .008 BANALSITE 410 X = c ORTH 110, 001 White H 6 ---
BaNa 2Al 4Si 4o16 Y=a good G 3.06 



1.554 11.571 ,1.571 11.576,.005 I CLINOCHLORE I Small r- c rCL I 001 perf I Green I H 3 
llnsol in acids. 

1\ (Chlorite grp) r < v el neg G 2.66 v 
1.585 (Mg,Fe) 5Al(Si 3Al)010 F diff 

(OH) 8 
1.555 11.sn 1 --- 1 1.576 ,.oos I WOODWARDITE I --- I --- IORTH(?)I --- 'Greenish- IG 2.38 

1\ Cu 4Al 2(s04)(0H) 12 • spher blue 

3H 20 (?) 
1.562 I 1.572 I 1.585 I .023 I FERRARISITE la3o I --- ITCL I 001 perf I Col s I G 2.63 I Di ss by HCl 0 

ca 5H2(As04)4·9H2o 

1.570 ,1.572 1.572,1.594,.022 IPREOBRAZHENSKITE I 0-20· I X=~ IORTH 1--- I Lemon- I H 4.5-5 ,....., 
Mg3Bll 015(0H) 9 y = c yellow, G 2.44 

1.575 cols 

1.562 (1.572) 1.583 .021 Unnamed hydrous - goo z = b MCL --- Cols --- Opt char unk (Am. 
calcium arsenate Y:c -;- 8° Mineral., 58, 561 

(1973)). 

1.570 1.572 1.582 .012 FROLOVITE 75° --- TCL --- White H 3.5 Diss by acids. Ext 
CaB 2(0H) 8 G 2.14 may be undulatory. 

1.572 (1.572) 1.582 .010 BAYERITE Small --- MCL --- White --- Diss by hot 
Al(OH) 3 alkalies. 

1.543 1.575 1.634 .091 METASIDERONATRITE 60° X = a ORTH 001 mic Golden- j H 2.5 Diss by acids. 
~ I -- +3 (752_3°) y = b 100, 010 to straw- IG 2.68 Pl eoc, X co 1 s, Y ~ Na 2Fe (S04)2(0H)·H20 Ol r > v str perf yellow light yellow, Z 

brownish-yellow. 

1.554 11.558 1 1.575 1 1.620 1.o62 I CUPROCOPIAPITE 63° X - b TCL 010 perf Greenish- H 2.5 Diss by acids. Pleoc 
1\ CuFe4(s04)6(0H) 2·20H20 r > v str el cTv pos tab yellow G 2.1 in green, abs X and 

F 5 Z > Y. 

1.57311.575,1.5aB\.o15 I AUGELITE 47° X ::: b MCL 110 perf Cols H 4.5-5 Nearly insol in 
Al 2(P04)(0H) 3 Z:c-;- 35° tab 001 201 good G 2.69 acids. 

i nfus I 

I Di ss by HCl 0 1. 570 I 1. 576 I 1.614 I .044 I ANHYDRITE 144° I X=~ IORTH I 010 perf Cols, H 3.5 
Caso4 r < v z = c 100 less b 1 ui sh G 2.98 

so F 3 
001 good 

1. 573 I 1.576 I 1.579 I .006 I ILMAJOKITE goo 
I --- IMCL 12 at 72" Bright H 1 I Dec by acids. 

(Na,Ce,Ba) 2TiSi 305 perf yell ow G 2.20 

(OH) 10 ·xH2o fus 

1.554 I 1.577 I 1.618 I .064 I BONATTITE (752_4°) I --- IMCL I 010 dist I Pale blue I~ j·66 ISol in H2o. Hydrates 
CuS04·3H20 to chalcanthite. Tw 

pl 100 common. 

1.54 I 1.578 I -1.60 I .06 I FICHTELITE 1870 I opt pl 0101 MCL I 001 perf I White I H 1 'Sol in ether. Tw pl 
c19H34 Z:c = 13° tab T01 dist G 1.03 001. Dimethyl-

F 46°C isopropyl-perhydro-
phenanthrene. 
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Table 6. Biaxial positive minerals (continued) 
--

Refractive index 
Other MINERAL NAME 

entries Biref and formula 
a. ~ y 

1.575 1.578 1.584 .009 NIFONTOVITE 
Ca 3B6o6{0H) 12 ·2H20 

v 1.576 1.579 1. 597 .031 COOKEITE 
1.588 -- {Chlorite grp) 

LiA1 4{Si 3Al)010{0H) 8 

1.568 1.578 1.579 1.590 .012 GIBBSITE 
1\ Al{OH) 3 

v 1.578 1.579 1.583 .005 BAVENITE 
1.588 Ca 4Be 2Al 2Si 9026 (0H) 2 

v 1.543 1.580 1.617 .074 HAMBERGITE 
1.591 Be 2B03(0H,F) 

v 1.580 1.580 1. 596 .016 NORDSTRANDITE 
1.583 Al (OH) 3 

1.567 1.581 1.638 .071 KORNELITE 
Fe2(s04)3·7H20 

1. 573 1.581 1.585 .012 $LAWSONITE 
{Feldspar grp) 
{Sr,Ca)Al 2Si 208 

1.570 --- 1.582 1.631 >.05 BUKOVSKYITE 
1\ Fe2(As04)(S04)(0H)•7H20 

1.570 1.577 1.582 1.595 .018 WAGNERITE 
1\ {Mg,Fe) 2{P04)F 

1.569 1.578 1.582 1.596 .018 SUDOITE 
1\ {Chlorite grp) 

Mg 2{Al,Fe) 3Si 3Al010 
(OH) 8 

1.582 1.582 1.592 .010 XONOTLITE 
Ca6Si 6o17 (0H} 2 

2Vz 
{2Vz calc) 

disp 

76° 
r > v st r 

0-80° 
most ~ 50° 
(45_:~}4°) 

0-5° 
r < v or 
r > v 

26-60° 

goo 
r > v wk 

Small 

49-62° 
r > v perc 

82° 
r < v 

---

32° 
( 64~14°) 
r > v perc 

55° 

0-5° 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

el pos MCL Poor, Cols H 3.5 Diss by acids. An om 
II el G 2.36 interf colors. 

z ~ c MCL 001 mic White, H 2.5 Insol in acids. Ex-
X 11-edge tab 001 pink G 2.67 foliates when heated. 
el neg Base shows 6 biax 

segments. 

y = b MCL 001 perf White, H 3 Diss by hot coned 
Z:c-;; -30° ps hex brownish G 2.3-2.4 Htsot_or by hot 

i nfus a ka 1 es. 

X = c ORTH 100 good Cols, H 5.5 Apparent tw pl 100. 
Z=b fib 001 fair pink G 2. 71 
el neg 

X = a ORTH 010 perf White H 7.5 Insol in acids except 
y = b pris .£ 100 good G 2.37 HF. 

i nfus 

Z:c = 33° TCL ---
el-neg 

White G 2.43 Poly tw. 

z = b MCL 010 good Pale G 2.3 Sol in H
6
o. Poly 

X:c -;; 17° pris rose, tw pl 10 • 
violet 

z = b MCL 001 good Light H 5.5 ---
X:a-;-11° pris 100 fair gray G 3.12 

ext 18° MCL{?) --- Yellow to G 2.34 Diss by HCl. Opt 
needles gray- char unk. 
needles green 

y = b MCL 100, Col s, H 5-5.5 Diss by acids. FeO 
Z:c-;; -22° 120, 010 flesh, G 3.23 9.9, MnO 2.0%. 

imperf yellow F 4 

Z:c = 7° MCL 001 perf White G 2.64 Dioctahedral chlor-
el-neg ite. 

X = b MCL and 010 perf Cols, H 6 Dec by HCl with sepn 
z=c TCL pink G 2.69 of silica. 
el pos fib F 2.5 



1.550 I 1.583 I 1.641 I .091 IAJOITE 80° Z' :c on TCL --- Bluish- G 2.96 Dec by acids. Pl eoc, 
(K,Na}Cu 7A1Si 9o24 (0H} 6• ( 76.:!:_3°) 010-= 15° green X light bluish-green, 
3H20 Y and Z brilliant 

bluish-green. 
1.580 l1.5so 1 1.583 1 1.6o2 ,.o22 I NORD STRAND ITE 24° el neg TCL 110 perf Col s, H - 3 

1\ Al(OH} 3 (44.:!:_16°} white G 2.42 
r < v perc 

1.580 I 1.583 I 1.590 I .010 IWHITEITE 140-50° X = b MCL --- Tan G 2.58 
+2 v =a Ca(Fe ,Mn)Mg 2(P04}4Al 2 (OH) 2·8H20 

v 1 ~. 580 I ( 1. 583} I 1. 590 
1

.010 IMISERITE 160-78° I X = c TCL 100 good 'Pink to I H 2.5 I Insol in acids. 
1.593 K(Ca,Ce} 4si 5013 (0H} 3 z =a fib 010 violet G 2.84 

el neg imperf 

1. 571 ,1.585,1.585,1.593,.008 ICLINOCHLORE ,0-15° I z- c MCL 001 perf Cols to H 3 I Insol in acids. 
1\ (Chlorite grp) r < v el neg green G 2.72 FeO 3.3, Fe 203 2.1%. v 

1.601 (Mg,Fe) 5Al{Si 3Al)010 F 5 
{OH)8 

1. 563 I 1. 586 I 1.619 I .056 )SIGLOITE 76° --- TCL 010 perf Straw- H 3 Diss by acids. 
+2 +3 {81.:!:_4°) 001 good yellow G 2.35 Oxidation product of {Fe ,Fe )Al 2{P04)2 r < v str chi ldrenite. 

(O,OH) 2·8H20 

11.58411.58611.600 1.016 rAKE RITE 35° X = b MCL Conch Cols to H 5.5 Insol in acids. 
~ Ca 2SnA1 2Si 6o18{0H) 2• r > v str Y:c -;;;- white G 2.93 
~ 23.5° -.::) 2H 20 

v 
1

1.581 I 1.586 
1

1.596 
1

.015 ISCHOLZITE 70° X = a ORTH 100 fair Col s H 3-3.5 I Diss by acids. 
1.593 Ca Zn 2 (PO 4) 2 • 2H 20 r < v y = b G 3.11 

1. 579 11.584 1 1.588 1 1.598 
1

.o14 ICOOKEITE 60° z- c MCL 001 mic White, H 2.5 Insol in acids. Ex-
1\ {Chlorite grp) X I l-edge tab 001 pink G 2.61 foliates when heated. 

LiA1 4(Si 3Al)010(0H) 8 el neg Base shows 6 biax 
segments. 

1.579 11.586 1 1.588 1 1.593 
1

.oo7 IBAVENITE 1600 I X = c ORTH 100 good Col s, IH 4.5-5 I Apparent tw pl 100. 
1\ Ca 4Be 2A1 2Si 9o26 (0H) 2 Z=b fib 001 fair pink G 2.73 

el neg 

1.587 I 1.588 I 1.603 I .016 I PARASCHOLZ ITE 25° X = b MCL Parting Cols to H 4 I Tw on 100. 
CaZn 2(P04)2·2H2o r > v Z:c-;;;- 13° 100 white G 3.12 

1.571 11.579 1 1.589 I 1.609 
1

.o3o IMANGANESE-HOERNESITE 65-70° X = b MCL 010 perf White G 2.76 loiss by acids. 
1\ (Mn,Mg) 3(As04)2·8H20 ( 71.:!:_8°) Z:c-;;;-31° acic 

el-pos 

1.580 I 1.589 I 1.605 I .025 IHEIDORNITE 163-77° I y " b I MCL 001 perf Cols H 4-5 I Diss by acids. 
Na 2ca 3B508(0H) 2(s04)2Cl r < v Z:~ ~ 23° spear- G 2.75 

1 ike 

1.~89 neg ,1.584,1.589,1.5941.010 ICELSIAN 1860 I y = b I MCL 001 perf Cols H 6 I Gel with HCl. 
(Feldspar grp) Z:~ ~ 28° 010 good G 3.37 

1.599 BaA1 2Si 2o8 
infus 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula {2Vz calc} orien- and or Color gravity, Remarks 
~ y disp tat ion habit fracture and a 

fusibility 

.--. 1.583 1.589 {1.601} {.018} SUDOITE 70° --- MCL 001 good Pale G 2.68 MgO 14.1, Al~03 35.7, 
1.-J (Chlorite grp) green Fe~O~ 2.7, F 0 0.2, 

Mg 2{Al,Fe+3}3Si 3Al010 
Mn .3%. 

{OH} 8 
1.533 1.558 1.590 1.629 .071 SZOMOLNOKITE Large y = b MCL --- Yellow H 2.5 Slowly sol in H2o. 

A {Kieserite grp) r > v G 2.8 Fe:Mg = 3:2. v 
1.623 {Fe,Mg}S04·H20 fus 

1.587 1.590 1.597 .010 BULTFONTEINITE 70° Z:c on TCL 010, 001 Pink H 4.5 Gel with HCl. Poly 
Ca 2Si02{0H,F} 4 r > v 010 = 28° spher fairly G 2.73 tw. 

100 = 47° good 

1.580 1.560 1.591 1.631 .071 HAMBERGITE 8JO X = a ORTH 010 perf White H 7.5 Insol in acids except 
A Be2so3{0H,F} r > v wk Y=b pri s .£. 100 good G 2.35 HF. 

infus 
I-' 

~ 
1.-J 1.590 1.592 1.627 .037 CATAPLE I ITE Small --- HEX 10TO perf Yellow, H 5.6 Gel with acids. 

(Na 2,Ca}ZrSi 309·2H20 r < v wk brown G 2.75 Complex tw. Uniax 
F 3 when heated to 200°C. 

1.586 1.592 1.614 .028 COLEMANITE 56° X = b MCL 010 perf Cols H 4.5 Diss by hot HCl. 
Ca 2B6011 •SH 20 r > v wk Y:c -;;- -6° 001 dist G 2.42 

F 1.5 

1.588 1.592 1.598 .010 ALTHAUSITE - 70° X = c ORTH 010 perf Gray H 3.5-4 ---
Mg 2{P04){0H,F,O) Y=b mass 100 dist G 2.97 

el neg 

1.586 1.588 1.593 1.602 .014 SCHOLZITE 65° X = a ORTH 100 fair Cols H 3-3.5 Diss by acids. 
A Cazn 2{P04)2•2H 20 r < v Y=b G 3.11 

( 1. 583) 1.586 1.593 1.600 .014 MISER ITE 52-78° X = c TCL 100 good Pink to H 2.5 Insol in acids. 
A K(Ca,Ce} 4Si 5013(0H} 3 z=a fib 010 violet G 2.84 

el neg imperf 

1.562 1.595 1.632 .070 SZIMIKITE - goo z = b MCL One perf White to Soft Sol in H2o. 
MnS04·H20 fib or rose G 3.15 

platy infus 

1.590 1.595 1.602 .012 CUSPIDINE 62° y = b MCL 001 dist Pale H 5.5-6 Gel with acids. -- Ca4si 207(F,OH} 2 (81..:!:,19°} Z:c -;; 7° spear- rose, G 2.86-3.05 Poly tw. 
r > v disp perc shaped cols F diff 

1.-J 
1.594 1.595 1.599 .005 COESITE 54-64° X = b MCL Subconch Cols G 2.92 Insol in acids. 

1.600 Si02 r < v wk Z:c-;; 5° ps hex infus 



1.594 l 1.595 I 1.598 I .004 I FOSHAGITE --- el pos TCL --- White H 3 I Gel with acids. 
Ca 4Si 309{0H) 2 fib G 2.36 

i nfus 

1.s9o I 1.596 I 1.6161.026 I PANASQUEIRAITE 51° z = b MCL 010 poor Pink H 5 
CaMg{P04){0H,F) X:c -;- 22° G 3.27 

1.592 lt.sn I 1.597 lt.616l.o39 I JOHANNITE - goo X - b TCL 100 good Emerald- H 2-2.5 I Di ss by acids. Poly ,....., 
Cu{U02)2{S04)2{0H) 2• r < v str disp-str pri s to apple- G 3.32 tw. Pleoc str, X 
8H 20 tab 001 green i nfus cols, Y pale yellow, 

Z greenish- or 
canary-yell ow. 

1.593 I 1.597 I 1.619l.o26 I ISOKITE 39-51° z = b IMCL 1010 very ICols to I H 5 I Diss by acids. 
CaMg{P04)F r > v X:c-;- 32° fib good buff G 3.27 

el-neg 

1.596 I 1.598 11.632l.o36 I PETARASITE 29° X = b I MCL 1110 perf ~Greenish- IH 5-5.5 I Pleoc, X cols, Y and 
Na 5zr2Si 6o18(Cl ,OH)· r < v wk Z:c-;- 001 dist yellow G 2.88 Z pale greenish-
2H 20 -41.5° yellow. 

v 11.580 11.598,1.627,.047 I VIVIANITE 'Large I X = b MCL 010 perf Pale blue H 1. 5-2 Di ss by HCl. Nearly 
1.607 Fe 3{P04)2·8H 20 r < v wk Z:_£-;- 29° to G 2.66 cols fresh, oxidizes 

disp str bluish- F 1.5 to deep blue, then 
el clv pos green pleoc, X deep blue, 

~ 

I 
1.595,1.598,1.610 1.015 IKOSTYLEVITE 

Y pale blue, Z olive 
~ to brown. 
~ 

48° X = b MCL 110 perf Col s G 2.74 Dec by HCl. 
K2ZrSi 309·H20 Z:c -;;- 45° 

1.598 I 1.598 I 1.605 I .007 I TAKOVITE Small el pos I TRIG I --- IBlue- I --- I Di ss by HCl • 
Ni 6Al 2(0H) 16(c03,0H)• spher green 

4H 20 

1.597 I 1.599 I 1.615 I .018 I AMESITE 18° Z:c = 0- MCL or 1001 mic 'Pale IH 2-3 !Slowly dec by HCl. 
(Kaolinite-serpentine r < v 20° TCL I green G 2.8 FeO - 8%. 
grp) el neg ps hex i nfus 
Mg 2Al(SiAl)05{0H) 4 plates 

1.589 11.593 1 1.599 I 1.6os
1

.o1s ICELSIAN 85° y = b MCL 001 perf Col s H 6 Gel with HCl. Fe 2o3 
" (Feldspar grp) X:a on 010 good G 3.35 2.2, BaO 38.6, 

BaA1 2Si 208 oio = 65° i nfus K20 0.5%. 

1.593 I --- I 1.608 I .015 !Unnamed silicate of --- --- MCL --- Brown --- {Am. Mineral. 50, 
K, Ca ,. Zr ps hex 533 (1965}). -

1.590 I 1.600 I 1.634 I .044 I HAIDINGERITE 58° X = b ORTH 010 perf Col s H 2-2.5 Diss by acids. 
CaHAs04·H20 r > v wk z=c tab G 2.85 

el pos 010 F 2.5 

1.595 I 1.600 I 1.631 I .036 I PET ARAS ITE r3· I X = b 
MCL 110 perf Greenish- H 5-5.5 Pleoc, X cols, Y and 

Na 5zr2Si 6o18(Cl ,OH)· r < v Z:c -;- 010 very yellow G 2.88 Z pale greenish-

2H 20 -41.5° good yellow. 



....... 
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0 

Table 6. Biaxial positive minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
ct 1?.. y 

1.597 1.595 1.60 1.628 .033 CEBOLLITE ,.., (Ca,Na 2)4Al 2Si 3o12 1.61 
(OH) 2 (?) 

1.596 1.600 1.618 .022 CHIAVENNITE 
CaMnBe 2si 5o13{0H) 2• 
2H 20 

--- -1.6 --- .014 MANANDOITE 
(Chlorite grp) 
LiA1 4BSi 3o10(0H) 8 

1.585 1.599 1.601 1.609 .010 CLINOCHLORE 
A {Chlorite grp) v 

1.620 (Mg,Fe) 5Al{Si 3Al)010 (OH) 8 
' 1.582 1.602 1.629 .047 GOLDICHITE 

KFe(S04)2·4H20 

1.579 1.603 1.629 .050 METAVIVIANITE 
+2 +3 

Fe 3_xFe x(P04)2 
(OH)x·(8-x)H20 

v 1.593 1.603 1.623 .030 CHONDRODITE 
1.617 (Humite grp) 

{Mg,Fe) 5{Si04)2(F,OH) 2 

v 1.594 1.603 1.615 .021 NATROMONTEBRASITE 
1.608 (Na,Li)AlP04{0H,F) 

1.577 --- 1.630 .053 GUNNI NGITE 
{Zn,Mn)S04·H20 

v 1.599 1.604 1.638 .039 PECTOLITE 
1.636 NaCa 2Si 3o8(0H) 

1.598 1.604 1.626 .028 METASCHODER ITE 
Al 2(P04)(V04)•6H20 

2V z 
{2Vz calc) 

disp 

58° 

50° 
r > v 

17° 

12-22° 
r < v 

82° 

85° 

no 
r > v wk 

Very 1 arge 

---

59° 
( 43.!:_8°) 
r > v wk 

{56.!:_10°) 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

--- ORTH(?) --- White H 5 Gel with acids. 
fib G 2.96 Alteration product of 

F 5 Mel i1 ite. 

X = a ORTH 001 perf Orange H - 3 ---
Y=b 100, 010 G 2.24 
el neg good 

z - c MCL 001 mic Cols G 2.89 Dec by H so4• Basal 
el cTv neg ps hex F easy section 6iv1ded into 

6 biax segments. 

z - c MCL 001 perf Cols to H 3 Nearly insol in 
el cTv neg green G 2.78 acids. FeO 11.4, 

F 4 Fe 2o3 4.3%. 

X = b MCL --- Pale G 2.43 Sol in H2o. 
Z:c ~ 11° green 

X 1110 TCL 110 perf Leek- G 2.69 calc Diss by HCl. Pl eoc, 
pri s green F 1.5 X light blue to blue-
el c green, Y yellow-green 

to light green, Z 
yellow, abs X> Z > 
Y. 

z = b MCL 100 poor Yellow to H 6 Gel with acids. Poly 
X:c -; 27° red G 3.18 tw 001. Pleoc, 

infus X yellow, Y and Z 
nearly col s. FeO 
2.8, F 7.9"/.. 

Z:tw TCL 2 dist White H 5.5 Diff diss by acids. 
1 am = 29° G 3.09 Poly tw in 2 

F easy directions. 

--- MCL --- White H 2.5 Sol in H2o. 
fine- G 3.2 
grained infus 

--- TCL 100, 001 Cols H 4.5-5 Partly dec by HCl. 
acic b perf G 2.90 

F 2 

z = b MCL --- Yellow- --- ---
Y:c ~ -20° orange 



1.580 I 1.605 I 1.644 I .064 IEUCHLORINE Med large --- ORTH 2 cl v Emerald- --- Partly diss by H 0. 
{K,Na) 8cu 9{s04)10 {79.!_4°) tab green Pleoc, X pale gr~en, 
{OH) 6 {?) Y green, Z yellow-

green. 

1.593 I 1.605 I 1.627 I .034 IFUKALITE { 74_:~} 0 ) --- ORTH --- --- H - 4 Eff with acids. 
Ca 4si 206{0H) 2{c03) G 2. 77 

L6oo 1 1.605 I 1.613 l.o13 IHYDROPHILITE Med --- ORTH Pri s, White G 2.2 Sol in H¥0, de~iq. 
CaC1 2 {?) ps tet perf F 2 Lam tw p 110. Data 

on synth compd. 

v 
1

1.598 I 1.606 
1

1.630 
1

.032 IHUMITE 59° X = a ORTH 001 perf Col s H 6 Gel with acids. Data 
1.623 (Humite grp) r > v wk z = b tab G 3.20 for synth Mg-F compd. 

Mg 7{Si04)3{F,OH) 2 010 infus 

1.596 I 1.606 I 1.621 1.025 lscAWTITE 74° y = b MCL 001 perf Col s H 4.5-5 'Eff and gel with 
Ca 7si 6{C03)o18 ·2H 20 Z:a-;- 30° 010 fair G 2.74 acids. 

i nfus 

L-J I 1.600 I 1.606 11.6141.014 ILATIUMITE 83-90° z = b MCL 100 perf White G 2.93 
1.609 ·(Ca,K) 8(Al ,Mg,Fe) r > v dist X:c -;- 16- tab 

{Si ,Al )10o25 (so4) 28° 

1.598 11.58711.60711.631 ,.044 VIVIANITE I Large r = b 
MCL 010 perf Blue H 1. 5-2 Diss by HCl. Pleoc, 

1\ Fe 3(P04)2·8H20 r < v wk z:~-;- 27° G 2.66 X dark blue, Y light 1--" v 
01 1.624 d1sp str F 1.5 blue, Z nearly cols. 
1--" el clv pos FeO 29.3, Fe 2o3 14.0%. 

1.602 I 1.607 I 1.615 I .013 ICRANDALLITE {?) 70-75° --- TCL( ?) Basal, White H 3 Diss with diff in 
{Crandallite grp) ps perf G 2.50 HCl {Am. Mineral., 
CaA1 3(P04)2(0H) 5·H20 trig F 2.5 48, 1144 {1963)). 

1.600 I --- I 1.620 I .020 IALDZHANITE --- --- ORTH --- Cols to G 2.21 Opt char unk. 
CaMgB 204Cl ·7H20 {?) dipyra- rose 

midal 

v 
1

1.600 I 1.608 I 1.645 
1

.045 ICHURCHITE I Med I X = b I MCL 010, White, H 3 loiss by hot acids. 
1.631 YPO 4 • 2H 20 disp dist Z:~-;- 35° laths 100, yell ow G 3.26 

el c 001 infus 

1.605 I 1.608 I 1.612 I .007 I IMANDR ITE 3 75° --- ORTH --- Honey- H 4 
Na 12ca 3Fe+ 2si 12o36 yellow G 2.93 

1.603 

1 ~. 597l1.608l1.632l. 035 I MONT EB RAS ITE Large --- TCL 100 perf White H 6 !Diss by H2so4• Poly 
1\ ( L i , Na) A 1 PO 4 ( OH, F) r < v 100 good G 3.04 tw in 2 d1rections v 

1.624 OT1 di st F 2 at 90°. Li 20 7.5, 
Na 20 3.5, F 1.4%. 

1.602 I 1.609 I 1.621 I .019 I BRAZ ILIANITE 1750 I y = b I MCL 1010 good I Yellow IH 5.5 I Insol in HCl. 
NaA1 3{P04)2(0H) 4 r < v wk X:~-;;- -20° fr conch G 2.98 

F 4.5 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Bi ref and formula (2Vz calc) orien- and or Color gravity, Remarks 

a ~ y disp tat ion habit fracture and 
fusibility 

1.604 1.609 1.615 .011 URALBORITE 85° --- MCL Parallel Cols H 4 Diss by HCl. An om 
CaB202{0H} 4 r > v str pri s to el G 2.60 interf colors in blue 

dist and brown. 

v 1.607 1.610 1.618 .011 TOPAZ 67° X = a ORTH 001 perf Cols, H 8 lnsol in acids. 
1.618 Al 2Si04{F,OH) 2 r > v dist z=c el c yellow G 3.57 F 20.4%. 

el pos infus 
el clv neg 

1.607 1.610 1.616 .009 BUCHWALD ITE --- el pas ORTH One clv Cols H < 3 Reported as opt neg. 
NaCaP04 G 3.21 

--- -1.61 --- wk HARBORTITE --- --- Spher --- White to H 5-5.5 ---
Al 3{P04)2{0H) 3·3H20 (?) brown G 2.80 

1.610 1.610 1.611 .001 FOGGITE 40-45° X = c ORTH 010 perf Cols, H 4 ---
CaAl{P04){0H) 2·H20 Y=b plates 100 good white G 2.78 

....... 
~ 1.610 1.611 1.654 .044 CYCLOWOLLASTONITE Very small --- TCL --- Cols H 5 Dec by acids. 

CaSi03 G 2.91 Also called 
F 4 Pseudowollastonite. 

1.608 1.612 1.621 .013 TUHUALITE 60-70° X = a ORTH 100, 010, Dark blue H 3-4 Insol in acids. 
+2 +3 . r < v str Y=b 001 good to black G 2.89 Pleoc str, X pale {Na,K}Fe Fe S1 6o15 el pos pink, Y violet or 

lavender, Z deep 
purplish-blue. 

1.602 1.613 1.649 .047 ANAPAITE 54° on 100, TCL 001 perf Greenish- H 3.5 Diss by acids. 
Ca 2Fe{P04)2•4H 20 r > v perc ext:c = radi- 010 dist white G 2.81 rs-o ating 

v 1.609 1.613 1.619 .010 STOKE SITE 70° y = b ORTH 110 perf Cols H 6 ---
1.621 CaSnSi 309 • 2H20 r < v X = c pyram 010 G 3.19 

imperf 

1.587 1.615 1.640 .053 MONETITE Large --- TCL 3 pina- Yellowish- H 3.5 Diss by acids. 
CaHP04 r > v wk rhombs coidal, white G 2.93 

indist infus 

v 1.608 1.615 1.630 .022 MAGN I OTR I PL ITE 66° y = b MCL 100 perf Yellow H 5.5 Diss by acids. 
1.649 {Mg,Fe,Mn) 2P04{F,OH} r > v perc Z:c -;; 53° G 3.47 Pleoc, X pale yellow, 

F 3 Y and Z deep yellow. 
MgO 27.9, FeO 13.4, 
MnO 7.7%. 



1.588 I 1.617 I 1.655 I .067 ICYANOTR ICHITE 182° lz = c IOR~H I --- 'Bright I G 2.8 'Diss by acids. Pleoc 
Cu 4Al 2{s04){0H) 12 ·2H20 r < v str el pas ac1c c blue F 3 str, X nearly cols, Y 

pale blue, Z bright 
blue. 

1.603 11.607,1.617,1.639,.032 ICHONDRODITE 180° r = b rCL 1100 poor ~Yellow to IH 6 IGel with acids. Poly 
1\ {Humite grp) {69+8°) X:£-;- 28° red G 3.26 tw 001. Pleoc, X v 

1.632 {Mg,Fe) 5(Si04)2(F,OH) 2 r >-v wk i nfus yellow, Y and Z pale 
yellow. FeO 5.0, 
Fe 2o3 0.8%. 

1.614 I 1.617 I 1.636 I .022 I HEMIMORPHITE 1460 IX = E. IORTH 1110 perf Col s H 5 I Gel with acids. 
Zn 4Si 207{0H) 2·H 20 r > v st r z = c el c 101 1 ess G 3.45 

so F 6 

1.616 I 1.617 I 1.622 I .oo6 I KURUMSAKITE 35° --- fib --- Greenish- G 4.03 
(Zn,Ni ,Cu) 8Al 8v2si 5o35 • to bright 
27H 2o {?) yellow 

v I 1.618 I 1.618 1.670 .052 DIADOCHITE Small --- TCL Uneven Yellow to H 3-4 loiss by acids. 
1.627 Fe 2(P04)(S04)(0H)·5H20 r > v str u mass to conch brown G 2.0-2.4 

fus 

v 1.606 (1.618) 1.638 .032 KOETTIGITE Large X = b MCL 010 perf White H 3 IDiss by acids. 
1.683 (Zn,Mg) 3(As04)2·8H 20 r < v el pas fib c G 2.9 ZnO 27.7, MgO 7.2%. 

F 3 
~ 
01 1.608 1.618 1.636 .028 CLINOHUMITE 59° z = b MCL Cols H 6 Gel with acid. Data CJ,:) v ---

1.643 ( Humite g rp) (74+8°) X:c ~ go G 3.1 for synth F end-
Mg 9(Si04)4(F,OH) 2 

r <-v i nfus member. 

v 
1

1.610 
1

1.618 I 1.635 
1

.025 I PREHNITE 69° X = a ORTH 001 good White, H 6 Slowly dec by HCl 
1.629 Ca 2Al 2Si 3o10(0H) 2 r > v y = b green G 2.87 with sepn of silica. 

F 2 Fe 2o3 1. 5%. 

v I 1. 613 I 1.618 I 1. 635 I· 022 I PARGASITE 61° y = b MCL 110 perf Col s to H 6 Insol in acids. 
1.634 ( Amph i bo 1 e g rp) Z:c ~ 26° pris £ at 124° brown G 3.07 A1 203 11.1, Fe 2o3 

NaCa 2Mg 4Al{Si 6Al 2)o 22 0.7, FeO 1.7, MgO 
o22 (0H,F) 2 

20.6, CaO 12.5, 
Na 20 2.5, K20 1.2%. 

1.610 11.616,1.618,1.625,.009 'TOPAZ 161" IX= a ORTH 001 perf Col s, 
I H 8 I Insol in acids. 

1\ Al 2Si04(F,OH) 2 r > v dist Z =I el c blue, G 3.55 F 17.2, H20 1.6%. v 
1.631 el pas yellow i nfus 

el clv neg 

1.616 I 1.619 I 1.631 I .015 IAFWILLITE 

1
55° I y = b MCL 001 perf Col s H 4 I Diss by HCl, gel. 

Ca 3si 20 4 ( OH) 6 r < v perc X:£~ 30° prisE_ 100 good G 2.62 
d1sp str F diff 

1.61 I 1.62 I 1. 71 I .10 I BISBEE ITE I Small lel pos ORTH --- Bluish- Soft Abs Z > (X,Y). 
CuSi03·H20 {?) thin white Status of species in 

laths doubt. 



Table 6. Biaxial positive minerals (continued) 
---

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 
a 13 y disp tat ion habit fracture and 

- fusibility 

1.sgo 1.620 1.648 .058 NICKELS ISCHOFITE 87° y = b MCL 001 perf Emerald- Soft Sol H2o, del iq. 
NiC1 2·6H2o X:c -;;- 8° green Pleoc, X pale green, 

Z green. 

1.60 1.62 1.65 .05 CHAVESITE Large ext :tw pl TCL 2 good Cols H ~ 3 Poly tw (Am. 
Hydrous phosphate of ~ 30° ~ goo Mineral., 43, 1148 
Ca, Mn (1gas)). 

v 1.60S (1.620) 1.632 .027 CUMMINGTONITE ago Z:c = 14° MCL 110 perf --- H 4-4.S FeO 6.S, MnO 0.2, 
1.640 (Amphibole grp) at 12S0 G 3.04 MgO 28.1, CaO 1.3, 

(Mg,Fe) 7s; 8o22 (0H,F) 2 Na 2o 2.4%. 

1.612 1.620 1.648 .036 TURQUOISE 40° ext on TCL 001 perf Sky-blue, H S Diss by acids only 
CuA1 6(P04)4(0H) 8·5H20 (S72:_7°) 1TO = 12° u mass 010 good bluish- G 2.84 after gentle heat-

r < v str 001 = S0 green i nfus ing. Pl eoc, X co 1 s, 
010 = 34° Z pale bluish. 

~ 

~ 
disp dist 

1.611 1.620 1.64S .034 MET AHA !WEE ITE (632:_7°) --- --- --- Yellow to --- ---
Ca(U02)2s; 6o1s·xH20 greenish-

yellow 

1.601 1.620 1.620 1.62S .oos CHAMOSITE so z ~ c MCL 001 perf Green H 3 Nearly insol in 
II -- (Chlorite grp) r < v G 2.go acids. FeO 1g.1, v 

1.630 (Fe,Mg,Al )6(Si ,Al )4o10 F 3.S Fe 2o3 6.6%. 
(OH) 8 

L......J l.Sg3 1.621 1.666 .073 TINAKSITE 76° --- TCL 010 perf Pale H 6 Insol in acids. 
1.627 -- K2Na(Ca,Mn) 2TiSi 701g disp str pris 110 yellow G 2.82-2.go Pleoc, X and Y cols, 

(OH) imperf to pink Z pale orange-yellow. 

1.613 1.616 1.621 1.628 .012 STOKESITE 70° X = c ORTH 110 perf Col s H 6 ---
II CaSnSi 30g•2H20 r < v y = b pyram 010 G 3.1g 

imperf 

v 1.618 1.622 1.658 .040 VESZELYITE 3go y = b MCL 001' 110 Dark H 3.S Diss by acids. 
1.647 (Cu,Zn) 3(P04)(0H) 3•2H20 r < v st Z:c -;; 36° pris bluish- G 3.og Pleoc. 

green fus 

1.sgo 1.Sg1 1.623 1.663 .072 SZOMOLNOKITE 80° y = b MCL Conch to Yellow to H 2.S Slowly sol in H2o. 
II -- (Kieserite grp) r > v str X:c -;; -26° pyram uneven brown G 3.0S 

FeS0 11 •H?O 4 "2 fus 



1.606 11.60711.623 11.6431.036 IHUMITE 181° I X = a IORTH 1001 perf 'Yellow, I H 6 rel with acids. 
A (Humite grp) r > v wk Z=b tab brown, G 3.24 Pleoc, X and Z pale v 

1.638 (Mg,Fe) 7(Si04)3(0H,F) 2 010 cols i nfus yellow, Y nearly 
col s. FeO 5.4, 
Fe2o3 0.5, F 5.4%. 

1.608 1 1.614 1 1.624 11.644 1 .o3o IMONTEBRASITE 1700 I --- ITCL 1100 perf I White I H 6 'Oiss by H~SO~. Poly 
A LiAlP04(0H,F) r > v str 110 good G 3.01 tw in 2 d re tions. 

F 2 Li~O 10.1, Na 20. 
o. 4%. 

1.607 1 1.6oo 1 1.624 
1
1.650 I .o5o IVIVIANITE I Large I X = b IMCL I 010 perf 181 ue I H 2 IOiss by HCl. Pleoc, 

A Fe3(P04)2•8H 20 r < v wk z:£-=- 27° G 2.66 X dark blue, Y light 
d1 sp str F 1.5 blue, Z nearly cols. 

FeO 33.0, Fe 2o3 4.1%. 

v I 1.622 I 1.624 11.6421.020 I MANSFIELD ITE 1300 I X = 2. IORTH 1201 I White to I H 3.5-4 I Di ss by acids. 
1.744 (Variscite grp) r > v str z = b imperf green G 3.03 

Al(As04)•2H20 

1.622 I 1.624 11.633 I .011 IURANOPILITE ~Small to lz = b IMCL 1010 perf !Bright Soft Diss by acids. Fluor 
(U02)6(S04)(0H) 10·12H20 large . Y:£-;- 20° yell ow, G 3.96 bright yellow in UV. 

r > v str straw Pl eoc, X co 1 s , 
yellow Y and Z yell ow. 

v ,1.622 1.624 1.631 .009 CELESTITE 51° y = b ORTH 001 perf Col s to H 3-3.5 Sl i ght 1 y so 1 in 
1.637 (Barite grp) r < v z=c Tab 210 good pale blue G 3.96 acids. 

~ Srso4 001 F 3 01 
01 -

1.614 1.625 1.637 .023 PARAHOPEITE - goo X - a TCL 010 perf Col s H 3.5-4 Diss by acids. Poly -- zn 3( PO 4)2 •4H20 r < v perc Y:c -;- 30° G 3.31 tw pl convnon 100. 
on-100 F easy 

1.625 I --- I .007 I SMOLIANINOVITE t --- tel pos IORTH I --- I Yellow I H 2 Opt sign unk. 
{Co ,Ni ,Mg ,Ca) 3 fie G 2.46 

+3 (Fe ,Al}2(As04)4·11H20 

1.623 I 1.626 11.631 I .008 I UOUMINELITE no --- ORTH l11a I White 
Ca3Al 8(P04)6(0H) 4o4 acic 

1.618 I (-1.627)11.642 I .024 I FLUCKITE Large --- TCL 010 perf Deep to H 3.5-4 I Diss by acids. 
CaMnH2(As04)2•2H20 100 easy pale rose G 3.05 

1.618 1 1.615 1 1.627 11.61o 1 .o55 I DIADOCHITE Small --- TCL Uneven Yellow to H 3-4 I Diss by acids. 
A Fe 2(P04)(S04)(0H)•5H20 (57.:!:_5°) u mass to conch brown G 2.30 

r < v str fus 

v I 1.616 I 1.628 11.641 ,.025 I ANTHOPHYLLITE 1790 y = b ORTH 210 perf Brown H 6 Insol in acids. 
1.649 (Mg,Fe) 7s; 8o22 (0H) 2 (88.:!:_9°) z=c pris £ at 126° G 3.10 FeO 11.1, Al 203 el pos 1.9%. 

1.57 1 1.622 1 --- j1.640 ,.020 I TENGERITE I Large I --- ORTH --- White Infus Diss by acids with 
1\ CaY3(c03)4(0H) 3·3H20 fib G 2.8 eff. 
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Table 6. Biaxial positive minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries B·i ref and formula 
a .§_ y 

1.618 1.625 1.629 1.655 .030 PREHNITE 
1\ Ca 2Al(A1Si 3)o10(0H) 2 v 

1.647 

1.616 ( 1. 63) 1.677 .061 CARBONATE-CYANOTRICHITE 
(Cu,Zn) 4Al 2(C03,so4) 

(OH) 12 ·2H20 

1.623 1.630 1.684 .061 GUILDITE 
CuFe(S04)2(0H)•4H20 

v --- 1.63 --- .02 HOMILITE (altered) 
1.65 Ca 2(Fe,Mg)B2Si 2o10 ·H20 

1.620 1.630 1.630 1.635 .005 CHAMOSITE 
1\ (Chlorite grp) 

+2 +3 (Fe ,Mg,Fe )5Al 

(Si 3Al)010(0H,0) 8 
1.608 1.623 1.631 1.657 .034 CHURCHITE 

" YP04·2H20 

1.618 1.629 1.631 1.638 .009 TOPAZ 
" -- Al 2Si04(F,OH) 2 

1.617 1.619 1.632 1.653 .034 CHONDRODITE 
" (Humite grp) 

(Mg,Fe) 5(Si04)2(F,OH) 2 

1.605 1.633 1.703 .098 ROK0HNITE 
FeC1 2·2H20 

1.618 1.632 1.634 1.651 .019 PARGASITE 
" -- (Amphibole grp) v 

1.651 +2 Na Ca 2 ( Mg , Fe ) 4 A 1 

(Si 6A1 2)o22 (0H,F) 2 

2Vz 
(2Vz calc) 

disp 

63° 
(43_2:10°) 
r > v 

55-60° 
r > v str 

Small 
to med 
( 40_2:6°) 

Med large, 
r < v 
very str 

Small 

Small 
(59+8°) 
disp dist 

48° 
r > v 

80° 
r > v wk 

64° 
r < v 

64° 
(38.:!_20°) 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

X = a ORTH 001 good Green H 6 Dec by HCl with sepn 
y = b G 2.93 of silica. 

F 2 Fe2o3 3.5, FeO 0.5%. 

el neg ORTH --- Pale b 1 ue H ~ 2 Diss by acids. Pleoc 
fib to azure- G 2.66 str, X cols, Z bright 

blue fus blue. 

y = c MCL 100, 001 Chestnut- H 2.5 Diss by acids. 
perf brown G 2. 70 Pl eoc, X and Y pa 1 e 

yellow, Z greenish-
yellow. 

--- MCL One Yell ow H 5 Gel with acids. 
imperf G 3 

F 2 

z ~ c MCL 001 perf Green H 3 Nearly i nsol in 
el cTv neg G 2.9 acids. Pl eoc, X and 

Y deep green, Z 
greenish brown. FeO 
28.7, A1 203 22.9%. 

X = b MCL 010, 100, White, H 3 Diss by hot acids. 
Z:c-;- 31° el c 001 yellow G 3.2 
31'l5" i nfus 

X = a ORTH 001 perf Gray, H 8 Insol in acids. 
z = c el c brown, G 3.50 F 13.2%. 
el pos yellow i nfus 
el clv neg 

z = b MCL 100 poor Yellow, H 6 Gel with acids. Poly 
X:c -;- 27° red G 3.28 tw 001. Pl eoc, X 

i nfus yellow, Y and Z pale 
yellow. FeO 10. 5, 
MnO 1.2, F 5.4%. 

X = b MCL 110 very Light --- Sol in H20. 
Z:c -;- -49° good green 

y = b MCL 110 perf Col s, H 6 Insol in acids. 
Z:c -;- 17° pri s .£ at 124° brown G 3.1 FeO 4.0, Al~Od 13.3, 
el-pos CaO 10.2, N 2 2.6%. 



1.628 I 1.635 I 1.698 1.070 ISARMIENTITE 38° y = b MCL --- Yellow- I G 2.58 I Diss by acids. 
Fe 2{As04){S04){0H)·5H20 Z:c ~ 12° orange 

1.615 I 1.635 I 1.656 I .041 I SKLODOWSKITE - goo y = b MCL 100 perf Lemon- IH 2-3 I Ge 1 wi t h a c i d s • U 
Mg{U02)2si 206{0H) 2·5H20 r < v st r el b yell ow G 3.64 opt neg. Pleoc, X 

cols, Y pale yellow, 
z yell ow. 

1.632 11.617 11.635 11.652 1.035 I TILLEYITE 88° Z:c = 12° MCL 100 perf I White I G 2.84 IEff and gel with 
r-"1 Ca 5s; 2o7(C03)2 r < v perc - another i nfus acids. 

at 42° 

1.618 I 1.635 I 1.650 1.032 lsEGELERITE Large X = b ORTH 010 perf !Pale greeniH 4 I Pl eoc, X and Y co 1 s, 
+3 z=a G 2.67 Z yell ow. CaMgFe (P04)2(0H)·4H20 

1.63o I 1.636 I 1.664 l.o34 IHILGARDITE 35° y = b MCL 010 perf Cols H 5 I Diss by acids. 
Ca 2B5Cl08(0H) 2 ( 50~8°) Z:c-;-1.5° tab 100 less G 2.71 

r > v so F 2 

y 11.630 1.636 1.664 .034 PARAHILGARDITE 35° --- TCL 010, 100 Col s H 5 I Di ss by acids. 
( 1. 639) Ca 2B5Cl08(0H) 2 ( 50~8°) perf G 2. 71 

r > v F 2 

v I 1.632 1.636 1.643 .Oll ANDALUSITE Large X = a ORTH llO perf Col s, H 7 I lnsol in acids. 
1.654 Al 2Si 05 r < v str z=c fib c pink G 3.15 Fe 2o3 1. 5%. 

el pos i nfus 
1--' 
01 

1.604 1.631 PECTOLITE 47° ITCL 1100, 001 !Light red IH 5 [Partly dec by acids. -.;:J 1.636 1.660 .029 z - b 
1\ Na(Ca,Mn) 2Si 308(0H) r < v str Y:a ~ go v pris b perf ;G 2.97-3.13 MnO 19.5, FeO 2.5%. 

1.664 el-pos - IF 2 

1.624 1.636 1.637 1.648 .012 BARITE 37° X = c IORTH 1001 perf ~White, IH 3-3.5 I Insol in acids. 
1\ Baso4 r < v wk y = b tab 210 less blue, G 4.50 v 

( 1. 697) 
I el pos 001 so yellow F 3 

1.634 --- I 1. 642 .008 I IRHTEMITE --- ext angle IMCL I --- !White to IG 3.09 I Diss by acids. 
Ca 4MgH 2(As04)4•4H 20 25° spher pale rose 

el neg 

1.623 1.628 1.638 1.655 .027 I HUMITE 76° X = a IORTH 1001 perf ~Yellow, I H 6 I Gel with acids. 
1\ I (Humite grp) r > v wk I z = ~ tab brown G 3.28 Pleoc, X and Z pale v 

1.653 (Mg,Fe) 7(Si04)3(0H,F) 2 010 i nfus yellow, Y nearly 
cols. FeO 7.9, 
Fe~Od 1.0, MnO 1.7, 
F • %. 

1.620 I 1.639 I 1.686 1.066 
I I 

I I I I KRAUTITE 165.!_5° X = b MCL I 010 perf I Pink IH < 4 
+5 I el cTv pos T01 good G 3.30 MnAs 03(0H) ·H20 

1.636 11.638 1 (1.639) 11.670 l.o32 ISTRONT!OH!LGARO!TE 119-46" --- TCL 010, 100 Cols H 5 I Diss by acids. 
1\ (Sr,Ca) 8B18o33cl 4·4H20 r > v perf G 2.9 

F 2 

v ,1.625 11.640 11.696 1.071 I STRUNZITE I ( 56.!_4°) Z:c = 10° TCL --- Straw- to G 2.47-2.5610iss by acids. Pleoc 
1.670 MnFe 2(P04)2{0H) 2·8H20 ps mel brownish- wk in yellow, abs 

1 aths yellow Z > X, Y. 



Table 6. Biaxial positive minerals (continued) 
-

Refractive index 2V Hardness, 
Other MINERAL NAME z Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 
a. _§_ y disp tat ion habit fracture and 

fusibility 

1.637 1.640 1.662 .025 PENKVILKSITE ( 41~13°) --- MCL or 001 perf White H 5 Gel with acids. 
Na 4Ti 2Si 8022 ·5H20 ORTH G 2.58 Clotted mass of 

fus fibers. 

{1.620) 1.630 1.640 1.655 .025 CUMMINGTONITE 78° y = b MCL 110 perf Brown, H 6 Insol in acids. 
II (Amphibole grp) r > v Z:c -;;- 20° pri s £ at 125° green G 3.15 Pleoc wk, X cols, v 

1.651 (Mg,Fe) 7Si 8o22 (0H,F) 2 el-pos fus Y and Z pale green, 
FeO 16.8, Fe~03 1.9, 
Al 2o3 2.8, M 0 0.8%. 

1.64 1.64 1.66 .02 ROEBLINGITE Small --- MCL 001 perf White H 3 Gel with acids. 
Pb 2(Ca,Sr) 6(Mn,Ca) u mass 100 G 3.43 

(S04)2Si6014(0H)10 
imperf F 3 

1.640 1.640 1.657 • 017 SARCOLITE Small --- TET --- Reddish- H 6 Gel with acids • 

~ 

(Ca,Na) 7_8Al 4Si 6o24 r > v str cubo- white, G 2.7 

(OH) 2 (?) oct flesh F 3 (?) 

~ --- 1.64 --- wk NINGYOITE --- el pos ORTH --- Brown to --- Slightly pleoc in 
(U,Ca,Ce} 2(P04}2·1-2H20 ps hex brownish- brown. Opt char unk. 

green 

1.615 --- 1.685 .070 LIKASITE --- X = a ORTH 001 perf Blue G 2.97 Diss by acids. 
Cu 6(P04)(N03)2(0H} 7 z = b ps hex Pleoc, X greenish-

blue, Z pale blue. 
Opt char unk. 

1.633 1.641 1.652 .019 FAIRFIELDITE Large ext:c on TCL 001 perf White, H 3.5 Di ss by acids. -- Ca 2Mn(P04}2·2H2o r > v med 100 ";;" 40°, pris 010 good yellowish G 3.05 MnO 19.7, FeO 1.0%. v 
1.650 on 010 = foli- 1TO di st F 4 

100 a ted 
disp perc 

1.636 1.641 1.651 .015 ROSCHERITE Med X = b MCL and 001 perf Brown to H 4.5 Diss by acids 
Ca(Al ,Fe,Mn) 3Be2(P0 4)3 (71~16°) Y:c -;;- -15° TCL 010 good olive- G 2.93 

(OH) 3·2H20 (?) r > v str pri s green fus 

1.637 (1.642} 1.670 .033 TYRETSKITE 46° --- TCL --- White to G 2.19 (?) ---
Ca 2B508(0H) 2(0H,Cl) fib brownish 

1.632 1.642 1.657 .025 COLLINS ITE 80° el pos TCL 001, 010 Light H 3.5 Diss by acids. 
Ca 2(Mg,Fe)(P04)2•2H20 bladed fair brown G 2.99 

fus 



v 
1 

1.638 I 1.642 I 1.653 I .015 I MULLITE 120-60° y = b ORTH 1010 perf 'Cols, I H 6-7 'Insol in acids. Data 
1.657 Al 6Si 2o13 {63.:!:_16°) z=c ac1c £ gray G 3.23 for synth compd. 

r > v el pos i nfus 
perc 

1.640 I 1.642 11.647 l.oo7 I JUANITE 50° el pos ORTH(?)I --- 'White, I G 3.01 'Dec by acids. 
Ca10Mg4Al2Si11039. fib brownish F 3 Alteration product 
4H20 (?) of Melilite. 

1.631 I 1.643 11.695 l.o64 I RANSOMITE IMed I --- IMCL 1010 perf 'Sky-blue I H 2.5 IDiss by acids. 
CuFe 2(S04)4·6H20 radi- G 2.63 

ating 
el c 

1.618 11.63211.643 1.664 .032 CLINOHUMITE 74° z = b MCL --- Yellow H 6 Gel with acids. 
" (Humite grp) r < v X - c to brown G 3.28 FeO 6.6, MnO 1.7, v 

1.679 (Mg,Fe) 9{Si04)4{F,OH) 2 infus F 3.2%. 

1. 638 I 1. 643 1.650 .012 MAGNESIO-ARFVEDSONITE 80° y = b MCL 110 perf Blue- H 5-6 Insol in acids. 
{Amphibole grp) z: c ;- 39° pris £ at 124° green G 3.17 FeO 8.3, MnO 6.0%. 

+2 +3 el-pos 
{Na,Ca) 3{Mg,Fe )4Fe 

Si 8o22 {0H,F) 2 

1.620 ( 1.644) 1.674 .054 ZIRCOSULFATE 1750 I --- IORTH I --- I White I H 2.5-3 1 Sol in H2o. 
...... 

11.640 

Zr(S04)2·4H20 G 2.95 
c.n 
~ 1.644 1.650 .010 RANKINITE 64° y = b MCL --- Cols G 2.96 I Ge 1 with acids. 

Ca 3s; 207 X:c ;- 15° i nfus 

v I 1.618 11.645 11.679 l.o61 I ERYTHRITE Large X = b MCL 010 perf Crimson, H 2 Diss by acids. 
1.663 {Co,Ni ,Mg) 3{As04)2·8H 20 r < v wk Z:c ;- 39° laths peach- G 3.1 Pleoc, X pale pink, Y 

el-pos 010 color F 2 violet, Z red. CoO 
14.2, NiO 9.2, MgO 
3.2%. 

1.641 I 1.645 I 1.672 i .031 I KURGANTAITE !Small lel pos ITCL(?) 1--- I White I H - 6 Diss by acids. 
{Sr,Ca) 2B408·H20 {?) {43~11°) mass G 2.9-3.0 Perhaps = strontio-

hilgardite. 

v 11.640 11.645 11.652 ,.012 I JADEITE 6]0 y = b MCL 110 good Col s to H 6 Insol in acids. 
1.657 (Pyroxene grp) r > v mod Z:c ;- 40° fib c at 87° green G 3.25 Fe~0 3 0.3, FeO 

Na{Al ,Fe+3)si 2o6 
F 2.5 O. , CaO 1. 4%. 

v I 1.643 11.645 11.651 ,.oo8 I MOSANDR ITE 45-80° y = b MCL 100 dist Yellow to H 4-4.5 Gel with acids. 
1.667 var. Rinkolite r > v str X:c -;- 3° el c 010 poor reddish- G 3.0-3.4 Pleoc wk, abs Z > Y 

(Na,Ca,Ce) 3Ti{Si04)2F brown F 3 > X. 

1.643 I 1.645 I 1.649 I .006 I PELL YITE 4]0 --- ORTH Conch Col s to H 6 Dec by HCl. 

Ba 2Ca(Fe+2,Mg) 2Si 6017 
r > v prism pale- G 3. 51 
very str poor yellow 

1.622 11.63811.647 ,1.682,.044 I VESZEL y lTE '56" y = b MCL 001, 110 Dark H 3.5 Diss by acids. 

" r < v str Z:c ;- 36° pris bluish- G 3.43 Pl eoc, X b 1 ue, Z 
v {Cu,Zn) 3(P04)(0H) 3·2H 20 1.658 green fus yellow-green. 
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Table 6. Biaxial positive minerals (continued} 

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
a ~ y 

1.62g 1.637 1.647 1.668 .031 PREHNITE 
A Ca 2Al 2Si 3010 (0H} 2 

1.642 1.647 1.672 .030 KORZHINSKITE 
CaB 204·H20 

1.64 1.642 (1. 647) 1.653 .011 HIORTDAHLITE ,......., 
( Ca, Na} 3zrSi 207 '--' 

1.66 (F,OH,0) 2 

1.637 1.648 1.676 .o3g LOSE YITE 
(Mn,Zn) 7(C03)2(0H) 10 

v 1.643 1.648 1.674 .031 REDO I NGITE 
1.662 (Mn,Fe) 3(P04)2·3H20 

1.615 1.641 1.64g 1.661 .020 MAGNIOTR I PLITE 
A (Mg,Mn,Fe} 2P04(F,OH) v 

1.652 

v 1.644 1.64g 1.663 .o1g MESSELITE 
1.65g Ca 2(Fe,Mn}(P04)2·2H20 

1.628 1.645 1.64g 1.661 .016 ANTHOPHYLLITE 
A -- (Amphibole grp) v 

1.655 (Mg,Fe) 7Si 8o22 (0H) 2 

v 1.64g 1.64g 1.655 .006 BOEHMITE 
1.657 AlO(OH) 

1.588 1.650 1. 722 .134 KRAUSITE 
KFe(S04)2·H20 

2Vz Optical 
(2Vz calc} orien-

disp tat ion 

65° X = a 
r > v y = b 

44° X:clv = 
goo 

el pos 

- goo opt pl 
r > v perc - 111 

Ext on 
100 = 65° 

64° y = b 
r > v wk 

(48+g 0
) y = b 

r >-v dist x=a 

60° y = b 
(7g~12°) X:a -;- 18° 
r > v perc 

Small ext on 100 
(62~13°) 23° to c 

5go y = b 
z=c 
el pos 

Small ---

Large z = b 
Y:c -;- -35° 

Hardness, 
SYSTEM CLEAVAGE specific 
and or Color gravity, Remarks 

habit fracture and 
fusibility 

ORTH 001 good Dark H 6 Dec by HCl with sepn 
green G 2.g7 of silica. 

F 2 Fe2o3 7 .1%. 

ORTH(?) One clv, Cols --- Diss by acids. Tw. 
pri s II el 

TCL Pri s, Yell ow H 5.5 Gel with acids. Poly 
tab 100 dist to brown G 3.25 tw. Pl eoc, X co 1 s , 

fus Y yellowish, Z wine-
yellow. 

MCL --- Bluish- H - 3 Diss by acids. 
el b white G 3.27 

i nfus 

ORTH 010 poor Pink H 3-3.5 Diss by acids. 
oct, fr G 3.27 Pleoc, X cols, Y pink 
tab uneven fus brown, Z pale yellow. 

MnO 48.2, FeO 2.2, 
MgO 0.4%. 

MCL 100 perf Yellow H 5.5 Diss by acids. 
to brown G 3.57 Pleoc, X andY light 

F 3 yellow, Zwine-
yellow. MgO 17.1, 
MnO 25.g, FeO 13.0%. 

TCL One good Cols to H 3-3.5 Diss by acids. 
tab 100 brownish G 3.1 FeO 11.5, MnO 7.35%. 

ORTH 210 perf Brown H 6 Insol in acids. 
pris £ at 126° G 3.24 FeO 20.5, Fe 2o3 1.8, 

Al 2o3 1.8%. 

ORTH 010 perf Cols G 2.g8 Di ss by hot NaOH 
100 less i nfus soln. Data for 
so synth compd. 

MCL 001 perf Yellowish- H 2.5 Diss by acids. 
pris or 100 good green G 2.84 Pleoc wk, X cols, 
flat Y and Z pale yellow. 
tab 



1.600 I 1.650 I 1. 722 I .122 IBIJVOETITE 184" r ="'" 
IORTH lOne good 'Yellow I G 3.9 'Pleoc, Xcols, Y 

(Y,Dy,Gd) 2(U0 2)4(C03)4 Y - a tab pale yellow, Z dark 
(OH) 6·11H20 yell ow. 

1. 626 I 1. 65o I 1. 686 I . o6o I PSE UDOLAUE ITE 18oo I z = b I MCL I --- I Orange- I H 3 IDiss by acids. 
MnFe 2(P04)2(0H) 2·8H20 Y:~-;- 12° pris yellow G 2.46 

and 
thick 
tab 

I. 64-1 --- 11.67-1.03 I CASS!OY!TE --- --- TCL --- Pale- to IG3.1-3.2 I Opt char unk. 
1.65 1.68 Ca 2(Ni ,Mg)(P04)2·2H 20 fib bright-

green 

1. 633 I --- I 1. 67 2 I . 03 9 I SHARPITE --- el pos ORTH(?) --- Yellow- H 2 Diss by acids. Pl eoc 
(U0 2)(C03)·H 20 (?) green G > 3.3 faint. Not fluor 

i nfus in UV. 

1.641 11.640 11.650 11.660 ,.020 I FAIRFIELDITE 86° ext:c on TCL 001 perf White, H 3.5 Diss by acids. 
A (Fairfieldite grp) r > v med 100 -;- 40° pri s, 010 good yellowish G 3.02 MnO 14.8, FeO 4.75%. 

Ca 2(Mn,Fe)(P04)2·2H20 010 = 10° foli- T10 di st F 4 
disp perc a ted 

1.63 --- 1.65 --- .02 HOMILITE (altered) Small --- IMCL I --- I Yellow IH 5 
!Gel with acids. 

A ca 2FeB 2Si 2o10 ·xH2o r > v or mass G 3.4 v 
~ 1. 725 r < v str F 2 
~ 
~ 

1.645 1.650 1.655 .010 SAMUELSONITE j Large I X:£= 22° IMC~ 1001 fair jCols IH 5 
(Ca,Ba)ca8(Fe,Mn) 4Al 2 pr1 s G 3.27-3.33 

(P04)10(0H)z 

1.648 11.622 1 1.651 11.6871.065 I PARASYMPLESITE 83° JX = ~ jMCL . 1010 perf !Greenish- H 2 IDiss by acids. ..---. i Fe 3(As0 4) 2 • 8H 20 G 3.07 Pleoc. X bluish-v 

I 1.63911.651 i 1.681 1.042 

Z:c = 31° tab 010 blue 
1. 660 el-pos lgre~n: Z yellowish. 

VUONNEMITE 53° Y:c = 4° TCL 001 and Light H 2-3 Dec by H2o. 
Na 4TiNb 2Si 4o17 ·2Na 3Po 4 (66.:_6°) 2 others yellow G 3.13 

perf 

v I r.63611.651 11.669l.o33 I FORSTER ITE 85° X = b ORTH 010, 001 Cols to H 7 Gel with acids. Data 
1.664 (01 ivine grp) r < v y = c equant poor green G 3.22 for synth compd 

Mg 2Si04 i nfus (FolOO). 

1.640 11.63811.651 11.6651.027 I TIRODITE 89° y = b MCL 110 perf Brown, H 6 Insol in acids. 
A I(Cummingtonite ser, I r > v I z '"'" ;;- 19° pris £ at 125° green G 3.10 Pleoc wk, X cols, Y v 

1.664 Amphibole grp) el pos fus and Z brown-green. 
+2 +2 . FeO 11.1, MnO 13.2%. Mn 2(Mg,Fe )5s, 8o22 (OH) 2 
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Table 6. Biaxial positive minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
a _@_ y 

1.634 1.641 1.651 1.664 .023 PARGASITE 
A (Am phi bo 1 e g rp) v 

1.652 neg +2 NaCa 2(Mg,Fe )4Al 

(Si 6Al 2)o22 (0H,F) 2 

1.632 1.652 1.693 .061 KORITNIGITE 
Zn(As03){0H)•H20 

1.649 1.648 1.652 1.672 .024 TRIPLITE 
A -- {Mn,Fe,Mg,Ca) 2P04(F,OH) v 

1.673 

v 1.652 ( 1.652) 1.661 .009 NAGELSCHMIDTITE 
1.681 Ca 3_4{Si ,P) 2o8 
1.638 1.643 1.653 1.675 .032 HUMITE 

A {Humite grp) 
{Mg,Fe) 7(Si04)3{0H,F) 2 

1.652 1.653 1.674 .022 KOTOITE 
Mg3B206 

v 1.651 1.653 1.659 .008 G~TZENITE 
1.665 (Ca,Na) 3(Ti ,Al )Si 207 (F,OH) 2 

v 1.650 1.653 1.658 .008 ENSTATITE 
1.669 (Orthopyroxene ser, 

Pyroxene grp) 
Mg 2Si 206 

1.652 1.62 1.654 1.689 .069 ANNABERGITE 
,......., Ni 3{As0 4) 2 • 8H20 

1.663 

1.636 1.650 1.654 1.670 .020 ANDALUSITE, manganian 
A {Al,Mn) 2Si05 v 

1.671 

2Vz 
{2Vz calc) 

disp 

82° 

70° 

40° 

0-20° 

68° 
r > v wk 

210 
r > v 

- 60° 
r > v str 

59° 
r < v 

- goo 

70° 
{54.:!:.13°) 
r < v st r 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

y = b MCL 110 perf Brown H 6 Insol in acids. 
Z:c-;- 18° pri s .£ at 124° G 3.18 Pleoc wk, X cols to 
el-pos yellow, Y and Z brown 

to green. FeO 8.9, 
Fe 2o3 1.1, Al 203 
15.3, CaO 12.2%. 

--- TCL 010 perf Cols H 2 Diss by acids. 
001, 100 to white G 3.54 

y = b MCL 100 perf Brown H 5.5-6 Diss by acids. Pleoc 
X:a -;- 18° 010 poor G 3.6 in yell ow. MnO 31.5, 

F 3 FeO 11.4, MgO 9.9%. 

--- MCL(?) 001 good Cols G 3.04 ---
110 fair 

X = a ORTH 001 perf Brown H 6 Gel with acids. 
z = b tab 010 G 3.27 Pleoc, Y pale yellow, 

infus X and Z golden-
yellow. FeO 7.8, 
Fe 2o3 2.7, MnO 0.7%. 

X = a ORTH 110 perf Cols H 6.5 Diss by warm acids. 
y = b mass G 3.10 

i nfus 

X - c TCL 100 perf Col s, H 6 Gel with acids. 
001 good pink G 3.11 Poly tw. 

F 3 

X = b ORTH 210 good Cols H 5-6 Insol in acids. Tw 
v=a pris .£ at 88° G 3.18 100. Data for synth 
el pos F 6 compd En 100• 

X = b MCL 010 perf Apple- H 2.5-3 Diss by acids. 
disp-dist green G 3.0-3.1 U neg. 
el clv pos to white F 4 

X = a ORTH 110 perf Green H 7 lnsol in acids. 
z=c fib c G 3.17 Pleoc, X yellow-
el pos infus green, Y emerald 

green, Z golden 
yellow. Mn 2o3 9.5, 
Fe 2o3 3. 7%. 



1. 650 I 1. 654 I 1.661 I .011 I VLADIMIR ITE 70° Z:c = 36° MCL --- Cols H 3.5 I Diss by acids. 
H2ca5(As04}4·SH20 r > v str G 3.14 Reported as biax neg. 

F diff 

v I 1.651 1.654 1.660 .009 CLINOENSTATITE 54° X = b MCL 110 good Cols H 5-6 I lnsol in acids. Poly 
1.678 {Pyroxene grp} Z:c -; 22° el c at 87° G 3.28 tw 100 character-

i Mg 2Si 206 i nfus istic. Synth compd. 

1.652 --- 1.659 .007 YUKSPORITE --- el neg MCL(?} --- Pink to 
{Na,K) 4(Ca,Sr,Ba) 4 fib' red 
(Ti,Al ,Fe} 3Si 8o16 

platy 

(F,Cl} 2·4H20 (?} 

1. 648 I 1. 655 11.670 I .022 !unnamed phosphate of 180° I --- I fib I --- I Greenish- I --- IA1 203 8.0, Fe2o3 7.6, 
Ca, Ba, Mn, Fe, Al MnO 8.6, CaO 24.2, 

BaO 3.5, H20 3.3%. 

1.649 I 1.648 I 1.655 I !. 662

1

.014 I GEDRITE 8JO y = b ORTH 210 perf Brown H 6 Insol in acids. 
1\ (Amphibole grp) z=c pris £ at 126° G 3.26 FeO 14.6, Fe 2o3 1.3, v 

1.667 (Mg,Fe) 5A1 2(Si 6A1 2)o 22 el pas A1 2o3 13. 3%. 
(OH} 2 

v I 1.648 I 1.655 11.6621 .014 IDICKINSONITE ~ goo I X = E. MCL IDOl perf !Olive- IH 3-3.5 I Diss by acids. Pleoc 
1.662 (K,Ba )( Na ,Ca) 5 r > v str Y:c = 15° tab, green G 3.40 wk in green. 

1

(Mn,Fe,Mg) 14Al(P04}12 
el-neg foli- F easy 

...... I I I I a ted 
~ (OH,F) 2 ~ 001 

1.649 I 1.656 I 1. 714 I • 06 5 I NATROCHALC ITE 37° y = b MCL 001 perf Emerald- H 4.5 I Diss by acids. 
NaCu 2(s04)2(0H}·H 20 r < v str X:c -; -12° el c green G 3.49 

inclined el-cl v pos F easy 

1.656 l --- I .052 IDIOPTASE '43° I --- TRIG I 10T1 perf Emerald- H 5 Gel with acids. 
CuSi02(0H) 2 I 1 green IG 3.28 P1eoc wk, abs X > Y 

i nfus and Z. 

1. 652 I 1. 656 I 1. 67 2 I • 020 IEUCLASE 1480 I y = b IMCL I 010 perf Col s to H 7.5 Insol in acids. 
BeA1Si04(0H) r > v Z:£-;- 42° el £ 100, 001 pale blue G 3.06 

poor F 5.5 

v I 1.643 I 1.657 11.681 I .038 I LEUCOSPHENITE 1780 lz = b MCL 010 perf Cols to H 6-6.5 In sol in acids. Tw 
1.664 BaNa 4Ti 2B2Si 10o30 r > v y- c el a 001 fair brown G 3.07 pl 001. 

el cTv neg F diff 

1.649 1 1.648 1 1.657 l1.668l .o2o I BOEHMITE 1790 I ORTH 010 perf Co1s G 2.98 Di ss by hot NaOH 
1\ AlO(OH) I --- 100 less infus soln. 

so 

1.642 1 1.653 1 1.657 11.671 1 .o18 'MULL ITE 120-60° y = b ORTH 010 perf Gray, H 6-7 Insol in acids. 
1\ Al 6Si 2o13 (57_:!:.14°) z = c acic c lilac G 3.23 Fe 2o3 0.9, Ti02 2.3%. 

r > v perc el pas i nfus 

1.645 ,1.6541 1.657 ,1.666,.012 'JADEITE 170" 
y = b MCL 110 good Cols to H 6 Insol in acids. 

1\ (Pyroxene grp) r > v mod Z:c -; 34° fib c at 87° green G 3.34 Fe 2o3 0.45, CaO v 
1.670 Na{Al ,Fe)Si 206 F 2.5 0.1, Na20 13.4%. 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME z Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula {2Vz calc) orien- and or Color gravity, Remarks 
a. ~ y disp tat ion habit fracture and 

fusibility 

1.640 1.658 1. 760 .120 METASTUDTITE 48° --- ORTH --- Yellow G 4.67 calc Sol in hot HCl. Does 
U04•2H20 fib not fluor in UV. 

1.647 1.640 1.658 1.695 .055 VESZELYITE no y = b MCL 001, 110 Dark H 3.5 Diss by acids. 
1\ {Cu,Zn) 3{P04){0H) 3·2H20 r < v str Z:c -; 36° pris bluish- G 3.43 Pl eoc , X b 1 ue-, Z 

green fus yellow-green. 

" 
1.653 1.659 1.677 • 024 SPODUMENE 66° y = b MCL 110 perf Pink, H 6.5 Insol in acids • Abs 

1.671 {Pyroxene grp) r < v Z:c -; 25° pris .£ at 87° gray, G 3.14 X > Y > Z in thick 
LiA1Si 2o6 el-pos green F 3.5 sections. 

1.649 1.653 1.659 1.676 .023 MESSELITE 25° ext on 100 TCL One good Col s to H 3-3.5 Diss by acids. FeO 
1\ Ca 2{Fe,Mn){P04)2•2H20 ( 62_: 11°) 20° to c tab 100 brownish G 3.1 20.9, Fe 2od 0.8, 

MnO 3.9, M ~ 1.4%. 

...... 

1.651 1.628 1.660 1. 705 .on PARASYMPLESITE - goo X = b MCL 010 perf Greenish- H 2 Diss by acids. 
1\ Fe3{As04)2•8H 20 ( 82_::2°) Z:c-; 31° tab 010 blue G 3.07 Pleoc, X bluish-

el-pos green, Y yellow, Z 
~ brownish-yell ow. 

v 1.645 1.660 1.715 .070 PLANCHE ITE Large el - Z ORTH --- Blue H 5 Slightly attacked by 
1.718 Cu8Si 8o22 {0H) 4·H20 {57~4°) fib G 3.4 acids. Pl eoc , X pa 1 e 

blue, Y and Z blue. 

1. 592 neg 1.650 1.660 1.680 .030 STRENGITE, aluminian Med Large X = a ORTH --- Gray, H 4.5 Diss by acids. 
1\ {Fe ,Al )P04 •2H20 r > v str Y=b fib c brown, G 2.6 Al 2o3 12.5%. v 

1.710 red fus 

L.-J 1.659 1.660 1.680 .021 SILLIMANITE 20° y = b ORTH 010 perf White, H 7 Insol in acids. Some 
1.664 Al 2Si05 r > v perc z=c acic c brown G 3.23 vars pleoc, cols to 

el pos infus blue. 

1.656 1.660 1.668 .012 MAGNES IOAXINITE Large --- TCL --- Pale blue H 6.5 Insol in acids. 
Ca 2MgA1 2BSi 4015{0H) G 3.18 

fus 

1.641 1.660 1.682 .041 JONESITE no X = b ORTH 010 Cols H 3-4 Insol inHCl. Fluor 
Ba 4(K,Na) 2Ti 4Al 2s; 10 z=c bladed G 3.25 orange in short-wave 
o36 ·6H20 uv. 

v 
1.676 1.660 (1.661) 1.663 .003 PHARMACOSIDERITE Large --- CUB 100 Olive- H 2.5 Diss by acids. 

KFe4(As04)3(0H) 4·6-7H20 r < v str imperf green to G 2.8-2.9 Poly tw. 
brown F 2 

1.629 1.662 1. 729 .098 L I NDACKER ITE 730 y = b MCL 010 perf Apple- H 2-2.5 Diss by acids. -- H2cu 5{As04)4·8H20 r < v str X:el-= 26° fib green G 2.0-2.5 
,.J.1'f"~""' : .... 

F 2-3 (?) 



1.648 11.65511.662 11.6831.028 IREDDING!TE r5· IV = b IORTH ~~~0 poor rnk IH 3-3.5 IDi ss by acids. 
A (Mn,Fe) 3(P04)2·3H20 r > v perc X = I oct, G 3.14 Pleoc, X cols, Y v 

1.680 tab uneven fus pinkish-brown, Z 
ryellow. MnO 38.4, 
FeO 12.7%. 

1.655 11.65811.662 11.671 1.013 I DICKINSONITE Med X = b MCL 001 perf Olive- H 3.5-4 IDiss by acids. 
A ( K, Ba )( Na , Ca) 5 r > v str Y:c -;- 15° tab, green G 3.40 Pleoc wk in green. 

(Mn,Fe,Mg) 14Al (P04)12 
el-neg foli- F easy 

a ted (OH,F) 2 001 

1.6i57 
11.658 11.662 11.668 1.010 I BORACITE Large X = c ORTH Conch to White to H 7-7.5 Slowly diss by HCl. 

Mg 3B7013Cl v =a ps cub uneven greenish G 2.95 Inverts to cub at 
F 2 265°C. 

1.598 I 1.663 I 1.737 1.139 I PARABUTLER ITE 44-87° X = b ORTH 120 poor Orange to H 2.5 Diss by acids. 
Fe(S04)(0H)·2H20 ( 90_!2°) y :: c pris fr conch brown G 2.55 

r > v mod 

1.645 11.629 11.663 11.701 1.072 I ERYTHRITE - goo X = b MCL 010 perf Crimson H 2 Diss by acids. 
A Co 3(As04)2·8H 20 r < v wk Z:c -;- 32° laths G 3.06 Pleoc, X pink, Y 

el-cl v pos F 2 violet, Z red. 
CoO 33.4, FeO 4.0%. 

1.657 1.649 1.664 1.691 .042 LEUCOSPHENITE 76° z = b IMCL 1010 perf ICols to r 6-6.5 IInsol in acids. Tw 
A BaNa 4Ti 2B2Si 10o30 r > v perc y- c el a 001 fair brown G 3.09 pl 001. 

1--" el neg F diff 
~ 
01 

1.637 1.664 1.692 .055 WILHELMVIERLINGITE (90_!4°) X == b IORTH ~--- I Yellow IH 4 ~Reported to be neg 
+3 v =a G 2.58 with 2V 45°. Pleoc, CaMnFe (P04)2(0H)·2H 20 X and Yxlight yellow, 

Z yellow. 

1.651 I 1.653 I 1.664 I 1.686 I .033 I FORSTER!TE 1870 X = b ORTH 010, 001 Col s to I~ ~.35 jGel with acids. FeO 
A I 1-1 I (Olivine grp) (71+7°) y = c equant poor green 8.6, Fe 2o3 0.4, MnO v 

1.674 (Mg,Fe) 2Si04 
r <-v i nfus 0.2% (Fo 93 ). 

1.636 11.660 1 1.664 1 1.688 ,.o28 I SERANDITE 36° z = b TCL 100, 001 Rose-red G 2.32 MnO 29.0, Fe 2o3 A Na(Mn,Ca) 2Si 308(0H) (45_:11°) X:c -;- 57° el b 1.3%. 

1.651 11.651 11.664 11.6781.027 ICUMMINGTONITE 86° y = b MCL 110 perf Brown, H 7 Insol in acids. 
A (Amphibole grp) r > v Z:c -;- 17° pri s .£ at 125° green G 3.27 Pl eoc in green. FeD v 

1.677 (Fe,Mg} 7si 8022 (0H) 2 el-pos fus 28.0, MnO 1.0, Al 203 2.4%. 

1.655 I 1.664 I 1.675 I .020 I ATTAKOLITE 1- 84° I --- IORTH l --- I Pink IG 3.24 !Partly dec by acids. 
(Ca,Mn,Sr) 3Al 6 lr > v mass IF easy 

(P04,Si04)7·3H20 

1.656 I 1.664 I 1.672 1.016 I JUNITOITE I ( 90~:14.) I --- IORTH 1010 good ICols to IH 4.5 !Gel with acids. 
Cazn 2Si 2o7•H 20 r < v, wk hemi- 100, 101 milky- G 3.5 

morphic poor white fus 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Bi ref and formula (2Vz calc) orien- and or Color gravity, Remarks 

a ~ y disp tat ion habit fracture and 
fusibility 

v 1.657 ( 1.664) 1.675 .018 ROSE NBUSCH I TE 80° X:c = 9° TCL 010 perf Yellow, H 5-6 Gel with acids. 
1.687 (Ca,Na) 3(zr,Ti)Si 208F el-neg brown G 2.97 Pleoc wk, X cols, Z 

F easy yell ow. 

1.663 1.664 1.675 .012 fGIA:NNETITf: 30° Y:c = 22° TCL 100 perf Col s to --- Validity dubious. 
Silicate of Na, Ca, Mn, pris pale 
Zr, Ti yellow 

( 1 •. 639) 1.665 1.704 .065 TRIANGULITE goo --- TCL --- Yellow G 3.7 ----- "13(U02)4(P04)4(0H)5· 
SH 2Q 

1.653 1.662 1.665 1.672 .. o1o G~TZ£NITE 62° X- c TCL 100 perf Pink, H 6 Gel with acid·s. 
1\ -- (ta,Na) 3(Ti,Al)Si 207 r > v str - 001 good yell ow G 3.17 'Poly tw. 

(F,OH) 2 F 3 

..... 
~ 

v 1.663 1.666 1.673 .010 lITH IOPHIL IT£ 60° .x = c ORTH 100 perf Salmon- H 5 Diss by acids. 
1.679 -- Li (Mn , F ~)PO 4 r < v str v=a el c 010 less pink G 3.43 .Pl eoc, X deep pin«, Y 

el neg so F 1.5 pale yellsw, Z pale 
pink. MnO 42.6, FeO 
2.~. 

L-J 1.650 1.667 1.688 .038 LUDLAMITE 83° y = b MCL 001 perf Bright H 3.5-4 Diss by acids. 
1.675 (Fe,Mg,Mn) 3(P04)2·4H20 r > v Z:c -;- -67° tab 001 100 dist green G 3.2 

F 2-2.5 

1.655 1.657 1.667 1.678 .021 FERRO-GEDRITE 87° y = b ORTH 210 perf Gray, H 6 Insol in acids. FeO 
1\ -- (Amphibole grp) z=c pris £ at 126° brown G 3.28 18.3, Fe2o3 1.0, v 

1.681 {Fe,Mg) 5Al 2(Si 6Al 2)o22 el pos A1 203 17 .8%. {OH) 2 
1.645 1.662 1.667 1.681 .019 MOSANDRITE 45-80° y = b MCL 100 dist Yellow to H 4-4.5 Gel with acids. 

1\ {Na,Ca,Ce) 3TiSi 207 {62~13°) X:c -;- 3° el c 010 poor reddish- G 3.3-3.4 Pleoc wk, abs Z > Y 
{O,OH,F) r > v brown F 3 > X. 

1.646 1.668 1.705 .059 COBALTKORITNIGITE 78° X:b = 3° TCL 010 perf Deep --- Pleoc, X deep violet, 
{Co,Zn)(As+5o3){0H)•H20 v:a = 100 good purple Y reddish-violet, Z 

bluish-violet. 

v 1.665 1.669 1.768 .103 NENADKEVICHITE 38° X = a ORTH 001 poor Ye.llow, H 5 Diss by H SO • 
1.686 {Na,Ca,K){Nb,Ti)Si 206 {24~5°) Z=l> rose G 2. 76 Pleoc wk, 2X ~ols, Y 

{O,OH)•2H20 F diff pale yellow, Z pale 
rose. 



1.653 ,1.665 I 1.669 I 1.674 

1

.009 I ENSTATITE 
'so• 

ly =a IORTH 1210 good 'Green IH 5.5 llnsol in acids. FeO 
1\ (Orthopyroxene ser, r < v z = c pris .£ at 88° G 3.2 7. 0%. Cornmonl y v 

1.677 Pyroxene g rp) el pos F 5.5 faintly pleoc. 
(Mg,Fe) 2Si 2o6 

v 11.660 I 1.670 I 1.110 
1
.11o I LABUNTSOV ITE 135° I y = b IMCL IT02 perf IDark IH 5 IPleoc wk, X cols, 

1.698 ( K, Ba , Na )( T i , Nb) r > v Z:~-;; 63° brown G 2.87 Z yell ow. 
( S i , A 1 ) 2 ( 0, OH) 7 • H 20 

1.640 1.619 1.670 1. 720 .101 STRUNZITE ( 932_2°) Z:c = 10° TCL --- Straw- to G 2.47-2.56 Diss by acids. Pleoc 
" -- -
v MnFe 2(P04)2(0H) 2·SH 20 ps mel brownish- wk in yellow, abs 

1.670 neg 1 aths yellow Z > X, Y. 

v 1.664 1.670 1.685 .021 OMPHACITE 66° y = b MCL 110 good Green H 5-6 Insol in acids. 
1.681 -- (Pyroxene grp) r < v mod Z:c -;- 35° pri s .£ at 87° G 3.40 Pleoc wk in green. 

(Ca,Na)(Mg,Fe,Al)Si 206 F 5 FeO 2.8, Fe~0 3 1.8, 
Na 2o 4.5, C 0 14.7%. 

1.657 11.661 I 1.670 I 1.681 

1

.020 I JADEITE 70° y = b MCL 110 good Green H 6 Insol in acids. 
" (Pyroxene grp) r > v mod Z:c-;;- 35° pri s .£ at 87° G 3.35 FeO 0.5, Fe~0 3 3.2, v 

1.681 (Na,Ca)(Al ,Mg,Fe)Si 206 F 2 Na 2o 9.4, C 0 5.1%. 

v 11.665 I 1.670 I 1.683 
1
.018 I PUMPELLYITE 15° y = b MCL 001 good Green, H 5.5-7 Insol in acids. 

1.688 Ca 2(Mg,Fe)Al 2(Si04) (64.=_14°) X:c -;- 15° 100 bluish- G 3.18 Pleoc, X and Z pale 

( Si 2o7) ( OH) 2·H20 r < v str imperf green, yellow-green, Y 
rarely brown green, abs Y > X, Z. 
r > v FeO 1.4, Fe 2o3 0.7%. 

~ 
0':1 1.654 1.662 1.671 1.691 .029 ANDALUS ITE, no el pos ORTH 110 perf Green H 7 Insol in acids. -:] 

" manganian, ferrian r < v str fib c G 3.22 Fe 2o3 4.2, Mn 2o3 v 
1. 722 (Al,Mn,Fe) 2Si05 i nfus 4.8, Ti 02 1.0%. 

1.6r neg 11.660 I 1.671 I 1.687 

1

.027 IFERROTSCHERMAK!TE 78° y = b I MCL 110 good Green, IH 6 Insol in acids. FeO 
(Am ph i bo 1 e g rp ) r > v Z:.£-;- 18° pris at 124° brown G 3.2 15.8, Fe 2o3 9. 3, 

1.693 neg +2 +3 I A1 203 11.2, CaO 10.2, Ca 2(Fe ,Mg) 3(Al ,Fe )2 
Si 6Al 2o22 (0H,F) 2 

Na 2o 1.3%. 

1.670 I 1. 671 I 1.689 1.019 IHINSDALITE 0-30° z = c TRIG 0001 perf White, H 4.5 Insol in acids. Base 
(Beudantite grp) gray G 3.65 divided into 6 
PbA1 3(P04)(S04)(0H) 6 infus segments. 

1.659 jl. 668 11.671 1 1.682 1.o14 jSPODUMENE 65° y = b MCL 110 good Pink, H 6.5 Insol in acids. 
" (Pyroxene g rp) r < v Z:c-;;- 24° pris .£ at 87° gray, G 3.19 Abs X > Y > Z. 

LiA1Si 206 green F 3.5 

v 11.665 I 1.672 I 1.695 
1
.o3o I DIOPSIDE 57° y = b MCL 110 good Cols H 5-6 I Insol in acids. 

1.678 (Pyroxene grp) r > v wk Z:c -;;- 39° pri s £ at 87° G 3.28 FeO 1.5, Fe 2o3 0.6%. 
CaMgSi 206 i nfus 

v 11.669 I 1.672 I 1.667 
1
.oo8 I MAGNESIUM r < v str v II el MCL Perf White H 3-3.5 IDiss by acids. 

1.690 CHLOROPHOENIC ITE fib G 3.57 
(Mg,Mn) 3zn 2(As04) 
(OH,0) 6 



Table 6. Biaxial positive minerals (continued) 
~ 

Refractive index 2Vz 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Bi ref and formula (2Vz calc} orien- and or Color gravity, Remarks 

a ~ y disp tat ion habit fracture and 
fusibility 

1.672 1.672 1.676 .004 FILLOWITE Small X - c MCL 001 very Yellow, H 4.5 Diss by acids. 
Na 2Ca(Mn,Fe} 7(P04)6 r < v ps trig good brown, G 3.43 

cols F 1.5 

1.672 1.672 1.673 .001 BARATOVITE 60° X:c = 50° MCL 001 perf White H 3.5 ---
KCa 8L i 2si 12o3l r > v str G 2.92 

1.669 1.673 1.692 .023 GOEDKENITE 45-50° X = b MCL 100 fair Cols to H 5 ---
(Sr,Ca} 2Al(P04)2(0H} pale G 3.83 calc 

yellow 

1.652 1.665 1.673 1.682 .017 TRIPLITE - goo y = b MCL 100 perf Salmon- H 3.5 Diss by acids. 
1\ (Mn,Fe,Mg,Ca} 2Po4(F,OH) r > v st r Z:a-;- 42° 010 poor pink G 3.7 Pleoc, X pale red-v 

1.683 F 2.5 brown, Y cols. MnO 
52.4, FeO 5.0, MgO 
0. 6, CaO 3. 2%. 

1.664 1.656 1.674 1.695 .039 CHRYSOLITE 89° X = b ORTH 010, 001 Green H 7 Gel with acids. FeO 
1--l 

~ 
1\ ( 01 i vine g rp) r < v y = c equant poor G 3.33 1o.8, Fe 2or 1.1, Mno 

1.680 (Mg,Fe} 2s;o4 i nfus 0.2% (Fo88 • 

1.663 1.674 1.699 .036 SPODIOSITE 69° --- ORTH(?) 010 dist Ash-gray H 5 Diss by acids. 
Ca 2(P04}F (?) r > v str 001 to brown G 2.94 

indist F diff 

1.665 1.674 1.686 .021 LAWSONITE 82° X = a ORTH 010, 001 Col s, H 8 Insol in acids, but 
CaA1 2Si 207(0H} 2·H20 r > v y = b tab 001 perf bluish G 3.08 after ignition gel 

110 good F 4 with acids. Pleoc 
wk. 

1.671 1.674 1.684 .013 NATROPHIL ITE 75° X = c ORTH 100 good Deep H 4.5-5 Diss by acids. 
NaMnP04 r < v str Y =a 010 wine- G 3.41 

indist yellow F 2-2.5 

1.672 1.676 1.683 .011 AKROCHORDITE Med X = b MCL Two Yell ow- H 3.5 Diss by acids. 
Mn 4Mg(As04)2(0H) 4·4H 20 r < v Y:c -; 45° radial brown G 3.26 

aggre-
gates 

( 1. 661) --- 1.676 --- wk PHARMACOSIDERITE Large --- CUB 100 Olive- H 2.5 Diss by acids. Poly 
1\ +3 r < v imperf green to G 2.8-2.9 tw divided into v KFe 4(As04}3(0H} 4• ( 1. 700) str brown F 2 segments. 

6-7H20 

1.664 1.660 1.677 1.693 .033 CUMMINGTON ITE Large y = b MCL 110 perf Green to H 7 Insol in acids. FeO 
1\ (Amphibole group) r > v p ri s .£ at 125° brown G 3.47 31.2, Fe 2o3 3.4%. v 

1.677 neg (Fe,Mg} 7Si 8o22 (0H) 2 fus 



1.~69 ,1.672,1.677 11.682,.010 I BRONZITE ,- go• IV · a IORTH 1210 good 'Green IH 5.5 I Nearly insol in 
{Orthopyroxene ser, z = c pri s £ at 88° G 3.3 acids. Faint pleoc 

1.677 neg Pyroxene grp) el pos F 5 common. 
{Mg,Fe) 2Si 2o6 

1.672 I 1.678 I 1.n2 l.o4o I MAPIMITE 50° y = b MCL --- Blue to H 3 Pleoc, X pale yellow, 
+3 r < v str Z:a-;- 13° green G 2.95 Y deep blue, Z green-Zn 2Fe 3{As04)4·4H20 ish-yellow. 

1.672 1. 673 1.678 1. 705 .032 DIOPSIDE 48° y = b MCL 110 good Green to H 6 Insol in acids. FeO 
A (Pyroxene grp) Z:c-;- 42° at 87° brown G 3.24 8.2, Fe 2o3 1.4, v 

1.683 Ca{Mg,Fe)Si 2o6 Al 2o3 4. 5%. 

1.654 1. 675 1.678 1.688 .013 CLINOHYPERSTHENE 57° X = b MCL 110 good Green H 5-6 In sol in acids. Poly 
A (Pyroxene g rp) Z:c-;- 36° el c at 87° G 3.3-3.4 tw 100. FeO 12.6, 

{Mg ,Fe )2Si 2o6 i nfus MnO 0.5, A1 203 0.5%. 

1. 643 11.66811.67911.700 1.032 I CLI NOHUM1TE Med z = b MCL --- Yellow to H 6 Gel with acids. FeO 
A (Humite grp) (73~7°) X - c red G 3.3 9. 9 , Mn 0 0. 3 , v 

1. 714 {Mg,Fe) 9{Si04)4(F,OH) 2 r < v i nfus Fe 203 1.0, F 1.8%. 

1.666 11.675,1.679 11.6881.013 I LITH IOPH1LITE 60° X = c ORTH 100 perf Light H 5 Diss by acids. MnO 
A Li { Mn , Fe) PO 4 r < v str v =a el c 010 less brown G 3.48 31.9, FeO 11.0%. v 

1.689 el neg so F 2 

1.674 1.661 1.680 1 c 697 .036 CHRYSOLITE - goo X = b ORTH 010, 001 Green H 7 Gel with acids 
A -- {Olivine grp) v =a G 3.45 {Fo86). ,....... v poor 

~ 1.680 neg (Mg,Fe) 2s;o4 i nfus 
~ 

1.662 1.672 1.680 1. 700 .028 PHOSPHOFERR ITE 68° X = a ORTH 010 poor Green H 4 Diss by acids. 
A -- (Fe,Mn) 3(P04)2·3H20 r > v dist y = b fr G 3.3 

uneven 

lcols 

fus 

1.678 l 1.68 I 1.683 I .003 I HARSTIGITE '5r I y = !?_ I ORTH --- H 5.5 Insol in acids, but 

1
Ca 6(Mg,Mn)Be 4s; 6 lr < v wk Z = a pris £ I G 3.16 gel after being 

I I I I heated. {O,OH) 24 

110 good ~Green 1.670 11.67311.681 11.6951.022 I OMPHAC!TE 70° y = b MCL H 5-6 I Insol in acids. 
A {Pyroxene grp) r < v mod Z:c-;- 41° pris £ at 87° G 3.34 Pleoc wk in green. v 

1.699 (Ca,Na){Mg,Fe,Al)Si 206 F 5 FeO 2.7, Fe 2o3 1.3, 

Na 20 4.6, CaO 14.7%. 

001 good lcols IG 3.04 
I 

{1.652) 11.680 1 {1.681) 11.698 
1

.018 I NAGELSCHMIDTITE 0-20° --- MCL{?) 
A Ca 3_4{Si ,P) 2o8 110 fair 

1.667 

1

1.674

1

1.681 I \.691 

1

.017 I FERRO-GEDR ITE 80° y = b ORTH 210 perf I Brown I~~ ~6 j Insol in acids. 
A 

!(Amphibole grp) I I z • .£ I pri s .£ v at 126" l:.i j.j Pleoc X, Y yellow-
1.688 {Fe,Mg) 5Al 2{si 6Al 2)o22 F 6 green, Z blue-green. 

{OH) 2 
FeO 23.0, MnO 1.7, 
Al 2o3 19. 2%. 

1.676 I {1.681) I 1.690 I .014 ISATPAEVITE 1- 70° 
I 

--- I O~TH(?) Pina- Canary- H 1.5 Diss by acids. Pleoc 
6Al 203·V204·3V 205·30H 20 m1cro- coidal to G 2.4 wk, abs Z > X. 

cryst perf saffron-
yell ow 



........ 
-:J 
0 

Table 6. Biaxial positive minerals (continued) 
-

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
a 13 y -

1.670 1.679 1.681 1.685 .006 JADEITE 
A (Pyroxene grp) 

(Na,Ca)(Al ,Fe)Si 206 

(1.618) 1.662 1.683 1. 717 .055 KOETTIGITE 
A zn3(As04)2•8H20 

1.678 1.676 1.683 1.705 .029 DIOPSIDE, manganoan 
A (Pyroxene grp) v 

1.685 Ca(Mg,Mn,Zn)Si 206 
1.673 1.675 1.683 1.692 .017 TRIPLITE 

A (Mn,Fe,Mg,Ca) 2Po4 v 
1.704 (F,OH) 

v 1.684 1.684 1. 707 .023 PIGEONITE 
1.698 (Pyroxene grp) 

(Mg,Fe,Ca)(Mg,Fe)Si 206 
1.65 --- 1. 72 .07 OTWAYITE 

Ni 2(c03)(0H) 2·H20 

1.646 1.685 1. 745 .099 ERIOCHALCITE 
CuC1 2·2H2o 

1.683 1.677 1.685 1.708 .031 DIOPSIDE 
A (Pyroxene grp) v 

1.692 Ca(Mg,Fe)Si 206 
1.669 1.659 1.686 1. 785 .126 NENADKEVICHITE 

A (Na,Ca,K)(Nb,Ti}Si 206 (O,OH}•2H20 

v 1.683 1.687 1.718 .035 BORNEMANITE 
1.695 BaNa 4Ti 2NbSi 4o17 (F,OH}· 

Na 3P04 

2Vz Optical 
(2Vz calc) orien-

disp tat ion 

64° y = b 
r > v mod Z:c -;- 38° 

74° X = b 
r < v str Z:c -;- 37° 

60° y = b 
r > v 

80° y = b 
r > v X:a -;- 42° 

18-26° X = a 
Z:c -;- 40° 

--- X = fib 

75° X = b 
(80.:_2°) z=a 
r < v str 

590 y = b 
r > v wk Z:c -;; 39° 

46° X = a 
( 58.:_2°} Z=b 

40° X = c 
z =a 
el pos 

Hardness, 
SYSTEM CLEAVAGE specific 
and or Color gravity, Remarks 

habit fracture and 
fusibility 

MCL 110 good Green H 6 Insol in HCl. FeO 
pri s .£ at 87° G 3.4 1.1, Fe 2o3 5.7, 

F 2 Na 20 13.0, CaO 2.7%. 

MCL 010 perf Carmine- H 2.5-3 Diss by acids. Pale 
fib c red G 3.33 pink in section, not 

F 3 pleoc. 

MCL 110 good Brown H 5.5 Insol in acids. 
pris .£ at 87° G 3.39 MnO 7.4, ZnO 3.3, 

F 6 Fe 2o3 0.4%. 

MCL 100 perf Reddish- H 4.5 Diss by acids. Pleoc 
010 poor brown G 3.87 in brown, abs X > Y 

F 2.5 > z. MnO 34.8, FeO 
23.5, CaO 3.5%. 

MCL 110 good Cols to H 5-6 Insol in acids. FeO 
at 87° green G 3.4 20.1, Fe2o3 3.5, 

infus CaO 5.5%. 

ORTH --- Bright G 3.41 Diss slowly by cold 
fib green infus dil HCl • Pleoc wk, 
ros- abs Z > X. Opt char 
ettes unk. 

ORTH 110 perf Bluish- H 2.5 Sol in H2o. 
001 good green G 2.47 

F easy 

MCL 110 good Cols to H 5-6 Insol in acids. FeO 
pris .£ at 87° green G 3.28 5.6, MnO 0.5, Fe 2o3 infus 3.2, Al 2o3 2.2%. 

ORTH 001 poor Rose to H 5 Diss by H2so4• 
brown G 2.86 Pleoc wk, X cols, Y 

F diff pale yellow, Z pale 
rose. 

ORTH 001 perf Pale H 3.5-4.5 Dec by acids with 
plates yell OW G 3.48 sepn of silica. 

Pleoc wk, X and Y 
cols, Z brownish. 



(1.664) 11.678 1 1.687 1 1.1os1.o27 IROSENBUSCHITE 1780 IX ~ c I TCL 1010 perf 'Yellow, I H 5-6 Gel with acids. 
A (Ca,Na) 3(zr,Ti)Si 208F el pos brown G 3.35 Pl eoc wk. Y col s, 

F easy Z yellow, abs 
Z > Y > X. 

1.684 I 1.688 I 1. 705 I .021 IPENIKISITE 56° X ~ b TCL 010, 100 Blue to H 4 Pleoc, X grass-green, 
Ba(Mg,Fe) 2Al 2(P04)3 r > v str Z:c-;;- -6° fair to green G 3. 79 Y blue-green, Z pale 
(OH) 3 good pink, abs X ~ Y > Z. 

1.681 IL 680 I 1. 688 I 1. 700 I .020 I FERRO-GEDR ITE 83° y = b ORTH 210 perf Brown H 6 Insol in acids. 
A (Amphibole grp) z=c pris .£ at 126° G 3.37 Pleoc, X light brown, 

{Fe,Mg) 5Al 2{si 6Al 2)022 el pos F 6 Z pale blue-green. 
(OH) 2 FeO 26.2, Fe 2o3 3.6, 

Al 2o3 17.7%. 

1.670 11.686 11.688 11.699,.013 I PUMPELLYITE sao y = b MCL 001 good Bluish- H S.S-7 Insol in acids. 
1\ Ca?(Mg,Fe)Al 2(Si04) r < v str z :c -;- 32° 100 green G 3.1S Pleoc, X and Z pale v 

1.70S i mperf ye 11 ow-green, Y (Sl 207)(0H) 2·H20 green. FeO 3.0, 
Fe 2o3 1. 7%. 

1.679 11.688 1 1.689 1 1.69s 
1

.oo1 jTRIPHYLITE 'Small lz = ~ I ORTH 1100 perf !Grayish- I H 5 IDiss by acids. FeO 
1\ Li(Fe,Mn)P04 r < v str 010 less green G 3.33 29.6, MnO 14.6, 

so F 2 MgO 1.1%. 

v 1.67S 1.690 1. 73S .060 LEGRANDITE 36° I X = b I MCL 1100 fair !Yellow, I H s IDiss by acids. Pleoc 
1.709 Zn 2(As04)(0H)·H20 (61.:!:_4°) Z:c-;- -38° pris cols G 3.98 faint in yellow. 

~ r < v dist 
-::J 
~ 

I y ".!>_ 1.672 1.682 1.690 1.698 .016 CHLOROPHOENIC ITE 83° IMCL 1100 good rray- IH3.5 
IDiss by acids. Color 

1\ {Mn,Mg) 3zn 2(As04) r > v str el b green G 3.46 pink to purplish-red 
(OH,0) 6 

F diff in str artificial 
1 i ght. 

v I 1.663 11.691 jL716,.os3 I ASTROPHYLLITE 'Large IX~~ I TCL 1001 perf !Yellow, I H 3 IDee by acids. Pleoc 
1. 722 I I I 1 (K,Na) 3(Fe,Mn) 7 r > v str I Z :C = 3- 1 brown G 3.2 in ye 11 ow , a b s 

(Ti ,Nb) 2Si 8o24 (0,0H) 7 
19° F 3 I X > y > z. 

1.686 I 1.691 I 1.7081.022 I MARSTUR ITE 60° --- TCL 110, 001 White to H 6 MnO 34%. 
Na 2ca 2Mn 6Si 10o28 (0H) 2 pri s imperf pale pink G 3.46 

1.688 I 1.691 I 1.696 I .008 I FERROWYLLIE ITE sao --- MCL 010 perf Bluish- H 4 IPleoc, X smoky blue-
+2 r < v str T01 dist green grey, Y bluish-green, 

{Na,Ca,Mn)(Fe ,Mn) Z green. 
+2 +3 (Fe ,Fe ,Mg)Al (P04)3 

1.68S 11.687,1.69211.715,.028 ID!OPSIOE l!:il0 I Y = b MCL 110 good Green, I H 6 Insol in acids. FeO 
1\ (Pyroxene grp) 

,- IZ:_£-;;- 42° at 87° brown I G 3.33 9.S, MnO 0.2, v 
1.699 Ca(Mg,Fe){Si ,Al )2o6 Fe 2o3 1.6, Al 203 

2.3%. 

1.691 I 1.692 I 1. 713 I .022 I YODER ITE 12S-30° IX:_!=90 IMCL I Parting I Purple, I H 6 I Pl eoc , X pa 1 e b 1 ue , 
(Mg,Al} 8Si 4(0,0H} 20 001 emerald G 3.39 Y indigo, Z light 

green olive-green. Y and Z 
ye 11 ow, X green. 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 
a ~ y disp tat ion habit fracture and 

fusibility 

v 1.691 1.692 1.700 .009 ZOISITE 54° X = c ORTH 010, 100 Violet- H 6 Insol in acids, but 
1. 703 (Epidote grp) r > v str Y=b good but blue G 3.35 gel after being 

Ca 2Al 3Si 3o12 (0H) diff' to cols F 3.5 heated. Abn interf 
fr conch colors. Pl eoc u wk, 

X violet, Y deep 
blue, Z yellow-green. 

1.6S7 (1.692) 1.69S .011 TINZENITE 75-S5° --- TCL 100 good Yellow H 7 Insol in acids. An om 
(Axinite grp) r < v G 3.3 disp, deep blue, red-
(Ca,Mn,Fe) 3Al 2BSi 4o15 F 2 brown. Ca 0 17 • 0 , Mn 0 
(OH) 14.S, Fe 2o3 2.S, MgO 

0.7%. 

1.672 1.693 1. 710 .03S JAGOWERITE sao --- TCL 100, OT1 Light H 4.5 Insol in acids. 
BaA1 2(P04)2(0H) 2 ( 97~6°) good green G 4.01 Fluor greenish-

021 fair white in short-wave 
uv. 

Jo-1. 

~ v 1.6S6 1.693 1. 714 .02S FASSAITE 56° y = b MCL 110 good Green H 6 lnsol in acids. FeO 
1. 719 (Pyroxene g rp) r > v mod z:c ~ 43° pris at S7° G 3.33 3.1, Fe 2o3 2.1, 

+3 Ca(Mg ,Fe ,Al) A1 203 13.4, Ti 02 
(Si,Al) 2o6 0.5%. 

v 1.691 1.693 1. 719 .02S MANGAN- NE PTU N ITE 36° y = b MCL 110 perf Black to H 5-6 Insol in acids. 
1.700 KNa 2Li(Mn,Fe) 2Ti 2Sis r < v str Z:c ~ 16- pris .£ at sao deep red G 3.20 Pleoc str, X pale 

024 -20° F 2.5 yellow, Y brownish, 
el pos Z orange-red, abs 

Z > Y > X. 

v 1.692 1.695 1. 710 .01S BJAREBYITE - 35° --- MCL 010, 100 Emerald- H 4+ Pleoc wk, gray-tan to 
1. 727 (Ba,Sr)(Mn,Fe,Mg) 2Al 2 r > v str spears perf green G 3.95 pale yellow-green. 

(P04)3(0H} 3 MnO 9.6, FeO S.7%. 

1.6S7 1.6S2 1.695 1. 720 .03S BORNEMANITE 66° X = c ORTH 001 perf Pale H 3.5-4.5 Dec by acids with 
1\ -- BaNa 4Ti 2NbSi 4o17 (F,OH)· z=a platy yellow G 3.4S sepn of silica. 

Nalo4 
Pleoc wk, X and Y 
cols, Z brownish. 

v 1.695 1.696 1.715 .020 BEUS ITE 25° X = b MCL 010 good Salmon- H 5 Diss by acids. MnO 
1. 711 -- (Mn,Fe,Ca,Mg) 3(P04)2 r > v str Z:c ~ -36° u mass 100 fair pink to G 3. 7 24.S, FeO 16.S, CaO 

reddish- F 2 12.2, MgO 2.4%. 
brown 

1.692 1.691 1.696 1. 703 .012 BARYLITE 60-S1° X = b ORTH 100 perf Cols, H 6-7 Insol in acids. ,...., -- BaBe 2Si 207 r > v wk v=a 210, 010 pink G 4.02 '--' 

1. 702 i nfus 



1.69111.69611.7251.034 IBRABANTITE 44° --- MCL --- Yellow, I G 5. 20 (Diss by HCl. Compare 
CaTh{P04)2 brown, Cheralite, Monazite. 

green 

1.637 1.693 ( 1. 697) 1. 718 .025 BARITE - 50° X = c ORTH 001 perf White H 3 llnsol in acids. 
A {plumboan) r < v Y=b 210 less G - 5 v 

1.883 {Ba,Pb)S04 so F 2.5 

1.670 1.687 1.698 1.825 .138 LABUNTSOVITE 20° y = b MCL T02 perf Dark H 5 I Pleoc wk, X and Y 
A ( K, Ba , Na )( T i , Nb) {35_:3°) Z:c-;;- 63° brown G 2.87 cols, Z pale yellow. 

(Si,Al) 2(0,0H) 7·H20 r > v 

1.695 11.698,1.7331.038 IEUCHROITE 1290 IX=~ IORTH 1110, 101 'Emerald- H 3.5-4 Diss by acids. 
Cu 2(As04){0H)•3H20 r > v mod z = b pris ~ to leek- G 3.44 Bright bluish-green 

green F 2-2.5 in section, pleoc 
faint or absent. 

1.684 1.696 1.698 1. 721 .025 PIGEONITE 25° X = a MCL 110 good Cols to H 5-6 Insol in acids. A -- (Pyroxene grp) Z:c-;;- 41° at 8]0 G 3.38 Pleoc wk. FeO 21.4, v green 
1. 714 {Mg,Fe,Ca)(Mg,Fe)Si 2o6 i nfus Fe6og 0.8, MnO 0.4, 

Ca .5%. 

1.692 1.690 1.699 1. 721 .031 OIOPSIDE, manganoan 60° y = b MCL 110 good Brown H 6 Insol in acids. MnO 
A (Pyroxene g rp) r > v wk Z:c -;;- 43° pris ~ at 87° G 3.3 10.0, FeO 1.65, v 

..... 1.707 Ca{Mg,Mn)Si 2o6 i nfus Fe 2o3 1.5%. 
-::J 
Ci,j 

1.681 1.689 1.699 1. 718 .029 OMPHACITE 64° y = b MCL 110 good Green H 6 Insol in acids. 
A {Pyroxene grp) {73_:8°) Z:c-;;-41° pris ~ at 87° G 3.35 Pleoc wk in green. 

(Ca,Na){Mg,Fe,Al)Si 2o6 r < v mod F 5 FeO 5.9, Fe 2o3 3.8, 
Al 2o3 6.1, CaO 20.6, 

Na 2o 1. 7%. 

v 11.695 11.699 11.719 ,.024 IGRAFTONITE 1500 I X = b I MCL 010 good Salmon- H 5 Diss by acids. FeO 
1. 723 {Fe,Mn,Ca) 3{P04)2 r > v str Z:~-;;- -36° u mass 100 fair pink to G 3.7 28.8, MnO 16.0, 

red-brown F 2 CaO 12.8%. 

1. 70 I --- I .044 IPENNAITE 25° Y:c = 13° TCL{?) --- Yellow to --- Pleoc, X dark yellow, 
Silicate of Na, Ca, acic 1 i ght Y grayish-yellow, Z 
Fe, Ti , Zr brown bright-yellow. 

1.693 11.697 11.700 II. 7251.028 IMANGAN-NEPTUN!TE 36° y = b MCL 110 perf Red to H 5.5-6 Insol in acids. 
A KNa 2Li(Mn,Fe) 2Ti 2Si 8 r < v str Z:c -;;- 16- pris ~ at 80° black G 3.2 Pleoc str, X yellow, v 

1. 721 024 -20° F 2.5 Y orange-red, Z deep 
el pos red. 

v I 1. 695 11. 10 1. 722 .027 GADOLINITE ( 52_:11 °) X = b MCL Conch Black to H 7 Gel in part. Pale 
{1. 722) Y leBe 2Si 2o10 Z:c -;;- 4- dark G 4.2 green, not pleoc in 

130 brown infus section. 

1.676 J1.697 ,(1.700) 1.704 .007 PHARMACOSIDERITE Large --- CUB 100 01 i ve- H 2.5 Oiss by acids. Poly 
1\ +3 r < v str irnperf green to G 2.8-2.9 tw. Abnorm interf Kfe 4(As04)3(0H) 4• brown F 2 colors. 

6-7H20 



Table 6. Biaxial positive minerals (continued) 
-- --~ 

Refractive index 2V Hardness, 
Other MINERAL NAME z Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 
a ! y disp tat ion habit fracture and 

fusibility 

1.692 1.700 1.703 1.708 .008 no X = c ORTH 010 perf Col s, H 6-7 Insol in acids, but 
A r < v or y = b but diff green G 3.35 gel after ignition. 

r > v 100 F 3.5 Abnorm interf colors. 
Fe2o3 3.1, FeO 1.3, 
MnO 0.8%. 

v 1.700 1.703 1.706 .006 - goo y = b MCL 001 perf Cols H 6.5 Insol in acids. 
1. 717 r < v str x-c G 3.28 Abnorm interf colors. 

F 3 Fe2o3 3.2, FeO 0.6%. 

v 1.701 1.703 1.706 .005 - goo ext:tw TCL --- Sky-blue H 6.5 Insol in acids. Poly 
(1.741) I r < v str lam - 40° platy to G 3.42 tw. Pleoc, X pale 

indigo- i nfus green, Y nearly cols, 
blue Z deep blue. 

v 1.694 1.704 1.719 .025 I 75° y = b MCL 010 perf Pale rose H 3.5 Diss by acids. Pleoc 
1. 728 I r < v perc X:c ~ 0-4° G 3.69 wk in rose, abs 

~ F 3 X > Y > Z. 
~ 

1.698 1. 704 1.720 .022 65.5° --- TCL 010 perf Orange- H 6 Pleoc, X cols, Y pale 
I pris OT2 brown G 3.48 yellow, Z light 

imperf canary-yellow. 

1.683 1.696 1.704 1. 713 .017 87° y = b MCL 100 perf Dark H 4.5 Diss by acids. Pleoc 
A -- r > v X:a -;- 42° 010 poor brown G 3.97 in brown, abs X> Y > 

F 2.5 z. FeO 42.0, MnO 
18.4, MgO 0.8, CaO 
1.7%. 

v 1.703 1. 704 1. 710 .007 Med y = b MCL 010, 001, Pale blue H 7.5 Insol in acids. 
(I. 727) 100 poor G 3.44 Pleoc in blue, abs 

infus z > y > x. 

1.703 1. 705 1. 723 .020 32° y = b TCL 010 Blue to H 4 Pleoc, X brownish-
r > v str Z:c -;; -8° plates 100 fair green G 3.91 green, Y green, Z 

to good ~ pale brown. 
~-

1.688 1.698 1.705 1.715 .017 68° y = b MCL 001 good Bluish- H S. 5-7 In sol in acids. 
A -- r < v str Z:c-;; 5- 100 G :t2 Pl eoc , X and Z v green 

1.717 rarely r > -22° imperf yellow-green, Y 
v green. Fe2o3 3.6, 

FeO 2.9%. 

1.699 1.700 1.707 1. 724 .024 52° y = b MCL 110 good Green, H 6 Insol in acids. 
A -- ( 66!_10°) Z:c -;; 44° pris £. at 87° brown G 3.42 FeO 9.8, MnO 0.3, v 

1. 714 Fe~3 1.8, Al 203 2. • 2v6 



1. 707 neg 1.689 1.707 1. 727 .038 GAITITE 85° --- TCL 1010, 001,,Cols, I H - 5 I Zn : Mg = 1 : 1. 
A ca 2(Zn,Mg)(Aso4)2·2H2o {92~6°) OT1 good white v 

1.730 

1.703 1.708 1. 729 .026 OXYCHILDRENITE 32° --- ORTH{?) 001 perf Reddish- H 3.5-4 Diss by acids. 
+2 +3 +3 {53~11 °) 010 less brown G 3.22 Pleoc, pale yellow to {Mn ,Mg)(Fe ,Mn )4 so fus brownish. Fe 2o3 Al 4{P04)4{0H) 14 18.5, Mn 2o3 8.7, 

MnO 4.5%. 

1.704 1.708 1. 714 .OlD ALLANITE 70-80° y = b MCL 001 Brownish- H 5-6 Slowly attacked by 
1-?;V neg I (Epidote grp) r > v X:c -;- 5- imperf black G 3.53 HCl and gel. G and 

( Ca , Ce) 2 (A 1 , Fe) 3 ( S i 0 4) 3 -40° F 3 refr indices decrease 
1. 744 (OH) with hydration. u 

opt neg • . 
1.690 11.702 11.709 11.740 ,.038 I LEGRANDITE 36-50° X = b MCL 100 fair Col s to H 4.5 Diss by acids. Pleoc 

A Zn 2(As04)(0H)·H 20 r < v dist Z:c-;- -38° pris yellow G 4.0 faint in yellow. 

1.660 1.708 1. 710 1.746 .038 STRENGITE, manganian 42° X = a ORTH --- Reddish- H 4-5 Diss by acids. 
A +3 +3 r > v str y = b brown G 2.8 v (Fe ,Mn )(P04)·2H20 1.733 fus 

1.699 1.700 1. 710 1. 733 .033 JOHANNSENITE 60° y = b MCL 110 good Brown H 6 Insol in acids. 
....... A (Pyroxene grp) (68+7°) Z:c-;- 49° pris £ at 87° G 3.38 MnO 22.6, FeO 1.5, 
-.;:) v -
Ol 1. 719 Ca(Mn,Mg,Fe)Si 206 r >-v . F 5 Fe2o3 0.8%. 

1. 707 1. 710 1.730 .023 NAMBULITE 30° X I :c = 19° TCL 001 perf Reddish- H 6.5 
NaLi(Mn,Mg) 8si 10o28 r > v wk on 010 100, 010 brown G 3.51 
(OH) 2 dist 

v 11.702 11.710 11.723 j .021 I MERWINITE 70° z = b MCL 

1 

010 poor I Co 1 s I H 6 IGel with acid. Poly 
1. 720 Ca 3Mg(Si04)2 r > v wk X:c -;- 36° gran- G 3.32 tw very common, 2 

ular F 6 ,sets with angle 43° 
between sets. 

1.696 11.7oa 11.111 1 1.1231.o1s I BEUSITE 145° IX= b IMCL 1010 good !Reddish- IH 5 IDiss by acids. MnO 
A (Mn,Fe,Ca) 3(P04)2 r > v str Z:_£ ~ -36° u mass 100 fair brown G 3. 70 33.7, FeO 17.7, 

F 2 CaD 3.3, MgO 2.3%. 

1.709 I 1.711 I 1.7241 .015 I BRANDTITE 123° I X = b I MCL 1010 perf ICols IH 3.5 Diss by acids. Tw 
Ca 2Mn(As04)2·2H20 r < v str Y:_£-;- 7° pris 001 good G 3.67 common 100. 

F 2.5-3 

v ,1.707 ,1.712,1.732,.025 I MANGANHUMITE 137• IX" a I ORTH 1010 !Pale to I H 4 Gel with acid. MnO 
1. 772 (Humite grp) ( 54~11 °) z = ~ gran- deep G 3.83 57.1, MgO 14.2, FeO 

(Mn,Mg) 7(Si04)3(0H) 2 r > v perc ular orange- 1.0%. 
brown 

1. 709 I 1. 712 I 1. 716 I .007 I OTTRELITE 160-70° IX=~ IMCL and,OOJ perf 'Pistachio H 6 Pleoc, X olive-
(Mn,Fe,Mg) 2Al 4s; 2o10 r > v str Z:c = 10° TCL green G 3.52 ye 11 ow , Y pa 1 e 
(OH) 4 

e1-neg ye 11 OW, Z CO 1 S • MnO 
12.6, FeO 8.0, MgO 
4.41. 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Bi ref and formula (2Vz calc) orien- and or Color gravity, Remarks 

Cl. ~ y disp tat ion habit fracture and 
fusibility 

1.703 1.713 1. 722 .019 GERHARDT ITE Large X = a ORTH 001 perf Emerald- H 2 Diss by acids. 
Cu 2(N03)(0H) 3 r < v, Y=b hori- 110 good green G 3.42 Pl eoc, X and Y green, 

very str zontal F 2 Z b 1 ue. 
vicinal 
stria-
tions 

v 1.708 (1.713) 1. 722 .014 VARULITE +2 Large --- MCL 001, 010 Olive- H 5 Diss by acids. 
(1.731) (Na,Ca)Mn(Mn,Fe , r > v green G 3.5-3.6 Pleoc, X yellow-

+3 Fe )2(P04)3 
to brown fus green, Z grass-green. 

1.707 1.708 1. 714 1. 736 .028 FERROSALITE 70° y = b MCL 110 good Dark H 6 Insol in acids. FeO 
1\ (Diopside ser, ( 56.:!:_10°) Z:c -;- 43° pris £ at 87° green G 3.41 18.6, MnO 0.2, v 

1.732 Pyroxene grp) r > v wk F 4 Fe~03 0.5, Al 203 Ca(Fe,Mg)Si 206 1. %. 

1.698 1. 714 1. 714 1. 742 .028 PIGEONITE 0-12° X = a MCL 110 good Green H 5-6 In sol in acids. FeO 
...... 1\ (Pyroxene grp) Z:c-;- 41° at 87° G 3.44 27.8, MnO 1.0, CaO 
~ (Mg,Fe,Ca)(Mg,Fe)Si 206 F 5-6 3.8, Fe 2o3 1.7%. 

1.679 1. 707 1. 714 1.734 .027 CLINOHUMITE 56° z = b MCL --- Yellow H 6 Gel with acids. FeO 
1\ ( Humite g rp) r < v X- c to red G 3.36 10.2, Fe 2o~ 1.2, 

(Mg,Fe) 9(Si04)4(0H,F) 2 i nfus Ti02 5.1, 0.1%. 

v 1. 712 1.714 1. 726 .014 CHLORITOID 51° X = b MCL and 001 perf Greenish- H 6.5 Dec by H 2so~. Pleoc 
1.728 (Fe,Mg,Mn) 2Al 4Si 2010 r > v str Z:c-;;-uo TCL gray G 3.54 X green, Y late 

(OH) 4 el-neg F diff blue, Z yellowish. 
FeO 21.2, Fe2o3 1.6, 
MnO 0.4%. 

v 1.700 1. 715 1. 740 .040 DIASPORE 84° y = b ORTH 010 perf Cols H 6.5-7 Insol in acids. 
1. 722 AlO(OH) r < v wk z=a blades 110 less G 3.44 Luster pearly. 

010 so infus Fe~03 0.1, Ti 02 o. %. 

1.700 1. 715 1.732 .032 EVEITE 65° --- ORTH 011 fair Apple- H 4 Diss by acids. 
Mn 2(As0 4) ( OH) {87+7°) 

r <-v mod 
tab 100 green G 3.67 

1.707 1.715 1.730 .023 LARNITE Mod large z = b MCL 100 White --- Gel with acids. Poly 
Ca 2Si 04 X:c ~ 14° tw on 100. 

v 1.711 1.715 1. 724 .013 RHODONITE 69° z· :c on TCL 100, 001 Pink H 6 Slightly attacked by 
1. 725 (Mn,Ca,Mg,Fe)Si03 010-= 9° perf G 3.56 acids. MnO 40.2, CaO 

110 = 30° 010 less F 3 6.7, MgO 4.6%. 
so 



1.707 11.710 11.71611.7361.026 I FERROAUGITE 52° y = b MCL 110 good Green, H 6 lnsol in acids. FeO 
1\ (Pyroxene grp) Z:c-;- 49° at 87° brown G 3.49 20 • 2 , Mn 0 1. 1 , v 

1. 723 (Ca,Na}(Fe,Mg,Al ,Ti) Fe2o3 0.9, Al 203 (Si ,Al )206 3.5%. 

1.712 I 1.716 I 1.725 1.013 I BREDIGITE 10-34° --- ORTH 130 White G 3.38 Gel with acids. Tw 
Ca7Mg(Si04)4 (68.:!:_18°} 110. 

v 11.707 1(1.717) ,1.7781.071 I JOAQUINITE 45° z = c MCL --- Brown H 5.5 Insol in acids. 
1. 767 Ba 2NaCe 2Fe(Ti ,Nb} 2Si 8 r < v x =a ps orth G 3.62 Pleoc wk, X and Y 

o26 (0H,F)·H20 F 2.5 cols, Z light yellow. 

1. 709 I 1. 717 I 1. 729 I .020 I STR INGHAMITE 80° X = b MCL --- Deep G 3.67 calc Pleoc, X light gray-
CaCuSi04·2H20 Y:c-;- 2.5° azure- blue, Y light blue, 

blue Z dark blue. 

1. 705 11.711 11.717 11.727 ,.016 I PUMPELLYITE Large y = b MCL 001 good Bluish- H 5.5-7 Insol in acids. 
1\ Ca 2(Mg,Fe}Al 2(Si04) r < v str Z:c -;- 25° 100 green G 3.25 Pl eoc, X and Z 

(Si 2o7) (OH} 2·H 20 i mperf ye 11 ow-green, Y 
green. Feho3 6.7, 
FeO 3.9, M 0 0.2%. 

1.715 I 1.717 I 1.728 1.013 I KANOITE 41° y = b MCL 110 perf Light H 6 Poly tw 100. MnO 
(Pyroxene grp) Z:c -;- 42° pinkish- G 3.66 31.2, MgO 15.1, FeO 
(Mn,Mg) 2si 206 brown 2.6, Fe 2o3 0.4%. 

1-' 

11.713 11.717 11.723 1.010 I JOHACHIDOLITE -.:::) 75-80° X = a ORTH --- White H 7.5 Insol in acids. -.:::) 

CaAlB 3o7 r > v str y = c mass G 3.44 Fluor blue in UV. 
fus 

1. 703 1. 715 1. 717 1.721 .006 CLINOZOISITE - goo y = b MCL 001 perf Cols to H 6.5 I Insol in acids. 1\ 

1. 720 neg (Epidote grp) r < v str X- c green G 3.21 Abnorm interf colors. 
v Ca 2Al 3Si 3o12 (0H) el cTv pos F 3 Fe 2o3 3.0, FeO 0.8%. 1.733 

I 
1. 718 I 1. 1so 1. 710 .070 STRONTIOJOAQUINITE 35-45° --- MCL 001 good Green to H 5.5 

Sr2Ba 2(Na,Fe+2)2Ti 2Si 8 
r > v str yellow- G 3.68 

green 
o24 (0,0H} 2·H20 

1.660 11.697 11.718 11.741 ,.044 I PLAN~ HE ITE J- 90' Jx =!:. IORTH I --- IBl ue IH 5 !Slightly attacked by 
1\ Cu8s, 8o22 (0H} 4·H20 y = b fib G 3.65-3.80 acids. Pleoc, X pale 

blue, Y and Z blue. 

1. 709 I 1. 718 I 1. 734 I .025 I METAHOHMANNITE 1(94.:!:_9°) I --- I Mass, .1 --- !Orange I --- IDiss by HCl. Pleoc, 
Fe 2(S04)2(0H) 2·3H20 powdery X pa 1 e ye 11 ow , Y 

I reddish-yellow, Z 
reddish-brown. 

1.713 I 1.718 I 1.728 1.015 I WICKSITE ( 71.:!:_16°} --- ORTH 010 good Dark blue H 4.5-5 Pl eoc, X b 1 ue , Y 
+2 +3 G 3.54 greenish-blue, Z pale 

NaCa 2(Fe ,Mn} 4MgFe yellow-brown, abs X = 
(P04)6·2H20 y > z. 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME z Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula (2Vz calc) orien- and or Color gravity, Remarks 
(l ~ y disp tat ion habit fracture and 

fusibility 

1. 710 1. 710 1. 719 1. 738 .028 JOHANNSENITE 70° y = b MCL 110 good Brown to H 6 Insol in acids. MnO 
A (Pyroxene grp) Z:c -; 48° pris .£ at 87° green G 3.45 26.8, FeO 1.0, MgO v 

1. 728 CaMnSi 206 F 5 1.0, Fe 2o3 0.3%. 

1.693 1. 712 1. 719 1. 736 .024 FASSAITE 55° y = b MCL 110 good Green H 6 Insol in acids. FeO 
A (Pyroxene grp) (66.:_10°) Z:c -; 46° pris .£ at 87° G 3.34 0.2, Fe 2o3 6.1, v 

1.736 Ca(Mg,Fe,Al)(Al,Si) 2o6 r > v Al§03 15.75, Ti02 06 o. %. 

1. 710 1. 714 1. 720 1.730 .016 MERWINITE 68° z = b MCL 010 poor Cols H 6 Gel with acids. Poly 
A Ca 3Mg(Si04)2 r > v wk X:c -; 36° gran- G 3.32 tw very common, 2 

ular F 6 sets with angle 43° 
between the sets. 

1-l 

~ 

1.700 1. 711 1. 721 1.744 .033 NEPTUNITE 62° y = b MCL 110 perf Red H 5.5-6 Insol in acids. 
A KNa 2Li(Fe,Mn) 2Ti 2Si 8 r < v str Z:c -; 16- pri s .£ G 3.2 Pleoc str, X gold-

024 20° F 2.5 orange, Y orange-red, 
el pos Z deep red. 

1.707 1. 721 1. 739 .032 LEUCOPHOSPHITE 84° X = b MCL 001 perf Buff G 2.95 Diss by acids. 
KFe 2(P04)2(0H)•2H20 r < v str Z:c-; 26° Pleoc, cols to 

greenish-yellow. 

1. 713 1. 721 1.734 .021 HARADAITE 105° X = a ORTH 010 perf Bright H 4.5 Pl eoc, X co 1 s to --
srv+4s; 2o7 

(77.:_12°) Y=b 100, 001 green G 3.80 pale green, Y cols to 
r < v str dist light yellow-green, 

Z b 1 ui sh-green. {Re-
ported as opt neg.) 

1. 712 1.721 1.731 .019 ADELITE ~ goo X = a ORTH Uneven Col s, H 5 Diss by acids. -- CaMg (AsO 4)( OH ,F) r < v perc Z=b u mass to conch gray G 3.73 
F easy 

1.691 ( 1.694) 1.722 1.757 (.063) ASTROPHYLL ITE 85° X - b TCL 001 perf Red-brown H 3 Dec by acids. Pleoc, 
A (K,Na) 3{Fe,Mn) 7Ti 2s; 8 r > v str Z:c -; 3- G 3.3 X red-orange, Y v 

1.746 o24 (0,0H) 7 
-19° F 3 yellow, Z lemon-

el cl v neg yellow, abs X > Y > 
z. 

~ 

1. 715 1.702 1. 722 1.750 .048 DIASPORE 82° y = b ORTH 010 perf Cols H 6.5-7 Insol in acids. 
A Al O(OH) r < v wk z=a blades 110 1 ess G 3.44 Luster pearly. 

010, so infus 
el c 



1.671 I (I. 71) II. 72211.74 I ( .03) I ANOALUSITE, manganoan I so• r =a IOR!H 1110 good I Green r 7 I lnsol in acids. 
A (Al,Mn,Fe) 2Si05 r < v y = b G 3.3 Pl eoc, X yell ow-v pr1s 

1. 730 el pos infus green, Y deep green, 
Z golden. Mn 2o 
21.4, Fe 2o3 4.5%. 

1.70 1. 715 ( 1. 722) 1.740 .025 GADOLINITE 65° X = b MCL Conch Greenish- H 6.5 I Gel in part with 
A Y leBe2Si 2o10 Z:c -;- 4- black G 4.2 acids. v 

1. 774 -130 infus 

1. 716 1. 714 1. 723 1. 774 .060 AUGITE, zincian 74° y = b MCL 110 good Greenish- H 6 Insol in acids. MgO 
A -- (Pyroxene grp) (47..!_5°) Z:c-;- 55° pris at 87° brown G 3.55 5.9, ZnO 7.7, MnO v 

1. 730 (Ca,Na)(Mg,Mn,Zn,Fe) F 5 7.2, Fe 2o3 4.2%. 
Si 2o6 

1.699 1 1. 718 1 1. 723 1 1. 745l .021 I GRAFTONITE 52° X = b MCL 010 good Reddish- H 5 Diss by acids. FeO 
A (Fe,Mn,Ca) 3(P04)2 r > v str z :c -;- -36° u mass 100 fair brown G 3.75 34.3, MnO 20.1, CaO 

F 2 5.1%. 

1. 712 I 1. 725 I 1. 760 I .048 I KRINOVITE 161° I X = b I TCL I --- I Deep I H 5. 5-7 Pleoc str, X yellow-
NaMg 2CrSi 3o10 disp-str emerald- G 3.38 green, Y blue-green, 

green Z greenish-black to 
dark reddish-brown. 
Meteorite mineral. 

11.71511.72511.7381.023 I HOMILITE 
..... I I 
-::1 1.65 80° z = b 

rCL 
One I Black to H 5 Gel with acids. 

1:.0 A r > v y- c tab indist dark G 3.36 Pleoc, X bluish-Ca 2(Fe,Mg)B2Si 2010 rather str 001 brown F 2 green, Y brownish-
red, Z deep smoky 
gray to brownish-
yellow. 

1. 715 11.72211.72511.7341.012 I RHOOONITE 170" I --- ITCL 1100, 001 Pink IH 6 Nearly insol in 
A (Mn,Ca,Mg,Fe)Si03 perf G 3.54 acids. MnO 41.4, 
v 

1. 728 010 less F 3 CaO 6.6, MgO 2.3, 
so FeO 1.9%. 

(1.708)1 1.726 I 1.758 I {.050)ICESIUM KUPLETSKITE rs· I Z = a I TCL I 001 perf Gold-brown H 4 Pl eoc, X ye 11 ow-
+2 Y:E_-;- 10° G 3.68 green, Y yellow to 

(Cs,K,Na) 3(Mn,Fe )7 brown, Z brown. 
(Ti ,Nb} 2Si 8024 (0,0H,F) 7 

v I 1. 725 11.726 ,1. 730 I .005 I TRIPLOIDITE IMed I X = b I MCL 1010 good ~Yellow- H 4.5-5.5 Oiss by acids. Cols 
1. 749 (Mn,Fe) 2(P04)(0H) r > v extr Z:£-;- 4° pris 120 fair ish- to G 3.70 in section. Mn:Fe 

disp dist reddish- F 1.5 about 3:1. 
brown 

v 11.71511.72711.7491.034 I BABINGTONITE 76° ext:c on TCL 001 perf Greenish- H 5.5-6 Insol in acids. 
1.730 +2 +3 . r > v str 100-;- 44°, pris £ 010, 100 to G 3.34 Pleoc str, X deep 

ca 2{Fe ,Mn)Fe S1 5o14 010 = 31° less so brownish- F 3 green, Y lilac-brown, 
(OH) black Z pale to deep brown. 

Fe~Oj 15.6, FeO 7.8, 
Mn .8%. 



...... 
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Table 6. Biaxial positive minerals (continued} 

Refractive index 
Other MINERAL NAME 

entries Biref and formula 
a ~ y 

1.695 1. 724 1. 727 1.749 .025 BJAREBYITE 
A (Ba.sr)(Mn.Fe.Mg) 2Al 2 (P04)3(0H) 3 

1. 704 1. 725 {1. 727) 1. 732 .007 SAPPHIRINE 
A (Mg,Al} 8{Al,Si} 6020 

1.704 1. 725 1. 728 1.755 .030 ROSE LITE 
A Ca 2{Co,Mg)(As04)2·2H20 

1. 719 1. 716 1.728 1.745 .029 JOHANNSENITE, ferroan 
A (Pyroxene grp} L-..1 

Ca(Mn,Fe,Mg)Si 206 
1. 725 1. 725 1.728 1. 737 .012 RHODONITE 

A {Mn,Fe,Ca,Mg}Si03 v 
1. 736 

1. 714 1. 727 1. 728 1.733 .006 CHLORITOID 
A -- (Fe,Mg,Mn) 2A1 4Si 2010 L-..1 

1.734 (OH} 4 

1.696 1.730 1.798 .102 OJUELAITE 
+3 ZnFe 2(As04}2{0H} 2• 

4H20 

1. 715 1.730 1. 795 .080 RUTHERFORDINE 
{U02}co3 

1. 727 1. 716 1.730 1. 746 .030 MANGANBABINGTONITE 
A --

ca2{Mn,Fe} 2Fe+3si 5o14 
v 

1.734 
(OH) 

2Vz Optical 
{2Vz calc} orien-

disp tat ion 

38° Z:c = 8° 
r > v str el-clv pos 

66° y = b 

60° y = b 
(37.:t_ll 0 ) X:c -;- 0-4° 
r < v 

64° y = b 
{81.:t_8°} Z:c -;- 48° 

70° ---

53° X = b 
r > v str Z:c-;- 12° 

el-neg 

{73.:t_2°} X = b 
z=c 

53° X = b 
v=c 

80° z = b 
r > v str v-c 

Hardness. 
SYSTEM CLEAVAGE specific 
. and or Color gravity. Remarks 
habit fracture and 

fusibility 

MCL 010. 100 Emerald- H 4+ Pleoc wk, X apple-
spears perf green G 3.90 to olive-green. Y 

brownish-green, Z 
cols to pale yellow. 
MnO 16.0. FeO 5.9, 
Fe 2o3 3. 3%. 

MCL 010, 001, Yell ow H 7.5 Insol in acids. 
100 poor G 3.4 Pleoc. X pale yellow, 

infus Y green, Z pale 
orange. 

MCL 010 perf Dark rose H 3.5 Diss by acids. 
G 3.7 Pleoc, X dark rose, Y 
F 3 pale rose, Z paler 

rose. 

MCL 110 good Pale H 6 Insol in acids. MnO 
pris .£ at 87° green G 3.55 14.1, FeO 13.4, MgO 

2.2%. 

TCL 100, 001 Brownish- H 4 Nearly insol in 
perf pink G 3.65 acids. MnO 29.2, FeO 
010 less F 3 14.5, CaO 6.6, MgO 
so 1.9%. 

MCL 001 perf Greenish- H 6.5 Dec by H2sog· Pleoc, 
and gray G 3.5 X green, Y lue, Z 
TCL F diff yellowish. FeO 27.1, 

MnO 0.2, Fe 2o3 1.2%. 

MCL --- Chartreuse H 3 Sol in acids. 
fib G 3.39 

ORTH 010 perf Yell ow G 5.7 Diss by acids with 
infus eff. Pl eoc , X near 1 y 

cols, Y pale yellow, 
Z pale greenish-
yell ow. 

TCL 001 perf Reddish- H 6 Insol in acids. 
pris .£ 010, 100 brown G 3.45 Pleoc, X green, Y 

less so F 3 pale rose, Z rose-
brown. MnO 7.9, FeO 
4.5, Fe2o3 12.3%. 



1. 723 11.72511. 730 ,1. 750 ,. 025 'AUGITE, titanian 40° y = b MCL 110 good Brown H 6 Insol in acids. FeD 
1\ (Pyroxene grp) (54.:!:_11°) Z:c;-45° at 87° G 3.42 5.0, MnO 0.2, v 

1. 741 { Ca , Na )( Mg, Fe, A 1 , Ti ) Fe 2o3 4.4, Al 203 (Si,Al) 2o6 7.35, Ti02 5.5%. 

1. 722 11.70211.730 11.8231.121 I KANONAITE 53° X = a ORTH 110 poor Greenish- H 6.5 Pleoc, X yellow-
1\ (Andalusite ser) (60.:!:_2°) y = b black G 3.40 calc green, Y bluish-

(Mn+ 3,Al)AlSi05 
disp str green, Z deep golden 

yellow. Mn 2o3 32.2%. 

1.707 11. 713 1 1. 7 30 1. 748 .035 GAITITE 88° --- TCL 010, 001, White H 5 ZnO 15.3, MgO 1.2%. 
1\ Ca 2Zn(As04)2·2H20 OT1 good G 3.81 

v I 1. 73o ( 1. 730) 1.746 .016 MONAZITE, sulfatian 50 X = b MCL 100 dist )Reddish- I G 4. 54 I S03 3.1%. 
1. 778 (Ce,La,Th)(P04,so4) - brown 

v I 1.121 1. 730 1.735 .008 CARBOIR ITE 55-70° IZ:~1~o4- ITCL 1001 perf 'Pale to --- Poly tw. Pl eoc, X 
1. 735 FeA1 2Ge0 5{0H) 2 bright blue-green, Y light 

r > v green b 1 ue, Z co 1 s to 
yellowish. 

(1.713) 1.727 (1.731) 1. 738 .011 ALLUAUDITE Large --- MCL 001 Greenish- H 5 Diss by acids. Pleoc 
1\ (Varul ite ser) r > v black G 3.5 in green. "Huehner-v 

~ (1. 766) +2 +2 fus kobel ite." 
00 {Na,Ca) 4Fe 4(Mn,Fe , 
~ +3 Fe , Mg) 8 (PO 4) 12 

1. 714 I 1 • 7 3 2 I 1. so 5 I . o 91 I LOPEZITE 150" I --- ITCL 1010 perf !Orange- IH 2.5 Sol in H 0. Pleoc, 
K2cr 2o7 (55.:!:_3°) 100, 001 red G 2.69 X reddish-yellow, Y 

r > v med dist yellow, Z greenish-

149° IH 6 

Iyell ow. 

l. 714 11.7261 i. 7321 i. 7531.027 I HEDENBERGlTE y = b iMCL llO good Green 'Insol in acids. 
1\ (Diopside ser, r > v wk Z:c ;- 44° pri s ~ at 87° G 3.48 Pleoc, X pale green, v 

1. 753 Pyroxene grp) F 4 Z dark green. FeO 
Ca(Fe,Mg)Si 2o6 2 4. 7 , Mn 0 0. 7 , 

Fe 2o3 1.9%. 

v 11.728 11.732 11.7461.018 I PYROXMANGITE 1420 I --- ITCL I --- I Pink to I H 6 I Insol in acids. MnO 
1.742 (Mn,Fe,Mg)Si03 (57.:!:_14°) dark G 3.61 45.5, FeD 1.3, MgO 

brown 3.8, CaO 0. 7, 
Fe 2o3 0.3%. 

v 11.720 11.733 11.935,.215 I FERRIMOLYBDITE 1280 I y = ~ IORTH 1001 dist 'Sulfur- I H 1-2 IOiss by acids, dec by 
1.79 Fe 2(Mo04)3·8H 20 {?) r < v str z = c fib c yellow G 2.99 NH OH. Pl eoc, X 

F easy an& Y pale yellow, Z 
dirty gray to yellow-
green. 

1. 728 I 1. 733 I 1. 790 I .062 I BATIS ITE 18° I y = £ IORTH roo fair I Dark r6 I Insol in acids. 
BaNa 2Ti 2(Si 207)2 ( 34~6°) z = c brown G 3.43 Pl eoc, X co 1 s , Y 

r < v str F easy yellow-brown, Z 
reddish-brown. 



Table 6. Biaxial positive minerals (continued} 

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vz calc} orien- and or Color gravity, Remarks 
a. ~ y disp tat ion habit fracture and 

fusibility 

1. 710 1.730 1.733 1. 763 .033 STRENGITE Med X = a ORTH --- Rose to H 4-5 Diss by acids. Pleoc 
1\ FeP04·2H20 ( 36..:!:_11 °) Y=b violet G 2.8 wk, in rose, abs 

r < v str fus Z > X. 

1.717 1. 723 1.733 1. 755 .032 MUKHINITE 88° y = b MCL 001 perf Brownish- H 8 Diss with diff by 
1\ (Epidote grp) {69..:!:_8°) Z:a-;- 32° 100 less black acids. Pl eoc str, X 

Ca 2Al 2V(Si04)3(0H} so pale olive-green, Y 
pale red-brown, Z 
reddish-brown. 

1. 557 1. 734 2.07 .513 IDRIALITE 84° X = b ORTH 001 perf Yell ow, H 1-1.5 Dimethylbenzphenan-
Hydrocarbon, near r > v wk z = c 100 poor greenish G 1.22 threne. Pleoc, X 
c22H14 el cTv neg F 1 pale yellow, Y and Z 

yell ow. 

1--' 

v 1.719 ( 1. 734) 1. 778 .059 SE IOOZER ITE 62° X = b MCL 001 perf Dark H 4-5 Diff diss by HCl. 
1.758 (Na,Ca) 2(zr,Ti ,Mn) 2 r > v str Y:c -;- 13° yell ow to G 3.43 Pleoc, X dark red, Y 

Si 2o7(0,F} 2 
reddish- F easy red, Z yell ow. 
brown 

~ 1.730 1. 719 1. 734 1.750 .031 BABINGTONITE 88° --- TCL 001 perf Greenish- H 5.5-6 Insol in acids. 
1\ 

ca 2(Fe+2,Mn)Fe+3si 5 
r > v str pris .£ 010, 100 black G 3.48 Pleoc, X green, Z 

1 ess so F 3 brown. FeO 7 .9, MnO 
o14 (0H} 3.0, Fe2o3 13.6%. 

1.730 1.731 1.735 1.740 .009 CARBOIR ITE 60-75° Z:c = 7° TCL 001 perf Pale to --- Poly tw. Pl eoc, X 
1\ FeA1 2Ge0 5(0H) 2 r > v bright blue-green, Y light 

green blue, Z cols to 
yellowish. 

1. 719 1. 727 1.736 1. 751 .024 FASSAITE 49° y = b MCL 110 good Green H 6 Insol in acids. FeO 
1\ (Pyroxene grp) (76..:!:_10°) Z:c-;- 48° pris at 87° G 3.37 1.2, Fetg 6.2, 

Ca(Mg,Fe,Al}(Si ,Al} 2o6 r > v A1 603 1 • , Ti02 3. %. 

1. 728 1. 733 1. 736 1. 744 .011 RHODONITE 68° --- TCL 100, 001 Brownish- H 4 Insol in acids. MnO 
1\ (Mn,Fe,Mg,Ca)Si03 perf pink G 3.65 49.2, FeO 0.6, MgO v 

1. 748 010 less F 3 0.8, CaO 2.6, 
so Fe2o3 0.3%. 

1. 726 1. 737 1. 766 .040 I NNE LITE 82° Z - a, TCL 010, 110, Yell ow- H 5 Nearly i nsol in 
Na 2(Ba,K} 4(Ca,Mg,Fe} (64..:!:_6°} l OOT plates lOT perf brown G 3.96 acids. Poly tw. 
Ti 3Si 4o18(0H,F) 1•5 

r > v str :X = 77° 001 Anom blue interf 
: y = 12° colors. Pl eoc, X and 

(S04) :Z = 88° Y light yellow, Z 
pale brownish-yellow. 



1. 735 I 1. 737 I 1.80 1.065 IBARIO-ORTHOJOAQUINITE 110-15° IX = ~ I ORTH I --- I Yellow- I G 3. 96 
Ba 2(Ba,Sr) 2Fe+2

2Ti 2Si 8 
z = c brown 

o24o2-H2o 

1. 732 I 1. 737 I 1. 744 I .012 I CHAMBERS ITE 183° I --- IORTH 'Conch to 'Cols to H 7 
Mn 3s7o13c1 ps cub uneven deep G 3.49 

purple F 3-4 

1.5881 1.73911.8981.310 I URICITE 1840 I --- I MCL I --- I White G 1.84 I= Uric acid (2-,6-, 
C5H4N403 ( 96..!,1 °) F 1 8-trihydroxypurine). 

lnsol in H~O, diss 
by alkalie • 

1.726 I 1.739 I 1.788 1.062 I ANTLERITE 155° X = b ORTH 010 perf Emerald- H 3.5 Di ss by HCl • Pleoc, 
Cu 3(S04)(0H) 4 r < v y = c tab 010 100 poor to light- G 3.88 X yellow-green, Y 

very st r el pos green F 2.5 blue-green, Z green. 

1. 730 I (1. 739} I 1. 748 l-018 I SUZUKI ITE r 90° X = a ORTH 010 perf Bright H 4-4.5 Pleoc, X pale green, 

Ba2v+42o2s; 4012 r < v Y=b 001, 100 green G 4.03 Y yellow-green, Z 
very str dist bluish-green. 

v I 1.733 I 1.740 I 1.769 I .036 I LAMPROPHYLLITE 132° 
X = b MCL 100 perf Yellow- H 4-5 Poly tw 100. Pleoc 

1. 741 (Sr,Ba) 2Na 2Ti 3(Si04}4 (58.::_8°} Z:c-;;- 0-8° 011 good brown G 3.50 wk, X and Y light 
(OH,F} 2 r > v str 010 dist yellow, Z brownish-

yellow, Y brown-
ye 11 ow, Z brown • 

11.73911.740 ,1.760 ,.021 
~ I AROENNITE Small Z = a 1 ORTH 010 perf Yell ow to H 6.5 Nearly insol in 00 v 
CI.J 1. 753 Mn 4(Al,Mg} 6[(V,As}04] r > v or X or-Y = b pris ~ 110 di st brown G 3.65 acids. Pleoc wk to 

s; 5o18(0H) 6 
r < v str F 2.5 str, X brownish 

yellow, Y golden 
yell ow, Z pa 1 e 
yell ow. 

1.740 I 1.740 I 1.760 1.020 I ANDREME YER ITE I 0-80° I z • !>_ I MCL 1100, 010 I Pa 1 e IH 3-3.5 I Tw on ( 100), 2V 0" 
BaFe+2

2s; 2o7 
disp extr pris perf emerald- G 2.41 at 490 nm, to 40° at 

green 540, to 0° at 585, to 
80° at 640 nm. X:c 
2° at 670 nm to 61° 
at 470 nm. 

v I 1.736 I 1.740 I 1.745 ,.009 I STAUROLITE 83° z = c MCL 010 dist Yell ow to H 7 lnsol in acids. 
1.746 (Fe,Mg,Zn) 2Al 9(Si ,Al )4 r > v wk X~ b ps reddish G 3. 75 Cruciform tw. Pleoc 

(Si ,Al )4o22 (0H) 2 
el pos orth brown infus wk, X and Y light 

yellow, Z orange. 
FeO 12.7, Fe 2o3 2.2%. 

1. 740 11.73511,74111.7671.032 IBARYTOLAMPROPHYLLITE 55° X = b MCL 100 perf Dark H 4-5 Poly tw 100. Pleoc 
A (Na,K} 2(Ba,Ca,Sr} 2 r > v str Z:c -;;- -3° 011 good brown G 3.50 str, X light yellow, v 

1.754 ( Ti , Fe ) 3 ( S i 0 4} 4 ( 0 , OH } 2 
Z brown, abs 
Z > Y > X. 

1.730 11.73511.741 11.761 1.026 I FERROAUGITE 51° y = b MCL 110 good Brown H 6 Insol in acids. FeO 
1\ (Pyroxene grp) Z:c -;- 40° at 87° G 3.42 24.0, Fe~03 1.2, v 

1.751 Ca(Fe,Mg}(Si,Al}Si 2o6 
Al 2o3 4. , MnO 0.4%. 



Table 6. Biaxial positive minerals (continued) 
--

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 
a. f y disp tat ion habit fracture and 

fusibility 

1.703 1.738 (1.741) 1. 743 .005 SERENDIB ITE - goo Ext :tw TCL --- Sky-blue H 6.5 Insol in acids. 
" Ca 2(Mg,Al )6(Si ,Al,B) 6 r < v str 1 am = 40° plates to indigo- G 3.52 Poly tw. Pl eoc, X 

020 
blue i nfus pale yellow-green, Y 

nearly cols, Z deep 
blue. 

v 1. 722 1. 742 1. 763 • 041 ADAMITE 88° X = a ORTH 101 good Yellow, H 3.5 Diss by acids. U opt 
1.810 Zn 2(As04) (OH) r < v str y = c 010 poor green, G 4.44 neg. May contain Cu 

rose or Co. 

1.732 1. 738 1.742 1.754 .016 PYROXMANGITE 3go Z I :C = 45° TCL --- Pink to H 6 Insol in acids. MnO 
" (Mn,Fe,Mg,Ca)Si03 ( 60_::16°) on TOO brown G 3. 76 2g.3, FeO 1g.1, MgO v 

1. 750 2. 0, Ca 0 2. g%. 
(Series with Pyrox-
ferroite.) 

1. 715 1. 743 1. 783 .068 JOH ILLER ITE 80° z = b MCL 010 perf Violet H 3 Pleoc, X violet red, 

....... 

Na(Mg,Zn)Cu(As04)3 X:c -; 16° 100. 001 G 4.15 Y bluish violet, Z 
good greenish-blue. 

~ 1.624 1.741 1.744 1.768 .027 SCORODITE 40° X = a ORTH 201 Green to H 3.5-4 Diss by acids. 

" 
-- (Variscite grp) r > v str y = c pyram imperf brown G 3.14 Fe~0 3 25.8, Al 203 v 

1. 7g6 FeAs04·2H20 F easy 4. %. 

1.708 1. 738 1.744 1. 753 .015 ALLANITE 70-80° y = b MCL 001 Brownish- H 5-6 Slowly attacked by 

" -- (Epidote grp) r > v X:c -; 5- imperf black G 3.6g HCl , ge 1 • U pleoc in 
v 

1.768 (Ca,Ce,Y) 2(Al,Fe) 3 
-40° F 3 browns and reds. G 

and n•s decrease with 
Si 3o12 (0H) alteration. Fe 2o3 

+ FeO = g.2%. 

1.6g8 1. 745 1. 7g3 .og5 LIBETHENITE goo X = b ORTH 100, 010 Olive- to H 4 Diss by acids. Pleoc 
-- Cu 2(P04) (OH) r > v str Y=c poor blackish- G 3.g7 in yellow and green. 

green F 2 

L.....J --- 1. 74 --- --- TINTICITE --- --- ORTH(?) --- Creamy H 2.5 ---
1. 75 -- Fe6(P04)4(0H) 6·7H 20 earthy white G 2.8 

masses 

1. 722 1.740 1. 746 1. 765 .025 ASTROPHYLL ITE 80° X - b TCL 001 perf Brown H 3 Dec by acids. Pleoc, 

" -- (K,Na) 3(Fe,Mn) 7Ti 2Si 8 (5g_::10°) Z:c -; 3- G 3.24 yellow to orange, abs 
r > v str - 1go F 3 X > Y > Z. FeO 20.7, 

o24 (0,0H) 7 el clv neg MnO 1.4, Fe 2o3 11.2%. 



1. 740 1. 739 1.746 1. 753 .014 STAUROLITE, cobaltoan - goo z = c MCL 010 dist Blue H 7 Insol in acids. 
1\ -- {Fe,Mg,Co) 2Al 9{Si ,Al )4 r > v wk X-b ps orth G 3.76 Pl eoc, X b 1 ue, Y v 

1. 751 neg 022(0H)2 el pos i nfus vi o 1 et -b 1 ue, Z 
1. 753 vio 1 et. CoO 6.8-

8.5%. 

1.737 11.747 11.768 l.o31 lcREASEYITE 169' lx = ~ IORTH I --- I Green IH 2.5 Dec by hot HN03• 
Pb 2Cu 2Fe 2Si 5o17 ·6H20 r < v wk z = c fib G 4.1 Pleoc, X and Z 

fus yellow-green, Y clear 
green, abs Z = X > 
Y. 

1.746,1.748 11.768 1.022 IPROSPERITE 1---
I 

34° y = b MCL lcols, IH 4.5 
CaZn 2{As04)2·H20 r > v str Z:c-;- 27° prism white G 4.31 

1. 736 11.739,1.748 11.750 ,.021 'RHODONITE, ferroan 75° --- TCL 1100, 001 Brownish- H 4 Insol in acids. MnO 
1\ {Mn,Fe,Mg,Ca)Si03 perf pink G 3.76 29.3, FeO 19.1, MgO 

010 less F 3 2.0, CaO 2.4%. 
so 

1.746 I 1.748 11.756 1.010 lcHRYSOBERYL 170' lx = E IORTH 110 di st Green, H 8.5 Insol in acids. Tw 
BeA1 204 r > v y = b tab 100 010 red, G 3. 75 pl 031. Pl eoc, X 

ps hex imperf yellow infus red, Y orange to 
tw yellow, Z emerald-

green. 
""'"" 

11.74811.74911.753l.oos I WOLFE ITE 
00 

H 4.5-5 Diss by acids. 01 1. 726 Med X = b MCL 010 good Reddisll-
1\ {Triploidite ser) r > v extr disp-dist pri s 120 fair brown G 3.8 

{Fe,Mn) 2{P04){0H) fus 

v I 1. ns !1. 7s 1 1.80 1·085 IERYTHROSIDERITE 62° X = a ORTH 210, 011 Red G 2.37 I Sol in Ht. Yellow 
1. 763 KzFeC1 5 • H20 r > v st r z = b tab 100 perf I in thin ection. 

i 1 7 -~ ') I 1 7 ~:; fl I 1 7 7 o I n4 &:; 1 PI EMONT lTE Large y = b MCL 1001 perf 'Reddish- 1H 6 1 Insol in acids. v I .Le/VL I~ I J.e//U ,.v V 

!{Epidote grp) 1. 772 X:c -;:;- -5° pris brown G 3.45 Pleoc str, X buff, Y 
Ca 2(Al ,Mn,Fe) 3(Si04)3 el-cl v pos deep lavender, Z 

(OH) pink. Mn 2o3 11.8, 

Fe 2o3 3.8%. 

1. 742 I 1.748 I 1.750 I 1.764 

1

.016 I PYROXFERRO ITE 130' I --- ITCL I --- I Brown, IH 6 I lnsol in acids. FeD 
1\ (Fe,Mn,Ca)Si03 yellow G 3.80 28.3, MnO 20.6, CaO v 

1. 758 1.9%. (Series with 
Pyroxman gi te.) 

1.740 neg,1.741 11.751 11.7741.033 IACMITE IMed 

1 

y = b rCL 1110 good ~Reddish- H 6 Insol in acids. 
1.741 -- (Pyroxene grp) (68.:!:_P) Z:£-;- 60° at 87° brown G 3.59 Fe

6
oa 12.9, Feo 1.4, 

1\ Na(Fe,Zn,Mn)Si 206 F 3 Zn .8, MnO 7.2, 
Na 2o 5. 0%. 

1.745 I 1.751 I 1.760 1.015 ITIRAGALLO ITE 38-46° X = a IMCL 1100 good !Orange IG 3.84 I Insol in HCl. 

Mn 4As+5si 3o12 (0H) {79.:!:_16°) y = b 
z- c 

I el pos 
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Table 6. Biaxial positive minerals (continued) 
-

Refractive index 
Other MINERAL NAME 

entries Biref and formula 
a ~ y 

v 1.750 1. 751 1. 761 .011 SYNADELPHITE 
1.864 {Mn,Mg,Ca,Pb) 9(As03) 

(As04)2(0H) 9·2H20 

1.740 1.752 ( 1. 80) ( .06) Unnamed ferric 
phosphate 
Fe 3(P04)2(0H) 3·3-6H20 

1.732 1. 745 1.753 1. 771 .026 HEDENBERGITE 
A (Diopside ser, 

Pyroxene grp) 
CaFeSi 2o6 

1. 745 1. 753 1.778 .033 O'DANIELITE 
Na(Zn,Mg) 3(As04)3 

1. 750 1. 753 1.780 .030 NAGASH !MALI TE 
Ba 4(v+3,Ti) 4B2Si 8o27Cl 

{O,OH) 2 
1.740 1. 753 1.753 1. 770 .017 ARDENNITE 

A Mn 4Al 6[(V,As)04]Si 5018 
(OH) 6 

1.746 1. 747 1.753 1. 761 .014 STAUROLITE 
A (Fe,Mg,Zn) 2Al 9(Si ,Al )4 1.751 neg 

022(0H)2 A 

1. 741 1. 743 1.754 1. 777 .034 BARYTOLAMPROPHYLLITE 
A (Na,K) 2(Ba,Ca,Sr) 2 v 

1.760 ( Ti , Fe ) 3 ( S i 0 4) 4 ( 0 , OH ) 2 

v 1. 725 1.755 1.815 .090 OLMSTEADITE 
1. 775 +2 KFe 2(Nb,Ta){P04)202• 

2H20 

v 1.752 1.756 1. 779 .027 AUSTINITE 
1.774 CaZn (As04)( OH) 

2Vz Optical 
{2Vz calc) orien-

disp tat ion 

37° ---
r > v 

Med ---
r < v str 

52° y = b 
( 68~9°) Z:c-;- 41° 
r > v wk 

60° z = b 
Y:c -;- 18° 

30° X = a 
r > v str y = c 

Small Z = a 
r > v or X or-Y = b 
r < v str 

80° z = c 
r > v wk X- b 

30° X = b 
(70~7°) Z:c -;- -7° 
r > v str 

- 60° X = c 
( 73~3°) Y=a 

41° X = a 
y = c 

Hardness, 
SYSTEM CLEAVAGE specific 
and or Color gravity, Remarks 

habit fracture and 
fusibility 

TCL 010 Col s H 4.5 Diss by acids. Pleoc 
ps orth imperf G 3.64 wk, X andY cols, Z 

F 2 1 ight brown. 

--- --- Brown G 2.55 Pleoc, X pale brown, 
Z reddish brown. 

. MCL 110 good Greenish- H 6 . Insol in acids. FeO 
pris £ at 87° black G 3.65 29.7, MnO 0.9, 

fus Fe2o3 1.4%. 

MCL 010, 100 Pale H 3 ---
perf, 001 violet G (4.49) 

ORTH --- Greenish- G 4.08 Pleoc, X greenish-
black yellow, Y green, Z 

greenish-brown, abs 
Z > Y > X. 

ORTH 010 perf Yellow to H 6.5 Nearly insol in 
pris £ 110 di st brown G 3.65 acids. Pleoc in 

F 2.5 yellow, wk to str. 

MCL 010 di st Reddish- H 7 Insol in acids. 
ps orth brown G 3.77 Cruciform tw. Pleoc 

infus wk, X and Y light 
yellow, Z orange-
yellow. 

MCL 100 perf Dark H 4-5 Poly tw 100. Pl eoc, 
011 good brown G 3.50 X light yellow, Y 
010 dist brown-yellow, Z 

brown. 

ORTH 100, 001 Deep H 4 Dec by warm HCl. 
good brown to G 3.31 Pleoc, X blue-green, 

black Y yellow, Z brown, 
abs X > Z > Y. 

ORTH 011 good Cols H 4-4.5 Diss by acids. 
G 4.13 



1.730 I 1.758 I 1.8381.108 I AZURITE 1670 X = b MCL 011 perf lAzure- IH3.5-4 101ss by acids with 
Cu 3(C03)2{0H) 2 {64.:!:,2°) Z:c -;- -13° inter- blue G 3.77 eff. Pleoc in blue, 

r > v str disp dist rupted, F 3 Z > Y > X. 
100 fair 

{1.734) 11.72511.75811.830 1.105 I SE !DOZER ITE 68° X = b MCL 001 perf ~Brownish- IH 4-5 IOiff diss by HCl. 
" {Na ,Ca) 2(Zr, Ti ,Mn) 2Si 2 {71.:!:,2°) Y:c ~ 13° red to G 3.47 Pleoc, X dark red, 

o7{0,F) 2 
r > v str yellow F easy Y red , Z ye 11 ow • 

1. 750 1. 756 1.758 1.768 .012 PYROXFERROITE 40° --- TCL --- Yellow, H 6 I Insol in acids. 
" {Fe,Ca,Mn)Si03 brown G 3.80 

1. 754 1. 749 1. 760 1. 779 .030 LAMPROPHYLL ITE 32° X = b MCL 100 perf Yellow- H 4-5 Poly tw 100. Pleoc 
" {Sr,Ba) 2Na 2Ti 3{Si04)4 {75+8°) Z:c ~ 1-8° 011 good brown G 3.5 wk, X and Y light 

{O,F) 2 r >-v str yellow, Z brownish-
yell ow. 

1.75 11.133 1 1.763 1 1.807 1.o16 I KREMERS ITE 70° X = a ORTH --- Ruby red G 2.18 Sol in H~O. Data 
" (Erythrosiderite ser) z = b ps cub calc fro end-

{NH4,K) 2FeC1 5·H20 members. 

1. 762 neg 1. 755 1. 763 1. 773 .018 EULITE 84° X = a ORTH 210 good Dark H 5.5 Insol in acids. FeO 
" (Orthopyroxene ser, r > v z = c pri s .£ at 87° green G 3.88 41.7, MnO 5.0, v 

1.772 Pyroxene grp) F 4 Fe2o3 0.3% (En 12 ). 

""""' 
(Fe,Mg,Mn) 2Si 206 00 

..;J 
1. 765 1. 765 1.800 .035 HENRITERMIERITE Small --- TET Conch Clove- to G 3.34 Dec by warm HCl • 

{Garnet grp) apricot- fus Pleoc wk, 0 pale 
Ca 3(Mn,Al) 2{Si04)2{0H) 4 brown yellow, E lemon-

yellow. 
I I I I 

1.747,1.765,1.78 ,.033 IJOESMITHITE +2 +3 60-70° --- MCL 110 perf Lustrous H 5.5 Insol in cold acids. 
( Ca , Pb) 3 ( Mg , Fe · , Fe ) 5 black G 3.83 Pleoc, X and Z olive, 

Si 6Be 2o22 {0H) 2 
Y olive-brown, abs 
Y > X, Z. 

1. 750 I 1. 766 I 1.85 I .10 I KOMAROVITE 1480 I X = 2. IORTH 001 fair Pale rose H 1. 5-2 
{H,Ca) 2Nb 2Si 2o10 z = b 
(OH,F) 2·H20 

1.765 I --- I 1. 775 I .010 I NATRODUFRENITE --- el pos MCL I --- I Bronze- IG 3.20 I Pl eoc , X ye 11 ow, Z 
Na(Fe+3,Fe+2)(Fe+3,Al) 5 

spheru- green green. 

(P04)4(0H) 6·2H20 litic 

1. 763 I --- I 1. 769 I .006 I ROWLANDITE --- --- TCL{?) Conch Green, H 6-6.5 Gel with acids. Com-
Y3{Si04)2{0H,F) (?) brown G 4.85 monly metamict. 

(1.731) 

1

1.760 r-766)

1 

1.775

1

.015 IALLUAUDITE Large z = b MCL T01 perf Greenish- H 5-5.5 Diss by acids. 
" +2 +2 r > v mod Y:c ~ 18° u mass 2 others black G 3.5 v {Na,Ca)Fe {Mn,Fe , 1.802 +3 F 3 

Fe ,Mg) 2(P04)3 



Table 6. Biaxial positive minerals (continued} 

Refractive index 2Vz 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 

a ~ y disp tat ion habit fracture and 
fusibility 

{1.717) 1. 753 1. 767 1.822 .069 JOAQUINITE 30-55° X = a MCL --- Brown to H 5 Insol in acids. 
A Ba 2NaCe 2Fe(Ti,Nb} 2Si 8 r < v z = c ps orth black G 3.98 Pl eoc wk , X and Y 

o26 (0H,F}·H20 F 2.5 cols, Z light yellow. 

1. 736 1.767 1.796 .060 ARTHURITE - goo y = b MCL --- Apple- G 3.2 Pleoc, X cols to pale 
CuFe2{As04,P04,so4)2 Z:c-; 10° green green, Y grass green, 
( 0, OH ) 2 • 4H 20 Z olive-green, abs 

Z > Y > X. 

1. 744 1. 763 1.768 1. 788 .025 ALLANITE 57° y = b MCL 001 Dark H 5.5 Slowly attacked by 
A (Epidote gr) r > v X:c -; 5- imperf brown G 3.8 HCl , ge 1 • U pleoc in 

(Ca,Ce,Y} 2{Al ,Fe} 3Si 3 -40° fus browns and reds. FeO 
o12 {0H) 10.4, Fe 2o3 3.8%. 

1. 710 1.770 1.840 .130 ROSSITE Large z - c TCL 010 good Yellow H 2-3 Slowly sol in H2o. 
CaV206·4H20 disp str Y:b-;- 45° pris G 2.45 Tw on 100. 

tab F easy 
~ 

~ 1. 769 1. 770 1.785 .016 HOLDENITE 30° X = c ORTH 010 poor Pink to H 4 Diss by acids. 
{Mn,Mg} 6zn 3{As04)2Si04 r > v perc y = b tab subconch red G 4.11 
{OH} 8 

1. 750 1.754 1. 772 1.795 .041 PIEMONTITE 85° y = b MCL 001 perf Reddish- H 6 lnsol in acids. 
A (Epidote grp) r < v X:c -; -6° pris brown G 3.47 Pl eoc st r, X ye 11 ow, v 

1. 788 Ca 2(Mn,Al,Fe} 3Si 3012 el-cl v pos Y pink, Z crimson. 
(OH) Mn 2o3 22.0, Fe2o3 

6.4%. 

1. 763 1.768 1. 772 1.790 .022 ORTHOFERROSIL ITE - 55° X = b ORTH 210 good Dark H 5.5 Insol in acids. 
A (Orthopyroxene ser, r < v z=c at 87° green F 4 Extrapolated value 

Pyroxene grp) for En 0• 
{Fe,Mg} 2Si 206 

1. 712 {1.761} 1. 772 1. 781 .020 MANGANHUM ITE 84° X = a ORTH 010 Orange- H 4 Gel with acids, MnO -
A {Humite grp) z = b brown G (4.05} 69, FeO - 1.0, MgO -

Mn 7{Si04)3{0H} 2 0.8%. 

1. 752 1. 773 1.796 .044 LUETHEITE ( 88.:!:_5°) X = b MCL 100 fair Blue to H 3 Diss by hot HCl. 
Cu 2Al 2{As04)2{0H} 4·H20 r < v mod Z:c -; 10° tab to good greenish- G 4.28 Pl eoc wk in pa 1 e 

blue F easy blue, abs Z = Y > X. 

v 1. 772 (1.773) 1.792 .020 WARWICKITE Small X = c ORTH 100 perf Dark H 3.5-4 Dec by H2so4• Pleoc 
1.813 {Mg,Ti ,Fe,Al} 2{B03)0 y = b pris brown to G 3.35 X brown , Y and Z 

el cTv neg black i nfus light brown. 



1.770 I 1.774 I 1.83 1.06 ITARAMELL ITE 140" I X = a IORTH 1100 perf 'Brownish- IH 5.5 I lnsol in acids. 
Ba 4{Fe,Ti,Mg,V) 4B2 r > v str y = b pris c red G 3.92 

Si 6o29c1 el pos - F easy 

( 1. ~22) 1.765 1. 774 1. 787 .022 GADOLINITE Med X = b MCL Conch Greenish-~ H 6. 5 IDiff diss by acids, 
v {Y,Ca) 2FeBe 2Si 2o10 {80~6°) Z:c -;; 4- to G 4.1-4.5 gel. 

1.812 r < v -130 brownish- infus 
black 

1. 756 1. 770 1. 774 1.783 .013 AUSTINITE Med X = a ORTH 011 good Cols to I H 4-4.5 I Di ss by acids. A 
v Ca{Zn,Cu){As04){0H) r > v wk y = c green G 4.1 1. 795 

1. 765 1. 775 1.800 .035 OGDENSBURGITE 25° --- Thin One perf I Dark I H ~ 2 ~~l~~c moderate, X< Y 
+3 {65~7°) plates reddish- G 2.92 Ca 4Fe 6(As04)5(0H) 11 • brown 

5H 20 

1.755 11.765 11.775 11.835 1.070 IOLMSTEADITE ~ 60° X = c ORTH 100, 001 Deep H 4 Dec by warm HCl. 
A +2 (46~5°) v =a good brown to G 3.36 Pleoc, X dark blue, KFe 2(Nb,Ta)(P04)202• black Y light brown, Z dark 2H 20 brown, abs X> Z > Y. 

1. 763 I 1. 777 I 1. 785 1.022 IYOSHIMURAITE 80-90° --- TCL 010 perf Brown H 4.5 Pl eoc, X bright 
(Ba,Sr) 2TiMn 2Si 208 ( 106~11 °) 101, lOT G 4.13 yellow, Y orange-

(P04,so4)(0H,Cl) r > v dist brown, Z brown, abs 
~ Z > Y > X. Poly tw 
00 on 010. 
~ 

( 1. 730) 1. 777 1. 778 1.823 .046 MONAZITE 14.5° X = b MCL 100 dist Green H 5-5.5 Diff sol in HCl. 
A ( Ce , La , Nd , Th) PO 4 Z:c -;; 2° G 5.3 Pleoc wk. U0 2 1.5, v 

1.789 i nfus Th02 11. 3%. 

1. 76 I 1.78 I >>1.851>>.07 IKARPATITE \small IX= b IMCL I 001, 100,1 Pale I H < 1 I A hydrocarbon, 
c24H12 1r < v extr Z:£ ~ 21° 201 perf G 1.35 Coronene. Sol 

F 1 in org solvents. 

1. 774 I 1. 780 I 1.813 1.039 IBERAUNITE Med large z = b MCL 100 good Reddish- H 2 Diss by acids. Tw. 
+2 +3 (47+8°) X:c -;; 6° tab brown G 2.9-3.1 Pleoc str, X and Y 

Fe Fe 5(P04)4(0H) 5• r >-v str F 3 pale yellow to flesh, 4H 20 Z carnelian red. 

1.779 I 1.780 I 1.816 1.037 ICHERALITE 18° X = b MCL 010 dist Dark to H 5 Pleoc wk, X and Y 
(Ce,La,Th,Ca)(P04,Si04) Z:c -;; 7° pale G 5.28 green, Z yellow-

green green. Compare 
Monazite. 

1.77 I 1.78 I 1.80 1.03 IVANDENBRANDEITE I Large I Opt ax - I TCL 110 perf Dark H 4 Di ss by hot HCl. 
Cu(U02)(0H) 4 1 (001) 2 others green G 5.0 Pleoc, yellow-green 

to blue-green. 

1.77 I 1.78 I 1.80 1.03 IMEDAITE I --- I X = a 
I MCL 100 good --- G 3. 70 

Mn 6v+5si 5o18(0H) y = b 
el pos 
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Table 6. Biaxial positive minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
a ~ y 

v 1. 776 1.780 1.805 .029 CARYINITE 
1.794 (Na,Ca,Pb) 3(Mg,Mn, 

+3 Fe )4{As04)4 {?) 

1.753 1. 782 1.815 .062 SHATTUCKITE 
Cu 5{Si03)4(0H) 2 

1. 774 1. 782 1. 798 .028 RETZIAN-{Nd} 
Mn~(Nd,Ce,La}(As04 ) 
(0 )4 

1. 772 1. 756 1.788 1.829 .073 PIEMONTITE 
II (Epidote grp) 

Ca 2{Mn,Al,Fe) 3(Si04)3 
{OH} 

1.777 1. 788 1.800 .023 RETZIAN 
Mn 2ce {As 0 4) ( OH} 4 

1. 778 1.787 1. 789 1.839 .052 MONAZITE 
II -- ( Ce , La , Nd ) PO 4 v 

1.801 

1. 733 1. 78 1. 79 2.04 .26 FERR IMOL YBDI TE 
II -- Fe 2(Mo04)3·7-10H20 v 

1.827 

1.75 1.79 1. 85 .10 Hydrous U sulfate (?) 

1.792 1.794 1.821 .029 JIMBOITE -- Mn 3B2o6 

1. 780 1.794 1.794 1.803 .009 CARYl NITE 
II (Na,Ca,Pb} 3{Mg,Mn, 

+3 Fe )4{As04)4 (?) 

2Vz 
(2Vz calc) 

disp 

41° 
r > v wk 

- goo 

69° 

86° 
r < v 

Large 
r < v wk 

10-16° 
r < v wk 

Small 
r < v dist 

Med 
r < v str 

35° 
r > v 

Small 
r > v wk 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

X = c MCL 110, 010 Nut H 4 Diss by HN03• Orange 
Y=a u mass brown G 4.27 to red in section, 

F 2.5 not pleoc. 

X = c ORTH 010, 100 Blue H 3.5 Pleoc, pale blue to 
y = b G 3.9-4.1 deep blue. 

X = c ORTH --- Brown --- Pleoc, X yellow, Y 
y = b reddish-brown, Z 

brown. 

y = b MCL 001 perf Reddish- H 6 Insol in acids. 
X:c -;- -9° pris brown G 3.47 Pleoc str, X yellow, 
el-cl v pas Y violet, Z red. 

Mn 2o3 22.0, Al~03 12.4, Fe2o3 6. %. 

y = b ORTH --- Chocolate H 4 Diss by acids. 
X = c to G 4.15 Pleoc, X cols, Y pale 

chestnut- F diff yell ow-brown, Z 
brown reddish-brown. 

X = b MCL 110 di st Brown to H 5-5.5 Diff so 1 in HCl • Tw 
Z:c-;- -4° 010 diff red G 5.26 pl 100. Pleoc wk, X 

i nfus light yellow, Y dark 
yellow, Z greenish-
yell ow. 

Y = a ORTH 001 dist Sulfur- H 1-2 Diss by HCl, dec by 
z=c fib c yellow G 2.99 NH~OH. Pleoc, X and 

F easy Y a 1 e ye 11 ow, Z 
yellow-green. 

y = b ORTH --- Lemon- Soft Di ss by acids. Camp 
z = c 100 yellow unknown. 
el pos laths 

el c 

y = b ORTH 110 perf Light H 5.5 Diss by acids. Tw 
x=a parting purplish- G 3.98 pl 101. 
el pos 101 brown 

X = c MCL 110, 010 Brownish- H 3-4 Diss by HNO • 
Y=a u mass red G 4.3 Orange to r~d in 

F 2.5 section, not pleoc. 



1. 774 11.780 1 1.795 1 1.815 1 .o35 I CONICHALC ITE ~-goo --- ORTH 011 Grass- H 3 Diss by acids. In 
A CaCu(As04)(0H) r < v mod equant uneven green G 4.1 thin-section yellow-

fus green, faintly pleoc. 

1.744 11.785 1 1. 796 I 1.814 
1
.o29 I SCORODITE 1750 X = a ORTH 201 Green to H 3.5 Diss by acids. 

A FeAs04·2H20 r > v v=c pyram i mperf brown G 3.29 Pleoc wk, X and Y 
F 2-2.5 b 1 ue, Z red. 

Al 203 1.8%. 

1.79 1(1.79} 11.82 l.o3 I KRYZHANOVSKITE 40-45° --- ORTH 001 perf Brown to H 3.5-4 Diss by acids. Pleoc 
+3 r < v str pris greenish- G 3.31 str, X wine-yellow, Y MnFe 2(P04)2(0H) 2·H20 brown F 2.5 orange-brown, Z 

reddish-brown. 

1. 743 I 1.80 I 1.88 I .137 I TUN DR ITE Large Z:c = 14° TCL 010 perf Brownish- H 3 Pleoc wk, X pale 
Na 3(Ce,La) 4(Ti,Nb) 2s; 2 to G 3.7-4.0 yellow, Z greenish-

08(C0 3)3o4(0H)·2H20 greenish- yell ow. 
yellow 

1.72 I 1.80 I 1.98 1.26 I HELMUTWINKLERITE 70° X:c = 50° TCL --- Col s to H 4.5 Diss by HCl. 
PbZn 2(Aso4)2·2H2o r < v dist Z:b = 30° light blue G 5.3 

1.775 I 1.800 I 1.846 I .071 I BOTALLACKITE Med large X 1 clv MCL One Bluish- G - 3.6 Diss by acids. 
Cu 2(0H) 3Cl r > v str direction green fus Slightly pleoc. 

~ ,1. 792 11.801 11.852 ,.060 I J INSHAJ IANGITE 720 --- MCL 010, 100 blackish- G 3.61 Pleoc, X light 
~ (Na,K} 5(Ba,Ca) 4 (47.:!:_6°} tab perf red to (H 430 golden-yellow, Y ~ 

(Fe,Mn) 15 (Ti,Fe+3,Nb) 8 

r < v golden-red kg/sq mm) brownish-yellow, Z 
brownish -red. 

1. 783 I 1.801 I 1.834 1.051 

_ (Si011 )u;:(F,OH}H1 

I FLI N~I;~ '-V I Large X = b ORTH One cl v Greenish- I H 4-4.5 !Diss by acids. 
-2 -3 (74.:!:_5°) z=a tab 001 brown IG 3.87 Pleoc, X yellow- to MnT 2Mn~ (As04)(0H) 4 disp wk F easy !brownish-green, Y 

ye 11 ow-green, Z 
orange-brown. 

1. 789 

1

1.800 

1
~. 801 

1

1.849 

1

.049 rONAl ITE Ill' IX"b IMCL 100 dist Yellow, H 5 Diff sol in acids. 
A ( Ce , La , Nd , Th) PO 4 r < v wk Z:.£-;- -10° 010 diff red, G 5.27 Pleoc wk in yellow. v 

(1.821) brown infus ThO 11.2%. (Solid 
sol~ with Huttonite.) 

1.766 11.782 1 1. 802 1 1. 835 I· o53 IALLUAUDITE 179' lz " b IMCL ITO! perf Greenish- H 5-5.5 Diss by acids. 
A (N C ) F +2 (M F +2 r > v mod Y:.£ ~ 18° u mass 2 others black G 3.58 Pleoc, X light brown, a, a 4 e 4 n, e , F 3 Z dark brown. +3 Fe ,Mg) 8(P04)12 

v 11.793 11.804 11.87 1.08 I AENIGMATITE !Small IZ:£ " 40' ITCL I 010, 100 I Black I H 5.5 I lnsol in acids. Tw 
1.82 NazFe5 Ti Si 6o20 PrlS G 3.8 ITO. Pleoc str, X 

F 3 yellow-brown, Y dark 
brown, Z dark brown 
to black. 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 

Cl ~ y disp tat ion habit fracture c:.nd 
fusibility 

v 1.805 1.805 1.915 .110 LUDWIGITE +3 Small X = a ORTH Uneven, Greenish- H 5 Diss by acids. 
1.832 (Mg,Fe)le B05 r < v extr y = b parting black G 3.8 Pleoc, X and Y dark 

001 F diff green, Z brown. 

-1.81 (-1.81?) -1.83 -.02 WELSHITE (- 25°) --- TCL Conch Reddish- H 6 Opt char uncertain. 
+3 +5 . ca 2Mg 4Fe Sb Be 2s, 4o20 

pri s black G 3. 77 2E - 45°. 

1.742 1. 772 1.81G 1.863 .091 OLIVENITE - goo X = b ORTH 101 conch Olive- H 3 Diss by acids. In 
II Cu 2(As04)(0H) r < v str y = c acic green G 4.46 thin-section pale 

F 3 green, not pleoc. 

1. 795 1.810 1.835 .040 TAVORITE Large --- TCL --- Yellow- G 3.29 Diss by acids. 
Li Fe(P04)(0H) r > v str green fus Pl eoc, X and Y 

yellow-green, Z cols. 

v 1.808 1.812 1.838 .030 TOERNEBOHMITE 20-30° --- MCL --- Light H 4.5 Slowly diss by hot 

1-' 

~ 

1.852 {Ce~La) 3Si 208 {0H) ( 43~10°) ps hex green G 4.94 coned acids. Pleoc, 
r < v dist to olive X rose to greenish-

yellow, Y bluish-
green, Z rose, abs 
Y > X = Z. 

1.80 --- 1.87 .07 KEYITE Disp str y = b MCL 001 good Deep --- Pleoc, X pale blue, Y 
{Cu,Zn,Cd) 3(As04)2 X:c -;- 10° sky-blue greenish blue, Z deep 

blue. Opt char unk. 

1. 774 1.801 1.812 1.824 .023 GADOLINITE 85° X = b MCL Conch Greenish- H 6.5 Gel with acids. 
II 

Y2Fe+2Be 2si 2o10 
r < v Z:c -;- 4- to G 4.33 Pleoc, olive to 

-13° brownish- infus green. 
black 

v 1.810 1.813 1.855 .045 DUFRENITE Small z = b MCL 010 perf Dark H 3.5-4 Diss by acids. 
1.837 +2 +3 r > v extr el neg fib green G 3.2-3.4 Pleoc str, X yellow-Fe Fe 4{P04)3(0H) 5• F 2.5 brown, Y deep blue, 2H20 Z deep greenish-

blue, abs Z > Y > X. 

(1.773) 1.808 1.813 1.827 .019 WARWICKITE 55° X = c ORTH 100 perf Dark H 3.5-4 Dec by H2SO • 
II 

{Mg,Fe+3,Ti ,Al) 2(B03)0 Y=b pris brown to G 3.35 Pleoc, X an~ Z dark 
el cTv neg black i nfus brown, Y red-brown. 

1.81 1.815 -1.85 .04 CORNWALLITE Small --- MCL Conch Blackish- H 4.5 Diss by acids. 
Cu 5{As04)2(0H) 4•H 20 fib green G 4.5 

F 2-2.5 



1.806 I 1. 817 I 1. 818 11.821 I .004 I CER ITE Small --- TRIG Uneven Clove- I H 5.5 I Gel with acids. 
(Ce,Ca) 9(Mg,Fe)Si 7 r < v brown, G 4.8-4.9 
(O,OH,F) 28 

very str reddish- i nfus 
gray 

1. 715 I 1. 820 11.880 I .165 IDOLEROPHANITE 1850 y = b MCL T01 perf Chestnut- H 3 Diss by acids. 
Cu 2(s04)0 ( 110~1 °) Z:c -; -10° to dark G 4.17 Pleoc, X deep brown, 

r > v very brown fus Y brownish-yellow, 
str Z 1 emon-yell ow. Opt 
crossed char neg? 

1.804 11.81 1 1.82 ,1. 90 ,.09 IAENIGMATITE 130-50' z :c = 40° TCL 010, 100 Black H 5.5 Insol i\Cids. Tw pl 
A Nale 5 Ti Si 6o20 pri s G 3.8 !To. Pl eoc, X 

F 3 yellow-brown, Y red-
brown, Z dark brown 
to black. 

1.8v5 I 1.81 I --- 11.84 1.03 I DEER !TE I --- lz = c I MCL luo good !Black IG 3.84 lopt char not stated. 
+2 +3 el pos acic (Fe , Mn) 6 (Fe , A 1 ) 3 

Si 6o20 (0H) 5 
1.813 I 1.820 11.830 I .ou IANDREWS!TE ~Large I --- I ORTH 12 cl v I Dark- to IH 4 I Di ss by acids. 

(C F )F +3 (PO ) (OH) r > v extr fib bluish- G 3.3-3.4 
u, e e 3 4 3 2 crossed green 

~ I 1. 809 I 1. 821 

I I I 

~ !1. 851 I . o48 IBETPAKDALITE 60° Y = b MCL --- Lemon- H 3 Di ss by HCl • Pleoc, 
CaFe 2H8(As04)2(Mo04)5• X:c -; 12° pris yellow G 3.0 X pale yellow, Y 

. 10H20 F 2 greenish-yellow, Z 

11.821 1(1.821) 11.825,.004 

bluish-green, abs 

I HUTTONITE 

I 
I y = ~ I I 

I I 
I z > y > X. 

I I 
1.801 '2P I MCL 

I I Yell ow to I H S I (Solid sol n with 
A cerian phosphatian r < v wk I --- reddish- G 5.06 Monazite.) y 

1.900 (Th,Ce)(Si04,P04) brown infus 

1.799 I 1.822 11.855 I .056 I AZOPROITE (81~14°) X = b ORTH 010 good Black H 5.5 Di ss by HCl. Pleoc, 
+2 +3 . v =a pri s 001 less G 3.63 X pale green, Y dark (Mg,Fe )2(Fe ,T1 ,Mg) so, conch green, Z reddish-B05 brown. 

1. 79 11.806 11.827 12.005,.178 I FERR IMOL YBDITE Small Y = a ORTH 001 dist Sulfur- H 1-2 Diss by HCl. Pl eoc, 
A Fe 2(Mo04)3·7-10H20 (41+2°) z = c fib c yell ow G 2.99 X and Y pale yellow, 

r <-v dist F easy Z yell ow-green. 

y I 1.82 I 1.83 11.88 1.06 I ROCKBR IDGEITE Med X = c ORTH 100 perf Dark H 4.5 Diss by HCl. Pl eoc, 
1.880 +2 +3 r > v very fib 010 fair green G 3.51 X yellow-brown, Y (Fe ,Mn)Fe 4(P04)3 str botry- F easy bluish-green, Z deep (OH) 5 oida1 blue, abs Z >X> Y. 

1.805 ,1. 825 ,1. 832 ,1. 940 ,. 115 ILUDWIGITE +3 125-40' X = a ORTH Uneven, Greenish- H 5 Diss by acids. 
A (Mg,Fe)le B05 r < v str y = b parting black G 3.9 Pleoc, X blue-green, y - 001 F diff Y dark green, Z dark 1.865 

brown, abs Z > X> Y. 



Table 6. Biaxial positive minerals (continued} 
- - -

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vz calc} orien- and or Color gravity, Remarks 
a .@_ y disp tat ion habit fracture and 

fusibility 

--- 1.833 --- wk RUSAKOVITE - 50° --- Crypt- --- Yellow- H 1. 5-2 Diss by acids. Opt 
(Fe,Al} 5(V04,P04)2 r > v str ocryst orange G 2.76 char unk. 
(OH) 9·3H20 

v 1.820 1.835 1.920 .100 VOLBORTH ITE 63° --- MCL 001 perf Yellow- H 3-4 Diss by acids. 
2.02 Cu 3(V04)2·3H20 (47~3°} green G 3.4-3.6 Pl eoc, X and Y 

r < v str yellow, Z yellow-
green. 

1.813 1.832 1.837 1.890 .058 DUFRENITE Small z = b MCL 010 perf Dark H 3.5-4 Diss by acids. Pleoc 
1\ +2 +3 r < v extr el cTv neg fib green G 3.2-3.4 str, X deep blue-v Fe Fe 4(P04)3(0H) 5• 1.855 to red- F 2.5 green, Y yellow-2H20 brown brown, Z deep olive-

brown. 

1. 792 1.840 1.888 .096 LAUTARITE - goo y = b MCL 011 good Col s to H 3.5-4 Slightly sol in 

........ 
;f 

Ca( I0 3)2 r > v mod X:c-;- 25° pris light G 4.59 H20, diss by HCl. 
yellow F 1.5 

1.833 1.802 1.840 1.888 .086 ORTHOERICSSONITE - 50° X = b ORTH 100 perf Brownish- H 5.5 Pleoc, X yellow-,...., 
BaMn 2{Fe+30)Si 207{0H} {85~3°) y = c black G 4.22 brown, Y reddish 

r > v str el cTv neg brown, Z dark brown, 
abs Z > Y > X. 

1.842 1.842 1.848 .006 PARATACAMITE 0-50° --- TRIG 10T1 good Dark H 3 Diss by acids. Poly -- Cu 2{0H} 3Cl r > v G 3. 74 tw 10T1. green 
F easy 

--- -1.84 --- --- ITOITE --- --- ORTH --- White G 6.67 calc Opt char unk. 
Pb 3Ge{S04)2o2{0H) 2 acic 

1.840 1.847 1.892 .052 LAUBMANNITE Med --- ORTH Cl v II Gray- H 3.5 Diss by acids. 
+2 +3 r < v extr fib fibers green, G 3.33 Pl eoc, X buff, Y Fe 3Fe 6{P04)4{0H} 12 yell ow- greenish-brown to 

green olive-green, Z 
reddish-brown, abs Z 
> y > x. 

1.82 1.840 --- 1.870 .030 DEERITE --- z = c MCL 110 good Black G 3.84 Opt char unk. 
1\ +2 +3 el pos acic ( Fe , Mn ) 6 ( Fe , A 1 } 3 99Si 6o20 {0H} 5 

1.85 1.85 1.88 .03 PARWELITE 270 --- MCL 010 fair Yellowish H 5.5 Insol in dil HCl. 
{Mn,Mg} 5Sb{As,Si) 2o12 r > v str pris brown G 4.62 



v ,1.85 I 1.85 I 1.87 1.02 I DUMONTITE I Small IX= Q I MCL I --- I Yell ow IG 5.7 I Diss by acids. 
1.89 Pb2(U02)3(P04)2(0H) 4• r < v st r y = c 

3H20 

1.812 11.845 11.852 11.878 ,.033 I TOERNEBOHM ITE 120-40° , ___ I MCL I --- 'Light IH 4.5 'Slowly diss by hot 
" (Ce,La) 2A1Si 208(0H) (55+8°) ps hex green to G 4.94 coned acids. Pleoc, 

r <-v dist olive X rose to greenish-
yellow, Y bluish-
green, Z rose. 

1.~54 neg 11.820 1 1.854 11.8881.068 I LIEBENBERGITE 92° X = b ORTH 010 poor Yellowish H 6-6.5 X, Y cols to pale 
(01 ivine grp) r < v z=a to fair green G 4.60 green, Z greenish 
(Ni ,Mg,Fe,Co) 2Si04 100 poor yellow. Ni 0 56. 3, 

MgO 6.5, FeO 4.4 
CoO 1.8%. 

1.852 I (1.854) 11.867 1.015 I LUDDENITE 14o• I --- I MCL --- Green H 4 Pl eoc, X and Y 
Pb 2Cu 2Si 5o14·14H 20 G 4.45 yellow-green, Z 

F easy emerald-green. 

1.837 11.845 1 1.855 1 1.890 
1
.o4s I DUFRENITE Small z = b MCL 010 perf Reddish- H 3.5-4 Diss by acids. Pleoc 

" +2 +3 (57.2:_6°) el cTv neg fib brown G 3.2-3.4 str, X pale yellow-Fe Fe 4(P04)3(0H) 5• r < v str F 2.5 brown, Y yellow-2H20 brown, Z red-brown. 

~ I --- I 1.855 I >1.88 I --- IANANDITE I Disp str IY • _!< IMCL 1001 perf 'Black IH 3-4 Nearly opaque. 
e.o (Mica g rp) Z:a = 12° ps hex G 3.94 Pleoc, Y green, Z 01 

(Ba,K)(Fe,Mg) 3(Si ,Al, el-clv pos plates brown. 

Fe) 4o10 (0,0H) 2 
1 01: I 1 Ot:: I 1 l'l'J I n7 

I ~~~~~~;:~3)P04 
I Mori I X = ~ I ORTH 1100 good IDeep red IH 4-4.5 loiss bv acids. Pleoc v I loO;J ,~ I .lo::l''- loV/ , .. ~~ , .. ~ 

1.92 010 less or purple IG 3.4 str, {dark brownish-
so F easy gray, Y scarlet, Z 

purple. 

1. 835 I --- I 1. 910 I • 075 I DEMESMAEKER ITE --- --- TCL 1--- !Bottle- H 3-4 Diss by dilute 
Pb 2cu 5(uo2)2(Se03)6 el 1 green G 5.28 HN03• 

(OH) 6·2H 20 100 

1.751 I 1.851 I 1.864 I 1.894 I .043 I SYNADELPHITE 40° --- TCL 010 Col s to H 4.5 Diss by HN03• Pleoc, 
" (Mn,Mg,Ca,Pb) 9{As03) (68.2:_6°) ps orth imperf red-brown G 3.8 X light brown, Y '--' 

1.88 (As04)2(0H)g·2H20 r > v F 2 brown, Z dark red-
brown. 

1.832 11.8so 1 1.865 1 1.985 ,.135 I LUDWIGITE 25-40° X = a ORTH Uneven, Greenish- H 5 Slowly diss by acids. 
" +3 ( 41.2:_3°) y = b parting black G 4.0 Nearly opaque, X and 

(Mg,Fe)le B05 r < v str 001 F diff Y dark green, Z 
brownish-black. 

v 11.843 11.870 11.943 ,.100 I TITANITE 1380 ly = b IMCL 1110 good 'Yellow to IH 4.5 IDee by hot H SO. 
1.907 {Ca,Y)TiSi04(0,0H) ( 65~3°) Z:c ~ 40° wedges reddish- G 3.56 Pleoc, X pal~ y~llow, 

r > v str - brown F 3 Y pale greenish, Z 
pink to reddish-
brown. 



Table 6. Biaxial positive minerals (continued) 
----

Refractive index 2V Hardness, 
Other MINERAL NAME z Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula (2Vz calc) orien- and or Color gravity, Remarks 
Cl. ~ y disp tat ion habit fracture and 

fusibility 

1.817 1.879 2.057 .240 UVANITE 52° --- ORTH(?) 2 clv Brownish- --- Diss by NH 40H. 
(U,Ca) 2v6o21 ·15H20 (?) ( 66~_1 °) pina- yellow Pleoc, X l1ght brown 

coidal to yellow, Y dark 
brown, Z greenish 
yell ow. Not fluor 
in UV. 

1.841 (-1.88) 1.935 .094 PERETAITE Large --- --- 100 Cols G 4.06 ---
CaSb 404(0H) 2(s04)2·2H20 

1.87 1.880 1.98 .11 LE ITEITE 26° y = b MCL 100 perf Col s to G 4.61 Lam flexible, 
ZnAs 2o4 r < v str Z:c -;; 10° brown inelastic. 

v 1.877 1.880 1.935 .058 KASOLITE 43° X = b MCL 001 perf Ocher- H 4.5 Gel with acids. 
1.910 Pb(U02)Si04·H 20 (27..!.8°) Z:c-;; 1° pris 100, 010 yellow G 5.8-6.5 Pleoc wk or absent. 

el-clv neg indist to amber 

v --- 1.88 --- high CHENEVI XITE --- X = b MCL --- Dark H 3.5-4.5 Diss by acids. 
~ 

~ 
1.96 Cu 2Fe 2(As04)2(0H) 4·H20 z-c crypt- green to G 3. 93 

ocryst greenish- F 2.5 
yellow 

1.83 1.875 1.880 1.897 .022 ROCKBR lOGE ITE Med X = c ORTH 100 perf Dark H 4.5 Di ss by HCl • Pleoc, 
1\ +3 r > v very fib 010 fair green G 3.5 X yellow-brown, Y (Fe,Mn)Fe 4(P04)3(0H) 5 str bluish-green, Z dark (OH) 5 bluish-green. 

>1.87 (1.88) <1.89 --- STIBIVANITE 85° X = b MCL --- Yellow- --- Opt sign unk. Pleoc, 
sb+3 v+4o r > v str z=c fib green X and Y emera 1 d-

2 5 green, Z olive-green. 

--- 1.88 --- --- RAUVITE --- --- Mass --- Purplish- --- Opt char unk. 
Ca(U02)2v10o28 ·16H20 black 

{1. 697) 1.877 1.883 1.894 .017 ANGLESITE 68-75° y = b ORTH 001 good Col s H 2.5-3 Slowly diss by 
1\ (Barite grp) r < v str x=c 210 dist G 6.38 HN03• 

PbS04 F 1.5 

1.85 1.88 1.89 1.90 .020 DUMONTITE Large X = b MCL --- Yellow G 5.7 Diss by acids. 
1\ Pb 2(u02)3(P04)2{0H) 4• r < v str y = c 

3H 20 

1.89 1.89· 2.00 .11 DENNINGITE 0-15° --- TET 001 perf Pale H 4 Diss by cold HCl, 
(Mn,Zn)Te2o5 mass green G 5.05 insol in HN03• 

F easy 



1.ss2 l(l.s9s) 1 1.915 1.a33 I HALL IMaNDITE 'sao IZ':_£= ll 0 ,TCL 'Conch I Yellow IH - 3 !Diss by HN03• 
Pb 2(ua2) (Asa4)2 r > v on 1aa, tab G 6.39 

X':b=9° 
on oa1 

1.888 I 1.895 I 1.915 I .a21 I unknown 162° 1--- I --- I --- I Pale --- Labelled "scorodite," 
r > v str green Kiura, Japan. 

Larsen (1921). 

1.898 1(1.898) 11.915 l.a17 I HUEGELITE Small --- MCL 1aa good Orange- --- Pl eoc, X ye 11 ow, Y 
Pb 2(uo 2)3(As04)2(aH) 4• tab 100 yellow to orange-yellow, Z cols 
3H 20 brown to pale yellow. An om 

interf colors. 

1. 898 I (T:"S'99) 11.915 I. 017 I HUEGELITE 25° --- MCL 100 very Brown to H 2.5 Pleoc, X yellow, Y 
Pb 2(uo 2)3(As04)2(0H) 4• good, orange yellow to orange, Z 
3H 20 conch cols to pale yellow. 

<1.89 11.90 I 1. 95 I >.06 I LAMMER ITE 54+5° X = b MCL 010 perf Dark H 3.5-4 Pleoc, X bright blue, 
Cu 3(As04)2 Z:c--; 40° tab 100 good green G 5.18 Y sky blue, Z bluish-

green. 

1.810 !1.900 I >2.01 1>.20 I DUTTONITE 60° X = a MCL --- Light H 2.5 Pl eoc , X pa 1 e 
VO(OH) 2 r < v mod y = c brown G 3.24 pinkish-brown, Z pale 

brown. 

~ I 1.890 I 1.90 1 1.99 1-10 I BELLINGER ITE Med --- TCL Subconch Light H 4 Diss by HCl. Gives 
~ Cu 3( I0 3) 6• 2H 20 r > v str pina- green G 4.89 iodine vapor when 
-:J coidal heated in closed 

tube. 

(1.821) I , ooo I 1 onn I 1 O?? I n?ll ~~~~;g:m 125° I v = b IMCL --- Col s to G 7.1 
A 

lle0:10 I~ I .LeJL.L. 1•V'-< 
r < v mod lz- I I I I pale tinfus 

cream 

1.899 1(1.901) I 1.903 I .004 I QUEITITE - goo X " b I MCL ~--- I Col s to IH 4 
IDiff diss by HN0 3• 

Pb 4zn 2(S04)(Si04) r < v str Z:~ varies tab pale G (6.07) Z:a = 40° at 405 nm, 

(Si 2o7) yell OW 0°-at 592 nm. 

1.870 I !. 900 I !. 907 

1

2.034 .134 TITANITE 27° y = b MCL 110 good Yellow, H 5 Dec by hot H sa4• 
A CaTiSia5 r > v str Z:c -;; 40- brown, G 3.55 Pleoc, X pal~ yellow, v 

1.97a sao cols F 4 Y greenish, Z red to 
brown. 

1.85 I 1. 91 I (2.2a) .35 SPIRaFF ITE 55° --- MCL 2 cl v, Red to H 3.5 Di ss by Hcl. 
. (Mn,Zn) 2Te 3o8 mass conch purple G 5.a1 

F easy 

1.890 11.91 11.977 I. a87 I SCHUL TENITE 58° X = b MCL 010 good Cols H 2.5 
PbHAs04 disp str z :c -;; 66° thin G 5. 94 

el-pos plates, 
01a 



Table 6. Biaxial positive minerals {continued} 
----

Refractive index 2Vz Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula {2Vz calc) orien- and or Color gravity, Remarks 
a ~ y disp tat ion habit fracture and 

fusibility 

1.880 1.895 1.910 1.950 .055 KASOLITE 43° X = b MCL 001 perf Ocher- H 4.5 Gel with acids. 
1\ Pb{U0 2} Si 0 4 • H20 {64.!_5°} Z:c -:- 1 o pris 100, 010 yellow G 5.8-6.5 Pleoc wk or absent. 

el-cl v neg indist to amber-
brown 

--- >1.9 --- .no PAULMOORE ITE 65° y = b MCL 001 perf Col s to H - 3 Diss by 1:1 HN03• 
<D +3 r > v very Z:c -;- 10° 1 ight G 7.0:Luste adamantine. Pb2As 2o5 str el-cl v neg orange 

1.91 1.91 1.945 .035 GANOMALITE Small --- HEX lOTO perf Gray H 3 Gel with HN03• 
Pb6ca4Si 6o21 {0H) 2 tab 0001 less G 5.74 

0001 so F 3 

1.871 1.92 2.01 .139 CLAUDETITE 58° y = b MCL 010 perf Cols H 2.5 Slightly sol in hot 
As 2o3 r < v str Z:c -;- 5° thin G. 4.15 H~O. Tw on 100, 

tab 010 volat p net. 

...... 
~ 

1.89 1.92 1.95 .06 TSUMEBITE 88° --- MCL Uneven Emerald- H 3.5 Diss by HNO~. Pleoc, 
Pb 2Cu{P04}(S04}{0H) r < v str tab green G 6.1 X and Y pal blue, Z 

fus robin's egg blue. 

1.86 --- 1.92 --- .04 PURPURITE 38° X = a ORTH 100 good Deep red H 4-4.5 Diss by acids. Pleoc 
1\ {Mn+3,Fe+3}P04 

010 less or purple G 3.2-3.4 str, X dark brownish-
so F easy gray, Y scarlet, Z 

purple. 

1.920 (1.921} 1.943 .023 OTJISUMEITE 20° X:c = 3-5° TCL 001 in Cols to H 3 Diss by hot HN03• 
PbGe 4o9 traces white G {5.77} 

1.880 1.928 2.029 .149 CESBRONITE 720 X = a ORTH 021 good Green H 3 Diss by acids. 
Cu 5{Te03}2(0H) 6•2H20 r > v mod v=c el a 010 poor G 4.45 Pleoc, X pale bluish-

F easy green, Y yell ow-
green, Z deep 
emerald-green. 

,...., -1.93 -1.93 1.97 .04 ZIRCON 0-10° --- TET 110 Brown, H 7.5 Insol in acids. ........ -- ZrSi04 pri s pink, G 4.7 Abnorm biax. 
cols infus 

1.920 1.960 2.20 .28 GRAEMITE 48° --- ORTH 010 good Blue- H 3-3.5 Diss by acids. 
CuTe03·H20 parting green G 4.13 Pl eoc, X yell ow-

100 F easy green, Y and Z blue-
green. 

1.88 1.92 1.96 2.04 .12 CHENEVIXITE {73.!_10°) X = b MCL --- Dark H 4 Diss by acids. 
1\ Cu 2Fe2(As04}2{0H} 4•4H20 z- c green G 3.5 

F 2.5 



1.963 I 1.963 I 1.966 I .003 IHYALOTEKITE Small Opt pl TCL 2 cl v at Cols H 5-5.5 IInsol in acids. 
P~ 2Ba 2ca 2B 2 (Si ,Be) 2 r < v str 1 clv goo G 3.80 
S1 8o28F F 3 (?) 

1. 952 I --- I 2. 002 I . 05 2 I KURANAKHITE --- --- ORTH --- Brown to H 4-5 Diss by HCl with evo-
PbMn +4Te +6o

6 
ps hex black lution of chlorine. 

Opt sign unk. 

1.907 11. gsa 1 1. 970 1 2.092 
1

.142 I TITANITE 1180 y = b MCL 110 good Yellow, H 5 Dec by hot H2so4• 
A CaTiSi05 ( 46_!2°) Z:c-;- 40- brown, G 3.52 Pleoc, X pale yellow, 

r > v str -sao cols F 4 Y greenish, Z red to 
brown. 

1.95 I 1. 97 I 1.99 1.04 I BAYLDONITE Large X = b MCL --- Grass- to H 4.5 Diss by HN03• Tw. 
Pb(Cu,Zn) 3(As04)2(0H) 2• r < v str Y :el-= 45° fib c dark- G 5.6 
H2o green F easy 

1.96 I 1.98 I 2.06 I .10 I URANOSPHAER ITE 56° y = b MCL 100 Reddish- H 2-3 IDiss by acids. 
Bi 2u2o9·3H20 r < v str z = c el c orange, G 6.9 

yellow 

v I 2.oo I 2.01 I 2.02 ,.02 ICALCIOVOLBORTHITE Large X = a ORTH 010, 001 Greenish- H 3-4 I Di 55 by HCl • Pleoc 
2.05 CaCuV04(0H) r > v str Y=b yellow G 3. 75 wk. 

F 2 (?) 

1.84 >1.84 »1.84 high MET AROSS ITE Large --- TCL One perf Dull Soft I Di 55 by HCl • 
~ 

CaV 206·2H20 yellow F easy 
~ 
~ 1.835 2.01 2.02 2.06 .05 VOLBORTHITE Large MCL 001 perf Dark H 3-4 Diss by acids. Tw. ---

A Cu 3(V04)2·3H20 r < v str 010 green to G 3.42-3.62 Pleoc, X and Y L--...1 

2.05 yellow- yellow, Z yellow-
green green. 

1. 958 I 2. 03 7 I 2. 245 I . 287 I sULFUR jw I X"" I ORTH 001, llO, Yellow H 2 Insol in acids, diss 
s r < v y = b pr1 s 111 i m- G 2.07 by cs'). Burns. Tw 

perf F 1 pl lOt. Pleoc. 

v I 1.98 I 2.040 I 2.13 ,.15 I FERSMITE Med --- ORTH Uneven Dark H 4-5 Nearly insol in 
2.11 (Ca,Ce,Na)(Nb,Ta,Ti) 2 (82_!15°) subconch yell ow, G 4.7-4.9 acids. 

(O,OH,F) 6 brown, i nfus 
black 

2.016 I 2.040 I 2.1301.114 I GAMAGARITE 47-62° y = b MCL 2 clv Dark H 4.5-5 Pleoc, red-brown to 
Ba 4(Fe,Mn) 2v4o15(0H) 2 r < v str brown G 4.63 yell ow. 

v I 1. 9o I 2.as I 2.sa ,. 60 IMANGANITE Small X - a MCL 010 perf Steel- H 4 Di ss by HCl. Pleoc 
2.25 MnO(OH) ( 71 +5°) y - b pri s 110, 001 gray to G 4.33 wk, abs Z > X and Y. 

r >-v str good iron- infus 
black 

2.05 I --- i high I FER NANDI NITE I --- I --- ~Crypt- I --- I Dull --- loiss by acids. Not 
+4 +5 ocryst green pleoc. Opt char unk. 

cav 2v 10030. 
14H20 (?) 



1:\j 
0 
0 

Table 6. Biaxial positive minerals (continued) 
--

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
a 13 - y 

2.01 2.01 2.05 2.09 .08 CALCIOVOLBORTHITE 
II CaCuV04(0H) 

1-.....J 2.05 2.05 2.07 .02 CARMINITE 
2.07 PbFe2(As04)2(0H) 2 

1.96 2.055 >2.11 >.15 LUDLOCKITE 
+2 +5 {Fe ,Pb)As 206 

>2.01 >2.01 >2.01 high GERSTLEYITE 
Na 2(Sb,As) 8s13 ·2H20 

>2.01 >2.01 >2.01 .07 SUNDIVSITE 
Pb 10 (S04)Cl 208 

--- 2.087 --- wk SENARMONTITE 
Sb 2o3 

>2.05 >2.05 >2.05 -.14 R YNERSON ITE 
Ca{Ta,Nb) 2o6 

2.05 (2.11) 2.20 .15 BLIXITE 
Pb2Cl{O,OH) 2 

2.040 2.095 2.11 2.23 .135 FERSMITE 
II {Ca,Ce,Na)(Nb,Ta,Ti) 2 {O,OH,F) 6 

2.08 2.11 --- --- DUHAMELITE 
Pb2Cu4Bi(V04)(0H) 3•8H 20 

2.110 2.112 2.165 .055 KHINiTE 
+6 PbCu 3Te 04{0H) 6 

2Vz 
(2Vz calc) 

disp 

83° 
r > v str 

Med 
r < v str 

---

Large ( ?) 

---

---

---

80° 

Med 

---

20° 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

X = a ORTH 010, 001 Greenish- H 3-4 Diss by HCl. Pleoc 
Y=b yellow G 3.75 wk. 

F 2 (?) 

X = c ORTH Pri s Carmine H 3.5 Diss by HN03• Pleoc, 
acic to 1 il ac G 5.22 X and Z red-brown, Y 

F easy greenish-brown. 

Z - a TCL OT1 perf Red H 1. 5-2 Diss by coned acids. 
el pos tw G 4.40 Sectile and flexible. 

Pl eoc, X ye 11 ow, Y 
deep yell ow, Z 
orange-yell ow. 

--- MCL 010, T01 Cinnabar- H 2.5 Diss by alkalies. 
perf to G 3.62 Pleoc, X salmon-red, 

blackish- F 2 Y and Z deep blood-
red red. Opt char unk. 

--- MCL 100 perf Col s to H 3 ---
white G 7.0 

--- CUB 111 in Cols H 2 Diss by HCl. An om 
oct traces G 5.50 biaxial. 

F 1.5 
volat 

X = c ORTH Uneven Creamy H - 4.5 Pleoc, X and Y straw 
y = b fib white to G 6.40 yellow, Z light straw 

pink yell ow. 

--- ORTH One dist Pale H 3 Di ss by HN0 3• 
yellow G 7.35 

--- ORTH Uneven, Brown to H 4-5 Nearly insol in 
subconch black G 4.7-4.9 acids. 

i nfus 

Z:c = 3° ORTH --- Yellow- H 3 Opt sign unk. Pleoc 
green G 5.80 wk in yell ow. Di ss 

by HN0 3• 

--- ORTH 001 fair Dark H 3.5 ---
green G 6.7 



2.10 I --- I 2.30 I .20 I ROOSEVELT ITE --- I --- MCL Conch Gray to H 4-4.5 'Diss by acids. Opt 
BiAs04 yellow G 6.9-7.1 char unk. 

F 2-3 

>2.11 I I <2.131 <.02 lscHNEIDERHOEHNITE 
. 

--- --- --- TCL 100 perf Dark brown H 3 Pleoc, reddish-brown 
+2 +3 2 others G 4.3 to bright yellow, 

Fe BAs 10023 abs X < Y < z. 
2. 115 I 2. 13 s I 2. 26 1.125 I RAJ ITE 40° --- MCL 010 Green H 4 Diss by cold acids. 

+4 disp wk G 5.75 Pleoc wk in green, CuTe 205 fus abs Z > Y > X. 

2.01 I --- I --- I --- lsANTAFEITE +4 --- X == c ORTH 010 perf Brownish- G 3.38 Diss by HCl. Pleoc 
Na 2(Mn,Ca,Sr) 6Mn 3 ros- 110 di st black F easy yellow-brown to dark 

(V,As) 6o28 ·BH20 ettes red-brown, abs X > Y 
> z. Opt char unk. 

2.14 I --- I 2.15 I .01 I EZTLITE --- IZ:~= 30 MCL 001 Deep --- Sign unk. Not pleoc. 
+3 +4 orange Pb2Fe 6(Te 03)3 

+6 (Te o6)(0H) 10 ·BH20 

2.15 I --- I high I CUPROTUNGSTITE --- --- Crypt- I --- !Green IFus I Dec by HCl. Opt 
Cu 2(W04)(0H) 2 ocryst char unk. 

2.14 1 2.15 I 2.18 1.04 I ATELEST ITE 44° --- MCL 1010 I Sulfur-· IH 4.5-5 I Di ss by liCl. 
l:\:) 

I 
Bi 8(As04)305(0H) 5 r < v str indist yellow G 6.8-7.1 

0 

>2.09 1>2.09 

F 1. 5 ~ 

I >2.09 I --- IMOUNANAITE I --- I On 010, TCL --- Brownish- G 4.85 Tw common. Pl eoc, 
PbFe 2(V04)2(0H) 2 ext:c == el c red brownish-red to 

38°- brownish-yellow. Opt 

I PRe T nNGt:"R TTE I goo 

char unk. 
1 2.130 I 2.16 i 2.1951 .065 --- I TCL --- White to .G (7.24) I L 1 '-' J.l L- '\ .1. 1 

Bi 3(As04)20(0H) tab gray 

2.12 I 2.11 I 2.31 I .19 I MELANOTEKITE 67° --- ORTH 2 clv Black IH 6.5 loec by HNO • Pleoc 
Pb 2Fe2si 2o9 r > v str pris G 5.73 str, X nea~ly cols, 

F 2-2.5 Y pale red-brown, Z 
deep reddish-brown. 

v I 2.15 1 2.17 1 2.25 1.10 IMANGANOTANTALITE .r < v X == a ORTH 010 perf Deep red H 5-6 Insol in acids. 
2. 21 Mn(Ta,Nb) 2o6 disp extr y = b to black G 7.5 Pleoc, X and Y deep 

infus red, Z pink. 

2.17 I 2.11 I 2.18 I .01 I GEORGIADES ITE Large y = b HCL --- White H 3.5 Diss by HN03• 
Pb8(As04)2cl 7(0H) 3 r < v str z = c G 7.1 

F easy 

2.11 I 2.18 I 2.22 I .11 IBALYAKINITE 80° X == a ORTH --- Gray-green G 5.6 
CuTeo3 y = b to bluish-

green 

2.14 I --- I 2.24 I .10 IFORNACITE --- --- MCL --- Olive- IG 6.2 !Slightly ple~c. Opt 
(Pb,Cu) 3[(Cr,As)04] 2 green char uncerta1n. 
(OH) 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2V z 
Hardness, 

Other MINERAL NAME Opti ca 1 SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 

a ~ y disp tat ion habit fracture and 
fusi bi 1 ity 

2.00Li 2.18L i 2.35Li • 35 TELLURITE ~ goo X = b ORTH 010 perf Cols H 2 DissbyHCl. 
Te02 r < v med z=c acic c G 5.90 

el pos F 2 

v 2.14 --- 2.23 .09 WODGINITE --- Z:c = 26° MCL --- Red- H 6 Insol in acids. 
-2.23 (Ta,Nb,Sn,Mn,Fe) 16o32 brown G 7.6 Pleoc, light yellow 

i nfus to reddish-brown. 

2.14 --- 2.315 .18 VIGEZZITE Large X = c ORTH 100 dist Orange- G (5.34) Sign unk. Not pleoc. 
(Ca,Ce)(Nb,Ta,Ti) 2o6 z=a prism yellow 

1.94 2.20 2.51 • 57 LEPIDOCROCITE 83° X = b ORTH 010 perf Red H 5 Slowly diss by HCl. 
FeO(OH) (96_!4 °) y = c blades 100 less G 4.09 Pleoc str, X yellow, 

100 so infus Y red, Z deeper red. 
010 fair 

2.13 2.20 2.40 .27 ANGELELLITE Med large --- TCL 001 Blackish- H 5.5 Pleoc str, yellow to 

~ 
Fe4(As04)2o3 brown G 4.86 deep red. 

~ 2.10 2.20 2.31 .21 KENTROLITE 88° X = a ORTH 110 di st Dark H 5 Dec by HNO~. Pleoc, 
Pb2Mn 2si 2o9 r < v str y = b pris reddish- G 6.19 X pink, Z rownish-

brown F 2-2.5 red, abs Z > Y > X. 

2.19 2.20 2.33 .14 TRIPUHYITE Small --- TET --- Greenish- H ~ 6 Insol in acids. 
FeSb206 r < v very mass yellow, G 5.6-5.8 

str yellow- F 4-5 (?) 
brown 

2.18 (2.21) 2.26 .08 EUXENITE 70° y = a ORTH Conch Brownish- H 5-5.5 Dec by hot coned 
(Y,Ca,Ce,U,Th) z = b black G 5.0-5.4 acids. 
( Nb, Ta, Ti ) 2o6 i nfus 

2.17 2.17 2.21 2.25 .08 MANGANOTANTALI TE Large X = a ORTH 101 dist Red to H 6 Insol in acids. 
1\ (Mn,Fe)(Ta,Nb) 2o6 r < v str Y=b pris 100 poor reddish- G 7.52 Pleoc, X and Y deep v 

2.32 brown i nfus red, Z pink, abs 
X > Y » Z. 

v 2.19 2.21 2.25 .06 AESCHYNITE-(Y) 74° el neg ORTH 100, 010, Yell ow H 5 Insol in HCl, diss by 
2.30 ( Y, Ca , Fe , Th )( Ti , Nb) 2 001 perf G 4.4 H2so4• 

(O,OH)6 uneven infus 

--- 2.21 --- low ROMEITE Large --- CUB 111 Yellow H 6.5 Insol in acids. 
(Ca,Fe,Mn,Na) 2(Sb,Ti) 2 oct imperf G 5.0 Abnorm violet interf 
06(0,0H,F) fr uneven i nfus colors. 

2.185 2.219 2.266 .081 HEYITE ago y = b MCL Uneven Yellow- H 4 Tw 110. 
+2 Pb5Fe 2(V04)2o4 

(82_:!} 0
) X:c-; 36° orange G 6.3 



v I 2.11 I 2. 22 12.32 1.15 I HUEBNER ITE 173. IX • ~ IMCL 1010 perf IBrownfsh- IH 5-5.5 I Dec by HCl with sepn 
2. 36 (Wolframite ser) Z:c = 18° bladed, red G 7.35 of yell ow WO • 

(Mn,Fe)W04 el-clv pos tab 100 F 4 Pleoc, X pal~ yellow, 
Y yellow-brown, Z 
green. 

2.20 I 2. 22 I 2. 26 I .06 ICOTUNNITE 1670 X = b ORTH 010 perf White, H 2.5 loiss by hot water. 
PbC1 2 z=c acic a yellow G 5.8 

el cTv pos - F 1 

2.1g I 2. 23 I 2.35 I .16 I PLUMBOTELLUR ITE - 50° --- ORTH --- Gray to Soft 
PbTe03 brown G 7.2 

-2.18 1 2. 20 I --- 12.27 1.07 I WODGINITE --- --- MCL --- Red-brown, H 6 I Insol in acids. 
1\ (Ta,Nb,Sn,Mn,Fe) 16o32 dark G 7.2-7.4 

brown i nfus 

2.05 ,2.24Li I 2.25Li ,2.53Li ,.29 jMANGANITE I Sma 11 I X - a I MCL 1010 perf ~Steel- I H 4 
I Di ss by HCl. Pl eoc 

1\ MnO(OH) r > v str y - o pri s 110, 001 gray to G 4.33 wk, abs Z > X and Y. 
less so black, i nfus 

streak 
brownish 

2.24 I --- I 2. 26 I .02 I OBOYER ITE I --- I --- I TCL I --- !White I H 1.5 I Opt sign unk. 
Pb6H6(Te03)3(Te06)2• fib G 6.46 

~ 

12.18 I 2. 26 12.35 1.17 
(H20 

0 
CA:I DESCLOIZITE ~- goo I X = .£ I ORTH 'Conch 'Brownish- H 3.5 Diss by HNOr. Pleoc, 

Pb(Zn,Cu)V04(0H) r < v str y = b red, G 5.g-6.2 X and Y yel ow, Z 
brown, F 1. 5 brownish. 
black 

2.17 I 2. 26 I 2.34 I .17 I MOTTRAM ITE ,- goo IX= c I ORTH I Conch 'Reddish- H 3.5 Diss by HNO~. Pleoc, 
Pb(Cu,Zn)V04(0H) r < v str y = o brown, G 5.g-6.2 X and Y gre nish-

olive- F 1.5 yellow, Z brownish-
green yell ow. 

2.20 1(-2.27) 12.42 1· 22 I SCHUMACHERITE Large X:c = 22° TCL Conch Yellow H 3 
Bi 3(V04)20(0H) tab b G 6.go 

2.24 I 2. 27 I 2. 31 I .07 IMENDIPITE - goo X = a ORTH 110 perf White H 2.5 I Di ss by HN03. 
Pb 3o2c1 2 r < v str y = b fib 100, 010 G 7.24 

el pos less so F 1 

2.27 I 2. 27 12.30 1.03 I RASPITE I Very small IY = .!?_ MCL 100 perf Brownish- H 2.5-3 Dec by HNOr Abs 
PbW04 Z:c = 30° tab 001 yell ow G 8.46 Z > X and • 

F 2.5-3 

2.21 ,2.28 ,2.30 2.34 .06 AESCHYNITE 80° --- ORTH Conch Brownish- H 5.5 Partly dec by hot 
1\ ( Ce , Ca , Fe , Th )( T i , Nb } 2 black G 5.2 acids. Commonly v 

2. 32 neg (O,OH} 6 infus metamict. 

v I --- I 2.3o --- low PEROVSKITE - goo X = a ORTH 100, 110 Brownish- H 5.5-6 Insol in acids. 
2.40 (Ca,Ce,Na) 2(Ti ,Nb) 2o6 Z=b ps cub black, G 4.0-4.2 Pleoc wk, X light 

green, Z darker 
green. 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (.2V z calc) orien- and or Color gravity, Remarks 

a §_ y disp tat ion habit fracture and 
fusibility 

2.21 2.26 2.32 2.43 .17 TANTALITE Large X = a ORTH 010 dist H 6 Insol in acids. 
II (Fe,Mn}(Ta,Nb} 206 r < v str y = b pris 100 less G 6.6-8.0 Nearly opaque. Pleoc 

so infus str, X pale yellow, 
Y red-brown, Z dark 
red-brown. 

2.31 2.35 2.40 .09 ASHANITE --- X = b ORTH Conch H 6-6.5 Pleoc, X light brown--- (Nb,Ta,U,Fe,Mn) 408 v = a It ish-red, Z dark 
brownish-red. 

2. 30Li 2. 35Li 2.40Li • 10 NADORITE Large X = b ORTH 010 perf H 3.5-4 Diss by HN03 • Tw 
PbSb02Cl r > v str z=a tab 010 '1 G 7.02 on 101. 

el pos F 1. 5 

2.39 (2.36) 2.52 .13 THOREAUL ITE 30-35° y = b MCL 100 good H 5.5-6 ---
SnTa 2o6 r > v str Z:c -;; 58° 011 1 ess G 7.5-7.9 

so 

2. 28L i 2.36Li 2.48Li .20 BRACKEBUSCHITE Large --- MCL --- G 6.05 Pleoc str, X nearly 

2.28Na 2.38Na 2.49Na .21 Pb 2(Mn,Fe}(V04)2·H20 r > v acic I F 2 (?) cols, Y dark reddish-
rather str l1 brown, Z clear 

1'.:) 

~ 

I reddish-brown. 

2.22 2. 31Li 2.36Li 2.46Li .15 WOLFRAMITE 60-70° X = b MCL 010 perf H 5-5.5 Dec by hot HCl with 
II (Fe,Mn}W04 r < v Z:c-;; 26° tab 100 G 7.4 sepn of yellow WO • 

el-clv pos F 3 Nearly opaque. Pfeoc 
str, abs X > Y > Z. 

2.31Li 2.37Li 2.66Li .35 CROCOITE 55°(Na} y = b MCL 110 di st H 2.5-3 ---
PbCr04 r > v very Z:c -;; 5° G 6.0-6.1 

str, in- F 1.5 
clined 

2. 34Li 2.38Li 2. 65Li .31 PHOENICOCHROITE 58°(Na} X = b MCL 20T good ( H 2.5-3 Di ss by HN03• 
8Pb 2(Cr04}0 r > v mod Y:c -;; -2° tab G 7.01 

2.38Na 2.44Na 2.65Na .27 I F easy 

2 .38L i 2.39Li 2.42u .04 PSEUDOBROOKITE - 50° X = b ORTH 010 dist H 6 Insol in acids. 
Fe 2no5 r < v z=a tab 100 : G 4.3-4.4 Pleoc wk in reddish-

infus brown, abs Z > Y > X. 

2.37 2.40 2.46 .09 STI BlOT ANTAL ITE 75° X = a ORTH 110 good H 5.5 lnsol in acids. Data -- Sb(Ta,Nb}04 r < v str Z=b It G 6.2-7.9 for mineral with G 

II 
F 4 6.8. 

0 



2.39Lil 2.40Lil 2.43Lil .04 IBISMUTOTANTALITE 180° IX = a fORTH 1110 good 'Dark- IH 5 Bi ( Ta, Nb) 0 4 r < v str Z=b brown, G 8.1-8.8 
yellow-
brown 

2.30 I --- 1 2.40 I --- I low I PEROVSKITE - goo X = a ORTH 100, 110 Brownish- IH 5-6 I lnsol in acids. 
" CaTi03 z = b ps cub black to G 4.0-4.2 Pleoc wk in green or 

yellow infus brown. 

2.40 I 2.42 I 2.46 l.o6 I ST I B IOCOLUMB ITE 730 X = a ORTH 110 good Dark IH 5.5 'Insol in acids. Data 
Sb{Nb,Ta)04 r > v str z = b brown, G 5.6-6.6 for mineral with 

yellow- F 4 G 6.3. 
brown 

>2.42 I --- I >2. 42 I ___ IBISMITE Disp str --- MCL --- Gray- IH 4.5 I Opt char unk. 
Bi 203 mass green, G 8.6 

yellow 

2. 37 Li I 2. 45L i I 2. 65Li 1-28 IMONTROYDITE Large Z = a ORTH 010 perf Deep red, H 2-3 IDiss by acids. 
HgO y =~ (?) pri s orange, G 11.2 

brown volat 

2.4\ij2.45Lil2.51ul·o6 I DERBYL ITE Small --- MCL Conch Black H 5 Insol in acids. In 
Fe4 Ti 3sb013(0H) pris G 4.53 thin-section dark 

i nfus brown, not pleoc. 

2.58 2.59 2.70 .12 BROOKITE 15-30° Y = a ORTH 120 Brown to H 5.5-6 Insol in acids. 
t>:) 

I 
-- Ti02 ( Na) , - oo X = b indist black G 4.14 Pleoc wk, orange-0 

c.n for green, (rec!T i nfus brown to dark brown, 
disp very X = c abs Z > Y > X. 
str (blue) 

2.57Li 1 ~i 1 2.71ul-14 I MASS I COT 1- 90° y = ~ (?) ORTH 010 perf Yellow Soft Diss by HNOr. Pleoc, 
PbO (67~17°) tab 100 G 9.6 Y light yel ow, Z 

disp str F 1.5 deep yell ow. Opt neg 
in blue light. 

2.63 I --- I --- I CLINOB ISVANITE Disp str --- MCL 010 perf Orange to Soft Opt char unk. 
BiV04 yell OW G 6.95 calc 

2.63 --- high TENORITE Large y = b MCL TI1,T01 Steel- H 3.5 Diss by HCl. Tw 
red CuO r < v z- c laths gray G 6.45 common on 011. Pleoc 
3.17 high to black in brown. Opt char --- unk. blue 

>2-72Lii> 2-72Lil --- 1 extr I LORANDITE I Large I z = E. I MCL 1100 perf Coch- H 2-2.5 Diss by HN0 3• Deep 
T1Ass2 r > v str X - 1100 20T, 001 ineal- G 5.53 red in thin-section. 

good red F 1 Pleoc wk, Y purple-
red, Z orange-red. 

>2. 72Li I --- I very I GETCHELLITE lBO" z = b MCL 001 perf Dark red H 1. 5-2 
high AsSbS3 r > v str Y:a -;- 15° sectile G 3.92 

crossed F 1 



Table 6. Biaxial positive minerals (continued) 

Refractive index 2Vz 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vz calc) orien- and or Color gravity, Remarks 

a 13 y disp tat ion habit fracture and 
- fusibility 

--- >2. 72Li --- very VRBAITE Large --- ORTH 010 easy Brownish- H 3.5 Diss by HCl. 
high Tl 4Hg3Sb 2As8s20 r > v str gray to G 5.30 

reddish F easy 

--- >2. 72Li --- very DUFRENOYSITE --- --- MCL 010 perf Lead- H 3 Opt char unk. 
high Pb2As 2s5 gray G 5.53 

fus 

--- >2. 72Li --- very MIARGYRITE Med --- MCL 010 Iron- H 2-2.5 Dec by HNO • In 
high AgSbS 2 traces black G 5.2 thin-secti~n blood-

F 1 red. 

--- --- --- extr PYROSTILPNITE --- y = b MCL 010 perf Hyacinth- H 2 Tw pl 100. 
Ag 3SbS3 X:c -;- 8° red G 5.94 

F 1 

~ g 

2.82Na 2.93Na 3.14Na .32 ENARGITE (76.:!:_8°) X = a ORTH 110 perf Gray- H 3 Tw pl 320. 
Cu 3AsS4 Y=o tab 001 100, 010 black, G 4.45 

dist iron- fus 
black 

2.96Na 3.09Na 3.42Na .46 KERMESITE Med z = b TCL 001 perf Cherry- H 1-1.5 ---
Sb2s2o (70.:!:_6°) pris 100 less red G 4.68 

so volat 

3.14 3.17 3.28 .14 BOURNONITE 52° --- ORTH 010 Steel- H 2.5-3 Dec by HN0 3• Tw on 
(85"20 PbCuSbS3 

pris imperf gray G 5.83 llO common. 
nm) tab fus 
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Table 7. Biaxial neqative minerals 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula (2Vx calc) orien- and or Color gravity, Remarks 
tat ion habit fracture and 

a. ~ y disp fusibility 

1.324 1.3245 1.325 .001 AVOGADRITE goo X = c ORTH --- Yellow G 2.62 Slightly sol in H20, 
(K,Cs)BF4 y = b tab to diss by acids. 

reddish 

1.393 1.395 1.397 .004 MIRABILITE 76° X = b MCL 100 perf White H 1. 5-2 Sol in H2o, efflo-
Na 2so4 ·10H20 r < v str z :c -;: 30° pris 001, 010, G 1.49 resces. 

crossed 011 F 1.5 

1.407 1.414 1.415 .008 THOMSENOLITE 50° z = b MCL 001 perf Cols H 2 Diss by H2so4• 
NaCaAlF6·H20 r < v wk X:c -;: -52° cube- 110 di st G 2.48 

like F 1.5 

1.405 1.425 1.440 .035 NATRON no X = b MCL 001 good White H 1-1.5 Sol in H20, efflo-
Na 2co3 ·10H2o (81..:!:_J0) Z:c-;: 41° 010 im- G 1.48 resces. 

r < v perc perf F 1 
crossed 

~ 

~ 
L......J 1.429 1.433 1.436 .007 JARL ITE 81-90° y = b MCL --- Cols H 4-4.5 ---

1.435 NaSr 3Al 3(F,OH) 16 (?) X:c -;;- -6° tab G 3.78-
3.93 

F easy 

1.424 1.436 1.438 .012 WILCOXITE 48° --- TCL --- Cols, H 2 Sol in H2o. 
MgAl(S04)2F·18H 20 white G 1.58 

1.430 1.452 1.458 .028 KALINITE 52° z = b MCL --- White H 2-2.5 Sol in H2o. 
KAl{S04)2·11H20 (?) disp wk Y:c -;: 13° fib c G 1. 75 

F 1 

1.440 1.453 1.454 .014 LECONTITE 30° Y = a ORTH 011 Cols H 2-2.5 Sol in H2o. 
(K,NH4)Na{S04)•2H20 r < v Z=b pri s G 1.74 

rather str F 1 

1.448 1.454 1.456 .008 GEARKSUTITE Small to X = b MCL --- White, H 2 Diss by acids. 
CaAl {F,OH) 5·H20 med Y:c Targe acic c chalky G 2.74 

el-pos F 2 

v 1.433 1.455 1.461 .028 EPSOMITE 52° X = b ORTH 010 good White H 2 Sol in H20, taste 
1.470 MgS04•7H20 r < v wk z=a el c 101 dist G 1.68 bitter. 

i nfus 

1.435 1.455 1.459 .024 WATTEVILLITE 48° --- MCL { ?) --- Cols G 1.81 Dec by H~O with sepn 
Na 2Ca(S04)2·4H20 acic F diff of gypsu , diss by 

acids. 

1.448 1.340 1.456 1.459 .119 SASSOLITE 5-14° X:c = 84- TCL 001 perf White, H 1 Sol in H2o. Tw pl ,...., 
B(OH) 3 

-88° tab 001 pearly G 1.48 001. L......J 

1.461 _£ - opt pl F 1 



1.452 I 1.456 I 1.458 I .006 I TI KHONENKOVITE 70° --- MCL 001 perf Cols to H 3.5 
SrAlF4(0H)·H 2o pris fr conch rose G 3.26 

(1.405)1 1.460 I 1.487 1(.082) IROSTITE 68° X = c ORTH --- Cols G 1.93 IDi ss by acids. 
AlS04(0H)•5H 20 y = b Reported a given as 

11 1.44 calc ... 

1.455 1.449 1.461 1.463 .014 MENDOZITE 56° X = b MCL 100 good !White H 3 Sol in H2o. Data on ,......., 
NaAl (S04)2·11H20 Y:c-;- 30° laths c G 1. 77 L......J synth compd. 

1.466 F 1 

L......J --- 1.461 --- low SILHYDRITE --- --- ORTH fr uneven White G 2.14 Dec by HCl • Opt sign 
1.466 3Si02·H20 to unk. 

subconch 

1.438 I 1.463 I 1.465 I .027 IHEXAHYDRITE 29° y = b MCL --- Cols G 1.8 Sol in H~O. Data on 
MgS04·6H20 r > v X:c -;- -25° infus synth co pd. 

1.465 I --- I --- I Z I NCF AUSER ITE Large --- ORTH 010 good Pale rose H 2.5 Sol in H2o. efflo-
(Mn,Mg,Zn)S04·7H 20 (?) G 2.00 resces. 

i nfus 

1.455 1.447 (1.468) 1.470 .023 GOSLARITE. magnesian Small X • a IORTH 1010 perf ~White IH 1 
Sol in H2o. 

1\ (Epsomite grp) z = b G 1.8 v 
1.480 (Zn,Mg)S04•7H 20 el cTv neg infus 

~:'>:) 

1.447 1.469 1.472 BORAX 40° MCL H 2-2.5 Sol in H2o. 0 .025 X = b 100 perf White Tw pl 
~ Na 2B407·10H20 r > v str Z:c -;- -55° pris c 110 good G 1. 71 100 rare. 

crossed tab roo F 1-1.5 

1.451 I 1.470 I 1.478 I .027 I KANEMITE 46° X = b ORTH 010 perf Cols. H 4 Dec by acids. 
NaHSi 204(0H) 2·2H20 r > v v =a 100 good white G 1.93 

1.455 

1

1.447

1

1.470 

1

1.473 I .016 IEPSOMJTE, nickeloan 4JO X = b ORTH 010 fair Pale H 2 !Sol in H2o. Ni 0 
" z =a blue- G 1.8 v (Mg.Nl)S04·7H 20 12.2%. 

1.493 clv pes green infus 

1.463 I 1.470 I 1.471 I .008 I PARALUMINITE Small X = el Fib. --- White. Soft 
A1 4(so4)05·15H20 mass chalky 

1.460 I 1.471 I 1.474 I .014 ISTARKEYITE (55.:!:_18°) --- MCL --- White IG - 1.8 ISol in H20. (Synth 
MgS04•4H 20 i nfus compd is biax pos. S 

1. 491.) 

1.455 I 1.472 I 1.487 I .032 I KERNITE 180° I z = b I MCL ~01. 100 White. H 2.5 ISol in H2o. 
Na 2B407•4H 20 r > v dist X:~-;- 38° erf cols G 1.90 

01 fair F 1-1.5 

1.459 I 1.473 I 1.483 I .024 IJURBANITE 80° y ::: b MCL --- Cols H 2.5 
AlS04(0H)•5H 20 Z:a -;- -5° G 1. 79 

1.465 I 1.473 I 1.477 I .012 ISASAITE --- X = c ORTH 001 perf White. G 1. 75 IOiss by acids. 
(Al,Fe) 14(P04)11 (OH) 7 y = b (?) chalky infus Fe 2o3 1.1%. 

(S04)·83H20 {?) 
el cTv pos 
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Table 7. Biaxial negative minerals (continued} 

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
a ~ y 

1.465 --- 1.474 --- .002- GMELINITE 
r-1 .008 (Zeolite grp) 

1.484 (Na,Ca}A1 2Si 4o12 ·6H20 

v --- 1.474 --- 0- HISINGERITE 
1.580 .008 Fe+3

2si 205(0H) 4•2H20 

--- 1.47- --- wk HYDROBASALUMINITE 
T.48 Al 4so4(0H} 10·12-36H20 

L-.1 1.471 1.475 1.476 .005 SODIUM DACHIARDITE 
1.482 (Zeolite grp) 

(Na,Ca,K) 4_5Al 8Si 40 o96 ·26H20 

r-1 1.472 1.475 1.477 .005 MORDENITE L-.1 

1.480 (Zeolite grp) 
(Ca,Na,K}Al 2Si 10o24 • 
7H20 

1.461 1.478 1.484 .023 CREEDITE 
Ca 3Al 2(s04}(F,OH) 10• 
2H20 

1.358 1.479 1.530 .172 BARENTSITE 
Na 7Al(C03)2(HC03)2F4 

1.476 1.479 1.481 .005 TVEITITE 
ca1_x(Y,Ce)xF 2+x 
(x - 0.3) 

r-1 1.476 1.479 1.479 .003 CLI NOPTI LOLITE v 
1.484 (Zeolite grp) 

(Na ,K,Ca} 2_3Al 3 
(Al,Si) 2s; 13o36 ·12H20 

( 1.468) 1.457 1.480 1.484 .027 GOSLARITE 
1\ (Epsomite grp) 

ZnS04•7H20 

1.47 1.48 1.49 .02 BOOTHITE 
CuS04•7H20 

2Vx 
(2Vx calc} 

disp 

Small 

Small 

---

88-92° 

80° 

64° 
r > v wk 

62° 
r < v wk 

34° 

Small 
r < v str 

46° 
r > v wk 

Large 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

--- HEX 10TO dist White H 4.5 Dec by HCl. Tw axis .£• 
G 2.0-2.1 
F 3 

--- MCL Conch Dark H 3.5 Dec by acids. 
u mass brown G - 2.5 

infus 

--- --- --- Col s to G 1.86 Diss by acids. 
yellowish Opt char unk. 

Z:c = 18° MCL --- Cols G 2.17 ---

X = a ORTH 100 perf Col s H 5 Some samples appear 
z=c 010 good G 2.12 to be monoclinic. 

F 3-4 

y = b MCL 100 perf Cols H 4 Diss by acids. 
Z:c-;;;- 41° pris .£ G 2. 72 

F diff 

X = c TCL 001, 100 Cols H - 3 Eff in acids, slowly 
ps hex perf G 2.56 dec by H20. 

--- MCL --- White to --- Poly tw. Fluor faint 
ps cub pale yellow-orange in 

yell ow short-wave UV. 

X = b (?) MCL 010 perf Cols H 3.5-4 Dec by HCl. 
Z:a -;- 15° tab 010 G 2.2 
el-pos (?) F 2 

X = a ORTH 010 perf Col s, H 2-2.5 Sol in H2o. 
z=o acic c yellowish G 1.98 
el cTv pos infus 

y = b MCL 001 White, H 2-2.5 Sol in H~O. Dehydrates 
x-c fib c imperf silky G 2.1 to Chalc nthite. 

fus 



1.472 I --- I 1.487 I .015 IMAKATITE --- --- ORTH(?) --- White G 2.07 Dec by HCl. Opt char 
Na 2Si 409·5H20 spher- unk. 

ulitic 

1.391 I 1.481 I 1.486 I .095 I DARAPSK ITE 27° X = b MCL 010 perf Cols H 2-3 Sol in H20. Poly tw 
Na 3(s04)(N03)·H20 r > v Z:c-;- 12° 100 G 2.20 100. 

rather str el-cl v pos F 1-2 

1.380 I 1.482 I 1.573 I .193 I KALIC INITE 81° y = b MCL 100, 001, White G 2.16 Sol in H2o. 
KHC03 ( 832:_ 1°) X:c ~ 30° el b 101 F easy 

1.462 I 1.482 I 1.495 I .033 IAUBERTITE 710 --- TCL 010 perf Azure- G 1.82 Sol in H2o. 
CuAl(S04)2Cl·14H20 r > v mod blue 

1.462 I 1.482 I 1.490 I .028 IMORAESITE 65° z = b MCL 010, 001 White G 1.81 Diss by acids. 
Be 2P04(0H)·4H20 Y:c ~ 11- acic good 

-23° 

1.470 I --- I 1.493 I .023 INICKEL-HEXAHYDRITE I --- IZ:~ = 45° MCL 010 perf IBl ue- I --- ISol in H2o. NiO 22.6, 
(Ni ,Mg,Fe)S04·6H20 crusts 100 green MgO 2.8, FeO 2.6%. Opt 

char unk. 

1.479 1.477 1.482 1.484 .007 PICKER INGITE Med y = b MCL 010 poor Col s to H 2-2.5 Sol in H 0, taste 
,......, (Halotrichite grp) z :c -;- 30° fib fr conch yell OW G 1.8 astringeht. In closed v 

1.488 MgA1 2(S04)4·22H20 infus tube melts in H20 of 
crystn. 

~ 
1--1. 1.469 1.482 1.490 .021 REVDITE 75° Y:c = 0- TCL 100,010 Col s H 2 Sol in H2o, gives an 
1--1. -- Na 2s; 2o5·5H20 -100 perf G 1.94 alk soln. 

v 
1

1.478 
1

1.482 
1

1.482 I .004 IAPJOHNITE Small y = b MCL --- White, H 1.5 Sol in H 0. In 
1.488 (Halotrichite grp) Z:c ~ 29° fib c silky G 1. 78 closed tfibe melts in 

(Mn,Mg)Al 2(so4)4·22H2o infus H20 of crystn. 

1.477 I 1.483 I 1.489 I .012 IBIEBERITE 88° y = b MCL 001 perf Rose- to H 2 Sol in H20. Loses 
CoS04·7H20 disp wk. z :c -:: 30° 110 fair carmine- G 1.95 H2o on exposure. 

red i nfus 

1.479 11.481 1 1.484 I 1.486 I .oo5 I CLI NOPTI LOL ITE I large r·_l!_(?) MCL 010 perf Col s H 3.5-4 Dec by HCl. 
A (Zeolite grp) r < v str Z:a = 15° G 2.2 

(Na,K,Ca) 2_3Al 3 el-pos (?) F 2 

(Al ,Si) 2s; 13o36 ·12H20 

1.442 I 1.485 I 1.490 I .048 I HUNGCHAOITE 36° --- TCL I --- lwhi te I --- IDiss by acids. 
MgB 405(0H) 4·7H20 ps hex 

1.479 I 1.485 I 1.489 I .010 IBARRERITE --- X = a ORTH I --- 'Col s IG 2.13 !Sodium analogue of 
(Zeolite grp) y = b fus Ste 11 erite. 
(Na,K,Ca) 2Al 2s; 7o18• 
6-7H20 

1.477 I 1.485 I 1.486 I .009 IPHOSPHORROESSLERITE 138" IX = b IMCL I Conch ICol s to IH 2.5 IDiss by acids. 
MgHP04•7H 20 r > v Z:~-;- 7o yell OW G 1.73 

infus 
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Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Biref and formula 
a ~ y 

--- 1.485 --- low MAGADI ITE 
NaSi 7o13{0H) 3·3H20 

v 1.483 1.486 1.487 .004 BLOEDITE 
1.507 Na 2Mg{S04)2·4H20 

v 1.484 1.486 1.487 .003 PHILLIPSITE 
1.509 ( Zeo 1 i te g rp) 

{K,Ca ,Na) 1_2{Al ,Si) 8 o16 ·6H20 

1.483 1.487 1.490 .007 LEONITE 
K2Mg{S04)2·4H20 

1.480 --- 1.487 --- .002 ANALCIME 
......., (Zeolite grp) 

1.493 NaAl Si 2o6·H20 

1.482 1.480 1.488 1.490 .010 HALOTR I CH ITE 
1\ FeA1 2(s04)4•22H20 

1.486 1.488 1.489 .003 VANTHOFFITE 
Na 6Mg(S04)4 

......., 1.484 (1.488) 1.490 .006 CHABAZITE v 
1.493 (Zeolite grp) 

(Ca,Na)Al 2Si 4o12 ·6H20 

1.448 1.489 1.493 .045 BURKEITE 
Na 6 ( C03)( SO 4) 2 

1.473 {1.489) 1.490 .017 Unnamed Na-Mg-U 
sulfate-borate 

v 1.482 1.489 1.496 .014 STILBITE 
1.502 {Zeolite grp) 

NaCa 2Al 5Si 13o36 ·14H20 

2V 
X 

{2Vx calc) 
disp 

---

no 
r < v str 

Med 
r > v 

~ goo 
r < v 

Very small 

Med 

83° 
r < v wk 

60-70° 

34° 
r > v dist 

17-27° 

43° 
( 90.:t_l7°) 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

el pos MCL --- White --- Dec by acids. Opt 
sign unk. 

y = b MCL Conch Cols H 2.5-3 Sol in H2o. 
X:c -;- 37° tab 001 G 2.25 

F 1.5 

--- MCL 010, 100 Cols H 4-4.5 Gel with acids. 
good G 2.2 Penet tw. 

F 3 

y = b MCL Conch Cols H 2.5-3 Sol in H2o. Poly tw. 
z ~a G 2.20 

F easy 

--- CUB 100 Cols H 4-4.5 Dec by HCl. Tw 
trape- imperf G 2.25 grating. 
zohe- F 3.5 
dral 

y = b MCL 010 poor White, H 2 Sol in H 0. Taste 
Z:c -;- 38° fib c fr conch si 1 ky G 1.89 astringe~t. 

F 4.5-5 

--- MCL --- Cols H 3.5 Sol in H20. 
G 2.69 
F 3 

--- TRIG 10T1 White, H 4 Dec by HCl • Tw 
poor reddish G 2.05- 10T1, 0001. 

2.10 
F 3 

X = c ORTH Conch White H 3.5 Sol in H2o. 
z = b G 2.57 

F 1.5 

ext 28° TCL --- Pale --- Tw. Fluor bright 
yell ow yellow-green in UV. 

Am. Mineral.,~' 1261 
{1977). 

y = b MCL 010 perf White, H 4 Dec by HCl. Tw 001 
X:a -; 2-9° acic a pink, G 2.15 cruciform, penet. 

yellow F 3 Var with high Na. 



1.485 I 1.490 I 1.494 I .009 I AMI CITE 82° --- MCL I --- 'Col s r soft {Zeolite grp) radi- G 2.06-
K2Na 2Al 4Si 4o16 ·5H20 ating 2.23 

1.454 I 1.491 I 1.500 I .046 I BAYLEYITE 30° z = b MCL I --- 'Sulfur- IG 2.05 'Sol in H 0. Pleoc wk, 
Mg 2(U0 2)2{C03)3·18H20 {51.:!:_6°) X:c -;- 8- yellow X pinkis~, Y and Z pale 

15° greenish-yellow. Fluor 
yellow-green in UV. 

v 11.482,1.492,1.4931 .011 I PENTAHYDRITE lw lx - ~ ITCL I --- I col s IG 1. 77 lsol in H~O. Data for 
1.512 {Chalcanthite grp) r < v i nfus synth co pd. 

MgS04·5H20 

1.472 I --- I 1. 502 I • 030 I INDIGIRITE --- el pos fib --- Snow- H 2 IDiss by acids. 
MgAl{C03)2(0H)·7.5H20 white G 1.6 

1.470 11.470 11.493 11.500 1 .030 I MORE NOS ITE 42° X = b ORTH 010 dist Apple- H 2-2.5 lsol in H2o. 
1\ (Epsomite grp) r > v wk z =a acic c green G 1. 95 

NiS04·7H 2o i nfus 

( 1.488) 11.487 1 1.493 I 1.495 I .oo8 'CHABAZITE 60° --- TRIG lOll poor White, H 4 IDee by HCl. Tw lOll, 
1\ ( Zeo 1 it e g rp) reddish G 2.08 0001. 

(Ca,Na)Al 2Si 4D12 ·6H 2D F 3 

1.416 I 1.494 ! 1. 542 I .126 !TRONA 75° X = b MCL 100 perf White H 2.5-3 !Sol in H2o, gives an 
Na 3(c03)(HC03)·2H20 r < v st r Z:c-;- 83° el b lOT G 2.15 alk soln. 

F 3 
~ 
~ 

I 1.465 I 1.494 I 1.495 I .030 IBIANCHITE CIJ 10-20° y = b MCL --- White to H 2.5 Sol in H2o. Tw 001. 
(Zn,Fe,Mg)S04·6H 20 r > v wk X:c -;- -26° pale G 2.03 ZnO 20.0, FeD 8.8%. 

green infus 

1.476 1(1.494)11.4961 .020 !unnamed Na-Mg-U ~ 30° --- --- --- Yellow --- Fluor bright yellow-
sulfate-borate green in UV. Pl eoc. 

X cols. Z yellowish. 
Am. Mineral., g. 1261 
(1977). 

1.486 I 1.494 I 1.496 I .010 I STELLER ITE 38-48° X = a ORTH 010 perf Col s to H 3.5-4 IDee by HCl. Not tw. 
(Zeolite grp) y = c flesh-red G 2.14 
CaA1 2Si 7o18• 7H 2D el cTv neg F easy 

1.468 I --- I 1.498 I .030 IFERROHEXAHYDRITE --- --- MCL --- Cols --- ISol in H20. Opt sign 
Fe SO 4 • 6H 20 fib unk, put here by 

analogy to related 
minerals. 

1.471 I 1.496 I 1.497 I .026 I MOORHOUSE ITE 110-30° I y = E. IMCL I Conch I Pink IH 2. 5 Sol in H2o. Pleoc, 
(Co,Ni ,Mn)S04•6H 20 mass G 1.97 abs X > Z. Data on i nfus synth CoS04·6H20. 

1.465 I 1.498 I 1.504 I .039 IN I TROCALC ITE 15oo IX 1 clv IMCL I One perf I Col s I Soft Sol in H20, hygro-
Ca{N03)2·4H 20 disp wk el clv pos pris G 1.90 scopic. Data on synth 

F easy compd. 
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Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries BireJ and formula 
a. ~ y 

1.4g5 1.4g8 1.502 .007 GOOSECREEKITE 
(Zeolite grp) 
CaA1 2Si 6o16·5H20 

1.4go 1.4g8 1.501 .011 HYDROGLAUBER ITE 
Na 4ca ( S04) 3 • 2H20 

1.4g3 1.4gg 1.503 .010 YUGAWARAL ITE 
(Zeolite grp) 
CaA1 2Si 6o16·4H20 

1.4gg 1.500 1.501 .002 MERLINOITE 
(Zeolite grp) 
(K,Ca,Na) 7si 23Alg064 • 
23H20 

1.442 (1.500) 1.504 .062 ADMONTITE 
Mg 2B12o20 ·15H20 

--- 1.500 --- wk BILINITE 
(Halotrichite grp) 

+2 +3 Fe Fe 2(s04)4•22H20 

1.442 ( 1. 500) 1.504 .062 Unnamed magnesium 
borate 

1.377 1.501 1.583 .206 NAHCOLITE 
NaHC03 

1.4go --- 1.502 .012 BEARSITE 
Be2As04(0H)•4H20 

1.4g8 (1.501) 1.502 .004 WAIRAKITE 
(Zeolite grp) 
CaA1 2Si 4o12 ·2H20 

1.48g 1.4g4 1.502 1.507 .013 STILBITE 
1\ (Zeolite grp) 

NaCa 2Al 5Si 13o36 •14H20 

1.414 1.503 1.527 .113 NESQUEHONITE -- Mg(HC03)(0H)•2H20 

2Vx 
(2Vx calc) 

disp 

82° 

60° 

65-71° 
r < v 

56° 
r > v 

30° 
r < v 

---

- 30° 
r < v 

75° 
(72+1°) 
r >-v wk 

---

75° 
r > v 

30-50° 
( 76.!_18°) 

53° 
r < v wk 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

y = b MCL 010 perf Cols H 4.5 Insol in HCl. 
Z:c -;; 46° G 2.21 

Z:c = 3.5° MCL 010 White G 2.40 Dec by H2o, diss by 
el-pos acic HCl. 

z = b MCL Parting Cols H 4.5 Insol in acids. 
X:c -;;- _go 010 G 2.23 

X = b ORTH --- White G 2.14- ---z=a 2.27 
el pos 

X:c = 45° MCL Conch Cols H 2-3 ---
tab 100 G 1.82 

ext 35-3go MCL --- White to H 2 Di ss in H20. 
radi- yellowish G 1.88 
ating, 
fib 

--- ORTH --- Cols --- Am. Mineral., g, 1261 
(1g77). 

y = b MCL 101 perf White H 2.5 Sol in H2o, gives an 
X:c -;; 27° pri s 111 good G 2.21 al k sol n. 

F 1 

Z:c = go MCL --- White G 2.2 ---
fib 

X- b MCL --- White H 5.5-6 Gel with acids. U biax 
z- c G 2.26 pos. 

F 2.5 

y = b MCL 010 perf White, H 4 Dec by HCl. Tw 001, 
X:a -;;- 2-go acic a pink, G 2.15 cruciform, penet. 

yellow F 3 

X = a ORTH 110 perf Cols H 2.5 Diss by cold acids 
z=o el c 001 poor G 1.85 with eff. 

infus 



1.455 I 1.503 I 1.549 I .094 I HELLYER ITE 85° --- --- One perf Light H 2.5 IDiss by acids with eff. 
NiC03·6H2o 2 good blue G 1.97 Faintly pleoc. 

infus 

v 
1

1.472 I 1.503 
1

1.526 I .054 IAKSAITE 80° X = c ORTH 100, 101 Cols, H 2.5 IDiss by acids. 
1.508 MgB6o10 • 5H 2o Z=b gray G 2.0 

1.498 I 1.503 I 1.506 I .008 IHARMOTOME 75-82° z = b MCL 010 good Cols r 4.5 'Dec by HCl • Tw 
(leo 1 i te g rp) Y:c ~ 28° 001 fair G 2.44 cruciform, penet on 
(Ba ,K) 1_2(Si ,Al )8o16• F 3.5 001. 
6H 20 

1.426 1(1.504)1 1.sos I .os2 !unnamed carbonate of - 25° X = el ORTH --- Pale rose --- Am. Mineral., ~, 139 
K, Ca (1973). 

1. 332 I 1. 504 I 1. 504 I .172 I NITER 5-7° X = c ORTH 011 perf Cols H 2 Sol in H2o. 
KN0 3 r < v wk z = b 010 good G 2.11 

110 poor F 1 

1.492 I 1.505 I 1.517 I .025 I INYOITE 180° y = b MCL 001 good Cols H 2.5-3 I So 1 in hot H2o. 
Ca 2s6o11 •13H 20 r < v wk X:c ~ 36° tab 100 010 G 2.13 

F 2 

1.494 I 1.505 I 1.516 I .022 I KAINITE 85° y = b MCL 001 perf Cols H 2.5-3 lsol in H2o. 
MgS04·KC1•3H20 r > v wk Z:c ~ 13° tab 001 110 di st G 2.13 

F 2 
~ 

11.34411.506 11.506 1 .162 I NITROMAGNESITE ~ so --- MCL 110 perf Col s G 1.58 Sol in H2o, taste 
Ol Mg(N03)2·6H20 r < v perc pris bitter. 

1.420 I 1.506 I 1.524 I .104 ITHERMONATR ITE 48° X = b ORTH 100 diff White H 1-1.5 Sol in H2o, gives an 
Na 2co3·H20 r < v wk z =a flat- G 2.26 alk soln. 

tened F 1.5 
001 or 
010 

1.470 I 1.506 I 1.527 I .057 I EZCURR ITE 173° I --- ITCL 1110, 010 Cols H 3-3.5 lsol in H2o. 
Na 4B10017 ·7H20 r > v good G 2.1 

100, T26 F easy 
fair 

v 

1

1.498 
1

1.506 
1

1.508 I .010 I SEPIOLITE 1500 I Z = el IORTH ~--- White to H 2 Dec by HCl with sepn 
1.525 Mg 4Si 6o15 (0H) 2·6H20 fib yellow G 2.3 of silica. 

i nfus 

1.486 ,1.504,1.507,1.5091 .005 IN1CKELBLOED1TE 160-70' y = b MCL --- Light G 2.3 Sol in H2o. Ni 8.8, 
A Na 2{Ni ,Mg)(S04)2·4H20 v green Mg 3.0, Cu 0.6, Co 

1.518 0.3%. 

1.503 
1

1.473 I 1.508 
1

1.s2s I .os5 IAKSAITE I, 73_:4° > X = c ORTH 100, 101 Cols, H 2.5 Diss by acids. 
A MgB6010 ·5H20 z = b gray G 2.0 
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Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Biref and formula 
a. f y 

1.486 1.505 1.509 1.511 .006 PHILLIPSITE 
" (Zeolite grp) L......J 

(K,Ca,Na) 1_2(Al,Si )8 o16 ·6H20 

" 
1.505 1.509 1.509 .004 COWLESITE 

1. 515 (Zeolite grp) 
CaA1 2si 3o10 ·5-6H20 

1.470 1.510 1.579 .109 STRONTIOBOR ITE 
SrB8011 (OH} 4 

1.465 1.51 1.540 .075 SWARTZITE 
CaMg(U02)(C03)3• 
12H20 

1.490 1.510 1.524 .034 KURNAKOVITE 
MgB 3o3(0H) 5·SH20 

v 1.479 1.510 1.511 .032 SAPONITE 
1.531 (Smectite grp) 

(Na,Ca) 0•33Mg 3(Al ,Si) 4 
a10( OH) 2 • 4H 20 

v 1.492 1.510 1.522 .030 URANOSPATHITE 
1.538 HAl(U02)4(P04)4• 

40H 20 

1.498 1. 510 1. 517 .019 JOKOKUITE 
MnS04·5H20 

1.496 --- 1. 512 .016 Unnamed Na-Mg-U-
borate-sulfate A 

1.500 1.511 1.513 .013 EPISTILB ITE 
(Zeolite grp) 
CaA1 2s; 6o16·5H20 

2V 
X 

(2Vx calc} 
disp 

Med 
r > v 

30° 

80-100° 
(102_::2°} 

(40°) 

80° 
r > v 

20-30° 

69-76° 
r > v 

70-80° 

Small 

40° 
r > v str 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

--- MCL 010, 100 Cols H 4-4.5 Gel with acids. Penet 
good G 2.2 tw. 

F 3 

X = a ORTH 010 perf Col s, H 5-5.5 ---
Y=b bladed white G 2.13 
el pos 

--- MCL --- Cols G 2.81 Diss by acids. 
plates 

--- MCL --- Green G 2.3 Diss by acids. Pleoc, 
pri s X cols, Y and Z green. 

Fluor bright green in 
uv. 

y - b TCL 0.!_0 perf Col s H 3 Diss by acids. 
Z:c-;- -22° 110 good G 1.86 

F 2 

X 1 001 MCL 001 perf White, H 1-2 Dec by acids. 
el pos scales waxy G 2.2 

F diff 

X = c ORTH 001 perf Yell ow H 2-2.5 Diss by acids. Pl eoc, 
y = b plates 100, 010 to pale G 2.50 X pale yellow, Y and Z 

good green yellow. Fluor wk 
yellow-green in UV. 

--- TCL No clv Pale pink H 2.5 Sol in H2o. 
G 2.03 

--- --- --- Ye 11 ow --- Dec by H 0. Pleoc, X 
cols, Z ~ellow. Fluor 
bright yellow-green in 
uv. Am. Mineral., g, 
1261 ( 1977). 

y = b MCL 010 perf Cols H 4 Dec by acids. 
Z:c -;- 9° el c G 2.25 

F 3 



1.508 I 1.511 I 1.512 I .004 I GARRONITE ,0-30° I --- IORTH 12 poor ICols IH 4.5 
{Zeolite grp) ps tet at 90° G 2.15 
Na 2ca 5Al 12si 20o64 • 
27H 20 

v 11.483 1. 512 1.530 .047 INDERBOR ITE no z = b MCL 100 good Cols H 3.5 loiss by acids. 
1.521 CaMg[B 3o3(0H) 5] 2·6H 20 X:c -;- 2° fr conch G 2.00 

fus 

1.494 1. 512 1.524 .030 NAS INITE 67° y = b MCL --- Cols F 1. 5 Sol in H2o. 
Na 2s5o8{0H} • 2H 20 {78~_7°) Z:a -;- 7° 

1.492 11.495 1.512 1.518 .023 PENTAHYDR ITE 55° X - b TCL --- Blue G 2.01 Sol in H20. CuO 9.0, 
" (Chalcanthite grp) r < v i nfus ZnO 5.6, FeO 1.4%. v 

(1.526) (Mg,Cu}S04·5H20 

v 11.494 1. 512 1. 512 .018 MONTMORILLONITE Small y = b MCL 001 perf Col s, IH 1-2 loec by acids. 
1.534 (Smectite grp) X- c u mass gray, G 2.3 

( Na , Ca) O. 33 (A 1 , Mg, Fe) 2 green 

Si 4o10 (0H) 2·xH20 

1.497 I 1.512 I 1.513 I .016 I META-ALUMINITE Small z = b ( ?) MCL I --- I White I G 1. 85 
Al 2so4(0H) 4·5H 20 Y:el-= 43° 1 aths 

v 

1
~. 504 1. 512 1. 516 .012 LAUMONTITE 44° y = b ~1CL 1010, 110 !White IH 3.5-4 IGel with acids. H20 

1.524 var Leonhardite (70.!_19°) Z:c-;- 30° good G 2.3 12.8%. 
~ (Zeolite grp) r < v str - F 2. 5-3 1-" 
-::J CaA1 2Si 4o12 ·4H 20 

v I 1. s12 1. 514 1.515 .003 OKENITE I large lz - £ ITCL 010 perf White H 5 IGel with acids. 
1. 535 CaSi 204(0H) 2·H 20 fib £ G 2.3 

F 2.5 

1. 514 I --- I --- IKlNGI!!:. --- I --- TCL {?) I --- White G 2.2-2.3 lopt char unk. 
Al 3(P04)2(0H,F) 3·9H20 mass 

I I I I NACAPHITE 
I 

loiss by HCl. 1. 5o8 I 1. 51s 1. s2o I . 012 80° --- ORTH Conch Cols H 3 
Na 2Ca ( P04} F r > v wk G 2.85 

1.445 I 1.515 I 1.523 I .078 I GAYLUSS ITE 35° X = b MCL 110 perf Cols H 2.5-3 IDee by H20, diss by 
Na 2ca ( C0 3) 2 • 5H 20 r < v str Z:c -;- -15° el a 001 diff G 1.99 acids with eff. crossed disp str F 1. 5 

1. 509 11.51z 1 1.s1s 1 1.517 1 .oo5 !COWLESITE 44-53° X = a ORTH 010 perf Cols, H 5-5.5 
" (Zeolite grp) y = b bladed white G 2.13 

CaA1 2Si 3o10·5-6H 20 el pos 

1.501 I 1.516 I 1.525 I .024 I LETOVICITE 75° z = b MCL 001 dist Cols G 1.83 Sol in H2o. Tw lam. 
(NH4}3H{S0 4)2 Y:c -;- -12° tab 001 volat 

v 
1

1.512 I 1.516 
1

1.518
1 

.006 IGISMONDINE Large y = b MCL --- Cols H 4.5 Gel with acids. Tw. 
1.528 {Zeolite grp) r < v wk Z:c -;- 42° ps tet G 2.2 

(Ca,Na)Al 2Si 208•4H 20 fus 
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Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Bi.ref and formula 
a ~ y 

1.513 1.516 1.518 .005 LOVDARITE 
(Na,K,Ca) 2(Be,Al)Si 3 08·2H20 

1.501 1.517 1.518 .017 SYNGENITE 
K2Ca(S04)2·H20 

1.507 1.517 1.521 .014 NATROS IL ITE 
Na 2Si 205 

1.508 1.518 1.522 .014 ILESITE 
(Mn,Zn,Fe)S04•4H 20 

,....., 1.512 1.518 1.519 .007 SCOLECITE ,___, 
(Zeolite grp) 
CaA1 2Si 3o10 ·3H20 

1.507 1. 513 1.518 1.520 .007 NICKELBLOEDITE 
A Na 2Ni(S04)2•4H20 

1.433 l.Slg 1.528 .095 WEGSCHE IDER ITE 
Na 5 ( C03)( HC03) 3 

1. 51 --- 1.52 --- .005- BASALUMINITE ,....., 
.01 Al 4so4(0H) 10 ·5H20 ,___, 

1.53 

--- 1.52 --- wk CHLOROCALCITE -- KCaC1 3 

1. 512 1.4g6 1.521 1.53g- .043- I NDERBOR ITE 
A -- 1.544 .048 CaMg[B303(0H) 5]2·6H20 

1. 510 1.521 1.523 .013 BIKITAITE 
LiA1Si 206·H20 

1.504 1.522 1.53g .035 HANNAYITE 
(NH4)2H4Mg 3{P04)4•8H20 

2V 
X 

(2Vx calc) 
disp 

- goo 

28° 
r < v str 

55° 
r < v 

Med 

35° 
r < v str 

60-70° 

(34.:t_4°) 

---

---

80-86° 

45° 
r < v 

- goo 
r < v wk 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

--- ORTH 100, 010, Cols to H 6.5 Insol in acids. 
pri s 001 yellowish G 2.33 

F 3.5 

z = b MCL 110, 100 White H 2.5 Dec by H20, diss by 
X:c -;;- -2° laths perf G 2.60 acids. Tw pl 100 el-neg el c 010 F 1.5-2 common. 

y - c MCL 100 perf Cols G 2.48 Dec by acids. An om 
ps hex 001 dist F 2 blue interf colors. 
thick 011 poor 
tab 

y = b MCL --- Clear G 2.25 Sol in H~O. Data on 
Z:c -;;- 5° tab 100 green synth co pd. 

z = b MCL 110 perf White H 5 Gel with acids. Tw 
X:c -;;- 18° el c G 2.27 100 common 
el-neg F 2 

y = b MCL --- Light G 2.43 Sol in H20. Ni 13.3, 
green MgO 1.0, FeO o.g%. 

--- TCL --- Cols G 2.34 Sol in H20, gives an 
F easy alk soln. 

el neg Mass Conch White G 2.1 Diss by HCl. Opt char 
compact unk. 

--- ORTH Three cl v Cols H 2.5-3 Sol in H20, deliq. 
(?) Poly tw. Validity 
ps cub dubious. 

z = b MCL 100 good Cols H 3.5 Diss by acids. 
X:c -;;- 2.5° fr conch G 2.00 

fus 

z = b MCL 001, 100 Cols H 6 ---
X:c -;- 28° poor G 2.30 

--- TCL lTl com- Col s to G 2.03 Diss by acids. Data 
tab 100 plete yellowish fus on synth compd. 

TOO, OTO 
poor 



1.518 J 1.522 I 1.524 I .006 IMICROCLINE r0-70' r· '.! on 
TCL 001 perf White, H 6 Insol in acids. Poly 

(Feldspar grp) r > v 001 = 0- 010 good pink, G 2.56 grating tw on 010 and 
KA1Si 3o8 10° green F 4 100. 

010 = 5° 

v 
1

1.519 
1

1.522 
1

1.524 I .oo5 I ANORTHOCLASE r· r=· on 
TCL 001 perf White, H 6 Insol in acids. Tw 

1.539 (Feldspar grp) r > v wk 001-= 0-3° 010 good cols G 2.57 pl 010, 100, giving 
(K,Na)A1Si 308 010 = 8-9° F 4 very fine grating. 

K20 3.7, Na 2o 8.4, 
CaO 0.7%. (K 0 and 
Na 2o i ntercha~ged?) 

1.504 I 1.523 I 1.531 I .027 IIVANOVITE 158-72° 
Chloride-borate of Ca r < v 

IX = ~ IMCL 1010 good 1 ---
Z:c = 20- ps hex 

-26° 

IH 2-3 
G 1.96 

!Sol in H2o. 

el clv pos 

(1.492)1(1.524)j 1.526 j(.034) JSWINEFORDITE 129-45' r-_c;_ MCL --- Greenish- H .... 1 Pleoc wk, Y nearly 
(Smectite grp) Y = a mass gray to cols, Z pale yellow-
(Li ,Ca ,Na )(Al ,L i ,Mg) 4 olive brown. 
(Si,Al) 8o20 (0H,F) 4 

1.518 I 1.524 I 1.530 I .012 I MACDONALD ITE 190' IX :c IORTH 1010 perf ICols, IH 3.5-4 !Dec by boiling HCl. 
BaCa4si 16o36 (0H) 2• v=o ac1c 001 good white G 2.27 

10H20 F 5.5 

~ 1.512 11.51311.52411.525 1 .012 I LAUMONTITE 25° y = b MCL 010, 110 White H 3.5-4 !Gel with acids. ~ 
c.o " (Zeolite grp) r < v str Z:c ~ 20- good G 2.3 

CaA1 2Si 4o12 ·4H20 -30° F 2.5-3 

1.522 ,1.519,1.524,1.5251 .006 'ORTHOCLASE 46° Y or Z = b MCL 001 perf Col s, H 6 Insol in acids. Tw ,.., (Feldspar grp) r > v wk X:a = 3-- 010 good flesh, G 2.57 axis c comp pl 010, v 
1.544 KAl Si 3o8 

-12° pink, F 4 others less common. 
r < v etc 

,.., 
1

1.520 
1

1.525 
1

1.525 I .005 ISANIDINE 1240 IX':_! on MCL 001 perf White, H 6 Insol in acids. v 
1.529 (Feldspar grp) 010 = 6° 010 good cols G 2.56 

(K,Na}A1Si 308 

1.510 I 1.525 I 1.536 I .026 IURALOL1TE 1(80+9') IZ' :el = IHCL 11 el ICols, IH 2.5 
CaBe3(P04)2(0H) 2·4H20 - 20° fib indist white G 2.1 

aggre-
gates 
and 
needles 

1. 518 I --- I 1.530 I .012 I TACHARANITE --- X:fib = 0° MCL lam good lcols IG 2.36 lopt char unk. 
Ca 12A1 2Si 18o51 ·18H2o fib 

1.506 11.51611.52511.5261 .010 I SEPIOLITE Med --- ORTH , ___ 
'White IH 2 

IDee by HCl with sepn of 
" Mg4Si 6o15(0H} 2·6H20 fib G 2.3 silica. Fe2o3 2.5%. v 

1.553 infus 
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Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Bi ref and formula 
a. ~ y 

1. 512 1.513 (1.526) 1.534 .021 SIDEROTIL 
" (Chalcanthite grp) v 

1.537 (Fe,Cu)S04•5H 20 

v 1.521 1.526 1.528 .007 CORDIERITE 
1.535 Mg 2Al 4Si 5o18 

1.452 1.527 1.538 .086 STENONITE 
(Sr,Ba,Na) 2Al(C03)F5 

1.429 1.528 1.538 .109 AMEGHINITE 
NaB 3o3(0H) 4 

1. 516 1.522 1.528 1.530 .008 GISMONDINE 
" (Zeolite grp) v 

1.543 (Ca,Na)Al 2Si 208·4H20 

1.525 1.523 1.529 1.530 .007 SANIDINE 
" (Feldspar grp) v 

1.534 (Na ,K)Al Si 3o8 
1.365 1.530 1.595 .265 GLUSHINSKITE 

(an oxalate) 
MgC 204•2H 20 

v 1.518 1.530 1. 542 .024 MINASRAGRITE 
1.536 VO(S04)•5H20 

v 1.522 1.530 1.533 .011 PALYGORSKITE 
1.546 MgA1Si 4o10(0H)•4H20 

1.522 1.530 1.531 .009 FEDORITE 
(Na,K)Ca(Si ,Al )4 (O,OH) 10 ·1.5H2D 

1.510 1.490 1.531 1.534 .044 SAPONITE 
" (Smectite grp) v 

1.565 (Ca,Na) 0•33 (Mg,Fe) 3 
(Si,Al) 4o10(0H) 2•4H20 

1. 522 ( 1. 531) 1.536 .014 BOYLEITE 
(Zn,Mg)S04•4H20 

2Vx 
. (2V x ca 1 c) 

disp 

60° 

64° 

43° 

33° 
r < v 

15-90° 
r < v wk 

33° 

( 58~1 °) 

Med large 
(89~9°) 

61° 

32° 
r < v 

Med 
(30~8°) 

70° 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

--- TCL --- Pale H 2-3 Sol in H2o. 
green to G 2.1-2.2 
blue 

X = c ORTH 010 fair Cols H 7 Partly dec by acids. 
y = b ps hex G 2.51 Data for synth compd. 

F 5.5 

X = b MCL 001, 120 Col s, H 3.5 Diss by acids. 
Z:c -;; -32° white G 3.86 

z = b MCL 100 good Cols H 2.5 Sol in H~O. Fluor 
X:c -;;- 9° 010, 001 G 2.03 pale blu in UV. 

poor F easy 

y = b MCL --- Cols H 4.5 Gel with acids. Tw pl 
Z:c -;- 42° ps tet G 2.22 110, 001. 

F 3 

--- MCL 001 perf Cols H 6 Insol in acids. 
010 good G 2.56 

--- MCL --- --- H 2 Diss by HCl. 
G 1.85 
infus 

X = b MCL --- Blue G 2.03 Sol in H 0. Pleoc 
z- c pri s F easy str, X d~ep blue, Y 

blue, Z nearly cols, 
abs X > Y > Z. 

--- ORTH --- White G 2.13 - Insol in acids. 
fib 2.27 

infus 

X - c TCL 001 perf Col s to G 2.58 Insol in acids. 
y- b pale red F easy 

X 1 001 MCL 001 perf White, H 1.2 Dec by acids. 
z = el plates pink, G 2.3 

gray, F diff 
green 

--- MCL Uneven White G 2.41 Sol in H2o. 
infus 



1.524 I 1.532 I 1.536 I .012 I KOKTAITE no y = 2° b IMCL I --- 1Cols IG 2.09 IDee by H2o, diss by 
{NH 4}2Ca(S04)2·H20 Z:c = 2"7j acic acids. Tw 100. el-pos 

1.52911.532,1.5331 .004 I DELHAYEL ITE - goo X = a IORTH 1010 di st ICols r -4 IDiss by acids. Wavy 
(Na,K} 10ca 5Al 6Si 32o80 v=c platy G 2.60 ext, anomal blue-gray 
{Cl ,F,S04)3·18H20 F 3 I b. 

1.511 I 1.533 I 1.535 I .o24 I NYEREREITE 1290 IX = ~ IORTH I --- ICols IG 2.54 IDiss by acids with eff. 
{Na,K} 2Ca{C03)2 Y = a tab fus Tw. 

1.515 I 1.533 I 1.535 I .o2o I SEARLESITE Med z = b MCL 100 perf White Soft IDiss by acids. 
NaBSi 205{0H} 2 X:c -;;- 30° pris G 2.45 

F easy 

1.529 1.488 1.534 1.556 .068 ARTINITE 70° y = b MCL 100 perf White, H 2.5 IDiss by acids with eff. 
r-1 Mg 2co3{0H) 2·3H20 Z:c-;- 30° aci c, 001 good silky G 2.02 L......J 

1.535 radi-
ating, 
botry-
oidal 

1. 512 11.50311.53411.5341.031 I MONTMORILLONITE Small y = b MCL 1001 perf rhite, IH 1-2 IDee by acids. 
1\ {Smectite grp) X - I 001 ps hex gray, G 2.06-L......J 

{Na ,Ca) O. 33 (Al ,Mg ,Fe) 2 earthy pink 2.23 

I:\:> 
Si 4o10{0H) 2·xH20 

I:\:> 
~ 1. 529 1. 527 1.534 1.535 .008 ALBITE - 50° X' :a on TCL 001 perf Col s H 6 Insol in acids. Forms 

1\ plagioclase, volcanic 001-= 3° 010 good G 2.60 series with Anorthite v 
1.543 (Feldspar grp) 010 = 23° F 4 and Sanidine. Data for 

( Na ,Ca ,K)Al Si 308 end member 
Ab 100An 00r o· 

v 11.528 ( 1. 534) 1.536 .008 APLOWITE Med --- MCL --- Pink H 3 So 1 in H2o. 
( 1. 543) (Co,Mn,Ni}S04·4H 20 G 2.33 

i nfus 

1.410 1. 535 1. 543 .133 NATRITE 28° y - b MCL 001 perf --- H 3.5 jSol in H2o. Poly tw. 
Na 2co3 010, 100 G 2.54 

less so 

1.500 11.535 11.560 I .060 IMEYERHOFFERITE 78° Z' :c on TCL 010 perf Col s, H 2 IDiss by acids. 
Ca 2B6o11 • 7H 20 r > v perc 100-= 25° tab 100 white G 2.12 

010 = 60° F easy 

1.515 I 1.535 11.536 I .021 I GLAUBER ITE 70 z = b MCL 001 perf Gray, H 2.5-3 'Dec by hot H2o, diss 
Na 2ca (SO 4) 2 r > v str Y:a -;;- 12° tab 001 110 in- col s, G 2. 75- by acids. 

el-cl v pos di st yellow- 2.85 
brittle red F 1.5 

1.514 11. 530 11. 535 11. 540 1 • 010 I OKE~ITE I large lz- £ TCL 010 perf White H 5 IGel with acids. 
1\ Cas, 2o4(0H} 2·H20 fib c G 2.3 

F 2.5 



Table 7. Biaxial negative minerals (continued) 
--

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vx calc) orien- and or Color gravity, Remarks 

~ disp tat ion habit fracture and 
(l y fusibility 

1.531 1.535 1.541 .010 VERTUMNITE 62° X = c MCL Conch Cols H 5 Gel with acids. 
Ca 4Al 4Si 406(0H) 24 ·3H20 Z:b-;- 16° brittle G 2.15 

1.526 1.530 1.535 1.538 .008 CORDIERITE 84° X = c ORTH 010 fair Blue, H 7 Partly dec by acids. 
" (Mg,Fe) 2Al 4Si 508 y = b ps hex 001 poor green, G 2.59 Tw sectors, also lam. v 

1.546 cols F 5.5 Pleoc, X cols to pale 
yellow, Y pale to dark 
blue, Z pale blue. 
FeD 2.1%. 

1.423 1.536 1.554 .131 TESCHEMACHER ITE 49° X = a ORTH 110 perf Cols to H 1.5 Sol in H2o, eff with 
(NH4)HC03 ( 41~2°) v=o mass yellowish G 1.57 acids. 

r < v volat 

v 1.494 1.536 1.536 .042 BEIDELLITE 9-16° X = c MCL 001 perf White, G 2.0 Refractive indices 
1.561 (Montmorillonite grp) z=a earthy reddish, infus increase when immersed 

(Na,Ca) 0•33Al 2(Si ,Al) 4 el cTv pos gray in certain oils. 

~ 
o10(0H) 2•xH20 

1.530 1.513 1.536 1.545 .032 MINASRAGRITE Med X = b MCL --- Blue G 2.03 Sol in H2o. Pl eoc str, 
" VO(S04)•5H20 large z- c pri s F easy X deep blue, Y blue, 

Z nearly cols, abs X> 
y > z. 

1.527 1.536 1.541 .014 ROZENITE Large --- MCL --- Cols to G 2.20 Sol in H2o .. 
Fe SO 4 • 4H 20 r < v wk greenish 

--- --- 1.542 --- GLAUCOKERINITE --- Z = el Radi- --- Sky-blue H 1 Concentric color 
(Zn,Cu) 10Al 4so4 ating, G 2.15 banding. Opt char unk. 

(OH) 30 ·2H20 (?) fib 

L-J 
1.490 1.537 1.538 .048 SCHROECK INGER ITE 18° X = c TCL 001 Greenish- H 5 Diss by H 0. Fluor 

1.545 NaCa 3(u02)(C03)3(s04) Y=b ps hex yellow G 2.54 yellow-gr~en in UV. 
F·10H20 

(1.526) 1.501 ~ 1.539 .038 CHALCANTHITE 56° --- TCL 110 im- Dark blue H 2.5 Sol in H2o. 
" CuS04•5H20 r < v perc pris perf G 2.29 

fr conch 

1.455 1.538 1.545 .090 IKAITE - 45° y = b MCL --- Cols G 1. 77 Dec by acids. 
CaC03·6H20 (31+5°) Z:c -;- 17° 

disp 
inclined 



1.516 I 1.538 I 1.547 I .031 IKORSHUNOVSKITE 62° el neg TCL I --- 1 Col s IH - 2 ISol in dil acids. 
Mg 2Cl(OH) 3·3.SH20 pris G 1.80 

1.510 ~1.522)1 1.538 I 1.542 I (.020) IARSENURANOSPATHITE 52° X = c TET or 001 perf I Pale IH 2 'Sol in acids. Fluor wk 
A HAl(U02)4(As04)4·40H20 r > v el pos ORTH 100, 010 yellow G 2.54 in UV. 

ps tet good 

1.534 I 1.538 I 1.543 I .009 ICANASITE 'sao y = b MCL 2 perf 'Greenish-~G 2.71 IDee by acids. Poly 
(Na,K) 6ca5s; 12o30 at 118° yellow F easy tw. 
(OH,F) 4 

1.496 I 1.539 I 1.557 I .061 I B IRINGUCC ITE 63° y = b MCL 001, 100 !Cols I --- IDi ss in H2o. 
Na 4s10o16 (0H) 2·2H20 Z :a ~ 5° acic good 

1.522 11.s36 1 1.s39 1 1.s41 1 .oos !ANORTHOCLASE 62° ext on TCL 010, 001 White, H 6 Insol acids. Tw pl 
A (Feldspar grp) r > v wk 010 = 3° perf pink, etc G 2.62 010, 100, giving very 

(K,Na,Ca)AlSi 3o8 F 4 fine grating. Na 2o 
7.2, K20 3.3, CaO 3.7%. 

1.522 I 1.540 I 1.552 I .030 I SULFOBOR ITE 170-88° y = b ORTH 110 good Cols H 4-4.5 Diss by acids. 
Mg 3B2(so4)(0H) 10 x = a pris 001 fair G 2.42 

fus 

1.~41 pos,1.5361 1.541 ,1.5461 .010 I OLIGOCLASE - goo X' :a on TCL 001 perf White H 6 Insol in acids. Tw pl 
plagioclase, plutonic r < v wk 001-= 1° 010 good G 2.64 010 poly, almost 

1.546 (Feldspar grp) 010 = 7° F 4-5 universal. Data for 

1:\:) 

l1.s2a l1.s41 l1.s4s I .a2s 

(Na,Ca)(Al ,Si) 2Si 2o8 An18" 
1:\:) I LUENEBURGITE 62° MCL Pri s Cols to H 2 Diss by acids. ~ ---

Mg 3B2(P04)2(0H) 6·SH20 (47.:!:_15°) fib brownish G 2.05 
fus 

1.537 I 1.466 I 1.542 I 1.596 I .130 IDAWSONITE 177° X = a ORTH lllO perf Cols, H 3 IDiss by acids with eff. 
NaAlC03(0H) 2 r < v wk y = c bladed white G 2.44 

ac1c I infus 

1.528 I 1.542 I 1.549 I .021 IKOVDORSKITE 181° Z:c = 1-3° MCL jconch to Pale rose H 4 
Mg 10 (P04)4(C03)2(0H) 4• r > v wk el-pos uneven G 2.60 

9H20 

1.535 I 1.542 I 1.549 I .014 I FOSHALLAS ITE 12-18° --- MCL(?) 100 perf Snow- H 2.5-3 
Ca 3si 207·3H2o (90.:!:_16°) tab white G 2.5 

1. 528 11.538 1 1.543 1 1.548 1 .o1o IGISMONDINE 15-90° y = b MCL --- Col s, H 4.5 IGel with acids. Tw 
A (Zeolite grp) r < v wk Z:c-;: 42° ps tet white G 2.22 common, tw pl 110, 001. 

(Ca,Na)Al 2si 208·4H20 F 3 

1. 536 I --- I 1. 550 I • 014 I LOUDOUNITE --- --- fib I --- !Green to IH 5 !Sign unk. Ext wavy • 
NaCa 5zr4si 16o40 white G 2.48 

(OH)ll·8H20 

1.534 I ~. 538 I ~. 543 

1

1 • 546! • 008 I OLIGOCLASE 65° X' :a on TCL 001 perf White, H 6 Insol in acids. Tw pl 
A plagioclase, volcanic 001-= 3° 010 good cols G 2.63 010 poly. Data for v 

1. 552 {Feldspar grp) 010 = 4° F 4-5 An20" 
(Na,Ca)(Al ,Si) 2si 2o8 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2V calc) orien- and or Color gravity, Remarks 

.X tat ion habit fracture and a .§_ y disp fusibility 

(1. S34) 1. S33 ( 1. S43) 1.S46 .013 APLOWITE Med --- MCL --- Pink H 3 Sol in H2o. 
1\ (Co,Mn,Ni)S04·4H20 G 2.33 

i nfus 

1.S39 l.S43 1. S44 .oos EPIDIDYMITE 2-3° X = a ORTH 001 good Cols H S.S Insol in acids. 
NaBeSi 3o7(0H) Z=b 010 perf G 2.61 Mu 1t i p 1 e tw. 

F easy 

1. S22 1.S44 l.SS2 • 030 MUNDRAB ILLAITE (61_:9°) X = b --- --- Cols Soft Sol in H2o . 
(NH4)2Ca(HP04)2·H20 Y:c-;- 26° G 2.0S 

1. S33 1.S44 1.S48 .01S BEHOITE 82° Y = a ORTH Conch White H 4 Diss by acids. 
Be(OH) 2 r < v str z=c G 1.92 

l.S33 1.S44 1.S47 .014 PENTAGONITE sao X = b ORTH 010 good Greenish- H 3-4 Pleoc str, X and Z 
Ca(VO)Si 4o10·4H20 r > v str v =a blue G 2.33 col s, Y blue. 

l.S24 1.S42 1.S44 1. S46 .004 HYALOPHANE 7S 0 z = b MCL 010, 001 Cols, H 6 Insol in acids. BaO 

~ 
1\ (Feldspar grp) r > v X:a -;- -18° perf white G 2.79 6.9% (Cn 37 ). v 

1.S68 (K,Ba)Al (Si ,Al )3o8 F diff 

v l.S2S 1.S4S l.S4S .020 VERMICULITE - oo X 1 plates MCL 001 perf Greenish, H l.S Dec by HCl. Exfoliates 
1.S60 (Mg,Fe,Al )3(Si ,Al )4o10 brownish G 2.28 when heated. FeO 0.7, 

(OH) 2·4H20 F S Fe 2o3 4.2%. 

1. S33 1.S4S 1. S47 .014 MOOREITE sao X = b MCL 010 perf Cols, H 3 Diss by acids. 
(Mg,Zn,Mn) 8so4(0H) 14• r > v wk Z:c -;- 44° tab to white G 2.47 Mg:Zn:Mn = 4:2:1. 
3H 20 el-clv pos platy i nfus 

010 

1.S41 1.S41 1.S46 1.SSO .009 OLIGOCLASE - 78° x· :a on TCL 001 perf Cols, H 6 Insol in acids. Tw pl 
1\ plagioclase, plutonic 001-= 1° 010 good white G 2.6S 010, poly. Data for v 

1.SSO (Feldspar grp) 010 = 2° F 4-S An2S" 
(Na,Ca)(Al ,Si) 2s; 2o8 

1.487 1.S46 1.S60 .073 BRADLEYITE 49° X = b MCL Conch White, H 3.S Dec by H20, diss by -- Na 3Mg(P04)(C03) r < v Y:c -;- 7° flat- G 2. 72 gray acids with eff. tened 
001 

1.S07 1.S46 1. S69 .062 CARBOBOR ITE 7S 0 y = b MCL 100 perf Cols H 2 Fluor white in UV, pale 
Ca 2Mg(C03)B2(0H) 8·4H20 Z:c-;- 12° pris G 2.12 green phosphorescence. 

el-pos 

1.S30 1. S28 l.S46 1.S48 .020 PALYGORSKITE 30-3S0 --- ORTH --- White, G 2.4-2.S Insol in acids. 
1\ (Mg,Al ,Fe) 2Si 4o10(0H)· fib greenish i nfus Fe2o3 6.6%. v 

(-l.S7) 4H 20 



1.535 11.540 ,1.546,1.5481 .008 ICOROIERITE 168' IX = £ IORTH 1010 fair !Blue, IH 7 !Partly dec by acids. 
1\ (Mg,Fe) 2Al 4Si 5o18 y = b ps hex 001 poor green, G 2.61 Tw sectors, also lam. v 

1. 560 cols F 5.5 Pleoc, X pale yellow, Y 
dark blue, Z blue. FeO 
5.1, Fe 2o3 0.4%. 

1.438 I 1.547 I 1.595 I .157 I OXAMMITE 62° X=£ IORTH 1001 dist 'Cols to IH 2.5 JAn oxalate. Sol in 
(NH 4)2c2o4·H20 r < v dist Y =a acic c yellowish G 1.5 H20. 

el cTv pos - F volat 

1.537 I 1.547 11.549 I .012 I GYROLITE Small el clv pos HEX 0001 perf Cols H 3-4 IDee by acids. 
Ca 2Si 307(0H) 2·H20 G 2.40 

F diff 

v 11.522 1(1.548)1 1.549,.027 I PHLOGOPITE 14° y = b MCL 001 perf Cols H 2-2.5 Data for synth fluor-
1.564 (Mica grp) r < v el cTv pos ps hex G 2.88 phlogopite. (Pleoc, X 

KMg 3Si 3Al0 10 (F,OH) cols, Y = Z brown, abs 
X < Y < Z?) 

v I 1.5291 1.5481 1.5531 .o24 I LEPIDOLITE 39° Z • :cl v = MCL 001 perf Col s, H 2.5-4 Insol in acids. FeO 
1. 555 (Mica grp) (54+12°) 0-7° ps hex pink, G 2.81 0.1, Fe 2o3 0.2, MnO 

K(Li ,Al )3(Si ,Al )4o10 r >-v el cl v pos gray F 2.5 0.7, Li 20 5.6%. (F,OH) 2 

1. 522 I 1. 549 I 1. 549 I .027 I TRUSCOTTITE Small --- HEX One perf I White IG 2.47 IDee by HCl. 
(Ca,Mn) 14si 24o58 

t\:) 

11.51911.550 

(OH) 8·2H20 
t\:) 
Ol ,.., 1.559 .040 "RECTOR!TE" ~0-39' I --- IMCL I 001 I White IH 1-2 llnterstratified 

Na(Mg,Al )2(Si ,Al )4o10 (56.2:_7°) G 2.2 Pyrophyll ite-

1. 520 I 
(OH) 2·2H 20 i nfus Vermiculite. 

--- 1.558 .038 CHELKAR ITE I --- I --- ORTH 1 Perf Col s to IG 2.21 jOpt char unk. 

I I. 530 I (1.550) 11.551 1.02! 

CaMgB 2o4cl 2·7H 20 (?) pris ! 1 el pale rosel 
,.., SAUCONITE 0-20° X l clv MCL 001 perf White, H 1.5-2 IDee by acids. ZnO v 

1.59 (Smectite grp) y = b u mass yellow, IG 2.61 35.7, MgO 2.4, 
Na 0•33zn 3(Si ,Al )4o10 el cTv pos brown Al 2o3 0.4%. 

(OH) 2·4H20 

1.537 I 1.550 I 1.556 I .o19 I NAUJAKAS ITE 52-71° --- MCL 001 perf Silvery, H 2-3 !Gel with HCl. 
Na 6(Fe,Mn)(Al ,Fe) 4Si 8 ps hex gray G 2.62 
026 plates F 3 

1.~46 

1

1.546!1.550 I 1.554! .008 I ANDESINE - 90 X' :a on TCL 001 perf White, H 6 Insol in acids. Poly 
plagioclase, plutonic 001-= 0° 010 good cols G 2.65 tw 010. Data for 

1. 550 pos (Feldspar grp) 010 = -5° F 4.5 An33. 
(Na ,Ca)(Al ,Si )2Si 208 

1. 530 I --- I 1. 559 I . 029 I YOFORTIER ITE --- X:fib = 8° ORTH --- Pink to H 2.5 Opt char unk. Pleoc. 
(Mn,Mg) 5si 8020 (0H) 2• or violet G 2.18 
8-9H20 mon fib 

1.519 I 1.552 I 1.561 I .042 I BALAVI NSKITE Large 
Sr 2s6o11 • 4H 20 (54.2:_6°) 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula {2Vx calc} orien- and or Color gravity, Remarks 
tat ion habit fracture and 

a. ~ y disp fusibility 

1.535 1.552 1.553 .018 SATIMOLITE Small --- ORTH --- White G 2.1 ---
KNa 2Al 4B6o15cl 3•13H20 

1.543 1.54g 1.552 1.556 .007 ANDESINE - goo x• :a on TCL 001 perf Cols H 6 Insol in acids. Tw pl 
1\ -- plagioclase, volcanic 001-= 2° 010 good G 2.66 010 poly. Data for v 

1. 552 pos {Feldspar grp) 010 = -4° F 4.5 An38" 
{Na,Ca}{Al ,Si} 2Si 2o8 

v 1.485 1.553 1.570 .085 ALUMOHYDROCALCITE 64° X = b MCL 100 perf Chalky to H 2.5 Dec by hot H20, diss 
1.567 CaA1 2{C03)2{0H} 4•3H20 {51~3°) ext -; 7- pale blue G 2.23 by acids with eff. 10° i nfus 

1. 550 1.553 1.554 .004 CHAROITE 30° ext:el = MCL Three clv Li 1 ac to G 2.54 In thick fragments 
{K,Ba,Sr)(Ca,Na} 2Si 4 

so violet pleoc, X rose, Z cols. 
o10(0H,F}•H20 U pos. 

v 1.522 1.553 1.553 .031 TAENIOLITE 0-5° y = b MCL 001 perf Cols to H 2.5-4 Insol in acids. 
1.570 {Mica grp) r > v el cTv pos ps hex brown G 2.83 

~ KLiMg 2Si 4o10F2 
0) 

1. 525 I' 1. 522) 1.553 1.57g ( .057} SEPIOLITE 83° el pos ORTH 001, 010 Brown H 2.5 Dec by HCl. Fe2o3 1\ (ferrian) fib G 2.3 10.0, FeO 1.2%. 
{Mg,Fe) 4Si 6o15 (0H} 2• infus 
6H20 

1.535 1.553 1.557 .022 H YDROCALUM ITE 25° y = b MCL 001 perf Cols to H 3 Diss by acids. 
Ca 4Al{OH} 7•3H20 {50~12°) el pos ps hex 1 i ght G 2.15 Becomes uniax at about 

r < v green i nfus gooc. 

1.541 1.553 1.560 .o1g BERYLLITE Small el pos Fib --- White Soft ---
Be 3Si04{0H) 2·H20 {74~12°) G 2.20 

,......, 
1.54g 1.541 1.553 1.557 .016 EDINGTONITE 54° X = c ORTH 110 perf Cols H 4 Ge 1 with acids. 

{Zeolite grp) r < v wk z=a ps tet 1TO G 2.75 
BaA1 2Si 3o10 ·4H20 el neg F 5 

1.4g8 1.554 1.5g4 .096 MINGUZZITE 78° --- MCL 010 perf Green to G 2.03 An oxalate. Sol in 
K3Fe{C2o4)3·3H20 tab yellow- H~O. Pleoc, X yellow 

green g een, Z bright 
emerald-green. 

1.545 1.554 1.565 .020 Unnamed phosphate - goo --- MCL --- Pale H 4.5 Diss by acids. 
disp wk yellow, G 3.13 

pale 
green 



1.531 I 1.555 I 1.570 I .039 ISHORTITE 175° IX=£ IORTH 010 dist Col s to H 3 Dec by H2o, diss by 
Na 2ca 2(c03)3 r < v mod z = b hemi- yellowish G 2.6 acids with eff. morph F 1 

1.548 ,1.537 ,1.555,1.5591 .022 'LEPIDOLITE 38° Z':clv = MCL 001 perf Cols, H 2.5-4 Insol in acids. 
" (Mica grp) r > v 0-7° ps hex pink, G 2.86 Fe2o3 1.1, FeO 0.7, v 

1.567 K(Li ,Al )3(Si ,Al )4o10 el clv pos 1 i 1 ac F 2.5 MnO 0.9, Li 20 5.5%. (F,OH) 2 

v 
1

1.545 
1

1. 555 I 1. 555 I .010 ILIZAROITE Very small y = b MCL 001 perf Green G 2.55 Slowly attacked by 
1.568 (Serpentine grp) z =a fib infus acids. Fe 2o3 2.2%. 

Mg 3Si 205(0H) 4 

1.552 1(1.556),1.5591 .007 IHALLOYSITE, chromian - goo --- MCL --- Pale H 2.5 In so 1 i n a c i d s • 
(Al ,Cr) 2Si 205(0H) 4 mass greenish- G 2.1 

blue i nfus 

I 1. 545 I --- ,1. 56 I .015 I"MN-PALYGORSKITE" Large z = c Spher- --- Rose to G 2.62 Pleoc, Xyellow, Z red-
1.57 NaMgMn{Fe,A1) 3Si 7o20 ulitic red brown, abs Z > X. Am. 

{OH) 2·10H20 {?) 
Mineral.,~. 2139 
(1970). 

1. 552 I 1. 558 I 1. 561 I • 009 IBERYLLONITE 168° IX = E. IMCL 1010 perf ICols to H 5.5-6 !Slowly diss by acids • 
NaBeP04 r < v wk z = c ps orth 100 good pale G 2.81 

tab yellow F 3 

11.514,1.559,1.5621 .048 r!NCS !LITE 10-22° IZ:_£ = 30 IMCL 1001 perf !White to H 1.5-2 
~ zn 3Si 4o10(0H) 2• bluish G 2.69 
~ 
-::) 4H 20 {?) 

1.551 I 1.559 I 1.562 I .011 IARMENITE 160° I --- I HEX !Three clv,Cols IH 7-8 
(Osumilite grp) G 2. 77 
BaCa 2A1 6Si 9030 ·2H20 

1.541 I 1.560 I 1.567 I .026 IFENAKSITE +2 +3 
no z = b TCL 001 perf Pale rose H 5-5.5 !Dec by acids. 

{K,Na,Ca) 4(Fe ,Fe , (62~10°) G 2.74 
Mn) 2Si 8o20 (0H,F) F easy 

1.545 

1
~. 540 

1
~. 560 

1
1. 560 I . 020 I VERMICULITE 6-8° X 1 001 MCL 001 perf Green to H 1.5 Exfoliates when heated. 

" ( Mg , Fe , A 1 ) 3 ( S i , A 1 ) 4 el clv pos brown G 2.29 Dec by HCl. Fe 2o3 v 
1.581 010{0H) 2·4H20 F 5 4.2, FeO 1.8%. 

1.545 I 1.560 I 1.561 I .016 I LOVOZER ITE Small X - c TRIG --- Dark H 5 Insol in acids. Poly 
(Na,Ca) 3(zr,Ti)Si 6 brown to G 2.38 tw. 
(O,OH) 18 black F easy 

1.546 ,1.551 11.560 ,1.5621 .Oll I CORDIER ITE 42° X = c ORTH 010 fair Blue, H 7 ~Partly dec by acids. 

" (Mg,Fe) 2A1 4Si 5o18 
y = o ps hex green, G 2.66 Tw sectors, also lam. v 

1.569 cols F 5 Pleoc, X cols, Y dark 
b 1 ue , Z b 1 ue • FeO 7.1, 
Fe2o3 0. 2%. 

1.552 I 1.56051 1.561 I .009 IKULKEITE 124° 
Mg8Al(Si 7Al)020(0H) 10 

IY = a 
z=o 

IMCL 1001 perf ICols IH 2 
G 2.70 

llnterlayered talc-
chlorite. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vx calc) orien- and or Color gravity, Remarks 
tat ion habit fracture and a. ~ y disp fusibility 

1.536 1.526 1. 561 1. 561 • 035 BEIDELLITE 47° X = c MCL 001 perf White, G 2.0 I 
A (Smectite grp) (small) z =a earthy reddish, i nfus v 

1.588 Na 0•33Al 2(Si ,Al) 4o10 el cTv pos gray 
(OH) 2·xH20 

v 1.553 --- 1.569 .016 KARPINSKITE --- Z:c = 12° MCL (?) --- Cols to H 2.5-3 
-1.585 (Mg,Ni) 2s; 2o5(0H) 2 (?) greenish- G 2.6 

(?) blue 

1.547 --- 1.571 .024 GLUCINE --- el pos Fine --- Cols H - 5 I 

Ca 2Be8(P04)4(0H) 8·H20 ext II needles G 2.23- I 

2.40 

1.547 1. 562 1.567 .020 POLYHALITE 62-70° z• :tw on TCL lOT perf Red, H 3.5 I -- K2Ca 2Mg(S04)4•2H20 lOT = 28° fib b parting jYell ow, G 2.78 
tab- 010 cols F 1.5 ' 

1.557 1.562 1.563 .006 NACRITE 40-90° z = b MCL 001 perf White G 2.60 
Al 2s; 2o5(0H) 4 r > v wk X:c ~ 12° tab infus I 

wedge-

~ 

~ 
shaped 

1.521 1.563 1.585 .064 S IDORENKITE 63° el b MCL 100, 010 Pale rose H - 2 I 
Na 3Mn(P04) (C03) (70!_4°) ps orth perf G 2.90 

1.541 1.563 1.564 .023 TANCOITE 23° X = a MCL 010, 001 Pale pink H 4-4.5 I 
HNa 2LiAl(P04)2(0H) r < v wk y = b fair G 2.75 

1.560 1. 563 1.515 .005 SCHODERITE 42° X = b MCL --- Yellow- H 2 -- Al 2(P04)(V04)·8H 20 Y:c ~ 25° orange G 1.92 

(1.548) 1.535 1.564 1. 565 .030 PHLOGOPITE 10° y = b MCL 001 perf Yellow, H 2-2.5 
A (Mica grp) r < v wk x-c platy brown G 2.75 v 

1.584 K(Mg,Fe) 3si 3Al010 el cTv pos F diff 
(F,OH) 2 

1.552 1.564 1.571 .019 JENNITE 74° Y: el = TCL 001 perf White G 2.32 
Ca 9H2s; 6o18(0H) 8·6H 20 35-40° bladed 

fib 

1.531 1.485 1.565 1.572 .087 SAPONITE Small X 1 001 MCL 001 perf Dark H 1.5 I 

A (Smectite grp) ( 32!_5°) plates green G 2.31 
(Ca,Na) 0•33 (Mg,Fe) 3 F 4 I 

(Si ,Al) 4o10 (0H) 2·4H20 
2 



1.536 I 1.565 I 1.570 I .034 I FLUOBOR ITE Small --- HEX 0001 White H 3.5 Diff diss by acids. F 
Mg 3so3(F,OH) 3 fib indist G 2.82 15.6, H20 6.2%. 

v 
1

1.550 
1

1.565 
1

1.570 I .020 IVARISCITE Med X = a ORTH 010 good Green to H 4.5 Insol in acids, but 
1.592 AlP04•2H 20 r < v wk z = b 001 poor cols G 2.57- diss after being 

el cTv neg 2.75 heated gently. 
i nfus 

1. 5 54 I 1. 56 5 I 1. 57 3 I . o 19 IREEDMERGNERITE 80° --- TCL 001 perf Cols H 6-6.5 lnsol in acids. 
(Feldspar grp) G 2.70 
NaBSi 308 F 2 

1. 55 3 I 1. 56 5 I 1. 56 7 I • o 14 I MOR INITE 40° y = b MCL 100 perf Wine-red, H 4.5 I lnsol in acids. 
Na Ca 2A 1 2 (PO 4) 2 r < v wk cols G 2.96 

(OH,F) 5·2H20 F easy 

1.557 I 1.565 I 1.571 I .014 IVIITANIEMIITE 81° y = b MCL lOT good !Gray, IH 5 
Na(Ca,Mn)Al (P04) tab white G 3.25 
(F,OH) 3 

1.559 II. 560 1.565 1.566 .006 KAOLINITE 24-50° z = b MCL 001 perf White to H 2-2.5 I Insol in acids. 
,.-, 

Al 2Si 205(0H) 4 r > v X:c -;; 1-4° u brownish G 2.60 '--' 

1.569 earthy infus 
masses 

1.560 1. 565 1. 566 .006 ZEOPHYLL ITE Small z = b TRIG 0001 perf Cols, G 2.75 Gel with acids. Uniax 
1.577 

I 
Ca 4Si 308(0H,F) 4·2H20 el cTv pos white F easy and biax segments. 

l'o:l Exfoliates when heated. l'o:l 
~ 

1.546 1.566 1. 573 .027 FURONGITE 65° --- TCL 3 perf Bright G 2.86 Fluor in UV. Str in 
Al 2(U0 2)(P04)2(0H) 2• yell ow to yellow-green. 

8H 20 lemon-
yell ow 

1.554 I 1.566 I 1.567 I .013 I TOBERMORITE 26-33° --- ORTH --- Cols IG 2.45 
Ca 5s; 6o16(0H) 2·4H 20 

v 
1

1. 561 I 1. 566 I 1. 567 I • aa6 I ANTIGORITE rs' r = c 

1
MCl 1001 perf 'Green to IH 3-4 IDee by acids. 

1.577 (Serpentine grp) r > v el cTv pos white G 2. 61 
(Mg,Fe) 3si 205(0H} 4 i nfus 

1. 553 1.504 1. 567 1.575 .071 ALUMOHYDROCALCITE 46-70° X = b MCL 100 perf White H 2.5 Dec by hot H2o, diss 
A -- CaA1 2(C03)2(0H) 4·3H20 ext 7-10° G 2.23 v by acids with eff. -1.587 infus 

1. 555 1.542 1. 567 1.570 .028 LEPIDOLITE 34° X - c MCL 001 perf Cols, H 2.5-4 lnsol in acids. 
A -- (Mica grp) r > v el cTv pos ps hex pink, G 2.95 Fe 2o3 0.8, FeO 2.0, v 

1.577 K(Li ,Fe,Al )3(Si ,Al )4 brown F 2.5 MnO 2.0, Li 20 5.3%. o10(F ,OH) 2 

v 11.55 I 1.567 I 1.572 I .022 I URANOSPI NITE 0-62° X = c TET 001 perf Lemon- H 2-3 Diss by acids. Pl eoc, 
1.592 (Autunite grp) r > v mod tab 100 dist yellow to G 3.45 X cols, Y and Z pale 

Ca(U02)2{As04)2•10H2o green fus yell ow. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula (2Vx calc) orien- and or Color gravity, Remarks 
tat ion habit fracture and a ~ y disp fusibility 

1.557 1.567 1.570 .013 OLSHANSKYITE 54° ext at 30° MCL (?) --- Col s H 4 Diss by acids. Poly 
Ca3B4(0H) 18 r > v wk fib tw. 

1.520 1.568 1.591 .071 BONSHTEDT ITE ( 68_:!:3°) X = b MCL 010, 100 Col s, H 4 Dec by acids with eff. 
NaFe+2(P04)(C03) Y=c ps orth perf rose G 3.16 

tab 

1.541 (1. 568) 1.570 .029 PSEUDO-AUTUNITE 32° y = c ORTH 001 perf Pale G 3.28 Diss by acids. Fluor 
(H30) 4ca2(u02)2 r > v dist ps hex yellow bright greenish-yellow 
(P04)4•5H20 (?) plates in UV. 

1.562 1.568 1.574 .012 ELPIDITE ago Z=.! ORTH 110 di st White to H 6 Insol in acids. U biax 
Na 2ZrSi 6o15• 3H20 fib tan G 2.63 pos. 

1. ~68 po!i 1.563 1.568 1.573 .010 BYTOWNITE - goo X' :a on TCL 001 perf White, H 6 Insol in acids. Tw pl 
v plagioclase, plutonic 001-= -16° 010 good gray G 2. 71 010 poly. Data for 

~ 
1.577 (Feldspar grp) 010 = -29° infus An70" 

(Ca,Na)Al(Si,Al)Si 208 
0 

1.544 1.564 1.568 1.572 .008 CELSIAN 80° X:c on 001 MCL 001 perf Cols H 5.5 Not tw. BaO 25.0% 
1\ -- var Kasoite -;; 10-13° 010 dist G 3.00 (Cn65). v 

1.583 (Feldspar grp) 010 = 2-3° 
(Ba,K)Al(Si,Al)Si 208 

1.555 1.562 1.568 1.570 .008 LIZARDITE 45° --- MCL 001 perf Green G 2.58 Insol in acids. Pleoc 
1\ -- (Serpentine grp) fib infus wk, X yellow, Y and Z v 

1.638 Mg3Si 205(0H) 4 green. 

1.560 1.559 1.569 1.573 .014 SEKANINAITE 70° X = c ORTH 100 fair Blue to H 7 Partly dec by acids. 
1\ -- (Cordierite grp) y = b ps hex violet G 2. 77 Tw pl 110, 310. Pl eoc, L.....l 

1.572 (Fe,Mg) 2Al 4Si 5o18 F 5 X cols, Y and Z light 
blue, abs Z > Y > X. 
FeO 17.8%. 

1. 563 1.569 1.573 • 010 ARMSTRONGITE r < v z = b MCL 001 perf Brown H 4.5 Insol in acids • 
CaZrSi 6o18·2.5H20 Y:c -;- 6° 100 fair G 2.58 

1. 561 1.560 1.569 (1. 570) .010 NONTRONITE Small y = b MCL 001 perf Bright H 2 Dec by acids. 
1\ var Volchonskoite earthy green G 2.36 cr2o3 22.1%. v 

1.586 (Smectite grp) infus 
Na0•33(Fe,Cr) 2 
(Si,Al) 4o10(0H) 2·xH20 



1.~69 posl1.565,1.569,1.5741 .009 'BYTOWNITE ~- 90° r=~ on rCL rOl perf 'Cols, r 6 
llnsol in acids. Tw 

plagioclase, volcanic 001 = -23° 010 good white G 2. 72 poly. Data for An 75 • 
1. 577 I (Feldspar grp) 010 = -33° infus 

(Ca ,Na)Al (Si ,Al )Si 208 

L-J 

1
1.567 

1
1.56911.570 1 .003 IPHOSINAITE 69° X = b ORTH 100 perf Col s to H 3.5 !Slowly diss by coned 

1.572 Na 3H2(Ca,Ce)(Si04) y = c colum- 010, 110 rose G 2.62, acids. 
(P04) nar imperf 3.00 

F 3 

1.536 I 1.570 I 1.571 I .035 IMASUTOMILITE 28° y = b MCL 001 perf Pale H 2.5 lnsol in acids. Pleoc, 
(Mica grp) r > v wk Z:a -;- 3° purplish- G 2. 90 X and Z cols to pale 
K(Li ,Mn,Al )3(Si ,Al )4 el-cl v neg pink purple, Y purple. MnO 
010 (F ,OH) 2 4.3, Li 20 5.8%. 

I 1.543 11.570 11.577 I .034 I NOVACEKITE 0-40° X = c TET 001 perf Yellow H 2-2.5 Diss by acids. Fluor 
1.578 (Autunite grp) tab 100 dist G 3.23 yellow in UV. 

Mg(U02)2(As04)2·12H2o 

1.553 11.54o 1 1.570 1 1.57o 1 .o3o I TAENIOLITE 150 IY = ~ IMCL 1001 perf ICols to IH 2.5-4 I lnsol in acids. Pleoc 
1\ (Mica grp) r < v el clv pos ps hex brown G 2.87 wk, X cols, Z yellow. 

KLiMg 2Si 4o10F2 

v I --- I 1.570 I 1.626 I --- I BUKOVSKY ITE --- ext at 18° MCL (?) --- Yellow IG 2.34 I Di ss by HCl • Opt char 
1.582 Fe2(As04)(S04)(0H)· acic to gray- unk. 

7H 20 green 

J:-..:) v 11.559 11.570 11.5741 .015 I SALEEITE 0-65° X = c TET 001 perf Lemon- H 2-3 Diss by acids. Pleoc, 
C/.:) 1.582 (Autunite grp) r < v str - tab 010, 110 yellow G 3.27 X cols, Z greenish-~ 

Mg(U0 2)2(P04)2·10H20 indist yellow. Fl uor 1 emon-
ye 11 ow in UV. 

1.564 I 1.570 I 1.574 I .010 ITOSUDITE 590 el pos MCL 001 perf Cols H ~ 1 
( i nterl ayered- 010 G 2.83 
Montmorillonite-
Chlorite) 

1.543 I 1.571 I 1.577 I .034 I SHABYNITE 1 ( 492:9.) jx II cl v IMCL I --- -~White IH 3 IDiss by acids. 
Mg 5(B03)(Cl ,OH) 2 fib G 2.32 
(OH) 5·4H20 

1.564 l1.524 I 1.571 I 1.583 I .o59 I ROEMER ITE 51° ext on TCL 010 perf Brown to H 3-3.5 Sol in H2o. Pleoc, X 
+2 +3 r > v str clv = 33° tab 001 001 good yellow G 2.17 reddish yellow, Y pale Fe Fe 2(s04)4·14H20 crossed F 4.5-5 yellow, Z yellow-brown. 

1.546 ,1. 56 1 ( ~ 1. 5 n !1. 58 1 .02 IMANGANOPALYGORSKITE Med z = c ORTH --- Rose to G 2.62 Pleoc, X yellow, Z red-
1\ (Mn,Mg,Al) 2si 4010 1 arge - fib red brown. 

(OH)•4H20 

1.546 I 1.572 I 1.576 I .o3o loEFERNITE 142° jx = £ IORTH I --- ICols IG 2.5 IDiss by cold HCl with 
Ca 3(co3)2(0H,Cl) 8·H2o r < v mod y = b eff. 

v 1(1.533) 11.572,1.5731 .040 IHAIWEE ITE 1180 ly = ~ IMCL 1100 good 'Pale IH 3.5 IPleoc wk, Y pale 
1.580 Ca(U02)2s; 6o15·5H2o r > v str spher- yellow G 3.35 yellow, Z cols. Fluor 

ulitic pale green in UV. 
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00 
1:\:) 

Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Biref and formula 
a ~ y 

1.562 (1.572) 1.583 .021 I 

I e 

1.566 1.570 1.572 1.573 .003 I 
,--, 

I 4)6 L......J 

1.581 •8H 20 

1.568 1.574 1.580 .012 I 

I ) •4H 20 

v 1.57 1.574 1.580 .010 I 
1.610 grp) 

I 8H 20 

1.548 1.574 1.582 .034 I 
I 

1.546 1.575 1.579 .033 I 

Fe) 

I 
H)2' 

v 1.555 1.575 1.581 .026 
1.587 

1 )010 

L......J 1.555 1.575 1.577 .022 ' 
1.586 

I 

1.567 1.576 1.579 .012 
,Mn)P04 

1.558 1.576 1.593 .035 

(P04)2 
4'2'VIIJ~<.L.II2 0 

2V 
X Optical 

(2Vx calc) orien-
tat ion disp 

- goo z = b 
Y:c -; 8° 

Small X = c 
z- b 
el cTv pos 

65-85° X = c 
r > v wk y = b 

62° X = b 
r > v str Z:c-; -4° 

56° ---

Small X - c 
variable el cTv pos 

28° el pos 
(57~10°) 

0-53° X = c 
u 10-30° 
r > v str 

51° ---

(87.:!} 0
) ---

Hardness, 
SYSTEM CLEAVAGE specific 
and or Color gravity, Remarks 

habit fracture and 
fusibility 

MCL ( ?) --- Cols --- Opt char unk. Am. 
Mineral.,~' 561 
(1968). 

MCL (?) 001 perf Cols, H 2 ---
plates white G 2.65 

ORTH 010 perf Pale H 4 Diss by hot acids. 
green, G 2.53 
cols F 2 

MCL 010 perf Olive- H 2.5 Diss by acids. Pleoc, 
ps tet green, G 3.4 X pale yellow, Y and Z 

olive- deep yellow. Does not 
brown fluor in UV. 

TCL --- Blue G 2.75 ---

MCL 001 perf White H 1-2 Dec by acids. 
G 2.69 

MCL 001 perf White --- ---

TET 001 perf Lemon- to H 2-2.5 Diss by acids. Pleoc, 
tab sulfur- G 3.1-3.2 X cols to pale yellow, 

yellow fus Y and Z deep yellow. 
to Fluor yellow-green in 
greenish uv. 

MCL --- Pale G 2.95 Tw. FeO 5.3, MnO 1.7%. 
amber Meteorite mineral. 

ORTH --- Yellow H 1-2 Diss by acids. Not 
ps tet G 2.9-3.1 fluor in UV. Pleoc wk 

in yellows. 



(1.558) I J.276 I 1.582 I (.024) IMATULAITE 160° IV = b IMCL 1100 perf ICols, IH 1 
CaA1 18(P04)12 (0H) 20 • r < v very Z:c ~ 8° white G 2.33 
20H 20 str 

1.567 ,1.548,1.577,1.5791 .031 lziNNWALDITE IJo• IX- £ IMCL rOl perf rown r 2.5-4 rnsol in acids. FeO 
" (Mica grp) r > v el clv pos ps hex G 3.01 10. 4 , Mn 0 1. 7 , 

KLiFe+ 2Al(Si 3Al)0 10 
F 2.5 Fe2o3 0.6, Li 20 2.0%. 

(F,OH) 2 

1.574 1(1.577),1.5771 .003 IEKATERINITE Very small --- HEX (?) --- White, H - 1 Diss by acids. In-
Ca 2B407(Cl ,OH) 2·2H2o rose G 2.44 dices decrease in 

oi 1 s. 

1.568 1.571 1.577 1. 583 .012 BYTOWNITE 79° x· :a on TCL 001 perf White, H 6 Insol in acids. Tw pl 
" --- plagioclase, plutonic 001-= -30° 010 good G 2.74 010, 001 poly. Data v gray, 

1. 584 (Feldspar grp) 010 = -37° cols infus for An 88 • 
( Ca, Na )Al (Al ,Si) Si 2o8 

1.569 11.57211.57711.5831 .011 lsvrowNITE ls1• IX':~on rl 1001 perf !White IH 6 llnsol in acids. Tw pl 
" plagioclase, volcanic 001 = -34° 010 good G 2.74 010, 001 poly. Data v 

1. 584 (Feldspar grp) 010 = -36° i nfus for An 90 • 
(Ca ,Na)Al (Al ,Si )Si 208 

1. 566 I 1.567 I 1.577 I 1.578 .011 ANTIGORITE 58° X = c MCL 001 perf Lavender H 4 Insol in acids. Abnorm 
" -- (Serpentine grp) r < v st r 1 aths G 2.6 blue interf color. v 

1.603 (Mg,Fe,Cr) 3s; 2o5(0H) 4 F diff Cr 2o3 4.4%. 
~ 
C/.:) 1. 544 1.578 1.601 .057 KROEHNKITE 78° y = b MCL 010 perf Blue to H 2 Sol in H2o. Tw 101 C/.:) 

Na 2Cu(S04)2·2H20 r < v X:c -;- 48° pri s fr conch greenish- G 2.90 common. 
inclined blue F easy 

1. 576 1.544 1. 57811.586 .042 TARASOVITE 23° --- MCL --- White G 2.36 IInterlayereJ mica-,---, 
(Mica grp) (51_:6°) scales clay. L...J 

1. 583 (Ca,Na) 0_42 KNa(H 30)Al 8 
(Si ,Al )16o40 (0H) 8·2H20 

1. 570 I --- I 1.584 I .014 I URANOS IL ITE I --- lel pos IOR~H I --- I Yellow- IG 3. 25 
U0 3·7Si02 aClC white 

1.572 I 1.578 I 1.582 I .010 I MONTGOMERYITE 175° lz = b rCL 1010 perf 'Deep jH 4 'Pleoc, X cols to pale 
Ca 4MgA1 4(P04)6(0H) 4• r < v wk X:~-;- 60° 1 aths green to G 2.53 green, Y and Z cols. 

12H20 el clv neg cols 

v ,1.576 11.578 11.5781 .003 ICLINOCHLORE - oo X- c MCL 001 perf Green H 2.5 Dec by H~so4 • Abnormal 
1.588 (Chlorite grp) r > v wk el cTv pos ps hex G 2.7 blue int rf colors. 

(Mg,Fe) 5Al(Si 3Al)010 F diff Pleoc, X nearly cols, 
(OH) 8 Y and Z green. 

1.567 I 1.579 I 1.581 I .014 IAGRELLITE 47° --- TCL 1TO, 110 White H 5.5 
Naca 2si 4o10(F,OH) perf G 2.90 

010 poor 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Biref and formula {2Vx calc) orien- and or Color gravity, Remarks 

li disp tat ion habit fracture and a y fusibility 

,......, 1.569 1.579 1.583 .014 SUDOITE 78° z - 1 c MCL 001 perf Cols to H 2-3 Partly dec by acids. 
L.....l -- {Chlorite grp) r < v str el pos-{?) plates G 2.68 Dioctahedral chlorite. green 

Mg2{Al,Fe) 3Si 3Al010 
{OH) 8 

1.572 1.56 1.580 1.581 .021 HAIWEEITE 16-20° y = b MCL 110 good Yellow H 3.5 Pl eoc wk, Y pa 1 e 
1\ Ca(U02)2Si 6o15·5H20 r > v str spher- G 3.35 yellow, Z col s. Fluor 

ulitic faint green in UV. 

1.474 1.562 1.580 1.582 .020 HIS INGER ITE Small z = c MCL --- Brown H 3.5 ---
1\ 

Fe+3
2si 205{0H) 4·2H20 r > v wk u mass G 2.3-2.6 

1.560 1.561 1.581 1.581 .020 VERMICULITE - oo X 1 plates MCL 001 perf Green, H 1.5 Dec by HCl. Exfoliates 
1\ {Mg,Fe,Al) 3{Si,Al) 4 el clv pos brown G 2.6 when heated. Fe2o3 v 

1.607 o10{0H) 2·4H20 F 5 7.4, FeO 1.1%. 

~ 
1.575 1.581 1.583 .008 KINGSMOUNTITE 62° Z:el = 35° MCL --- Cols H 2.5 MnO 8.1, FeO 4.1%. 

+2 +2 G 2.51 {Ca,Mn )4{Fe ,Mn) 
Al 4{P04)6(0H) 4·12H20 

L.....l 1.576 1.581 1.584 .008 SORENSENITE 0-75° --- MCL 2 at 63° Cols to G 2.90 Anom yellow-brown and 
1.585 Na 4SnBe2Si 6016(0H) 4 str, pink blue interference 

inclined colors. 

1. 570 --- 1.582 1.631 --- BUKOVSKYITE --- ext at 18° MCL (?) --- Yell OW G 2.34 Diss by HCl. Opt char 
1\ Fe2{As04)(S04)(0H)• acic to gray- unk. 

7H20 green 

v 1.548 (1.58) 1.600 .052 LAUSENITE Large --- MCL --- Cols --- Fe/Al = 1.03. 
1.628 (Fe,Al) 2(s04)3·6H20 fib 

v 1.552 1.582 1.587 .035 MUSCOVITE 30-47° z = b MCL 001 perf Pale H 2.5-3 Insol in acids. Tw pl 
1.590 (Mica grp) r > v X:c -:- 0° ps hex brown, G 2. 77 001. 

KA1 2(si 3Al)010(0H) 2 el-cl v pos pale F 5.5 
green 

1.570 1. 565 1.582 1.585 .020 SALEEITE 0-65° X = c TET 001 perf Lemon- H 2-3 Diss by acids. Pleoc, 
1\ (Autunite grp) r < v str tab 010, 100 yellow G 3.27 X cols, Z greenish-

Mg(U0) 2{P04)2•10H 20 indist yell ow. Fluor lemon-
yell ow in UV. 



1.564 I 1.582 I 1.584 I .020 !SABUGALITE 135' rl pos I TET 001 perf Bright H 2.5 Diss by acids. Pleoc, 
(Autunite grp) plates yellow G 3.20 X cols, Y and Z pale 
HAl(U0 2)4(P04)4•16H2o yellow. Fluor bright 

lemon-yellow in UV. 

1. 516 I 1. 582 I 1. 584 I • 008 ITERSKITE 53° --- ORTH --- Pale H 5 Insol in acids. 
Na 4ZrSi 6o16·2H20 r > v wk ps tet lilac G 2. 71 Bright green in UV. 

v 
1

1.574 
1

1.582 
1

1.582 I .oo8 IHOPEITE Small X = a ORTH 010 perf Cols to H 3.5 Diss by acids. 
1. 598 zn 3(P04)2·4H20 r < v wk v=c tab 100 good yellow G 3.05 

pri s F easy 

1.576 I 1.582 I 1.584 I .008 I GUERINITE 17-15° Z = el MCL Three clv Cols H 1.5 loiss by acids. 
Ca5H2{As04)4•9H20 r > v str acic G 2.68 

also r < v 

1.514 I 1.583 I 1.595 I .081 ISTRONTIODRESSERITE 142° Y = el ORTH --- White G 2. 71 loiss by HCl with eff. 
{Sr,Ca)Al 2(C03)2{0H) 4• X 1 el laths 
H20 

,., 
11.554 11.583 11.5831 .029 'STILPNOMELANE I~ Q

0 IX=~ IMCL 1001 perf ~Golden- IH 3-4 IDee by acids. Pleoc, v 
1.603 V/L_+2 U- L_+3 Al\ y ~ c 

~~~~· 
to G 2.74 X pale yellow-brown, Y 

1
,,,. ., •... ·"' 110 

I I 

I ~reddish- IF 4.5 land Z dark brown. FeO 
Si12°30{0H)12 brown 26.7, Fe 2o3 2.1, MnO 

0.4%. 

{1.573) 1.583 1.583 .010 THREADGOLD ITE 70° y = b IMCL 1001, 100 IGreenish-IG 3.4 !Fluor green in long--- Al (U0 2)2(P04)2(0H) • Z:c -;- 4° tab 010, 012 yellow wave UV. ~ I Cl:l 8H 20 el-neg 
01 

1.574 1.583 1.588 .014 URANOCIRCITE 60-70° X = c I TET 1001 perf ~Yellow- IH 2 IDiss by acids. Pleoc 
Ba(U02)2(P04)2·12H20 tab green G 3.8 wk, X nearly cols, Y 

and Z pale yellow. 
Fluor green in UV. 

1.568 11.580 11.583,1.5861 .006 ICELSIAN 1740 IZ:c on IMCL 1001 perf ICols IH 5.5 !Not tw (Cn85 ). 
A (Feldspar grp) 100 = 33° 010 good G 3.30 v 

1.589 (Ba,K)Al(Si,Al)Si 208 

v 11.545 11.584 11.5841 .039 I TALC 10-10' I X - c TCL 001 perf White to H 1 Tel polymorph. Pearly 
1. 599 Mg 3Si 4010 (0H,F) 2 r > v Z=b plates green G 2.7 luster, greasy feel. 

el pos i nfus 

1.564 

1
1.555

1
1.584! 1.588 I .033 rHLOGOPITE 23-30° y = b MCL 001 perf Brown H 2-2.5 lnsol in acids. Pl eoc, 

A (Mica grp) r < v wk x~c plates G 2.86 X cols to pale yellow, v 
1.598 K(Mg,Fe) 3Si 3Al010 el pos F diff Y = Z brown, abs X< Y 

(F,OH) 2 < z. FeO 4.2, Fe 2o3 3.7%. 

1.568 I 1.584 I 1.585 I .017 ILAPLANDITE 'Small I --- I ORTH Splintery Gray to H 2-3 
Na 4CeTiPSi 7o22 ·5H20 fib yellowish G 2.83 

radi- F 2 
ating 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Bi"ref and formula (2V calc) orien- and or Color gravity, Remarks 
. X tat ion habit fracture and a. ~ y disp fusibility 

1.570 1.584 1.585 .015 TORREYITE 40° X = b MCL 010 good White G 2.66 Diss by acids. Poly 
(Mg,Mn) 5zn 2(S04) tw. 
(OH) 12 ·4H20 

1. 577 1. 575 1.584 1.589 .014 ANORTHITE no x· :a on TCL 001 perf Col s, H 6-6.5 Gel with acids. Tw 
1\ plagioclase, plutonic, r < v 001-= -40° 010 good white, G 2.76 poly 010, 001 almost 

and volcanic 010 = -39° pink universal, other tw 
(Feldspar grp) laws common. Data for 
CaA1 2Si 2o8 Anwo· 

1.582 1.584 1.584 .002 ZEKTZERITE - oo X = a ORTH 100, 010 Cols to H 6 Fluor light yellow in 
Nali ZrSi 6o15 r > v wk y = b perf pink G 2.79 short-wave UV. 

1.575 1.585 1.595 .020 WHITE ITE- (MN) 80-90° X = b MCL 001 good Tan to H 3-4 Diss by acids. Tw 001. 
(Mn,Ca)Mg 2(Fe,Mn)Al 2 y = c brown G 2.67 FeO 7.9, MnO 7.6, MgO 
(P04)4(0H) 2•8H 20 10.1%. 

~ 
~ 

1.564 1.585 1.585 .021 URAMPHITE 0-3° --- --- 2 dist Bottle- G 3.7 Diss by acids. Fluor 
(Meta-autunite grp) green to med yellow-green in 
(NH4)(U02)P04•3H 20 pale uv. Pl eoc , X co 1 s , Y 

green and Z pale green. 

-1.562 1.570 --- 1.594 .024 KARPINSKITE --- z :c = 0- MCL(?) --- Blue H 2.5-3 Cryptocryst. NiO 2.1%. 
1\ (Mg,Ni) 2Si 205(0H) 2 12° G 2.6 

el pos 

v 1.545 1.586 1.589 .044 BANNISTERITE Med Z - a MCL --- Brown ·G 2.84 Pleoc, X nearly cols, Y 
1.611 (Na,K)(Mn,Fe,Al) 5 (30~9°) and Z brown. 

(Si ,Al )6o15(0H) 5·2H20 r < v wk 

1.569 1.545 1.586 1.589 .044 NONTRONITE Small to y = b MCL 001 perf Dark H 1-2 Dec by acids. Pleoc, 
1\ (Smectite grp) med z- c u mass brown to G 2.50 X pale yellow, Y olive-v 

1.600 Na 0•33Fe+3
2(Si ,Al) 4 

r < v olive- green, Z yellow green. 
green 

010 ( OH) 2 • xH20 

v 1.559 1.586 1.586 .027 GLAUCONITE Small y = b MCL 001 perf Cols, H 2 Dec by acids. Fe2o3 
( 1. 600) var Skolite r < v X:c -;- 10° b 1 ue, G 2.6 6.4, Al 2o3 18.2, FeO (Mica grp) green fus 

(K,Na)(Al ,Fe,Mg) 2 
2.6%. 

(Si ,Al )4o10(0H) 2 



1. 567 11.s4o 1 --- 1 1. 592 1 • os2 IALUMOHYDROCALCITE 
I ---

1 

X • b rCL 1100 perf 'Pink r 2.5 IDiss by acids with eff. 
A ("Knipovichite") ext 7-10° fib G 2.23 Cr2o3 8.8%. 

Ca(Al,Cr) 2(C03)2 infus 
(OH) 4•3H20 

v I 1. s2 11.587 11.6131 .093 ILANTHANITE 62° X • b rRTH 1010 perf IC?ls, IH 2.5-3 IDiss by acids with eff. 
1.590 (La,Ce,Nd) 2(C03)3·8H20 r < v wk Y = £ platy p1nk G 2.69 Tw and comp pl 101. 

el clv pos i nfus 

1. 575 11.560 11.587,1.5951 .035 I TOBELITE 30° el pos IMCL 1001 perf !Yellow-
A (Mica grp) (56.:!:8°) green 

(NH 4,K)Al 2Si 3Al010 
(OH) 2 

1.571 I 1.572 I 1.587 I 1.600 I .028 I ILLITE !Small to 

1

x _ c rCL 1001 perf ICols, IH 1-2 !Slightly dec by acids. 
,.--, (Mica grp) med el cTv pos brown, G 2.7 L.....J 

1.590 (K,H30)(Al ,Mg,Fe) 2 (85.:!:9°) green 
{Si,Al) 4a10[(0H) 2,H 20] 

1.574 I 1.587 I 1.599 I .a25 I KRAUSKOPF ITE 188° IX= b IMCL I --- I Col s IG 3.14 IDee by acids. 
BaSi 204(0H) 2·2H20 r > v dist Y:a ~ 6° F 5 

L 578 I 1. 587 I 1. 595 I . 017 I LEIGHTONITE J60° I X~ ~ ITCL I --- jPale bluej~ ~ ~- j~i~~.b~ a~ids. ·~~ . 
K2ca 2Cu{S04)4·2H20 {86.:!:13°) y ~ c ps orth ll z.~~ Muttlpte tw on 1uu ana 

r > v st r z ~a pri s 010. 
1:..:> 

!1. 548 I 1. 588 I 1. 600 I . 052 I GORDONITE 
-

Cf.j 

Med X~ b TCL 010 perf White to H 3.5 Diss by acids. Fe +3 -.::J 

MgA1 2{P04)2{0H) 2·8H20 r > v tab 100 fair pale G 2.23 present. 
green F 3 

1.550 11.588 I 1.590 I .040 lcoCONINOITE 40° --- MCL {?) --- Creamy Soft Diss by acids. Pl eoc, 
Fe 2Al 2{U02)2(P04)4 {19.:!:8°) aggre- yell ow G 2.70 X cols, Y and Z pale 
(SO 4)( OH) 2 • 20H 20 gates yellow. Not fluor in 

uv. 
1.578 1.583 1.588 1.589 .006 KAEMMERERITE so X~ c MCL 001 perf Rose, H 2.5 Insol in HCl. FeO 2.0, 

A (Chlorite grp) r > v wk el pos lilac G 2.72 Cr 2o3 7.9%. v 
1.619 {Mg ,Al ,Cr) 6( Si ,Al) 4o10 F diff 

{OH) 8 
1.561 I 1.559

1 

1.588

1

1.588

1

.029 !BEIDELLITE ~Small to IX = ~ IMCL 1001 perf !White to !G 2.1 IDee by acids. 
A (Smectite grp) med Z = a earthy red i nfus v 

1.600 Na 0•33 (Al ,Fe) 2(Si ,Al )4 
010(0H) 2·xH20 

1.556 I 1.589 I 1.601 I .o45 I PYROPHYLL ITE 62° z = b MCL 001 perf White, r 1-2 !Nearly insol in acids. 
Al 2Si 4o10(0H) 2 r > v wk X:c ~ 10° brown, G 2.7-2.9 

el-cl v pos yell ow infus 

1.583 11.589 11.594 I .on I PHARMACOL ITE 79° z = b MCL 010 perf Cols IH 2-2.5 IDiss by acids. 
CaHAs04·2H20 r > v X:c --;- -29° acic G 2.5-2.7 

F 2.5 



Table 7. Biaxial negative minerals (continued} 
--

Refractive index 2Vx Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Bir.ef and formula (2Vx calc} orien- and or Color gravity, Remarks 

§. disp tat ion habit fracture and 
Cl y fusibility 

1.~83 1.583 1.589 1.593 .010 CELSIAN 88° Z:c on MCL 001 perf Cols H 5.5 Not tw (Cn 94 ). 
v (Feldspar grp) 1011' = 26° 010 good G 3.35 

1.589 pos BaA1 2Si 2o8 
1.582 1.563 1.590 1.594 .031 MUSCOVITE 33° z = b MCL 001 perf Pale H 2.5-3 Insol in acids. 

A var Phengite r > v x~c ps hex brown, G 2.82 Fe 2o3 1.5, FeO 1.9, v 
1. 595 (Mica grp) el pos tab green F 5.5 

KA1 2(si 3Al)010(0H} 2 
MgO 4.0%. 

1. 525 1.590 1.593 .068 BRENKITE 270 X = c ORTH --- Cols H 5 Diss by HCl with eff. 
Ca 2co3r2 v =a laths G 3.10 

(1.550) 1.57 1.59 1.60 .03 SAUCONITE 0-20° y = b MCL 001 perf Cols H 2 Dec by acids. 
A (Smectite grp) el cTv pos mass G 2.7 v 

(1.614) Na0•33zn 3(Si,Al) 4o10 
(OH) 2•4H20 

~ 1.572 1.590 1.601 .029 KOLBECKITE 60° X = c MCL 010 good Blue-gray H 3.5-4 Diss by acids. 
ScP04·2H20 (75+8°) z=a pris fr conch G 2.39 

r >-v wk F easy 

1. 587 1.532 1.590 1.614 .082 LANTHANITE-(ND) 61° X = b ORTH 010 perf Cols G 2.8 Diss by HCL with eff. 
A (Nd,La) 2(c03)3·8H20 y = c 101 good infus 

1.575 1.590 1.601 .026 DALYITE no X:c = 7° TCL 101, 010 Cols H 7.5 Gel with acids. 
K2ZrSi 6o15 r > v wk pris good G 2.66 

F 3 

v 1.575 1.590 1.594 .019 CARPHOLITE 50° X = b ORTH Pris at Pale H 5-6 Nearly insol in acids. 
1.630 (Mn,Fe}Al 2Si 206(0H) 4 r > v str z = c fib c 68° yell ow G 3.04 Pl eoc, X and Y pa 1 e 

el pos F 3.5 ye 11 OW, Z CO 1 S. MnO 
16.1, FeO 0.6, Fe 2o3 2.4%. 

1.581 1.590 1.591 .010 TUSCANITE 40° z = b MCL 100 dist Cols H 5. 5-6 Compare Latiumite. 
K(Ca,Na) 6(Si,Al) 10o22 X:c -;- 40° platy G 2.83 

[S04,co3,(0H) 2]·H20 

v 1.582 1.590 1.591 .009 LATIUMITE 40° z = b MCL 100 perf White H 5.5-6 Gel with acids. Tw pl 
1.609 -- (Ca,K} 8(Al,Mg,Fe} r > v str X:c -;- 16- tab G 2.93 100. Mottled extinc-

(Si ,Al) 10o25(s04) -28° F easy tion. 

1.585 1.572 1.591 1.598 .026 PRICEITE 32° X: plates TCL (?) 110, 001 White, H 3-3.5 Diss by acids. 
,......., Ca 4s10o19• 7H 20 {62.:!:_10°} = 65° rhombic perf chalky G 2.42 

plates F 2-3 



1.569 I 1.592 I 1.620 I .051 I LOKKAITE (94~4°) z = c IORTH I --- I White I Infus JEff in acids. 
(Y,Ca) 2(C03)3·2H20 el pos fib 

1.567 11.566 1 1. 592 1 1. 596 1 • o3o IURANOSPINITE 25-35° X = c TET 001 perf Lemon- H 2-3 Pleoc, X cols, Y and Z 
A (Autunite grp) ( 42!_10°) el pos plates 100 dist yell OW G 3.45 yellow. Fluor bright 

Ca(U0 2)2(As04)2·10H20 r > v mod fus lemon-yellow in UV. 

1.573 I 1.592 I 1.599 I .026 I GAIDONNAYITE 590 X = a ORTH Conch Cols H 6 Ge 1 with a c i d s • 
Na 2ZrSi 309 • 2H20 Y=b G 2.67 

F 3 

1.~5 ,1.572,1.592 1.597 .025 VARISCITE, ferrian Med large X = a ORTH 010 good White, H 4.5 llnsol in acids but diss 
(Al,Fe)P04·2H20 (55~10°) z = b 001 poor green G 2.57- after heating gently. 

1.660 pos r < v wk 2.75 
i nfus 

1.586 11.581 11.59211.5921 .011 ITOR8ERNITE Small X = c TET 001 perf Emerald- H 2-2.5 IDiss by acids. Pleoc, ....., (Autunite grp) r > v el pos tab green G 3.22 X cols to pale green, L-J 

1.595 Cu(U0 2)2(P04)2·8-12H20 F easy Y and Z pale to dark 
green. Not fluor in 
uv. 

v 
1

1. 563 I 1. 593 I 1. 593 I . 030 IGANOPHYLLITE 1- 0" l~l=i IMCl Joo1 perf Jvellow, H 4 Gel with acids. Pl eoc 
1.611 (Na,K)~M~,F~!A~).; ____ r < v brown ~ ~-8 ~~~rfyY~b~~~· Y and Z 

(Si ,Al )6u15 (UH) 5•zH2u . . 

~ 

1
1.570 I 1.593 

1

1.595 I .025 I LEUCOPHANITE 47° X = c TCL 001 perf White to H 3.5-4 Insol in acids. Poly 
Col:) (Ca,Na) 2BeSi 2(0,0H,F) 7 Z=b ps orth 100 dist pale G 2.96 tw 110. Luminesces ~ 

el pos tab 001 yellow F 3 violet-blue in long-
wave UV. 

v 
1

1.581 I 1.593 
1

1.6021 .021 I TREMOLITE 86° y = b MCL 110 good Cols H 5.5 Insol in acids. Data 
1.615 (Amphibole grp) Z:c-;- 21° G 3.02 for synth compd. 

Ca 2Mg 5Si 8o22 (0H,F) 2 el-pos 

1. 520 I 1. 594 I 1. 595 I • 075 I HYDRODRESSER ITE 1JO el pos ITCl 1010, 2TO !White IH 3-4 
BaA1 2(C03)2(0H) 4·3H20 radi- perf G 2.80 

ating 
spher-
ulitic 

1.5721 1.595 11.614 I .042 I JOHANNITE goo X ~ b TCL 1100 good !Green to IH 2.5 IDiss by acids. Poly 
Cu(U0 2)2(so4)2(0H) 2• ( 83!_6°) Y:c -;- 5-8° tab greenish- G 3.32 tw 100. Pleoc, X cols, 
6H 20 r > v str disp str el c yell ow i nfus Y pale yellow, Z 

greenish-yellow. Not 
fluor in UV. 

1.590 11.56911.5951!.6091 .040 rUSCOVITE 40° z = b MCL 001 perf Emerald- H 2.5-3 Insol in acid. Pl eoc, 
A var Phengite ( 71_:6°) X~ c ps hex green G 2.82 X blue-green, Y pale v 

1. 598 (Mica grp) r > v el pos tab F 5.5 yellow-green, Z bluish. 
K (A 1 , Mg , Fe) 2 ( S i 3A 1 ) 
010(0H)2 

F 3.4, Fe 2oM 3.1, 
Cr 2o3 3.7, nO 3.1%. 

1.581 I 1.596 I 1.601 I .020 I BALI PHOLITE 70° X = b ORTH 010 perf Yellow- G 3.4 
BaMg 2LiA1 3Si 4o12 (0H) 8 Y=c fib c 100, 110 ish-white 

di st 



Table 7. Biaxial negative minerals (continued) 
-

Refractive index 2Vx Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula {2Vx calc) orien- and or Color gravity, Remarks 

_§_ disp tat ion habit fracture and a y fusibility 

1.560 1.597 1.600 .032 THADEUITE 33° X = c ORTH 010 perf Yellow- H 4 ---
+2 y = b orange G 3.25 Ca(Fe ,Mn) 2Mg{P04)2 {OH,F) 2 

,......., 1.575 1.597 1.598 .023 CHR YSOCOLLA Small --- MCL --- Bluish- H 2 Dec by acids. Optics 
1........1 {Cu,Al) 2H2si 205(0H) 4• fib' green, G 2.4 highly variable. 

xH2o u mass sky-blue i nfus 

1.596 1.597 1.597 .001 EMELEUSITE 0-30° X = b ORTH --- Cols H 5-6 ---
( Osumi 1 ite grp) r > v str v =a tab b G 2.76 
Na 4Li 2Fe+3

2si 12o30 

v 1. 516 1.598 1.621 .105 AMARANTITE 30° X - 1100 TCL 010, 100 Red to H 2.5 Dec by H2o, diss by 
1.605 FeS04(0H)•3H 20 {53+3°) Y:c = 47° acic perf orange- G 2.19 acids. Pl eoc, X r <-v str colum- red F 4.5-5 cols, Y pale yellow nar 

~ 
Z reddish-brown. 

~ 1.584 1.558 1.598 1.599 .041 BIOTITE 10-13° y = b MCL 001 perf Dark H 2-2.5 Pl eoc, X ye 11 ow, Y 
A {Mica grp) r < v x--c plates brown to G 2.95 brown, Z dark brown, v 

1.617 +2 +3 el pos green F 3-4 abs X < Y < Z. FeO K{Mg,Fe )3{Al ,Fe ) 13.8, Fe2o3 2.1, MnO 
Si 3o10 (0H,F) 2 0.4%. 

1.595 1.565 1.598 1.600 .035 MUSCOVITE 38° z = b MCL 001 perf Pale H 3-4 Insol in acids. FeO 
A (Mica grp) r > v X- c ps hex brown, G 2.87 0.9, Fe 2o3 2.8%. v 

1.608 KA1 2{si 3Al)0 10 (0H) 2 el pos tab greenish, F diff 
red 

v 1.585 1.598 1.606 .021 MONTEBRAS ITE no --- TCL 100 perf White H 5.5-6 Diff diss by acids. 
1.607 LiAlP04(0H,F) 110 good G 3.10 Li 20 9.6, Na 2o 1.2, 

F easy F 3.2%. 

1.595 1.586 1.598 1.605 .019 HOWLITE Large X = b MCL --- White H 3.5 Insol in acids. ,......., 
Ca 2B5Si o9{0H) 5 (74.2:,12°) Z:a-; 55° tab 100 G 2.58 1........1 

1.600 F 2 

1.584 1.598 1.602 .018 MILLISITE Med X = c MCL --- White, H 5.5 Diss by acids. 
(Na,K)CaA1 6{P04)4 el neg fib c gray G 2.83 
{OH) 9 ~3H 20 F 3.5 

1.582 1.589 1.598 1.599 .010 HOPEITE 37° X = a ORTH 010 perf Col s, H 3.5 Diss by acids. 
A zn 3{P04)2·4H20 r < v wk y = c tab 100 good White G 3.05-

pri s 3.12 
F easy 



1.584 1.554 1.599 1.602 .048 TALC Small X - c MCL 001 perf Green H 1 lnsol in acids. Luster 
1\ {Mg,Fe} 3Si 4o10{0H} 2 r > v z = b G 2.87 pearly. FeD 13.4, v 

-1.613 el pas i nfus Fe 2o3 1. 7%. 

1.586 1.589 1.600 1.610 .021 NONTRONITE 40° y = b MCL 001 perf Dark H 1-2 Dec by acids. Pleoc 
1\ {Smectite grp) r < v X - c u mass brown to G 2.27 in brown or green. v 

1.65 Na0•33Fe+3
2{Si,Al} 4 

el cTv pos green 

o10 (0H} 2·xH20 

1.586 ,1. 585 I ( 1. 600) 11. 600 I . 0 15 I GLAUCONITE I Small I y = b I MCL 1001 perf !Green, IH 2 
IDee by acids. Fe2o3 1\ {Mica grp) r < v X - c blue, G 2.59 v 14.1, Al 203 8.9, FeD 1.618 (K,Na}{Al ,Fe,Mg) 2 el cTv pos cols fus 

{Si ,Al )4010{0H} 2 
1.6%. 

1.518 I 1.601 I 1.601 I .083 I DRESSERITE 30-40° X = a ORTH --- White H 2.5 IDiss in acids with eff. 
Ba 2Al 4(co3)4(0H) 8·3H20 z = c fib G 2.96 

i nfus 

1.588 I 1.601 11.610 I .022 IPARAUMBITE 82° X = c ORTH 010 mic Cols H - 4.5 
K3zr 2Hs; 6o18 ·7H 20 y = b 100 perf G 2.59 

1.595 I 1.601 I 1.604 I .oo9 I HURLBUTITE 700 X = b ORTH Conch ICols to IH 6 !Slowly diss by acids. 
CaBe 2{P04)2 r > v wk y = c pri s greenish- G 2.88 Striated on 110. 

white .F diff 

~ 

1

1.526
1

1.602 
1

1.602 I .076 I ANTHONYITE 30 y = b MCL 100 good Lavender IH 2 IDiss by acids. Pleoc, 
~ Cu(OH,Cl) 2·3H20 Z:c-:;;- 13° pris sectile X lavender, Y and Z 
1--'- - deep smoky blue, abs Z 

= y > X. 

1.586 I 1.602 11.606 I .020 I SPENCERITE 49° z = b MCL 100 perf White H 3 loiss by acids. Tw and 
Zn 4(P04)2(0H) 2·3H 20 r > v mod x- a tab 100 010 good G 3.14 comp pl 100, poly. 

el pas 001 fair F easy 

v I 1. 596 11. 602 11.603 I . 007 'META-AUTUNITE 0-15° z = c TET --- Yellow H 2-2.5 Diss by acids. Pleoc. 
1.622 (Meta-autunite grp) tab G 3.5 X cols, Y and Z yellow. 

Ca(U02)2(P04)2·4-6H 20 fus Fluor yellow-green in 
uv. 

1. 583 1. 555 1.603 1.555 .048 STILPNOMELANE - oo X = b MCL 001 perf Golden- H 3-4 Dec by acids. Pl eoc, X 
1\ --- +2 +3 y- c also to G 2.78 pale yellow, Y and Z v K(Fe ,Mg,Fe ,Al} 10. 1.634 TCL reddish- F 4-5 olive-brown. FeD 21.6, 

Si12°3o(OH}12 brown Fe 2o3 6.4, MnO 1.4%. 

1. 598 1.571 1.603 1.606 .035 PARAGONITE 30° z = b MCL 001 perf Cols to H 2.5 Insol in acids. ,.-, 
(Mica grp) r > v el pas ps hex green G 2.87 L......J 

1.605 NaA1 2(Si 3Al)0 10 (0H) 2 plates F diff 

1.~8 1.587 1.603 1.612 .025 BERTRANDITE 70-75° X = a ORTH 110 perf Cols H 6.5 I Insol in acids. Tw 
L......J Be4Si 207(0H) 2 r < v wk z = c colum- 100, 010, G 2.60 011. 

1.607 nar 001 good i nfus 

1.585 I 1.603 I 1.604 I .019 IWIGHTMANITE 33° Z:b = 5° MCL 101 perf ICols IH 5.5 'Diff sol in cold dil 
Mg 5(B03)0{0H) 5·2H20 r < v ps hex T01 good G 2.59 acids. 

pri s infus 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vx calc) orien- and or Color gravity, Remarks 

~ disp tat ion habit fracture and a. y 
fusibility 

1.596 1.603 1.606 .010 60° X = b ORTH 010 perf Pale H 1.5 Pleoc, X cols, Y pale 
r > v str y = c ps tet yellow- G 4.1 yellow-green, Z yellow-

el cTv pos green green. Not fluor in 
uv. 

v 1.598 1.603 1.607 .009 Med z = c MCL 110 White H 5-6 Gel with acids. Ultra-
1.61 r < v str el pos fib G 2.69 blue interf colors. 

F diff 

1.577 r--1.595 1.603 1.604 -.009 Small X = c MCL 001 perf Brown H 3 Dec by HCl. FeO 21.0, 
II el cTv pos G 2.4-2.6 Fe 2o3 0.5, MnO 2.5%. 

F diff 

1. 582 1.604 1.609 .027 (50.:t_11°) --- ORTH --- Pale Soft ---
orange G 2.39 

~ 
['.:) 

1.585 1.604 1.612 .027 (65.:t_9°) el pos ORTH --- Sky-blue G 2.39 Pleoc, X cols, Y light 
I fib greenish blue, Z pale 

sky-blue to light blue. 

1.598 1.51 1.605 1.611 .101 28° Y:c = 47° TCL 010, 100 Red, H 2.5 Dec by H20, diss by 
II -- r < v str X::- 1100 acic perf orange- G 2.11 acids. Pleoc, X cols, 

colum- red F 4.5-5 Y pale yellow, Z 
nar reddish-brown. 

1.574 1.605 1.605 .031 0-20° --- TET 001 perf Yellow H 2.5 Diss by acids. Pleoc, 
100 dist to green X cols, Y and Z pale 

yell ow. Fluor green to 
yell ow in UV. 

1.580 1.605 1.605 .025 I 0-3° --- MCL 001 perf Green to G 3.15 ---
brownish-
green 

v 1.593 1.605 1.613 .020 65° y = b ORTH 210 perf Col s to H 5.5-6 Insol in acids. Fe 2o3 1.625 (78.:t_12°) z=c brown G 3.0 0.25, Al 203 1.6%. 
el pos 

1.598 1.605 1.608 .010 64° --- MCL --- Cols H 4-5 Poly tw, ext angle 
G 3.1 between lam 2-3°. 

Meteorite mineral. 

1.581 1.560 1.607 1.607 .047 Small X 1 plates MCL 001 perf Green, H 1.5 Dec by HCl. Exfoliates 
II el pos brown G 2.77 when heated. Fe 2o3 v J 1.648 F 5 4.5%. 2-"T"2 



1. 598 11.5931 !.:_607 11.6141 .021 IAMBLYGONITE r-70° r£. 56· rCL 1100 perf ~White r 5.5-6 Diff diss by acids. 
A (Li ,Na)A1P04(F,OH) r > v Y:b = 17° 110 good G 3.05 Li 2o 8. 3, Na 2o 2.4, v 

1.612 F easy F 6.2%. 

1.583 I 1.608 I 1.633 I .050 ICHUDOBAITE 1790 I --- ITCL 1010, 100 IPink IH 2.5-3 
(Mg,Zn) 5H2(As04)4• (89.:t_5°) good G 2.94 
10H20 

1.544 I 1.608 I 1.608 I .064 IWONESITE lo-5o I --- IMCL 1001 perf 1Co1s to I --- I P1 eoc, X pa 1 e brown, Y 
(Mica grp) brown and Z brown. 
( Na, K )( Mg, Fe) 6 ( Si ,A 1 ) 8 o20 (0H,F) 4 

1.598 I 1.571 I 1.608 I 1.611 I .040 I MUSCOVITE 34° z = b MCL 001 mic Green H 3 Inso1 in acids. P1 eoc, 
A (Mica grp) r > v X:c -;;- 0-5° ps hex G 2.93 X co1s, Z pale blue. v 

1.609 K ( A 1 , V ) 2 ( S i 3A 1 ) 0 10 el-pos F 5 v2o5 3.4, Cr2o3 0.2, 
(OH) 2 FeO 0.5, MgO 1.1%. 

1.590 I 1.608 I 1.611 I .021 I LAWSONBAUER ITE 1420 ly = b IMCL I --- ICols to H 4.5 
(Mn,Mg) 9zn 4(s04)2 r > v str Z:c -;;- JO white G 2.87 

(OH} 22 ·8H20 

1.608 I --- I .011 IMONSMEDITE 1- 520 I --- I ORTH I cub 2 loark IG 3.00 
~ OoTl n ·A'O .l~H 0 ps cub nrPPn tn H ? --z- · · z-3 ~~-3 --.. z- bi~~k -- ·-- -

1:\:) 
~ 1.608 1.573 1.609 1.611 .038 MUSCOVITE 31° z = b MCL 001 perf Pale 

IH 3 
llnsol in acids. FeO Ci,j 

A var Phengite r > v x-c ps hex brown G 2.88 2.8, MgO 4.1, Fe 2o3 v 
1.620 (Mica grp) el pos F 5 4. 1, Ti 0 2 1. 0%. 

K(Al ,Mg) 2(Si 3Al)010 (OH) 2 
1.597 I 1.609 I 1.615 I .018 IMAGBASITE 70° Z:c = 10° Acic --- Col s, IH 5 IPleoc, X and Y cols, Z 

KBa(Al ,Sc}(Mg,Fe) 6s; 6 rose- G 3.41 l i1 ac. 
020F2 violet 

1.590 1 1.603 1 1.609 1 1.615 1 .012 I LATIUMITE 72-83° z = b MCL 100 perf White H 5-6 Gel with acids. Tw pl 
1\ (Ca,K) 8(Al ,Mg,Fe) r > v str X:c -;;- 16- tab G 2.93 100. Mottled extinc-

(Si ,Al )10o25 (S04) -28° F easy tion. 

1.596 I (1.610} I 1.619 I .023 IUMBITE 80° --- ORTH 010 mic Col s to H 4.5 Dec by HCl. Weakly 
K2ZrSi 309·H20 platy 100 perf yellowish G 2.79 fluor yellow-white in 

uv. 
v I 1.600 I 1.610 I 1.616 I .016 ISAINFELD ITE 180° I X = b IMCL --- Col s, G 3.04 Diss by acids. 

1.626 Ca 5H2(As04)4·4H20 Y:E_-;;- 20° flat- light 
tened pink 
on 100 

1.574 1 1.603 1 1.61o 1 1.617 1 .o14 IBASSETITE ~- go• r • b MCL 010 perf Olive- H 2.5 Diss by acids. P1eoc, 
1\ (Meta-autunite grp) r > v str Y:E_-;;- ps tet green to G 3.4 X and Y yell ow, Z dark 

Fe(U02)2(P04)2•8H 20 18.5° brownish olive-brown. Not fluor 
el clv pos in UV. 



Table 7. Biaxial negative minerals {continued} 

Refractive index 2V 
Other MINERAL NAME X 

entries Bi'ref and formula {2V calc} 
. X 

a. ~ y disp 

1.607 1.610 1.616 .009 BUCHWALDITE ---
NaCaP04 

1.603 1.605 1.61 1.612 .007 HILLEBRANDITE 51° 
A Ca2Si03{0H} 2 r < v str 

1.593 1. 571 1.611 1.612 .041 GANOPHYLL ITE ... oo 
A {Na,K}{Mn,Fe,Al) 5 r < v 

{Si ,Al} 6o15 {0H} 5·2H20 

1.586 1.574 1.611 1.612 .038 BANNISTERITE 22° 
A {Na,K}{Mn,Fe,Al) 5 r < v wk 

(Si ,Al} 6o15{0H} 5·2H20 

1.609 1.592 1.612 1.621 .029 HERDER ITE 67-75° 
,-, CaBeP04{F,OH} r > v 

1.6'20 inclined t 
1.585 1.612 1.612 .027 SODIUM URANOSPINITE Small 

{Meta-autunite grp) 
{Na 2,Ca}{U02)2{As04)2• 
SH20 

v 1.586 1.612 1.613 .027 MARGARITE 50° 
1.624 -- Sodium analogue r < v 

{Mica grp) 
CaA1 2{Si 2Al 2}o10{0H) 2 

1.607 1.598 1.612 1.621 .023 MONTE BRAS ITE 82° 
A L i A 1 PO 4 { OH , F} r > v 

1.606 1.596 1.612 1.615 .019 PHOSPHOPHYLL ITE 40-50° 
,-, -- Zn 2{Fe,Mn}{P04)2•4H20 r > v L.......l 

1.615 

1. 571 1.613 1.623 .052 KTENASITE 51° 
(Cu,Zn} 5{S04)2(0H} 6• 
6H20 

Optical SYSTEM CLEAVAGE 
orien- and or 
tat ion habit fracture 

el pos ORTH One clv 

z = c MCL 110 
el pos fib 

X = c 
Z=b 

MCL 001 perf 

el pos 

Z ... a MCL ---

y = b MCL 110 poor 
Z:c -; -3° pris 

--- TET 001 perf 
tab 010, 100 

dist 

z = b 
Y:a -;;- 7° 

MCL 001 perf 

el-pos 

--- TCL 100 perf 
110 good 

z = b MCL 001 perf 
Y:c -;;- 50° thick 010, To2 

tab dist 

z = b MCL ---
X- c 

Har 
spe 

Color gra 
a 

fusi 

Col s H < 
G 3. 

White H 5-
G 2. 
F di 

Cinnamon- H 4 
brown G 2. 

F 3 

Brown G 2. 

Col s to H 5-
yellowish G 3. 

3. 
F di 

Yell ow- H 2. 
green to G 3. 
yellow 

Col s H 4 
G 3. 
fus 

White H 5. 
G 3. 
F ea 

Col s to H 3-
bluish- G 3. 
green F ea 

Blue- H 2-
green G 2. 

dness, 
cific 
vity, 
nd 
bil ity 

Remarks 

3 IBiax pos {?). 
21 

6 !Gel with acids. Shows 
69 ultra-blue interf 
ff colors. 

Gel with acids. Pleoc, 
8 IX dark yellow-brown, Y 

and Z pale yellow
brown. 

84 I Pl eoc wk, X co 1 s, Y and 

5.5 
01-
08 
ff 

5 
85 

06 

5-6 
05 
sy 

3.5 
13 
sy 

2.5 
97 

Z pale yellow. 

Diss by acids. Tw pl 
001 penet. 

Diss by acids. Pleoc, 
X cols, Y and Z yellow. 
Fluor yellow-green in 
uv. 

Insol in acids. Na?O 
5.6, CaO 3.3%, Li not 
detd. 

Diff diss by acids. 
Li 20 9.2, Na 20 0.6, 
F 4.4%. 

Diss in acids. Tw on 
100 common, sometimes 
poly. Fluor violet in 
short-wave UV. 

Diss by acids and 
NH 40H. Pleoc, X cols, 
Y bluish-green, Z light 
green. 



1. 599 

1

1.580 I --- 1.615 .035 MINNESOTAITE Small el pos MCL 001 perf Cols to G 3.01 Pleoc, X pale yellow, 
II 

(Fe+2,Mg) 3Si 4o10 (0H) 2 
yell ow- Y and Z pale blue-v 

-1.630 green green. 

1. 560 I 1. 614 1.615 .055 PREISWERKITE 5-7° --- MCL 001 perf Pale H 2.5 
(Mica grp) green G 2.96 
NaMg 2Al(Al 2Si 2)o10 (OH) 2 

1.s8s I 1.614 I 1.614 I .o29 lviMSITE 1280 lel pos I MCL lOne cl v ICols IH 4 IDiss by acids. 
CaB 202(0H) 4 G 2.54 

1.586 I 1.614 I 1.621 I .o3s I CAYS ICHITE 53-73° X = b ORTH I --- I Col s to IH 4.5 jDiss by cold HCl with 
(Y,Ca) 4Si 4o10 (c03)3• v = a radi- yell ow G 3.03 eff. 
4H 2o el pos ating 

1. 59 11.575 I (1.614) 11.615 I .040 lsAUCONITE 0-20° y = b MCL 1001 perf ICols, IH 2 IDee by acids. ZnO 
II -(Smectite g rp) mass whlte, G 2.7 23.1, Al 203 17.0%. 

Na 0•33zn 3(Si ,Al) 4o10 yell OW 

(OH) 2·4H20 

1.s9s I 1.614 I 1.614 I .019 I SEMENOVITE 10-40° I --- I ORTH !Uneven j Col s IH 3.5-4 I Tw llO. 
(Ca,Ce,La,Na) 10_12 ps tet G 3.14 

(Fe,Mn)(Si ,Be) 7n 
(O,OH,F) 48 --

~ 11.600 11.615 11.6291 .029 ILEHIITE I Large lel neg IMCL I --- I White IH 5.5 !Diss by acids. 
w:::.. (Na,K) 2Ca 5Al 8(P04)8 (67_:8°) fib G 2.89 01 

(OH) 12 ·6H 20 

1.593 11.600 11.61511.6271.027 ITREMOL!TE 79° y = b I MCL 1110 perf ICols to IH 5.5-6 I Insol in acids. FeD 
1\ (Actinolite ser, (63+8°) Z:c-;- 15° at 124° green G 2.98 0.6%. v 

1.632 Amphibole grp) r <-v wk el-pos 
Ca 2(Mg,Fe) 5Si 8o22 (0H) 2 

v 11.60511.615 11.6221 .017 IRICHTERITE IMed large I y = b I MCL 1110 perf !White IH 5.5-6 I Insol in acids. 
(1.627) (Amphibole grp) r < v wk Z:£-;- 25° at 129° G 3.07 

Na 2Ca(Mg,Ti,Al) 5Si 8022 el pos 

(OH) 2 

(1.559) I 1.,616 11.624 I ( .065) IPHARALUMITE 40° X = b MCL --- Lemon- H 3 Pleoc, X cols, Y and Z 
Al 2(U0 2)3(P04)2(0H) 6• y- c pri s yellow G 3.5 pale yellow. Not fluor 
10H20 in UV. 

1.624 
11.597 11.616 11.6241 .027 I SANBORNITE 66° z - c TCL 001 perf White H 5 Dec by acids. Poly tw 

BaSi 205 platy 010 G 4.19 on 010. 
i mperf 

1.598 ll.575ll.617ll.621 I .046 I BIOTITE, 30° y = b MCL 001 perf Reddish- H 2.5-3 Pleoc, X brown, Y and 
1\ var Manganophyllite r < v el pos plates brown G 2.98 Z dark brown. Fe 2o3 v 

1.640 (Mica grp) F 3-4 5.8, FeD 1.2, MnO +2 K(Mg,Fe ,Mn) 3 6.2%. 
(Al,Fe+3)Si 3o10(0H,F) 2 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Bi r,ef and formula (2Vx calc) orien- and or Color gravity, Remarks 
tat ion habit fracture and a. ~ y disp fusibility 

1.600 --- 1.620 .020 ALDZHANITE --- --- ORTH --- Cols to G 2.21 Opt char unk. 
CaMgB2o4Cl•7H20 (?) dipyram rose 

1.606 1.617 1.620 .014 REINHARDBRAUNSITE 44-50° z = b MCL 001 dist Light H 5-6 ---
Ca5(Si04)2(0H,F) 2 r > v dist X:c -;- 18° pink G 2.84 

( 1.6A00) 1.597 1.618 1.619 .020 GLAUCONITE 20° y = b MCL 001 perf Green H 2 Dec by acids. Pleoc, 
v (Mica grp) r < v X:c -;- 10° G 2.7 X yellow, Y and Z 

1.634 (K,Na)(Al,Fe,Mg) 2 fus bluish-green. Fe 2o3 
(Si ,Al) 4o10(0H) 2 

18.8, Al 203 8.5, FeO 
4.0, MgO 3.0%. 

v 1.580 1.619 1.620 .040 GRANDIDI ER ITE 24° X = a ORTH 100 perf Blue G 2.91 Insol in acids. Pl eoc, 
1.636 (Mg,Fe)Al 3(B04)(Si04) r < v y = c 010 poor i nfus X pale blue, Y yellow-

02 el cTv pos brown, Z deep blue, abs 
Z > X> Y. 

~ 
~ 

1.588 1.605 1.619 1.619 .014 CLINOCHLORE - oo X - c MCL 001 perf Olive- H 2 Dec by acids. Pl eoc, A -- (Chlorite grp) r > v el cTv pos to dark- G 2.8 X pale green, Y and Z v 
1.637 (Mg,Fe) 5Al(Si 3Al)010 green F 5 green. 

(OH) 8 
1.611 1.619 1.621 .010 CYMRITE 0-5° --- MCL --- Col s, H 2-3 Slight sol in HCl. 

BaA1 2Si 2(0,0H) 8·H20 ps hex dark G 3.41- Exfoliates when heated. 
green, 3.45 
brown 

1.583 1.62 1.633 .050 Unnamed Cu-Zn arsenate --- --- TCL 2 pina- Light --- Diss by HCl. Am. 
coidal rose Mineral., 44, 1323 

(1959). 

1.609 1.580 1.620 1.623 .043 MUSCOVITE, 35° z = b MCL 001 perf Col s to H 5 Insol in acids. Fe2o3 A -- var Phengite r > v X:c -;- 0-5° ps hex pale G 2.88 
(Mica grp) el-pos plates green 8.0, FeO 2.5, MgO 1.9%. 
K(Al ,Fe,Mg)(Si 3Al)010 (OH) 2 

1.584 1.620 1.621 .037 NISSONITE 19° z = b MCL 100 fair Bluish- H 2.5 Diss by acids. Pleoc, 
Cu 2Mg 2(P04)2(0H) 2·5H20 r > v str Y:c -; 6° tab green G 2.73 X co 1 s, Y and Z 

tu rquoi se-b 1 ue. 

1.612 1.604 1.620 1.629 .025 HYDROXYLHERDERITE 74° y = b MCL 110 poor Cols H 5-5.5 Diss by acids. Tw pl 
A CaBeP04(0H,F) r < v pris G 3.08 001 penet. 

inclined 

1.610 1.620 1.623 .013 SUOLUNITE 30-35° X = a ORTH --- White G 2.68 Abnormal dark gray to -- Ca 2si 205(0H) 2·H20 (57.:!}9°) v=c yellowish interf 
rnlnrc:_ 



v 
1

1.612 I 1.621 I 1.622 I .010 ICARBONATE-FLUORAPAT1TEISmall r. c rEX 10001 perfiCols, IH 5 IDiss by acids. Base 
1.627 ( 

11 Dehrni te••) el cTv pos yell OW G 3.04 divided into biax 
{Apatite grp) fus segments. 
{Ca,Na,K} 5(P04,co3}3F 

I 1.618 I 1.621 11.622 I .004 I METATORBERNITE - oo X = c TET 001 perf Emerald- H 2.5 Diss by acids. An om 
1.632 {Meta-autunite grp) square green G 3.6 interf colors. Not 

Cu{U0 2)2(P04)2·8H20 tab F easy fluor in UV. 

1.602 
1

1. 604 I 1. 622 I 1. 630 I .026 I META-AUTUNITE 0-15° z = c TET --- Yellow H 2-2.5 Diss by acids. Pleoc, 
1\ {Meta-autunite grp) tab G 3.5 X cols, Y and Z yellow. 

Ca{U02)2{P04)2·4-6H 20 fus Fluor yellow-green in 
uv. 

1.607 I 1.623 I 1.628 I .021 I VLASOVITE 40-56° Opt pl 010 MCL 010 good Cols, H 6 
Na 2zrSi 4011 r > v dist brownish G 2.97 

1.612 I 1.610 I 1.623 I 1.623 I .013 I META-URANOCIRCITE 0-20° X = c ORTH 001 perf Yell ow- H 2-2.5 Diss by acids. Pl eoc, 
{Meta-autunite grp) r > v ps tet 100 dist green G 4.08 X cols, Y and Z pale 
Ba{U02)2{P04)2·8H20 F 3 yellow. Poly tw. 

Fluor green in UV. 

1.612 I 1.592

1 

1.624ll.625l .033 I EPHES ITE ro lz = b IMCL 1001 perf IPink to IH 5-7 I Insol in acids. Na 2o 
1\ {Margarite ser, r < v !{~p~s 7o 

plates brown G 2.98 7. 4. Li 20 3. 5%. v 
1.643 Mica grp) 

N:olidl fC::.i 41 Hl .. ~ ~ ' , " 2 \ ~ ' 2' ' ' 2 I ~ 10 

~ I 11.624 11.6241 

(OH,F) 2 
~ I FRA I PONT ITE 115-20° lel pos I --- I Ye 11 ow- I Soft IGel with acids. -::) --- --- IMCL 

{Serpentine grp) fib ish-white fus 
(Zn,Al )3{Si ,Al )205 {OH) 4 

1.625 I 1.645 I --- !Unnamed hydrous copperiRather I --- IRadi- I --- I Sky-blue I --- Pl eoc str. Am. 
aluminum sulfate large ating Mineral., 21_, 1004 

( 1972). 

1.614 I 1.625 I 1.637 I .023 I PARAHOPE ITE ~- goo I X - ~ ITCL I 010 perf I Col s IH 3.5-4 Diss by acids. Poly tw 
zn 3{P04)2·4H2o r < v perc G 3.31 common on 100. 

F easy 

1.605 I 1.615 I 1.625 I 1.634 I .019 IGEDRITE no y = b ORTH 210 perf Col s to H 5.5-6 lnsol in acids. A1 203 
1\ (Amphibole grp) ( 86..:!:_12°) z = c brown G 2.87 v 16.1, Fe 2o3 0.3, FeO 

1.630 {Mg,Fe) 5Al 2{Si 6A1 2)o22 el pos 1.5%. 
{OH) 2 

1. 625 I --- I .007 ISMOLIANINOVITE 3 --- el pos ORTH --- Yellow H 2 Opt sign unk. 
{Co,Ni ,Mg,Ca) 3{Fe+ , fib G 2.46 

Al) 2{Aso4)4·11H2o 

1.605 I 1.626 I 1.633 I .028 I J IMTHOMPSON ITE 162° I X • a IORTH 1210 perf ICols to I --- IFeO 12.2, MnO 0.7%. 
(Mg,Fe) 5si 6o16{0H) 2 r > v wk y = b at 38° 1 i ght 

pinkish-
brown 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific: 

entries Bi ref and formula (2Vx calc) orien- and or Color gravity, Remarks 
tat ion habit fracture and 

a 1?. y disp fusibility 

1.610 1.616 1.626 1.634 .018 SAINFELDITE 83° X = b MCL --- Col s, G 3.04 Diss by acids. 
A Ca 5H2(As04)4·4H20 Y:c -;;;- 20° flat- pink 

tened 
100 

1.589 1.627 1.628 .039 CUPROR IVAITE 14° --- TET 001 perf Azure- H 5 Insol in acids. Pleoc, 
CaCuSi 4o10 tab blue G 3.08 X pale rose, Z blue. 

1.610 1.627 1.633 .023 CLINOHOLMQUISTITE 58° y = b MCL 110 perf Blue G 3.00 ---
(Amphibole grp) z = c pri s 
Li 2(Mg,Fe+2)3Al 2Si 8o22 

X:a -;;;- 16° 
e1-pos 

(OH,F) 2 
1.615 1.616 ( 1.627) 1.632 .016 RICHTER ITE, 70° Z:c = 26° MCL 110 perf Col s to H 5-6 lnsol in acids. Fe 2o3 A var Magnophorite el-pos pris brown G 3.12 v 0.6, A1 203 1.7, FeO 1.631 (Amphibole grp) 

~ 
00 

Na 2Ca(Mg,Fe+2,Ti) 5Si 8 
0.6, Ti02 3.5%. 

022(0H)2 

v 1.619 1.627 1.629 .012 FEDOROVSKITE Small z = b ORTH 100 perf Cols to H 4.5 Diss by acids. Pl eoc. 
1.640 (Roweite ser) r < v str y = c fib pink G 2.65 X cols. Z yellow. MnO 

Ca 2(Mg,Mn) 2B407(0H) 6 el cTv pos 5%. 

1.621 1.622 1.627 1. 627 .005 CARBONATE-FLUORAPATITE 0-25° --- HEX 0001 poor Cols to H 5 Diss by acids with 
A (Apatite grp) u mass brown G 3.1-3.2 slight eff. 

Ca 5(P04,co3)3(F,OH) 

( 1. 58) 1.598 1.628 1.654 .056 LAUSENITE Large X:c = 27° MCL --- Cols --- Sol in H2o. 
A Fe 2(S04)3·6H20 (64~4°) fib c 

1.602 1.628 1.632 .030 SWITZERITE 42° y = b MCL 100 perf Pink, H 2.5 ---
(Mn,Fe) 3(P04)2·4H20 Z:c-;;;- 10° bladed 010 fair brown G 2.98 

v 1.618 1.628 1.631 .013 WOLLASTONITE 38° Y:b = 3-5° TCL 100 perf White H 5 Dec by HCl. Fe 2o3 0.2, 
1.644 CaSi 03 r > v 001, T02 G 2.92 FeO 0.1, MnO 0.1%. good F 4 

1.585 1.630 1.630 .045 TROEGERITE - oo X = c TET 001 perf Lemon- H 2-3 Diss by acids. Not 
(Autunite grp) r > v mod Z:a -;; 13° tab 100 good yell ow G 3.3 pleoc. Fluor ye 11 ow in 
(U02)3(As04)2·12H 20 F 2.5 uv. 

-1.613 1.592 --- 1.632 .040 MINNESOTAITE Small el pos MCL 001 perf Gray- G 3.03 Pleoc, X pale green, 
A (Talc ser) green Y and Z bluish-green. v 

1.652 (Fe+2,Mg) 3Si 4o10(0H) 2 



1.610 1(1.63) 1 1.639 1 .o29 I GATUMBAITE 65° z = b MCL One 1 on- White H < 5 Diss by acids. Luster 
CaA1 2(P04)2(0H) 2·H20 fib gitudinal pearly. 

v 11.606 I (1.63) 11.632 I .026 I CELADON ITE Small y = b MCL 001 perf Green H 2 Dec by HCl. Pl eoc, X 
1.643 (Mica grp) r > v X - c G 2.7 yellow-green, Y and Z 

+2 +3 . el cTv pos F 3 green. Fe 2o3 12.0, K ( Mg , Fe )( Fe , A 1 ) S 1 4 010(0H) 2 Al 2o3 6.7, FeO 2.1, MgO 

5.8%. 

1.625 

1

1.616

1

1.630 

1

1.641 I .025 I ANTHOPH YLL !TE 88° y = b ORTH 210 perf Brown H 5.5-6 Insol in acids. Al 2o3 1\ (Amphibole grp) z = c G 3.09 0.2, Fe 2o3 1.0, FeO v 
1.655 (Mg,Fe) 7Si 8o22 (0H) 2 el pas 11.7%. 

1. 590 

1

1.613

1

1.630 

1

1.632 I .019 I CARPHOLITE 50° X = b ORTH Pris at Yellow H 5.5-6 Insol in acids. Pl eoc, 
1\ (Mn,Fe)Al 2Si 206(0H) 4 r > v str z = c fib c 68° G 2.94 X and Y pale yellow, Z v 

1.636 el pos F 3.5 col s. MnO 19.9, FeO 
2.3, Fe 2o3 2.0%. 

v 
1

1.620 
1

1.630 
1

1.635 I .o1s IMAGNESIO-CUMMINGTONITE 74° Z:c = 16° MCL 110 perf Pink H 6.5 Insol in acids. Pl eoc, 
1.644 (Amphibole grp) y-;- b G 3.07 X and Z cols, Y yellow. 

(Mg,Mn,Fe) 7si 8022 (0H) 2 el pos MgO 25.9, MnO 8.7%. 

v 11.613 I (1.63) 11.645 I .032 ISODIUM BOLTWOODITE Large --- ORTH 010 perf Pale G 4.1 Pleoc, X cols, Z pale 
( -1.66) (H_O)(Na .K) (LJQ_) 001 Vf'11ow ve11ow. 

I' j '' -' ''- Z' I I I I imperf 
. ., ~ - ~ 

·~ 
- -

(Si04)·H20 

~ 
11.60811.631 11.642 1 .034 I LAZUL ITE 70° y = b MCL 110 good Blue H 5-6 Insol in HCl. Pl eoc, X H::.- v 

~ 1.646 (Mg,Fe)Al 2(P04)2(0H) 2 r < v perc X - c 101 G 3.08 cols, Y and Z blue. 
el cTv neg i nfus FeO 2.6%. 

( 1. 627) 1. 617 1.631 1.637 .020 RICHTERITE 68° y = b MCL 110 perf Brown H 5-6 Insol in acids. Pleoc, 
1\ (Amphibole grp) Z:c -;- 18° at 124° G 3.08 X and Y pale yellow, Z v 

1.699 Na 2Ca(Mg,Mn,Fe) 5Si 8 el-pos straw-yellow. Al 2o3 
022(0H)2 3.0, Fe 2o3 3.7, FeO 

0. 6 , Mn 0 5. 4%. 

v 11.62411.631 11.637 1.013 I EC KERMANN IT E no X:c = 49° MCL 110 perf Green H 5-6 Insol in acids. Pleoc, 
1.644 (Am phi bo 1 e g rp) G 3.16 X rose, Y 1 i 1 ac , Z 

Na 3(Mg,Fe) 4A1Si 8022 1 i ght b 1 ue. Fe 2o3 8.2, 

(OH) 2 
MnO 1. 2%. 

1.620 I 1.631 I 1.633 I .013 IWOLLASTONITE-2M, 44° y = b MCL --- White --- Dec by acids. 
Parawollastonite r > v X:c -;- 34° 
CaSi03 

1.589 I 1.632 I 1.634 I .045 IKARLITE 124' IX=£ IMCL 1001 perf ~White to IH 5.5 lrnsol in cold dil HCl. 
Mg 7(B03)3(0H,Cl) 5 y = b fib 1 i ght G 2.82 

green 

1.603 I 1.632 I 1.632 I .029 ICARYOPILITE 
,- 0' IX=£ IMCL 1001 perf ~Brown H 5.5 IDec by acids. 

(Serpentine grp) fib G 2.8-2.9 
(Mn,Mg) 3s; 2o5(0H) 4 F easy 



1:\:) 
01 
0 

Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Bi-ref and formula 
CL f y 

1.617 1.632 1.640 .023 CHESTERITE 

(Mg,Fe+2)17Si20054 
(OH) 6 

1.615 1.622 1.632 1.642 .020 ACTINOLITE 
A (Amphibole grp) v 

1.643 Ca 2(Mg,Fe) 5Si 8022 (0H) 2 

--- 1.632 1.634 --- KAHLERITE 
(Autunite grp) 
Fe(U02)2(As04)2·xH20 

1.620 1.633 1.640 .020 GARRELSITE 
Ba 3NaSi 2B7o16 (0H) 4 

1.630 1.619 1.633 1.635 .016 KINOSHITALITE ,..., 
(Mica grp) 
(Ba,K,Na)(Mg,Mn,Al) 3 Si 2Al 2o10(0H,F) 2 

1.622 1.633 1.638 .016 LIBERITE 
Li 2BeSi 04 

,..., 
L-J 

1.630 1.633 1.636 .006 DANBURITE 
CaB 2Si 208 

v 1.59 -1.63 -1.64 -.05 ROSCOELITE 
1.685 (Mica grp) 

K(V,Al,Mg) 2A1Si 3010 (OH) 2 
1.603 1.575 1.634 1.634 .059 STILPNOMELANE 

A +2 +3 v K(Fe ,Mg,Fe ,Al) 10 1.661 
Si12°3o(OH)12 

v 1.616 1.634 1.646 .030 HOLMQUISTITE 
1.645 (Amphibole grp) 

Li 2(Mg,Fe+2)3Al 2Si 8o22 
(OH) 2 

2Vx 
(2Vx calc) 

disp 

no 
r > v wk 

80° 
r < v 

9-33° 

no 

23° 

66° 

88° 
r < v str 

Med 
r < v 

- oo 

56° 
{78+8°) 
r >-v wk 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

X = a ORTH 110 perf Cols to --- FeO 14.1, MnO 1.0%. 
y = b at 45° 1 i ght 

pinkish-
brown 

y = b MCL 110 perf Green H 5.5-6 Insol in acids. Pl eoc. 
Z:c -;- 26° at 124° G 3.18 FeO 7.2, Fe 2o3 2.8, 
el-pos Al 203 2.2%. 

--- TET 001 perf Yellow- --- Diss by acids. Not 
tab green fluor in UV. 

z = b MCL --- Cols G 3.8 ---
bipyram 

el pos MCL 001 perf Yellow- H 2.5-3 Pleoc wk, X very light 
brown G 3.23- yellow, Y and Z yellow. 

3.30 BaO 17.9, K20 3.3, MnO 
7.4, Mn 2o3 3.2%. 

Z:c = 41° MCL 010 perf Yellow H 7 ---
100, 001 to brown G 2.69 
dist 

X = a ORTH 001 poor Col s to H 7 Insol in acids. 
Z=b el c yellowish G 2.94 

F diff 

z = b MCL 001 perf Brownish- H 3 Insol in acids. V203 x-c green G 2.8 17.4, Al 2o3 21.9, FeO el pos F 3 1.7%. 

X = b MCL 001 perf Brown H 3-4 Dec by acids. Pl eoc, X 
Y-c also G 2.84 pale brown, Y and Z 

tri c F 4-5 dark brown. FeO 22.7, 
Fe2o3 12.2%. 

z = c ORTH 210 perf Violet H 5.5-6 Pleoc, X and Y cols, Z 
el pos pris G 3.04 1 i1 ac. FeO 7.3, 

Fe2o3 1.0, Al 2o3 14.3, 

Li 20 3.2%. 



~ 
01 
~ 

1.618 
A 

1.632 

v 
1.651 

1.630 
,..-, 
L......J 

1.640 

v 
1.644 

v 
-1.650 

1.619 
A 

1.610 I 1.634 I 1.634 

1.560 I 1.635 I 1.635 

1.615 I 1.635 I 1.656 

1.617 I 1.635 I 1.652 

1.611 I 1.635 I 1.643 

1.624 1.635 1.654 

1.615 I 1.635 I 1.638 

1.619 I 1.635 I 1.642 

1.627 I 1.635 I 1.639 

1.560 I 1.635 I 1.635 

1.596 1(1.636)1 1.637 

1.602 I 1.636 I 1.639 

.024 !GLAUCONITE 110° 
(Mica grp) r < v 

+3 (K,Na)(Fe ,Al,Mg, 
Fe+2)2(Si,Al) 4o10(0H) 2 

Small 

y = b 
x-c 

MCL 

MCL 
fib 

001 perf !Green 

Green 

H 2 
G 2.74 
fus 

H 2 
G 2.82 

.075 jGILALITE 
Cu 5Si 6o17 ·7H20 

.041 ISKLODOWSKITE 
Mg(U02)2Si 206(0H) 2• 
5H20 

- 90° IV=~= el,MC~ 1100 perf !Yellow 
r > v str pr1s b 

tab -

H 2-3 
G 3.64 

spher
ulitic 

.035 !TILLEYITE 
Ca 5Si 207(c03)2 

92° I y = b I MC L 
r > v perc X:a ~ 18° 

100 perf !White G 2.84 

.032 IBURANGAITE 158° 
(Na,Ca) 2(Fe,Mg} 2Al 10 r > v 
(P04)8(0H,0} 12 

• 030 '!'BAKER ITE 
Ca 4B4(B04)(Si04)3 
(OH) 3·H20 

85° 
( 105.:!:.8°) 

.023 IMETALODEVITE 127-37° 
(Meta-autunite grp) 
Zn(U0 2)2(As04)2•10H 20 

.023 INORDITE 131o 
(La,Ce)(Sn,Ca)(Na,Mn) 3 (66+10°} 
(Zn,Mg}Si 6o17 -

.012 IANDALUSITE 
Al 2Si 05 

.075 IGILALITE 
Cu 5si 6o17 •7H20 

.041 IJOLIOTITE 
(U02)(C03)·xH20 
(x < 2} 

82° 
r < v 

Small 

Small 

.037 IGRANDIDIERITE 130° 
(Mg,Fe}Al 3(B04)(Si04) r < v str 
02 

z = b IMCL 
X:c ~ 11° pris 

y = b 
X:c ~ 44° 

X = a 
y = b 

X = c 
Y=b 
el neg 

MCL 
oris 
tab 
spher
ulitic 

ORTH 
tab 

ORTH 

ORTH 

MCL 

100 perf !Bluish toiH 5 
bluish- G 3.05 
green 

White H 4.5 
G 2.88 

Pale IG 4.00 
yell ow 
to olive 

100 good !Light 
brown 

110 good !Pink, 
100 poor white 

Green 

H 5-6 
G 3.43 
F easy 

H 6-6.5 
G 3.14 
infus 

H 2 
G 2. 72 

X = a 
Y=b 

ORTH poo 
crusts 

Lemon
yellow 

H 1-2 
G 4.55 

X = a I ORTH 
v=c 
el cTv pos 

100 perf jBlue-
010 poor green 

calc 

G 2.99 
infus 

Dec by acids. Pleoc, X 
yellow-green, Y and Z 
blue-green. Fe 2o3 
24.9, Al 2o3 7.3, FeO 
2.9%. 

Pleoc, X cols, Y 
yellow, Z pale yellow. 
Not fluor in UV. 

Eff and gel with acids. 

Pleoc, X light blue, Y 
dark blue, Z cols. 
Fe2o3 1.1, FeO 6.3%. 

Weakly fluor yellow
green in UV. 

Dec by acids. 

Insol in acids. Pleoc 
wk, X rose, Y and Z 
greenish-yellow. Fe2o3 0.8%. 

Pl eoc, X co 1 s, Z 
yellow. Fluor wk in 
uv. 

Insol in acids. Pleoc, 
X greenish-blue, Y 
cols, Z pale bluish
green. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula (2Vx calc) orien- and or Color gravity, Remarks 
tat ion habit fracture and 

Ct ~ y disp fusibility 

1.630 1.621 1.636 1.640 .019 FERROCARPHOLITE S6° X = b ORTH Pris at Yell ow H S.S-6 Insol in acids. Pl eoc, 
1\ -- {Fe,Mg)Al 2Si 206{0H) 4 r > v str z=c fib c 68° to green G 3.0 X and Y yellow-green, Z L-J 

1.644 el pos F 3 blue-green. FeO 1S. S, 
MnO 0.1, Fe 2o3 3.9%. 

1.624 1.636 1.642 .018 BERTOSSAITE Med X = a ORTH 100 good Pink H 6 Slowly diss by HN0 3• 
{Li ,Na) 2CaA1 4{P04)4 r < v str y = c G 3.10 
(OH,F) 4 

1.S84 1.637 1. 670 .086 USHKOVITE S0° ext at 26° TCL 010 good Light G 3.38 Diss by acids. 
+3 yell OW MgFe 2{P04)2{0H) 2• 

8H20 

1.610 1.637 1.6S2 .042 FABIANITE 66° y = b MCL 110 Cols H 6 Diss by acids. Fluor 
CaB 30S(OH) r < v wk X:a -;; 22° pris G 2. 77 brownish-yellow in 

uv. 

~ 

~ 
1.619 1.61S 1.637 1.638 .023 CHAMOSITE 1S 0 X 1 £. MCL 001 perf Green H 2.S Dec by acids. Pl eoc, 

1\ {Chlorite grp) G 3.0 X olive-green, Y and Z v 
1.649 +2 +3 F diff brownish-yellow. FeO {Mg ,Fe ,Fe ) sAl 22.8, Fe 2o3 9.1, Al 203 (Si 3Al)010{0H,0) 8 22.1%. 

v 1.620 1.637 1.642 .022 GLAUCOPHANE S1° y = b MCL 110 perf Blue H 6 Insol in acids. Pl eoc, 
1.648 {Amphibole grp) r < v str Z:c ~ so pris at 121° G 3.13 X cols, Y lavender, Z 

Na 2{Mg,Fe) 3Al 2Si 8o22 el-pos F 3.S blue. FeO 10.6, Fe 2o3 
{OH) 2 

2.0, Al 203 10.1%. 

l.S68 1.623 --- 1.640 .017 NEPOUITE --- --- MCL 001 perf Dark H 6 Insol in acids. Pleoc 
1\ {Serpentine grp) fib green G 3.2 wk, X dark green, Z 

{Ni ,Mg) 3Si 20s{OH) 4 i nfus yellow-green. Ni 0 
43.7, MgO 8.2%. 

1.S96 1.639 1.670 .074 SUANITE 70° X = b MCL 010 White H S.S Slowly diss by HCl. 
Mg2B20S {79~3°) Y:c -;; 23° fib G 2.91 

r > v wk F diff 

1.636 1. 618 1.639 1.6S3 .03S INESITE 7S 0 Ext from TCL 010 perf Rose-red H S.S Dec by HCl with sepn of ,...., Ca 2Mn 7s; 10o28{0H) 2• r > v wk clv on pris 100 good to flesh G 3.02 silica. L-J 

1.642 SH20 010 = 29° F 3 
001 = 14° 

1.619 1.639 1.643 .024 TROLLEITE 49° --- MCL --- Pale H S.S Nearly insol in acids. 
Al 4{P04)3{0H) 3 r > v wk mass green G 3.09 Fe 2%. 

i nfus 



L.....J 

1
1.624 I 1.639 I 1.643 I .019 I ROSCHER ITE Large X = b MCL 001 good Dark H 4.5 Diss by acids. Pl eoc, 

1.644 Ca(Al,Fe,Mn) 3Be 2(P04)3 (54+14°) Y:c -;- -15° pris 010 fair brown G 2.93 X yellow to olive, Y 
(OH) 3·2H20 (?) 

r >-v str fus yellow-brown, Z chest-
crossed nut brown. Abnormal 

interf colors. 

1.617 1.590 1.640 1.640 .050 SIDEROPHYLL ITE Small y = b MCL 001 perf Dark H 2.5-3 Pleoc, X brown, Y and Z 
" (Biotite ser, r < v el pos plates brown G 3.12 dark brown. FeO 30.2, v 

1.652 Mica grp) F 4 MnO 1.0%. 
KFe 2Al(Al 2Si 2)o10 
(F,OH) 2 

1.624 I 1.640 I 1.650 I • 026 I OURS INITE 1{76~90) I v = .£ IORTH I --- 'Pale IG (3.67) IDoes not fluor UV • 
(Co,Mg)(U02)2s; 2o7• yell OW 

6H20 

1. 632 I --- I 1. 64 6 I • o 14 I ZYKAITE Large el pos ORTH Uneven Gray- IG 2.50 
+3 white, Fe 4(As04)3so4(0H)· yell ow-

15H20 green 

1.627 I 1.631 I 1.640 1 1.641 1 .010 IROWEJTE 20° z = b ORTH 101 poor Light IH 5 joiss by acids. MnO 
1\ Ca 2(Mn,Mg) 2B407(0H) 6 r < v str y = c tab brown ~ ~.73 17.9, MgO 7.6, FeO v 

1.660 1 '>01 I I I I I I I I I r L J..eL/Oe 

1.633 1.640 1.645 .012 Unnamed ca 2Si04 57° --- ORTH cl v 1 el White G 2.97 Gel with acids. Am. 
t..:> 

I 
fib calc Mi nera 1 • , g, 1771 

Cll i nfus (1966). 
~ 

1.64 --- wk NI NGYOITE --- el pos ORTH --- Brown to --- Pleoc wk in brown. 
(U,Ca,Ce) 2(P04)2• ps hex brownish- Opt char unk. 
1-2H2o green 

1.583 I 1.641 I 1.648 I .065 I SERPIER ITE (37+6) y = b MCL 100 perf Sky-blue G 3.07 Diss by acids. Pleoc, 
Ca(Cu,Zn) 4(s04)2(0H) 6• r >-v str X:a -;- 24° laths X pale green, Y and Z 
3H 20 bluish-green. 

1.607 I 1.641 I 1.672 I .065 I PAPAGOITE 78° z = b MCL 100 good Blue H 5-5.5 Pleoc, X cols to pale 
CaCuAl Si 2o6(0H) 3 ( 86_:!:4°) X:c ~ 44° tab G 3.25 greenish-blue, Y blue, 

r > v wk Z deep greenish-blue. 

1.609 I 1.641 I 1.641 I .032 IMETAHE INRICHITE ,0-20" ,--- ITET 
1001 perf 'Yellow IH 2.5 Diss by acids. Pleoc, 

(Meta-autunite grp) tab 100 dist to green G 4.04 X cols, Y and Z pale 
Ba(U02)2(As04)2·8H20 yell ow. Fluor yellow-

green in UV. 

1.624 I 1.641 I 1.647 I .023 IROSENHAHNITE 160-68° I On 100 I TCL 1001 perf Cols H 4.5-5 Slightly attacked by 
Ca 3Si 3o8(0H) 2 Z':_£= 36° laths 100, 010 G 2.89 acids. 

good F 3 

I 1.6351 (1.642)11.6421 .007 I KILLALAITE 126° I y = b IMCL 1100 perf Cols G 2.88 !complex penet tw. 
1.646 2Ca 3Si 2o7·H20 Z:_£-;- 16° 010, 001 calc 

good 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vx calc) orien- and or Color gravity, Remarks 

tat ion habit fracture and 
a ~ y disp fusibility 

v 1.618 1.642 1.652 .034 SOU ZALITE 68° X = a MCL (?) 100 perf Green H 5.5-6 Diff diss by HCl. Poly 
1.653 (Mg,Fe) 3(Al,Fe) 4(P04)4 r > v str el pos fib G 3.09 tw. Pleoc, X green, Y 

(OH) 6·2H20 infus b 1 ue , Z yell ow. 

v 1.633 1.642 1.652 .019 MAGNESIO-HORNBLENDE 88° y = b MCL 110 perf Green H 5-6 Insol in acids. Pl eoc, 
1.645 (Amphibole grp) Z:c -;- 16° pris at 124° G 3.10 X pale yellow, Y and Z 

(Ca,Na) 2(Mg,Fe) 4Al el-pos green. FeO 8.7, Fe2o3 
(Si 7Al)022 (0H,F) 2 

2.7, A1 203 5.0%. 

1.627 1.642 1.644 .017 PALERMOITE - 20° Y = a ORTH 100 perf Col s, H 5.5 ---
(Li ,Na) 2(Sr,Ca)Al 4 r < v mod X= c pri s, 001 fair white G 3.22 
(P04)4(0H) 4 

el neg el· c 

1.555 1.643 1.658 .103 SIBIRSKITE 43° --- MCL --- Cols --- Diss by acids. 
CaHB03 

~ 
L....l 1.559 1.643 1.655 .096 HOHMANNITE 40° Y:c = 23° TCL 010 perf Amaranth- H 3 Diss by acids. Pl eoc, 

1.650 Fe2(S04)2(0H) 2·7H20 r > v str pris red to G 2.2 X pale yellow, Y pale 
brown greenish-yellow, Z dark 

greenish-brown. 

(1.63) 1.612 1.643 1.643 .031 CELADONITE Small y = b MCL 001 perf Bright H 2 Dec by HCl. Pl eoc, X 
A (Mica grp) r > v x-c green G 2.8 yellow-green, Y and Z v 

(1.662) K(Mg,Fe+2)(Fe+3,Al)Si 4 
el cTv pos F 3 green. Fe 2o3 29.3, 

010(0H) 2 Al 2o3 1.0, FeO 9.8, MgO 

3.7%. 

1.632 1.629 1.643 1.650 .021 ACTINOLITE 730 y = b MCL 110 perf Green H 5.5-6 Insol in acids. Pleoc. 
A (Amphibole grp) r < v Z:c :: 20° pris at 124° G 3.17 FeO 8.3, Fe2o3 2.4%. v 

1.663 Ca 2(Mg,Fe) 5si 8o22 (0H) 2 el-pos 

1.624 1.632 1.643 1.646 .014 MARGARITE 63° z = b MCL 001 perf Cols H 4 BeO 1.8 to 3.3%. 
A -- (Mica grp) r < v Y:c -;- 7° G 3.06 v 

1.652 CaA1 2(Al 2Si 2)o10(0H) 2 F diff 

1.637 1.643 1.648 .011 KOASHVITE 83° --- ORTH Conch Pale H 6 ---
Na 6(Ca,Mn)(Ti,Fe)Si 6 r > v wk yellow G 3.00 
018•H20 F 3 

v 1.639 1.643 1.646 .007 HIORTDAHLITE 83° Ext on TCL Pris at Yellow, H 5.5 Gel with acids. Poly 
1.658 (Ca ,Na) lrSi 2o7 r < v 100 = 65° tab about 90° brown G 3.26 tw, camp pl 100. Pleoc 

F 3 wk, X cols, Y and Z (O,OH,F) 2 yell ow. 



1.630 11.630 11.64411.6521 .022 ITIRODITE r· IZ:c = 20" I MCL 1110 perf 'Pink to IH 5.5-6 I Insol in acids. MnO 
1\ (Cummingtonite ser, Y-;;- b pris greenish G 3.10 16.6, FeO 4.5%. v 

1.665 Amphibole grp) el pos 

Mn 2(Mg,Fe+2)5Si 8022 
(OH) 2 

1.628 1.631 1.644 1.646 .015 WOLLASTONITE 45° y - b TCL 100 perf White H 5 I Dec by HCl. MnO 6.3, 
1\ (Ca,Mn)Si03 r > v X:c :: 40° 001, To2 G 3.03 FeO 0.7%. v 

( 1.652) good F 4 

1. 635 1.637 1.644 1.650 .013 ANDALUSITE 730 X = c ORTH 110 good White, H 6-6.5 Insol in acids. Pleoc 
1\ Al 2Si 05 r < v y = b- 100 poor pink G 3.16 wk, X rose, Y and Z 

el neg infus yellow. 

1.631 11.636 11.644 11.6491 .013 I ECKERMANN ITE 74° X:c = 25° MCL 110 good Bluish- H 6 lnsol in acids. Pl eoc, 
1\ (Arfvedsonite ser, el-neg pri s green G 3.16 X bluish-green, Y v 

1. 656 Amphibole grp) bright blue-green, Z 
Na 3(Mg,Fe) 4A1Si 8o22 yellow-green. Na 2o 
(OH) 2 9.8, FeO 2.7, Fe 2o3 8.0, MgO 9.1%. 

v I 1.637 I 1.644 I 1.645 I .008 I ~~R~M~JE~!T~_-. 1180 IX = ~ I HE~ !Conch ~~ol s to H 6.5 Insol in acids. 
1.653 I I I AI6~5U15 p·, UH) 3 r > v dist pr1 s orown IG 3.28 i nfus 

!:...:> 1.589 1.645 1. 659) .056 CAMPIGL IAITE 52° z = b MCL --- Light lrw 100. c.-, -- Cu 4Mn(S04)2(0H) 6·4H20 r < v wk x- a el b blue. c.n 

1.634 1.624 1.645 1.651 .027 HOLMQUISTITE 50° z = c ORTH 210 perf Blue H 5.5-6 Pleoc, X grayish-
1\ (Amphibole grp) r > v wk el pos pris G 3.06 yellow, Y pink-violet, 

Li 2(Mg,Fe+2)3Al 2Si 8022 
Z dark bluish-violet. 
FeO 8.9, Fe 2o3 2.2, 

(OH) 2 Al 2o3 13.0, Li 20 2.4%. 

1.642 11.634 11.645 11.6581 .024 I EDEN!TE 174° r=b IMCL 1110 perf !Green IH 5-6 11nsol in acids. Pleoc. 
1\ (Hornblende ser, (94_::10°) el pos pri s at 124° G 3.10 FeO 9.0, Fe 2o3 3.4, v 

1.664 Amphibole grp) MnO 0. 3%. 
NaCa 2(Mg,Fe) 5Si 7Al0 22 (OH) 2 

v 
1

1.637 
1

1.645 
1

1.649 I .012 I HUREAUL ITE 75° X = b MCL 100 good Pink to H 3.5 Diss by acids. Pl eoc, 
1.655 Mn 5(P04)[P03(0H)]2• r < v very Z:c-;;- 65° tab brown G 3.19 X cols, Y pale pink to 

4H20 str F 2 yellow, Z pink to 
brown. 

1. 556 I 1. 646 I 1. 652 I • 096 IDONNAYITE 0-20° --- TCL 001 Yellow H 3 Diss by acids with 
Sr3CaNaY(C03)6•3H 20 u 5-10° indist to cols G 3.35 eff. 

to fair 

1.558 I 1.646 I 1.648 I .090 I WELOGANITE 10-15° I --- ITCL 1001 perf Lemon- H 3.5 Diss by acids with 
Sr 3Na 2Zr(C03)6·3H20 ps hex fr conch yell ow G 3.20 eff. 

el c to amber 



~ 
ell 
~ 

Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Bi r·ef and formula 
Cl. ~ y 

v 1. 575 1.646 1.650 .075 SZAIBEL YITE 
( 1. 699) (Sussexite ser) 

MgB02(0H) 

1.631 1.620 1.646 1.656 .036 LAZULITE 
II -- (Mg,Fe)Al 2(P04)2(0H) 2 v 

1.674 

1.640 ( 1.646) 1.651 .011 RUSTUMITE 
Ca 10 (Si 207)2Si04Cl 2 
(OH) 2 

1.639 1.646 1.646 .007 KELL YITE 
(Kaolinite-
Serpentine grp) 
(Mn ,M_g,Al )3(Si ,Al )205 (OH) 4 

1.637 1.647 1.647 .010 NIMITE 
(Chlorite grp) 
(Ni ,Mg,Fe) 5Al (Si 3Al) 
010(0H)s 

1.607 1.622 1.64S 1.651 .029 VERMICULITE 
II (Mg,Ni ,Fe,Al )3(Si ,Al )4 

010 (0H) 2 • 4H20 

1.637 1.634 1.64S 1.653 .019 CROSSITE 
II (Glaucophane ser, v 

1.659 Amphibole grp) 
+2 Na 2 ( Mg , Fe ) 3 

(Al ,Fe+3)2Sis022 (0H) 2 
1.646 1.64S 1.650 .004 KILCHOANITE 

Ca3si 207 

1.5S5 1.649 1.660 .075 DEVILLINE -- CaCu 4(s04)2(0H) 6·3H20 

2V 
X 

(2Vx calc) 
disp 

~ 25° 
r > v 

67° 
r < v perc 

sao 

5-30° 
r > v mod 

15° 

Small 

Small 
(61~13°) 

46-54° 
r > v str 

39° 
(44.:!:,4°) 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

--- MCL 110 perf White H 3 Diss by acids. Poly 
fib G 2.65 tw. 

F 3 

y = b MCL 110 good Blue H 5-6 lnsol in acids. Pl eoc, 
X~ c 101 G 3.19 X cols, Y and Z blue. 

i nfus FeO S.9, Fe 2o3 0.9%. 

y = b MCL 100 poor Cols G 2.9 Lam tw on 100. 
X:c -;; 5° tab 

X = c TRIG 0001 perf Yell ow G 3.07 Pleoc, X cols to green-
el cTv pos and ish-yellow, Y and Z 

HEX pale yellow to reddish-
brown. 

--- MCL 001 good Yell ow- H 3 Pleoc wk, X greenish-
green G 3.16 yellow, Z apple green. 

NiO 29.5, FeO 2.S, 
Fe2o3 4.4%. 

X 1 plates MCL 001 perf Brownish- H 1.5 Dec by HCl. Exfoliates 
el pos black G 2.S when heated. Fe 2o3 F 5 19.2, FeO 5.0, MgO 

13.9, NiO S.6%. 

X:c = so MCL 110 perf Blue H 5 lnsol in acids. Pl eoc, 
y-;;b pris G 3.14 X yellowish, Y laven-
el neg der, Z blue. FeO 7.5, 

Fe2o3 6.4, A1 203 S.4%. 

--- ORTH --- Cols G 2.99 Gel with acids. 
Abnormal ultrablue and 
brown interf colors. 

z = b MCL 001 perf Emerald- H 2.5 Diss by acids. Tw 010. 
y ~ c tab 110, 101 to blu- G 3.13 Pleoc, X pale green, Y 

dist ish-green F 3.5 Venice green, Z tur-
quoise. 



v I 1. 627 I 1. 649 I 1. 660 I .033 IURANOPHANE 1600 z = b MCL 100 perf Lemon- H 2.5 Gel with acids. Pl eoc, 
1.667 Ca(U0 2)2si 207·6H20 r > v acic to pale- G 3.3 wk in yell ows • Ab-

(U r < v) yell ow infus normal blue interf 
colors. 

1""1 11.641 11.64911.6551 .014 IMONTICELLITE 80° X = b ORTH 010 poor White, H 5.5 Gel with acids. FeO v 
1.664 Ca(Mg,Fe)Si04 r > v z =a gray G 3.06 1.4%. 

F 6 

v I 1.64211.64911.6491 .007 ICHLORAPAT ITE Small --- MCL 001 Col s H 5 Diss by acids. Cl 
1.667 (Apatite grp) 5-10° ps hex imperf G 3.18 1.31, F 0.45, H20 

Ca 5(P04)3(Cl ,F,OH) F 5 0.7%. 

1.637 11.6431 ~ 11.6491 .006 'CHAMOSITE - oo X = c MCL 001 perf Dark H 3 Dec by HCl. Pl eoc, X 
" (Chlorite grp) el pos green G 3.08 pale yellow, Y and Z v 

1.666 +2 +3 olive-green. (Fe ,Mg,Fe )5Al 
(Si 3Al)0 10(0H,0) 8 

1.646 I 1. 602 I 1. 650 I 1. 654 I .052 IVITUSITE 130" I --- IORTH --- Pale H 4.5 IDi ss by HCl. Tw. 
Na 3 ( Ce, La) (PO 4) 2 pink, G 3. 60-

gray 3.70 

1 C1 n I 1 ct:n I 1 &:Q? I • 072 !EPISTOLITE 180° IY = b ITCL 001 oerf White • H 1-1.5 .1.•V.1.\J I .l.•V..JV I J.•VVL I 

Na 2(Nb,Ti) 2Si 209·xH20 r < v perc Z:c -;- 7° plates 110 di st gray, IG 2.89 
yell ow 

1:\:) 11.640 1 (1.650) 11.6531 .013 I FER R 08 UST AMITE 60° X:c = 44° TCL 100 perf Pink to IH 6 IFeO 15.4, MnO 1.6%. 01 v 
-:] 1.675 110, ITO brown G 3.09 Ca(Fe+2,ca,Mn)Si 2o6 good 

(1.636) 11.604 1 --- 11.651 1 .047 IJOLIOTITE Small X = a ORTH 100 Lemon- H 1-2 Pl eoc, X co 1 s, Z 
" (U0 2) (C0 3) •xH 20 y = b crusts yell OW G 4.55 yellow. Fluor wk in 

(x = 2?) calc uv. 

1.600 
1

1.625 I 1.65 I 1.655 I .030 INONTRONITE 33° y = b MCL 001 perf Green to H 1-2 Dec by acids. Pl eoc, X 

" (Smectite grp) r < v X- c u mass yell ow G 2.27 nearly cols, Y and Z 

Na 0•33Fe+3
2(Si ,Al) 4o10 

yellow to greenish-
yellow. 

(OH) 2·xH20 

v I 1.629 I 1.650 11.6581 .029 IE OS PHOR ITE 45° IX = b IMCL 1001 poor IPink to IH 5 IDiss by acids. MnO 
1.664 (Childrenite ser) "(63~8°) Z:c -;- 5° ps orth brown G 3.10 29.9, FeO 1.4%. 

(Mn,Fe)AlP04(0H) 2·H20 r < v 

1.623 I 1.650 I 1.651 I .028 IFRIEDELITE Small el clv pos HEX 0001 perf Rose-red H 4.5-5 IDee by HCl. Pleoc, X 
(Mn,Fe) 8si 6o15 G 3.07 cols, Y and Z greenish-
(OH,Cl) 10 

F 4 yellow. 

1.610 I 1.650 I 1.650 I .040 IAPACHITE Small --- MCL --- Blue H 2 
cu 9Si 10o28 ·11H 20 G 2.80 

1.624 I 1.650 I 1.650 I .026 IBEMENTITE - oo X = c MCL 001 perf Brown H 5 IDee by acids. Pleoc, X 
Mn 8si 6o15 (0H) 10 el cTv pos G 2.98 nearly cols, Y and Z 

F 3 yellow. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Bi ref and formula (2Vx calc) orien- and or Color gravity, Remarks 
tat ion habit fracture and 

a. §_ y disp fusibility 

1.590 1.651 1.657 .067 30° z = b MCL 100 perf Cols, H 4 Diss by acids. 
r < v Y:c -;;;;- 28° greenish- G 2. 77 

blue 

1.635 1.625 1.651 1.664 .039 67° y = b MCL --- White H 4-5 ---
A X:c -;;;;- 44° pris G 2.88 

tab 
spher-
ulitic 

1.618 1.652 1.682 .064 70-80° X = b ORTH 010 perf Brown to H 4 Diss by cold acids. 
( 85!_3°) v=c tab 010 001 good red-brown G 2.89 IPleoc, X yellow, Y pale 

el 100 brown, Z brown. 

1.612 1.652 1.675 .063 no y = b MCL 110, 011 Blue, H 2.5 Diss by acids. 
I r < v mod Z:a -;;;;- 25° pris poor green G 2.96 

fr conch F easy 
~ 

1.640 1.595 1.652 1.656 .061 Small y = b MCL 001 perf Dark H 2.5-3 Pleoc, X brown, Y and Z 
A r < v el pos plates brown G 3.05 dark brown. FeO 19. 9, v 

&1 
1.672 F 4 MnO 0.4, Fe 2o3 3.2%. 

1.599 1.600 1.652 ( 1.655) {.055) 27° --- MCL 001 perf Light to H 2 Pleoc, X yellowish-
A -- apple- G 3.28 green, Z bluish-green. 

green NiO 34.5, MgO 7.1%. 

1.651 pos 1.642 1.652 1.660 .018 88° y = b MCL 110 perf Brown H 5-6 Insol in acids. 
A -- Z:c -;;- 28° pris at 124° G 3.14 Pl eoc. Al 20319.3, v 

1.664 el-pos Fe2o3 0.9, FeO 6.1, 
MgO 14.3%. 

1.644 1.639 {1.652) 1.656 .017 590 y - b TCL 100 perf Brown H 5 Dec by HCl. FeO 8.7, 
A X:c -;;;;- 3° 001, T02 G 3.07 MnO 2.7, Fe 2o3 0.6%. 

good F 4 

v 1.645 1.652 1.656 .011 86° el pos ORTH{?) 100 Li. ght H 6 Poly tw 100. Dimorph 
1.690 r > v wk tab 100 yellow G 3.25 of Lavenite at B = 

1.690 (?). 
2 



1.643 11.64311.65211.6541.0ll IBITYITE IMed IX=.£ IMCL 1001 perf !White, IH 3.5 llnsol in HCl. Basal 
~ {Margarite ser, el clv pos yellow G 3.05 section divided into 

1.655 Mica grp) F easy 6 segments. 
CaliA1 2{AlBeSi 2)o10 (OH) 2 

1.559 I 1.653 I 1.680 I .121 ICALLAGHANITE 155° Z:c = 18° MCL 111, Tll Azure- H 3-3.5 Diss by acids with 
Cu 2Mg 2co3{0H) 6·2H20 r > v str pyramid perf blue G 2.71 eff. Pleoc in blue, 

abs Z > Y > X. 

1.649 1.625 1.653 1.670 .045 DATOLITE 73° Y = b MCL --- Cols H 5.5 Gel with acids. 
CJ -- CaBSi04(0H) r > v wk Z:a-;; 1-3° el c G 3.00 

1.658 F 2. 5 

1.642 1.619 1.653 1.660 .041 GORMANITE 53° --- TCL 001 Blue- --- IPleoc, X and Z cols, 
A (Fe+2,Mg)

3
Al

4
{P0

4
)
4 

r > v bladed parting green Y blue. FeO 14.7%. 

{OH) 6·2H2o 

1.644 11.640 1 1.653 1 1.653 1 .013 IJEREMEJEVITE !Variable X= c HEX Conch Cols to H 6.5 Insol in acids. Basal 
A Al 6B5o15(0H) 3 0-33° pris brown ? 3.28 sectio~ divided into 

1nfus 6 sect1ons. 

1.567 I 1.654 I 1.722 I .155 ITATARS~!-~E. ·-.- . __ 1{79~1°) el pos ORTH --- Co~~· ~ ~·~, 
Ca6Mg 2 {sU4 J 2 {~U3 ) 2~1 4 I I 1 1 1Ye• 10W 10 ~.~~ 

{OH) 4·7H20 

~ v ,1.618,1.654,1.6551 .037 IK. IVUITE 0-5° --- ORTH{?) --- Yellow --- Dec by HNOr Pleoc, 
~ 1.705 (Th,Ca,Pb)H2{uo2)4 r > v X cols, Y and Z 

(P0
4

)
2

{0H)
8

·7H
2
o (?) greenish-yellow. 

1.595 I 1.654 I 1.670 I .075 ICALCIBORITE 54° Ext:el = MCL Conch White H 3.5 Diss by acids. 
CaB 2o4 22° ra~i- G 2.88 

at1ng 

1.650 I 1.654 1 1.661 1 .Oll IVLADIMIRITE 170° o Z:c.= 36° MCL --- Cols H 3.5 loiss by acids. 
H2ca 5(As04)4·5H20 (106~21 ) G 3714 

r > v str F d1ff 

1.630 11.64211.65511.661 I .019 IGEDRITE !Large Y = ~ ORTH 210 perf Brown, H 6 Insol in acids. FeO 
0 -- (Amphibole grp) r > v Z = .£ pris £. gray G 3.18 9.2, Fe 2o3 0.2, Al 203 

1.667 {Mg ,Fe +2) Al (Si Al ) el pos F 4 23. 8%. 
0 (OH) 5 2 6 2 

22 2 

1.645 11.64911.65511.6591 .010 IHUREAULITE 75° X=~ MCL 100 good Pink to H 3.5 Diss by acids. Pleoc, 
0 (Mn,Fe) 5{P04) 2 r < v str Z:c = 55° tab brown G 3.18 X cols, Y pale pink or 

1.667 [PO (OH)] •4H O F 2 yell ow, Z pink or 
3 2 2 brown. 

1.644 I 1.645 I 1.656 I 1.661 I .016 IMAGNESIO-ARFVEDSONITE 57° Y = ~ MCL 110 perf Bluish- H 6 Insol in acids. Pleoc, 
0 (Amphibole grp) Z:c = 56° at 124° green G 3.23 X blue-green, Y green, 

1.683 (Na,Ca)
3

(Mg,Fe+2)
4 

Z pale green. Fe2o3 
F +35. O (OH F) 8.4, FeO 13.4, MnO 1.5, 
e 1 8 22 ' 2 MgO 7.8, F 3.3%. 



~ 
~ 
0 

Table 7. Biaxial negative minerals (continued} 

Refractive index 
Other MINERAL NAME 

entries Bire"f and formula 
a. _g_ y 

1.56g 1.657 1.686 .117 CALKINS ITE 
(Ce,La} 2(co3}3·4H20 

1.650 (1.657} 1.660 .010 DELLAITE 
Ca6si 3o11 (OH} 2 

1.612 1.658 1.682 .070 LAUEITE 
+3 MnFe 2fP04}2(0H} 2• 

8H20 

1.615 --- 1.685 .070 LIKASITE 
Cu6(P04}(N03}2(0H} 7 

( 1.640} 1.658 1.664 (. 024} JUNGIT.E 
+3 Ca 2zn4Fe 8(P04}g 

(OH}g•16H20 

v 1.622 1.658 1.687 .065 ANNABERGITE 
1.660 (Erythrite ser} 

Ni 3(As04}2·8H20 

v 1.5g8 1.658 1.660 .062 HENDRICKSITE 
1.686 (Mica grp} 

K(Zn,Mn} 3si 3Al010 (0H} 2 
r--1 1.63g 1.658 1.670 .031 JAHNSITE v 

1.6g5 CaMn(Mg,Fe+2}2Fe+3
2 

(P04}4(0H} 2·8H20 

1.63 1.658 1.66 .03 STEWARTITE 
+3 MnFe 2(P04}2(0H} 2• 

8H20 

(-1.640} 1.658 1.664 (-.024} JUNGITE 
+3 Ca 2zn4Fe · 8(P04}g 

(OH}g·16H20 

1.643 1.652 1.658 1.665 .013 HIORTDAHLITE 
A (Ca,Na} 3ZrSi 2o7 

(O,OH,F} 2 

2Vx 
(2Yx calc} 

disp 

54° 
r < v 

65° 

50° 
(70~3°} 
r < v str 

---

- 60° 
r < v str 

84° 
r > v str 
crossed 

so 

Large 

Large 
r < v str 

- 60° 
r < v str 

- goo 
r < v 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

y = c ORTH 010 perf Pale H 2.5 Diss by acids with 
z=a platy 101 fair yellow G 3.28 eff. Commonly tw 101. 

Pleoc wk. 

Z • :el = --- --- Cols --- ---
20° 

z :_£ - 30° TCL 010 perf Brown H 3 Diss by acids. Pleoc 
brittle G 2.45 wk. 

X = a ORTH 001 perf Blue G 2.g7 Diss by acids. Pl eoc, 
Z=b ps hex X green-blue, Z pale 

blue. Opt char unk. 

Y = a ORTH 010 perf Yellow to H 1 ---
z=c tab yellow- G 2.84 

green 

X = b MCL 010 perf Apple- H 2.5 Diss by acid. With 
Z:c ~ 36° pris green G 3.07 increase of Co, becomes 
el-clv pos acic F 4 gray, then pink. 

--- MCL 001 perf Dark H 3 Dec by acids. ZnO 
reddish- G 3.4 1g.s, MnO 12.5, Fe2o3 brown 4.85%. 

z = b MCL 001 good Brown to H 4 Diss by acids. Tw 001. 
X:c ~ 18° pris yellow G 2. 72 Pleoc, X pale purple to 
el-pos tab brown, Y red-brown, Z 

cols to yellow, abs Y > 
z > x. 

X:_£ = 56° TCL 010 good Brownish- G 2.g4 Pleoc wk. 
yell ow 

Y = a ORTH 010 perf Yellow to H 1 ---
z = c tab yellow- G 2.84 

green 

Ext on TCL Pris at Yellow, H 5.5 Gel with acids. Poly 
100 = 65° tab - goo brown G 3.25 tw pl 100. Pleoc wk, 

F 3 X cols, Y and Z pale 
brownish-yell ow. 



1.648 11.641 1 1.659 1 1.662 1 .021 !FERRO-GLAUCOPHANE 42° y = b MCL 110 perf Blue H 6 Insol in acids. Pl eoc, 
1\ (Amphibole grp) r < v str Z:c -;- 6° pris at 121 o G 3.23 X cols, Y violet, Z 

Na 2(Fe+2,Mg) 3Al 2Si 8022 
el-pos F 3 blue. FeO 17.9, Fe 2o3 

(OH) 2 
4.0, Al 2o3 10.1%. 

1.648 11.659 I 1.660 I .012 lcLINTONITE 5-33° z = b MCL 001 perf Reddish- H 5 Insol in acids. 
(Mica grp) el pos ps hex brown G 3.07 "Brittle mica." Pl eoc, 
Ca(Mg,Al )3(Al 3Si )0 10 infus X cols to pale yellow, 
(OH) 2 Z brown to green. 

1.658 11.623 11.660 11.694 1 .071 IERYTHRITE 87° X = b MCL 010 perf Pink to H 3 Diss by acids. Pl eoc, 
1\ Co 3(As04)2·8H20 r > v wk Z:c-;- 31° pri s red G 3.06 X pink, Y pale violet, 

el-pos F 2 Z red. 

1.640 I 1.660 I 1.675 I .035 ITILASITE 83° z = b MCL lOT good Gray, H 5 IDiss by acids. Tw 001 
CaMg(As04)F r < v wk X:c -: 30° green G 3. 77 common. 

F easy 

1.640 11.648 11.660 11.6631 .015 I ROWE ITE 15° z = b ORTH 101 poor Light H 5 Diss by acids. MnO 
1\ Ca 2(Mn,Zn) 2B407(0H) 6 (53.:!:_18°) y = c tab brown G 2.92 28.3, ZnO 3.1, MgO 

r < v str F 1 1.7%. 

(1.~3) 11.645 1(~1.66) 11.6721 .027 ~~~Dl~~}O~T~~~D~~~" _ Large --- ORTH 010 perf Pale G 4.1 Pleoc, X cols, Z pale 
nn1 \Jo.ll '"~ \/t:>llf\W 

I I l\n 3UJ\~d,~J\UU2 J~Iu4 - I 
I I ji~;erf ~J~"Vn 

I 
IJ~ • • ~·· • 

H20 
~ 11.584 ~ 1.634 1.661 1.661 .077 STILPNOMELANE ~ oo y = b TCL 001 perf Dark H 3-4 Dec by acids. Pleoc, ....... 1\ -- +2 +3 X ~ c also brown G 2.80 X golden yellow, Y and v K(Fe ,Mg,Fe ,Al) 10 1.685 el cTv pos MCL F 4.5 Z dark brown. FeO 8.9, 

Si12°3o(OH)12 Fe 2o3 19.4, MnO 2.9%. 

1.640 11.661 I 1.663 I .023 ISWAMBOITE 34° --- MCL --- Pale G 4.0 Pleoc, X cols, Y and 
U3H6(U0 2)6(Si04)6• acic yellow Z pale yellow. Does 

30H20 not fluor in UV. 

v 11.646 11.661 11.661 1 .015 I PENNANT ITE I~ 0° I --- IMCL 1001 perf !Orange- IH 2-3 IMnO 38.9, Al 2o3 18.6, 
1.667 {Chlorite grp) r < v str brown G 3.06 Fe 2o3 4.4%. 

Mn 5Al(Si 3Al)0 10 (CH) 8 
1.640 11.662 I 1.667 I .027 IVXYRYNENITE 46° y = b MCL 001 perf !Rose IH 5 

MnBeP04(0H,F) r- > v mod Z:c-;- -31° pris 100 good G 3.18 

1.643 11.644 ~1.662) 11.663 1 .019 lcELADONITE Small y = b MCL 001 perf Bright H 2 Dec by HCl. Pl eoc, X 
1\ (Mica grp) r > v X~ c green G 2.8 and Y yellow-green, Z 

K{Mg,Fe+2)(Fe+3,Al)Si 4 
el cTv pos F 3 emerald-green. FeO 

9.2, Fe 2o3 26.9, Al 2o3 010(0H)2 2.1%. 

v 11.654 ,1.662,1.6681 .014 IMAGNESIO-RIEBECKITE Med large y = b MCL 110 perf Dark blue H 5 Pleoc, X dark blue, Y 
1.697 {Amphibole grp) X:c -;- 9- pris at 124° G 3.2 indigo blue, Z yellow-

+2 20° green. (Na,Ca) 2{Mg,Fe )3 el neg 
Fe+3

2s; 8o22 {0H) 2 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula ( 2V x calc) orien- and or Color gravity, Remarks 

tat ion habit fracture and a ! y disp fusibility 

1.656 1.662 1.668 .012 HELLANDITE 87° X = b MCL 100 dist Brown H 4.5 Gel with acids. Tw 
(Ca,Y) 6(Al ,Fe+3)Si 4B4 

G 3.3 100. 
F 2-3 

020{0H)4 

1.640 1.663 1.665 .025 SEAMANITE 40° y = b ORTH 001 dist Pale H 4 Diss by acids. 
Mn3BP04{0H)6 r < v Z=c acic yellow G 3.08 

F easy 

1.643 1.650 1.663 1.670 .020 ACTINOLITE 65° y = b MCL 110 perf Green H 5.5-6 Insol in acids. Pl eoc. 
" (Amphibole grp) r < v Z:c -;- 16° pris at 124° G 3.17 FeO 14.9, MnO 0.3, L....J 

1.67 Ca 2(Mg,Fe) 5Si 8o22{0H) 2 el-pos Fe2o3 3.9%. 

1.637 1.664 1.692 .055 WILHELMVIERLINGITE ( 90.!_4°) X = b ORTH --- Yellow H 4 Pleoc, X and Y light 
CaMnFe+3{P04)2{0H)• Y=a G 2.58 yellow, Z yellow. Re-

ported to have 2V = 45° 2H20 calc. 

~ 1.640 1.664 1.675 .035 CYANOPHILLITE ( 67.!_7°) X = c ORTH 001 perf Greenish- H 2 ---
+3 spher- blue G 3.10 Cu 10Al 4Sb 6o25 ·25H20 ulitic 

1.646 1.664 1.676 .030 TANEYAMALITE 70° el pos TCL 010 perf Greenish H 5 Pleoc, X and Y nearly 
+2 +3 . gray- G 3.30 cols, Z pale yellow. Na(Mn ,Mg,Fe )12s1 12 yellow calc {O,OH) 44 

1.643 1.664 1.670 .027 RANUNCUL ITE ( 56_:tl0°) --- MCL --- Gold- G 3.4 Pleoc, X pale greenish 
HAl{U02)(P04)(0H) 3• ps orth yellow yellow, Y pale yellow. 
4H20 

1.650 1.640 1.664 1.670 .030 CHILDRENITE 45° X = b MCL 001 poor Pink to H 5 Diss by acids. FeO 
" (Fe,Mn)AlP04(0H) 2·H20 r < v Z:c-;- 4° ps orth brown G 3.14 14.6, MnO 13.9%. v 

1.681 F 4 

1.652 1.650 1.664 1.671 .021 TSCHERMAKITE 81° y = b MCL 110 perf Green H 5-6 Insol in acids. Pleoc. 
" ( Amphibole grp) ext Tn- pris at 124° G 3.15 FeO 9.5, Fe2o3 2.4, v 

1.669 +2 clined Ti 020 2.4%. Ca2(Mg,Fe )3Al 2 el pos 
( Si 6Al 2)o22( OH) 2 

1.652 1.652 1.664 1.672 .020 MAGNESIO-HASTINGSITE 80° y = b MCL 110 perf Green H 5-6 Insol in acids. Pl eoc, 
" ( Amphibole grp) Z:c -;- 19° pris at 124° G 3.18 X pale brown, Y dark v 

1.687 +2 +3 . el-pos brown, Z green-brown. NaCa 2(Mg,Fe )4Fe S1 6 FeO 8.7, Fe2o3 2.6, 
A1 2o22(0H) 2 A1 203 14.3, Ti02 1.3%. 



1.649 ,1.654 1.664 1.674 .020 MONTI CELL ITE 82° X = b ORTH 010 poor White, H 5.5 'Gel with acids. FeO 
" Ca(Mg,Fe)Si04 r > v z =a: gray G 3.2 7.6, MnO 0.2%. v 

1.694 F 6 

1.646 1.664 1.664 .018 GONYERITE - oo el clv pos ORTH(?) 001 perf Dark H 2.5 IDee by HCl. Pleoc, X 
L-1 I -- (Chlorite grp?) r < v str brown G 3.01 dark brown, Z light 

+3 . +3 brown. (Mn,Mg) 5Fe (S1 3Fe ) 
010(0H)8 

1.654 I 1.664 I 1.666 I .012 lcuPROSKLODOWSKITE IMed r-~ ITCL roo I Yellow- IG 3.85 IPleoc wk, X cols, Z 
Cu(U0 2)2(Si03)2{0H) 2• r > v y - b fib green greenish-yellow. Not 
5H20 fluor in UV. 

1.638 I 1.665 I 1.676 I .038 IKINOITE 68° X = b MCL 010 perf Azure- H 5 Dec by HCl. Pleoc, X 
Ca 2cu 2Si 308(0H) 4 r < v z- c tab 100, 001 blue G 3.16 pale green, Y blue, Z 

dist dark blue. 

1.644 1.650 1.665 1.679 .029 GRUNER ITE 87° y = b MCL 110 perf Gray, H 6 Insol in acids. Pleoc, 
" (Cummingtonite ser, r < v Z:c -;- 16° pris at 124° brown G 3.31 X andY yellow, Z v 

1.677 Amphibole grp) el-pos fus brownish-yellow. FeO 
(Fe+2,Mg,Mn) 7s; 8o22 

21.4, MnO 8.0, Fe 2o3 
(OH) 2 

0.6%. 

v 1.654 1.665 1.668 .009 MAGNES IOAXINITE 76° X- 1 Tll TCL 100 good ·srown 'H 6.5 · insol in acids. CaO 
1.676 Ca 2(Mg,Fe,Mn)A1 2Bsi 4 r < v G 3.19 20.3, MgO 4.2, FeO 5.2, 

o15 (0H) F 2 MnO 1.4, Fe 2o3 1.7%. 
~ 
0") 
C/.:l 1.638 1.666 1.682 .044 LEPERSONNITE ]30 --- ORTH --- Yell ow G 3.97 Pleoc, X pale yellow, 

Ca0·(Gd,Dy,Y) 2o3• acic Y and Z bright yellow. 

24U0 3·8C02·4Si02·60H 20 

1.649 I 1.666 I 1.676 I .021 IUPALITE ( 74~9°) X = b ORTH 010 dist Amber- G 3.5 Pleoc, X cols, Y and Z 
Al(U02)3(P04)2(0H) 3 v = a acic yellow yell ow. Not fluor in 

uv. 
1.649 I 1.656 I 1.666 I 1.666 I .010 I CHAMOSITE - 60 X - c MCL 001 perf Dark H 2.5 Dec by acids. FeO 

" (Chlorite grp) el pos plates green G 2.96 26.2, Fe 2o3 18.8%. v 
1.685 {Fe+2,Fe+3,Mg) Al fus 

{Si 3Al)010{0H,0)8 

v I 1.520 I 1.667 I 1.668 I .148 !STRONTIANITE 70 X = c IORTH 1110 good !White, IH 3.5 IDiss by HCl with eff. 
1.686 (Aragonite grp) r < v wk z=a pr1 s gray G 3.68 

SrC03 el neg infus 

1.649 1 1.642 1 1.667 1 1.669 1 .021 I URANOPHAN~ 32° z = b IMCL 1100 perf !Lemon- r 2.5 IGel with acids. Pleoc 
" Ca{U0 2)2s, 2o7·6H 20 r < v str acic to pale- G 3.8 wk, X cols, Y pale 

yellow infus yellow, Z canary 
yell ow. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Biref and formula {2Vx calc) orien- and or Color gravity, Remarks 
tat ion habit fracture and a. ~ y disp fusibility 

1.655 1.656 1.667 1.672 .016 ( 57° y = b ORTH 210 perf Brown, H 6 Insol in acids. FeO 
1\ -- r > v z = c pris ..£. G 3.22 17.1, Fe 2o3 4.3, Al 203 
v gray 

1.681 
6Al2) 

el pos F 4 10.35%. 

I< 

1.661 1.658 1.667 1.667 .009 IF Small --- MCL --- Dark G 3.15 "Grovesite." Pleoc in 
1\ ps hex brown browns and reds. L......J 

1.673 I OH) 8 ro-
settes 

1.662 1.667 1.669 .007 I Med z = b MCL 010 perf Cols H 5.5 Gel with acids. 
I r > v Y:c -;; -28° G 3.33 

el-neg F 4 

1.649 1.665 1.667 1.667 .002 I 100 --- MCL --- Cols H 5 Diss by acids. Cl 6. 2, 
1\ ps hex G 3.18 F 0.1, H20 0.9%. 

I H) F 5 

1.655 1.657 1.667 1.671 .014 I 61° X = b MCL 100 good Pink to H 3.5 Diss by acids. MnO 
1\ Z:c-;; 61° tab brown F 2 22.4, FeO 20. 7%. 

~ 

~ 

I 

1.635 1.668 1.702 .067 87° X l1TO TCL 1TO perf Green to H 2.5 Diss by acids. Pleoc, 
I r > v str Z:c = 32° pris blue G 3.01 X deep blue, Y cols, Z 

el-cl v pos i nfus yellow-green. 

1.662 1.668 1.672 .010 J 80° X = b MCL 001 good Dark H 5 Diss by acids. Pleoc, 
e ,Mn, r < v str Y:c-=21° u mass 201 dist green G 3.55 X cols, Y pale green, Z 

I H,F) pale yellow-green. 

1.658 1.669 1.670 .012 Small X = b ORTH --- White G 3.7 Diss by H 0. Alters 
r < v str z = c plates on exposu ~e. Natural 

occurrence doubtful. 

v 1.665 1.669 1. 672 .007 I 80° X = c ORTH 100 perf Yellow- H 4-5 Diss by acids. MnO 
1.684 r < v str Y =a pris 010 less ish-brown G 3.45 22.6, FeO 12.8, MgO 

I so 6.3%. 

1.664 1.658 1.669 1.676 .018 I E {77.:!:_13°) y = b MCL 110 perf Green H 5-6 Pleoc, X tan, Y green, 
1\ Z:c -;; 7° pri s at 124° Z bluish green. v 

1.693 
)3Al2 

el-pos 

6"'2 1v22\v"l2 



1.~70 posl1.619,1.670 11.1201 .101 I STRUNZITE IMed IZ:_£ = 10° IMCL I --- 'Straw- IG 2.52 IPleoc wk in yellows, 
+3 ( 87~2°) yell OW abs Z > X> Y. MnFe 2(P04)2(0H) 2• 

8H 20 

1.664 11.65711.670 11.6791.022 IMAGNESIO-HORNBLENDE 178" r = b IMCL 1110 perf I Brown IH 5-6 llnsol in acids. Pleoc. 
A (Amphibole grp) el pos pris at 124° G 3.23 FeO 13.2, Fe 2o3 4.7, v 

1.678 Ca 2(Mg,Fe+ 2)4Al(Si 7Al) MnO 0.3, MgO 10.6%. 
022(0H)2 

1.526 I 1.671 I 1.672 I .146 !ALSTONITE 60 X = c ORTH 110 Cols H 4.5 IDiss by acids with eff. 
BaCa(C03)2 r > v wk z = b el c imperf G 3.71 

F diff 

1.652 11.62411.67211.6721 .048 IANNITE so y = b MCL 001 perf Dark H 2.5-3 IPleoc, X brown, Y and Z 
A (Biotite ser, r < v el pos plates brown G 3.0 dark brown. FeO 32.1, 

Mica grp) F 4 Fe 2o3 3.1, Ti02 3.2%. 
KFe+2

3AlSi 3o10(0H,F) 2 
1.632 I 1.672 I 1.672 I .o4o !serpentine grp mineral 0-10° --- MCL 001 good Dark --- Species not identified. 

( Mg , Ni , Fe , A 1 ) 3 ( S i , A 1 ) 2 green Pleoc, X yellow-green, 
05(0H) 4 Y and Z dark green. 

1.650 I 1.672 I 1.677 I =021 I PARASPURR ITE no X = b MCL 001 poor Col s G 3.03 Dec by HCl with eff. 
Ca 5(Si04)2(co3) ( 50~11 °) Z:c ~ 30° i nfus Poly tw. 

t-:) ,1.63411.67311.6851 .051 IDURANGJTE 45° y = b MCL 110 dist Orange- H 5 Pleoc, X orange-yellow, 
~ Na A 1 ( As 0 4) F (57+5°) X:c -;- -25° pri s red G 4.0 Y pale orange, Z cols. 01 r >-v wk F 2 

v 
1

1.662 I 1.673 I 1.684 I .022 I TR I PLITE 88° y = b MCL 001 good Dark H 5-5.5 Di ss by acids. MnO 
1.682 (Mn,Fe,Mg,Ca) 2P04 Z:a -;- 42° u mass 010 fair brown G 3.58 53.8, FeO 6.7, CaO 

(F,OH) F easy 2.2%. 

1.665 11.604 11.674 11.731 I .121 I BUTLER ITE Large --- MCL 100 perf Deep H 2.5 Pleoc, X nearly cols, 
Fe+3so4{0H)·2H 2o pri s orange G 2.55 Y and Z pale yellow. 

1.643 I 1.674 I 1.101 I .osa lcLINOKURCHATOVITE 1850 I --- IMCL 1010 perf ICols IH 4.5 I Poly tw. Di ss by 
Ca(Mg,Fe,Mn)B05 G 3.07 acids. 

v 1.642 1.674 1.699 .057 KURCHATOVITE 82° X = b ORTH One perf I White IH 4.5 IDiss by warm HCl. 
1.681 Ca(Mg,Mn,Fe)B05 .r > v z=c mass 2 imperf G 3.07 

1.670 1.640 1.674 1.679 .039 SPURRITE 40° X = b MCL 001 perf Col s H 5 Dec by HCl with eff. ,......., 
Ca 5(Si04)2(C03) r > v wk z ~a pri s 100 good G 3.01 Poly tw 001. '---' 

1.676 infus 

1.646 1.645 1.674 1.680 .035 SCORZALITE 64° y = b MCL 110 good Dark blue H 6 Insol in acids. Pleoc, 
A (Lazulite ser) ( 48~8°) X~ c G 3.36 X cols, Y and Z dark 

(Fe,Mg)Al 2(P04)2(0H) 2 r < v infus blue. FeO 17.7, Fe2o3 3.0, MnO 0.5%. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2V Hardness, 
Other MINERAL NAME X Optical SYSTEM CLEAVAGE specific 

entries Biref and formula {2Vx calc) orien- and or Color gravity, Remarks 
tat ion habit fracture and a ~ y disp fusibility 

v 1.660 1.674 1.675 .015 KORNERUPINE 20° X = c ORTH 110 good Green to H 6.5 Insol in acids. Pleoc 
1.696 Mg 3Al 6(Si,Al ,B) 5o21 r > v wk z = b pri s brownish- G 3.28 variable, X yellow to 

(OH) el neg green F 6 green, Y cols to pale 
brown, Z pale to dark 
green. 

v 1.655 1.675 1.685 .030 DUMORTIER ITE Med X = c ORTH 100 dist Blue H 7 Insol in acids. Pleoc 
1.691 Al 7(B03)(Si04)3o3 r < v z=a acic c G 3.25 str, X deep blue, Y 

el neg infus yellow, Z cols. 

{1.650) 1.664 1.675 1.679 .015 BUSTAMITE 50-55° X:a .. 15° TCL 100 perf Pink H 6 MnO 27.7, CaO 24.9%. 
A (Ca,Mn) 3s; 3o9 Y:b- 35° 110, ITO G 3.30 v 

1.695 z:c- 35° good 

1.665 1.675 1.678 .013 GERSTMANNITE 50-60° X = b ORTH 010 good White to H 4.5 ---
(Mg,Mn) 2ZnSi04(0H) 2 y = c pri s pale pink G 3.68 

1.529 1.676 1.677 .148 WITHERITE 16° X = c ORTH 010 dist Col s, H 3-3.5 Di ss by HCl. Tw pl 

~ 
(Aragonite grp) r > v wk z =a el c 110 white G 4.29 110 uni versa 1. 
BaC03 el neg imperf F 2.5-3 

1.665 1.670 1.676 1.681 .011 FERROAXINITE 69° X"' 1 Tll TCL 100 good Violet H 6.5 Insol in acids. CaO 
II Ca 2(Fe,Mg,Mn)Al 2BSi 4 G 3.26 19.6, FeO 8.1, MgO 2.1, v 

1.681 o15(0H) F 2 MnO 1.8, Fe2o3 0.9%. 

1.660 1.676 1.686 .026 FERRIPYROPHYLLITE (76.:t_9°) --- MCL --- Brownish- H 1. 5-2 ---
Fe+3

2si 4o10(0H) 2 
yell ow G 2.99 

1.629 1.677 1.679 .050 SAMPLEITE 23° X = b ORTH 010 perf Blue H 4 Diss by acids. Pl eoc, 
NaCaCu 5(P04)4Cl•SH20 r > v v=a 110, 001 G 3.20 X blue-green, Y and Z 

good F 2 turquoise-blue, abs Z = 
y > X. 

1.665 1.660 1.677 1.693 .033 GRUNERITE 87° y = b MCL 110 perf Green to H 7 Insol in acids. Pl eoc, 
A (Cummingtonite ser, ext Tn- pris .£ at 110° brown G 3.47 X pale yellow, Z brown. 

1.677 pos Amphibole grp) clined FeO 31.2, Fe2o3 3.4%. 
v 

(Fe+2,Mg) 7s; 8o22 (0H) 2 
el pos 

1.682 

1.677 pos 1.672 1.677 1.682 .010 BRONZITE "' goo Y = a ORTH 210 good Green, H 5.5 Nearly insol in acids. 
A (Orthopyroxene ser, z=c pri s at 87° brown G 3.3 Faint pleoc common. v 

1.680 Pyroxene grp) el pos F 5 
(Mg,Fe) 2Si 206 



1.670 11.66511.67811.6841 .019 IEDENITE 65° y = b MCL 110 perf Light H 5.5 Insol in acids. Pl eoc, 
A {Amphibole grp) Z:c -;;;- 19° at 124° green G 3.15 X yellow, Y pale green, v 

1.685 NaCa 2(Mg,Fe+2)5si 7Al el-pos Z dark green. FeO 
13.4, Fe2o3 6.2, Al 203 

022{0H)2 7.8%. 

1.569 I 1.679 I 1.708 I .139 ICARBOCERNAITE 56° X = b ORTH --- Cols to H 3 Diss by acids. 
{Ca,Ce,Na,Sr)C03 { 51~2°) Y =a yellow G 3.66 

r > v 

1.624 I 1.679 I 1.7051 .081 I POSNJAKITE 57° --- MCL --- Dark blue H 2-3 Diss by HCl. Pleoc, X 
Cu4so4(0H) 6·H20 ( 67~3°) G 3.32 bluish, Y darker blue, 

F easy Z greenish blue, abs Y 
> z > x. 

v 
1

1.530 I 1.680 
1

1.685 I .155 I ARAGONITE 18° X = c ORTH 010 dist Cols H 3-4 Diss in acids with eff. 
1.695 (Aragonite grp) r < v wl< z = b acic c G 2.94 Poly tw on 110 common. 

CaC03 el neg infus 

1.648 I 1.680 I 1.716 I .068 IMETAKOETTIGITE 87° --- TCL 1TO perf Bluish- G (3.03) IPleoc, X deep blue, Y 
+3 +2 tab gray ye 11 ow , Z 1 i g ht ( Zn ,Fe ,Fe )3 yellow. 

( As04) 2• 8{ H20 ,OH) 

1 t::nn --~· 1 CC1 I 1 ~an I 1 &;Q7 I n1..- I CHRYSOLITE I goo I X = b loRTH lo10, 001 !Pale IH 7 I Gel with acids. Data J.eOOV IJU~ J.•VU.L ~ .&.•u.,, •'-'--

A {Olivine grp) I lz =:! I lpoor !green IG 3.15 lfor Fo86 • v 
1.704 (Mg,Fe) 2Si04 infus 

~ v 1.67 1.680 1.703 .03 ALLEGHANY ITE 166-86° IZ=b IMCL lfr conch !Brownish H 5 I Gel with acids. 
-l 1. 780 (Mn,Zn) 5(Si04)2(0H) 2 r > v X:.£_-:: 30° to red- G 3.70 

dish-pink F 3.5 

1.652 11.667 1 1.680 1 1.687 1 .o2o I PARGASITE 74° y = b MCL llO perf Brown, H 5.5 Insol in acids. Pleoc. 
1\ ( Amphibole grp) el pos at 124° green G 3.22 FeO 9.9, Fe2o3 4.9, 

NaCa 2( Mg ,Fe) 4Al Ti02 1.9, MgO 11.6%. 
(Si 6Al 2)o22(0H) 2 

1.67 I 1.68 I 1.69 I .02 IMETAVANMEERSSCHEITE 83° --- ORTH 010 good Yellow G (4.49) jPleoc in yellow 
U{U02)3(P04)2(0H)6• ( 92_:3°) tab 100 less shades. 
2H20 so 

1.668)1 1.~8() !1.686 I ( .o18) loAVREuxm 17o• lel pos IMCL I --- ~Creamy IG 3.15 
Mn 2Al 12(Si04)703(0H) 6 fib white to 

pale rose 

1.677 ,1.674,1.680 ,1.6851 .011 18RONZITE rg· r-. IORTH 1210 good ~Greenish H 5.5 Nearly insol in acids. 
1\ (Orthopyroxene ser, r > v z=c pris .£. at 87° G 3.3 Faint pleoc common. v 

1.695 Pyroxene grp) el pos F 5 FeO 11.1, MnO 0.5%. 
{ Mg ,Fe) 2si 2o6 

1.680 I --- I weak I BALANGEROITE --- --- ORTH 1 or more Brown G 2.98 Pleoc, yellow brown 
+2 +3 fib good II 001, dark brown l (Mg,Fe ,Fe ,Mn) 4 001. Am. Mineral., 

Si 15(0,0H) 90 68, 214-219 ( 1983). 



Table 7. Biaxial negative minerals (continued} 
-

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula {2Vx calc) orien- and or Color gravity, Remarks 

a §_ y disp tat ion habit fracture and 
fusibility 

1.674 1.635 1.681 1.698 .063 KURCHATOVITE 66° X = b ORTH One perf Gray to H 4.5 Diss by acids. Fluor 
1\ Ca(Mg,Mn,Fe)B05 ( 61+4°) z = c tab 2 imperf cols G 3.02 bright violet in 1 ong-

r >-v wk mass wave UV. 

1.664 1.646 1.681 1.687 .041 CHILDRENITE 50° X = b MCL 001 poor Pink to H 5 Diss by acids. FeO 
1\ (Fe,Mn}AlP04(0H} 2·H20 r > v Y:c -; 8° ps orth brown G 3.19 28.6, MnO 3.1%. 

F 4 

1.667 1.671 1.681 1.690 .019 FERRO-GEDRITE 75° y = b ORTH 210 perf Brown, H 6 Insol in acids. Pleoc. 
1\ ( Amphibole grp) {86+12°} Z=c pri s .£ gray G 3.33 FeO 24.4, Fe 2o3 0.9, v 

1. 710 {Fe+2,Mg) 5Al 2(Si 6Al 2} r >-v el pos F 4 Al 2o3 13.7%. 

022(0H}2 

1.676 1.674 1.681 1.688 .014 TINZENITE Large X l T11 TCL 100 good Yellow- H 6.5 Insol in acids. CaO 
1\ {Axinite grp) r < v green G 3.28 15.0, MnO 15.8, MgO v 

1.687 {Ca)Mn,Fe} 3Al 2Bsi 4o15 F 2 1.3, FeO 0.4%. 
( OH} 

~ 

&5 ( 1. 62} 1.682 1.688 (.070} MUNOITE 33° el neg ORTH 001, 100, Pale G {4.30} Pleoc wk. 
Al{U02)3(P04)2{0H) 3• 010 good yellow 
5.5H20 

1.637 1.682 1.694 .057 WROEWOLFEITE 53° --- MCL 010, 100, Deep H 2.5 Pleoc, X light blue, Y 
Cu4(s04)(0H} 6·2H20 001 perf greenish- G 3.27 deep greenish-blue, Z 

blue med greenish-blue, abs 
Y > Z » X. 

1.677 1.666 1.682 1.698 .032 DANNEMORITE 88° y = b MCL 110 perf Gray H 5.5-6 Insol in acids. Pl eoc, 
1\ (Cummingtonite ser, r < v Z:c -;- 15° at 125° G 3.50 X red-violet, Y pale v 

1.700 Amphibole grp) el-pos v i o 1 et , Z b 1 ue • FeO 
Mn 2(Fe+2,Mg) 5si 8o22 

22.6, MnO 15.6%. 

( OH} 2 
1.673 1.671 1.682 1.690 .019 TR IPLITE Large y = b MCL 001 good Brown H 5-5.5 Diss by acids. 

1\ (Mn,Fe,Mg,Ca} 2P04 r > v Z:a -; 42° 010 less G 3.8 
( F ,OH) so 

1.656 1.667 1.683 1.692 .025 MAGNESIO-ARFVEDSONITE 62° y = b MCL 110 perf Dark H 5.5-6 Insol in acids. Pleoc, 
1\ ( manganoan) ( 73~9°) Z:c -;- 3° at 124° bluish- G 3.27 X and Y blue-green, Z v 

1.695 (Amphibole grp) green ye 11 ow-green. FeO 1.0, 
+2 +3 Fe2o3 9.1, MgO 11.3, ( Na , Ca ) 3( Mg , Fe ) l e 

Si 8o22{0H,F} 2 
MnO 7.7%. 



1. 52 5 I 1. 684 I 1. 686 I .161 I BARYTOCALC ITE 15° z = b MCL 110 perf Cols, H 4 IDiss by HCl with eff. 
BaCa{C03)2 r > v wk X:c -;- 64° el c 001 poor white G 3.65 

F diff 

1. 593 I 1. 684 I 1. 6981 .105 I YAVAPAIITE 30° z = b MCL 001, 100 Pink to H 2.5-3 IDee by hot H2o, diss 
KFe(S04)2 ( 41_:t.3°) X:c -;- 6° perf cols G 2.88 by HCl. 

r > v str 110 di st 

1. 668 I 1. 684 I 1. 68 s I .017 I WALSTROMITE 30° --- TCL --- ICols IG 3.67 
Baca 2Si 3o9 

1.669 1.675 1.684 1.685 .010 TRIPHYLITE 25° X = c ORTH 100 perf Green H 4-5 Diss by acids. FeO 
A Li(Fe,Mg,Mn)P04 r < v str v =a pri s 010 less G 3.44 32.9, MnO 3.1, MgO v 

1.700 so 7.4%. 

-1.63 1.610 1.685 1.704 .094 ROSCOE LITE 10-15° z = b MCL 001 perf Green H 3 Slowly dec by HCl. 
A (Mica grp) ( 51_:t.3°) X- c plates G 2.97 Pl eoc, X olive-green, Z 

K(V,Al ,Mg) 2A1Si 3o10 r < v str el pos F 3 greenish-brown. Char-
{OH) 2 acteristic green interf 

color. 

1.661 1. 595 1.685 1.685 .090 STILPNOMELANE - oo y = b TCL 001 perf Dark H 3-4 Dec by acids. Pleoc, X 
A +2 +3 X- c and brown G 2.84 pale yellow, Y and Z v K(Fe ,Mg,Fe ,Al) 10 1.705 

~; n r mn el cTv pos MCL F 4 dark olive-brown. FeO 
~'12~30'~"'12 ,~ ~ c~ n ?? n~ l•o••• '"2v3 <<•V•• 

~ 1.674 1 1.650 1 1.685 1 1.712 1 .062 jsoDDYH~ 84° X = c ORTH 001 perf Greenish- H 3-4 Gel with acids. Not 0') 
1:0 ro {U02)5S1 209·6H20 y = b platy 111 good yell ow G 4.70 fluor in UV. 

i nfus 

v I 1.65911-6851 L 7021 .043 ITARBUTTITE 50° Disp str TCL 001 perf Pale H 3.5-4 IDiss by acids. 
1.705 Zn 2( P04)( OH) ( 77_:t.5°) pris green G 4.15 

F easy 

1.680 1.664 1.685 1.694 .030 URANOPHANE-BETA 63° X = b MCL 010 good Yellow to H 2-3 Gel with acids. Pleoc 
ro Ca(U02)2Si 207·6H20 r > v str Z:c -;- 26° tab 100 poor yell ow- G 3.8-3.9 wk, X cols, Y and Z L-J 

1.694 crossed green light yellow. 

v 1.672 1.685 1.698 .026 TALMESSITE - goo --- TCL --- Cols H 5 "Arsenate-bel rN ite." 
1. 710 Ca 2Mg(As04)2·2H20 G 3.42 Diss by acids. 

1.678 1.670 1.685 1.693 .023 FERRO-HORNBLENDE .61° y = b MCL 110 perf Greenish- H 5-6 Insol in acids. Pl eoc, 
A ( Amphibole grp) ( 72_:t.10°) Z:c-;- 18° pris at 124° brown G 3.2 X greenish-yellow, Y v 

1.693 +2 el-pos olive-green, Z bluish-Ca 2(Fe ,Mg) 4Al green. FeO 18.1, Fe2o3 (Si 7Al)022(0H,F) 2 5.4, Al 203 13.9%. 

1.666 ,1.670 11.685 11.6851 .015 'CHAMOSITE - oo X - c MCL 001 perf Dark H 2.5 Dec by acids. 
A (Chlorite grp) el pos plates brown G 2.96 

+2 +3 (Fe ,Fe ,Mg )5Al fus 

(Si 3Al)010(0,0H)8 
1.627 I 1.686 I 1.690 I .o63 I SOBOLEVITE 129° I y = b IMCL 1110 perf !Brown I" 4.5-5 IDee by ac;ds. Partly 

Na 2ca 2MnTi 3Si 4o18• X:E_-;;- 32° G 3.03 dec by H2o, alk 
4Na 3Po4 

reaction. 



Table 7. Biaxial negative minerals (continued) 
- ~- ,-----------

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vx calc) orien- and or Color gravity, Remarks 

a §. y disp tat ion habit fracture and 
fusibility 

1.666 1.686 1.694 .028 CLINOTYROLITE 66° y = b MCL --- Emerald- G 3.22 Diss by acids. 
Ca 2cu9[(As,S)04]4 X:c -;- 7-8° si 1 ky green 
(O,OH) 10·10H20 

1.667 1.525 1.686 1.690 .165 STRONTIANITE so X = c ORTH 110 good White, H 3.5 Diss by acids with eff. 
1\ (Aragonite grp) (17+4°) z =a pris gray G 3.81 CaO 1.0, BaO 3.3%. 

SrC03 r <-v wk el neg i nfus 

1.658 1.624 1.686 1.686 .062 HENDRICKSITE 2-5° --- MCL 001 perf Dark red- H 3 Dec by acids. ZnO 
1\ (Mica grp) brown G 3.41 21.4, MnO 13.9, FeO 

K(Zn,Mn) 3si 3Al010(0H) 2 0.7, Fe2o3 4.85%. 

L......J 1.640 1.686 1.702 .062 CHERNYKHITE 11-12° --- MCL 001 perf 01 iv e- H 2.5-4 v2o3 18.6, v2o4 5.3, 
1.691 (Mica grp) ( 60.:!:_4°) to dark- G 3.15 BaO 9.5%. +3 green ( Ba , Na )( V , A 1 ) 2 (Si ,Al )4o10(0H) 2 

1:10 

<::1 
1.682 1.662 1.686 1.692 .030 KAINOSITE 40° X = c ORTH 2 clv at Cols, H 5.5 Diss by acids with ,......, 

Ca 2(Y,Ce) 2(Si04)3 ( 53+9°) y = b goo rose, G 3.51- slight eff. L......J 

1.689 (C03)·H2o r <-v dist brown 3.65 

1.664 1.676 1.687 1.695 .019 MAGNESIO-HASTINGSITE 80° y = b MCL 110 perf Green H 5-6 Insol in acids. Pleoc. 
1\ ( Amphibole grp) Z:c -;- 15° pri s at 124° G 3.22 FeO 6.9, Fe2o3 4.8, v 

1. 709 +2 +3 el-pos NaCa 2(Mg,Fe )4(Fe , Al 2o3 13.9, Ti02 4.4%. 
Ti)Si 6Al 2o22(0H) 2 

1.681 1.678 1.687 1.692 .014 MANGANAX IN ITE 75° X 1 T11 TCL 100 good Yellow- H 6.5 Insol in acids. MnO 
1\ Ca 2(Mn,Fe)Al 2BSi 4015 brown G 3.31 11.7, FeO 3.3, MgO 0.3, v 

1.693 (OH) F 2 GaO 18.2%. 

1.658 ( 1.687) 1. 710 .052 MAGNESIUM 82° y = b TCL 100, 010 Straw --- Pleoc, X bright yellow, 
ASTROPHYLLI TE Z:c -;- -6° perf yellow Z gray, Z > Y > X. 
{K,Na) 4Mg 2(Fe,Mn) 5Ti 2 
Si 8o24(0,0H,F) 7 

1.632 1.688 1. 738 .106 SODIUM-ZIPPEITE 80° z = c ORTH 010 perf Yellow to H 2 Diss by acids. Tw com-
Na4(u02)6(S04)3(0H) 10• ( 84.:!:_2°) plates orange mon. Pleoc, X cols, Y 
4H20 pale yellow, Z yellow. 

Fluor bright yellow in 
uv. 



1.658 I ( 1.688) I 1. 714 I .056 IALVANITE 180-85° I X:E_ = 14° MCL 010 perf Bluish- IH 3-3.5 IOiss by hot acids. 
Al 6(V04)2(0H) 12 ·5H20 r < v str el pos green to G 2.41 Poly tw. 

and neg bluish-
black 

1.6641 1.688 1(1.707)j(.043) lwEILITE 82° Z:c = 20° TCL --- White IG 3.48 IDiss by acids. 
CaHAs04 v:c = 27° 

v I 1.641 I 1.690 I 1.705 I .064 I LANGITE 56-70° X = c IORTH 001 good Sky -b 1 ue I H 3 IDiss by acids. Poly tw 
1. 713 Cu4so4(0H)6·2H20 y = b 010 dist to blue- G 3.31 110 common. Pleoc wk, 

green abs Y > Z > X. 

1. 640 I 1. 690 I 1. 690 I • 050 I SHUBNIKOVITE 'Small I --- IORTH(?) --- Light IH 2 
Ca 2cu8(As04)6Cl(OH)· r < v platy blue F easy 

7H2o (?) 

1.660 I 1.690 I 1.698 I .038 I BERGENITE 1> 45· I --- IMCL I --- jvellow IG (4.69) !Fluor pale green in 
(Ba,Ca) 2(uo2)3(P04)2 ( 54_:7°) tab short-wave UV. 

(OH) 4·5.5H20 

v 
1

1.673 1 1.690 ll. 705 I .032, I TYROLITE 70° X = b ORTH 001 perf Green to H 1.5 Oiss by HN03 or NH 40H. 
1. 726 CaCu 5(As04)2(c03) (86+7°) z =a laths blue G 3.1-3.2 Pleoc, X cols, Y and 

( OH) 4 • 6H 20 r >-v str F 2.5 Z green. 

1.666 1.690 1.690 .024 CALUMETITE 20 X = c ORTH 001 good Azure- H 2 Oiss by acids. Pleoc 
1:-.:l 

I 
Cu{Cl ,OH) 2·2H20 v =a blue wk, in blue, abs Z > Y 

-::J el cTv pos > X. 
~ 

1.675 1.690 1.693 .018 S INCOSITE Med --- MCL 001 good Emerald- H 3 Diss by acids. Pl eoc, 
+4 r > v str ps tet 100' 110 green to G 2.84 X nearly cols, Z gray-CaV 2(P04)2(0H) 4·3H20 tab poor golden fus green. 

1.652 I 1.679 I 1.690 I 1.695 I .016 I LAVENITE 68° y = b MCL 100 good Yellow, H 6 Diff diss by acids. 
1\ ( Na ,Ca) 3zrsi 207 r < v wk X:c -;; -20° tab on brown G 3.41 Tw pl 100, lam. v 

1.723 ( 0 ,OH,F) 2 
100 fus 

1.682 I 1.690 I 1.697 I .015 ICHLOROPHOENICITE 83° y = b MCL 100 perf Gray- H 3-3.5 Oiss by acids. Color 
{Mn,Zn) 5As04(0H) 7 r > v str pri s green G 3.55 pink, purple-red in str 

F diff artificial light. 

v 

1
1.653

1 
( 1.691) 11.691 1 .038 I FERR1-ANNITE 0-10° --- MCL 001 perf Reddish- --- Pleoc, X reddish-

( 1. 720) (Mica grp) brown brown, Y and Z pale 
K(Fe+2,Mg) 3(Fe+3,Al) yell ow-green. Tw 

Si 3o10( OH) 2 
common. 

1.675 I 1.670 I 1.691 I 1.692 I .022 I OUMOR Tl ER ITE Small Z = a ORTH 100 dist Blue H 7 Insol in acids. Pleoc, 
1\ Al 7(B03)(Si04)3o3 r < v X = c acic c G 3.3 X pale blue-violet, Y v 

1.722 infus and Z nearly cols. 

1.670 I 1.692 I 1. 713 I .043 I PARAKELDYSHITE 1840 I X - E. ITCL 1001 perf 'Col s H 5.5-6 Fluor cream in short-
Na 2ZrSi 2o7 y - c 110, ITO G 3.39 wave UV. 

good 



Table 7. Biaxial negative minerals (continued) 
-~ --

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vx calc) orien- and or Col or gravity, Remarks 

a. ~ y disp tat ion habit fracture and 
fusibility 

1.680 1.692 1. 720 .040 VYUNTSPAKHKITE 68° --- MCL --- Cols H 6-7 Insol in HCl. 
Y4Al 2A1Si 5o18(0H) 5 G 4.02 

v 1.670 1.692 1. 701 .031 KAERSUTITE 81° y :: b MCL 110 perf Dark H 6 Insol in acids. Pleoc, 
1. 710 (Amphibole grp) ( 64_:!:8°) Z:c -;- 9° pris at 124° brown G 3.3 X yellow-brown, Y red-

NaCa 2(Mg,Fe+2)4TiSi 6 
el-pos brown, Z dark red-

brown. FeO 5.7, Fe2o3 Al 2o22(0H) 2 3.3, Al 2o3 14.2, Ti02 5.7"/.. 

--- 1.692 1.699 --- KECKITE +3 --- X:c "" 15- MCL 001, 100 Brown H 4.5 Pleoc, X red-brown, 
Ca(Mn,Zn) 2Fe 3(P04)4 -22° G 2.6 Y yellow, Z bright 
(OH) 3·2H20 z :: b yellow, abs X> Y > Z. 

1:\j 

1.672 1.693 1. 710 .038 JAGOWERITE lQQO --- TCL 100, OT1 Light H 4.5 Insol in acids. Fluor 
BaAl'2(P04)2(0H) 2 ( 83_:!:6°) good green G 4.01 green-white in UV. 

02T fair (Reported as opt pos.) 

~ 1.685 1.674 1.693 1. 700 .026 FERRO-FERRI- 62° y = b MCL 110 perf Green H 5.5 Insol in acids. Pleoc. 
1\ TSCHERMAKITE el pos pris at 124° G 3.2 FeD 20.4, Fe 2o3 5.5, 

(Hornblende ser, Ti 02 1.8"/.. 
Amphibole grp) 

+2 ) +3 . Ca 2(Fe ,Mg 3Fe 2s1 6 
Al 2o22(0H) 2 

1.687 1.687 1.693 1.697 .010 TINZENITE Med X 1 T11 TCL 100 good Yellow H 6.5 Insol in acids. MnO 
1\ (Axinite grp) G 3.39 18.9, FeO 0.3, CaO v 

1.695 (Ca,Fe,Mn) 3A1 2Bsi 4015 F 2 13.2"/.. 
( OH) 

--- 1.693 --- .005 PHARMACOS IDER ITE Large --- MCL 100 poor Yellow to H 2.5 Di ss by HCl. Abnormal 
KFe4(As04)3(0H) 4• r > v ps cub brown G 3.0 interf colors in blue 
6-7H20 and brown. Crystals 

zoned. 

1.664 1.674 1.694 1.706 .032 K IRSCHSTE IN ITE 65° X :: b ORTH 010 poor Col s H 5-5.5 Gel with acids. FeO 
1\ (Monticellite ser) {75+7°) y = c G 3.31 19.3, MnO 1.1, Fe2o3 v 

1. 720 Ca(Fe,Mg)Si04 r >-v F 6 1.4%. 

1.680 1.540 1.695 1. 703 .163 ARAGONITE 23° X :: c ORTH 010 dist Cols H 3-4 Diss by acids with eff. 
1\ (Aragonite grp) r < v wk Z=b acic G 3.05 Poly tw on 110. PbO 

( Ca ,Pb )C03 infus 5.2%. 

v 1.620 1.695 1. 730 .110 ANCYLITE 70° X :: a ORTH --- Rose, H 4.5 Diss by acids with eff. 
1. 718 SrCe(C03)2{0H)·H20 ( 66_:!:2°) z=c ps oct pale G 3.82 

r < v yellow infus 



1.65 I --- I 1. 72 I .07 I OTWAYITE I --- IX II fib IORTH I --- IBri ght IG 3.41 I Di ss slowly in dil HCl. 
Ni 2co3(0H) 2·H20 el neg fib green infus Pleoc wk, abs Z > X. 

ro- Opt char unk. 
settes 

1.668 I 1.695 I 1.698 I .030 I BOL TWOODITE Large --- MCL 010 perf Pale H 3.5-4 Abnormal blue interf 
{H30)K{U02)Si04·H20 ( 36_:!:11 °) ps orth 001 poor yellow G 3.6 colors. Fluor dull 

fib b green in UV. 

1.658 11.68211.69511.7071 .025 I JAHNSITE Large z = b MCL 001 good Brown to H 4 Diss by acids. Tw 001. 
A CaMn(Mg,Fe+2)Fe+3

2 el pos pris yellow G 2.72 Pleoc, X brown, Y red-
(P04)4{0H) 2•8H 20 tab brown, Z yellow, abs Y 

> Z > X. Fe~O~ 22.8, 
MnO 10.2, Ca .6%. 

I 1.695 I 1.6981 I MAR I CITE IDRTH I ---
I 

1.67 .02 143" lx • ~ ICols to IH 4-4.5 
NaFeP04 r > v wk y = b gray to G 3.66 

pale 
brown 

1.680 1.685 1.695 1.700 .015 BRONZ ITE 69° Y = a ORTH 210 good Green, H 5.5 Nearly insol in acids. 
" (Orthopyroxene ser, r > v z = c pri s ~ at 87° brown G 3.43 Faint pleoc common. v 

1. 713 Pyroxene grp) el pos F 5 FeO 17.1, Fe2o3 0.95, 
{Mg,Fe) 2Si 2o6 MnO 0.4% {En 73 ). 

I I I I I 

1.675 1.682 1.695 1.697 .015 BUSTAMITE 43° X:a - 15° TCL 100 pe..!:.f 'Pink IH 6 IMnO 31.7, CaO 18.2, 
1\ { Mn ,Ca) 3si 309 Y:b- 35° llO, llO G 3.39 FeO 0.5, MgO 1.2%. v 

~ 1.708 z:c.- 35° good ~ 
~ 

1.683 1.685 1.695 1.698 .013 ARFVEDSONITE 69° X:c = 29° MCL 110 perf Dark H 5-6 Insol in acids. Pl eoc, 
1\ {Amphibole grp) el-neg at 124° green G 3.38 X and Z dark green, Y ...__.. 

+2 brown. FeO 20.6, Fe 2o3 {Na,Ca) 3{Fe ,Mg) 4 
Fe+3si 8o22{0H,F) 2 

9.1, MnO 2.3, Na 2o 6.8, 
K20 3.6%. 

1.684 I 1.695 I 1.698 I .014 I KEMPITE Med X = c ORTH --- Emerald- H 3.5 Diss by HCl. 
Mn 2Cl{OH) 3 y = b pris green G 2.94 

1.693 1.687 1.695 1.698 .011 FERROAXINITE 70° X- 1 T11 TCL 100 good Brownish-~H 6.5 llnsol in acids. CaD 
" Ca 2{Fe,Mn,Mg)Al 2BSi 4 blue G 3.28 19.4, FeO 7.7, MnO 2.3, v 

1. 701 o15{0H) F 2 MgO 1.7, Fe2o3 2.2%. 

1.674 1.682 1.696 1.699 .017 KORNERUPINE 48° X = c ORTH 110 good Greenish- H 6.5-7 Insol in acids. Pl eoc, 
1\ Mg 3Al 6{Si ,Al ,B) 5o21 r > v wk z = b pris black G 3.45 X cols to green, Y 

{ OH) el neg F 6 yellow, Z dark green. 

1.662 1.694 1.697 1.698 .004 RIEBECKITE 81° y = b MCL 110 perf Dark blue H 5 Insol in acids. Pleoc, 
1\ {Amphibole grp) X- c pris at 124° G 2.94 X and Y dark blue, Z ...__.. 

1.700 +2 +3 . el neg yellow-green. FeO 9.5, Na 2{Fe ,Mg) 3Fe 2s1 8 Fe2o3 18.3, MnO 6.0%. 
022(0H)2 

1.692 I 1.669 I 1.698 I 1.705 I .036 r!NHALITE 56° --- ORTH --- Brown to H 7 Insol in acids. Pl eoc, 
r--1 MgA1B04 disp str yell ow G 3.50 X dark brown, Y green, '--' 

1.704 Z pale brown. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula { 2V x ca 1 c) orien- and or Color gravity, Remarks 

tat ion habit fracture and a ~ y disp fusibility 

. 1.656 1.699 1.731 .075 KUPLETSKITE 79° el pos TCL 001 perf Dark H 3 Gel with acids. Pleoc, 
{ K, Na) 3( Mn, Fe) 7 r > v str brown G 3.22 X orange-yellow, Z 
{Ti,Nb} 2s; 8o24(0,0H} 7 

F easy brown, abs Z > X. MnO 
23.6, FeO 5.4, Fe2o3 7.8%. 

1.646 1.639 ( 1.699) 1.704 .065 SUSSEXITE Small el neg ORTH --- Brown H 3 Slowly diss by acids. 
A ( Mn ,Mg )B02( OH) r > v fib c G 3.12 MnO 37.6, ZnO 3.9%. v 

1. 713 F 3 

1.631 1.688 1.699 1.704 .016 FERRO-RICHTERITE 35° y = b MCL 110 perf Brown to H 5-6 Insol in acids. Pl eoc. 
A (Amphibole grp) ( 68..:_15°) ext Tn- at 124° dark G 3.4 FeO 27.3, Fe 2o3 6.2, 

Na 2Ca(Fe+2,Mg} 5Si 8o22 
r < v clined green MnO 1.1, CaO 6.1%. el pos 

( OH) 2 

v 1.660 1.700 1.701 .041 PHOSPHURANYL ITE 5-20° z = c ORTH 100 perf Golden- H 2.5 Pleoc, X cols to pale 
t'l:) 

~ 

1.724 Ca(U02}3(P04}2(0H} 2• r > v str x =a laths 010 good yellow G 4.1 yellow, Y and Z golden-
yellow. Not fluor in 

6H20 uv. 
1.682 1.679 1.700 1. 719 .040 GRUNERITE 86° y = b MCL 110 perf Greenish- H 6 Pleoc, X and Y cols, Z 

A (Cummingtonite ser, r < v Z:c -;;- 14° pris at 124° black G 3.4 yell ow to brown. FeO L....J 

Amphibole grp} el-pos 45.0, MnO 0.4%. 
(Fe,Mg} 7s; 8o22(0H} 2 

v 1.684 1.700 1.703 .019 TARAMITE, var Mboziite ( 46.!_15°} y = b MCL 110 perf Blue- --- Pleoc, X light yellow, 
1.713 ( Amphibole grp} at 124° green Y violet gray, Z blue. 

+2 FeO 13.0, Fe2o3 9.6, Na 2Ca(Fe ,Mg} 3Al 2 Al 2o3 15.8%. 
{Si 6Al 2}o22(0H} 2 

1.684 1.696 1.700 1.702 .006 LITH IOPHILITE - 70° X = c ORTH 100 perf Brown, H 4-5 Diss by acids. MnO 
A {Triphylite grp) r < v Y =a salmon G 3.55 37.3, FeO 8.6, MgO 

Li(Mn,Fe}P04 F 1.5 0.7%. 

1.693 1.693 1.701 1.704 .011 TINZENITE 63° X 1 T11 TCL 100 good Yellow H 6.5-7 Insol in acids. MnO 
A {Axinite grp) r < v G 3.29 21.2, CaO 12.5, 

(Ca,Mn,Fe} 3Al 2Bsi 4o15 { OH} 
Fe2o3 1.6%. 

1.693 1.695 1.702 1.708 .013 BARYLITE 70° X = b ORTH 001, 100 White H 7 Insol in acids. Fluor ,......, -- BaBe2si 2o7 Y=c good G 4.07 bright blue in UV. 
infus 



1.680 11. 68311. ;'04 11. 7221 .039 I CHRYSOLITE 85° X = b ORTH 010 fair Green H 7 Gel with acids. FeO 
1\ (Olivine grp) z =a G 3.53 21.6, MnO 0.3, v 

1. 720 (Mg,Fe) 2Si04 i nfus Fe2o3 1.6% (Fo75 ). 

v 
1

1.680 I 1. 704 I 1. 112l .032 IPARNAUITE 60° X = b ORTH --- Green, H 2 Pleoc, X pale green, Y 
1. 720 Cu 9(As04}2(0H} 10·7H20 v =a blades blue, G 3.09 yellow-green, Z blue-

on 010 blue- green, abs Z > Y > X. 
green 

1.685 11. 596 11. 705 11. 7051 .109 I STILPNOMELANE - oo y = b MCL 001 perf Dark H 3-4 Dec by acids. Pl eoc, X 
A +2 +3 X - c or TCL brown G 2.82 yellow, Y and Z dark v K(Fe ,Fe ,Mg,Al} 10 1.735 el cTv pas F 4 brown. FeO 13.2, 

Si12°30{0H}12 Fe2o3 23.9%. 

1.685 11.66o 1 1. 705 1 1. 713 1 .053 I TARBUTTITE 150° I Disp str I TCL 001 perf Cols, H 4 Diss by acids. 
A Zn 2( P04)( OH} pris yell ow G 4.12 

F easy 

1.654 
1

1.675 I 1. 705 1 1. 705 1 .030 I KIVUITE 0-5° --- ORTH{?} --- Yellow --- Dec by HNO~. Pleoc, 
A {Th,Ca,Pb}H2(U02)4 r > v X col s, Y nd Z 

(P04)2(0H} 8·7H20 greenish-yellow. 

1.690 I 1. 705 I 1. 711 I .021 I YFTISITE Large --- ORTH --- Yellowish H 3.5-4 Abnormal blue interf 
(Y,Dy,Er} 4(Ti ,Sn}O r>vdist G 3.96 color. 

(Si04)2(F,OH) 6 
t>:> ll. 678 I 1. 706 I 1.121 I .043 I ERNSTITE 74° z = b MCL 010' 100 Yellow- H 3-3.5 Oxidation product of 
-:) 
01 (Mn+2

1_xFe+3x}Al{P04) r > v Y:c -;;;- -4° radi- good brown G 3.07 Eosphorite. Untw. 
ating Pleoc, X yellow-brown, 

(OH)2-xox Y red-brown, Z pale 
yellow. 

1.688 I 1. 707 I 1. 725 I .037 ILERMONTOVITE ( 88_:_6°) z = c ORTH --- Gray- I --- IOpt sign not given. 

u+4( P04)( OH) ·H20 fib green 

v 1 ~. 704 I 1. 707 I 1.110 I .006 ISAPPHIRINE 85° y = b MCL 010' 100 Pale blueiH 7.5 I Insol in acids. Pleoc, 
1. 723 {Mg,Al) 8{Si ,Al) 6o20 r < v str Z:c -; 12° tab poor to green G 3.50 X pale greenish-blue, Y 

i nfus blue to dark green, Z 
blue to yellow-green. 
FeO 1.5, Fe 2o3 0.6%. 

v 11.68911.707 11.7271 .038 I GAITITE 1850 I --- ITCL 1010, 001, ICols, IH - 5 I Zn:Mg = 1:1. 
1. 707 pas Ca 2(zn,Mg)(As04)2• (92_:_6°) OT1 good white 

2H 20 

1.695 1 1. 695 1 1. 1o8 1 1.110 1 .015 I BUSTAMITE 134" I X:a - 15" I TCL 1100 perf !Pink IH 6 IMnO 30.4, CaO 12.8, 
A (Mn,Ca,Fe) 3s; 3o9 r < v Y:b - 35° 110, 1TO G 3.46 FeO 6.9, MgO 1.2%. 

z:c - 35° good 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (. 2V x ca 1 c) orien- and or Color gravity, Remarks 

~ disp tat ion habit fracture and 
(l y fusibility 

1.687 1.688 1. 709 1. 714 .026 HAS TI NGS ITE 51° y = b MCL 110 perf Dark H 5-6 Insol in acids. Pleoc, 
A ( Am phi bo 1 e g rp) Z:c -;; 12° pri s at 124° green G 3.45 X greenish-yellow, Y v 

1.731 +2 +3 . el-pos dark olive, Z dark NaCa 2(Fe ,Mg) 4Fe S1 6 green. FeO 22.9, 
Al 2o22(0H) 2 Fe2o3 5.9, Al 2o3 11.5, 

Ti02 1.7%. 

1.692 1.687 1. 710 1. 725 .038 KAERSUTITE no y = b MCL 110 perf Brownish- H 6 Insol in acids. Pleoc, 
A ( Amphibole grp) Z:c -;; 4° pris at 124° black G 3.3 X pale yellow-brown, Y v 

1.730 NaCa 2(Mg,Fe+2)4TiSi 6 
el-po,. red-brown, Z dark red-

brown. FeO 4.9, Fe2o3 Al 2o22(0H) 2 9.3, Al 2o3 15.5, Ti02 5.9%. 

1.685 1.695 1. 710 1. 725 .030 TALMESSITE Large --- TCL --- Pink, H 5 11 Arsenate-be 1 ov i te. 11 

~ 

a! 

A Ca 2(Mg,Co,Ni)(As04)2• green G 3.57 Diss in acids. Pink 
2H20 v a r i s p 1 eoc : col s to 

rose. Up to 8.5% FeO 
or NiO. 

1.681 1.694 1. 710 1. 722 .028 FERRO-GEDRITE 82° y = b ORTH 210 perf Green H 6 Insol in acids. Pleoc, 
A ( Amphibole grp) r > v Z=c pri s .£ G 3.57 X pale green, Y brown-

(Fe +2 ,Mg) 5A 1 2( Si 6A 1 2) el pos F 4 ish-green, Z bluish-

022(0H)2 
green. Fe 2o3 2.3, 
Al 2o3 19.7, FeO 35.5, 
MnO 2.3%. 

v 1.705 1. 711 1. 715 .010 CHLORITOID 60° X = b MCL 001 perf Greenish- H 6.5 Dec by H2SO4• Pleoc, X 
1.729 (Fe,Mg,Mn) 2Al 4s; 2o10 Z:c -;- 12° gray G 3.5 green, Y blue, Z ( OH) 4 el-clv pos F diff yellow. FeO 19.9, 

Fe2o3 4.6%. 

1.708 pos 1.706 1. 711 1. 714 .008 ALLANITE 61° y = b MCL 001, 100, Brown to H 6 Slowly attacked by HCl, 
A (Epidote grp) 110 poor black G 3.8 gel. Fe 2o3 4.9, FeO v 

1.738 (Ce,Ca,Y) 2(Al ,Fe) 3 F 3 9.1, Th02 1.7%. 
( Si 04)3( OH) 

v 1.670 1. 712 1.750 .080 WHITMORE ITE Rather y = b MCL 100 fair Brown to H 3 Tw 100. Pleoc wk, X 
1. 725 +2 +3 large z-c greenish- G 2.88 cols, Y pale yellow, Z (Fe ,Mn)Fe 2(P04)2 brown yellow-green. (OH) 2·4H20 

( 1.699) 1.642 1. 713 1. 721 .079 SUSSEXITE 3]0 el neg ORTH --- Brown H 5 Slowly diss by HCl. 
A ( Mn ,Mg )B02( OH) fib c G 3.05 MnO 40.4%. v 

1.728 F 3 



1.690 
1

1.654 
1

1.713 
1

1.122 I .068 I LANGITE ~ 700 X = c ORTH 001 good Blue to 
IH 3 IDiss by acids. Poly tw 

II Cu4so4(0H)6·2H2o ( 42~5°} y = b 010 dist blue- G 3.31 110. Pleoc wk, abs Y > 
green z > x. 

1. 703 I 1. 713 I 1. 722 I .019 I GERHARDTITE Large X = a ORTH 001 perf Emerald- IH 2 'Diss by acids. Pleoc, 
Cu 2N03(0H} 3 r > v str z = c hori- 100 less green G 3.40 X and Y green, Z blue. 

zontal so F 2 
stria-
tions 

1.695 1. 703 1. 713 1.717 .014 I HYPERSTHENE 53° Y = a ORTH 210 good Green H 5.5 In sol in acids. Faint 
II -- z = c G 3.53 pleoc common. FeO v !(Orthopyroxene ser, 

1. 728 Pyroxene grp) el pos F 5 25.7, Fe 2o3 1.0% 
( Mg ,Fe) 2s; 206 (En57). 

1.700 11.705 11.713 11.715 1 .010 ITARAMITE, var Mboziite 54° y = b MCL 110 perf Blue- --- Pleoc, X yellow, Y 
II (Amphibole grp) Z:c-;-uo at 124° green blue-green, Z deep 

+2 el-pos blue. FeO 18.7, Fe2o3 Na 2Ca(Fe ,Mg} 3Al 2 
{Si 6Al 2)o22(0H) 2 

13.1, Al 2o3 10.3, MnO 
1.9%. 

v 
1

1.690 I 1. 71411.7351 .045 I SCHOEP!TE 85° X = c ORTH 001 perf Lemon- H 2.5 Diss by acids. Pl eoc, 
1. 740 U03·2H2o r > v str y = b tab yellow to G 4.8-5.0 X nearly cols, Y and Z 

el pos brownish lemon-yellow to bright 
yellow. Fluor pale 
green in UV. 

1:\:) 

11.701 11.714 11.720 1 .019 I NIOCALITE lrw. -::J 56° X = b MCL Conch Lemon- IH 6 -::J 
Ca 4NbSi 2o10(0,F) Z:c-;- 12° yellow G 3.32 

1.663 I 1.715 l1.734 I .011 IRUIZITE 60° y = b MCL --- Orange IH 5 IDiss by warm acids. Tw 
CaMn+3si 206(0H)·2H20 r > v str Z:c-;- 44° el b to brown G 2. 9 common 100. Pleoc, X 

inclined pale orange, Y orange, 
Z yellow. 

1. 66 7 I ( 1. 715) I 1. 7 3 7 I . 0 70 !unnamed arsenate- IMed large I --- IORTH( ?) 1--- IBlue to --- Pleoc, X cols, Y and Z 
sulfate of Cu blue- pale green to bluish-

green green. 

1.665 11.715 11.7151 .050 I KHIB INSKITE 16-16' I z = b IMCL 16 clv lcols H 4.5-5.5 
K2ZrSi 207 X:c -;- 34° mass G 3.35 

1.1o4 I 1.715 I 1.724 I .o2o lxANTHOXENITE !Large I --- 'Plates I --- 'Yellow toiH 2.5 IPleoc, X cols, Z 
Ca 4Fe 2(P04)4(0H) 2·3H20 r < v str brown G 2.97 yellow. Abnormal blue 

interf colors. Fe 2o3 21.1, MnO 4.5%. 

1.70411.715 11.7181 .014 lvANMEERSSCHEITE 56° --- ORTH 010 good !Yellow IG (4.67} IPleoc in yellow. 
U(U02)3(P04)2{0H) 6• tab 100 less 
4H20 so 

1.603 I 1.716 I 1.742 I .139 louNDASITE llarge I X = 2. IORTH 1010 perf 'White r 2 
IDiss by acids with eff. 

PbA1 2(C03)2(0H) 4•2H2o (48~2°} y = b aggre- G 3.55 
gates infus 



Table 7. Biaxial negative minerals {continued) 

Refractive index 2Vx Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula { 2Vx cal c) orien- and or Color gravity, Remarks 
disp tat ion habit fracture and 

a ~ y fusibility 

L...J 1.682 1.716 1. 729 .047 GLAUCOCHROITE 61° X = b ORTH --- Pale pink H 6 Gel with acids. MnO 
1. 722 CaMnSi04 r > v z=a pris to violet G 3.41 32.7, FeO 4.2, MgO 

F 3 2.1%. 

v 1.695 1. 716 1. 725 .030 SONOLITE, zincian Large --- MCL --- Dark H 5.5 Gel with acids. Tw 
1. 779 (Mn,Zn) 9{Si04)4(0H,F) 2 brown to G 3.8 common 001. 

brownish-
black 

1.700 1. 716 1.726 .026 WOEHLERITE 71-79° z = b MCL 010 dist Yell ow- H 6 Gel with HCl. Pleoc 
NaCa 2(Zr,Nb)Si 208 r <v dist el cTv neg tab brown G 3.42 wk, X and Y cols, Z 
( O,OH,F) F 3.5 yellow. 

v 1.703 1. 716 1. 721 .018 JULGOLDITE Med --- MCL 100, 001 Green H 4.5 Gel with hot HCl. 
1.748 {Pumpellyite grp) good G 3.3 Pleoc, X and Z pale 

+2 +3 green, Y blue-green. Ca 2{Fe ,Mg)(Fe ,Al)2 Tw 001. 
1:10 

~ 
{Si04)(Si 207){0H) 2·H20 

v 1.709 1. 716 1. 723 .014 THALENITE 70° Y:c small MCL 110 perf Reddish- H 6 ---
1.739 Y3si 3o10(0H) (?) ( 90.:!:,17°) pris black to G 4.16 

r < v black 

1. 710 1.657 1. 717 1.767 .110 ZIPPEITE Large z = c ORTH 010 perf Yellow to H 2 Diss by acids. Tw ,....-. 
K4(U02)6{S04)3(0H)10" X=b plates orange G 3.66 common. Pl eoc , X co 1s , v 

1.731 4H20 el cTv pos Y pa 1 e ye 11 ow, Z 
yellow. Fluor bright 
ye 11 ow i n UV. 

,....-. 1.685 1. 717 1.720 .035 KOZULITE 35° y = b MCL 110 perf Reddish- H 5 Pleoc, X yellow-brown, 
L...J ( Amphibole grp) r > v wk X:c -;- 25° pris black to G 3.30 Y red-brown, Z dark 

(Na,K) 3(Mn,Mg) 4 el-neg black brown, abs Z > Y > X. 
+3 ) MnO 2.8, Fe2o3 2.9%. (Fe ,Al S1 8o22(0H) 2 

1.695 1.621 1. 718 1.745 .124 ANCYLITE 70° X = a ORTH --- Yellow, H 4.5 Diss by acids with eff. 
1\ -- SrCe(C03)2(0H)•H20 {53+2°) z=c pink, G 4.00 v 

1.734 r <-v wk brown infus 

1.709 1. 718 1.734 .025 METAHOHMANNITE ( 86.:!:,9°) --- Mass, --- Orange --- Di ss by HCl. Pleoc, X 
Fe2(S04)2(0H) 2·3H20 powdery pale yellow, Y reddish-

yellow, Z reddish-
brown. Reported as 
biax pos. 



1.705 

1
1.715 

1
1.719

1
1.720 I .005 IVESUVIANITE 30-60° --- TET 110 poor Yell ow, H 6.5 Partly dec by HCl. ,......, Ca 10Mg 2Al 4(Si04)5 brown, G 3.4 Anom biax, may show ab-'---' 

1.73 ( Si 2o7 )2( OH) 4 
green F 3 normal interf colors in 

blue or brown. 

1. 660 I 1. 720 I 1. 728 I • 068 IHYDROASTROPHYLLITE 40° --- TCL 2 sets Dark G 3.15 Pl eoc, X bright 
(H30,K,Ca)(Fe,Mn) 5_6 brown yellow, Y orange-
Ti 2Si 6(0,0H) 31 

yell ow, Z dull 
yellow, abs Z > Y > X. 

( 1.691) 11. 677 1 ( 1. 720) 11. 721 1 • 044 I FERRI-ANNITE Small --- MCL 001 perf Reddish- --- Pleoc, X brownish-
" (Mica grp) brown red, Y and Z pale 

K(Fe+2,Mg) 3(Fe+3,Al) greenish-brown. Tw 
Si 3o10( OH) 2 

common. 

1.694 ,1.68911. 720 11.7281 .039 IKIRSCHSTEINITE 51° X = b ORTH 010 poor Gray H 5.5 Gel with acids. FeO 
1\ (Monticellite ser) r > v y = c G 3.43 29.3, Fe2o3 0.7, MgO '---' 

1. 734 Ca(Fe,Mg)Si04 F 6 4. 9, MnO 1. 65%. 

1. 704 ,1.69811. 720 11.7361 .038 I HYALOS IOER ITE 80° X = b ORTH 010 fair Green H 7 Gel with acids. FeO 
1\ ( 01 iv i ne g rp) z=a G 3.60 27.8, Fe 2o3 2.1, MnO v 

1.733 ( Mg , Fe ) 2 S i 0 4 i nfus 0.4% (Fo66 ). 

1.701 I 1.720 I 1.734 I .033 IHOWIEITE 165" I --- ITCL 1010 good loark IG 3.38 !Pleoc, X pale golde" 
Na(Fe,Mn) 10(Fe+3,Al) 2 (80~7°) 100 fair green yellow, Y dark lilac 

~ S. 0 ( OH) r < v s t r gray, Z dull green. 
~ 1 12 31 13 ~ 

1. 717 pos 1. 713 1. 720 1. 727 .014 EPIDOTE ago X - c MCL 001 perf Light H 7 I Insol in acids. Fe 2o3 1\ -- ( Epidote g rp) r > v str y = 1) el b green G 3.40 6.6, FeO 0.4%. v 
1.736 Ca 2(Al ,Fe) 3s; 3o12(0H) el cTv pos F 4 

1.704 11.667 1 1.120 1 1. 737 1 .o1o IPARNAUITE 60° X = b ORTH --- Green, H 2 IPleoc, X cols, Z 
1\ Cu 9(As04)2(s04)(0H) 10• r < v v=a blades blue G 3.09 greenish-blue. 

7H20 

1. 715 I 1. 720 I 1. 725 I .010 I TRIMERITE 83° Opt pl and TCL 001 dist Cols H 6 Gel with HCl. Basal 
(Ca,Mn)BeSi04 X - l 001 ps hex G 3.47 section shows 3 radial 

tab F diff segments. 

1.713 I 1.721 I 1.734 I .021 I HARADAITE 75° X = a ORTH 010 perf Bright H 4.5 Pleoc, X cols to pale 
SrVSi 2o7 ( 103~ 12°) y = 1) 100, 001 green G 3.80 green, Y cols to light 

r < v str dist yellow-green, Z bluish-
green. 

1. 717 11.71311.721 ,1. 7281 .015 I KYANITE 83° Z:c = -30° TCL 100 perf Bluish, H 5.5-7 Insol in acids. Pleoc ,......, Al 2s;o5 r > v wk on-100 bladed 010 good greenish, G 3.59 wk, X cols, Y and Z '---' 

1. 724 el pos cols infus pale blue. Tw pl comp 
face 100. 

1.687 I 1. 722 I 1. 731 I .044 ITARAPACAITE 1520 I X = !?_ IORTH 1010 perf Bright G 2.74 Sol in H20. 
K2Cr04 r > v wk Y = a ps hex 001 good yellow 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula {2Vx calc) orien- and or Color gravity, Remarks 

tat ion habit fracture and a §_ y disp fusi bil tty 

1.691 1.686 1.722 1. 723 .037 130 Z = a ORTH 100 dist Brown H 7 Insol in acids. Tw pl 
1\ r > v wk x=c acic c G 3.41 001. Pleoc, X black, Y 

infus deep red-brown, Z 
brown. 

1. 716 ( 1. 723) 1. 723 .007 Small --- ps hex --- Cols --- Dec by H2o. 

1.675 1. 723 1.765 .090 78° y = b MCL 110 perf Bluish- H 2 Pleoc, X and Y cols, Z 
( 84~3°) Z:c-;;- 10° green G 3.35 bluish-green. 
r < v el-pos 

1.690 1.698 1. 723 1. 745 .047 80° y = b MCL 100 good Yellow, H 6 Diff diss by acids. Tw 
1\ r < v X:c -;;- -20° tab on brown G 3.5 pl 100 lam. Pleoc, X v 

1. 746 100 fus cols to pale yellow, Y 
light yellow, Z golden 
yell ow. 

1.707 1. 720 1. 723 1. 725 .005 52° y = b MCL 010, 100 Pale blue H 7.5 Insol in acids. Pl eoc, 
1\ r < v str Z:c -;;- 7° tab poor to green G 3.58 X nearly cols, Y and Z v 

~ 
0 

1. 741 i nfus blue, abs Z > Y > X. 

1.700 1.674 1. 724 1.724 .050 5-10° X = a ORTH 100 perf Golden- H 2.5 Diss by acids. Pl eoc, 
1\ r > v str z=c 1 aths 010 good yellow G 4.1 X cols to pale yellow, 

Y and Z golden-yellow. 
Not fluor in UV. 

1. 712 1.676 1. 725 1.745 .069 60-65° y = b MCL 100 fair Brown to H 3 Tw 100. Pl eoc, X and Y 
1\ z- c greenish- G 2.87 light greenish-brown, Z 

brown dark greenish-brown. 

1. 723 1.692 1. 725 1.738 .046 62° y = b MCL 010 good Reddish- H 3.5-4 Diss by acids. Tw 101. ,......, 
r > v str X:c -;;- 4° tab 010 violet G 2.76 Pleoc, X pale rose, L-J 

1. 728 F easy Y carmine-red, Z cols. 

1.700 1. 725 1.730 .030 48° X = c ORTH --- White G 3.22- ----- r < v str Y=b 3.42 
el neg 

1.690 1.694 1. 726 1.730 .036 36° X = b ORTH 001 perf Pale H 2 Diss by acids or NH~OH. 
1\ r > v str z=a laths green to G 3.27 Pleoc, X and Z gras -

sky-blue F easy green, Y yellow green. 

v 1. 711 1. 727 1.740 .029 85° X = b ORTH 001 good Reddish- H 5 Gel with acids. MnO 
1.766 r > v Y=c 010 fair brown to G 3. 72 47.1, MgO 18.1, 

2""'"'4 gray F 3.5 Fe?O":l 0.3%. 



1.718 1(-L727)IL728 1 .o1o I BARIUM- ,0-39° I --- ITET (?),100 good 'Yellow- IH 2-3 IDiss by acids. 
PHARMACOS IDER ITE brown G 3.00 
Ba(Fe,Al) 4(As04)3 
(OH} 5·5H20 (?) 

1.681 I 1. 728 l1. 769 I .088 lcoBALTOMENITE 83° Z:_£ = 13° MCL Conch Pink H 2.5 Data for synth compd. 
CoSe03•2H20 r < v G 3.42 Pleoc, X and Y pink, 

Z red. 

1. 713 11.670 11.728 11.7321 .062 I SUSSEXITE 30° el neg ORTH --- Brown H 5 Calc for pure end 
A MnB02(0H) fib c G 3.30 members. 

F 3 

1. 670 I 1. 728 l1. 732 I • 062 I SARCOPSIDE 28° --- MCL 001, 100 Gray to H 4 I Di s s by acids • Poly tw 
+2 r > v good brown G 3.79 001. (Fe ,Mn,Mg) 3(P04)2 010 poor 

v I 1. 705 ,1. 728 ,1. 730 I . 025 I HOL TlTE 270 X = c ORTH 100 good !Buff to IH 8.5 IInsol in acids. Tw 
1. 758 A 1 6 ( T a , Sb , L i ) [ ( S i , As ) r < v str y = b pri s greenish G 3.90 110. Not pleoc. 

04] 3(B03)(0,0H) 3 
i nfus 

1. 713 
1

1.715\1.728 
1

1.731 I .016 IFERROHYPERSTHENE 1510 li, :_f_ IORTH 1210 good 'Green IH 5-6 llnsol in acids. Faint 
A 

~Orthopyroxe~e ser, ~ ~-60 pleoc common. FeO v 
1.747 ~n A u~n n ~ c- n I I I I ll'yroxene grp J e1 fJU::> r ~ £.:7•"tt I'IIIV V•LJ I 't:::2VJ 

(Mg,Fe) 2Si 206 2.1% (En 45 ). 

~ 11.720 11.728 11.7351 .015 ILANDESITE Large el pos ORTH 010 perf Reddish- H 3-3.5 Diss by acids. Pleoc, 
00 

Mn+ 2~Fe+3(PO.)n(OH)~· brown G 3.03 X dark brown, Y light 1--' 

3H20J(?) . '+' c . J I I I I I I 1brown, Z yellow. 

1. 725 11.690 11.729 11.750 1 .060 IBERMANITE 72° X = b MCL 001 perf Reddish- H 3.5 Diss by acids. Poly ,--, 

Mn+2(Mn+3,Fe+3) (PO) r <v str y :c -;- -36° ps orth 010 brown G 2.85 tw. Pleoc, X light 
(OH)2·4H20 2 4 2 F easy red, Y pale yellow, Z 

deep red. Mn 2o3 30.6, 

Fe 2o3 3.2, MnO 12.8%. 

1. 711 11.725 11.729 11.730 1 .005 ICHLORITOID 56° X = b MCL 001 perf Greenish- H 6.5 Dec by H2so4• Pleoc, X 
1\ (Fe,Mg,Mn}Al 4si 2010 Z:c-;- 20° gray G 3.5 green, Y blue, Z ( OH) 4 el-clv neg F diff yell ow. FeO 22.2, 

Fe2o3 4.9, Ti02 2.7%. 

1.605 1(1.73) l1. 738 I .133 I Unnamed bari urn urdnyl I Small I --- I OR~H( ?) I --- I Yellow I --- IPleoc, X cols, Z 
arsenate aClC yellow. Not fluor in 

uv. Am. Mi nera 1. , ~. 
561 ( 1973). 

1.602 I 1.730 I 1. 732 I .130 IMCGUINNESSITE l(v ery lx:c. u·IMcL 1--- I Blue- H 2.5 Diss by cold acids. 
(Mg,Cu) 2(C03)(0H) 2 small) - fib green to G 3.02- Pleoc, X pale green, 

blue 3.22 Y and Z light bluish-
green. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vx calc) orien- and or Color gravity, Remarks 

tat ion habit fracture and a ~ y disp fusibility 

1. 710 1.694 1. 730 1.757 .063 KAERSUTITE 80° y = b MCL 110 perf Brownish- H 6 Insol in acids. Pleoc, 
1\ {Amphibole grp) z- c pris at 124° black G 3.3 X yellow, Y red-brown, 

NaCa 2(Mg,Fe+2)4TiSi 6 
el pos Z dark brown. FeO 7.7, 

Al 2o22 (0H) 2 
Fe2o3 12.4, Ti02 6.0%. 

{1.690) 1. 730 1. 749 {.059) PHURCALITE 68° el pos ORTH 001, 010 Yellow H 3 Oiss by acids. Pleoc, 
Ca 2(uo2)3(P04)2(0H) 4• perf G 4.14 X bright yellow, Y pale 
4H20 100 yell ow. Not fluor in 

uv. 

1. 717 1.674 1.731 1. 754 .080 ZIPPEITE 45° z = c ORTH 010 perf Yellow to H 2 Oiss by acids. Pleoc, 
1\ K4(U02)6(S04)3(0H)10• r > v str X= b plates orange G 3.61 X cols, Y and Z yellow. 

4H20 el cTv pos Fluor bright yellow in 
uv. 

~ 

1.709 1.705 1.731 1.732 .027 HASTINGSITE 25° y = b MCL 110 perf Dark H 5-6 Insol in acids. Pleoc. 
1\ {Amphibole grp) Z:c-;; 13° pris at 124° green G 3.43 FeO 22.0, Fe2o3 11.6, 

+2 +3 . el-pos NaCa 2{Fe ,Mg) 4Fe S1 6 Al 2o3 11.5, MnO 0.6%. 
Al 2o22 (0H) 2 

1. 711 1.731 1.732 .021 CHALCOMENITE Small X = a ORTH None Clear H 2.5 Oiss by acids. Pleoc, 
CuSe03·2H20 r < v or Y=:£ blue G 3.36 X light blue, Y and Z 

r > v str fus darker blue. 

1.680 1.732 1. 775 .095 Unnamed uranyl 80° X = a ORTH 001 good Yellow --- Pl eoc, X co 1 s, Y 
phosphate Y=b yellow, Z yellow-gold. 

el cTv neg Fluor green in UV. 
Am. Mineral., 59, 212 
{1974). 

1.720 1. 710 1.733 1.750 .040 HYALOS IOER ITE 79° X = b ORTH 010 fair Green H 5 Gel with acids. FeO 
1\ {Olivine grp) z=a G 3.69 32.0, Fe2o3 2.0, MnO v 

1.750 (Mg,Fe) 2Si04 F 6 0.5% {Fo60 ). 

1.724 1.733 1.739 .015 CHALCOCYANITE Large X = b ORTH None Pale H 3.5 Oiss by H2o. 
Cuso4 r > v Y=:! tab green to G 3.65 

blue 

1. 718 1.656 1.734 1. 776 .120 ANCYLITE 70° X = a ORTH --- Yellow, H 4.5 Oiss by acids with eff. 
1\ SrCe(C03)2{0H)·H20 r < v wk z =I l:trown, G 4.0 

pink infus 

1.679 1. 734 1.742 .063 HUEMULITE 28° --- TCL 001 perf Yellow- H 2.5 Oiss by cold H2o. Not 
Na4MgV10o28·24H20 (41.:!:_5°} 010 less orange G 2.39 fluor in UV. Pleoc, X r > v str so light yellow, Y gold, Z 

yellow-orange. 



v 11.708 11.734 ,1.7581 .050 IADAMITE 87° X = a ORTH 101 good Col s, IH 3.5 IDiss by acids. CuO 
1. 768 (Olivenite grp) r > v str Z=b green, G 4.43 0.6%. 

Zn2( As04)( OH) pink 

1. 723 I 1. 734 I 1. 736 I • 013 I GAGEITE Med z = c ORTH --- Pink, H 3 IDee by HCl. 
(Mn,Mg,Zn) 8Si 3o10(0H) 8 r < v str el pos acic c brown G 3.58 

infus 

1.705 1.625 1.735 1.735 .110 STILPNOMELANE - oo y = b MCL 001 perf Dark H 3-4 Dec by acids. Pl eoc, 
A -- +2 +3 . X- c or TCL brown G 2.83 X golden yellow, Y and L-..1 

1.745 K(Fe ,Fe ,Al) 10s, 12 el pos F 3 Z deep reddish-brown. 030(0H)12 FeO 1.3, Fe 2o3 31.7, 
MnO 2.6%. 

1.707 I 1.735 I 1.738 I .031 IBERAUNITE 25° X:c = 4-8° MCL 100 perf Green H 3.5-4 Diss by acids. Pl eoc, 
+2 +3 r < v G 2.9-3.1 X blue-green, Y pale Fe Fe 5(P04)4(0H) 5• F easy olive-green, Z olive-4H20 green. 

v ,1.715 11.735 11.7451 .030 Is ICKLER ITE Med large X = a ORTH 100 good Yellow- H 4 Diss by acids. Pleoc, 
1. 771 Li ( Mn +2 ,Fe +3)P0

4 
r > v very el cTv pos ish- to G 3.3 X deep red, Y pale 
str dark F easy red, Z very pale red. 

brown MnO 33.6, Mn 2o3 2.1, 
Fe2o3 ll. 3%. 

13o• I --- I White 
I 

1.120 I 1. 736 I 1. 738 I .018 I GITTINSITE IX:£= 5- IMCL IH 3.5-4 
CaZrSi 2o7 

100 fib G 3.6 
t.:) I I I I I el c 

~ 1. 728 11.640 11.736 11.15o 1 .no I HYDROZINCITE 1400 IX = b IMCL 100 perf White H 2.5 Diss by acids with eff. ,....., zn 5(C03)2(0H) 6 r < v str Z:_£-;;; 40° laths G 4.0 Fluor pale blue in UV. 
100 i nfus 

v 
1

1.654 I 1. 736 ll. 764 I .11 o I LOMONOSOVITE 1600 lel pos ITCL 100 perf Yellow H 3-4 Dec by H 0. Pleoc, 
1. 750 Na 2r; 2s; 2o9·Na 3P04 to dark G 3.15 X yellow~ Y orange-

brown yellow, Z dark brown. 

1. 721 11.115 11.736 11.139 I .o24 I RENARDITE - 40° X = a ORTH 100 perf Yell ow H 3.5 Pleoc, X cols, Y and Z ,....., Pb(U02)4(P04)2(0H) 4• r > v y = c pris G 4.35 yell ow. Not fluor in 
7H20 el cTv pos F easy uv. 

1. 720 

1
1.121 

1
1.736

1
1.740 I .019 I EPIDOTE 78° y = b MCL 001 perf Green H 7 Insol in acids. Fe2o3 A ( Epidote g rp) ( 54+14°} X- c el b G 3.44 9.5, FeO 0.8%. v 

1. 754 Ca 2(Al ,Fe} 3si 3o12(0H) r >-v str el cTv pos F 4 

1.723 I 1.737 I 1.756 I .043 I ROSELITE-BETA 80-90° --- TCL 010 perf Dark H 3.5-4 Pleoc, X pink, Y pale 
Ca 2Co(As04}2•2H20 r < v rose-red G 3. 71 pink, Z cols. 

1.708 I 1.738 I 1.747 I .039 I ZIRCOPHYLLITE 62° Y = a TCL 001 perf Dark H 4-5 Pleoc, X and Y dark 
(K,Na,Ca) 3(Mn,Fe) 7 r > v str X:b -;; 10° brown G 3.34 yellow, Z brown. 
(Zr,Nb) 2si 8o27(0H) 4 

el-neg 

1. 711 11.721 11.73811.7421.021 I ALLANITE Large y = b MCL 001, 100, Brown, H 6 Gel with acids. Pl eoc. 
A (Epidote grp) ( 51+13°) 110 poor black G 4.0 Fe2o3 17.0, MnO 0.6, v 

1. 755 (Ce,Ca,Y) 2(Al,Fe) 3Si 3 r >-v str F 3 ThO 0.9%. o12(0H) 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
Biref ( 2V x ca 1 c) orien- and or Color gravity, Remarks entries and formula tat ion habit fracture and 

(l .@. y disp fusibility 

1. 716 1. 719 1.739 1.748 .029 THALENITE 67° y - c MCL 110 perf Reddish H 6-6.5 ---
A Y 3si 3o10( OH) (?) r < v tab 100 to black G 4.40 

1.730 (1.739) 1.748 .018 SUZUKIITE - goo X = a ORTH 010 perf Bright H 4-4.5 Pleoc, X pale green, 

Ba2v+42o2si4012 r < v str Y=b 100, 001 green G 4.03 Y yellowish-green, Z 
dist bluish-green, abs X < Y 

< z. 
1.722 {1.739- 1. 745 .023 STEIGERITE 55-60° --- MCL 010 good Canary --- Diss by acids. 

1. 740) AlV04•3H20 yell ow 

1. 714 1.683 1.740 1.755 .072 SCHOEPITE Med X = c ORTH 001 perf Yellow H 2.5 Diss by acids. Pl eoc, 
A -- U0 3·2H20 r > v str Y=o tab G 4.8-5.0 X cols, Y yellow, Z 

el pos lemon-yellow. Fluor 
pale green in UV. 

v 1.720 1.740 1. 757 .037 ACMITE-AUGITE 82-88° y = b MCL 110 good Dark H 6 Insol in acids. Pleoc, 

~ 

~ 

1. 751 po (Pyroxene grp) r < v X:c -;; 15° at 87° green G 3.40 X bright green, Y and Z 
1.756 +3 el-neg greenish-yellow. FeO ( Na ,Ca )(Fe ,Al ,Mg, 7.5, Fe2o3 14.0, Na 2o 

Fe+2)Si 0 2 6 5.3%. 

1. 726 ( 1. 740) 1.747 .021 STRASHIMIRITE 70° Z:el = 5° MCL --- Green G 3.8 calc Pl eoc wk·, Y very pale 
Cu8(As04)4(0H) 4•sH20 spher- yellow-green, Z yellow-

ul ites green. 

1. 723 1.731 1.741 1. 743 .012 SAPPHIRINE 40° y = b MCL 010 t 100 Blue H 7.5 Insol in acids. Pl eoc, 
A 

(Mg,Al ,Fe+3)8(Si,A1) 6 
r < v st r z- c tab poor G 3.60 X pale brown, Y and Z 

i nfus deep blue. FeO 3.0, 020 Fe2o3 10.4%. 

1. 724 1. 742 1.746 .022 HODGKINSON ITE 52° y = b MCL 001 good Pale H 5 Gel with acids. Pl eoc, -- MnZn 2Si05·H20 r > v str Z:c-;; 38° pyram reddish- G 4.01 X and Z lavender, Y 
brown F easy pale green. 

1. 735 1. 742 1. 745 .010 HAGENDORFITE 68° z = b MCL --- Green H 3.5 Diss by acids. Pl eoc, -- ( Na ,Ca )Mn Y:c-;;- -22° G 3. 71 X yellow brown, Y 
+2 +3 (Fe ,Fe ,Mg) 2(P04)3 

green, Z blue-green. 

1. 720 1. 743 1.748 .028 SANEROITE 44° el pos TCL 2 clv Deep G 3.47 Pleoc, X deep orange, Y -- +2 +3 . perf orange lemon-yellow, Z yellow-Na 2(Mn ,Mn )10s1 11 orange. 
vo34(0H) 4 

1.738 1.743 1.746 .008 SURINAMITE 68° y = b MCL 010 perf Blue G > 3.3 ---
(Al ,Mg,Fe) 3(Si ,Al )2 disp str z :clv = plates 
( O,OH)8 44° 



v I 1.670 I 1. 744 11.782 I .112 I MURMANITE 60° X:a small TCL 100 perf Pink to H 2 Pleoc, X light brown, Y 
1. 770 Na 2(Ti,Nb) 2Si 209·xH20 ( 68_:!:2°) z-;- b yellow- G 2.8 brown to pink, Z dark 

r > v el cTv pos brown brown, abs Z > Y > X. 

L....l ,1.70311.74411.7861 .083 I AHLFELDITE 87° Z:c = 12° MCL Conch Light H 2.5 Data for synth compd. 
1.752 Ni SeOJ" 2H 20 green G 3.51 Pleoc, X and Y pale 

green, Z green. 

1. 74- --- --- TINT! CITE --- --- ORTH{?) --- Creamy H 5 
T.75 Fe6{P04)4{0H) 6·7H20 earthy white G 2.8 

masses 

1.707 I 1.745 1. 776 .069 SHCHERBAKOV ITE 82° X = b ORTH 110 perf Brown to H 6.5 Pleoc, X pale yellow, Y 
(K,Na,Ba) 3(Ti ,Nb) 2Si 4 r < v di st v=a dark G 3.21 yellow, Z brownish-
014 el pas brown yellow. 

1. 738 11.658 1.746 1.751 .093 AURICHALCITE Small X = a ORTH 010 perf Pale H 1-2 Diss by acids or NH 40H. 
~ (Zn,Cu) 5(C03)2(0H) 6 r < v str Y=b fib c green or G 3.64 Pleoc wk, X cols, Y and L-..1 

1.752 blue infus Z faint blue-green. 

1.703 1.746 1. 789 .086 LIBETHENITE 85-90° X = b ORTH 100, 010 Dark H 4-4.5 Diss by acids. Pl eoc, 
Cu 2P04(0H) r > v str y = c short poor emerald- G 3.97 X pale green to yellow, 

pri s green F 2.5 Y bright green to 
green-yellow, Z yellow 
to ye 11 ow-green. 

1. 723 1. 720 1. 746 1.760 .040 LAVENITE 730 y = b MCL 100 good Yellow to H 6 Diss with diff by 
A -- ( Na ,Ca) 3zrSi 2o7 r < v X:c-;- -20° tab brown G 3.55 acids. Pleoc, X pale 

~ 
00 fus yellow, Y greenish-
01 ( 0 ,OH ,F) 2 yellow, Z orange-

yell ow. Ti02 11.3%. 

1.728 11.73611.74711.7521 .016 I EULITE 63° Y = a ORTH 210 good Green H 5-6 Nearly insol in acids. 
A (Orthopyroxene ser, z=c G 3.78 FeO 39.4, MnO 0.9% v 

1. 762 Pyroxene grp) el pos F 5 ( En30). 
(Fe,Mg) 2si 2o6 

1. 716 11.72811.748 11.7541 .026 I JULGDLDITE 30-60° --- MCL 100, 001 Greenish- H 4.5 Gel with hot HCl. Tw 
A (Pumpellyite grp) good black G 3.31 001. Pleoc, X pale v 

1. 79 +2 +3 yellow, Y blue-green, Z Ca 2(Fe ,Mg)(Fe ,A1) 2 yellowish-red. 
(Si04)(Si 207)(0H) 2·H20 

1.739 I 1.749 I 1.752 I .013 I PRZHEVALSKITE 30° el neg ORTH 001 good Bright --- Pleoc, X cols, Y pale 
Pb(U02)2(P04)2·4H20 ( 57_:19°) tab yellow yellow, Z deep yellow. 

1.736 11.61o 1 1. 75o 1 1. 778 1 .1o8 I LOMO~OS?V ITE ~ 60° el pos TCL 100 perf Dark H 3-4 Dec by H 0. Pleoc, 
A Na 2r, 2s, 2o9·Na 3Po4 brownish- G 3.15 X yellow~ Y orange-

yell ow yellow, Z dark brown. 

1. 72 I 1.75 I 1.82 I .10 IMAGNESIUM-ZIPPEITE Large z = c ORTH 010 perf Yellow to H 2 Diss by acids. Tw com-
Mg2{U02)6{S04)3{0H)10. plates orange mon. Pleoc, X pale 

16H20 yellow, Y yellow, Z 
dark yell ow. Fluor 
bright yellow in UV. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vx calc) orien- and or Color gravity, Remarks 

1! disp tat ion habit fracture and a. y fusibility 

1.733 1.721 1.750 1.765 .044 HYALOSIDERITE 85° X = b ORTH 010 fair Green H 5 Gel with acids. FeO 
A -- ( 01 iv i ne grp) (70.:!:,5°) Z=a G 3.7 36.8, MnO 0.5% (Fo52 ). v 

1. 770 (Mg,Fe) 2Si04 F 5.5 

v 1.733 1.750 1.762 .029 PIEMONTITE 78° y = b MCL 001 perf Reddish- H 6.5 Pleoc, X yellow, Y pale 
1. 776 (Epidote grp) r > v str el b brown G 3.40 amethyst, Z deep 

Ca 2(Al,Mn,Fe) 3si 3o12 F 3 purplish-red. Fe2o3 
( OH) 11.3, Mn 2o3 1.0%. 

1.746 p05 1.743 1.751 1.758 .015 STAUROLITE 87° z = c MCL 010 good Reddish- H 7 Insol in acids. Pleoc, 
A (Fe,Mg,Zn) 2Al 9(Si,Al) 4 r > v wk X-b ps orth brown G 3.74 X cols, Y pale yellow, v 

1.753 pos 022(0H)2 el cTv pos infus Z golden yellow. FeO 
11.2, Fe2o3 2.9%. u 
opt pos. 

~ 

1.735 1.753 1.767 .032 SURSASSITE 65° y = b MCL 001 Brown to G 3.26 Pleoc, X and Z cols to 
Mn 5Al 4Si 5o21 ·3H20 (?) ( 82.:!:,7°) X:c -;- 55° el b reddish- pale yellow, Y golden 

r < v str brown to reddish-brown. May 
show abnormal interf 
colors. 

1.736 1. 729 1.754 1. 776 .047 EPIDOTE 730 y = b MCL 001 perf Green H 7 Insol in acids. Pleoc, 
A -- (Epidote grp) ( 85.:!:,5°) X:c-;- 8° G 3.45 X pale yellow, Y pale v 

1. 768 Ca 2(Al ,Fe) 3si 3o12(0H) r > v str el-clv pos F 4 greenish-yellow, Z 
greenish-yellow. 
Fe2o3 14.0, FeO 1.2%. 

1.743 1.754 1.764 .021 CARACOLITE Very large --- MCL --- Cols H 4.5 Insol in H~O, dec by 
Na 3Pb2( S04)3Cl r > v str ps hex F 2 HCl. Com lex tw. 

~1.710) 1.755 1. 775 ( .065) SCHUILINGITE 66° Ext 0-10° ORTH II el Tur- H 3-4 Diss by HN03 with eff. 
PbCu(Nd,Gd){C03)3{0H)• quoise- G 5.2 
1.5H20 to azure- F diff 

blue 

1.731 1.755 1.755 .024 ERICAITE Small --- ORTH --- Pale red G 3.5 Diss by acids. 
{Fe,Mn,Mg) 3B7o13cl ps trig 

1.738 1.740 1.755 1.760 .020 ALLANITE Large y = b MCL 001, 100, Brownish- H 6 Gel with acids. Pleoc. 
A -- {Epidote grp) r > v str - 110 poor black G 3.90 Fe2o3 3.2, FeO 10.7, v 

1.784 {Ce,Ca,Y) 2{Al ,Fe) 3Si 3 F 3 MnO 1.9, Ti02 1.7, o12{0H) Th02 0.9%. 



1.740 

1

1.732

1

1.756

1

1.770 I .038 IACMITE, manganoan, 80° y = b MCL 110 good Pink H 6 Pleoc, X pink, Y pale 
1\ var Blanfordite r > v X:c -;- 9° at 87° G 3.28 b 1 ue , Z b 1 ue • Fe2o3 v 

1.767 {Pyroxene grp) el-neg 18.2, Al 2o3 5.9, MnO 
{Na,Ca){Fe+3,Mg,Mn) 
Si 2o6 

4.7, FeO 1.1%. 

v 11.740 11.756 11.7621 .022 I UREYITE 65° y = b MCL 110 good Emerald- --- Insol in acids. Pl eoc, 
1.765 {Pyroxene grp) X:c -;- 14° green X and Z dark green, Y 

NaCrSi 2o6 yellow-green. 

1.692 I 1.757 I 1.800 I .108 I MUNIRITE 75° X = c ORTH --- Greenish- G 2.43 Sol in H20. 
+5 Y =a white NaV 03·2H20 

1. 728 1 1.745 1 1.1s8 1 1.16o 1 .015 I HOLTITE 52° X = c ORTH 100 good Buff, H 8.5 Insol in acids. Poly 
1\ A 16( Ta, Sb, L i) [ ( Si ,As) r < v Y=o pris greenish G 3.90 tw 110. Pl eoc, X 

04]3{B03)(0,0H) 3 
to brown i nfus yellow, Y and Z cols. 

Fluor orange to 
ye 11 ow i n UV. 

1. 705 I 1. 760 I 1. 770 I .065 I PARASCHOEP ITE 46° X = c ORTH --- Yellow H 2 Pleoc, X cols, Y and 
U03·2H2o (?) r > v y = o Z yell ow. 

1.724 I 1.760 1(1.772)1(.048) INIOBOPHYLLITE 60° Y = a TCL 001 perf Brown G 3.43 Pl eoc, X and Y 
( K , Na ) 3 ( Fe , Mn ) 6 X:b -;- 13° brownish-yellow, Z 

(Nb,Ti) 2si 8(0,0H,F) 31 
orange-red. 

1:\:) 

11.72 I 1. 76 11.76 I .04 IMETA-URANOPILITE 00 Small X = b ORTH(?) Yellow Fluor yellow-green in -:) --- ---
(U02)6(S04)(0H) 10 ·5H20 Y=c acic uv. 

l.r7 J 1.752

1

1.762

1

1.772

1

.020 I EULITE 87° Y = a ORTH 210 good Dark H 5-6 Nearly insol in acids. 
(Orthopyroxene ser, z=c brown G 3.84 FeO 44.5, Fe2o3 1.9%. 

1. 763 po Pyroxene grp) el pos F 4 
(Fe ,Mg) 2si 206 

1.698 I 1.765 I 1.799 I .101 I RICHELSDORFITE 69° Y = a MCL 001 very Sky-blue G 3.20 Pleoc, X pale blue, Y 
Ca 2cu 5Sb(As04)4Cl r > v Z=o good to tur- greenish-blue, Z 

( OH) 6·6H20 quoise bright greenish-blue. 

1.756 11.142 1 1.765 1 1.767 1 .o25 IUREYITE 34° y = b MCL 110 good Emerald- --- Pl eoc, X ye 11 ow, Y 
1\ (Pyroxene grp) X:c -;- 22° green emerald-green, Z dark 

NaCrSi 2o6 blue-green. 

1. 727 11.75011.76611.7791.029 ITEPHROITE 67° X = b ORTH 001 good Brown, H 6 Gel with acids. MnO 
1\ (Olivine grp) ( 83~8°) y = c 010 fair gray G 3.87 60.7, MgO 6.6, FeO v 

1.802 (Mn,Mg) 2Si04 r > v F 3.5 0.2%. 

1.705 I 1.767 I 1.769 I .064 I SIMPLOTITE 25° X = b MCL 010 perf Dark H 1 Diss by acids. Pleoc, 
CaV409·5H20 r > v wk Z:c -;- -58° ps tet green G 2.64 X yellow, Y and Z 

green. 

1. 736 I 1. 767 I 1. 796 I .060 IARTHURITE - goo y = b MCL --- Apple G 3.2 Pleoc, X cols to pale 
CuFe2{As04,Po4,so4)2 Z:c -;- 10° green green, Y gray-green, Z 

{ O,OH) 2·4H20 olive-green, abs Z > Y 
> x. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vx calc) orien- and or Color gravity, Remarks 

§. y disp tat ion habit fracture and a 
fusibility 

1.756 1. 741 1.767 1.789 .048 ACMITE-AUGITE 85° y = b MCL 110 good Green H 6 Insol in acids. Pl eoc, 
" (Pyroxene grp) r > v X:c -; 12° at 87° G 3.56 X deep green, Y yellow-v 

1.786 ( Na ,Ca)( Fe +3 ,Mg)Si 2o6 
el-neg green, Z brown-green, 

abs X > Y = z. Fe 2o3 19.1, FeO 5.2, MnO 
0.5%. 

1. 729 1.767 1. 772 .043 SHUISKITE 40-50° el pos MCL 001 perf Dark. H 6 Pl eoc , X v i o 1 et b 1 ue , 
(Pumpellyite grp) fib brown G 3.24 Y yellow green, Z 
Ca 2(Mg,Al)(Cr,Al) r < v str dark. violet. cr2o3 
(Si04)(Si 207)(0H) 2·H20 19.3, Fe2o3 1.7%. 

1.761 ( 1. 767} 1. 772 .011 TADZHIKITE 88° --- MCL 100 good Grayish- H 6 ---
Ca 3(Ce,Y) 2(Ti,Al ,Fe)B4 brown G 3.73 

Si4022 

~ 1. 754 1. 740 1.768 1.787 .047 EPIDOTE 74° y = b MCL 001 perf Green H 7 Insol in acids. Pleoc 
" ( Epi dote g rp) r > v str X:c -; 13° G 3.48 wk. Fe2o3 17.9, FeO v 

1.784 Ca 2(Al ,Fe) 3Si 3o12(0H) el-clv pos F 4 0.4, MnO 0.5%. 

1. 734 1.742 1.768 1. 773 .031 ADAMITE 47° X = a ORTH 101 good Sea-green H 3.5 Diss by acids. Pl eoc, 
" (Olivenite grp) r > v str z = b G 4.32 X cols, Y blue-green, Z v 

1.810 ( Zn ,Cu) 2( As04)( OH) yellow-green. ZnO 
31.9, CuO 23.4, CoO 
0.5%. 

1.761 1.768 1. 769 .008 CORUNDUM 1]0 X = c HEX Parting Blue, H 9 Anom biax. Tw cornnon 
Al 2o3 0001 gray, G 4.02 lOll. Pleoc wk. in 

brown infus blue. 

v 1. 730 ( 1. 769) 1. 771 .041 CON I CHALC ITE 25° z = el ORTH 011 Pista- H 4.5 Diss by acids. Pleoc 
1.831 CaCuAs04{0H) r > v very fr uneven chio- to G 3.96 wk., X yellow, Y pale 

str emerald- F 3 green, Z pale blue-
green green. 

1.760 1. 769 1.769 .009 ESPERITE 5-40° --- MCL 010, 100 White H 5 Gel with acids. Fluor 
( Ca ,Pb )ZnSi 04 di st G 4.28 bright yellow in short-

wave UV. 

1. 744 1.682 1. 770 1.81 .13 MURMANITE 57-64° X:a small TCL 100 perf Pink. to H 2 Pleoc, X light brown, 
" -- Na 2(Ti ,Nb) 2si 209•xH20 r > v z-;b yell ow- G 2.8 Y brown to pink., Z dark. 

el pos brown brown. 



1.72 I 1. 77 I 1.81 I .09 I ZINC-ZIPPEITE Large z = c ORTH 010 perf Yellow H 2 Diss by acids. Pl eoc, 
zn 2(u02)6(s04)3{0H) 10• plates X cols, Y pale yellow, 
16H20 Z yell ow. Fluor ye 11 ow 

in UV. Data for synth 
compd. 

1. 720 I 1. 770 I 1.800 I .080 I MELONJOSEPHITE 80-85° X = c ORTH II el Dark H < 5 Diss by HCl. Pleoc, X 
CaFe+2Fe+3(P04)2{0H) disp str Z=b fib green G 3.65 deep brown, Y greenish-

brown, Z yellow-gold. 

1. 750 1.742 1. 770 1.786 .044 HORTONOLITE 69° X = b ORTH 010 fair Green H 5 Gel with acids {Fo43 ). 
A {Olivine grp) z =a G 3.9 v 

1.786 {Fe,Mg) 2Si04 F 5 

1.734 1. 770 1. 773 .039 VINOGRADOVITE 410 Z:c = 7° MCL 010 perf ICols IH 4 IGel with acids. 
{Na,Ca,K) 4Ti 4A1Si 6023 r > v G 2.88 
{OH)·2H20 

1.728 I 1.771 I 1.800 I .072 I BROCHANT ITE 75° y = b MCL 100 perf Emerald- H 3.5-4 Diss by acids or NH~OH. 
Cu4so4{0H) 6 r < v med x _a pris green G 3.97 Tw 100 common. Ple c 

el cTv pos F 3.5 in blue-greens. 

1. 727 I 1. 771 I 1. 798 I .071 IMARGAROSANITE 78° X I :010 = TCL 010 perf Cols H 2.5-3 Dec by HNO with sepn 
Pb{Ca,Mn) 2si 3o9 (74.2:_3°) 42° lam 100 good G 4.33 of silica. 3 Fluor pink 

r < v 001 fair or blue in UV. F 2 
in reducing flame. 

t>:) 

11.72611.771 11.780 1 .054 I PARADAMITE 50° TCL 010 perf Pale G 4.55 Diss by acids. 00 ---
~ Zn 2As04{0H) yell ow F 3 

1. 751 I 1. 771 I 1. 782 I .031 I LEUCOPHOENICITE 74° X 1 cl v MCL --- Light to H 5.5 !Gel with acids. Poly 
Mn 7{Si04)3{0H) 2 r > v wk ps orth deep pink G 3.85 tw on 001. 

F 3 

1.735 1. 750 1. 771 1. 776 .026 FERRISICKLERITE 52° X = a ORTH 100 good Dark H 4.5 IDiss by acids. 
A 

Li{Fe+3,Mn+2)P0
4 

r > v el cTv pos 010 brown G 3.30 v 
1.805 F easy 

1
1.155 

1
1.772 

1
1.774 I .019 IALLACTITE ~Small y = b MCL 001 dist Purplish- H 6.5 Diss by HCl. Pleoc, X 

1. 779 Mn 7{As04)2{0H) 8 r > v str X:c-;-51° pris red G 3.83 blood red, Y pale 
F diff yellow, Z sea-green. 

1. 772 I 1. 775 I 1. 777 I .005 I BRITHOLITE o .. 44° X = c HEX --- Brown H 5-5.5 Apatite-type structure. 
{Ce,Ca) 5{Si04,P04)3 v = a pri s G 4.0-4.5 
{OH,F) 

1.679 I 1. 776 I 1.807 I .128 ISAHAMALITE 57° y = b MCL 010 poor Cols G 4.30 Oiss by coned HCl with 
{Mg,Fe)Ce2{C03)4 r < v Z:c-;- 29° tab i nfus eff. 

1. 750 11.7461 1.77611.7931.047 r!EMONTITE 87° y = b MCL 001 perf Purplish- H 4.5 Pleoc, X yellow, Y 
A (Epidote grp) (73.2:_5°) el b red G 3.44 pink, Z deep pink. v 

1.803 Ca2{Al,Mn,Fe)3s; 3o12 r > v str F 3 Fe2o3 11.9, Mn2o3 6.8%. 

{OH) 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Bi.ref and formula ( 2V x ca 1 c) orien- and or Col or gravity, Remarks 

disp tat ion habit fracture and 
0. f y fusibility 

1. 745 1. 777 1.84 .095 NICKEL-ZIPPEITE Large z = c ORTH 010 perf Yell ow to H 2 Diss by acids. Pleoc, 
Ni 2(uo2)6(s04)3(0H) 10• plates orange X cols, Y pale yellow, 
16H20 Z yell ow. Fluor yellow 

in UV. Data for synth 
compd. 

1.740 1. 777 1.780 .040 BEL YANKINITE 23° y = b ORTH One perf Cols to H 2.3 Dec by warm acids. 
Ca(Ti,Zr,Nb) 5o12• x=c brown G 2.36 Pleoc, X dark brown, Y 
9H20 (?) infus and Z light brown. 

1.756 1.777 1.794 .038 ORIENTITE 80° X = b ORTH 001, 120 Deep G 3.05 Dec by HCl. Pleoc, X 
+2 +3 . r < v str Y=c imperf brown red-brown, Y yellow, Z ca2Mn Mn 2s, 3o10 yellow-brown. 

( OH) 4 
1.763 1.777 1.785 .022 YOSHIMURA ITE 90-95° --- TCL 010 perf Brown H 4.5 Poly tw on 010. Pleoc, 

t-o 

8 

(Ba,Sr) 2TiMn2(Si04)2 (74~11 °) 101, lOT G 4.13 X bright yellow, Y 
( P04,so4)( OH,Cl) r < v dist orange-brown, Z brown, 

abs Z > Y > X. Re-
ported as biax pos. 

1.747 1. 779 1.84 .09 COBALT-ZIPPEITE Large z = c ORTH 010 perf Yellow, H 2 Diss by acids. Pleoc, 
Co2(U02)6(s04)3(0H} 10• plates orange X cols, Y pale yellow, 
16H20 Z yell ow. Fluor yell ow 

in UV. Data for synth 
compd. 

1. 716 1.763 1. 779 1.793 .030 SONOLITE 78° X:c = 9° MCL --- Reddish- H 5.5 Gel with acids. Tw on 
A -- Mn9(Si04)4(0H,F) 2 r > v pris brown G 3.82 001 conmon. 

1.67 1.78 1.78 .11 NULLAGINITE Small X:c = 6° MCL --- Bright G 3.56 ---
Ni 2( OH) 2co3 fib green infus 

v 1. 725 1.780 1.790 .065 BILLIETITE 35° X = c ORTH 001 perf Golden- G 5.32 Tw on 111 and 110 com-
1.832 Bau6o19 •11H20 (45~5°} Y=a ps hex yell ow mon. Pl eoc, X pa 1 e 

r > v str el cTv pos yellow, Y and Z deep 
golden-yellow. 

1.680 1.756 1.780 1.792 .036 ALLEGHANYITE no z = b MCL Conch Pink to H 5.5 Gel with acids. Poly 
A Mn5(Si04)2(0H} 2 r > v Ext:tw pl reddish- G 4.02 tw on 001 common. 

= 22° brown F 2.5 

1. 767 1.782 1. 791 .024 TEINE ITE 36° X = a ORTH 010 good Blue H 2.5 Pleoc, X greenish-blue, -- CuTe03·2H20 ( 75~10°) Y=o 001, 100 G 3.80 Y blue, Z indigo blue, 
poor F 2 abs Z > Y > X. 



1.120 I 1.783 I 1.842 I .122 IROSSITE 85° z- c TCL 010 good Yellow H 2.5 Slowly diss by H~O. 
Cav2o6·4H20 Y:b ::- 45° pris G 2.45 Tw 100. Data fo 

F easy synth compd. 

1. 768 11.751 11.784,1.7971 .046 I EPIDOTE 64° y = b MCL 001 perf Green H 7 lnsol in acids. Fe2o3 A (Epidote grp) r > v str X- c G 3.48 17.2, FeO 0.5%. 
Ca 2(Al,Fe) 3si 3o12(0H) el cTv pos F 4 

1.765 I 1.784 1 1.799 I .034 I MALAYAITE 85° --- MCL --- Pale H 4 Fluor yellow-green in 
CaSnSi05 yellow G 4.55 short-wave UV. 

1.755 ,1.769,1.784,1.791,.022 'ALLANITE 60° y = b MCL 001, 100, Brownish- H 6 Slowly attacked by HCl, 
A ( Epidote g rp) r > v str 110 poor black G 3.87 gel. Pleoc, X cols to '.1 

1.815 (Ce,Ca,Y) 2(Al ,Fe) 3Si 3 F 3 red-brown, Y yellow-
o12(0H) brown to pale green, Z 

green-brown to dark 
red-brown. 

1. 77 I 1. 785 I 1.815 I .045 I BARBOSALITE 64° --- MCL 100 Dark H 2 Slowly diss by hot HCl. 
+2 +3 r > v str ps tet blue- G 3.65 Pleoc, X and Y dark Fe Fe 2(P04)2(0H) 2 tab green blue-green, Z dark 

olive-green. 

1. 755 I 1. 785 I 1. 785 I .030 ITHEISITE - oo --- ORTH 001 Pale H 1.5 Not pleoc. 
Cu 2zn 5(As,Sb) 208(0H) 14 ps hex blue- G 4.3 

green 

~ 1. 767 1. 751 1.786 1.800 .049 ACMITE 69° y = b MCL 110 good Green r 6 
IPleoc, X and V deep (0 ...... A (Pyroxene grp) r > v X:c -;; 1 o at 8JO G 3.55 green, Z yellow-brown. v 

1.812 (Na,Ca)(Fe+3,Mg,Fe+2) el-neg Fe2o3 25.4, FeO 3.7%. 
Si 2o6 

1. 770 ,1. 7 58,1. 786 ,1. 8041 . 046 IHORTONOLITE, no X = b ORTH 010 fair Reddish- H 6 Gel with acids. Pleoc 
A manganoan, zincian r > v z=a brown G 4.1 wk. FeO 35.5, MnO v 

1.790 (Olivine grp) F 3.5 16.9, ZnO 10.7, MgO 
(Fe,Mn,Mg,Zn) 2s;o4 5.6%. 

1. 779 I 1. 786 I 1. 790 I .011 IKOLICITE 780 y = c ORTH --- Yellow- H 4.5 Pleoc, X cols to pale 
Mn 7zn4(As04)2(Si04)2 r < v st r z=a orange G 4.17 yellow, Y yellow-

( OH) 8 
orange, Z light yellow, 
abs Y = Z > X. 

1.749 I 1.790 I 1.821 I .072 I REINERITE ( 80~3°) --- ORTH 110 good Blue to H 5-5.5 Diss by cold HCl. 
Zn 3(As03)2 011, 111 greenish- G 4.27 

yellow 

1.70 I 1. 79 I 1.793 I .09 IEPI-IANTHINITE I Small I X = c IORTH I --- ~Yellow I --- IPleoc, X pale yellow, 
U03·xH20 (?) Y=b Y yellow, Z deep 

yellow. Stated to be 
Schoepite, optics are 
different. 

1.748 ,1. 77 6,1. 79 
1

1.820 I .044 I J UL GOLO ITE 80° --- MCL 100, 001 Greenish- H 4.5 Gel with hot HCl. 
A (Pumpellyite grp) good black G 3.4 Pleoc, X and Y pale v 

1.814 Ca 2(Fe,Mg)(Fe,Al) 2 greenish-yellow, Z 
(Si04)(Si 2o7)(0H) 2·H20 olive-green. Tw 001. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Bi ref and formula ( 2V x ca 1 c) orien- and or Color gravity, Remarks 

tat ion habit fracture and a. 1! y di sp fusibility 

1. 786 1.761 1. 790 1.806 .045 HORTONOL ITE 65° X = b ORTH 010 fair Green to H 5 Gel with acids 
" -- ( 01 iv i ne g rp) ( 72+5°) Z=a brown G 3.90 (Fo33). v 

1.818 (Fe,Mg) 2Si04 r >-v el cTv pos F 5 

v 1. 772 1.790 1. 796 .024 PSEUDOMALACHITE 50° X:c = 21° MCL 010 good Dark H 4.5-5 Diss by acids. Tw 100. 
1.835 Cu 5(P04)2(0H) 4·H20 pris green G 4.35 Pleoc wk. 

F 2 

1.765 1.792 ( 1. 82) ( • 055) VANDENBRANDEITE ~ goo --- TCL 110 perf Dark H 4 Diss by acids. Not 
Cu( U02)( OH) 4 tab 2 others green G 5.0 fluor in UV. 

1.784 1.756 1.793 1.809 .053 THORTVEITITE 50-70° y = b MCL 110 good Gray- H 6.5 Insol in acids. Poly 
,......., ( Sc, Y) 2si 2o7 r > v di st pris green G 3.58 tw. L-..1 

1.798 F diff 

~ 

~ 

1. 752 1.795 1.800 .048 PUMPELLYITE-(MN) ( 37_::8°) --- MCL 001 perf Pink to H ~ 5 Mn2o3 77, Fe2o3 24, 
(Pumpellyite grp) brownish- G 3.34 MnO 13.4%. Pleoc, X +2 +3 pink Ca 2(Mn ,Mg)(Al ,Mn )2 pale pink, Y and Z 

(Si04)(Si 207)(0H) 2·H20 brownish-pink. 

1. 773 1.795 1.815 .042 MACFALLITE ( 86_::6°) z = b MCL 001 perf Red- H > 5 Tw 100. Pleoc, X 
Ca 2(Mn+3,Al) 3(Si04) brown, G 3.43 yellow, Y light brown, 

maroon Z dark brown. 
( Si 2o7)( OH) 3 

1.780 1.795 1.805 .025 JAROSEWICHITE ( 78_::9°) X = a ORTH --- Bright G 3.66 Streak reddish-
Mn+2

3Mn+3(As04)(0H) 6 
v=o pris red orange. Pleoc, X med 

brownish-red, Z dark 
brownish-red. 

1.758 1.796 1.810 .052 TLALOCITE 64° --- MCL ( ?) --- Blue H 1 Diss by HNO~. Pleoc, X 
(Cu,Zn) 16(Te03)(Te04)2 spher- sectile yellow-gree , Y and Z 
Cl(OH) 25 ·27H20 ulitic blue-green, abs Z > Y > 

x. 
1. 773 1.797 1.814 .041 BRUEGGENITE 88° z = b MCL Conch Cols to H 3.5 Slightly sol in H2o. -- Ca( I03)2·2H20 ( 79+6°) X:a ~ 9° bright G 4.24 

r >-v mod el-neg yell OW 

to str 

1.720 1. 798 1.805 .085 GUILLEMINITE 35° X = c ORTH 100 perf Canary- G 4.88 Pleoc str, X bright 
Ba(U02)3(Se03)2(0H) 4• r > v str Y=o 010 good yell ow ye 11 ow, Y ye 11 ow, Z 
3H20 el cTv neg cols. 



1. 775 I 1. 798 I 1.800 I .025 IBOSTWICKITE 25° r < v str --- --- Dark red H 1 Diss by HCl. Pleoc, 
CaMn+3

6s; 3o16·7H20 G 2.93 X and Y red-brown, Z 
yellow-brown, abs X = 
y > z. 

<1. 79 I 1.798 I 1.802 1>.01 I COMPRE IGNAC ITE 10-15° X = c ORTH 001 perf Yell ow G 5.03 Diss by acids. Tw llO 
K2U6019 ·l1H20 v=a common. Pl eoc , X co 1 s , 

el cTv pos Y and Z ye 11 ow. 

1.80 I --- I Large ICRONSTEDTITE ~ oo --- MCL 001 perf Blackish- H 3.5 Gel with acids. Pl eoc, 
(Fe +2 ,Mg) 2Fe +3( Si Fe +3) ps hex brown G 3.34 X brown, Y and Z black. 
05(0H) 4 

F 4 

1.74 I 1.80 I 1.85 I .ll I SAB INAITE 85° X~ 1 MCL 1001 perf ~White IG 3.31 llnsol cold acids, dec 
Na9zr4Ti 209(C03)8 plates ps hex by hot acids. 

el pos plates 

1.780 I --- 11.810 I .030 !unnamed manganese 60° --- --- 12 clv IRose-red I --- ,Am. Mineral., 43, 793 
silicate dist (1958). -
(Mn,Fe+2)3si 2o7 

1. 787 I 1.8oo I 1.805 I .018 IKIDWELLITE I large r=~ rCL 1100 perf IPale IH 3 
+3 acic green to G > 3.3 NaFe 9(P04)6(0H) 10 • yellow 5H20 

t\:) 1. 715 1.801 1.87 .155 MANDARINOITE 85° X = b MCL --- Light H 2.5 Tw 100. Pleoc, X 
~ +3 Z:c -;- 2° pri s c green G 2.93 cols, Y and Z pale 0.!) Fe 2se3o9 • 4H 20 el-pos - green. 

1. 766 1. 782 1.802 1.812 .030 TEPHROITE 65° X = b ORTH 010, 001 Reddish- H 6 Gel with acids. Pleoc, 
" ( 01 iv i ne g rp) r > v z =a good brown G 4.03 X brown, Y and Z black. 

Mn 2Si04 
1. 776 11.76811.80311.8431 .075 I p 1 EMONT ITE 68° y = b MCL 001 perf Purplish- H 6.5 Pleoc, X yellow, Y 

" (Epidote grp) ( 92~3°) red G 3.52 pink, Z deep pink. L.....l 

1.810 Ca 2(Al ,Mn,Fe) 3si 3o12 r > v str F 3 Fe2o3 11.0, Mn 2o3 12.0, 
( OH) MnO 0.6%. 

1. 775 11.803 11.812 I .037 IGINIITE 55° X = c ORTH Conch Blackish- H 3-4 Pleoc, X light brown, Y 
+2 +3 y = o green to G 3.41 dark brown, Z dark Fe Fe 4(P04)4(0H) 2• blackish- blue-green. 2H20 brown 

1. 793 11.803 11.808 I .015 I PERLOFF ITE 70-80° X = b MCL 100 perf Dark r 5 IDiss by acids. Pleoc, 
+2 +3 r < v str Y:c -;- 42° spear- brown, G 4.00 X and Z greenish-brown, Ba{Mn,Fe )2Fe 2 shaped greenish- Y light greenish-brown. {P04)3(0H) 3 brown 

v 1(1.563)1 1.805 I 1.851 1(.288) ITYUYAMUNITE 42° X = c ORTH 001 perf Canary- H 2 Pleoc wk, X cols, Y and 
1.835 Ca(U02)2(V04)2·5-8H20 v =a 010, 100 yellow G 3.6 Z greenish-yellow. Not 

good F easy fluor in UV. 

v I 1. 730 11.805 11.820 I .090 I BECQUERELITE 1300 X = c ORTH 001 perf Golden- H 2.5 Pleoc, X cols to pale 
1.825 Cau6o19·11H2o ( 47~3°) Y=D ps hex to lemon- G 5.3 yellow, Y and Z deep 

r > v el cTv pos yellow yellow. 



Table 7. Biaxial negative minerals {continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM · CLEAVAGE specific 
entries Biref and formula {2Vx calc) orien- and or Color gravity, Remarks 

tat ion habit fracture and ex ~ y disp fusibility 

1. 771 1.790 1.805 1.820 .025 FERRI SICKLER ITE Very large X = c ORTH 010 perf Dark H 4.5 Diss by acids. Pleoc 
1\ --

Li(Fe+3,Mn+2)P04 
v =a 100 good brown G 3.41 wk, X orange-yellow, Z 

F easy gold-yell ow. 

--- 1.80- --- --- MUSKOXITE 10-40° el pos TRIG 0001 perf Dark H 3 Not pleoc. 
T.8I +3 platy reddish- G 3.15 Mg 7Fe 4o13·10H2o 0001 brown 

1.793 1.793 1.807 1.809 .016 SARKINITE 83° y = b MCL 100 good Flesh-red H 3 ---....., 
Mn 2{ As04){ OH) {41_:18°) X:c -; -54° tab to yell ow G 3.15 

1. 768 1. 772 1.810 1.863 .091 OLIVENITE 76° X = a ORTH 101 01 ive- H 3 Diss by acids or NH 40H. 
1\ -- Cu 2{ As04){ OH) { 97_:!:3°) z = b fr conch green G 4.4 Pleoc, X pale green, Y 

r > v str F easy bright green, Z pale 
green. 

1.74 1.81 1.81 .07 GERASIMOVSKITE 18° el pos MCL { ?) One clv Brown, H 2 ---

~ 
{Mn,Ca)(Nb,Ti) 5o12 • platy gray G 2.55 
9H20 {?) 

v 1.785 1.810 1.820 .035 VANDENDRIESSCHEITE Med X = c ORTH 001 perf Orange to H 3 Pleoc, X cols, Y and Z 
1.850 PbU7o22 ·12H20 r > v str z=a tab yellow- G 4.5-5.5 yellow. Not fluor in 

el cTv pos brown uv. 
1.787 1.810 1.816 .029 ARSENOCLASITE 53° X = b ORTH 010 perf Red H 5.5 ---

Mn 5{ As04) 2{ OH) 4 z=c u mass G 4.16 
el cTv pos 

v 1.795 --- 1.815 .020 PARSONSITE --- y = b TCL 010 poor Pale H 2.5-3 Not fluor in UV. 
~1.86 Pb2{U02){P04)2·2H2o Z:c -; 11- fr conch 1 emon- G 5.73 Opt char unk. 

26° yellow 

1. 786 1. 770 1.812 1.830 .060 ACMITE 58° y = b MCL 110 good Green H 6 Insol in HCl. Pleoc, X 
1\ (Pyroxene grp) { 65_:!:4°) X:c -; 6° at 87° G 3.56 pale yellow-green, Y 

{Na,Ca){Fe+3,Mg)Si 2o6 
r > v el-neg yellow-green, Z emer-

al d-green. Fe2o3 31.4, 
Al 2o3 1.9, FeO 0.8%. 

v (1. 786) 1.813 1.852 (.066) BAFERTISITE 80° y = b MCL 001 perf Orange H 5 Pleoc, X yellowish-red, 
1.835 Ba{Fe,Mn) 2TiSi 207 Z:c -;- 6° to red G 3.97- Z pa 1 e ye 11 ow. FeO 

( 0 ,OH) 2 el-clv neg 4.25 10.8, MnO 12.8, Fe 2o3 3.7%. 



1.79 11.776 1 1.814 1 1.836 1 .o6o I JULGOLDITE 50-70° --- MCL 100, 001 Greenish- H 4.5 Gel with hot HCl. Tw 
" (Pumpellyite grp) good black G 3.60 001. Pl eoc, X pa 1 e 

Ca 2(Fe,Mg)(Fe,Al) 2 brown, Y pale brownish-

( Si 0 4) ( Si 2o7) ( OH) 2 • H20 green, Z deep emerald-
green. Fe2o3 29.6, FeO 
8.7"/.. 

1. 775 I 1.815 I 1.825 I .050 I PASCOITE 15o• lx = b IMCL 1010 poor !Dark red-~H 2.5 Diss in H 0. Pleoc, X 
ca3v10o28·17H2o r > v very - orange G 2.46 light yel~ow, Y yellow, 

str F easy Z orange. 

1. 784 ,1. 791 ,1.815 ,1.8221 .031 I ALLANITE 40° y = b MCL 001, 100, Brownish- H 6 Gel with HCl. Pl eoc, X 
" (Epidote grp) ( 56.:t_8°) X:c -;- 20° 110 poor black. G 3.95 cols to red-brown, Y v 

1.857 ( Ce ,Ca, Y) 2( Al ,Fe) 3s; 3 r > v str F 3 yellow-brown to pale 
o12(0H} green, Z green-brown to 

dark red-brown. Fe2o3 
10.3, FeO 7.3, MnO 6.7, 
Ti02 2.0, Th02 1.0%. 

1.715 I 1.817 I 1.820 I .105 I JAROSITE Small --- TRIG 0001 good Amber H 3 Di ss by HCl. Pleoc, X 
(Alunite grp) yell ow G 3.2 pale yellow, Y and Z 
'KFe3(S04)2(0H) 6 brownish-yellow. 

1.790 1. 777 1.818 1.828 .051 FERROHORTONOLITE, 52° X = b ORTH 010 fair Reddish- H 6 Gel with acids. FeO 
" manganoan r > v z =a brown G 4.21 41.5, MnO 21.4, MgO v 

1.828 (Olivine grp) F 3.5 4.5, Fe2o3 o.n~. 

t>:) 
(Fe,Mn) 2Si04 

co 
01 v 1. 770 ( 1. 82) 1.820 .050 MITRIDATITE Small X -1100 MCL --- Brownish- G 3.24 Pleoc, X pale greenish-

1.85 +3 green yellow, Y and Z deep Ca3Fe 4(P04)4(0H) 6• greenish-brown. 3H 20 

v 
1

1.730 
1

1.820 I 1.93 I . 20 I IRIGINITE Large y = b MCL --- Canary H 4-5 Diss by warm HCl. Not 
1.889 (U0 2)Mo2o7·3H2o z = c yellow G 3.94 fluor in UV. 

1.715 I 1.820 I 1.880 I .165 IDOLEROPHANITE 105° ( ?} y = b MCL T01 perf Chestnut- H 3 Oiss by acids. Pleoc, 
Cu 2( S04)o (70.:t_2°) Z:c -;; -10° to dark G 4.17 X deep brown, Y brown-

r > v very brown fus ish-yellow, Z lemon-
str, yellow. Reported as 
crossed opt pos. 

1.762 I 1.820 I 1.825 I .063 ICORNETITE 35° X = a ORTH --- Light to H 5 Diss by acids. Not 
Cu 3(P04}(0H) 3 r < v str Z=b dark blue G 4.10 pleoc. 

1. 770 I 1.821 I 1.860 I .090 I CALCURMOL ITE ( 80_:!:3°) --- ORTH --- Honey- --- Pleoc, X cols, Y pale 
Ca(U02)3(Mo04)3(0H) 2• pris yell ow yellow, Z yellow. 

11H20 Fluor bright yellow-
green in UV. 

1.753 I 1.824 I 1.830 I .077 I IIMORIITE 31° --- TCL 011 good Gray to H 5.5-6 
Y2(Si04}(C03) tan G 4.47 

1.805 11. 73o 1 1.825 1 1.83o 1 .1oo IBECQUERELITE 30° X = c ORTH 001 perf Golden- H 2.5 IPleoc, X cols to pale 
" Cau6o19 ·11H20 r > v Y=b ps hex to lemon- G 5.1 yellow, Y and Z deep 

el cTv pos yell OW yell ow. 



1:'1:) 
~ 
~ 

Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Biref and formula 
a ~ y 

1.81 1.788 1.825 1.830 .042 HANCOCKITE 
ro (Epidote grp) 

( Pb ,Ca ,Sr) 2( Al ,Fe) 3si 3 o12(0H) 

1.818 1.788 1.828 1.840 .052 FERROHORTONOLITE 
A ( 01 iv ine grp) v 

1.843 (Fe,Mg) 2Si04 
1.672 1.83 1.83 .16 ROSASITE 

(Cu,Zn) 2(C03)(0H) 2 

L-.1 1.69 1.83 1.83 .14 GLAUKOSPHAER ITE 
1.85 (Cu,Ni) 2(C03)(0H) 2 

1.66 1.831 1.915 .255 UMOHOITE 
(U02)Mo04·4H2o 

( 1. 769) 1.800 1.831 1.846 .046 CONICHALCITE 
A CaCuAs04(0H) 

1. 780 1.733 1.832 1.839 .106 BILLIETITE 
A Ba u6o19 •11H20 

1.815 1. 750 1.832 1.832 .082 NATROJAROSITE 
ro (Alunite grp) 

NaFe 3( S04) 2( OH) 6 

--- 1.833 --- wk RUSAKOVITE 
(Fe,Al) 5(vo4,P04)2 
( OH) 9• 3H20 

1.783 1.834 1.866 .083 DELRIOITE 
SrCaV206(0H) 2•3H20 

2Vx Optical 
("2Vx calc) orien-

tat ion disp 

38° y = b -r > v 

58° X = b 
r > v z =a 

Small X = el 
r < v st r 

Small X:c = 7° 

65° y = b 
r > v str x- a 

Large X = a 
r > v str Y=b 

35° X = c 
( 28_:!::4°) Y=a 
r > v str el cTv pos 

Very small X = c 
Y=a 
el cTv pos 

--- ---

Med to ---
1 arge 

Hardness, 
SYSTEM CLEAVAGE specific 
and or Color gravity, Remarks 

habit fracture and 
fusibility 

MCL 001 Brownish- H 6.5 Abs Z > X. 
red G 4.03 

F 3 

ORTH 010 fair Reddish- H 6 Gel with acids. FeO 
brown G 4.15 58.6, MnO 0.85% 

F 3.5 (Fo17). 

MCL --- Bluish- G 4.09 Diss by acids with eff. 
green fus Pleoc, X cols, Y and Z 

blue. 

MCL 001 good Green H 3-4 Diss by acids with eff. 
fib G 3.78- Pleoc, X deep green, Y 
spher- 3.96 and Z apple-green. 
ulitic 

MCL --- Blue- H 2 Pleoc, X dark blue, Y 
tab black G 4.6 light blue, Z olive-

green. 

ORTH 011 Dark- to H 4-5 Diss by acids. Pleoc, 
pris fr uneven yellow- G 4.33 X green, Y yellow-

green F 3 green, Z bluish-green. 

ORTH 001 perf Golden- G 5.32 Tw common on 111 and 
ps hex yellow 110. Pleoc, X and Z 

pale green, Y bright 
green. 

TRIG 0001 perf Yellow- H 3 Diss by HCl. Pleoc, 
ps orth brown G 3.2 X nearly cols, Y and Z 

F 3 pa 1 e ye 11 ow. 

Crypto- --- Yell ow- H 1.5-2 Diss by acids. Opt 
cryst orange G 2.76 char unk. 

MCL --- Yellow- H 2 Diss by HgO. Tw common 
acic green G 3.1 100. Ple c, X cols, Y 

pale yellow, Z deeper 
yellow. 



1.805 1(1.664)1 1.835 I 1.865 I (.201) ITYUYAMUNITE 145° IX=~ IORTH 1001 perf Canary- r 2 IPleoc wk, X cols, Y and 
" Ca(U02)2(V04)2·5-8H20 r < v wk Y = a 010, 100 to G 3.85 Z greenish-yellow. Not 

good greenish- F easy fluor in UV. 
yellow 

1.813 11.805 11.835 11.8621 .057 IBAFERTISITE 86° y = b MCL 001 perf Orange H 5 Poly tw 001. Pl eoc, X 
" Ba(Fe,Mn) 2TiSi 2o7 Z:c -;- 6° to red G 3.97- reddish-brown, Y 

(O,OH) 2 el-clv neg 4.25 yellow, Z greenish-
yellow. 

1.790 1.789 1.835 1.845 .056 PSEUDOMALACHITE 50° X:c = 21° MCL 010 good Dark H 4.5-5 Diss by acids. Tw 100. 
" Cu 5(P04)2(0H) 4·H20 r < v str pris green G 4.35 Pleoc wk. v 

1.86 F 2 

1.809 I 1.838 I 1.859 I .050 I LINARITE 80° z = b MCL 100 perf Deep H 2.5 Diss by HNO • Tw com-
PbCu( S04)( OH) 2 r < v str X:c -;- -24° el 010 azure- G 5.35 mon 100, le~s so 001. 

blue F easy Pleoc, X pale blue, Y 
clear blue, Z Prussian 
blue. 

1.81 I --- I 1.84 I .03 I DEER ITE --- z = c MCL Ill a good I Black IG 3.84 lopt char unk. 
+2 +3 el pos or ORTH ( Fe , Mn) 6 ( Fe , A 1 ) 3 acic 

Si 6o20(0H) 5 
1.80 I --- I 1.87 I .07 I KEYITE Disp str X:c = 10° MCL 001 good Deep sky- --- Diss by cone acids. 

(Cu,Zn,Cd) 3(As04)2 
y-;- b blue Pleoc, X pale blue, Y 

t-:l I I I I I greenish blue, Z deep 
~ 
~ blue. Opt char unk. 

1. 760 I 1.840 I 1.870 I .110 ICALCIOURANOITE {61.::_2°) X = c ORTH(?) --- Brown to H 4 Pleoc, X and Y lemon-
(Ca,Ba,Pb)U207• el neg orange G 4.02- ye 11 OW, Z CO 1 S. 

5H20 4.28 

1. 77 5 I 1. 840 I 1. 844 I .069 lcHALCOSIDERITE 22° --- TCL 001 perf Siskin- H 4.5 IFe-analogue of 
CuFe6(P04)4(0H) 8·4H2o r > v str pri s 010 good green G 3.22 Turquoise. Pleoc wk. 

crossed 

1.795 I 1.842 I 1.874 I .079 I STRANSKI ITE 80° --- TCL 010 perf Blue H 4 
Zn 2cu( As04)2 100 good G 5.23 

1.825 I 1.842 I 1.857 I .032 I DIETZEITE 86° y = b MCL 100 poor Golden- H 3.5 jDiss by hot H2o. 
Ca 2(I03)2(Cr04) r < v very Z:c -;- 6° tab fr conch yell ow G 3.62 

str 

1.828 I 1.B03 I 1.843 I 1.851 I .048 IFAYALITE, manganoan 48° X = b ORTH 010 good Reddish- H 6 Gel with acids. FeO 
" {Olivine grp) r > v wk z=a brown G 4.3 56.9, MnO 9.7, MgO 1.1, v 

1.850 (Fe,Mn) 2Si04 F 3.5 Fe 2o3 1.2%. 

1.84- I --- I --- IITOITE --- --- ORTH --- White G 6.7 calc Opt char unk. 
1":85" Pb 3Ge{S04)202(0H) 2 acic 

1.65 I 1.85 I 1.90 I .25 I VANURAUTE 44° z = b MCL joo1 easy !Lemon- IH 2 Jrw 001. Pleoc str, X 
Al(U02)2(V04)2(0H)• r < v wk X- c yellow G 3.62 cols, Y and Z yellow. 
11H20 



Table 7. Biaxial negative minerals {continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula ( 2Vx calc) orien- and or Color gravity, Remarks 

a ! y disp tat ion habit fracture and 
fusibility 

1. 77 1.85 1.89 .12 DERRIKSITE (68~19°) X = a ORTH 010 good Green G 4.72 ----
Cu4{U02)(Se03)2(0H)6• y = o 
H20 

1.740 --- 1.855 .115 SINOITE Small z = c ORTH --- Gray G 2.82 ---
Si 2N20 

1.79 1.85 1.89 .10 MROSEITE 74° X = a ORTH --- Col s to H 4 Diss by cold acids with 
CaTe+4(C03)o2 

r < v str y = c white G 4.35 eff. 

1.810 1.780 1.850 1.860 .080 VANDENDRIESSCHEITE 60° X = c ORTH 001 perf Orange- H 3 Pleoc, X cols, Y and Z 
A Pbu7o22 ·12H2o ( 40~4°) z=a tab to G 4.5-5.5 yellow. Not fluor in 

r > v str el cTv pos yellow- uv. 
brown 

{ 1. 82) 1.785 1.85 1.85 .065 M ITR IDA T ITE 5-10° X - 1100 MCL --- Deep red G 3.24 Pleoc, X pale greenish-

1:'¢ 

~ 

A +3 to brown- yellow, Y and Z deep Ca3Fe 4(P04)4(0H)6• ;-sh-green greenish-brown. 3H20 

1.82 1.85 1.85 .03 BURKHARDTITE Small X = c MCL 001 perf Carmine- H 2 Insol in acids. Pl eoc, 
P~ 2{Fe+3 ,Mn+3 )Te+4Al ps hex to G 4.96 X pale magenta, Y and Z 

violet- carmine-red. S1 3o12(0H) 2·H20 red 

1.843 1.816 1.850 1.863 .047 FAYALITE 60° X = b ORTH 010 fair Dark H 6 Gel with acids (Fo7). 
A (Olivine grp) r > v z =a brown G 4.36 v 

1.854 (Fe ,Mg) 2Si 04 F 3.5 

1.847 1.850 1.850 .003 ROMEITE Med --- CUB Conch Brown H 6 Insol in acids. Opt 
(Stibiconite grp) oct G 5.07 a nom. Segmented. Poly 
(Ca,Fe,Mn,Na) 2(Sb,Ti) 2 infus tw. Abnormal interf 
06(0,0H,F) colors. 

1.850 1.820 1.854 1.888 .068 LIEBENBERGITE 88° X = b ORTH 010 poor Yellow- H 6-6.5 Pleoc, X and Y cols to 
A {Olivine grp) r > v z=a to fair , ish-green G 4.60 pale green, Z greenish 1.854 pos (Ni,Mg,Fe,Co) 2Si04 100 poor calc yell ow. NiO 56.3, MgO v 

1.869 6.5, FeO 9.4, CoO 1.8%. 

v 1.674 1.855 . 1.880 .206 STRELKINITE Med X = c ORTH 001 perf Gold- to H 2-2.5 Diss by acids. Pleoc 
1.907 Na(U02)(V04)•3H20 Y=D plates canary- G 3.70- wk, Y yellow, Z pale 

el cTv pos yellow 3.91 yellow. Fluor wk, 
dirty green in UV. 



1.815 1 1.813 1 1.857 1 1.891 1 .o78 !ALLANITE 80° y = b MCL 001, 100 Brownish- H 6 Pleoc, X red-yellow, Y 
1\ (Epidote grp) r > v str X:c ~ 34° poor black G 4.13 yellow to brown, Z dark 

(Ce,Ca,Y) 2(Al ,Fe) 3Si 3 F 3 red-brown. Fe2o3 15.2, 
o12(0H) FeO 8.9, MnO 1.9%. 

-1.81 1.85 --- 1.862 .01 PARSONSITE --- y = b TCL 010 poor Pale H 2.5-3 Not fluor in UV. 
1\ Pb2(U02)(P04)2·2H20 Z:c -;; 2° fr conch yell OW G 5.73 Opt char unk. 

1.835 1.80 1.86 1.88 .080 PSEUDOMALACHITE 46° X:_£ = 23° MCL 010 good Dark H 4.5-5 Diss by acids. Tw 
A Cu5{P04)2{0H) 4·H20 r < v str pri s green G 4.35 100. Pleoc wk. 

F 2 

1.820 I 1.86 I 1.88 I .06 ICORNWALLITE Small Y = el MCL One perf Emerald- H 4.5 IDiss by acids. 
Cu5{As04)2{0H)4·H20 r < v med Z 1 clv pris green G 4.52 

F 2.5 

1.831 I 1.861 I 1.880 I .049 I ATACAMITE 75° X = b ORTH 010 perf Bright H 3.5 Diss by acids. Pl eoc, 
Cu2Cl(OH) 3 r < v str v =a pris 101 fair green G 3.76 X pale green, Y yellow-

tab F 3.5 green, Z grass-green. 

1. 818 I 1. 866 I 1. 909 I . 091 ICALEDONITE ~- 85° I X = .£ ORTH 1010 perf !Bluish- H 2.5-3 Commonly striated. 
Pb5cu2{C03)(S04)3(0H) 6 r < v wk Y = a green G 5.76 

fus 

1.854 1.827 1.869 1.879 .052 FAYALITE 48° X = b ORTH 010 fair Dark H 6 Gel with acids. FeO 
A ( 01 iv i ne g rp) r > v z=a brown G 4.22 65.0, Fe2o3 0.4, MnO 

l:'-' Fe2Si04 F 3.5 1.0%. 
~ 

v 1. 675 1.870 1.885 .210 METATYUYAMUNITE 30-45° X = c ORTH 001 perf Canary- H 2 Pleoc wk, X cols, Y and 
1.93 Ca(U02)2(V04)2·3-5H20 r < v v=a 010, 100 to G 3.85 Z pale yellow. Not 

good greenish- F easy fluor in UV. 
yellow 

v 
1

1.727 I 1.870 
1

1.883 I .156 I ILVAITE 20-30° X = c ORTH 010 good Brownish- H 5.5-6 Gel with acids. Pleoc, 
( 1. 92) Ca{Fe+2,Mn) 2Fe+3 r < v str Y=b 001 dist black G 3.98 X dark green, Y yellow-

F 2.5 brown to dark brown, (Si04)2(0H) Z dark brown, abs X > 
y > z. 

1.81 I 1.87 I 1.92 I .11 I BAHIANITE I large I --- MCL I --- Tan, G 4.9-5.46 
Al 5Sb3o14( OH} 2 r > v ps orth brown, ( 5. 26 

cols cal c) 

v I 1. 7921 1.870 11.870 I .078 I ARSENIOSIDERITE - oo el pos MCL 001 perf Yell ow to H 4.5 Diss by acids. Pl eoc, 
1.898 +3 ps tet brown G 3.60 X cols, Y and Z dark 

Ca3Fe 4(As04}4(0H} 6• fib F 3 reddish-brown. 3H20 

1.756 I 1.874 I 1.896 I .140 I CLI NOCLASE 50° y = b MCL 001 perf Greenish- H 2.5-3 Diss by acids. Pl eoc, 
Cu 3As04(0H} 3 ( 44+2°) z- a pris blue G 4.38 X pale blue-green, Y 

r <v very el cTv pos light blue-green, Z 
str blue-green. 



Table 7. Biaxial negative minerals (continued} 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vx calc} orien- and or Color gravity, Remarks 

a ~ y disp tat ion habit fracture and 
fusibility 

1.655 1.875 1.909 .254 MALACHITE 44° y = b MCL 20T perf Bright H 3.5-4 Diss by acids with eff. 
Cu2co3(0H) 2 r < v str X:c-;;;- 23° 010 good green G 4.05 Pleoc, X nearly cols, 

F 2 Y yellow-green, Z deep 
green. 

1. 786 1.875 1.875 .089 PLUMBOJAROS ITE Small X 1 plates TRIG 10T4 fair Brown G 3.63 Diss by HCl. Pleoc, X 
(Alunite grp) plates golden-yellow, Y and Z 
PbFe6(s04)4(0H) 12 brownish-red. Basal 

plates divided into 
sectors. 

1.810 1.880 1.925 .115 Unknown, labeled - goo --- --- --- Bright --- Data of Larsen, 1921, 
11 Scorodite 11 (75~2°) green p. 132. 

Clj 

g 

v --- 1.88 --- .10 CHEVKINITE Med z = b MCL Fr conch Velvet- H 5 Gel with acids. Pleoc, 
2.02 (Ca,Ce,Th} 4(Fe,Mg} 2 X:c-;;;- 11- black G 4.3-4.6 X nearly cols, Y pale 

(Ti ,Fe +3)3Si 4o22 
-26° F 4 red-brown, Z dark red-

brown. In part i so-
tropic, metamict. 

v 1.860 1.880 1.893 .033 FRONDE LITE Med X = c ORTH 100 perf Brown H 4.5 Pleoc, X pale yellow-
1. 927 +3 r > v str fib 010 good G 3.48 brown, Y and Z orange-MnFe 4(P04)3(0H) 5 001 poor brown, abs Z > Y > X. 

Fe2o3 48.8, MnO 7.7%. 

--- 1.88 --- --- RAUVITE +S --- --- Mass --- Purplish- --- Opt char unk. 
Ca(U02}2V 10028 black 

>1.87 --- <1.89 --- STIBIVANITE 85° X = b MCL --- Yellow- --- Pleoc str, X emerald-
Sb+3v+4o r > v str z=c fib green green with olive tint, 

5 Y emerald-green, Z 
olive-green. Sign 
unk. 

v 1.863 1.885 1.890 .027 FOURMARIERITE 50° X = c ORTH 001 perf Reddish- H 3.5 Pleoc, X cols, Y pale 
1.92 PbU4o13 ·4H20 r > v Y =a tab 100 good orange G 5.74 yellow, Z amber. 

......., 1.86 1.887 1.91 .05 HETEROSITE 37° X = a ORTH 100 good Deep rose H 4 Diss by acids. Pleoc, 
l-J 

(Fe+3,Mn+3)P04 
010 poor to purple G 3.3 X greenish-gray, Y and 

z eep red to purple, 
abs Z = Y > X. 
Abnormal green interf 
colors near optic axis. 

1.820 1. 764 1.889 1.936 .172 IRIGINITE 60° y = b MCL --- Canary H 4-5 Diss by warm HCl. Not 
A (U02}Mo2o7•3H20 z=c yellow G 3.84 f1 uor in UV. 



( 1. 80 ) I 1__J3_9 I 1. 91 I .u I WYARTITE 148" r=_c_ rRTH 1001 perf 'Black to IH 3-4 'Pleoc, X gray, Y 
+4 y = b and 010 violet- G 4.69 violet, Z lavender-Ca3u (U02)6(C03)2 black blue. 

(OH) 18·3-5H20 

1.870 ,1.815,1.898,1.8981 .083 IARSEN!~SIDERITE ,- o• r pas IMCL 1001 perf 'Yellow to'H 4.5 'Diss by acids. Pleoc, 
A ps tet brown G 3.60 X cols, Y and Z dark Ca 3Fe 4(As04)4(0H) 6• fib F 3 red-brown. 3H20 

1.925 
I 1.16 I 1. 90 I 1.92 I .16 I CARNOTITE 15oo IX=_c_ IMCL 001 perf Lemon- to H soft Pleoc, X cols to gray, 

K2(U02)2{V04)2·3H20 r < v y = b 010, 110 bright- G 4.70 Y and Z canary- to 
Z:a ~ 14° poor yellow F diff 1 emon-yell ow. Not 

f1 uor in UV. 

1.775 I 1.900 I 1.920 I .145 I XOCOMECA TL I TE 141_:t2° I --- IORTH(?) --- Rich H 4 Diss by HNO • Pleoc 
Cu 3( Te04){ OH) 4 fib green G 4.65 in bluish-g~een, abs Z 

> X = Y. 

1.899 I 1.901 I 1.903 I .004 I QUEITITE - goo --- MCL 010, 001 Pale IH 4 IDiff sol in HN03• 
Pb4zn 2(Si04)(Si 207) r < v str tab poor yellow G 6.07 
{ S04) to cols 

1. 803 I 1. 905 I L 945 I .142 I WIDENMANNITE 63° X = b ORTH 010 perf Yellow 
IH 2 

IDiss by HN03 with eff. 
Pb 2{ uo2 ){ co3) 3 Y=a tab 010 G 6.89 Not pleoc. Not fluor 

el pos calc in UV. 
C/.:1 

11.87311.90511.910 1 .037 IYEATMANITE 49° ITCL 1100 perf 'Deep IH 4 IDee by HCl. Tw on 010. 0 1.895 ---
~ - Mn 7zn8Sb2Si 4o28 r < v med brown G 5.02 

F 4 

1. 785 I 1. 906 I 1. 917 I .132 IMASUYITE 150° IX = c IORTH 1001 perf 'Reddish- G 5.08 Tw 110 and 130 common. 
U0 2·2H20 {?) { 32..:!:_3°) y = o tab 001 010 good to Pleoc, X pale yellow, Y 

r > v brownish- and Z deep golden. Not 
orange fluor in UV. 

1.855 ,1.77011.907 11.9151 .145 I STRELKINITE IMed IX = c IORTH 1001 perf !Gold- to H 2-2.5 Diss by acids. Pleoc 
A Na 2(U02)2{V04)2·6H2o { 26_:t3°) Y=b plates canary- G 3.7-3.91 wk, Y yellow, Z pale 

el pos yellow yellow. Fluor wk, 
dirty green in UV. 

1.685 I L 91 1 1.93 1 .24s I IANTHINITE Large X = c ORTH 001 perf Black to H 2.5 Pleoc, X cols, Y 
U0 2•SU03·10H20 { 30_:t15°) Y=o acic 100 good violet pu rp 1 e , Z v i o 1 et • 

v I 1. 750 I 1. 910 I 1. 945 I .195 I FRANCEVILLITE 46° X = c ORTH 001 perf Yell ow H 3 Pleoc, X cols, Y and Z 
1.952 Ba{U02)2{V04)2·SH 20 y = o G 4.0 yell ow. Not fluor in 

el pos uv. 
1.885 I 1.910 I 1.913 I .028 IBARTELKEITE 135" lz =E. MCL 101 dist Cols to H- 4 Di ss by hot HCl • 

+2 r < v pale G ( 4.97) PbFe Ge 3o8 green 

1.820 I 1.920 I 1.955 I .135 I LAZARENKOITE r 30· lel pas ORTH --- Orange H 1 Diss by HCl. Pleoc, 
(Ca,Fe+2)Fe+3As+3

7• fib G 3.45 X pale yellow, Y pale 

3H20 
brown, Z rose-brown. 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Biref and formula (2Vx calc) orien- and or Color gravity, Remarks 

tat ion habit fracture and 
<l ~ y disp fusibility 

1.870 1.830 ( 1. 92) 1.925 • 095 ILVAITE 3 20-30° X = c ORTH 010 good Brownish- H 5.5-6 Gel with acids • Pleoc, 
Ca(Fe,Mn) 2Fe+ (Si04)2 r < v str Y=b 001 di st black G 3.98 X dark green, Y and Z 
( OH) F 2.5 dark brown, abs X > Y 

> z. 
1.885 1.85 1.92 1.94 .09 FOURMARIER ITE Large X = c ORTH 001 perf Reddish- H 3.5 Pleoc, X cols, Y pale 

Pbu4o13 ·4H20 r > v Y=a tab 100 good orange G 5.74 yellow, Z deeper 
yellow. 

1.810 1.923 1.933 .123 KOLFANITE 5-7° --- MCL One Red to G 3.3 Pleoc, X pale yellow, 
+3 ( 24..:t_4°) yellow Y and Z dark orange. Ca 2Fe 3(As04)302·2H20 

1.90 1.750 1.925 1.950 .200 CARNOTITE 43° X = c MCL 001 perf Lemon- to H soft Pleoc, X cols, Y and Z 
K2(U02)2(V04)2·3H20 ( 38!_2°) Y=o 010, 110 bright G 4.70 yellow. Not fluor in 

r < v Z:a -;- 14° poor yellow F diff uv. 

--- 1.926 --- .04 Unnamed lead-zinc - goo --- MCL --- Yellow- --- Am. Mineral., 47, 418 
~ 

~ 
arsenate r > v tw brown to (1962). 

cols 

1.880 1.915 1.927 1.939 .024 ROCKBR lOGE ITE, Large --- ORTH 100 perf Green to H 4.5 Diss by acids. Pleoc, 
oxidized r < v 010 good brown G 3.48 X pale yellow-brown, Y 
(Frondelite ser) and Z orange-brown. 

+2 +3 Fe2o3 55.2, MnO 4.1%. (Fe ,Mn)Fe 4(P04)3 ( OH) 5 
1.870 1. 77 1.93 1.97 .20 METATYUYAMUNITE 40-55° X = c ORTH 001 perf Canary- H 2 Pleoc, X nearly cols, Y 

Ca(U02)2(V04)2·3-5H20 r < v Y =a 010' 100 to G 3.85 canary yellow, Z darker 
good greenish- F easy yellow. Not fluor in 

yell OW uv. 

1.886 1.930 1.939 .053 FERSMANITE 0-7° y = b MCL --- Yellow to H 5.5 ---
(Ca,Ce,Na)(Nb,Ta,Ti) 2 ( 48!_6°) X- c brown G 3.44 
(O,OH,F) 

1.87 --- 1.93 --- wk COR KITE Med X = c TRIG 0001 01 ive- H 4 Basal section divided 
PbFe3(P04)(S04){0H) 6 r < v very g·reen to G 4.20 into biax segments. 

str brown F 4-5 Abnormal interf colors 
green, blue, brown. 

1.922 1.933 1.938 .016 PLUMBOTSUMITE 32° --- ORTH 001 perf Cols H 2 Diff sol hot HN03• 
Pb5s; 4o8(0H) 10 (68!_15°) ps hex G 5.6 

r < v 



1. 77 I 1. 935 I 1. 960 I .190 iSENGIERITE 138" IX = £. I MCL I 001 perf Greenish- H 2.5 Diss by acids. Pl eoc, 
Cu2( U02)2( V04)2( OH) 2 • r < v str plates yell ow G 4.41 X pale greenish-yellow, 
6H20 Y and Z greenish-

yellow. 

1.94 I 1.95 I --- ISAYRITE llarge I y =E. MCL T02 dist Yellow- G (6.76) 
Pb2(u02)5o6(0H) 2·4H20 X - c ish to 

z- a reddish-
el neg orange 

1. 89 7 I 1. 940 I 1. 942 I .. 045 ISCHIEFFELINITE 24° X = b ORTH 010 easy Cols, H 2 
Pb{Te,S)04•H20 r < v wk Y=c white G 4.98 

F easy 

< 1. 79) 1 1. 94 1 1.96 1 < .17) !unnamed Ca-Sr-U oxide 38° --- ORTH 001 good Red- G 5.29 Am. Mineral., 45, 254 
ps hex orange ( 1960). 

1.70 I 1. 95 I 2.04 I • 34 IHYDROTUNGSTITE 52° y = b MCL 010 poor Dark- to H 2 Insol in acids, diss by 
H2wo4·H20 r < v plates yellow- G 4.60 NH OH. Pleoc, X cols, 

green Y ind Z yellow-green to 
dark green, abs Z > Y > 
x. 

1.95 I 1.985 I --- IKLEBELSBERGITE 1- 70" I X = !! loRTH I --- I Yellow IG 4.62 INot pleoc. 
Sb4o4(0H) 2so4 y = c 

~ 1(1. 75) ,1.95 ,1. 97 I .22 IRAHEAUITE 1320 X = b IMCL 1010 good !Orange I G 5.60 ITw 100. 

~ K2Cau6o20 ·9H20 Z:c -;; 5° ps hex 
el-clv pos 

1.89 I 1. 95 I 2.02 I .13 ICEROTUNGSTITE (Large) z = b MCL 001 perf Orange- I H 1 ITwOOl. 
Ce 2w2o6( OH) 3 x- a yellow 

1.85 I 1. 95 I 1.96 I .ll ICHAPMANITE Small Z = el ORTH Conch 01 ive- I H 2. 5 llnsol in acids. 
SbFe2(Si04)2(0H) X 1 flat laths green, G 3. 75 

face deep 
yellow 

1.92 I 1. 95 1 1.96 1 .o4 JLARSENITE 80° {?) X = a ORTH 1120 good lwhite IH 3 I Luster greasy. 
PbZnSi04 pris G 5.90 

1.92 I 1. 95 I 1.96 I .04 I MANGANOSTI BITE Small --- ORTH --- Black to H 5 Dec by HCl. Pleoc, X 
{ Mn ,Fe) 7SbAso12 fib reddish- G 4.95 reddish-brown, Z 

brown infus nearly opaque. 

1.92 I 1.95 I 1.95 I .03 I KA TO PTR ITE Small y = b MCL 001 perf Jet H 5.5 Insol in acids. Pleoc 
(Mn,Mg,Fe) 13(Al ,Fe)4 r > v str Z:a -;; -3° pris black, G 4.56 str, reddish-yellow to 
Sb2Si 2o28 inclined red in reddish-brown. 

thin 
splin-
ters 

~ J-1.985 1 --- I KLEBELSBERGITE roo ·r =E. IORTH I --- !Yellow toiG 4.62 
Sb404( OH) 2( S04) Y = a powdery orange-

yellow 



Table 7. Biaxial negative minerals (continued) 

Refractive index 2Vx 
Hardness, 

Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 
entries Bi ref and formula (2Vx calc) orien- and or Color gravity, Remarks 

.§. disp tat ion habit fracture and 
(). y fusibility 

1.910 1. 785 1.952 2.002 .217 FRANCEV ILLITE 52° X = c ORTH 001 perf Yell ow H 3 Pleoc, X cols, Y and Z 
1\ (Ba,Pb)(U02)2(V04)2• y = b G 4.55 yellow. Not fluor in v 

>2 5H 2o el cTv pos uv. 

1.94 1.702 1.955 1.965 .263 POUGHITE 22° X = b ORTH 010 perf Greenish- H 2.5 Diss by acids. Pleoc, 
r---1 Fe2(Te03)2(s04)•3H20 r > v very Y=a 101 good yellow G 3.76 X nearly cols, Y pale v 

1.985 str fus greenish-yellow, Z pale 
sulfur-yellow. 

1.946 1.958 1.964 .018 ALAMOSITE 65° y = b MCL 010 perf Cols H 4-5 Gel with acids. 
PbSi03 r < v very Z:c -; 8° Fib G 6.49 

str fus 

v 1.815 1.960 1.960 .145 TLAPALLITE Small --- MCL --- Green H 3 CuO 15.6, CaO 8.3, ZnO 
2.115 H6(Ca,Pb) 2(Cu,Zn) 3 G 4.7 0.8%. 

(so4)(Te+4o3)(Te+6o6) 
( 5.05 
calc) 

~ 

~ 
1.73 1.96 1.98 • 25 MELANOVANADITE Med z = b TCL One perf Black, H 2.5 Diss by acids. Pl eoc, 

+4 +5 Y:c = 15° pris brown G 3.48 X yellow-brown, Y dark ca2v 4v 6o25 ·xH2o F easy red-brown, Z dark red-
brown to opaque. 

1.92 1.94 1.96 1.96 .02 BEUDANTITE 0-50° X = c TRIG 0001 good Yellow, H 4 Diss by hot HNO~. 
r---1 -- PbFe 3( As04)( S04)( OH) 6 r > v el cTv pos brown, G 4.1 Complex tw. Ba e L.-1 

1.97 green F 3.5 divided into biax 
segments. Abnormal 
interf colors. 

1.945 1.966 1.983 .038 OLSACHER ITE 80° X = a ORTH 101 good Cols H 3-3.5 ---
Pb2( S04)( Se04) Y=c 010 poor G 6.55 

calc 

- 1.93 1.97 2.01 .08 B ISMUTOFERRITE --- --- ORTH --- Yellow- G 4.47 -----
BiFe2(Si04)2(0H) mass green 

1.871 1.975 2.005 .134 WALPURGITE 52° Y:c = 8° TCL 010 perf Yell ow to H 5 Tw 010. Pl eoc, X pa 1 e 
(Bi0) 4(u02)(As04)204• tab yellow- G 5.95 yellow, Y and Z green. 
3H20 green F 1.5 

v 1.956 1.978 1.980 .024 WOELSENDORF ITE Large --- ORTH 001 good Orange- H 5 PbO 15.5, CaO 3.2%. 
-2.09 ( Pb ,Ca )U20( 2H20 red G 5.37 

1.78 1.98 2.1 .32 KARAPTITE (= Coronene) { 69.:!:7°) --- MCL One clv Yellow H 1 Sol in benzene. 
c24H12 needles G 1.40 

F 1 



1.89 I 1. 98 I 2.02 I .13 I YTTROTUNGST ITE 68° z = b MCL 101Q perf !Yellow IG 5.96 ITw 100. 
YW206(0H) 3 X:c -; 26° ps orth 101 poor 

laths 

v (1. 97) 1.98 1.99 (. 02) RICHETITE Large --- MCL 010 perf Black G 7.25 Tw corrmon. Pl eoc, X 
>2.0 Oxide of Pb and U ps hex pale brown, Y and Z 

tab dull brown. 

1.955 1. 72 1.985 1.990 .27 POUGHITE 15-20° X = b ORTH 010 perf Greenish- H 2.5 Diss by acids. Pl eoc, 
1\ Fe2(Te03)2(s04)·3H20 r > v str v =a 101 good yellow G 3.76 X nearly cols, Y pale 

fus greenish-yellow, Z 
pale yell ow. 

1. 952 I --- I 2.002 I .05 I KURANAKHITE --- --- ORTH --- Reddish- IH 4.5 loiss by hot HCl. Opt 
PbMn+4re+6o ps hex brown to char unk. 

6 black 

1.970 11.992 I 2.011 I .041 !unnamed arsenate 88° --- MCL --- Green --- Pleoc, X pale green, Y 
analogue of Tsumebite and Z bottle-green. 
Pb 2Cu(As04)(S04}(0H) Am. Mineral.,~. 258 

(1966}. 

1.990 I 1.993 !1.994 I .oo4 IELYITE 66° y = b MCL --- Lavender H 2 Pleoc str in shades of 
Pb4Cu( S04)( OH} 8 X:c -;;;- 45° pris G 6.3 lavender, abs Z > Y > 

tab X. 

1.960 1.995 2.020 .060 JAMESITE 75° Y:a on TCL --- Reddish- H - 3 Pleoc, X and Y pale 
~ +3 r > v (001} =5° tab brown brown, Z deep reddish-0 Pb 2zn 2Fe 5o4(As04}5 Ol brown. 

1.952 --- >2 --- --- CURIENITE 66° X = c ORTH --- Canary G 4.88 
1\ Pb(U02)2(V04)2·5H20 y = b yell ow 

1.82 >2.0 >2.0 >.18 GRANTSITE --- z = b MCL --- 01 iv e- H 1 Pleoc, X green, Y 
+4 +5 green G 2.94 greenish-brown, Z 

Na4Caxv 2xv 12-2x brown, abs Z > Y > X. 
o32 ·8H20 Mean n calc 1.965. 

1.87 I 2.00 I 2.01 I .14 I LEADHILLITE 10° z = b MCL 001 perf Col s, r 2.5-3 IDiss by HN0 3 with eff. 
Pb4(s04}(C03)2(0H) 2 r < v str X:c -;;;- so ps hex fr conch gray, G 6.SS 

el-clv pos b 1 ue, F l.S 
green 

1.98 1-1.8 I>~ 1<2.07 I --- I RICHETITE Large --- MCL ( ?) 010 perf Black G 7.25 Pleoc, X pale brown, 
1\ Hydrous oxide of Pb, U Y and Z dull brown. 

1. 797 I>~ 1>2.0 1>-2 IBARNESITE --- z = b MCL --- Dark red G 3.15 Diss by HCl. Pl eoc, X 
Na 2v6o16 ·3H20 X:c-;;;- so bladed F 2 yellow, Y orange-

ye 11 ow, Z red. Mean 
refractive index 
2.037. 

1.986 I 1.930 I 2.002 I 2.020 I .090 I LINDGRENITE 171· z = b MCL 010 perf Apple- H 4.5 loiss by acids. ,....., 
Cu 3( MoO 4) 2( OH) 2 ( S2.:!:_3°) X:c -;;;- -7° tab 001, T01 green G 4.26 

r > v el-clv neg poor F easy 



Table 7. Biaxial negative minerals (continued} 

Refractive index 2Vx Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula ( 2Vx calc) orien- and or Color gravity, Remarks 
§. disp tat ion habit fracture and a y 

fusibility 

1.99 1.928 2.007 2.036 .108 LANARKITE 60° y = b MCL "2"01 perf Gray, H 2.5 Diss by KOH or warm 
......... Pb2( S04}0 r > v str Z:_£-; 30° el b greenish G 6.92 HNO~. Poly tw 010 

inclined rar • Fluor yell ow 1 n 
uv. 

( 1.85} 2.01 2.06 (.21} AGR I NI ER ITE 55° X = a ORTH 001 good Orange G 5.7 Sector tw. 
(K2,Ca,Sr)u3o10·4H20 Y=b tab 

el cTv neg 

v 1.92 2.01 2.02 .10 LORENZENITE 25-49° X = a ORTH 100 perf Brown to H 6 Insol in acids. Pl eoc, 
2.04 Na 2(Ti ,Zr) 2Si 209 r > v Y=b 110 good black G 3.37 X andY reddish-yellow, 

F easy Z pale yellow. 

1.942 2.010 2.024 .082 WHERRYITE 50° Wavy ext MCL --- light G 6.45 Diss by HN03• 
Pb4Cu( C03)( S04)2 green (7.2 
(Cl,OH} 20 calc) 

fus 

~ 1.96 2.01 2.04 .08 BROWNMILLERITE 75° --- ORTH --- Reddish- G 3.76 Data for synth compd. 
Ca2(Al,Fe)2o5 brown infus Pleoc, X and Y yellow-

brown, Z dark brown. 

2.00 2.01 2.02 .02 TURANITE Med --- Reni- --- 01 ive- H 5 Pleoc, X and Y brown, Z 
Cu5(V04)2(0H)4 (?) r > v str form, green green. 

radi-
ating, 
fib 

2.00 2.01 2.02 .02 CALCIOVOLBORTHITE - goo X = a ORTH 010 perf Yellow, H 3.5 Diss by HCl. Pleoc wk. -- CaCu( V04){ OH) r < v Y=b 001 good green, G 3.75 
brown 

<2.01 >2.01 >2.01 --- HENDERSONITE Med X = a ORTH --- Dark H 2.5 Diss by HNO • Pleoc, X 
+4 +5 r > v Y=b fib greenish- G 2.79 yellow-gree~, Y green, ca2v v 8o24 ·8H2o black Z brown. Mean n calc 

2.10. 

>2.01 >2.01 >2.01 high GERSTLEYITE large ( ?) --- MCL (?) 010, T01 Cinnabar- H 2.5 Diss by alkalies. 
Na 2(Sb,As)8s13·2H20 perf red to G 3.62 Pleoc, X salmon-red, Y 

reddish- F 2 and Z deep blue-red. 
black Opt char unk. 

1.905 2.02 >2.02 >.115 NAVAJOITE --- z = b MCL --- Dark H 1 Pleoc, X and Y yellow-
v2o5·3H20 fib b brown G 2.56 brown, Z dark brown. 



2.01 I 1.96 I~ 12.06 I .10 rERRIERITE 63° z = b MCL --- Brownish- H 6 Pleoc, X yellow-brown, ,......., 
(Ca,Ce,Th) 4(Mg,Fe) 2 X:a -;- 24° '--' r > v str black G 4.3-4.45 Y deep reddish-brown, Z 

2.04 ( Ti ,Fe) 3si 4o22 
F 4 dark brown to opaque, 

abs Z > Y > x. 
1.88 1 1. 97 I 2.02 1 2.o5 1 .o8 I CHEVKINITE Large z = b MCL Conch Brown to H 5.5 Tw 001. Pl eoc, X dark 

A (Ca,Ce,Th) 4(Fe,Mg) 2 X:_£-;- 11- black G 4.63 brown, Y and Z nearly 

(Ti ,Fe) 3si 4o22 
26° F 4 opaque. 

2.018 I 2.023 I 2.025 I .007 I SONORAITE 23° --- MCL --- Yellowish H 3 Diss by acids. 
FeTe03(0H)·H20 plates green G 3.95 

v I 1.82 
1
(2.03) I 2.04 I . 22 ITUNGSTITE 27° X = c ORTH 001 perf Dark to H 1.5 IDiss by NH40H, insol 

2.24 wo3·H2o r < v Y=b 1 i ght G 5.52 in HCl. 
el cTv pos yell OW 

1.990 I 2.030 I 2.035 I .045 IARSENDESCLOIZITE - 30° X = b ORTH --- Pale H - 4 
PbZn( As04)( OH) r > v Y=I tab 001 yellow G (6.57) 

1.98 I 2. 04 I 2.10 I .12 IF I EDLER ITE Large z = b MCL 100 good Cols H 3.5 Diss by HN0 3• Tw on 
;b3Cl 4(0H) 2 r < v Y:c -;; -34° tab 100 G 5.88 100 common. 

2.01 1 1.95 I 2.04 1 2.06 I .n I LORENZENITE 37-41° X = a ORTH 100 perf Brown to H 6 Insol in acids. Pleoc, 
A Na 2 Ti 2si 209 r > v Y=b 110 good black G 3.43 X and Y pale reddish-

F easy yellow, Z pale yellow. 

C/.:) v I 2.01 I 2.04 I 2.04 I .07 I VESIGNIEITE 160° IExt:tw pl MCL 001 good Yellow- H 3.5 Poly tw. 
0 2.129 BaCu3( V04)2( OH) 2 = 10° ps hex to olive- G 4.05 
~ green 

2.01 I 2.01 I 2.04 I 2.07 I .06 VOLBORTHITE Large --- MCL 001 perf Yellow H 3.8 Tw. Diss by acids. 
,......., Cu 3(vo4)2·3H20 r < v str to dark G 3.42 Pleoc, X and Y yellow, 
'--' 

2.05 green Z yellow-green. 

( 1.91) 1 2.05 1 2.15 I( .24) SCHMITTER ITE 75° X = c ORTH 100 Light H 1 
( U02)Te03 

y = b yellow G 6.9 

1.908 I 2.05 I 2.065 I .157 I PINAKIOLITE 32° X = b MCL 010 perf Black H 6 IDiss by HCl. Pleoc in 
+2 +3 Z=a G 3.88 red-browns. (Mg,Mn )2Mn B05 el cTv pos F 5 

2.05 I --- 1 str I FERNANDINITE --- --- Crypto- --- Dull --- joiss by acids. Not 
+4 +5 cryst green pleoc. Opt char unk. cav 2v 10o30 ·14H2o 

I 2.042 I 2.050 I 2.050 I .008 I PYROMORPHITE - oo X = c HEX 10TO Green, H 4 Diss by HNO • Pleoc, 
2.061 (Apatite grp) pris brown, G 7.05 X greenish-Yellow, Z 

Pb5(P04)3Cl yellow F 1.5 green. 

1.96 I --- I >2.10 1>.14 I KARIBIBITE Large --- ORTH --- Brownish- Soft Pleoc wk, straw-yellow 
+3 +3 Fe 2As 4(0,0H) 9 

fib yellow G 4.07 to brownish-yellow. 

'--' I 2.o3 I 2.06 I 2.08 I .o5 IDUFTITE Large --- ORTH X = c Canary G 4.88 
2.08 PbCuAs04( OH) r > v Y=b yellow 

.~,_ .. ........-~."'-".,, 
/')"""""' 



Table 7. Biaxial negative minerals (continued} 

Refractive index 2Vx Hardness, 
Other MINERAL NAME Optical SYSTEM CLEAVAGE specific 

entries Biref and formula (2Vx calc} orien- and or Color gravity, Remarks 
tat ion habit fracture and a ~ y disp fusibility 

1.786 2.070 2.075 .289 SALESITE 0-5° X = a ORTH 110 perf Green H 3 Diss by HNO • Pleoc, 
Cu( 103}( OH} ( 12_:!:2°} Y=b G 4. 77 X cols, Y lfght bluish-

r > v extr el pos green, Z bluish-green. 

1.804 2.074 2.076 .272 CERUSSITE go X = c ORTH 110, 021 Col s, H 3.5 Diss in dil HN03 with 
(Aragonite grp) r > v str Y=b good white G 6.55 eff. Tw on 110 common. PbC03 F easy 

1.95 2.08 2.11 • 16 CAFETITE Med Z:c = 3° MCL Pris Pale H 4.5 Insol in acids • -- Ca(Fe,Al) 2Ti 4o12 ·4H20 el-pos fib c yellow G 3.28 
to cols F easy 

1.96 2.09 2.10 .14 EMMONSITE 20° y = b TCL 010 perf Yellow- H 5 Tw. Pleoc, X light 
Fe2 Te3o9 • 2H20 r > v str fib green G 4.59 green, Z darker green. 

1.978 2.05 --- 2.09 .04 WOELSENDORFITE --- --- ORTH 001 good Orange- G 6.08 PbO 23.1, CaO 1.2%. 
A PbU207•2H20 red 

~ --- -2.09 --- .01 MONTANITE Small --- MCL ( ?} --- Yellowish Soft Diss by acids. 
Bi 2Te06•2H20 r < v extr fib white to G 3.79 Abnormal green interf 

grayish- F 1.5 colors. 
yellow 

1.982 2.095 2.19 .208 CARLFRIESITE 80° y = b MCL 010 fair Bright H 3.5 Diss by hot dil HCl. 
CaTe+4 Te+6o X:.£_-;- 28° yellow G 6.3 Pleoc wk in yellows, 

2 8 abs Z > X = Y. 

2.01 --- --- --- SANTAFEITE +4 --- X = .£. ORTH 010 perf Brownish- G 3.38 Diss by HCl. Pleoc, 
Na 2(Mn,Ca,Sr) 6Mn 3 ro- 110 di st black F easy yellow-brown to dark 
(V,As} 6o28·8H20 settes red-brown, abs X > Y > 

z. Opt char unk. 

1. 70li 2.10L i 2. 23li • 53 METAHEWETTITE 52° z = b MCL --- Deep red Soft Diss by acids. Pleoc, 
Cav6o16·9H20 laths G 2.51- X light orange-yellow, 

2.94 Y and Z deep red. 

>2.10 >2.10 >2.10 --- NAMIBITE Mod for z = b MCL 100 good Dark H 4.5-5 Diss by acids. 
CuBi 2vo6 red, small X:.!-;- 12° tw green G 6.86 Pleoc, X yellow-

for blue green, Y pistachio 
1 i ght green, Z dark green, 

abs Z > Y > X. 

>2.09 >2.09 >2.09 --- MOUNANAITE --- Ext:c = TCL --- Brownish- G 4.85 Tw common. Pl eoc, 
PbFe2(V04}2(0H} 2 38° on el c red brownish-yellow to 

( 010} brownish-red. Opt char 
unk. 



2.00 I 2.10 I 2.11 I .11 I CLARKEITE 40° --- ORTH(?} Conch Dark H 4.S Pleoc wk in deep 
(Na,Ca,Pb} 2u2(0,0H} 7 r < v brown G 6.3 orange. 

2.07 I 2.10 I 2.12 I .OS hRIGONITE Large y = b MCL 010 perf Bright H 2.S Diss by acids. 
Pb3Mn(As03}2(As020H} r < v ext:c := domatic 101 good yellow to G 6.S 

4"5'0 brownish F 2 

2.07 I 2.06 I 2.11 I 2.1s I • 09 I CURITE Large X = b ORTH 100 perf Deep H 4.S IDi ss by acids • 
Pb2USo17 ·4H20 r > v str Y =a orange- G 7.26 Pleoc, X pale yellow, 

red Y orange, Z red-
brown. Not fluor in 
uv. 

2.08 I 2.11 I --- I --- I DUHAMELITE --- --- ORTH --- Yellow- H 3 Sign unk. Pleoc wk 
Pb2Cu4Bi(V04}(0H} 3• green G S.80 in yellow. Diss by 
8H2o acids. 

1.960 11.91sl 2.11s 1 2.1151 .200 I TLAPALL ITE --- --- MCL --- Green H 3 PbO 13.6, CaO 4.3, 
A H6(Ca,Pb} 2(Cu,Zn) 3so4 G S.38 CuO 1S.8, ZnO 0.7%. 

( Te +4o3 )( Te +6o
6

) 

2.08 I 2.12 I 2.r6 I .08 I LAUR I ON ITE Large X = c ORTH 101 perf Col s, H 3.S IDiss by HN03• 
PbCl(OH} Y =a tab white G 6.14 

F 1 

2.04 2.0S3 2.129 2.133 .08 VES IGNI E ITE --- Ext:tw pl MCL 001 good Yellow, H 3.S !Poly tw. 
~ 

A BaCu3(vo4)2(0H} 2 0 
= 10° olive G 4.3-4.6 

~ 
1.9S 2.13 2.21 .26 KASSITE S8° IX= c IORTH 1010 perf !Pale IG 3.42 IPleoc wk, cols to 

CaTi 2o4(0H) 2 r > v very Z = ~ 101 dist yellow pale yellow. 
str 

L..J I 2.12 1 2.13 ,2.1351 .015 I MIMETITE 29° X = c MCL --- Yellow, H 3.5 Di ss by HN03• Basal 
2.18 (Apatite grp) ps hex green G 7.1 section in 6 segments. Pbs ( AsO 4) 3c1 F 1 Tw. 

2.13 I 2.137 I 2.1421 .012 I YTTROCRAS ITE 60-70° --- ORTH --- Greenish H S.S-6 Pleoc, X cols to pale 
(Y, Th ,Ca ,U}(Ti ,Fe} 2 pris brown G S.32 brown, Y brown, Z 
(O,OH) 6 brown to greenish-

brown, abs Z > Y > X. 

2.06 I 2.14 I 2.17 I .11 !Unnamed lead ILa_rge (?) Ext:tw = MCL (?) 010 dist White H 3 Poly tw. Am. Mineral., 
oxychloride 30° ~. 211 (1974). 

el pos 

2.12 I 2.14 1-2.1S I -.03 IMOLYBDOMENITE .. 80° el pos MCL 001 perf Col s to H 3.S Diss by HN03• 
PbSe03 yellowish G 7.07 

2.14 I --- I 2.1s I .01 I EZTLITE --- Z:c = 3° --- 001 Deep --- Sign unk. Not pleoc. 
+3 +4 orange Pb2Fe 6(Te o3)3 +6 (Te o6}(0H} 10·8H20 

2.1S I --- I str I CUPROTUNGSTITE 1--- I --- ICrypto-f --- 'Green lfus JDec by HCl. Opt char 
Cu2wo4(0H) 2 cryst unk. 
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Table 7. Biaxial negative minerals (continued) 

Refractive index 
Other MINERAL NAME 

entries Biref and formula 
a ~ y 

2.05 2.15 2.20 .15 PARALAURIONITE 
PbCl(OH} 

2.01 2.15 2.15 .14 MATLOCKITE 
PbFCl 

2.13 2.16 2.195 .065 PREISINGERITE 
Bi 3(As04}20(0H} 

v --- 2.16 --- .05 BISMUTITE 
2.36 Bi 2(C03}02+xH20 

>2.1 --- <2.2 <0.1 RODALQUILARITE 
+3 H3Fe 2(Te03}4Cl 

2.11 2.18 2.22 .u BALYAKINITE -- CuTe03 

2.04 --- 2.18 .14(?} HEWETTITE 
1.77Li 2.18Li 2.35u • 58Li 

Cav6o16·9H20 

2.00Li 2.18u 2.35u .35u TELLURITE 
Te02 

2.16 2.18 2.18 .02 KLEINITE 
Hg2N(Cl ,so4}•xH20 

v 2.13 2.19 2.20 .07 BADDELEYITE 
2.38 zro2 

1.94 2.20 2.51 .57 LEPIDOCROC ITE 
FeO(OH} 

2.14 --- 2.315 .175 VIGEZZITE 
(Ca,Ce)(Nb,Ta,Ti) 2o6 

2Vx 
(2Vx calc) 

disp 

Med large 
r < v str 

- oo 

goo 

Small to 
med 

38° 

100° 
(72:!:._22°} 

Med 
(55:!:._4 >u 

- goo 
r > v mod 

Small 
r < v very 
str 

30° 
r > v str 

83° 

Large 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

y = b MCL 001 perf Cols, Soft Diss by HN03• Tw 100 
Z:_£-;- 25° tab white G 6.12 very co11111on. 

F 1 

X = c TET 001 perf Yellow H 3 Diss by HN03• An om 
el cTv pos G 7.12 biax. 

F 1 

--- TCL --- White to G (7.24} ---
tab gray 

X = c ORTH --- Yellow, H 3.5 Diss by acids with eff. 
el pos platy dark gray G 7.0 Striated 100. 

F 1.5 

--- TCL One good Emerald- H 2-3 Not pleoc. 
green G 5.1 

X = a ORTH --- Gray- G 5.6 Reported as opt pos. 
Y=~ green, 

bluish-
green 

z = b MCL --- Deep red --- Oiss by acids. Pleoc, 
X and Y light orange-
yellow, Z dark red. 

X = b ORTH 010 perf White H 2 Oiss by HCl. Flexible. 
z=c G 5.90 
el cTv pos fus 

--- HEX 0001 Yellow to H 3.5-4 Diss by acids. Uniax 
pris good orange G 8.0 pos above 130°C. Poly 

volat tw. 

y = b MCL 001 perf Cols, H 6.5 Insol in acids. Poly 
X:.£_-;- 13° pris 010 good brown, G 5.74 tw on 100, 110. Pleoc 

black infus wk, abs X > Y > z. 
X = b ORTH 010 perf Ruby red H 5 Diss by HCl. Pleoc, X 
y = £ tab 100 good G 4.09 yellow, Y reddish-

001 fair infus orange, Z dark red 
orange, abs Z > Y > X. 

X = c ORTH 100 dist Orange- G (5.54) Sign unk. Not p leoc. 
z=a prism yellow 



2.12 I 2.20 1 2.23 I .u I NATRONIOBITE 10-30° X I :c = 10- MCL --- Yellow to H 5.5-6 
NaNb03 { 61.:!.:.22°) T5° black G 4.40 

r < v 

1-J I 2.11 I 2.22 I 2.22 I .11 I VAUQUELINITE - oo X = el MCL Uneven Green, H 2.5-3 Diss by HNO~. Pleoc, 
2.27 Pb2Cu{Cr04){P04){0H) wedge- brown G 6.06 X pale gree , Y and Z 

shaped F 2 pale brown. 

v I 2.1s I 2.22 I 2.23 I .o8 I GOETHITE I Small X = b ORTH 010 perf Yellow- H 5 Diss by HCl. Pl eoc, X 
2.41 FeO{OH) r > v str Y=c 100 good brown, G 3.8-4.2 clear yellow, Y brown-

reddish- infus ish-yellow, Z orange-
brown yellow, abs Z > Y > X. 

2.186 I blli I 2. 224 I .038 IFERVANITE - oo --- MCL { ?) --- I Golden- --- Diss by acids. 
+3 fib c brown Fe 4{V04)4•SH2o 

2.10 I --- I 2. 30 I . 20 I ROOSE VEL TITE --- --- MCL Conch Gray to H 4-4.5 IDiss by acids. Opt 
BiAs04 yell ow G 6.9-7.1 char unk. 

F 2-3 

<2.23 I <2. 26 I --- I ONORATOITE --- X:c = 12° TCL --- White G 5.3 I Di s s by HCl • 
>2.18 >2.23 SIJSOll Cl 2 Y:a = 8° ps mel 

acic 

>2.11 I >2.11 1 >2.11 I --- I MOCTEZUM ITE 5-10° --- MCL 100 perf Bright IH 3 loiss by HCl or NaOH. 
Pb( uo2)( Te03)2 orange G 5.73 

C/.j ( 2. 03) 1 2.09 1 2.24 1 2. 26 1 .17 ITUNGSTITE 27° X = c ORTH 001 perf Light- toiH 1.5 llnsol in acids, diss by ..... ..... A W03·H20 r < v Y=b 010 good greenish- G 5.52 NH40H. 
yellow 

2.16 I 2. 24 I 2.25 I .09 ICHLOROXIPHITE 1700 I X = c IMCL IT01 perf 01 iv e- IH 2.5 Diss by HNO • Pleoc, 
Pb3CuC1 2(0H) 2o2 r > v str Z=b bladed 100 good green G 6.93 X pale yelldw-brown, Y 

F easy brown, Z green. 

2.24 I --- I 2.26 I .02 I OBOYERITE I --- I --- ITCL I --- I White IH 1.5 Opt sign unk. 
Pb6H6(Te03)3(Te06)2• fib G 6.46 
2H2o 

2.19 2.24 --- 2.26 .02 FERGUSONITE-BETA Small to --- MCL Conch Black H 5.6 fDec by H2so4• 
,......., YNb04 34° ps tet G 5.2-5.8 ......., 

2.28 i nfus 

2.17 2.26 2.32 .15 MOTTRAMITE 730 X = c ORTH Conch Brownish- H 3.5 Diss by HNOd. Pleoc, -- Pb(Cu,Zn)(V04)(0H) r > v str Y=b red to G 5.9 X pale yell w, Y and 
2. 21Li 2.31Li 2. 33Li .12Li black, F 1.5 Z deep reddish-brown. 

green 

2.18 I 2. 27 I 2.35 I .17 I DESCLOIZITE ~- goo I X = ~ IORTH I Conch IRed, H 3.5 Diss by HN03• Pleoc, 
Pb(Zn,Cu)(V04)(0H) r > v str y = b brown, G 6.2 X yellow, Y and Z deep 

black F 1.5 reddish-brown. 

2.25 I 2.40 I --- I IRANITE I --- IExt:el = ITCL I --- I Saffron- I --- Pleoc, brownish-orange 
2.30 I 1- Pb10cu(Cr04)6(Si04)2 

so yellow to yellow-orange. 

( F ,OH) 2 
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Table 7. Biaxial negative minerals {continued) 

Refractive index 
Other MINERAL NAME 

entries Bir~f and formula 
a. .fi y 

v --- 2.29 --- str FERROCOLUMB ITE 
{2.37) {Fe,Mn){Nb,Ta) 2o6 

2.27 --- 2.30 --- up to LUESHITE 
r-1 .025 NaNb03 L.....J 

2.35 

2.28 2.31 2.34 .06 MACQUARTITE 
Pb3Cu{Cr04)Si03{0H) 4• 
2H20 

2.10 2.32 2.65 .55 HEMIHEDRITE 
Pb10zn{Cr04)6{Si04)2F2 

2.12 2.32 2.32 • 20 SEE LI GER ITE 
Pb3{ I03)Cl 30 

2.30 pos 2.27 2.32 2.34 .07 NIOBO-AESCHYNITE 
1\ {Ce,Ca,Th){Nb,Ti) 2 {O,OH) 6 

2. 30Li 2. 34Li 2. 36Li .06 NADORITE 
PbSb02Cl 

2.31 2.35 2.4 .1 ASHANITE 
{Nb,Ta,U,Fe,Mn)4o8 

2.18 2.35 2.35 .17 VALENTINITE -- Sb203 

2. 25L i 2. 35Li 2. 36Li .11Li SCHWARTZEMBERGITE 
Pb6{I03)2Cl 402{0H) 2 

2.20 2.36 2.36 .16 EMBREYITE 
Pb5{Cr04)2{P04)2·H20 

2.16 2.30 2.36 2.38 .08 BISMUTITE 
1\ Bi 2{C03)o2 

2Vx 
{2Vx calc) 

disp 

82° 

46-80° 

85° 

88° 
horizontal 
disp 

40 

85° 

- goo 

70-75° 

Very small 
r < v 

Small 
disp wk 

0-11° 

45° 

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

X = a ORTH 010 perf Black H 6 Insol in acids. Tw pl 
Y=b 100 good G 5.3 201. 

infus 

--- ORTH --- Reddish- H 5.5 Insol in acids. 
ps cub brown G 4.35-

4.52 

y = b MCL 100 good Orange H 3.5 Dec by coned HCl. 
X:_£-;- +35° G 5.49 

X:110 = TCL 110 poor Bright H 3-3.5 Diss by HN03• Tw 
30° tab orange G 6.42 common 223 by reflec-to brown tion, less common oTo. 

--- ORTH 001 perf Bright G 6.8 ---
ps tet 110 good yellow 
plates 

X = a ORTH Conch Black H 5-5.5 ---
Y=b G 5.04 

X = b ORTH 010 perf Brown to H 3.5-4 Diss by HN03• Tw pl 
Y=c tab yellow G 7.02 101. 
el cTv pos F 1.5 

X = b ORTH Conch Brownish- G 6.61 Pleoc, brownish-yellow 
Y=a black to reddish-brown, abs 

z > x. 
X = a ORTH 110 perf Cols to H 2.5 Diss by HCl. Prism 
Y=b pris 010 poor yell ow G 5.76 faces commonly striated 
el pos F 1.5 001. 

--- ORTH 001 good Honey- H 2 Diss by acids. 
ps tet yell ow to G 7.39 Crystals divided into 

reddish- F 1 biax sectors. 
brown 

y = b MCL Conch Orange H 3.5 Pleoc, X honey-yellow, 
tab G 6.45 Y and Z amber. 

X = c ORTH --- Yellow to H 3.5 Diss by acids. 
el pos platy dark gray G 8.11 Striated 100. 

F 1.5 



2.32 I 2.36 I 2.37 I .05 I PYROBELONITE 29° X = a ORTH Conch Bright H 3.5 Pleoc in reddish-brown, 
PbMn( V04)( OH) r > v y = c acic red G 6.45 abs Y > X and Z. 

2.29 2.34 (2.37) 2.40 .06 MAGNOCOLUMB ITE 80° X = a ORTH 010, 100 Black to H 6 Insol in acids. Pl eoc, 
A (Mg,Fe,Mn)(Nb,Ti) 2o6 y = b brownish- G 5.2 X brownish-yellow, Z v 

(2.41) black infus brownish-red. 

2.19 2.21 2.38 2.41 .20 BADDELEYITE 31° y = b MCL 001 perf Cols, H 6.5 Insol in acids. Poly 
A Zro2 r > v str X:c -; 13° pris 010 good brown, G 5.62 tw on 100 and 110. 

black i nfus Pleoc wl<, abs X > Y > 
z. 

2.37 1{2.38) 12.39 I .02 ILANDAUITE 60° --- MCL Conch Black to H 7.5 Pleoc, X and Z bottle 
NaMnZn 2(Ti,Fe) 6Ti 12o38 r > v wl< greenish- G 4.42 green, Y green, abs 

brown z > y > x. 

2.27 --- 2.38 --- wl< PEROVSKITE - goo X = a ORTH 100 poor Brown to H 5.5 Dec by hot H SO • ,......., 
CaTi03 r > v y = c ps cub fr sub- black G 4.0-4.3 Penet or pol§ t~ on 1.......1 

2.40 conch infus 001. 

2.25 2.382 2.41 .16 CHERVETITE 50° --- MCL 100, 010 Cols, H < 3 Tw 100. 
Pb2v2o7 disp wk (?) gray, G 6.31 

inclined brown 

2.22 I 2. 275 I 2.41 1 2.415 1 .140 I GOETHITE Small X = b ORTH 010 perf Yellow- H 5.5 Diss by HCl. Pl eoc, X 
A FeO{OH) r > v str y = c pri s 100 good brown, G 4.28 clear yellow, Y brown-

reddish- infus ish-yellow, Z orange-
Clj brown yellow, abs Z > Y > X. ..... 
Clj 

( 2. 37) 2.36 ( 2.41) 2.44 .08 MANGANOCOLUMB ITE 80° X = a ORTH 010 perf Reddish- H 6 Insol in acids. Tw pl 
A (Mn,Mg,Fe)(Nb,Ta) 2o6 Y=b 100 good brown to G 5.4 201. Pl eoc, X ye 11 ow-

black infus brown, Z red-brown. 
MnO 11.8, FeO 7.9%. 

>2.42 I --- 1>2.42 I --- I B I SMITE Disp str --- MCL --- Gray, H 4.5 jOpt char unk. 
Bi 2o3 mass green, G 8.6 

yell ow 

2.44 I 2.47 I 2.48 I .04 IGIRDITE 70° z = b MCL --- Cols H 2 loiss by HN03• 
Pb3H2(Te03)Te06 r > v str X:c -; 34° spher G 5.5 

fus 

<1.83 I 2.49 L2. 70 I >.87 I MAR GAR IT AS ITE 45.5° --- MCL --- Yellow G 5.41 loata for synth Cs 
(Cs,K,H3o) 2(u02)2 compd. 
{V04)2·H20 

2.41ul 2.50ul 2.51ul .1oli IP~CHERITE 119" IX = c ORTH 001 perf Reddish- H 4 loiss by acids. 
B1V04 r < v Y =a tab brown G 6.57 

el cTv pos F 2 

2. 45Li 1 2. 55Li 1 2. 55Li 1 .!Oli 1 HEMATITE, v ar T urg i te ~- o• I ---
TRIG Subconch Red to H 5.5 loiff diss by HCl. 

( 1mpure) mass brownish- G 5 Pleoc wk in reds. 
Fe203+xH20 compact black infus 
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Table 7. Biaxial negative minerals (continued} 

Refract iv e index 
Other MINERAL NAME 

entries Biref and formula 
a ~ y 

2.52li 2.6lu 2.6-7u .t5u KOECHll NITE 
Bi 2Moo6 

--- 2.63 --- --- CliNOBISVANITE 
calc BiV04 
2.63 

--- red --- str TENORITE 
3.t7 CuO 
liTiii 

2.35li 2.64li 2.66u .3tli TERLINGUA IT£ 
Hg2C10 

2.538 ~ 2.704 .166 REALGAR 
2.46u 2. 59u 2.6tu .15li 

AsS 

--- >2. 72li --- very DUFRENOYSITE 
str Pb2As 2s5 

--- >2.72 --- very POL YBASITE 
str ( Ag ,Cu )16sb2s11 

--- >2.72 --- very MIARGYRITE 
str AgSbS2 

2.4li 2.8tu 3.02u .62u ORPIMENT 
As 2s3 

--- -3 --- extr XANTHOCON ITE - Ag 3Ass3 

--- -1 --- extr li VI NGSTONITE 
HgSb4s8 

2Vx 
{ 2Vx calc) 

disp 

Large 
r < v str 

Disp str 

---

20° ( li) 
r < v 

4t 0 

r < v 

---

22° 

Med 

76° 
r > v str 

34° 
r < v 

---

Hardness, 
Optical SYSTEM CLEAVAGE specific 
orien- and or Color gravity, Remarks 
tat ion habit fracture and 

fusibility 

X = c ORTH 010 perf Greenish- G 8.3 Diss by HCl. Contact 
v =a plates yellow fus and penet tw 101. 
el cTv neg Striated OtO. 

--- MCL 010 perf Orange to 6 6.95 Opt char unk. 
yellow calc 

y = b ·MCL In zones Steel- H 3.5 Diss by HCl. Tw COIIIIIOn 
Z-£ perp gray to G 6.45 on 011. Pleoc in 

011, dfl black browns. Opt char unk • 

--- MCL Tot perf Sulfur- H 2.5 Volat when heated. 
pris to G 8.73 

greenish-
yello• 

y = b MCL 010 good Red to H 2 Dec by HN03• Contact 
X:_£-;- -11° pris Tot, 100 orange- G 3.51 tw tOO. Striated 001. 120 poor yellow F 1 

--- MCL 010 perf Lead gray H 3 Opt char unk. 
G 5.53 
fus 

X = c MCL 001 poor Black H 2.5 Dec by HNOr Tw pl 
Y=:[ ps hex fr un- G 6.3t 110. 

tab even F t 

--- MCL 010 poor Black H 2.5 Red in thin splinters. 
G 5.25 
fus 

X = b MCL 010 perf lemon- to H 2 Tw pl tOO. Pleoc, Y 
Z:c -;- 2° ps orth sectile brownish- G 3.49 yellow, Z greenish-
el-clv pos orth yellow volat yellow. 

pris 

X = a MCL tOO perf Red, H 2.5 Dec by HNOr Tw 100. 
Z='D ps orth orange, G 5.5 
el cTv pos tab yellow F t 

--- MCL 100 perf Lead gray H 2 Volat when heated. 
acic G 4.81 Pleoc wk in reds. 

F 1 
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2. 78Li 3.06Li 3.07Li • 29L i HUTCHINSONITE 

3.08Na 3.18Na 3.19Na •11 Na 
{ Pb, T1 )2As 5s9 

3.27 --- very SMITHITE 
str AgAsS2 

3.19ul 4.05u I4.30u 11.11u ISTIBNITE 
Sb2s3 

20° Li 
37° Na 
r < v extr 

65° 

126° L i 
{ 46,.:!:.2°) 

X = a ORTH 010 good Deep H 2 IPleoc wk in reds. 
y = o pris fr conch cherry- G 4.6 

red fus 

y = b MCL 100 perf Pale red H 2 I Dec by HN03• 
Z:c -;- 6° G 4.88 
el-clv pos F 1 

IX = c ORTH 010 perf Lead gray H 2 
v=a pris 100, 110 G 4.63 
el cTv neg poor F 1 



CHAPTER IV. MINERAL GROUPS (TABLES 
8-38) 

For these tables, the minerals are 
arranged in groups according to the chem-
ical and physical characteristics they 
hold in common, following the terminology 
of Fleischer (1983). For each group, a 
brief statement of these common cha rac
teristics is given, followed by repre
sentative examples in tabular form. 

Table 8. Alunite group 

These are arranged in order of increas
ing refractive index, similar to the 
arrangement in the identification tables 
above but omitting in most cases those 
properties that are the same or nearly 
the same for all members of the group. 

Not inc 1 uded are severa 1 groups , 
notably the chlorite, kaolinite-serpen
tine, and montmorillonite groups, mainly 
because of difficulties of nomenclature 
and lack of reliable criteria for dis
tinguishing between the members under the 
microscope. 

The minerals of this group have the general formula AB6(S04)4(0H}12' in which 
A may be K2, Na2, {NH4)2, Ag2, (H30)2, Ca (the hydronium ion}, and Pb; B ma_y be Al 
and Fe+3. In beaverite and osarizawaite, A = Pb, B = cu 2Al 4 or cu 2(Fe+:3,Al )4• 

Alunite KA1J(S04)2(0H}6 

Alunite 

Ammoniojarosite 

Argentojarosite 

Beaverite 

Hydronium Jarosite 

Jarosite 

Natroalunite 

Natroalunite 

Natrojarosite 

Osarizawaite 

Pl umboj a ros i te 

(K,Na)AlJ(S04)2(0H}6 

(NH4}FeJ(S04)2{0H}6 

AgFe3(S04}2(0H)6 

PbCu(Fe,Al)2(S04)2(0H}6 

(HJO)FeJ(S04)2{0H)6 

KFe 3(S04)2{0H)6 

NaA1 3(S04)2(0H}6 

{Na,K}Al 3(S04)2{0H}6 

NaFe 3(so4)2{0H}6 

PbCuA12(S04)2(0H)6 

PbFe6(S04)4{0H)12 

These minerals are trigonal (pseudo-cubic}, space group R3m (except plumbo
jarosite, RJm). Distinct to perfect basal cleavage is characteristic, with hard
ness between 2 and 4. Optically, they are uniaxial, although some samples of 
jarosite are anomalously biaxial. The minerals of this group are closely related 
to those of the beudantite and plumbogummite groups. 
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Table 8. Alunite group (continued) 

Refractive index 

Biref NAME G 
w E 

1.572 1.592 (+).020 ALUNITE 2.6 

1.574 1.590 (+).016 NATROALUNITE 2.78 

1.583 1.595 (+).012 ALUNITE 2.7 

1.603 1.611 (+).008 NATROALUNITE 2.8 

1.714 1.731 (+).017 OSARIZAWAITE 4.04 

1.791 1.705 (-). 086 JAROSITE 2.9-3.2 

1.800 1.750 (-).050 AMMONIOJAROSITE 3.11 

1.815 1.740 (-).075 NATROJAROSITE 3.18 

1.816 1.728 (-).088 HYDRONIUM JAROSITE 3.1-3.2 calc. 

1.820 1.715 (-).105 JAROSITE 3.2 

1.832 1.750 (-). 082 NATROJAROSITE 3.18 

1.85 (1.81) (-).04 BEAVERITE 4.08-4.36 

1.875 1.785 (-).090 PLUMBOJAROSITE 3.63 

1.882 I 1.785 I (-).097 ARGENTO JAROSITE 3.66 
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Table 9. Amphibole group 

The amphiboles form a complex group of double-chain silicates having the 
general formula A0_1B2c5T8o22 (0H,F,Cl) 2, in which A may be Ca, Na, and K; B may be 
Fe+2, Mg, Mn, and Li; C may be Al, Cr, Fe+2, Fe+3, Mg, and Mn; T may be mainly Si 
and Al but may have Cr, Fe+3, and Ti. The nomenclature used here generally fol-
lows that recommended by the International Mineralogical Association (Leake, 1978). 

A. Fe-Mg-Mn AMPHIBOLES Mg 

1. Orthorhombic forms Mg + Fe+2 

Anthophyllite 0.1-0.9 
} (Mg,Fe+2) 7si8o22 (0H) 2 { 

Magnesia-anthophyllite 0.9-1.0 

Gedrite 0.1-0.9 

Magnesio-gedrite } (Mg,Fe+2) 5Al 2Si 6Al 2o22 (0H) 2 { 

Ferro-gedrite 0.9-1.0 

Holmquistite Li 2(Mg,Fe+2) 3Al 2Si8o22 00H,F) 2 0.1-0.9 

2. Monoclinic forms 

Cummingtonite 0.3-0.7 
} (Mg,Fe+2) 7si8o22 (0H) 2 { 

Grunerite o. 0-0.3 

Tirodite o. 5-1.0 
} Mn~2(Mg,Fe+2) 5 si 8 o22 (0H) 2 { 

Dannemorite o. 0-0.5 

Clinoholmquistite Li 2(Mg,Fe+2)3Al 2Si 8o22 (0H) 2 0.1-0.9 

B. CALCIC AMPHIBOLES Mg + Fe+2 

Tremolite 0.9-1.0 

Actinolite } Ca 2(Mg,Fe+2) 5Si8o22 (0H) 2 0.5-0.9 

Ferro-actinolite o. 0-0.5 

Edenite NaCa 2(Mg,Fe+2) 5Si 7Al022 (0H)2 0.5-1.0 
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Table 9. Amphibole group (continued) 

B. CALCIC AMPHIBOLES (continued) 

Hastingsite 

Magnesio-hastingsite 

319 

Mg 

0.0-0. 3 

0.7-1.0 

o. 5-1.0 

0.0-0.5 

0.5-1.0 

0.3-1.0 

0.5-1.0 

o. 0-0.5 

0.5-1. 0 

0.0-0.5 

0.0-0.5 

Mg + Fe+2 

0.0-0.5 
{ 

0.5-1.0 



Table 9. Amphibole group (continued) 

Mg 

D. ALKALI AMPHIBOLES (continued) 

Eckermannite 
0.5-1.0 

Kozul ite 

Glaucophane 

Ferro-glaucophane 

0.5-1.0 
} Na2(Mg,Fe+2) 3Al 2Si8o22 (0H) 2 { 

o. 0-0.5 

Crossite Na2(Mg,Fe+2) 3(Al,Fe+3)2Si8022 (0H) 2 

Riebeckite 0.0-0.5 
} Na 2 (Mg,Fe+2) 3 Fe~3Si 8o22 (0H) 2 { 

0.5-0.1 Magnesio-riebeckite 

Members of this group may be orthorhombic, space group Pnma, or monoclinic, 
space group C2/m (also P21/m). They are generally prismatic Wil]lperfect cleavage 
on {210} at 124-126°. The orthorhombic amphiboles have orientation Y=b and Z=c; 
most monoclinic amphiboles have Y=b and Z:c=4-26°, thus with positive elongation. 
Some alkali amphiboles, such as riebeckite;-eckermannite, and crossite, have Z:c > 
45°, therefore with negative elongation. All amphiboles have hardness from 4.s-to 
6.5 and are insoluble in all acids except HF. In general, the refractive indices 
increase with increasing content of iron and titanium, but the substitutions are so 
complex that it is difficult to deduce chemical composition from refractive indices 
alone. 
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Table 9. Amphibole group (continued) 

A. Fe-Mg-Mn AMPHIBOLES 

1. Orthorhombic forms 

Refractive index 

I I NAME 
a 8 y 

1.593 1.605 1.613 MAGNESIO-ANTHOPHYLLITE 

1.613 1.625 1.634 MAGNESIO-GEDRITE 

1.616 1.628 1.641 ANTHOPHYLLITE 

1.616 1.630 1.641 ANTHOPHYLLITE 

1.616 1.634 1.646 HOLMQUISTITE 

1.624 1.645 1.651 HOLMQUISTITE 

I I I 
1.645 1.649 1.661 ANTHOPHYLLITE 

1.648 1.655 1.662 GEDRITE 

1.654 1.660 1.667 ANTHOPHYLLITE 

1.657 1.667 1.678 GEDRITE 

Wt. pet. selected 
oxides 

2V 
Al 2o3 I Fe2o3 I Remarks 

FeO 

(-)65° 1.6 0.3 ---
(-)71° 16.1 0.3 1.5 
(86_:!)2°) 

(+)79° 1.9 --- 11.1 
(88+9°) 

(-)88° 0.2 1.0 11.7 

(-)56° 14.3 1.0 7.3 Li203 3.2%. Pl eoc, X and 
r > v wk Y co 1 s, Z 1 i 1 ac. 

(-)50° 13.0 2.2 8.9 Li20 2.4%. Pleoc, X 
r > v wk I I grayish-yellow, V 

lavender, Z blue. 

(+)59° 1.8 1.8 20.5 

(+)87° 13.3 1.3 14.6 

(+)81° 8.1 2.2 18.4 

(+)87° 17.8 1.0 18.3 
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Table 9. Amphibole group (continued) 

A. Fe-Mg-Mn AMPHIBOLES (continued) 

1. Orthorhombic forms (continued) 

Refractive index Wt. pet. selected 
oxides 

I I NAME 2V 
Al203 I Fe203 I Remarks 

a f3 y FeO 

1.671 1.681 1.690 FERRO-GEDRITE (-)75° 18.7 0.9 24.4 

1.680 1.688 1.700 FERRO-GEDRITE (+)83° 17.7 3.6 26.2 

1.694 1.710 1.722 FERRO-GEDRITE (-)82° 19.7 2.3 33.5 MnO 2.3%, Pleoc, X pale 
green, Y brown-green, Z 
bluish green. 

~ rg - ~- ------ ---------~ - -------- -~- ---- ----- L.___ __ ~ ~--- ---- ~~--------- -

2. Monoclinic forms 

Refractive index wt. pet. selected oxides 

NAME 2V Z:c 
Al203 I Fe203 I FeO I MnO 

Remarks -
a 1! y 

1.610 1.627 1.633 CLINOHOLMQUISTITE (-)58° {X:a= 13.5 0.4 5.9 0.5 
16°) 

1.630 1.640 1.655 CUMMINGTONITE (+)78° 20° 2.8 1.9 16.8 0.8 Pleoc wk, X cols, 
r > v Y and Z pale 

green. 

1.630 1.644 1.652 TIRODITE ( +) 7 30 20° --- --- 5.0 16.6 
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Table 9. Amphibole group (continued) 

A. Fe-Mg-Mn AMPHIBOLES (continued) 

2. Monoclinic forms (continued) 

Refractive index 

NAME 2V 
a a y 

1.638 1.651 1.665 TIRODITE (+)89° 
r > v 

1.651 1.664 1.678 CUMMINGTONITE (+)86° 
r > v 

1.650 1.665 1.679 GRUNERITE (-)87° 
r < v 

1.660 1.677 1.693 GRUNERITE (-)large 
r < v 

1.666 1. 682 1.698 DANNEMORITE (-)88° 
r < v 

1.679 1.700 1.719 GRUNERITE (-)86° 
r < v 

-- - L.~~---------

Z:c -

19° 

17° 

16° 

---

15° 

14° 

'---- -- --~ 

Wt. pet. selected oxides 

Al203 I Fe203 I FeO I Remarks 
MnO 

--- --- 11.1 13.2 Pleoc wk in green. 

2.4 --- 28.0 1.0 Pl eoc in green. 

--- 0.6 21.9 8.0 Pl eoc, X and Y 
yellow, Z brownish 
yellow. 

--- 3.4 31.2 --- Pl eoc, X pa 1 e 
yellow, Z brown. 

--- --- 22.6 15.6 Pl eoc, X red-
violet, Y pale 
violet, Z blue. 

--- --- 45.0 0.4 Pl eoc, X and Y 
cols, Z yellow to 
brown. 

'--------------~ -- -- -· -------L___ _____ -- L_ ____ ------------ --



Table 9. Amphibole group (continued) 

B. CALCIC AMPHIBOLES 

Refractive index Wt. pet. selected oxides 

NAME 2V Z:c Remarks 
a a y - Al203 Fe2o3 FeO MnO CaO Na 2o 

1.581 1.593 1.602 TREMOLITE (-)86° 21° --- --- --- --- --- --- Synthetic 
fluor-
tremorite. 

1.600 1.615 1.627 TREMOLITE (-)79° 15° --- --- 0.6 --- --- ---
(63+8°) 
r <-v wk 

~ 1.613 1.618 1.635 PARGASITE (+)61° 26° 11.1 0.7 1.7 --- 12.5 2.5 K20 1. 2%. 

1.622 1.632 1.642 ACTINOLITE (-)80° 26° 2.2 2.8 7.2 --- --- ---
1.632 1.634 1.651 PARGASITE (+)64° 17° 13.3 --- 4.0 --- 10.2 2.6 

1.633 1.642 1.652 MAGNESIO-HORNBLENDE (-)88° 16° 5.0 2.7 8.7 --- --- --- Pl eoc, X 
yellow, Y and 
Z green. 

1.629 1.643 1.650 ACTINOLITE (-)73° --- --- 2.4 0.8 --- --- ---
r < v 

1.634 1.645 1.658 EDENITE (-)74° --- --- 3.4 9.0 0.3 --- ---
(94_:10°) 

1.641 1.651 1.664 PARGASITE (+)82° 18° 15.3 1.1 8.9 --- 12.2 ---



Table 9. Amphibole group (continued) 

B. CALCIC AMPHIBOLES (continued) 

Refractive index Wt. pet. selected oxides 

NAME 2V Z:c Remarks -
a B y Al203 Fe203 FeO MnO CaO Na20 

1.642 1.652 1.660 PARGASITE (-)88° --- 19.3 0.9 6.1 --- --- --- MgO 14.3%. 

1.650 1.663 1.670 ACTINOLITE (-)65° --- --- 3.9 14.9 0.3 --- ---
1.650 1.664 1.671 TSCHERMAKITE (-)81° --- --- 2.4 9.5 --- --- --- Ti02 2.4%. 

1.652 1.664 1.672 I MAGNESIO-HASTINGSITEI (-)80° 19° 14.3 2.6 8.7 --- --- --- Ti02 1.3%. 
Pl eoc, X pa 1 e 
brown, Y dark 

~ brown, Z 
c.n greenish-

brown. 

1.657 1.670 1.679 MAGNESIO-HORNBLENDE (-)78° --- --- 4.7 13.2 0.3 --- --- MgO 10.6%. 

1.660 1.671 1.687 FERROTSCHERMAKITE (+)78° 18° 11.2 9.3 15.8 --- 10.2 1.3 

1.665 1.678 1.684 EDENITE (-)65° 19° 7.8 6.2 13.4 --- --- --- Pl eoc, X 
yell OW, Y 
pale green, Z 
dark green. 

1.667 1.680 1.687 PARGASITE (-)74° --- --- 4.9 9.9 --- --- --- MgO 11.6, 
Ti02 1.9%. 

1.670 1.685 1.693 FERRO-HORNBLENDE (-)61° 18° 13.9 5.4 18.1 --- --- --- Pl eoc, X 
(72.!_10°) greenish-

yell ow, Y 
olive-green, 
Z bluish-
green. 
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Table 9. Amphibole group (continued) 

B. CALCIC AMPHIBOLES (continued) 

Refractive index Wt. pet. selected oxides 

NAME 2V Z:c Remarks -a a y Al 203 Fe 2o3 FeO MnO CaO Na 2o 

1.676 1.687 1.695 MAGNESIO-HASTINGSITE (-)80° 15° 13.9 4.8 6.9 --- --- --- Ti02 4.4%. 

1.670 1.692 1.701 I KAERSUTITE I (-)s1· go 14.2 3.3 5.7 --- --- --- Ti02 5.7%. 
(64+8°) Pl eoc, X 

yellow-brown, 
Y red-brown, 
Z dark red-
brown. 

~ 
0') 

1.674 1.693 1.700 FERRO-FERRI- (-)62° --- --- 5.5 20.4 --- --- --- Ti2 1.8%. 
TSCHERMAKITE 

1.688 1.709 1.714 HASTINGSITE (-)51° 12° 11.5 5.9 22.9 --- --- --- Ti02 1.7%. 
Pl eoc, X 
greenish-
yell ow, Y 
dark olive, Z 
dark green. 

1.687 1.710 1.725 KAERSUTITE (-)77° 40 15.5 9.3 4.9 --- --- --- Ti02 5.9%. 

1.694 1.730 1.757 I KAERSUT1TE I (- )so• small --- 12.4 7.7 --- --- --- Ti02 6.0%. 

1.732 I HASTINGSITE I (-)25. 1.705 1.731 13° 11.5 11.6 22.0 0.6 --- ---



~ 

Table 9. Amphibole group (continued) 

C. SODIC-CALCIC AMPHIBOLES 

Refractive index 

NAME 
a B y 

2V 

1.605 1.615 1.622 RICHTERITE med 
large 
r < v wk 

1.616 (1.627) 1.632 RICHTERITE (-)70° 

1.617 1.631 1.637 RICHTERITE (-)68° 

1.688 1.699 1.704 FERRO- (-)35° 
RICHTERITE (68+15°) 

r < v 

1.684 1.700 1.703 TARAMITE (-) 
(46+15°) 

1.705 1.713 1.715 TARAMITE (-)54° 

Z:c 

25° 

26° 

18° 

---

---

11° 

Wt. pet. selected oxides 

Remarks 
Al203 Fe 2o3 FeO MnO CaO 

--- --- --- --- ---

1.7 0.6 0.6 --- --- Ti02 3.5%. 

3.0 3.7 0.6 5.4 ---
--- 6.2 27.3 1.1 6.1 

15.8 9.6 13.0 --- --- Pleoc, X greenish-yellow, 
Y dark olive, Z dark 
green. 

10.3 13.1 18.7 1.9 --- Pleoc, X yellGw, Y blue-
green, Z deep blue. 



Table 9. Amphibole group (continued) 

D. ALKALI AMPHIBOLES 

Refractive index Wt. pet. selected oxides 

NAME 2V Z:c Remarks 
a a y Al203 Fe 2o3 FeO MnO CaO Na 2o 

1.624 1.631 1.637 ECKERMANNITE (-)72° 41° 1.2 8.2 --- 1.2 --- --- Ti02 0.3%. Pl eoc, 
X rose, Y lilac, Z 
pale blue. 

1.620 1.637 1.642 GLAUCOPHANE (-)51° so 10.1 2.0 10.6 --- --- --- Pleoc, X cols, Y 
r < v str lavender, Z blue. 

1.638 1.643 1.650 MAGNESIO- (+)80° 39° --- --- 8.3 6.0 --- ---
ARFEDSONITE 

~ 1.636 1.644 1.649 ECKERMANNITE (-)74° 65° --- 9.5 1.9 --- --- --- Pl eoc , X and Y 
bluish-green, 
yellow-green. 

1.634 1.648 1.653 CROSSITE (-)small 82° 8.4 6.4 7.5 --- --- --- Pleoc, X yellow, Y 
(61+13°) lavender, Z blue. 

1.645 1.656 1.661 MAGNESIO- (-)57° 56° --- 8.4 13.4 1.5 --- --- MgO 7.8, F 3.3%. 
Pl eoc, X blue-

ARFEDSONITE green, Y green, Z 
pale green. 

1.641 1.659 1.662 FERRO- (-)42° 60 10.1 4.0 17.9 --- --- --- Pl eoc, X co 1 s, Y 
GLAUCOPHANE r < v str violet, Z blue. 

1.654 1.662 1.668 MAGNESIO- (-)med 81° 0.4 15.9 3.6 0.1 --- 4.5 Pl eoc, X dark 
RIEBECKITE blue, Y indigo 

large blue, Z yellow-
green. 
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Table 9. Amphibole group (continued) 

D. ALKALI AMPHIBOLES (continued) 

Refractive index 

NAME 2V 
a 6 y 

1.667 1.683 1.692 MANGANOAN (-)60 
MAGNESIO-
ARFEDSONITE 

(72.:!:_9°) 

1.694 1.697 1.698 RIEBECKITE (-)81° 

1.685 1.717 1.720 KOZULITE (-)35° 
r > v wk 

--~--'------~-----~ 

Z:c -

30 

x-c -

65° 

Wt. pet. selected oxides 

Remarks 
Al203 Fe 2o3 FeO MnO CaO Na 2o 

--- 9.1 1.0 7.7 --- 9.0 Pl eoc, X and Y 
blue-green, Z 
yellow-green. 

--- 18.3 9.5 6.0 --- --- Pl eoc, X and Y 
dark blue, Z 
yellow-green. 

1.7 2.9 0.0 28.0 1.1 8.4 Pl eoc , X ye 11 ow-

- -- j__ J -- -_I_ 

brown, Y reddish 
brown, Z dark 
brown. 

------- ----- L__~------------- --- --- - ----



Table 10. Apatite group 

This group includes phosphates, arsenates, and vanadates of general formula 
As(X04}3(F,Cl ,OH}, in which A may be Ba, Ca, Ce, K, Na, Pb, Sr, and Y; X may be 
As, C, P, S, Si, and V. Whereas the silicates britholite, britholite-(Y}, 
ellestadite, and hydroxylellestadite are not, strictly speaking, members of the 
apatite group, they are included here because they intergrade with the phosphates 
of the apatite group. 

Alforsite 

Apatite-britholite 

Belovite 

Britholite 

Britholite-(Y} 

Carbonate-fluorapatite 

Carbonate-hydroxylapatite 

Chlorapatite 

Ellestadite 

Fermorite 

Fluorapatite 

Hedyphane 

Hydroxylapatite 

Hydroxyl-ell esta.dite 

Johnbaumite 

Mimetite 

Morelandite 

Pyromorphite 

Strontium-apatite 

Svabite 

Vanadinite 
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Bas(P04}3Cl 

(Ca,Ce}s(P04,Si04}3F 

(Sr,Ce,Na,Ca}s(P04}3(0H} 

(Ce,Ca,Y}s(Si04}3(0H,F} 

(Y,Ca,Ce}s(Si04,P04}3(0H,F} 

Cas(P04,co3}(F,OH} 

Cas(P04,COJ}J(OH,F} 

Cas( P04} 3(Cl ,F ,OH} 

Cas[(Si,S,P}04] 3(F,OH,Cl} 

(Ca,Sr}s(P04,As04}(0H,F) 

Cas(P04)3F 

(Ca,Pb}s(As04}3Cl 

Cas(P04}3(0H,F) 

Cas[(Si ,S}04]s(OH,Cl ,F) 

Cas(As04}3(0H} 

Pbs (As04) 3c1 

(Ba,Ca,Pb)s(As04)JC1 

Pbs(P04)sCl 

(Sr,Ca,Ba)s(P04)J(F,OH} 

Cas(As04,P04)J(F,OH) 

Pbs( V04) 3c1 



Table 10. Apatite group (continued) 

These minerals are hexagonal or monoclinic (pseudohexagonal ). They are 
infusible to difficultly fusible, except for the lead members, which fuse easily. 
All are readily attacked by HN0 3; britholite gels and britholite-(Y) is decom
posed. Optically they are uniaxial or biaxial with small optic angle. All except 
vanadinite have low birefringence. 

Refractive index 

Biref NAME 2V G Remarks 
a. or e: B or w y or e: - -

1.569 CARBONATE- 2.6 Isotropic. 
FLUORAPATITE 

1.59 CARBONATE--- 2.6-2.7 Isotropic. 
FLUORAPATITE 

1.598 1.603 .005 CARBONATE- (-)oo 2.9 
HYDROXYL-
APATITE 

1.612 1.621 1.622 .010 CARBONATE- (-)small 3.04 
FLUORAPATITE 

1.614 1.622 .008 CARBONATE- (-)oo 3.05 
FLUORAPATITE 

1.622 1.627 1.627 .005 CARBONATE- (-)0-25° 3.1-3.2 
FLUORAPATITE 

1.63 CARBONATE--- 2.7 Isotropic. 
FLUORAPATITE 

1.630 1.633 .003 FLUORAPATITE (-)oo 3.2 

1.634 1. 638 .004 FLUORAPATITE (-) oo 3.32 

1.633 1.640 .007 CARBONATE- (-)oo 3.05 
FLUORAPATITE 

1.638 1.644 .006 FLUORAPATITE (-)oo 3.26 

1.642 1.649 1.649 .007 CHLORAPATITE (-)5-10° 3.18 

1.637 1.651 .014 STRONTIUM- (-)oo 3.84 
APATITE 

1.644 1.651 • 007 HYDROXYL- (-)00 3.21 F 0.16, 
APATITE H20 1.86%. 
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Table 10. Apatite group (continued) 

Refractive index 

Bi ref NAME 2V G Remarks 
a or e: a or w y or e: - -

1.650 1.654 .004 HYDROXYL- (-)oo 3.02 
ELLESTADITE 

1.650 1.655 .005 ELLESTADITE (-)oo 3.1-3.2 Si02 17.3, 
S03 20.7, 
P205 3.1%. 

1.653 1.658 .005 CHLORAPATITE (-)00 3.18 

1.640 1.660 .020 BELOVITE (-)oo 4.18 

1.66 wk FERMORITE (-)oo 3.52 --
1.660 1.666 .006 CHLORAPATITE (-)oo 3.2 

1.665 1.667 1.667 .002 CHLORAPATITE (-)10° 3.18 

1.672 1.684 .012 SVABITE (-)oo 3.54 P205 12.5, 

I F 1.4%. 

1.684 1.687 .003 JOHNBAUMITE (-)oo l 3.68 

1.694 1.696 .002 ALFORSITE (-)oo 4.80 

1.699 1.703 .004 APATITE- (-)oo 3.83 P205 17.3, 
BRITHOLITE Si02 12.9, 

Ce203 
12.9%. 

1.72 .000 BRITHOLITE --- 3.85 Isotropic. --
1.728 1.730 .002 BRITHOLITE- (+)00 4.25 

(Y) 

1.75 .000 BRITHOLITE --- 3.85 Isotropic. --
1.748 1.752 .004 BRITHOLITE (-)oo 4.1-4.4 

1.772 1.775 1.777 .005 BRITHOLITE (-)0-44° 4.0-4.5 

1.780 1.783 .003 BRITHOLITE- (+)00 4.35 
(Y) 

1.81 .000 BRITHOLITE --- 4.1 Isotropic. --
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Table 10. Apatite group (continued) 

Refractive index 

Bi ref NAME 2V G Remarks 
ex or E 8 or w y or E -

1.880 1.884 .004 MORELANDITE (+)00 5.33 

1.948 1.958 .010 HEDYPHANE (+)00 5.7 

2.010 2.026 .016 HEDYPHANE (-)00 5.82 

2.042 2.050 2.050 • 008 PYROMORPHITE (-)small 7.05 

2.046 2.057 • 011 PYROMORPHITE (-)00 7.0-7.1 Anom biax. 
Pl eoc, 0 
green, E 
greenish 
yellow. 

2.12 2.13 2.135 -- .015 MIMETITE (-)29° 7.1 

2.12 2.135 .01 MIMETITE (-)00 7.1-7.24 

2.20 2.25 • 05 -- VANADINITE (-)00 7.0 Arsenatian 
va r. 

2. 37 2.43 • 06 VANADINITE (-)00 6.65--- 6.98 
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Table 11. Aragonite group 

Minerals of this group have the general formula RC03, in which R may be Ca, 
Sr, Ba, and Pb. They are orthorhombic, space group Pmcn, with twinning on {110} 
very common, giving pseudo-hexagonal aggregates. Hardness is 3 to 4. The minerals 
are soluble in HCl with effervescense. All are biaxial negative, with very high 
birefringence and small optic angle. 

Refractive index 

Biref NAME and formula (-)2V G Remarks 
a 8 y 

1.520 1.667 1.668 .148 STRONTIANITE 70 3.68 
SrC03 

1.529 1.676 1.677 .148 WITHERITE 16° 4.29 
BaC03 

1.530 1.680 1.685 .155 ARAGONITE 18° 3.32 
Caco3 

1.525 1.686 1.690 .165 STRONTIANITE go 3.81 BaO 3.3, CaO 
(Sr,Ba,Ca)C03 1.0%. 

1.540 1.695 1.703 .163 ARAGONITE 23° 3.05 Pb 5.2%. 
(Ca,Pb)C03 

1.804 2.074 2.076 • 272 CERUSSITE go 6.55 
PbC03 
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Table 12. Autunite group 

The minerals of this grouf have the general formula A(U02)2_(X04)2·8-12H2o, in 
which A may be Ba, Ca, Cu, Fe 2, 1/2 {HAl), Mg, Mn, Na 2, ancr tuo2), and X may be 
As, P, and V. The water is of zeolitic character, ana the minerals are readily 
transformed reversibly into the respective lower hydrates of the meta-autunite 
group (which see). 

Autunite 

Heinrichite 

Kahlerit 

Novacekite 

Sabugalite 

Saleeite 

Sodium autunite 

Torbernite 

Troegerite 

Unnamed analogue of Troegerite 

Uranocircite 

Uranospinite 

Zeunerite 

Ca(U02)2{P04)2·10-12H20 

Ba(U02)2(As04)2·10-12H20 

Fe(U02)2(As04)2·10-12H20 

Mg{U02)2(As04)2·10-12H20 

HAl(U02)4(P04)4 ·16H20 

Mg(U0 2)2(P04)2·10H20 

Na 2(U02)2(P04)2·SH20 

Cu{U02)2(P04)2·10-12H20 

(U02){U02)2{As04)2·12H20 

Ba(U02}(P04)2·12H20 

Ba(U02){As04)2•SH 20 

Cu(U02}(As04)2·10-12H20 

These minerals are tetragonal, space group 14/mmm. Crystals are typically 
square tabular in form with yellow to green color. Optically the members have 
negative sign, mostly uniaxial, but often showing anomalous biaxial character. 
Most show moderate to weak birefringence with pleochroism in shades of yellow or 
green. All except those containing Fe or Cu fluoresce under ultraviolet light. 

Refractive index 

I I Biref NAME (-)2V G 
a or £ 8 or w y - -

1.55 1.567 1.572 .022 URANOSPINITE 62° 3.45 --
1.543 1.570 1.577 .034 NOV ACE KITE 40° 3.23 --
1.559 1.570 1.574 .015 SALEEITE 65° 3.27 
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Table 12. Alunite group (continued) 

Refractive index 

Biref NAME (-)2V G 
a or £ f3 or w y 

1.552 1.574 .022 Unnamed analogue oo 3.76 
of TROEGERITE 

1.559 1.574 .015 SALEEITE oo 3.27 

1.572 1.575 .003 AUTUNITE oo 3.2 

1.555 1.575 1.577 .022 AUTUNITE 53° 3.1-3.2 

1.548 1.578 .030 NOV ACE KITE oo 3.23 

1.559 1.578 .019 SODIUM AUTUNITE oo 3.58 

1.564 1.582 .018 SABUGALITE oo 3.20 

1.565 1.582 1.585 .020 SALEEITE 65° 3.27 

1.564 1.582 1.584 .020 SABUGALITE 35° 3.20 

1.574 1.583 1.588 • 014 URANOCIRCITE 60-70° ---
1.560 1.586 .026 URANOSPINITE oo 3.45 

e 
1.578 1.586 .008 AUTUNITE oo 3.2 

1.582 1.592 .010 TORBERNITE oo 3.22 

1.566 1.592 1.596 .030 URANOSPINITE 25-35° 3.45 

1.581 1.592 1.592 .011 TORBERNITE small 3.22 

1.574 1.605 .031 HEINRICHITE oo ---
1.585 1.613 .028 ZEUNERITE oo 3.4 

1.582 1.627 .045 TROEGERITE oo 3.3 

--- 1.632 1.634 --- KAHLERITE 9-33° ---
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Table 13. Barite group 

Members of this group are sulfates with the general formula XS04, in which X 
may be Ba, Sr, and Pb. They are orthorhombic, space group Pnma, with perfect 
cleavage on {001},. Optically they are biaxial positive, with X=_£, Y=E_, disper
sion r < v. 

Refract ·i ve index 
NAME 

Bi ref and (+)2V G 
a a y formula 

1.622 1.624 1.631 .009 CELESTITE 51° 3.96 --- SrS04 

1.636 1.637 1.648 .012 BARITE 37° 4.50 --- BaS04 

1.693 (1.697) 1.718 .025 BARITE ...., 50° ...., 5 
(Ba,Pb)S04 

1.877 1.883 1.894 .017 ANGLESITE 68-75° 6.38 
PbS04 

Table 14. Beudantite group 

. The minerals of this group have the general formula AB3(S04)(X04)(0H)6, in 
· which A may be Ba, Ca, Pb, and Sr; B may be Al and Fe+3; X may be P and As, with 
I the ratio S04:X04 varying somewhat from 1. The minerals of this group are closely 

related to the sulfates of the alunite group and the phosphates of the plumbo
gummite group. 

Beudantite 

Corkite 

Hidalgoite 

Hinsdalite 

Kemmlitzite 

Svanbergite 

Weilerite 

Woodhousite 

PbFe3(As04,S04)2(0H)6 

PbFe3(P04)(S04)(0H)6 

PbAl 3(As04)(S04)(0H)6 

PbAl3(P04)(S04)(0H)6 

(Sr,Ce)AlJ(As04)(S04,P04)(0H)6 

SrAl 3(P04)(S04)(0H)6 

BaA1 3(As04)(S04)(0H)6 

CaAl3(P04)(S04)(0H)6 
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Table 14. Beudantite group (continued) 

They are trigonal, pseudo-cubic, space group R3m. Distinct to perfect basal 
cleavage and low birefringence are characteristic,--wlth anomalous biaxial samples 
not uncommon. 

Refractive index 

Biref NAME 2V G 
a or e ! or~ y or e 

1.626 1.640 .014 SVANBERGITE ( + )00 2.98-3.22 

1.636 1.647 .011 WOODHOUSEITE (+)00 3.01 

1.639 1.646 .007 SVANBERGITE (+)00 2.98-3.22 

1.662 1.669 .007 WOODHOUSEITE (+)00 2.9-3.0 

1.67 1. 70 .03 HINSDALITE (+)00 3.65 --
1.671 1.689 .019 HINSDALITE ( +) 0-30° 3.65 

1.688 1.698 .010 WEILERITE ( +)00 ---
1.688 1.697 .009 HINSDALITE (+)00 3.65 

1.701 1.707 .006 KEMMLITZITE (+)00 3.63 

1.71 --- .005 -- HIDALGOITE (+)00 3.96 

1.730 1.735 .005 HIDALGOITE (+)00 3.95 

1.909 1.916 .007 BEUDANTITE (-)oo 4.0-4.3 

--- 1.93 wk CORKITE (- )oo 4.2-4.3 --
--- 1.93 --- wk CORKITE (-)med 4.20 

1.943 1.957 .014 BEUDANTITE (-) oo 4.0-4.3 

1.94 1.96 1.96 .02 BEUDANTITE (-)6-50° 4.1 

338 



Table 15. Calcite group 

The calcite group minerals have the general formula RC03, in which R may be 
Ca, Cd, Co, Fe+2, Mg, Mn, Ni, and Zn. Complete solid solution exists between Ca 
and Cd, Ca and Mn, Mn and Fe, and Mg and Fe, probably also between (Mg,Fe+2) and 
(Zn,Co}, although not many representatives are known. 

Calcite CaC03 

Gaspeite (Ni,Mg}C03 

Magnesite (Mg,Fe)C03 

Otavite (Cd,Ca}C03 

Rhodochrosite (Mn,Ca}C03 

Siderite (Fe,Mg}C03 

Smithsonite (Zn,Mg)C03 

Sphaerocobaltite CoC0 3 

These minerals are trigonal, space group R3c, with perfect rhombohedral cleav
age, hardness 3 to 5. Optically they are un1axial negative with very high bire
fringence (compare the related dolomite group). 

Refractive 
index Weight % 

Biref NAME G 
(-) 

w e: MnO FeO MgO Other 

1.658 1.486 .172 CALCITE 2.71 --- --- --- end member 

1.672 1.501 .171 CALCITE 2.82 4.2 2.1 1.3 

1.700 1.509 .191 MAGNESITE 2.96 --- --- 47.8 end member 

1.710 1.523 .189 CALCITE --- --- --- --- CdO 20.1 

1.711 1.519 .192 MAGNESITE 3.15 --- --- --- NiO 13.55 

1.713 1.519 .194 CALCITE 3.02 20.1 --- --- ZnO 0.4 

1.726 1.528 .198 MAGNESITE 3.10 --- 9.5 ---
1.731 (1.55) .18 RHODOCHROSITE 3.05 33.4 2.7 2.2 CaO 21.0 

1.753 1.560 .193 RHODOCHROSITE 3.3 44.3 0.8 2.3 CaO 13.4 
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Table 15. Calcite group (continued) 

Refractive 
index Weight % 

Biref NAME G 
(-) 

w E: MnO FeO MgO Other 

1.788 1.570 .218 MAGNESITE 3.43 --- (35.9) (20.1) Mg/Fe = 1 

1.803 1.584 • 219 RHODOCHROSITE 3.65 --- 3.8 0.6 CaO 1.3 

1.81 1.58 .23 GASPEITE 3.6 --- 4.3 14.8 NiO 36.8 

1.815 1.601 .214 SMITHSONITE --- --- --- 7.6 ZnO 53.2 
CaO 1.1 

1.816 1.592 .224 SIDERITE 3.59 5.9 --- 11.8 CaO 1.4 

1.816 1.597 .219 RHODOCHROSITE 3.70 61.7 --- --- end member 

1.830 1.605 .225 OTAVITE -4.8 --- --- --- CdO 67.8 

1.836 1(1.61) I .226 I RHODOCHROSITE I 3.76 129.8 I 13.9 I --- I {ZnO 14.9 
CaO 3.1 

1.840 1.615 .225 RHODOCHROSITE 3.72 35.4 26.1 ---
1.84 (1.62) .22 GASPEITE 3.7 --- 0.1 3.3 NiO 55.5 

1.849 1.615 .234 SIDERITE 3.81 9.5 47.9 3.2 

1.850 1.623 .227 SMITHSONITE 4.42 0.5 0.4 ---
1.855 1.60 .225 SPHAERO- 4.1 --- --- ---

COBALTITE 

1.860 1.625 .235 SIDERITE 3.92 14.7 36.4 0.3 ZnO 11.55 

1.875 1.633 .242 SIDERITE 3.89 --- 62.0 --- end member 
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Table 16. Cancrinite group 

The cancrinite group consists of hexagonal silicates of Ca, Na, and K, also 
containing carbonate (cancrinite), sulfate (vishnevite), or chloride. Davyne, 
microsommite, and afghanite are polytypes with nearly the same composition but 
with different unit cells. They are characterized by low to moderate birefrin
gence and perfect prismatic cleavage. 

Afghan·ite 

Cancrinite 

Davyne 

Franzinite 

Giuseppettite 

Liottite 

Microsommite 

Sacrofanite 

Vishnevite 

Refractive 
index 

Biref 

w e: 

1.491 1.507 (+).016 

1.499 1.493 (-).006 

1.505 1.486 (-).019 

1.510 1.512 (+).002 

1.515 1.496 (-).019 

1.518 1.521 (+).003 

1.521 1.529 ( +). 008 

1.523 1.529 (+).006 

1.528 1.533 ( +). 005 

(Na,Ca,K)8(Si ,Al )12o24 (Cl ,so4 ,co3)3·H20 

(Na,Ca) 7_8(Si 6Al 6)o24 (c03,so4)1_2·2H20 

(Na,Ca,K) 7_8(Si,Al) 12o24 (Cl ,S04,C03)2-3 

(Na,Ca) 7(Si ,Al )12o24 (so4,co3)3·H 20 

(Na,K,Ca)7-8(Si ,Al )12024(S04,Cl )1-2 

(Ca,Na,K)8(Si,Al) 12o24 (s04,co3,0H,Cl )4·H 20 

(Na,Ca,K)7-8(Si ,Al )12024(Cl ,S04,C03)2-3 

(Na,Ca,K) 9(Si ,Al) 12o24[(0H) 2,so4,co3,Cl 2] 3·xH20 

(Na,Ca,K) 6_7si 6Al 6o24 (s04,co3)1_2·H 20 

Weight % 
NAME 

so3 C02 Cl Na20 K20 

GIUSEPPETTITE --- --- --- --- ---
VISHNEVITE 4.7 2.2 0.4 20.8 1.0 

SACROFANITE --- --- --- --- ---
FRANZINITE 10.7 1.5 0.4 11.5 4.2 

CANCRINITE 1.4 7.0 0.4 18.7 0.6 

DAVYNE --- --- --- --- ---
MICROSOMMITE --- --- --- --- ---
AFGHANITE 8.5 0.4 4.6 12.6 2.7 

AFGHANITE 9.7 0.8 4.5 12.4 0.9 
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Table 16. Cancrinite group (continued) 

Refractive 
index Weight % 

Biref NAME 

(l) I e: so3 I C02 I Cl I Na 2o I K20 I CaO 

1.528 1.503 (-).025 CANCRINITE 0.2 6.2 0.1 9.8 1.2 11.7 

1.530 1.528 (-).002 LIOTTITE 8.7 2.1 2.6 8.0 5.0 16.7 

Table 17. Chalcanthite group 

The minerals of this group !re hydrous sulfates of the general formula AS04• 
5H20, in which A may be Cu, Fe+ , Mg, Mn, and Zn. They are triclinic, optically 
biaxial negative, with moderate 2V, r < v. Hardness and specific gravity are low. 
All are soluble in water and on heating lose water but do not fuse. 

Refractive index 

Biref NAME and formula (-)2V Color Remarks 
a ! y 

1.482 1.492 1.493 .011 PENTAHYDRITE 45° Cols 
MgS04·5H20 

1.498 1.510 1.517 • 019 JOKOKUITE 70-80° Pale 
MnS04·5H20 pink 

1.495 1.512 1.518 .023 PENTAHYDRITE 55° Blue CuO 9.0, 
(Mg,Cu,Zn)S04·5H20 ZnO 5.6, 

FeO 
1.4%. 

1.513 (1.526) 1.534 .021 SIDEROTIL 60° Pale 
(Fe,Cu)S04•5H20 green 

to 
blue 

1.501 1.537 1.539 .038 CHALCANTHITE 56° Dark 
CuSO ·5H 0 4 2 blue 
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Table 18. Copiapite group 

Minerals of this group are sulfates having the general formula AFe!3(so4)6• 
20H20 or BFe43(so4)60(0H)•20H2o, in which A may be Ca, Cu, Fe+2, Mg, and Zn; B may 
be Al and Fe+3. All are triclinic with perfect {010} cleavage, low hardness 
and density. They are optically biaxial positive with moderate 2V, r > v strong, 
X near b, and pleochroic in yellows or greens. Optical data are not available for 
calcio-copiapite. All are dissolved by acids. 

Refractive index 

I I 
Biref NAME and formula (+)2V Pleochroism 

a s y 

1.507 1.529 1.573 .067 MAGNESIOCOPIAPITE 73° X yellow-green, 
MgFe!3(S04)6(0H) 2• Y yellow, Z 
20H2 yellow to 

yellow-green. 

1.520 1.535 1.578 .058 COPIAPITE 70° X, Y pa 1 e 
Fe+2Fet3(S04)6(0H) 2• yellow, Z 
20H20 yellow. 

1.525 1.540 1.590 .065 ALUMINOCOPIAPITE med Yellows. 
AlFe83(S04)60(0H)· 
20H2 

1.525 1.545 1.595 • 070 MAGNESIOCOPIAPITE 66° X, Y very pale 
(Mg,Fe+2)Fe43(so4)6 yellow, Z deep 
(OH)2·20H20 yellow. 

1.530 1.550 1.592 .062 FERRICOPIAPITE 69° Yellows. 
Fe+3Fe43(S04)60(0H)· 
20H20 

1.534 1.554 1.586 .052 ZINCOCOPIAPITE {78_:!:5°) Strong in 
ZnFe83(S04)6(0H) 2• shades of 
20H2 yellow. 

1.558 1.575 1.620 .062 CUPROCOPIAPITE 63° Greens, abs 
CuFe+3(so ) (OH) • 
20H2~ 4 6 2 X and Z > Y. 
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Table 19. Crandallite (Plumbogummite) group 

The minerals of this group have the general formula AB 3(xo4)2(0H) 5·H20 or 
AB~(X04)2(0H)6, in which A may be Ba, Ca, Ce, Nd, Pb, Sr, and Th; B may be Al and 
Fe 3; X may be P and As. Minerals of this group are closely related to those of 
the alunite and beudantite groups. 

Arsenocrandallite (Ca,Sr)Al 3[(As,P)04J2(0H) 5·H20 

Crandallite CaA1 3(P04)2(0H) 5·H20 

Dussertite BaFe33(As04)2(0H) 5·H20 

Eylettersite (Th,Pb)AlJ(P04)2(0H)6 

Florencite CeA1 3(P04)2(0H)6 

Gorceixite (Ba,Ca,Ce)Al 3(P04)2(0H) 5·H20 

Goyazite SrA1 3(P04)2(0H) 5·H 20 

Lusungite (Sr,Pb)Fe~3(P04 ) 2 (0H) 5 ·H 20 (?) 

Philipsbornite PbA1 3(As04)2(0H) 5·H20 

Plumbogummite PbA1 3(P04)2(0H) 5·H20 

Unnamed PbFe33(As04)2(0H) 5·H20 

Za i rite Bi(Fe+3,Al) 3(P04)2(0H) 6 

These minerals are trigonal, pseudocubic, space group R3m or ~3m. Distinct 
to perfect basal cleavage and low birefringence (except forlusung1te) are char
acteristic. An unnamed triclinic (?) dimorph of crandallite with a=1.607 (see 
table 7) is also included in this group. Optical data on waylandite have not been 
recorded, other than that it is uniaxial negative. 

Refractive 
index 

Biref NAME H t Remarks 

w £ 

1.610 1.620 (+).010 GORCEIXITE 6 3.1-3.3 

1.613 1.622 (+).009 CRANDALLITE 5 2.8 
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Table 19. Crandallite (Plumbogummite) group (continued) 

Refractive 
index 

Biref NAME H G Remarks 

w I e: 

1.620 1.630 (+).010 GOYAZITE 4.5-5 3.15-3.26 Anom biax. Pleoc 
0 red-brown, E 
yellow. 

1.623 1.634 (+).011 CRANDALLITE 5 2.8 

1.625 --- low ARSENO- 5.5 3.25 
CRANDALLITE 

1.625 --- (+)low GORCEIXITE 6 3.09-3.32 

1.635 --- (-)low EYLETTERSITE --- 3.4 Fluor wk greenish 
yellow in UV. 

1.640 1.651 (+).011 GOYAZITE 4.5-5 3.15 Anom biax, 2V 0-
20°. 

1.653 1.675 {+).022 PLUMBOGUMMITE 4-5 4.0 

1.653 1.661 {+).008 FLORENCITE 5 3.46 

1.678 1.684 (+).006 FLORENCITE 5-6 3.46 

1.680 1.698 (+).018 PLUMBOGUMMITE 4.5 4. 0-4.9 

1.695 1. 705 (+).010 FLORENCITE 6 3.69 

1.713 1.719 {+).006 FLORENCITE 6 3.4-3.6 

1.77 --- {+).03- LUSUNGITE --- ---
.04 

1.790 --- Isotropic PHILIPSBORNITE 4.5 4.33 

1.82- --- --- ZAIRITE --- 4. 37 
1.83 
1.855 --- ( +). 03- LUSUNGITE --- ---

.04 

1.870 1.845 (-).025 DUSSERTITE 3.5 3.75 

1.99 --- (-)mod Unnamed --- --- Anom biax, 2V 0-
50°. 
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Table 20. Dolomite group 

The minerals of this group have the general formula AB{C03)2, in which A may 
be Ca and Ba, and B may be Mg, Fe+2, Mn+2, and Zn. Dolomite, Ankerite, and 
Kutnohorite probably form a complete series of solid solutions. 

Ankerite CaFe{C03)2 

Dolomite CaMg{C03)2 

Kutnohorite CaMn{C0 3)2 

Minrecordite CaZn { C03) 2 

Norsethite BaMg{C03)2 

The minerals are trigonal, space group R3. All are optically uniaxial nega
tive and, like the members of the calcite group, are characterized by very high 
birefringence and perfect rhombohedral cleavage. All are infusible and difficulty 
soluble in dilute acids {compare the related calcite group). 

Refractive 
index Weight % 

Biref NAME G 

w € FeO MnO Others 

1.680 1.501 .179 DOLOMITE 2.865 0.5 ---
1.694 1.510 .184 DOLOMITE 2.92 8.4 1.1 SrO 0.4 

1.694 1.519 .175 NORSETHITE 3.74- --- ---
3.84 

1.700 1.521 .179 DOLOMITE 2.95 2.2 --- ZnO 8.3, 
PbO 1.1 

1.710 1.519 .191 KUTNOHORITE 3.00 1.3 17.6 MgO 10.0 

1.711 1.520 .191 DOLOMITE 3.01 12.6 1.2 

1.712 1.512 .200 NORSETHITE 3.88 3.6 0.8 

1.734 1.542 .192 MINRECORDITE 3.32 

1.740 1.547 .193 KUTNOHORITE 3.14 0.8 31.8 ZnO 1.4, 
MgO 0.5 

1.741 1.536 .205 ANKERITE 3.12 24.0 1.6 

1.750 1.550 .200 MINRECORDITE 3.45 
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Table 21. Epidote group 

The minerals of the epidote group are silicates having Al05- and Al04(0H)2-
chains linked by independent Si04- and Si207-groups. ~he general formula is 
A2B3(Si207)(Si04)0(0H) or A2B3(Si3012)(0H), in which A may be Ca, Ce, La, Y, Pb, 
and Sr, and B may be Al, Fe+3, and V. 

Allanite 

Clinozoisite 

Epidote 

Hancockite 

Mukhinite 

Piemontite 

Zoisite 

(Ca ,Ce,La, Y) 2(Al ,Fe+3,Fe+2)3Si3012(0H) 

Ca2Al3(Si3012)(0H) 

Ca2(Al ,Fe)3(Si3012)(0H) 

(Pb,Ca,Sr)2(Al ,Fe)3(Si3012)(0H) 

Ca 2(Al ,V) 3(Si3012){0H) 

Ca 2(Al ,Mn+3,Fe+3) 3(si 3o12 )(0H) 

Ca2Al3(Si3012)(0H) 

All are monoclinic, except orthorhombic zoisite, and all have perfect 
{001} cleavage, except allanite and zoisite. They are optically biaxial with 
moderate to large optic angle, most with strong dispersion and X = or- c, Y=b. 
Refractive indices and birefringence increase with increase in iron or manganese 
content. Pleochroism is marked in piemontite, mukhinite, and in the higher-iron 
epidotes. 

Many allanites are isotropic metamict because of the presence of U and Th. 
In this state, refractive index and density are highly variable: n 1.61 to 1.75; 
G 2.96 to 3.74. Data for such metamict varieties are not listed here but are 
included in the table for isotropic minerals (table 3). 

Refractive index 
Orienta-

Biref NAME 2V tion Remarks 
a a y 

1.691 1.692 1. 700 .009 ZOISITE (+)54° X = c Abn interf -
r > v colors. Pleoc 
str u wk, X violet, 

Y deep blue, Z 
yellow-green. 

1. 700 1.703 1. 708 .008 ZOISITE (+)71° X = c Abn interf -
r < v or colors. Fe203 
r > v 3.1, FeO 1. 3, 

MnO 0.3%. 

1.700 1.703 1.706 .006 CLINO- - goo X - c Abn interf -
ZOISITE r < v colors. Fe203 

str 3.2, FeO 0.6%. 
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Table 21. Epidote group (continued) 

Refractive index 
Orienta-

Biref NAME 2V tion Remarks 
a a y 

1.704 1. 708 1.714 .006 ALLANITE (+)70- X:c = U neg. Slowly 
80° 5-40° gel in HCl. 
r > v 

1.706 1.711 1.714 .008 ALLANITE (-)61° Slowly gel in 
HCl. Fe2o3 

I I I I 
4.9, FeO 9.1, 
Th02 1.7%. 

1.715 1.717 I 1.721 I .006 I CLINO- 1- go• X .... c Abn interf -ZOISITE r < v colors. Fe203 
str 3.0, FeO 0.8%. 

1.713 1.720 1. 727 .014 EPIDOTE (-)89° I Fe203 6.6, FeO 
r > v 0.4%. 
str 

1.723 1.733 1.755 .032 MUKHINITE (+)88° Z:a = 32° I Pleoc str, X 
(69_:!:8°) - I 

I 

1.721 1.736 1.740 .019 EPIDOTE (-)78° X .... c Fe2o3 9.5, FeO -(54+14°) 0.8%. 
r >-v 
str 

1.721 1.738 1.742 .021 ALLANITE (-)Large Gel with acids. 
(51_:!:13°) Fe203 17.0, MnO 
r > v 0.6, Th02 0.9%. 
str 

1. 738 1.744 1.753 .015 ALLANITE ( +) 70- X .... c = Pleoc in brown 
80° 5-40° and red. 
r > v 

1.732 1.750 1.778 .046 PIEMONTITE (+)Large X:c = -5° Pleoc str, X 
buff, Y deep 
lavender, Z 
pink. Fe203 
3.8, Mn203 
11.8%. 
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Table 21. Epidote group (continued) 

Refractive index 
Orienta-

Bi ref NAME 2V tion Remarks 
a a y 

1.733 1.750 1.762 .029 PIEMONTITE (-)78° Pl eoc, X 
r > v ye 11 OW, Y pale 
str amethyst, Z 

deep purplish 
red. Fe2o3 
11.3, Mn203 
1.0%. 

1.729 1.754 1.776 .047 EPIDOTE (-) 7 3° X:c = 8° Pl eoc, X pa 1 e 
(85°+5°) - ye 11 ow, Y pa 1 e 
r > v greenish 
str ye 11 ow, Z 

greenish 
yellow. Fe203 
14.0, FeO 1.2%. 

1.740 1.755 1.760 .020 ALLANITE (-)Large Gel with acids. 
r > v Fe2o3 3.2, FeO 
str 10.7, MnO 1.9, 

Ti02 1.7, Th02 
0.9%. 

1.763 1.768 1.788 .025 ALLANITE (+)57° X:c = Slowly gel with 
I I I I I r > v 5-40° HCl. Fe203 

I I 
3.8, FeO 10.4%. 

1.740 1.768 1.787 I .047 I EPIDOTE (-)74° X:c = 13° Fe2o3 17.9, FeO -
r > v 0.4, MnO 0.5%. 
str 

1.754 1.772 1.795 .041 PIEMONTITE (+)85° X:c = -60 Pleoc str, X -r < v ye 11 OW, Y 
violet, Z red. 

1.746 1.776 1.793 .047 PIEMONTITE (-)87° Pl eoc, X 
r > v ye 11 ow, Y pink, 
str Z deep pink. 

Fe2o3 11.9, 
Mn203 6.8%. 

1.751 1.784 1.797 .046 EPIDOTE (-)64° Fe 2o3 17.2, FeO 
r > v 0.5%. 
str 
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Table 21. Epidote group (continued) 

Refractive index 
Orienta-

Biref NAME 2V tion Remarks 
a a y 

1.769 1.784 1.791 .022 ALLANITE (-)60° Slowly gel with 
r > v HCl. 
str 

1.756 1.788 1.829 • 073 PIEMONTITE (+)86° X:c = _go Pl eoc str, X -r < v yellow, Y via-
let, Z red. 

1.788 1.825 1.830 .042 HANCOCKITE 38° y = b Abs Z > X. -r > v 

Table 22. Feldspar group 

Minerals of the feldspar group are framework silicates of the general formula 
XAlSi308 or Y(Z,Si)Si208, in which X may be K and Na, less -commonly NH4; Y may be 
Ca, less commonly Ba and Sr; Z may be Al, less commonly B and Fe+3. Two subgroups 
of wide occurrence and importance in the classification of igneous rocks are the 
alkali feldspars and the plagioclases. The barium, strontium, boron, and NH 4 feld
spars occur only infrequently or rarely. 

Alkali feldspars 

Microcline 

Orthoclase 

Anorthoclase 

Sanidine-High Albite 

Plagioclase 

Albite 

Oligoclase 

Andesine 

Labradorite 
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( K,Na )A 1 Si 308 

(Na,Ca)Al(Al,Si)Si208 

An 0-10 

An 10-30 

An 30-50 

An 50-70 



Table 22. Feldspar group (continued) 

Bytownite 

Anorthite 

Barium feldspars 

Banal site 

Celsian 

Hyalophane 

Buddingtonite 

Reedmergnerite 

Slawsonite 

An 70-90 

An 90-100 

B a Na 2 A 1 4 S i 4 0 16 

(Ba ,K)Al (Al ,Si )Si 208 

( K,Ba )Al (Al ,Si )Si 208 

(NH 4)A1Si308 

NaBSi 3o8 

( Sr ,Ca )Al2Si 208 

Minerals of the feldspar group may also be divided on the basis of thermal 
history. Alkali feldspars that have been rapidly quenched from magmatic tempera
tures form the sanidine-high albite series. Those that have cooled slowly 
(annealed) under plutonic conditions or have formed at low temperatures include 
microcline and orthoclase. Anorthoclases may be an intermediate type. Similarly, 
the plagioclase series may be divided into quenched types (labeled "volcanic" in 
tables 6 and 7), annealed types ("plutonic"), and intermediate types. If the aim 
is to infer thermal history, advantage may be taken of the differences in lattice 
structure seen in optical orientation or in X-ray. If, on the other hand, the aim 
is only to infer anorthite content, a convenient approach is to determine the 
a-refractive index on cleavage flakes (Tsuboi, 1923; Morse, 1968). Useful minera
logical and petrographic discussions of the feldspars are given by Deer, Howie, and 
Zussman (1963, v. 4), Tr6ger (1967, pt. 2), and Smith (1974). 

The feldspars are monoclinic or triclinic. The space groups are microcline and 
anorthoclase, Cl; orthoclase and sanidine-high albite, C2/m; low albite, C1; anor
thite, Pl; an~celsian, I2/c. They have good to perfect {010} and {OOTT cleav
ages, and hardness 5.5 to~ Simple twins are common, with polysynthetic twinning 
especially prominent in the plutonic feldspars, less so in the volcanic plagio
clases. Except for those high in barium and calcium, the feldspars are essentially 
unaffected by HCl. All are dissolved by HF. 
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Table 22. Feldspar group (continued) 

Refractive index X • :a on -
Biref NAME and 2V Poly System 

a a y composition {001} {010} tw 

1.519 1.522 1.524 .005 ANORTHOCLASE (-)51° zo go fine TCL 
Or 21, Ab 73, r > v grating 
An 6 (?) wk 

1.519 1.523 1.525 • 006 MICROCLINE (-)76° 10-15° 7.5° coarse TCL 
Or 85, Ab 14, grating 
An 1 

1.519 1.524 1.525 .006 ORTHOCLASE (-)46° oo 60 --- MCL 
Or 84, Ab 14, I 

An 2 I 
1.520 1.525 1.525 .005 SANIDINE I (-)24° I oo 5-8° --- MCL 

Or 78, Ab 22 I 
I 

1.523 1.529 1.530 .007 SANIDINE (-)33° oo --- --- MCL 
Or 41, Ab 58, 
An 1 

I 
1.530 1.531 1.534 .004 BUDDINGTONITE (+) I oo 40 MCL ---

(NH4)A1Si 308 

1.525 1.531 1.532 • 007 ANORTHOCLASE (-)47° --- --- fine TCL 
Or 22, Ab 76, grating 
An 2 

1.528 1.532 1.539 .011 ALBITE, (+)74° I 30 20° {010} TCL 
plutonic r < v I 

I 
plagioclase, wk I 
An 0 

1.527 1.534 1.535 .008 ALBITE, (-)50° 30 23° less TCL 
volcanic common 
plagioclase, 
An 0 

1.536 1.539 1.541 .005 ANORTHOCLASE (-)62° --- 30 fine TCL 
Or 19, Ab 63, grating 
An 18 

1.536 1.541 1.546 .010 OLIGOCLASE, ,.,. goo 10 70 {010} TCL 
plutonic 
plagioclase, 
An 18 
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Table 22. Feldspar group (continued) 

Refractive index X • :a on 

Biref NAME and 2V Poly System 
a B y composition {001} {010} tw 

1.538 1.543 1.546 .008 OLIGOCLASE, {-)65° 30 40 less TCL 
volcanic common 
plagioclase, 
An 20 

1.542 1.544 1.546 .004 HYALOPHANE l{-)750 oo -18° --- MCL 
Cn 37 

1.541 1.546 1.550 .oog OLIGOCLASE, (-)78° 10 20 {010} TCL 
plutonic 
plagioclase, 
An 25 

1.546 1.550 1.554 • 008 ANDESINE, ,.... goo oo -so {010} TCL 
plutonic 
plagioclase, 
An 33 

1.54g 1.552 1.556 .00 ANDESINE, - goo 20 -40 less TCL 
volcanic common 
plagioclase, 
An 36 

1.555 1.558 1.562 .007 LABRADORITE, (+)78° -60 -17° { 010} TCL 
plutonic 
plagioclase, 
An 50 

1.558 1.562 1.566 .008 LABRADORITE, (+)76° -15° -26° less TCL 
volcanic common 
plagioclase, 
An 58 

1.570 1.571 1.578 .008 BANAL SITE 41° ORTH 

1.554 1.565 1.573 .o1g REEDMERGNERITE (-)80° --- --- --- TCL 

1.564 1.568 1.572 .008 CELSIAN, (-)80° 10-13° 2-3° untw MCL 
v a r Ka so i te , 
Cn 35 
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Table 22. Feldspar group (continued) 

Refractive index X • :a on -
Biref NAME and 2V Poly System 

a e y composition {001} {010} tw 

1.563 1.568 1.573 .010 BYTOWNITE, ...., goo -16° -29° { 010}, TCL 
plutonic peri-
plagioclase, cline 
An 70 

1.565 1.569 1.574 .009 BYTOWNITE, ...., goo -23° -33° 1 ess TCL 
volcanic common 
plagioclase, 
An 75 

1.571 1.577 1.583 .012 BYTOWNITE, (-)79° -30° -37° { 010} , TCL 
plutonic peri-
plagioclase, cline 
An 88 

I 

1.572 1.577 1.583 .011 BYTOWNITE, (-)81° -34° -36° less TCL 
volcanic common 
plagioclase, l An 90 I 

I 

1.573 1.581 1.585 • 012 SLAWSONITE (+)82° z = b --- MCL 
(Sr,Ca)Al 2 r < v X:c-; 11° -
Si208 

1.580 1.583 1.586 .006 CELSIAN, (-)74° Z:c on untw MCL 
Cn 85 {lOO} = 33° 

1.575 1.584 1.589 .014 ANORTHITE, (-)77° -40° -39° 
I 

{ 010}, TCL 
plagioclase, peri-
An 100 cline 

1.583 1.589 1.593 .010 CELSIAN, (-)88° Z:c on untw MCL 
Cn 94 { 100} = 26° 

1.593 1.599 1.608 .015 CELSIAN, (+)85° y = b --- MCL -Cn 94 
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Table 23. Garnet group 

The minerals of this group are orthosilicates having the general formula 
x3v2(Si04)3, in which X may be Fe+2, Mn+2, and Mg; Y may be Al, Fe+3, Cr, less 
commonly V, Ti, Mn+3, and Zr. Substitution is common among the end members listed 
below, with complete solid solution between some. 

Almandine (A 1) Fe~2Al 2 (Si04 ) 3 
Andradite (An) Ca 3Fe23(Si04) 3 

Melanite ca 3(Fe+3,Ti) 2(Si04)3 

Schorlomite Ca 3(Fe+3,Ti) 2[(Si ,Ti)04]j 

Calderite ( Ca) Mn 3 Fe~3(Si0 4 ) 3 
Goldmanite (Go) Ca3V2(Si04)3 

Grossular ( Gr) Ca 3Al2(Si04)3 

Henritermierite ca 3(Mn+3,Al) 2(Si04)2(0H) 4 

Hydrogrossular Ca3Al2(Si04)3-x(OH)4x 

Kimzeyi te Ca 3(Zr,Ti)2Al2Si012 

Knorringite ( Kn) Mg 3cr2(Si04)3 

Pyrope ( Py) Mg3Al2(Si04)3 

Spessartine (Sp) Mn 3A 1 2 ( S i 0 4) 3 

Uvarovite ( Uv) Ca 3cr2( Si 04) 3 

The garnets are cubic, space group Ia3d, except for henritermierite, which is 
tetragonal. Their fracture is subconcho"TCiaT, hardness 6 to 7 .5, specific gravity 
3.35 to 4.32; and, except for hydrogrossular and henritermierite, they are nearly 
insoluble in HCl and only slowly attacked by cold HF. 

Optically garnets have very high refractive index and are usually isotropic, 
but some, especially the andradites, grossulars, and uvarovites, may show low bi
refringence with complex grating twinning. Because of the many possible substitu
tions in the solid solution series, refractive index alone is not a sufficient 
basis on which to infer chemical composition but is helpful together with density 
and the length of~ of the unit cell. The overlaps in the following tabulation 
dictate caution in deducing composition from physical properties. If a garnet is 
known to be in the series Gr-An, however, the composition may be inferred from 
refractive index, specific gravity, or the length of the cell edge. In the Al-Sp
Py series, refractive index and Mn-content will usually give an approximate deter
mination of the composition. 

Relations between composition and physical properties were discussed by Ford 
(1915), Fleischer (1937), and Winchell (1958), and properties of synthesized 
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Table 23. Garnet group (continued) 

garnets are described by Skinner (1956), whose data are included in the tabulation 
be 1 ow. Graphs showing these re 1 at ions are given by Sri ramadas ( 195 7). Types of 
occurrence are discussed by Wright (1938), and Deer, Howie, and Zussman (1962, v. 
1, p. 77-112). 

Composition 
Refractive Cell 

index NAME G edge Remarks 
~o (A) Al An Gr Py Sp 

1.670 HYDROGROSSULAR --- --- --- --- --- --- --- H20 9.3%. 

I I 1.702 HYDROGROSSULAR 3.35 --- --- --- --- --- --- H20 4.6%. 

1.714 PYROPE 3.582 11.459 --- --- --- 100 --- Synth. 

1.734 GROSSULAR 3.594 11.851 --- --- 100 --- --- Synth. 

1. 737 GROSSULAR --- --- 27 --- 53 20 ---
1.741 PYROPE- 3.72 --- 20 2 11 66 0.6 

ALMANDINE 

1.752 GROSSULAR- 3.57 --- --- 13 85 1 ---
ANDRADITE 

1.766 PYROPE- 3.88 11.580 41 6 8 43 1.5 
ALMANDINE 

1.773 GROSSULAR- 3.80 --- 11 7 56 --- 25 
SPESSARTINE 

1.782 ALMANDINE- 4.02 --- 55 --- 14 27 3 
PYROPE 

1.796 GROSSULAR- 3.68 --- --- 8 52 1 --- Uv 39. 
UVAROVITE 

1.797 ALMANDINE 4.10 --- 60 --- 7 18 15 

1.800 SPESSARTINE 4.190 11.621 --- --- --- --- 100 Synth. 

1.801 GROSSULAR- 3.71 11.94 4 42 52 --- 2 
ANDRADITE 

1.803 KNORRINGITE 3.85 --- 14 3 19 10 1 Kn 53. 

1.805 SPESSARTINE 4.20 --- 17 --- --- 2 80 

1.808 ALMANDINE 4.15 --- 74 --- 11 11 5 
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Table 23. Garnet group (continued) 

Composition 
Refractive Cell 

index NAME G edge Remarks 
~o (A) Al An Gr Py Sp 

1.814 SPESSARTINE- 4.23 --- 45 --- 1 1 53 
ALMANDINE 

1.818 ALMANDINE- 4.25 --- 74 --- 1 5 20 
SPESSARTINE 

1.821 GOLDMANITE 3.74 12.011 --- 17 20 3 --- Go 60. 

1.825 UVAROVITE- 3.81 --- --- 1 26 1 --- Uv 72. 
GROSSULAR 

1.827 ANDRADITE- 3.77 --- 57 5 32 3 3 
GROSSULAR 

1.830 ALMANDINE 4.318 11.526 100 --- --- --- --- Synth. 

1.834 GOLDMANITE 3.765 --- --- --- --- --- --- Go 100, 
synth. 

1.855 UVAROVITE 3.77 --- 1 --- 6 2 --- Uv 91. 

1.855 GOLDMANITE 3.91 11.974 --- --- --- --- --- V203 
24.9%. 

1.863 ANDRADITE 3.72 11.996 5 79 12 --- 4 

1.875 CALDERITE- 4.05 --- --- --- --- --- ---
GROSSULAR 

1.887 ANDRADITE 3.859 12.048 --- 100 --- --- --- Synth. 

1.890 CALDERITE- 4. 07 --- --- --- --- --- ---
ANDRADITE 

1.893 ANDRADITE- 3.98 --- 1 71 --- --- 28 
SPESSARTINE 

1.94 MELANITE 3.79 --- --- --- --- --- --- Ti02 
9.4%. 

1.94 KIMZEYITE 3.94 12.46 --- --- --- --- --- Ti02 5.6, 
Zr02 
29.9%. 

1.98 SCHORLOMITE 3.85 --- --- --- --- --- --- Ti02 
16.9%. 
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Table 24. Humite group 

Minerals of this group are morphotrophic orthosilicates with the general 
formula nXSio4.v(OH,F) 2 in which n may be 1, 2, 3, or 4; X may be Mg, Fe, and Mn; Y 
may be Mg and Mn. The site of the Ti, present in some clinohumites, has not been 
clearly established. 

Alleghanyite 

Chondrodite 

Clinohumite 

Humite 

Leucophoenicite 

Manganhumite 

Norbergite 

Sonolite 

2Mn 2Si04·Mn(OH) 2 

2(Mg,Fe) 2Si04•Mg(OH,F) 2 

4(Mg,Fe) 2Si04·Mg(OH,F) 2 

3(Mg,Fe) 2Si04·Mg(OH,F) 2 

3Mn 2Si04·Mn(OH) 2 

3Mn 2Si04•Mn(OH) 2 

(Mg,Fe) 2Si04·Mg(OH,F) 2 

4Mn 2Si04·Mn(OH,F) 2 

The orthorhombic members have space group Pbnm; the monoclinic members, P2~, 
commonly with polysynthetic twinning on {001r:-- Cleavage of the orthorhOmDTc 
members is perfect {001}; that of the monoclinic members is poor or lacking. 
Hardness is 5 to 6; specific gravity, 3.2 to 4.0. All gelatinize in HCl. 

Optically the members of this group are biaxial with moderately strong bire
fringence and Z parallel to the b crystallographic axis. The Mg-Fe members are 
optically positive, colorless to yellow; the Mn members (except Manganhumite) are 
optically negative, pink to reddish brown. 

358 



~ 
01 
~ 

Table 24. Humite group (continued) 

Refractive index 

I I Biref NAME 
a ! y 

1.548 1.552 1.570 .022 NORBERGITE 

1.565 1.570 1.591 .026 NORBERGITE 

1.593 1.603 1.623 .030 CHONDRODITE 

1.598 1.606 1.630 .032 HUMITE 

1.607 1.617 1.639 .032 CHONDRODITE 

1.608 1.618 1.636 .028 CLINOHUMITE 

1.607 1.623 1.643 .036 HUMITE 

1.619 1.632 1.653 .034 CHONDRODITE 

I I I I 

2V System Orientation Remarks 

(+)33° ORTH X = a Synth Mg-F compd. 
( 51_:!:_13°) 

(+)49° ORTH X = a -
(+)71° MCL X :c = 27° Poly tw {001}. -r > v wk Pleoc, X yellow, Y and Z 

nearly cols. FeO 2.8, 
F 7.9%. 

(+)59° ORTH X = a Synth Mg-F compd. -r > v wk 

(+)80° MCL X:c = 28° Poly tw {001}. 
(69+8°) - Pleoc, X yellow, Y and Z 
r >-v wk pale yellow. FeO 5.0, 

Fe2o3 0.8%. 

(+)59° MCL X:c = 9° Synth Mg-F compd. 
(79+8°) -
r <-v 

(+)81° ORTH X = a Pleoc, X and Z pale -r > v wk yellow, Y nearly cols. 
FeO 5.4, Fe2o3 0.5, 
F 5.4%. 

(+)80° MCL X:c = 27° Pleoc, X yellow, Y and Z 

I r > v wk I - I pale yellow. FeO 10.5, 
MnO 1.2, F 5.4%. 



Table 24. Humite group (continued) 

Refractive index 

Biref NAME 2V System Orientation Remarks 
a ! y 

1.628 1.638 1.655 .027 HUMITE (+)76° ORTH X = a Pleoc, X and Z pale -r > v wk yellow, Y nearly cols. 
FeO 7.9, Fe203 1.0, MnO 
1. 7, F 5. 0~. 

1.632 1.643 1.664 .032 CLINOHUMITE (+)74° MCL X - c FeO 6.6, MnO 1.7, F 
r < v 3.2%. 

1.643 1.653 1.675 .032 HUMITE (+)68° ORTH X = a Pleoc, X and Z golden 
r > v wk yellow, Y pale yellow. 

~ 
FeO 7.8, MnO 0.7, Fe203 
2.7%. 

1.668 1.679 1.700 .032 CLINOHUMITE (+)Med MCL X - c FeO 9.9, MnO 0.3, Fe203 -r < v 1.0, F 1.8%. 

1.67 1.680 1.703 .033 ALLEGHANYITE (-)66-86° MCL X:a = - 30° 
r > v 

1.707 1.712 1.732 .025 MANGANHUMITE (+)37° ORTH X = a MnO 57.1, MgO 14.2, FeO 
r > v - 1.0%. 

1.707 1.714 1. 734 .027 CLINOHUMITE (+)56° MCL X- c FeO 10.2, Fe 203 1.2, -
r < v Ti02 5.1, F 0.1%. 

1.695 1.716 1.725 .030 SONOLITE (-)Large MCL --- Tw {001} common 
zincian var. 

1.751 1.771 1.782 .031 LEUCOPHOENICITE (-)74° MCL, X 1 clv Poly tw on {001}. 
r > v wk ps orth 
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Table 24. Humite group (continued) 

Refractive index 

Biref NAME 
a B y 

1.761) 1.772 1.781 .020 MANGANHUMITE 

1.763 1.779 1.793 .030 SONOLITE 

1.756 1.780 1.792 .036 ALLEGHANYITE 

2V System Orientation Remarks 

(+)84° ORTH X = a - MnO - 69, Fe - 1.0, MgO 
...., 0.8%. 

(-)78° MCL, X: C = go Tw {001} common. 
r > v pris 

(-)72° MCL Ext to tw Poly tw on {001} 
r > v plane = 22° common. 

- --~--- -- - -



Table 25. Melilite group 

This group consists of silicates with the general formula A2YZ2(0,0H,F)7, in 
which A may be Ca and Na; Y may be Mg, Al, Fe, Be, and Zn; and Z may be Si and Al. 
The mineral melilite is commonly formulated in terms of its end members akermanite 
(Ak) and gehlenite (Ge), neglecting the presence of Na. 

Akermanite 

Gehlenite 

Hardyston it£ 

Melilite 

Meliphanite 

(Ak) 

( Ge) 

Ca2MgSi207 

Ca2Al (SiAl )07 

Ca2ZnSi207 

(Ca,Na)(Mg,Al ,Fe)(Si ,Al )207 

(Ca,Na)Be(Si,Al)2(0,0H,F)7 

These minerals are tetragonal, space group P42~, with distinct basal cleav
age and hardness 5 to 6. They are optically uniaxial and, except for meliphanite, 
have low birefringence, ranging from optically positive for akermanite to negative 
for gehlenite. 

A related mineral, leucophanite, (Ca,Na)2BeSi2(0,0H,F)7, is triclinic, pseudo
orthorhombic. It is biaxial negative with ~=1.593 (table 7). 

Refractive 
index 

Biref NAME G Remarks 

w € 

1.611 1.592 (-).019 MELIPHANITE 3.01 

1.629 1.624 (-).005 MEL I LITE 2.98 Al203 6.9, Fe203 1.2, FeO 
2.1, MgO 8.2, Na20 3.2%. 

1.630 1.637 (+).007 MEL I LITE 2.96- Al203 6.9, Fe203 1.9, FeO 
3.05 3.1, MgO 8.2, Na20 3.2%. 

1.632 1.639 (+).007 AKERMANITE 2.961 Synth, Ak 100. 

1.648 1.649 (+).001 MELILITE 2.9- Synth, Ak 60, Ge 40. 
3.1 

1.65 1.65 .00 MEL I LITE 3.0 Ak 50, Ge 50. 

1.653 1.652 (-).001 MELILITE 3.0 Synth, Ak 50, Ge 50. 

1.664 1.672 (+).019 MELIPHANITE 3.03 
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Table 25. Melilite group (continued) 

Refractive 
index 

Bi ref NAME G Remarks 

w e: 

1.669 1.657 (-).012 HARDYSTONITE 3.4 

1.669 1.658 (-).011 GEHLENITE 3.04 

1.672 1.661 (-).011 MEL I LITE 3.1 Al 2o3 8.4, Fe203 8.4, FeO 
1.1, MgO 4.7, Na20 3.8%. 

Table 26. Meta-autunite group 

The minerals of this group, many of which are lower hydrates of respective 
members of the autunite group, have the general formula A(U02)2(xo4)2·4-8H20, in 
which A may be K2, (NH4)2, Ca, Ba, Mg, Fe+2, Co, Cu, and Zn; X may oe P and As. 

Abernathyite 

Bassetite 

Meta-ankoleite 

Meta-autunite 

Metaheinrichite 

Metakahlerite 

Metakirchheimerite 

Metalodevite 

Metanovacekite 

Metatorbernite 

Meta-uranocircite 

Metazeunerite 

Sodium Uranospinite 

Uramphite 

K2(U02)2(As04)2·8H20 

Fe(U02)2(P04)2·sH20 

(K,Ba,Ca)(U02)2(P04)2·6H20 

Ca(U02)2(P04)2·6H20 

Ba(U02)2(As04)2·8H20 

Fe(U02)2(As04)2·8H20 

Co(U02)2(As04)2·8H20 

Zn(U02)2(As04)2·10H20 

Mg(U02)2(As04)2·8H20 

Cu(U02)2(P04)2·4-8H 20 

Ba(U02)2(P04)2·6H20 

Cu(U02)2(As04)2·8H20 

(Na 2,Ca)(U02)2(As04)2·5H20 

(NH4)2(U02)2(P04) 2·6H20 
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Table 26. Meta-autunite group (continued) 

These minerals are tetragonal, orthorhombic, or monoclinic, with square 
tabular form and perfect basal cleavage. Optically they are uniaxial or biaxial, 
mostly negative, with low to medium birefringence, weakly to moderately pleochroic 
in yell ow or green. All except those containing Fe, Cu, or Co fluoresce under UV 
light. 

Refractive index 

Biref NAME 2V System G 
a or e a or w y or e -

1.57 1.574 1.580 • 006 BASSETITE (-)62° MCL 3.4 

--- 1.581 --- META-ANKOLEITE (-)oo TET 3.54 

1.564 1.585 1.585 .021 URAMPHITE (-)30 ORTH(?) 3.7 

1.570 1.597 • 027 ABERNATHYITE (-)oo TET 3.74 

1.598 1.600 .002 META-AUTUNITE (-)oo TET 3.5 

1.596 1.602 1.603 • 007 META-AUTUNITE (-)15° TET 3.5 

1.603 1.610 1.617 .014 BASSETITE - goo MCL 3.4 

1.594 1.611 .017 META-AUTUNITE (-)oo TET 3.5 

1.585 1.612 .027 SODIUM (-)oo TET 3.85 
URANOSPINITE 

1.618 1.621 1.622 .004 METATORBERNITE (-)oo TET 3.6 

1.604 1.622 1.630 .026 META-AUTUNITE (-)15° TET 3.5 

1.603 1.622 .019 META- (-)oo TET 4.0 
URANOCIRCITE 

1.610 1.623 1.623 .013 META- (-)20° ORTH 4.08 
URANOCIRCITE 

1.626 1.627 .001 METATORBERNITE (+)00 TET 3.6-
3.8 

1.628 1.631 .003 METATORBERNITE (-) oo TET 3.7-
3.8 

1.619 1.635 1.638 .019 METALODEVITE (-) 27-37° ORTH (4.0) 

1.620 1.637 .017 METANOVACEKITE (-)oo TET 3.66 
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Table 26. Meta-autunite group (continued) 

Refractive index 

I.!!_ or~ I 
Biref NAME 2V System G 

a or e: y or e: 

1.609 1.641 .032 METAHEINRICHITE (-)00 TET 4.04 

1.608 1.642 .034 METAKAHLERITE (-)00 TET ---
1.617 1.644 • 027 METAKIRCH- (-) oo TET ---

HEIMERITE 

1.624 1.648 .024 METAZEUNERITE (-)00 TET 3.67 

Table 27. Mica group 

The minerals of this group are silicates having the general formula 
xv2_3z4o10(0H,F) 2 , in which X may be K, Na, Ca, Ba, and H30; Y may be Al, Fe+3, 
Cr, v+J, Mg, Fe+'Z, Mn, Zn, and Li; Z may be Si, Al, and Be. The so-called brittle 
micas and the hydromicas are included here. 

Anandite 

Annite 

Biotite 

Bityite 

Brammallite 

Celadonite 

Chernykhite 

Cli11tonite 

Ephesite 

Ferri-annite 

Glauconite 

Hendricksite 

Ill i te 

(Ba,K)(Fe,Mg)3(Si ,Al ,Fe)401o(O,OH)2 

K(Fe+2,Fe+3,Ti) 3(Si,Al) 4o10(0H,F) 2 

K(Mg,Fe) 3(si 3Al )0 10(0H,F) 2 

CaLiAl 2(AlBeSi 2)o10(0H) 2 

(Na ,H30)(Al ,Mg) 2(Si ,Al )4o10 (0H) 2·nH20 

(K,Na)(Al ,Fe,Mg)2(Si ,Al )401o(OH)2 

(Ba,Na)(V,Al )2(Si ,Al )40 10(0H)2 

Ca(Mg,Al) 3(Si ,Al) 4o10(0H)2 

Na(LiAl 2)(Si 2Al 2)01o(OH,F)2 

K(Fe+2,Mg) 3(Fe+3,Al )Si 3o10(0H) 2 

( K, Na ) (A l , Fe , Mg ) 2 ( S i , A l ) 4 010 ( 0 H ) 2 

K(Zn,Mn) 3(si 3Al)0 10(0H,F)2 

(K,H30)(Al ,Mg,Fe) 2(Si ,Al )4o10 (0H) 2·nH20 
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Table 27. Mica group (continued) 

Kinoshitalite 

Lepidolite 

Marga rite 

Masutomilite 

Montdorite 

Muscovite 

Paragonite 

Phlogopite 

Preiswerkite 

Roscoelite 

Siderophyllite 

Sodium phlogopite 

Taeniolite 

Tarasovite 

Tobelite 

Wonesite 

Zinnwaldite 

(Ba,K,Na)(Mg,Mn,Al)J(Si,Al)401o(OH,F)2 

K(Li,Fe,Al) 3(Si,Al) 4010(F,OH)2 

CaAl 2(Al 2Si 2)0lo(OH)2 

K(Li ,Mn,Al ,Fe) 3(Si ,Al )40lo(F,OH)2 

{K,Na) 2(Fe+2,Mn,Mg) 5(Si,Al)8020 (F,OH) 4 

KA1 2(si 3Al )01o(OH,F) 2 

NaAl 2(si 3Al)010(0H,F) 2 

K(Mg,Fe) 3(si 3Al)Olo(F,OH)2 

NaMg 2Al (Al 2Si 2)0lo(OH)2 

K{V,Al) 2(si 3Al)010(0H,F) 2 

K{Fe,Mg) 3(Si 3Al)010{F,OH) 2 

NaMg 3(Si 3Al)Olo{OH)2 

KliMg 2Si 4o10F2 

{K,Na,H30)Al 2(Si,Al) 4010(0H) 2·nH20 

(NH4,K}Al 2(SiJAl)Olo(OH)2 

(Na,K){Mg,Fe)6(Si,Al)a02Q(OH,F)4 

K{Li,Fe+2,Al) 3(si 3Al}010(F,OH) 2 

These minerals are monoclinic but show complex polytypic relations. Nearly 
all are biaxial negative, but optic angle may be near 0°, so that some have been 
listed also in table 5 (uniaxial negative) as well as table 7. The acute bisectric 
(X) is nearly normal to the plane of the basal cleavage, which is perfect (11mica
ceous .. ). Y=b in most of the group, but Z=b in muscovite, paragonite, and in the 
brittle micas margarite, ephesite, and clintonite. The birefringence is mostly 
0.03-0.04, less for glauconite, celadonite, and the brittle micas, higher for those 
of high index, the latter also showing greater pleochroism. 
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Table 27. Mica group (continued) 

Refractive index Weight % 

Biref NAME (-)2V 
a a y FeO MnO Fe203 Other 

1.522 (1.548) 1.549 .027 PHLOGOPITE, 14° --- --- ---
synth F 

1.529 1.548 1.553 .024 LEPIDOLITE 39° 0.1 0.7 0.2 

1.522 1.553 1.553 .031 TAENIOLITE 0-5° --- --- ---
1.537 1.555 1.559 .022 LEPIDOLITE 38° • 07 .09 1.1 

1.535 1.564 1.565 .030 PHLOGOPITE 10° --- --- ---
1.542 1.567 1.570 • 028 LEPIDOLITE 34° 2.0 2.0 0.8 

1.534 1.568 1.570 • 036 MASUTOMILITE 30° 1.5 8.1 0.4 Lf20 4.5 

1.540 1.570 1. 570 .030 TAENIOLITE so --- --- ---
1.546 1.575 1.579 • 033 BRAMMALITE small --- --- ---
1.555 1.575 1.581 .026 TOBELITE 28° 0.6 (NH4)20 

3.5, KzO 
2.3 

1.548 1.577 1.579 .031 ZINNWALDITE 30° 10.4 1.7 0.6 

1.544 1.578 1.586 .042 TARASOVITE 23° --- --- ---
1.552 1.582 1.587 .035 MUSCOVITE 30-47° --- --- ---
1.555 1.584 1.588 .033 PHLOGOPITE 23-30° 4.2 --- 3.7 TiOz 0.4 

1.559 I 1.586 I 1.586 I • 027 I GLAUCONITE, small I 2.6 I --- 6.4 Al203 
var Skolite 18.2 

1.560 1.587 1.595 .035 TOBELITE 30° 1.0 (NH4)20 
3.85, KzO 
3.25 

1.572 1.587 1.600 .028 ILLITE small --- --- ....... 
to med 

1.555 1.590 1.590 • 035 MUSCOVITE 0-15° --- --- ---
1.563 1.590 1.594 .031 MUSCOVITE, 33° 1.9 --- 1.5 MgO 4.0 

var Phengite 
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Table 27. Mica group (continued) 

Refractive index Weight % 

Biref NAME (-)2V 
a B y FeO MnO Fe203 Other 

1.569 1.595 1.609 .040 MUSCOVITE, 40° 3.4 3.9 3.1 MgO 3.1, 
var Phengite Cr203 3.6 

1.558 1.598 1.599 .041 BIOTITE 10-13° 13.9 0.4 2.1 

1.565 1.598 1.600 .035 MUSCOVITE 38° 0.9 --- 2.8 

1.585 (-1.60) 1.600 • 015 GLAUCONITE small 1.6 --- 14.1 Al203 8. 9 

1.571 1.603 1.606 .035 PARAGONITE 30° --- --- ---
1.580 1.605 1.605 .025 MONTDORITE 30 17.1 9.9 --- MgO 4.3, 

Al203 5.0 

1.544 1.608 1.611 .040 WONESITE 0-5° --- --- ---
1.571 1.608 1.611 • 040 MUSCOVITE 34° 0.5 --- --- MgO 1.1, 

Cr2o3 0.2 

1.573 1.609 1.615 • 042 MUSCOVITE, 31° 2.8 --- 4.1 MgO 4.1, 
var Phengite Ti02 1.0 

1.586 1.612 1.613 .027 MARGARITE 50° --- --- ---
(Sodium 

analogue) 

1.560 1.614 1.615 .055 PREISWERKITE 5-7° --- --- ---
1.575 1.617 1.621 .046 BIOTITE, var 30° 1.2 6.2 5.8 

Mangano-
phyllite 

1.597 1.618 1.619 .020 GLAUCONITE 20° 4.0 --- 18.8 Al203 8.5 
MgO 3.6 

1.580 1.620 1.623 .043 MUSCOVITE, 35° 2.5 --- 8.0 MgO 1.9 
var Phengite 

1.592 1.624 1.625 .033 EPHESITE 18° --- --- --- Na2o 7.4, 
Li20 3.5 

1.606 (1.630) 1.632 .026 CELADONITE small 2.1 --- 12.4 MgO 5.8, 

I 1.63 I I I I I 
Al203 6.7 

1.60 1.63 .03 MUSCOVITE, .... oo --- --- ---1- I I I var Mariposite I I 
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Table 27. Mica group (continued} 

Refractive index Weight % 

Biref NAME (-)2V I a ! y FeO MnO Fe 2o3 Other 

1.619 1.633 1.635 .016 KINOSHITALITE 23° --- 7.4 0.7 BaO 17.8, 
Mn203 3.2 

1.59 >1.63 >1.64 >.05 ROSCOELITE med 1.7 --- --- Al203 -- 21.9, 

I I I I I I 
V203 17.4 

1.610 1.634 1.634 .024 GLAUCONITE 10° 2.9 --- 24.9 Al203 7.3 

1.590 1.640 1.640 .050 SIDERO- small 30.2 1.0 ---
PHYLLITE 

1.612 1.643 1.643 .031 CELADONITE small 9.8 --- 24.3 MgO 3.7 

1.632 1.643 1.646 .014 MARGARITE 63° --- --- ---
1.595 1.652 1.656 • 061 BIOTITE small 19.9 0.4 3.2 

1.643 1.652 1.654 .011 BITYITE med --- --- ---
1.598 1.658 1.660 • 062 HENDRICKSITE go I --- 12.5 4.8 ZnO 19.8 

1.648 1.659 1.660 .012 CLINTONITE 5-33° --- --- ---
1.644 --- 1.663 .019 CELADONITE small 9.2 --- 26.9 Al203 2.1 

1.624 1.672 1.672 .048 ANNITE so 32.1 --- 3.1 Ti02 3.6 

1.610 1.676 1.676 • 066 PHLOGOPITE 19° 4.7 0.2 6.7 Ti02 4.4 
(titanian) 

1.610 1.685 1.704 .094 ROSCOELITE 10-15° --- --- ---
1.624 1.686 1.686 .062 HENDRICKSITE 2-5° 0.7 13.9 4.8 ZnO 21.4 

1.640 1.686 1.702 .062 CHERNYKHITE 11-12° --- --- ---
1.653 (1.691) 1.691 .038 FERRI-ANNITE 0-10°1 24.5 I --- 8 Al203 5.5 

1.660 (1.720) 1.728 .068 FERRI-ANNITE 40° I 29.9 I --- 13.2 Al203 1.4 

--- 1.855 >1.88 >.025 ANANDITE (+}? 33.1 0.7 7.0 BaO 20.4 
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Table 28. Monticellite group 

This group, sometimes considered to be a subgroup of the olivine group, 
includes minerals having the general formula CaXSi04, in which X may be Mg, Fe+2, 
and Mn. All members are orthorhombic, space group Pmcn. Optically they are 
biaxial negative, with medium to large opt1c angle, r ")"¥, X=b, Z=a. All gela-
tinize with HCl. - -

Refractive index Weight % 

Biref NAME and formula (-)2V 
a ! y FeO Fe203 MnO 

1.641 1.649 1.655 .014 MONTICELLITE 80° 1.4 --- ---
CaMgSi04 

1.654 1.664 1.674 .020 MONTICELLITE 82° 7.6 --- 0.2 
Ca(Mg,Fe)Si04 

1.674 1.694 1.706 .032 KIRSCHSTEINITE 65° 19.3 1.4 1.1 
Ca(Fe,Mg)Si04 

1.695 1.716 1.725 .030 GLAUCOCHROITE 61° 4.2 --- 32.7 
Ca(Mn,Fe)Sf04 

1.689 1.720 1. 728 .039 KIRSCHSTEINITE 51° 29.3 0.7 1.6 
Ca(Fe,Mg)Sf04 
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Table 29. Olivine group 

Minerals of this group have the general formula X2Si04, in which X may be Mg, 
Fe, Mn, Ni, and rarely Zn. There is a complete solid solution series from Fe to 
Mg, referred to as the olivine series. 

Liebenbergite (Ni ,Mg,Fe)2Si04 

Olivine series (Mg,Fe) 2Si04 

Forsterite Fo 90-100 

Chrysolite Fo 70-90 

Hyalosiderite Fo 50-70 

Hortonolite Fo 30-50 

Ferrohortonolite Fo 10-30 

Fayalite Fo 0-10 

Tephroite (Mn,Mg)2Si04 

The members are orthorhombic, space group Pmcn (except liebenbergite, possibly 
P b nm ) , w i t h d i s t i n c t { 0 1 0} c 1 e a vag e , ha rd ness o:-s- to 7 , hi g h spec i f i c g r a vi ty • 
Optically they are biaxial, with X=b, Z=a, moderate to high birefringence, refrac
tive indices increasing with Fe-content (Compare the monticellite group). 

Refractive index Weight % 

Biref NAME 2V 
a ! y FeO Fe203 MnO MgO 

1.636 1.651 1.669 .033 FORSTERITE (+)85° --- --- --- 57.3 
(synthetic) 
Fo 100 

1.653 1.664 1.686 .033 FORSTERITE ( + )87° 8.6 0.4 0.2 ---
Fo 93 

1.656 1.674 1.695 .039 CHRYSOLITE (+)89° 10.8 1.7 0.2 46.5 
Fo 88 

1.661 1.680 1.697 .036 CHRYSOLITE - goo --- --- --- ---
Fo 86 

1.683 1.704 1.722 .039 CHRYSOLITE (-)85° 21.6 1.6 0.3 ---
I 

Fo 76 

371 



Table 29. Olivine group (continued) 

Refractive index Weight % 

I I 
Bi ref NAME 2V 

(l a y FeO Fe 2o3 MnO MgO 

1.698 1.720 1.736 • 038 HYALOSIDERITE (- )80° 27.8 2.1 0.4 ---
Fo 65 

1.711 1.727 1.740 .029 TEPHROITE (-)85° --- 0.3 47.1 18.1 

1.710 1.733 1.750 • 040 HYALOSIDERITE (-)79° 32.0 2.0 0.5 31.0 
Fo 63 

1.721 1.750 1.765 • 044 HYALOSIDERITE (-)85° 36.8 --- 0.5 27.0 
Fo 60 

1.750 1.766 1.779 .029 TEPHROITE (-)67° 0.2 --- 60.7 6.6 

1.742 1.770 1.786 .044 HORTONOLITE (-)69° --- --- --- ---
Fo 43 

1.758 1.786 1.804 .046 HORTONOLITE, (-)77° 35.5 (ZnO 16.9 5.6 
zinc ian 10.7) 

1.761 1.790 1.806 .045 HORTONOLITE (-)65° --- --- --- ---
Fo 33 

1.782 1.802 1.812 .030 TEPHROITE (-)65° 0.9 --- 65.1 2.5 

1.777 1.818 1.828 .051 FERRO- (-)52° 41.5 0.7 21.4 4.5 
HORTONOLITE, 
manganoan 

1.788 1.828 1.840 .052 FERRO- (-)58° 58.6 --- 0.8 ---
HORTONOLITE 

Fo 20 

1.803 1.843 1.851 .048 FERRO- (-)48° 56.9 1.2 9.7 1.1 
HORTONOLITE, 

manganoan 

1.816 1.850 1.863 • 047 FAYALITE (-)60° --- --- --- ---
Fo 7 

1.820 1.854 1.888 .068 LIEBENBERGITE (-)88° 4.4 (NiO (CaO 6.5 
56.3) 1.8) 

1.827 1.869 1.879 • 052 FAYALITE (-)48° 65.0 0.4 1.0 ---
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Table 30. Osumilite group 

This group consists of silicates with double rings of (Si ,Al )12030• The 
general formula is A1_2B2_3c3z12o10 ·nH2o, in which A may be Ba, Ca, K, and Na; B 
may be Fe+2, LI, Mg, Mn, and Na; ~c may be Al, Be, Fe+2, Fe+3, Li, Mg, Sn, Ti, Zn, 
and Zr; Z may be Al and Si. The minerals are hexagonal, space group P6/mcc, or 
pseudohexagonal. Optically they are uniaxial or nearly so, with low birefringence. 

Brannock i te 

Dar a pi o s i t e 

Eifelite 

Emeleusite 

Merrihueite 

Milarite 

Osumilite 

Osumilite-(Mg) 

Roedderite 

Sogdianite 

Sugi 1 i te 

Yagiite 

Refractive 
index 

Biref 

w e: 

1.532 1.529 (-).003 

1.536 1.543 (+).006 

1.536 1.544 (+).008 

1.537 1.542 (+).005 

1.540 1.546 (+).006 

NAME 

t4ILARITE 

ROEDDERITE 

YAGIITE 

ROEDDERITE 

KLi2Sn3Si12030 

KNa 2Li(Mn,Zn)2ZrSi12030 

KNa 4Mg 9Si 24060 

Na 4Li 2 Fe~3s; 12o 30 
(K,Na) 2(Fe+2,Mg) 5Si 12o30 

KCa 2AlBe 2si 12o30 -0.5H 20 

(K,Na)(Fe+2,Mg) 2(Al,Fe) 3(Si,Al) 12o30 

(K,Na)(Mg,Fe+2) 2(Al ,Fe) 3(Si ,Al )12o30 ·H 20 

(Na,K) 2(Mg,Fe+2)5s; 12o30 

(K,Na)Li 2(Li ,Fe+2) 2ZrSi 12o30 

(K,Na)(Na,Fe+3) 2(Li 2Fe+3)Si 12o30 

( N a , K) 1- 2M g 2 ( A 1 , M g ) 3 ( S i , A 1 ) 12 0 3 0 

Weight % 

MgO FeO Na 2o K20 

--- --- --- ---
19.0 0.4 5.3 3.8 

10.5 2.4 3.7 1.4 

19.5 2.0 4.0 3.3 

Remarks 

2Vz = 5-8°. 

OSUMILITE-Mg 9.5 2.2 0.3 4.0 
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Table 30. Osumilite group (continued} 

Refractive 
index Weight % 

Biref NAME Remarks 

w € MgO FeO Na20 K20 

1.541 1.547 (+}.006 OSUMILITE-Mg 7.5 4.0 --- 4.1 2Vz = 5-15°. 

1.543 1.545 (+}.002 EIFELITE --- --- --- ---
1.546 1.550 (+}.004 OSUMILITE 6.7 10.0 1.0 1.4 Fe203 2.0%. 

1.553 1.549 (-).004 MILARITE --- --- --- ---
1.559 --- --- MERRIHUEITE --- 10.5 --- ---
1.567 1.566 (-).001 BRANNOCKITE --- --- 0.7 3.5- Sn02 28.2, 

4.5 Li203 3.7%. 
Fluor in 
uv. 

1.580 1.575 (-}.005 DARAPIOSITE --- --- 3.0 5.1 2V = 5°, Zr02 
5.0, MnO 8.2, 
ZnO 7.8%. 

1.592 --- --- MERRIHUEITE --- 24.9 --- ---
1.597 1.596 (-).001 EMELEUSITE 0.1 --- 12.0 --- 2V = 0-30°, 

r > v str. 
Fe203 12.1, 
Li20 2.8%. 

1.606 1.608 (+}.002 SOGDIANITE --- 1.2 2.8 4.8 Ti02 2.9, 
Fe203 4.6, 
Zr02 9.8, 
Li20 3.7%. 
Violet. 

1.610 1.607 (-).003 SUGILITE --- 0.2 4.4 3.8 Fe2o 12.8 t 
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Table 31. Pyrochlore group 

The minerals of this group are complex oxides having the ~eneral formula 
A1_2B206(0,0H,F), in which A may be ~a, Bi, Ca, Ce, K, Na, Pb, Sb 3, Sn, Sr, Th, 
U, Y, and Zr; B may be Nb, Ta, and T1. Jixianite is a related mineral with Wand 
Fe+3. 

In the Pyrochlore subgroup, Nb > Ta, and Nb + Ta > 2Ti. 

In the Microlite subgroup, Ta > Nb, and Nb + Ta > 2Ti. 

In the Betafite subgroup, Nb + Ta < 2Ti. 

Ba ri opyrochl ore 

Betafite 

Bismutomicrolite 

Jixianite 

Microlite 

Plumbopyrochlore 

Pyrochl ore 

Stibiobetafite 

Uranmicrolite 

Uranpyrochlore 

Yttropyrochlore 

Zirkelite 

{Ba,Sr)2{Nb,Ti)2{0,0H)7 

{Ca,Na,U) 2{Ti,Nb,Ta)206{0H) 

{Bi,Ca){Ta,Nb)206{0H) 

Pb{W,Fe+3) 2{0,0H) 7 

{Ca,Na)2{Ta,Nb)206{0H) 

{Pb,Y)(Nb,Ta)2{0,0H)7 

{Na,Ca)2{Nb,Ta)206{0H,F) 

{Ca,Sb+3)(Ti,Nb,Ta) 2{0,0H) 7 

{Ca,Na,U)2{Ta,Nb,Ti)206{0H) 

(Ca,Na,U)2{Nb,Ta,Ti)2{0,0H)7 

{Y,Na,Ca,U) 1_2{Nb,Ta,Ti) 2{0,0H)7 

{Ca,Zr,Th)2{Ti,Nb)207 

These minerals are cubic, space group Fd3m, commonly occurring as octahedra, 
with conchoidal fracture. Nearly all are infusible. Optically they are isotropic 
with high refractive index. 

Refractive 
index NAME H G Col or Action in acid 

1.83 YTTROPYROCHLORE 4.5-5 3.7 Dark brown Insol. 

1.87 PYROCHLORE 5-6 3.77 Brown, yellow Dec by H2S04. 

1.915 BETAFITE I 5 I 4.0 I Greenish black I Dec by H2S04. 

1.925 MICROLITE I 5.5 I 5.5 I Yell ow, brown I Dec by H2S04. 
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Table 31. Pyrochlore group (continued) 

Refractive 
index NAME H G Color Action in acid 

1.94 BETAFITE 5 5.2 Black, brown, Dec by H2S04. 
yellow 

1.97 URANMICROLITE 5.5 5.8 Brown, black Dec by H2S04. 

1.98 URANPYROCHLORE 5 4.8 Brown Insol. 

2.0 PYROCHLORE 5 4.1-4.3 Brown, red Dec by H2so4• 

>2.00 BISMUTOMICROLITE 5 6.5-7.2 Yell ow, brown Insol. 

2.02 BETAFITE 4.5 4.76 Black Dec by H2S04. 

2.023 MICROLITE 6 6.42 Brown, yellow 

2.06 ZIRKELITE 6 4.02 Brown, black Dec by hot HCl. 

2.07 MICROLITE 6 5.95 Brown, yellow Insol. 

2.08 BARIOPYROCHLORE 4-4.5 3.7-4.0 Yellow, gray Insol. 

2.08 PLUMBOPYROCHLORE --- 6.34 Green-yellow ---
to brown 

2.18 PYROCHLORE 5 4.1-4.3 Brownish red Dec by H2S04. 

2.18 ZIRKELITE 5-6 4. 3-4.7 Black to dark Insol. 
brown 

2.2 STIBIOBETAFITE <'V 5 5.30 Brownish black ---
2.26 JIXIANITE 5 5.30 Brownish black ---
2.28 ZIRKELITE 5-6 4. 3-4.7 Black to dark Insol. 

brown 

2.315 JIXIANITE 5 5.30 Brownish black ---
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Table 32. Pyroxene group 

The minerals of the pyroxene group are single-chain silicates with the general 
formula (W)1-p(X,Y)! pz2o6• One subgroup is orthorhombic, in which p=1 and X may 
be mainly Mg and Fe 2. Another subgroup includes the monclinic members, in which p 
ranges from 0 to 1, and W may be Ca and Na; X may be Mg, fe+2, Mn, Ni , and L i ; Y 
may be Al, fe+3, Cr, and Ti; Z may be Si and Al. A discussion of nomenclature is 
given by Deer, Howie, and Zussman (1978, v. 2A). 

Orthopyroxenes 

Enstatite 

Bronzite 

Hypersthene 

Ferrohypersthene 

Eulite 

(Orthoferrosilite 

Clinopyroxenes 

Acmite 

Aegirine-augite 

Augite 

Clinoenstatite 

Clinohypersthene 

Diopside 

Fassaite 

Ferroaugite 

Ferrosalite 

Hedenbergite 

Jadeite 

Johannsenite 

Kanoite 

Omphacite 

(Mg,Fe)2Si206 

En 100-87 

En 87-70 

En 70-50 

En 50-30 

En 30-10 

En 10-0) 

NaFe+3si 2o6 

(Na,Ca)(fe+3,Mg,Al)(Si,Al) 2o6 

(Ca,Na)(Mg,Fe,Al ,Ti )(Si ,Al )206 

Mg2Si206 

(Mg,Fe) 2Si 206 

CaMgSi 2o6 

Ca(Mg,fe+3,Al)(Si,Al) 2o6 

(Ca,Na)(Fe,Mg,Al ,Ti )(Si ,Al )206 

Ca(Fe,Mg)Si 206 

Cafe+2si 2o6 

NaAlSi206 

CaMnSi 2o6 

(Mn,Mg) 2Si206 

(Ca,Na)(Mg,fe+2,Fe+3,Al )Si 206 
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Table 32. Pyroxene group (continued) 

Clinopyroxenes (continued) 

Pigeonite 

Salite 

Spodumene 

Ureyite 

(Mg,Fe+2,ca){Mg,Fe+2)si 2o6 

Ca{Mg,Fe)Si206 

LiAlSi206 

NaCrSi 206 

The orthorhombic pyroxenes, space group Pbca, form a solid sol uti on serf es 
from enstatite through eulite, with no natural occurrences of the theoretical iron 
end member, orthoferrosilite. Crystals are commonly prismatic, cleavage is good 
{210} at 87-88°, hardness 5 to 6. All members are insoluble in or only slight
ly attacked by acids. Birefringence is low, refractive indices increase with 
increasing iron content, with optic sign changing from positive to negative at 
about a 1.68 and back to positive at about a 1.76. All members of the series have 
X=b, Z=c, positive elongation. Although the enstatite end member is not pleo
chroic,-many intermediate members show weak pleochroism, X pink, Y yellow, Z pale 
green. 

The monoclinic pyroxenes have space group P2/c {except pigeonite, P2t/c), good 
cleavage on {110} at about 87°, hardness 5 to 6:--Jnl are insoluble in oronly very 
slightly attacked by acids. Optically, they are biaxial, with refractive indices 
increasing with increasing iron and titanium content; Y=b {except clinoenstatite, 
clinohypersthene, and some pigeonites, where X=b). Minerals of the series dfop
side-hedenbergite-johannsenite along with the augites are optically positive, with 
moderate 2V and birefringence, Z:c=40-50°. Pigeonite, a Ca-poor member, is char
acterized by 1 ow 2V. The serf es -jadeite to aegirine to aegi ri ne-augi te has high 
2V (60-90°), with indices and birefringence increasing with increase in Fe-content. 
For aegirines, Z:c=75-89°. 
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Table 32. Pyroxene group (continued) 

Refractive index Weight % 
Opt 

Biref NAME 2V orien- System Remarks 
a a y tat ion FeO MnO Fe 2o3 Al203 

1.640 1.645 1.652 .012 JADEITE (+)67° y = b MCL --- --- --- ---
Z:c ~ 22° 

1.650 1.653 1.658 • 008 ENSTATITE (+)59° X = b ORTH --- --- --- --- Synth. 
En 100 r < v z = c -

1.651 1.654 1.660 .009 CLINO- (+)54° X = b MCL --- --- --- --- Synth. 
ENSTATITE z :c ~ 22° -En 100 

~ 

~ 
1.654 1.657 1.666 .012 JADEITE (+)70° y = b MCL --- --- 0.4 ---

r > v Z:c -;;- 34° -med 

1.653 1.659 1.677 .024 SPODUMENE (+)66° y = b MCL --- --- --- ---
r < v Z:c ~ 25° 

1.665 1.669 1. 674 .009 ENSTATITE (+)80° X = b ORTH 7.0 --- --- ---
En 91 r < v z = c -wk 

1.664 1.670 1.685 .021 OMPHACITE (+)66° y = b MCL 2.8 --- 1.8 --- Pl eoc, wk 
r < v z :c ~ 35° greens. 
med 

1.662 1.670 1.682 • 020 JADEITE (+)70° y = b MCL 0.5 --- 3.2 ---
r > v z :c -;;- 35° 
med 

1.668 1.671 1.682 • 014 SPODUMENE (+)65° y = b MCL --- --- 0.7 ---
r < v z :c -;;- 24° 



Table 32. Pyroxene group (continued) 

Refractive index Weight % 
Opt 

Biref NAME 2V orien- System Remarks 
a B y tat ion FeO MnO Fe 2o3 Al203 

1.665 1.672 1.695 .030 DIOPSIDE (+)57° y = b MCL 1.5 0.1 0.6 ---
r > v z :c ~ 39° 
wk 

1. 673 1.678 1.705 .032 DIOPSIDE (+)48° y = b MCL 8.2 0.3 1.4 4.5 Ti02 1.1%. 
r > v z :c ;- 42° 

1.675 1.678 1.688 .013 CLINO- (+)57° X = b MCL 12.6 0.5 --- 0.5 
HYPERSTHENE z :c ~ 36° 

~ 
1.674 1.680 1.685 .011 BRONZITE (-)79° X = b ORTH 11.1 0.5 --- ---z = c -
1.673 1.681 1.695 .022 OMPHACITE ( +) 70° y = b MCL 2.7 --- 1.3 8.3 Pl eoc, wk 

r < v Z:c ~ 41° - greens. 
med 

1.679 1.681 1.685 .006 JADEITE (+)64° y = b MCL 1.1 --- 5.7 ---
r > v z :c -;- 38° 
med 

1.676 1. 683 1.705 .029 DIOPSIDE, ( +) 1. 0° y = b MCL --- 7.4 0.4 0.4 ZnO 3.3%. 
manganoan r > v Z:c-;- 5° -

1.684 1.684 1.707 .023 PIGEONITE (+)18- y = b MCL 20.1 0.4 3.5 --- CaO 5.5%. 
26° z :c ~ 40° 

1.677 1.685 1.708 • 031 DIOPSIDE (+)59° y = b MCL 5.6 0.5 3.2 2.2 
r > v z :c -;- 39° 
wk . 



CA:l 
00 
~ 

Table 32. Pyroxene group (continued) 

Refractive index 

Biref NAME 
ex B y 

1.687 1.692 1.715 • 028 DIOPSIDE 

1.686 1.693 1.719 • 028 FASSAITE 

1.685 1.695 1.700 .015 BRONZITE 
En 73 

1.696 1.698 1.721 • 025 PIGEONITE 

1.690 1.699 1.721 .031 DIOPSIDE, 
manganoan 

1.689 1.699 1.718 .029 OMPHACITE 

1.695 1.700 1.720 • 025 AUGITE 

1.700 1.707 1.724 .024 SALITE 

1.700 1.710 1. 733 .033 JOHANNSENITE 

1.703 1.713 1.717 .014 HYPERSTHENE 
En 57 

2V 

(+)51° 

(+)56° 
r > v 
med 

(-)69° 
r > v 

(+)25° 

(+)60° 
r > v 
wk 

(+)64° 
r < v 
med 

(+)50° 

(+)52° 

(+)60° 
r > v 

(-)53° 

Weight % 
Opt 

orien- System Remarks 
tat ion FeO MnO Fe203 Al203 

y = b MCL 9.5 0.2 1.6 2.3 
z :c -;- 42° -
y = b MCL 3.1 --- 2.1 13.4 Ti02 0.5%. 
z :c ;- 43° 

X = b ORTH 17.1 0.4 1.0 ---
z = c -
y = b MCL 21.4 0.4 0.8 --- CaO 5.5%. 
Z:c-;- 41° -
y = b MCL 1.7 10.0 1.5 0.3 
Z:c -;- 43° 

y = b MCL 5.9 --- 3.8 6.1 
Z:c-;- 40° -

y = b MCL 14.1 0.2 1.3 2.9 MgO 10.5% • 
z :c -;- 43° -
y = b MCL 9.8 0.3 1.8 2.8 Ti02 1.3%. 
z :c -;- 44° -

y = b MCL 1.5 22.6 0.8 ---
Z:c ;- 49° 

X = b ORTH 25.7 --- 1.0 ---
Z=c -



Table 32. Pyroxene group (continued) 

Refractive index Weight % 
Opt 

Biref NAME 2V orien- System Remarks 
a f3 y tat ion FeO MnO Fe2o3 Al203 

1. 708 1.714 1.736 • 028 FERROSALITE (+)70° y = b MCL 18.6 0.2 0.5 1.1 
r > v Z=c -wk 

1.714 1.714 1.742 .028 PIGEONITE (+)0- y = b MCL 27.8 1.0 1.7 0.9 CaO 3.8%. 
12° Z:c-;;;- 41° I 

1.710 1.716 1.736 .028 FERROAUGITE (+)52° y = b MCL 20.2 I 1.1 3.5 0.9 Ti02 1.2%. 
Z:c -;;;- 49° 

~ 
1.715 1.717 1.728 .013 KANOITE (+)41° y = b MCL 3.1 31.2 --- --- MgO 15.1%. 

Z:c -;;;- 48° 

1.710 1.719 1. 738 .028 JOHANNSENITE (+)70° y = b MCL 1.0 26.8 0.3 ---
Z:c -;;;- 48° 

1.712 1.719 1.736 .024 FASSAITE (+)55° y = b MCL 0.2 --- 6.1 15.8 CaO 25.3%. 
r > v Z:c ~ 46° -

1.714 1. 723 1.774 .060 AUGITE, ~+)74° y = b MCL 3.7 7.2 4.2 1.2 ZnO 7.7%. 
zinc ian 47.:!:_5°) Z:c ~ 55° 

1.715 1.728 1.731 .016 FERROHYPER- (-)51° X = b ORTH 29.4 0.2 2.1 ---
STHENE Z=c -En 45 

1.725 1.730 1.750 .025 AUGITE, (+)40° y = b MCL 5.0 0.2 4.4 7.4 Ti02 5.5%. 
titanian z :c -;;;- 45° 

1.726 1.732 1.753 .027 HEDENBERGITE (+)49° y = b MCL 24.7 0.7 1.9 --- Pl eoc , X pa 1 e 
r > v Z:c ~ 44° green, Z dark 
wk green. 



Table 32. Pyroxene group {continued) 

Refractive index Weight % 
Opt 

Biref NAME 2V orien- System Remarks 
a B y tat ion FeO MnO Fe203 Al203 

1.727 1.736 1.751 .024 FASSAITE {+)49° y = b MCL 1.2 --- 6.2 12.9 Ti02 3.0%. 
r > v Z:c-;- 48° -

1.720 1.740 1.757 • 037 AEGIRINE- {-)85° y = b MCL 7.5 0.6 14.0 2.2 Pl eoc, X bright 
AUGITE r < v z :c -;- 75° green, Y and Z 

greenish yellow. 
Na 2o 5.3%. 

1. 735 1.741 1.761 .026 FERROAUGITE (+)51° y = b MCL 24.0 0.4 1.2 4.1 Ti02 1.6%. 
z :c ;- 40° -

C/.:) 

~ 
1. 736 1.747 1.752 .016 EULITE (-)63° X = b ORTH 39.4 0.9 --- ---

En 30 z = c -
1.741 1.751 1.774 .033 ACMITE (+)mod y = b MCL 1.4 7.2 12.9 --- Zn 8.8%. 

Z:c -;- 60° -
1.745 1.753 1.771 .026 HEDENBERGITE (+)52° y = b MCL 29.7 0.9 1.4 ---

r > v Z:c-;- 41° -wk 

1. 732 1.756 1. 770 .038 ACMITE {-)80° y = b MCL 1.1 4.7 18.2 5.9 Pleoc, X pink, Y 
r > v Z:c-;- 81° pale blue, Z 

blue. Ti02 
0.6%. 

1.740 1.756 1.762 .022 UREYITE (-)65° y = b MCL --- --- --- ---
Z:c ~ 76° -

1.752 1.762 1.772 .020 EULITE (-)87° X = b ORTH 44.5 --- 1.9 --- Dark brown. 
En - 11 r < v z = c -str 



Table 32. Pyroxene group (continued) 

Refractive index Weight % 
Opt 

Biref NAME 2V orien- System Remarks 
a f3 y tat ion FeO MnO Fe2o3 Al203 

1.741 1.767 1.789 .048 AEGIRINE- (-)85° y = b MCL 5.2 0.5 19.1 1.3 Pl eoc, X deep 
AUGITE r > v z :c -;; 78° green, Y yellow-

green, Z brown-
green, abs X > Y 
= z. Na20 7.2, 
Ti02 1.6%. 

1.751 1.786 1.800 .049 ACMITE (-)69° y = b MCL 3.7 0.2 25.4 2.9 Pl eoc , X and Y 
r > v Z:c -;- 89° deep green, Z 

yellow-brown. 

~ 
Na20 11.7, Ti02 
0.7%. 

1.770 1.812 1.830 .060 ACMITE (-)58° y = b MCL 0.8 --- 31.4 1.9 Pl eoc , X pa 1 e 
r > v Z:c -;- 84° yellow-green, Y 

yellow-green, Z 
emerald green, 
Ti02 0.8%. 

-- L___ __________ 
--------- ------- - L__ -- --- -- -- -- -- ---- - - ---



Table 33. Scapolite group 

The minerals of this group are solid solutions of the end-members marialite, 
Nag(A1Si308)6(Cl2,S04,C03), and meionite, Ca8(Al2Si208)6(C03,Cl2,S04), which them
selves are not found as such in nature. The composition and paragenetic relations 
of the scapolites have been reviewed in detail by Shaw (1960). 

Minerals of this group are tetragonal, space group P4/m, with cleavages {100} 
perfect, {110} less so, hardness 5 to 6. Optically they are uniaxial negative, 
refractive indices and birefringence increasing with Ca-content. 

Refractive 
index Weight % 

Bi ref NAME 

(A) I e: Na 2o I K20 I CaO I Cl I C02 I so3 

1.532 1.522 (-).010 MARIALITE 7.1 4.3 6.3 1.0 2.0 ---
1.546 1.542 (-).004 MARIALITE 10.5 1.2 4.8 3.0 1.1 0.03 

Me 19 

1.561 1.546 (-).015 SCAPOLITE 8.6 1.1 8.3 2.2 1.7 0.4 
Me 33 

1.574 1.549 (-).025 SCAPOLITE 5.4 1.0 12.5 1.4 2.9 0.1 
Me 54 

1.587 1.555 (-).032 MEIONITE 2.4 2.4 15.8 0.1 2.9 0.9 
Me 70 

1.607 1.571 (-).036 MEIONITE 2.0 0.3 20.4 0.2 4.1 0.3 
Me 84 

385 



Table 34. Sodalite group 

The minerals of this group are sodium- and calcium-aluminosilicates having 
the general formula (Na,Ca)6-8Al6Si6(0,S)24[S04,Cl2,(0H)2]1-2· 

Hauyne 

Lazurite 

No sean 

Sodalite 

(Na,Ca) 6_8Al 6Si 6(0,S) 24 (so4,Cl2)1_ 2 

(Na,Ca)7-8(Al ,Si)12(0,S)24[S04,Cl2(0H)2] 

Na 8A1 6si 6024(S04) 

Na8Al 6Si 6o24cl2 

These minerals are cubic, space group P~3m or P~3n, habit dodecahedral, color 
blue or white, cleavage {110} poor, hardnesss-to 6:--fhey fuse at 3.5-4.5, gela
tinize with HCl. Optically they are isotropic, with refractive index increasing 
with Ca-content. The group is discussed by Taylor (1967) and by Hogarth and 
Griffin (1976). 

Weight % 
Refractive 

index NAME G I I I I Na 2o CaO so3 Cl Other 

1.470 NO SEAN 2.32 20.7 1.7 8.8 0.7 

1.483 SODALITE 2.30 --- --- --- 7.1 H20 2.5%. 

1.487 SODALITE 2.2-2.3 --- --- --- ---
var. Hackmanite 

1.494 HAUYNE 2.40 19.9 4.9 9.8 1.3 

1.495 NO SEAN 2.3-2.4 --- --- --- ---
1.500 "I' LAZURITE 2.4 --- --- --- ---
1.509 HAUYNE 2.51 13.2 10.1 --- --- K20 2.8%. 

1.522 LAZURITE 2.4 --- --- --- ---
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Table 35. Spinel group 

Minerals of this group have the general formula AB204, in which A may be Mg, 
Fe+2, Zn, Mn+2, rarely Ni, Cu, Co, Ti, and Ge; B may be Al, Fe+3, Cr, Mn+3, rarely 
Fe+2 and v+3. Common end members are spinel (Mg-Al ), hercynite (Fe-Al ), gahnite 
(Zn-Al ), magnesiochromite (Mg-Cr), chromite (Fe-Cr), magnesioferrite (Mg-Fe), mag
netite (Fe-Fe), and jacobsite (Mn-Fe)~ 

Chromite 

Franklinite 

Gahnite 

Gal axite 

Hercynite 

Jacobsite 

Magnesiochromite 

Magnesioferrite 

Magnetite 

Spinel 

Trevorite 

( Fe+2 ,Mg) ( Cr ,Al , Fe+3) 204 

(Zn,Mn+2,Fe+2)(Mn+3,Fe+3) 2o4 

Zn (A 1 , Fe +3) 20 4 

(Mn,Fe+2)(Al ,Fe+3) 2o4 

(Fe+2,Mg)(Al ,Fe+3) 2o4 

(Mn,Fe+2,Mg)Fe~3o4 
(t~g,Fe+2)(Cr,Al ,Fe+3)o4 

(t~g, Fe+2) Fe+3o 4 

Ft~+2Fe~30 4 

(t~g , Fe+ 2) A 1 2 0 4 

N·i Fe204 

Rare minerals of the group inc·lude coulsonite (Fe-V), cuprospinel (Cu-Fe}, 
ulv6spinel (TiFe22o4), and its germanium analogue brunogeierite, GeFe 2o4• Ring-
woodite, (Mg,Fe)2Si04, has spinel-type structure (!!_=1.768). 

These minerals are cubic, commonly octahedral, space group Fd3m. They are 
characterized by high refractive index and specific gravity, laC'k"Of cleavage, 
hardness 7.5 to 8, and infusibility. Those members high in Fe+3 or v+3 (magnetite, 
coulsonite, ulv6spinel, brunogeierite) are opaque or nearly so. The aluminum and 
chromium end-members are insoluble in acids; those with dominant Fe+3 are dissolved 
by HCl. 
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Table 35. Spinel group (continued) 

Weight % 
Refractive 

index NAME G 
I I I I 

Remarks 
Cr2o3 Fe2o3 FeO MnO MgO 

1.714 SPINEL 3.58 --- --- --- --- --- Synth end 
member. 

1. 738 SPINEL 3.62 --- 1.5 5.6 0.1 ---
1.747 SPINEL, 3.97 --- --- 1.9 --- 16.8 ZnO 18.2. 

zincian 

1.776 HERCYNITE 4.20 --- 11.7 23.3 --- 10.8 "Pleonaste" 

1. 782 GAHNITE 4.38 --- --- 8.5 --- 2.4 ZnO 31.4. 

1.798 SPINEL, 3.94 19.6 --- 9.8 --- 19.5 Al203 48. 3. 
chromian 

1.805 GAHNITE 4.61 --- --- --- --- --- Synth end 
member. 

1.818 GAHNITE 4.60 --- 2.9 1.7 --- ---
1.833 SPINEL, 3.93 16.8 5.8 11.7 --- 19.3 Al203 45.4. 

chromian 

1.835 HERCYNITE 4.40 --- --- --- --- --- Synth end 
member. 

1.856 GALAXITE --- --- 6.4 2.3 33.1 ---
1.90 MAGNESIO- 4.39 --- --- --- --- --- Synth end 

CHROMITE member. 

1.923 GALAXITE 4.23 --- --- 16.4 34.0 1.5 

1.97 MAGNESIO- 4.67 43.6 4.0 11.1 --- 16.0 Al203 24.4. 
CHROMITE 

2.10 CHROMITE 4.65 49.7 8.1 8.7 9.3 2.4 Al203 17.6, 
ZnO 4.1. 

2.12 CHROMITE 5.22 --- --- --- --- --- Synth end 
membef'. 

2.30 JACOBSITE 4.84 --- --- --- --- --- Wk magn. 
I I 
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Table 35. Spinel group (continued) 

Weight % 
Refractive 

index NAME G 
I I I I 

Remarks 
Cr2o3 Fe2o3 FeO MnO MgO 

2.3 (?) TREVORITE 5.2 --- --- --- --- --- Str magn, 
n(calc) = 
2.39. 

2.38 Na MAGNESIO- 4.5- --- --- --- --- --- Str magn. 
2.34 Li FERRITE 4.7 

2.36 Li FRANKLINITE 5.2 --- --- --- --- --- Wk magn. 

2.42 Na MAGNETITE 5.17 --- --- --- --- --- Str magn. 

2.45 Na FRANKLINITE 5.2 --- --- --- --- --- Wk magn. 
2.41 Li 

2. 585 Na JACOB SITE 4 --- --- --- --- --- Wk-mod 
2.535 Li magn. 

Table 36. Stibiconite group 

Minerals of this group have the general formula Al-2B206_(0,0H,F), in which A 
may be Bi+3, Ca, Na, Pb, Sb+3, Ag, K, Fe, and Mn; B may be Sb+5 and Ti. 

Bindheimite 

Bismutostibiconite 

Romeite 

Stetefeldite 

Stibiconite 

Pb2Sb206(0,0H) 

(Bi ,Fe)Sb 2o7 

(Ca,Na,Fe,Mn) 2(Sb,Ti)206(0,0H) 

Ag 2Sb 2(0,0H) 7 (?) 

SbSb206(0,0H) 

These mi nera 1 s are cubic, space group Fd 3m, i sos tructu ra 1 with those of the 
pyrochlore group. They are commonly massive:-Tine-grained, and highly variable in 
physical properties. Specific gravity is high; optically isotropic. 
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Table 36. Stibiconite group (continued) 

Refractive index NAME G Remarks 

1.60 STIBICONITE 5.1-5.6 Insol in acids. Infus. 

1. 70 STIBICONITE 5.1-5.6 In sol in acids. Infus. 

1.72 BINDHEIMITE 4.6-5.6 Dec by HCl. F 3-4. 

1.74 STIBICONITE 5.2-5.6 Insol in acids. Infus. 

1.79 BINDHEIMITE 4.6-5.6 Dec by HCl. F 3-4. 

1.80 STIBICONITE 5.2-5.6 Insol in acids. Infus. 

1.817 ROMEITE 4.7-5.4 Insol in acids. F diff. 

1.84 BINDHEIMITE 4.6-5.4 Dec by HCl. F 3-4. 

1.87 ROMEITE 4.7-5.4 Insol in acids. F 4.5. 

1.90 STIBICONITE 5.2-5.6 Insol in acids. Infus. 

1.94 BINDHEIMITE 5.0-5.6 Dec by HCl. F 3-4. 

1.95 STETEFELDITE 4.1-4.6 

2.05 STIBICONITE 5.2-5.6 Insol in acids. Infus. 

2.09 BISMUTOSTIBICONITE 7.38 

2.09 ROMEITE, var 5.41 Insol in acids. F di ff. 
Schneebergite Anom biref. 

2.20 ROMEITE, var 4.95 Insol in acids. Fus. 
Lewisite Anom biref. 
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Table 37. Tourmaline group 

Minerals of this group are borosilicates having the general formula 
AX~Y6 {B03 ) 3 Si 6 o1~(0H,F) 4 , in which A may be Ca, Na, and K; X may be Al, Fe+2, 
Fe 3, Li, Mg, Mn 2, and v+3; Y is mainly Al, but may also be cr+3, Fe+3, and v+3. 

Buergerite 

Chromdravite 

Dravite 

Elbaite 

Ferridravite 

Liddicoatite 

Schorl 

Uvite 

NaFe+3Al 6(B0 3)3Si 6o18(0,0H,F) 4 

Na(Mg,V,Al) 3(Cr,Fe+3) 6(B0 3)3s; 6o18 (0H) 4 

(Na,Ca)(Mg,Fe)3Al6(B03)3Si60la(OH,F)4 

Na(Al ,Li ,Fe) 3Al 6(B0 3)3Si6018(0H,F)4 

(Na,K)(Mg,Fe+2) 3(Fe+3,Al) 6(B0 3)3Si 6018 (0,0H) 3 

Ca(Li,Al)3Al6(B03)3Si60l8(0,0H,F)4 

(Na,Ca)(Mg,Fe) 3(Al ,Fe+3) 6(B0 3)3Si 6o18(0H) 4 

Ca(Mg,Fe)3AlsMg{B03)3Si60l8(0H)4 

These minerals are trigonal, space group R3m, with characteristic prismatic 
habit, lack of cleavage (except buergerite), specific gravite 3.0-3.3. All have 
hardness of 7 and are insoluble in acids. Optically they are uniaxial negative 
with moderate to strong birefringence and negative elongation. Absorption in the 
pleochroic members is 0 > E. 
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Table 37. Tourmaline group (continued} 

Refractive 
index Pleochroism Weight % 

Biref NAME 
(-) 

w e: 0 E Fe2o3 FeO MgO CaO Na 2o Other 

1.634 1.612 .022 DRAVITE --- --- --- .02 8.4 --- 1.9 

1.635 1.618 • 017 ELBAITE --- --- .03 --- --- 0.4 2.4 Li20 1.9. 

1.637 I 1.621 I LIDDICOATITE --- I .016 Dark Pale --- --- 4.2 0.9 Li20 2.5, 
brown brown F 1.7. 

1.638 1.619 .019 UVITE Dark Light --- 0.5 15.4 5.5 0.2 

~ 
1.646 1.625 .021 ELBAITE --- --- --- 4.9 --- --- 2.5 Li20 1.2, 

MnO 0.7. 

1.653 1.637 .016 DRAVITE Dark Pale 2.2 3:6 9.3 1.6 1.9 
olive brown 
green 

1.660 1.639 .021 UVITE Dark Light 2.7 5.8 11.0 7.9 ---
1.661 1.632 .029 SCHORL --- --- 0.8 8.7 5.6 --- 2.3 

1.675 1.643 • 032 DRAVITE Red- Pale --- 1.3 6.3 --- --- V203 8.0. 
brown green 

1.693 1.659 .034 SCHORL --- --- 9.2 0.6 7.3 1.5 2.6 Ti02 2.2. 

1.710 1.664 .046 DRAVITE, --- --- 1.8 1.8 --- --- --- Cr203 17.8. 
chromian 

1. 735 1.625 .110 BUERGERITE Yellow- Pale 17.6 1.3 --- 0.7 2.5 
brown yellow 



------~--~---------------------------
Table 37. Tourmaline group (continued) 

Refractive 
index Pleochroism Weight % 

Biref NAME 

I (-) 
(J) e: 0 E Fe 2o3 FeO MgO CaO Na 2o Other 

1.778 1.772 .006 CHROMDRAVITE Dark Yellow- 7.65 --- 9.05 0.16 2.66 Cr203 31.6, 
green green V203 1.46. 

1.800 1.743 .057 FERRIDRAVITE Very dark Light 38.4 7.5 5.6 --- 2.2 K20 1.0. 
brown brown 

C/.:) 
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Table 38. Zeolite group 

The zeolite minerals form a complex group of hydrated aluminosilicates with 
ratio O:(Si+Al )=2. They have the general formula A(X02)n·mH2o, in which A may be 
Na, Ca, and K, and less commonly Ba, Sr, Mg, L1(7), and Cs; X may be Sf and Al. 
They are characterized by ready loss of their water, which can be restored, at 
least in part, and by their ability to exchange basic cations. 

Ami cite 

Analcime 

Barre rite 

Brewsterite 

Chabazite 

Clinoptilolite 

Cowlesite 

Dachi a rd i te 

Edingtonite 

Epistilbite 

Erionite 

Faujasite 

Ferrierite 

Garronite 

Gismondine 

Gmelinite 

Gobbinsite 

Gonnardite 

Goosecreekite 

Harmotome 

Herschelite 

Heulandite 

Laumontite 

KzNazA1 4Si 4o16 ·SHz0 

(Na,K,Cs)A1Sf 206·H20 

(Na,K,Ca) 2Al 2Si 7018 ·7H20 

(Sr,Ba,Ca)Al 2Si 6o16 ·SH20 

(Ca,Na 2)Al 2si 4o12 ·6H2o 
(Na2,K2,Ca) 2_3Al 3(Al,Si) 2Si 13o36 ·12H20 

CaA1 2st 3o10 -6H20 

(Ca,Na2,K2)5A1 10st 38o96 .zsH2o 
BaA1 2si 3o10 ·4H20 

CaA1 2si 6o16 .sH20 

{Ca,Na 2,K2)Al 2Si 6o16 ·6H20 

Na 2caA1 4si 10o28 ·20H2o 
(Na,K) 2MgA1 3St 15o36 (0H)•9H20 

Na 2ca 5Al 12st 20o64 ·27H2o 
caA1 2si 2o8·4H2o 
(Na 2,Ca)Al 2Si 4o12 ·6H20 

Na4{Ca,K2)Al 6Si 10o32 ·12Hz0 

Na 2caA1 4si 6o20 ·7H2o 
CeA1 2Si 6o16 .sH20 

(Ba,K2}1_2(Al ,Si) 1o16 ·6H20 

(Na 2,Ca,K2)A1Si 206·3H20 

(Na,K) 2_3A1 3(Al,Si)2si 13o36 ·12H20 

CaAlzSi 4o12 ·4H20 
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Table 38. Zeolite group (continued) 

Levyne 

Mazzite 

Merlinoite 

Mesolite 

Mordenite 

Natrolite 

Offretite 

Paulingite 

CaA1 2Si 3o10 ·5H20 

(K2,Na 2,Ca) 6Mg 3Al 13si 27o80 .16H20 (?) 

(K,Ca,Na) 7Si 23A1 9064 ·23H20 

Na 2CaA1 6Si 9o30 ·8H20 

(Ca,Na 2,K2)A1 2Si 10o24 ·7H20 

(Na 2,Ca)A1 2Si 3o10 .2H20 

(K2,Ca) 3Al 5si 13o36 ·14H20 

. Ph i 11 i p s i t e ( K2 , N a 2 , C a ) 1_ 2 ( A 1 , S i ) 8 0 16 • 6 H 2 0 

Pollucite (Cs,Na)AlSi 206·mH2o 

Scolecite CaA1 2Si 3o10 ·3H2o 

Sodium dachiardite (Na 2,ca,K) 4_5Al 8si 40o96 ·26H2o 

Stellerite CaA1 2Si 9o18 ·7H2o 
Stilbite NaCa 2Al 5Si 13o36 .14H20 

Tetranatrolite Na 2A1 2Si 3o10 ·2H2o 

Thomsonite Naca 2Al 5s; 5o20 ·6H 2o 

Wairakite CaA1 2si 4o12 ·2H2o 

Wellsite (Ba,Ca,K2)Al 2Si 3o10 ·3H20 

Yugawaralite CaA1 2s; 6o16 ·4H2o 

The basic structure of zeolite minerals is an open framework of (Si,Al)04 
tetrahedra, which accounts for their cation exchange and absorption capacity and 
for the ability of water molecules to move out of and into the framework. In the 
zeolite group are representatives of every crystal system except triclinic. Hard
ness is 3.5 to 5, specific gravity is low (mostly 2.0-2.3), cleavage is good to 
perfect. Most are gelatinized or otherwise decomposed by acids. 

These minerals vary in optical character but typically have low refractive 
index and low to very low birefringence. Depending on the degree of dehydration 
of a given species, the optic angle may vary widely, even to changing optic sign 
and orientation. This, together with the overlap of properties and the lack of 
adequate documentation of some of the examples, makes it difficult to distinguish 
between members of this group by optical means. 
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Table 38. Zeolite group (continued) 

Refractive index 

Biref NAME 2V System Remarks 
!' ~' 

a or E or n y or E -

--- 1.461 1.465 .004 CHABAZITE (+)00 TRIG 

1.460 1.462 --- .001 CHABAZITE (-)oo TRIG Anom biax. 

--- 1.468 1.473 .008 ERIONITE ( +) oo HEX Diff dec 
by acids. 
El pos. 

1.468 1.470 1.473 .005 ERIONITE (+)00 HEX Diff dec 
by acids. 

--- 1.470 1.474 .004 GMELINITE (+)00 TRIG Tw. 2V 
0° to 
small. 

--- 1.471 1.474 .003 HERSCHELITE (+)00 TRIG 

--- 1.473 --- .000 PAULINGITE --- CUB 

1.470 1.474 --- .004 HERSCHELITE (-)oo TRIG 

1.471 1.475 1.476 .005 SODIUM- (-)88- MCL Z:c = 18°. -DACHIARDITE 92o 

1.472 1.475 1.477 .005 MORDENITE (- )80° ORTH X = a, 
z = c 

--- 1.477 1.480 .003 ERIONITE (+)00 HEX Diff dec 
by HCl. 
El pos. 

1.475 1.477 --- .002 GMELINITE (-)oo TRIG Anom biax. 
Tw. 

1.476 1.479 1.479 .003 CLINOPTILOLITE (-)small MCL X = b?, 
Z:a-;- 15°. 

1.478 1.479 1.481 .003 CLINOPTILOLITE (+)40° MCL X = b, el 
clv pos. 

1.478 1.479 1.482 .004 FERRIERITE (+)50° ORTH Insol in 
HCl. X = 
_!, y = b. 
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Table 38. Zeolite group (continued) 

Refractive index 

Biref NAME 2V System Remarks 
!!_, ~, 

a or e: or n y or e: -

--- 1.479 --- .000 ANALCIME --- CUB Opt anom. 

--- 1.480 1.493 .013 TETRANATROLITE (+)00 TET 

1.477 1.480 1.490 .013 NATROLITE (+)63° ORTH X= a, Z = 
E_, eT pos. 

--- 1.48 --- wk FAUJASITE --- CUB On losing -- H20, 

I 
becomes 
uniax pos. 

1.480 (1.480) 1.485 • 005 CHABAZITE (+)small TRIG 

--- 1.481 1.483 .002 LEVYNE ( +) oo TRIG 

--- 1. 482 (1.484- .002- GMELINITE ( +) '"oJ oo HEX 
1.490) • 008 

1.481 1.482 1.486 .005 MORDENITE (+)large ORTH Partly dec 
by HCl. 
X = c, 
v = a. -

1.481 1.484 1.486 .005 CLINOPTILOLITE (-)large MCL X= b (?), 
Z:c-;- 15°. -

1.483 1.485 1.487 .004 PHILLIPSITE (+)63° MCL X = b, 
Z:c -;- 19° -

1.479 1.485 1.489 .010 BARRE RITE (-78°) ORTH X = a, 
y = o. -

1.485 1.485 1.488 .003 CHABAZITE (+)med TRIG Tw. 

1. 483 1.486 1.495 .012 NATROLITE (+)med ORTH X = a, z = 

I 
c, tw. 

1.484 1.486 1.487 • 003 PHILLIPSITE (-)med MCL Penet tw. 

--- 1.487 1.489 .002 CHABAZITE ( +) oo TRIG Anom biax. 

1.486 1.487 --- .001 ANALCIME (-)small CUB An om bi ax, 
1 am tw. 

397 



Table 38. Zeolite group (continued) 

Refractive index 

Biref NAME 2V System Remarks 
!!_, ~' 

a or € or n r or € -

1.488 1.488 1.489 .001 HEULANDITE (+)70° MCL El clv neg. 

1.484 (1.488) 1.490 .006 CHABAZITE (-)60- TRIG Anom biax, 
70° tw. 

1.482 1.489 1.496 • 014 STILBITE (-)43° MCL Y = b, X:a 
= 2-9°, eT 
neg. 
Cruciform 
penet tw. 

1.489 1.489 1.492 .003 FERRIERITE (+)small ORTH Insol in 
HCl. El 
pos. 

1.486 1.489 --- .003 OFFRETITE (-)oo HEX El pos. 

1.486 1.489 --- .003 CHABAZITE (-)oo TRIG Anom biax. 

1.487 1.489 --- • 002 LEVYNE (-)oo TRIG 

1.490 1.490 1.502 .012 NATROLITE (+)00 ORTH El pos. 

1.485 1.490 1.494 .009 AMICITE (-)82° MCL 

1.491 1.492 1.494 .003 CHABAZITE (+)58° TRIG Tw. 

1.491 1.493 1.497 .006 CLINOPTILOLITE (+)72° MCL El cl v pos. 

--- 1.493 --- .000 ANALCIME --- CUB 

1.486 1.494 1.496 .010 STELLERITE (-)38- ORTH X= a, Y = 
48° _£, eT clv 

neg. 

1.489 1.494 --- .005 GOBBINSITE (-)oo TET El neg. 

1.493 1.496 1.500 • 007 DACHIARDITE (+)69° MCL Mimetic tw. 

1.495 1.497 1.504 .009 YUGAWARALITE (+)78° MCL Insol in 
acids. u 
opt neg. 

1.495 1.498 1.502 .007 GOOSECREEKITE (-)82° MCL y = b' Z:c 
= 46°. 
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Table 38. Zeolite group {continued) 

Refractive index 

Biref NAME 2V System Remarks 

~· ~· a or E or n y or E -

1.497 {1.498) 1.499 .002 GONNARDITE {+)med ORTH 
to 

large 

1.496 1.498 1.504 • 008 HEULANDITE (+)35° MCL El clv neg. 

1.499 1.500 1.502 .003 WAIRAKITE (+)med MCL 

--- 1.500 1.502 .002 GARRONITE {+)00 TET 

1.499 1.500 1.501 .002 MERL.INOITE {-)56° ORTH X= b, Z = 
2_, eT pos. 

1.498 (1.501} 1.502 .004 WAIRAKITE (-}75° MCL X ..., .!?_, Z 
...., c. u 
biax pos. 

1.500 1.501 1.504 .004 WELLSITE (+)39° MCL Complex tw. 

1.494 1.502 1.507 .013 STILBITE (-)30- MCL Y = b, X :a 
50° = 2-9Q, eT 

neg. 
Cruciform 
penet tw. 

1.498 1.503 1.506 .008 HARMOTOME (-)75- MCL z = b' y :c 
82° = 28° -

--- 1.503 1.507 .004 CHABAZITE (+)00 TRIG 2V small 

1.500 1.503 1.510 .010 PHILLIPSITE (+)med MCL Tw. 

1.501 1.504 1.509 .008 HARMOTOME (+)78° MCL Cruciform 
tw. 

1.504 1.505 1.507 .003 MESOLITE ( +) 1 a rge MCL 

--- 1.505 --- .000 ANAlCIME --- CUB Diff dec 
by acids. 
Cs20 14.9%. 

1.499 1.506 --- .007 MAZZITE (-)oo HEX 

1.505 1.507 1.507 .002 GARRONITE (-)oo ORTH, 
ps tet 
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Table 38. Zeolite group (continued) 

Refractive index 

Biref NAME 2V System Remarks 
~' ~' 

a or e: or n y or e: -

1.504 1.507 1.515 .011 HEULANDITE (-)10- MCL El clv neg. 
40° 

--- 1.507 --- .000 POLLUCITE --- CUB F di ff. 

1.505 1.5og 1.5og .004 COWLESITE (-)30° ORTH X= a, Y = 
E_, eT pos. 

1.505 1.5og 1.513 .008 HARMOTOME ,., goo MCL Cruciform 
tw. 

1.505 1.5og 1.511 .006 PHILLILPSITE (-)med MCL Penet tw. 

1. 508 1.510 1.513 • 005 GONNARDITE (+)large ORTH 

1.502 1.510 --- .008 LEVYNE (-)oo TRIG 

1.508 1.511 1.523 .015 BREWSTERITE (+)55° MCL El clv neg. 

1.508 1.511 1.512 .004 GARRONITE (-)0- ORTH 
30° 

1.500 1.511 1.513 .013 EPISTILBITE (-)40° MCL X = b, 
Z:c -; go 

-
1.504 1.512 1.516 .012 LAUMONTITE (-)44° MCL y = b' 

z :c -; 30° 

1.511 1.513 1.518 .007 THOMSONITE (+)75° ORTH X = a, 
z = b -

1.512 1.515 1.517 .005 COWLESITE (-)44- ORTH X = a, z = 
53° _£, eT pas. 

1.512 1.515 1. 515 .003 GARRONITE (-)oo ORTH, 
ps tet 

1.512 1.516 1.518 .006 GISMONDINE (-)large MCL X = b, Y ,., 
c. Tw. -

1.512 1.518 1.51g .007 SCOLECITE (-)35° MCL Z = b, X:_£ 
= 181r, el 
neg. 

1.515 1.518 --- .003 CHABAZITE (-)oo TRIG Anom biax. 
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Table 38. Zeolite group (continued) 

Refractive index 

Biref NAME 2V System Remarks 

~' ~' 
a or € or n -y or € -

1.513 1.524 1.525 .012 LAUMONTITE (-)25° MCL Y = b, Z:c 
= 20::-30° .-

1.523 1.525 1.532 .oog THOMSONITE (+)48° ORTH X = a, 
z = b -

--- 1.525 --- .000 POLLUCITE --- CUB 

1.522 1.528 1.530 .008 GISMONDINE (-)15- MCL X = b, Y ...., 
goo c. Tw. -

1.530 1.533 1.542 .012 THOMSONITE (+)52° ORTH X = a, 
z = b -

1.538 1.543 1.548 .010 GISMONDINE (-)15- MCL X = b, y ...., 
goo c. Tw. -

1.541 1.553 1.557 .016 EDINGTONITE (-)54° ORTH X= c, Z = 
_!, eT neg. 
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Cornwallite --- 192, 299 
Corundum --- 113, 114, 288 
Cotunnite --- 203 
Coulsonite --- 387 
Covellite --- 62 
Cowlesite --- 216, 217, 394, 400 
Crandallite --- 69, 70, 344, 345 
Crandallite(?) --- 151 
Creaseyite --- 185 
Crednerite --- 123 
Creedite --- 210 
Cristobalite --- 33, 85 
Crocoite --- 204 
Cronstedtite --- 114, 293 
Crossite --- 256, 320, 328 
Cryolite--- 124 
Cryolitnionite --- 30 
Cryptonalite --- 30 
Cryptomelane --- 60 
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Epistilbite --- 216, 394, 400 
Epistolite --- 257 
Epsomite --- 208, 209 
Ericaite --- 286 
Eriochalcite --- 170 
Erionite --- 62, 63, 125, 394, 396 
Ernstite --- 275 
Erythrite --- 159, 165, 261 
Erythrosiderite --- 185 
Esperite --- 288 
Ettringite --- 84, 85 
Euchlorine --- 151 
Euchroite --- 173 
Euclase --- 163 
Eucryptite --- 67 
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Ferro-ferri-tschermakite --- 272, 319, 

326 
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Ferro-richterite --- 274, 319, 327 
Ferrosalite --- 176, 377, 382 
Ferrotschermakite --- 167, 264, 319, 

325 
Ferrotycnite --- 36 
Ferrowyllieite --- 171 
Ferruccite --- 124 
Fersmanite --- 302 
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Gageite --- 283 
Gahnite --- 47, 48, 49, 387, 388 
Gaidonnayite --- 239 
Gainesite --- 69 
Gaitite --- 175, 181, 275 
Galaxite ---50, 51, 387, 388 
Galeite --- 62 
Galena --- 61 
Gamagarite --- 199 
Ganomalite --- 79, 198 
Ganophyllite --- 239, 244 
Garrelsite --- 250 
Garronite --- 64, 86, 87, 217, 394, 

399, 400 
Gaspeite --- 115, 116, 339, 340 
Gatumbaite --- 249 
Gaudefroyite --- 78 
Gaylussite --- 217 
Gearksutite --- 208 
Gearite --- 163, 247, 259, 264, 318, 

321 
Gehlenite --- 107, 362, 363 
Geikielite --- 121 
Genthelvite --- 45 
Georgeite --- 38 
Georgiadesite --- 201 
Gerasimovskite --- 294 
Gerhardtite --- 176, 277 
Gerstleyite --- 200, 306 
Gerstmannite --- 266 
Getchellite 205 
Gianellaite --- 54 
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Giannetite --- 166 
GiDDsite --- 143, 146 
Gilalite --- 251 
Gillespite --- 100 
Giniite --- 293 
Ginorite --- 134 
Girdite --- 313 
Gismondine --- 217, 220, 223, 394, 400, 

401 
Gittinsite --- 283 
Giuseppettite --- 63, 341 
Glass--- 34, 35, 37, 39, 41 
Glass (obsidian) --- 32 
Glass, "Lechatelierite" --- 31 
Glauberite --- 221 
Glaucochroite --- 278, 370 
Glaucokerinite --- 136, 222 
Glauconite--- 95, 97, 99, 101, 236, 

241, 246, 251, 365, 366, 
367, 368, 369 

Glaucopnane --- 252, 320, 328 
Glaukosphaerite --- 296 
Glucine --- 141, 228 
Glushinskite --- 220 
Gmelinite --- 63, 84, 127, 210, 394, 

396, 397 
Goooinsite --- 85, 394, 398 
Goedkenite --- 168 
Goetnite --- 311, 313 
Goetnite ("Limonite") --- 53 
Goldicnite --- 150 
Goldmanite --- 49, 50, 355, 357 
Gonnardite --- 130, 132, 394, 399, 400 
Gonyerite --- 106, 263 
Goosecreekite --- 214, 394, 398 
Gorceixite --- 69, 70, 344, 345 
Gordonite --- 138, 237 
Gormanite --- 259 
Goslarite --- 209, 210 
G6tzenite --- 143, 162, 166 
Goudeyite --- 74 
Gowerite --- 130 
Goyazite --- 70, 71, 344, 345 
Graemite --- 198 
Graftonite --- 173, 179 
Grandidierite --- 246, 251 
Grantsite --- 305 
Grapnite --- 118 
Gratonite --- 123 
Greenalite --- 41, 42 
Greenockite --- 81, 82 
"Grenzdunkfeld" technique --- 6 
Grimaldiite --- 119, 120 
Grimselite --- 97 
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Gripnite --- 40, 42 
Grossular --- 44, 46, 355, 356 
Grossular-andradite --- 48, 356 
Grossular-spessartine --- 47, 356 
Grossular-uvarovite --- 48, 356 
Grothine --- 141 
Grunerite --- 263, 266, 274, 318, 323 
Guerinite --- 235 
Guildite --- 156 
Guilleminite --- 292 
Gunningite --- 150 
Gutsevichite --- 37, 39 
Qypsum --- 134 
Qyrolite --- 90, 225 
Hagendorfite --- 284 
Haidingerite --- 149 
Haiweeite --- 231, 234 
Halite --- 36 
Hallimondite --- 197 
Halloysite --- 36, 227 
Halotrichite --- 212 
Halurgite --- 139 
Hambergite --- 146, 148 
Hancockite --- 296, 347, 350 
Hanksite --- 84 
Hannayite --- 218 
Haradaite --- 178, 279 
Harbortite --- 152 
Hardystonite --- 107, 362, 363 
Harkerite --- 40, 41 
Harmotome --- 131 132, 215, 394, 399, 

400 
Harstigite --- 169 
Hartite --- 141 
Hastingsite --- 276, 282, 319, 326 
Hatcnettite --- 63, 132, 134 
Hatrurite --- 111, 280 
Hauckite --- 71 
Hauerite --- 60 
Hausmannite --- 122 
Hauyne --- 33, 35, 386 
Hawleyite --- 47 
Hedenoergite --- 181, 186, 377, 378, 

382, 383 
Hedypnane --- 79, 119, 330, 333 
Heidornite --- 147 
Heinricnite --- 97, 242, 335, 336 
Hellandite --- 46, 262 
Hellyerite --- 215 
Helmutwinklerite --- 191 
Helvite --- 44, 45 
Hematite --- 123, 313 
Hematolite --- 111 
Hemihedrite --- 312 
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Hemimorphite --- 153 
Hendersonite --- 306 
Hendricksite --- 260, 270, 365, 369 
Henritermierite --- 77, 187, 355 
Hercynite --- 47, 50, 387, 388 
Herderite --- 244 
Herscnelite --- 63, 84, 394, 396 
Hetaerolite --- 121 
Heterosite --- 300 
Heulandite --- 129, 130, 131, 394, 398, 

399, 400 
Hewettite --- 310 
Hexahydrite --- 209 
Hexahydroborite --- 130 
Heyite --- 202 
Hibonite --- 114, 116 
Hidalgoite --- 75, 76, 337, 338 
Hieratite --- 30 
Hilairite --- 98 
Hilgardite --- 157 
Hillebrandite --- 242, 244 
Hinsdalite --- 73, 167, 337, 338 
Hiortdahlite --- 160, 254, 260 
Hisingerite --- 31, 35, 37, 38, 42, 

210, 234 
Hodgkinsonite --- 284 
Hoegbomite --- 115, 117 
Hoernesite --- 144 
Hohmannite --- 254 
Holdenite --- 188 
Hollandite--- 123 
Holmquistite --- 250, 255, 318, 321 
Holtedanlite --- 91 
Holtite --- 281, 287 
Homilite --- 179 
Homilite (altered) --- 41, 156, 161 
Hopeite --- 235, 240 
Hortonolite --- 289, 291, 292, 371, 372 
Howieite --- 279 
Howlite --- 240 
Hsiangnualite --- 39 
Huanghoite --- 113 
Huebnerite --- 203 
Huegelite --- 79, 197 
Huemulite --- 282 
Humberstonite --- 84 
Humboldtine --- 142 
Humite --- 151, 155, 157, 162, 358, 

359, 360 
Hungcnaoite --- 211 
Huntite --- 100 
Hureaulite --- 255, 259, 264 
Hurlbutite --- 241 
Hutchinsonite --- 315 
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Huttonite --- 42, 193, 197 
Hyalophane --- 224, 351, 353 
Hyalosiderite --- 279, 282, 286, 371, 

372 
Hyalotekite --- 199 
Hydrated basaltic glass --- 32, 36 
Hydroastrophyllite --- 279 
~drobasaluminite --- 126, 210 
Hydroboracite --- 137 
Hydrocalumite --- 226 
Hydrocerussite --- 120 
Hydrochlorborite --- 131 
Hydrodresserite --- 239 
~droglauberite --- 214 
Hydrogrossular --- 42, 43, 355, 356 
Hydrohetaerolite --- 121 
Hydrohonessite --- 101 
Hydromagnesite --- 135, 137 
Hydronium jarosite --- 115, 316, 317 
Hydrophilite --- 151 
Hydrotalcite --- 87 
Hydrotungstite --- 303 
Hydrous U sulfate --- 190 
Hydroxyapophyllite --- 66 
Hydroxylapatite --- 104, 330, 331 
Hydroxylbastnaesite --- 76 
Hydroxylellestadite --- 330, 332 
Hydroxylherderite --- 246 
Hydrozincite --- 283 
Hypersthene--- 277, 377, 381 
Ianthinite --- 301 
Ice --- 30, 62 
Identification of an unknown by its 

optical properties --- 1 
use of tables for --- 24-27 

Idrialite --- 182 
Iimoriite --- 295 
Ikaite --- 222 
Ilesite --- 218 
Ilimaussite --- 73 
Illite--- 237, 365, 367 
Ilmajokite --- 145 
Ilvaite --- 299, 302 
Imandrite --- 151 
Immersion liquids --- 3-4 

change of refractive index with 
temperature --- 3-4 

dispersion strength of --- 4 
Immersion methods --- 2-3 
Inderborite --- 217, 218 
Inderite --- 129 
Index of refraction, see Refractive 

index 
Indialite --- 89 
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Indicatrices --- 10 
Indigirite --- 128, 213 
Inesi te --- 252 
Innelite --- 182 
Interference figures--- 11, 13 
Inyoite --- 215 
Iodargyrite --- 81 
Iowaite --- 89 
I raqui te --- 95 
Irntemite --- 157 
Iriginite --- 295, 300 
Ironite --- 311 
Isogyre configuration --- 14 
Isogyres, curvature of --- 18 
Isokite --- 149 
Itoite --- 194, 297 
Ivanovite --- 219 
Jacobsite --- 58, 59, 387, 388, 389 
Jadeite--- 159, 163, 167, 170, 377, 

379, 380 
Jagoite --- 118 
Jagowerite --- 172, 272 
Jahnsite --- 260, 273 
Jamborite --- 98 
Jamesite --- 305 
Jarlite --- 124, 208 
Jarosewichite --- 292 
Jarosite --- 114, 116, 295, 316, 317 
Jasmundite --- 75, 112 
Jeanbandyite --- 116 
Jennite --- 228 
Jeremejevite --- 104, 255, 259 
Jimboite --- 190 
Jimtnompsonite --- 247 
Jinsnajiangite --- 191 
Jixianite ---57, 375, 376 
Joaquinite --- 177, 188 
Joesmithite --- 187 
Jonacnidolite --- 177 
Johannite --- 149, 239 
Jonannsenite --- 175, 178, 180, 377, 

378, 381, 382 
Johillerite --- 184 
Johnbaumite --- 108, 330, 332 
Jokokuite --- 216, 342 
Joliotite --- 251, 257 
Jonesite --- 164 
Jouravskite --- 90 
Juanite --- 159 
Julgoldite --- 278, 285, 291, 295 
Julienite --- 66 
Jungite --- 260 
Junitoite --- 165 
Jurbanite --- 209 
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Kaemmererite --- 95, 237 
Kaersutite --- 272, 276, 282, 319, 326 
Kahlerite --- 250, 335, 336 
Kainite --- 215 
Kainosite --- 270 
Kalborsite --- 65 
Kaliborite --- 135 
Kalicinite --- 211 
Kalinite --- 208 
Kaliophilite --- 88 
Kalipyrochlore --- 51, 52 
Kalistrontite --- 92 
Kalsilite --- 89, 90 
Kamaishilite --- 40, 71, 100 
Kanemite --- 209 
Kanoite --- 177, 377, 382 
Kanonaite --- 181 
Kaolinite--- 229 
Karaptite (= coronene) --- 304 
Karibibite --- 307 
Karlite --- 249 
Karnasurtite --- 99 
Karpatite --- 189 
Karpinskite --- 228, 236 
Kasolite --- 196, 198 
Kassite --- 309 
Katoptrite --- 303 
Kazakovite --- 104 
Keckite --- 272 
Kehoeite --- 35 
Kellyite --- 103, 256 
Kemmlitzite --- 74, 337, 338 
Kempite --- 273 
Kentrolite --- 202 
Kermesite --- 206 
Kernite --- 209 
Kettnerite --- 119 
Keyite --- 192, 297 
Khanneshite --- 100 
Kni oi n s·k i te --- 277 
Kninite --- 200 
Kidwellite --- 293 
Kieserite --- 136 
Kilchoanite --- 256 
Killalaite --- 253 
Kimzeyite --- 52, 355, 357 
Kingite --- 133, 217 
Kingsmountite --- 234 
Kinoite --- 263 
Kinoshitalite --- 250, 366, 369 
Kirschsteinite --- 272, 279, 370 
Kittatinnyite --- 111 
Kivuite --- 259, 275 
Kladnoite --- 133 
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Klebelsbergite --- 303 
Kleinite --- 81, 310 
Knorringite --- 48, 355, 356 
Koashvite --- 254 
Kobeite --- 57 
Koechlinite --- 314 
Koenenite --- 65, 66 
Koettigite --- 153, 170 
Kogarkoite --- 62 
Koktaite --- 221 
Kolbeckite --- 238 
Kolfanite --- 302 
Kolicite --- 291 
Komarovite --- 187 
Koninckite --- 37, 41, 105 
Konyaite --- 125 
Koritnigite --- 162 
Kornelite --- 146 
Kornerupine --- 266, 273 
Korshunovskite --- 223 
Korzhinskite --- 160 
Kostylevite --- 149 
Kotoite --- 162 
Kovdorskite --- 223 
Kozulite --- 278, 320, 329 
Kraisslite --- 77 
Krausite --- 160 
Krauskopfite --- 237 
Krautite --- 157 
Kremersite --- 187 
Krinovite --- 179 
Kroehnkite --- 233 
Kryzhanovskite --- 191 
Ktenasite --- 244 
Kulanite --- 174 
Kulkeite --- 227 
Kupletskite --- 274 
Kuranakhite --- 199, 305 
Kurchatovite --- 265, 268 
Kurgantaite --- 159 
Kurnakovite --- 216 
Kurumsakite --- 153 
Kusuite --- 119 
Kutnohorite --- 110, 112, 346 
Kyanite --- 279 
Labradorite --- 142, 143, 350, 353 
Labuntsovite --- 167, 173 
Lammerite --- 197 
Lamprophyllite --- 183, 187 
Lanarkite --- 306 
Landauite --- 313 
Landesite --- 281 
Langbanite --- 122 
Langbeinite --- 35 
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Langite --- 271, 277 
Lannonite --- 62 
Lansfordite --- 125 
Lanthanite --- 237 
Lanthanite-(Nd) --- 238 
Laplandite --- 235 
Larderellite --- 132 
Larnite --- 176 
Larsenite --- 303 
Latiumite --- 151, 238, 243 
Laubmannite --- 194 
Laueite --- 260 
Laumontite --- 217, 219, 394, 400, 401 
Laurionite --- 309 
Lausenite --- 234, 248 
Lautarite --- 194 
Lavendulan --- 112 
Lavenite --- 258, 271, 280, 285 
Lawrencite --- 92 
Lawsonbauerite --- 243 
Lawsonite --- 168 
Lazarenkoite --- 301 
Lazulite --- 249, 256 
Lazurite --- 34, 35, 386 
Leadhillite --- 305 
Lecontite --- 208 
Legrandite --- 171, 175 
Lehiite --- 245 
Leifite --- 64 
Leightonite --- 237 
Leiteite --- 196 
Lemoynite --- 141 
Leonite --- 128, 212 
Lepersonnite --- 263 
Lepidocrocite --- 202, 310 
Lepidolite --- 225, 227, 229, 366, 367 
Lermontovite --- 275 
Letovicite --- 217 
Leucite --- 34, 64, 132 
Leucophanite --- 239 
Leucophoenicite --- 289, 358, 360 
Leucophosphite --- 178 
Leucosphenite --- 163, 165 
Levyne --- 63, 85, 86, 395, 397, 398, 

400 
Liandratite --- 49 
Liberite --- 250 
Libetnenite --- 184, 285 
Liddicoatite --- 102, 391, 392 
Liebenbergite --- 195, 298, 371, 372 
Liebigite --- 130 
Likasite --- 158, 260 
Lime --- 50 
Linarite --- 297 
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Lindackerite --- 164 
Lindgrenite --- 305 
Linnaeite --- 61 
Liottite --- 88, 341, 342 
Liroconite --- 258 
Litharge --- 122 
Litniopnilite --- 166, 169, 264, 274 
Lithiophospnate --- 142 
Litidionite --- 232 
Livingstonite --- 314 
Lizardite --- 143, 227, 230 
Loeweite --- 85 
Lokkaite --- 239 
Lomonosovite --- 283, 285 
Loparite --- 55, 58 
Lopezite --- 181 
Lorandite --- 205 
Loranskite --- 53 
Lorenzenite --- 306, 307 
"Lorettoite" --- 121 
Loseyite --- 160 
Loudounite --- 139, 223 
Loughlinite --- 131 
Lovdarite --- 133, 218 
Lovozerite --- 91, 93, 227 
Luddenite --- 195 
Ludlamite --- 166 
Ludlockite --- 200 
Ludwigite --- 192, 193, 195 
Lueneburgite --- 223 
Luesnite --- 312 
Luetneite --- 188 
Lusungite --- 77, 78, 344, 345 
Macdonaldite --- 134, 219 
Macfallite --- 292 
Machatscnkiite --- 96 
Mackayite --- 81 
Macquartite --- 312 
Magadiite --- 128, 212 
Magbasite --- 243 
Maghemite --- 60 
Magnesia-anthophyllite--- 242, 318, 

321 
Magnesio-arfvedsonite --- 159, 259, 

268, 319, 328, 329 
Magnesioaxinite --- 164, 263 
Magnesiocnromite ---51, 52, 387, 388 
Magnesiocopiapite --- 135, 139, 343 
Magnesiocummingtonite --- 249 
Magnesioferrite ---58, 387, 389 
Magnesio-gedrite --- 318, 320, 321 
Magnesio-hastingsite --- 262, 270, 319, 

325, 326 
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Magnesia-hornblende --- 254, 265, 319, 
324, 325 

Magnesio-riebeckite --- 261, 320, 328 
Magnesite --- 109, 110, 111, 339, 340 
Magnesite-siderite --- 114 
Magnesium chlorophoenicite --- 167, 270 
Magnesium-zippeite --- 285 
Magnetite--- 59, 387, 389 
Magniotriplite --- 152, 160 
Magnocolumbite --- 313 
Magnussonite --- 52 
Makatite --- 126, 127, 211 
Malachite --- 300 
Malayaite --- 291 
Malladrite --- 84 
Mallardite --- 125 
Manandoite --- 150 
Manasseite --- 87 
Mandarinoite --- 293 
Manganaxinite --- 270 
Manganoabingtonite --- 180 
Manganoerzeliite --- 47 
Manganese-hoernesite --- 147 
Mangannumite --- 175, 188, 358, 360, 

361 
Manganite --- 199, 203 
Mangan-neptunite --- 172, 173 
Manganocolumoite --- 313 
Manganolangbeinite --- 37 
Manganopalygorskite --- 231 
Manganosite --- 56 
Manganosteenstrupine --- 48 
Manganostibite --- 303 
Manganotantalite --- 201, 202 
Manganpyrosmalite --- 106 
Mansfieldite --- 155 
Mapimite --- 169 
Margaritasite --- 313 
Margarite --- 244, 254, 366, 368, 369 
Margarosanite --- 289 
Marialite --- 88, 90, 385 
Maricite --- 273 
Marsnite --- 58 
Marsturite --- 171 
Mascagnite --- 134 
Massicot --- 205 
Masutomilite --- 231, 366, 367 
Masuyite --- 301 
Matlockite --- 120, 310 
Matulaite --- 233 
Mayenite --- 39, 41 
Mazzite --- 86, 395, 399 
Mcallisterite --- 86 
Mcgillite --- 106 



Mcgovernite --- 76 
Mcguinnessite --- 281 
Mckelveyite --- 105 
Mcnearite --- 143 
Medaite --- 189 
Meionite --- 95, 98, 385 
Meixnerite --- 87 
Melanite --- 52, 355, 357 
Melanocerite --- 41, 47, 111 
Melanopnlogite --- 30, 32 
Melanotekite --- 201 
Melanovanadite --- 304 
Melanterite --- 126 
Melilite --- 41, 71, 72, 100, 105, 107, 

362, 363 
Meliphanite --- 72, 99, 362 
Mell ite --- 89 
Melonjosephite --- 289 
Mendipite --- 203 
Mendozite --- 84, 209 
Mercallite --- 125 
Merlinoite --- 214, 395, 399 
Merrihueite --- 67, 68, 91, 96, 373, 

374 
Merwinite --- 175, 178 
Mesolite --- 131 395, 399 
Messelite --- 160, 164 
Meta-aluminite --- 217 
Meta-alunogen --- 126 
Meta-ankoleite --- 94, 363, 364 
Meta-autunite--- 97, 99, 241, 247, 

363, 364 
Metaoorite --- 39 
Metacinnaoar --- 60 
Metahaiweeite --- 154 
Metaneinrichite --- 103, 253, 363, 365 
Metahewettite --- 308 
Metanohmannite --- 177, 278 
Metakahlerite --- 103, 363, 365 
Metakircnheimerite --- 103, 363, 365 
Metakoettigite --- 267 
Metalodevite --- 251, 363, 364 
Metanovacekite --- 102, 363, 364 
Metarossite --- 199 
Metaschoderite --- 150 
Metasideronatrite --- 145 
Metastudtite --- 164 
Metatorbernite --- 70, 101, 247, 363, 

364 
Metatyuyamunite --- 299, 302 
Meta-uranocircite--- 247, 287, 363, 

364 
Metavanmeersscheite --- 267 
Metavariscite --- 142 
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Metavauxite --- 142 
Metavivianite --- 150 
Metavoltine --- 96 
Metazeunerite --- 104, 363, 365 
Meyerhofferite --- 221 
Miargyrite --- 206, 314 
Microcline --- 219, 350, 351, 352 
Microlite --- 51, 53, 54, 375, 376 
Microsommite --- 65, 341 
Miersite --- 56 
Milarite --- 88, 90, 373, 374 
Millisite --- 240 
Millosevichite --- 37 
Mimetite --- 120, 309, 330, 333 
Minasragrite --- 220, 222 
Minguzzite --- 226 
Minium --- 122 
Minnesotaite --- 245, 248 
Minrecordite --- 111, 112, 346 
Minyulite --- 137 
Mirabilite --- 208 
Misenite --- 127 
Miserite --- 147, 148 
Mitridatite --- 295, 298 
Mitscherlichite --- 102 
Mixite --- 76 
Mn-palygorskite --- 227 
Moctezumite --- 311 
Mohrite --- 129 
Moissanite --- 82 
Moluranite --- 52 
Molybdenite --- 123 
Molybdomenite --- 309 
Molybdophyllite --- 115 
Monazite --- 181, 189, 190, 191 
Monetite --- 152 
Monohydrocalcite --- 95 
Monsmedite --- 243 
Montanite --- 308 
Montdorite --- 242, 366, 368 
Montebrasite --- 151, 155, 240, 244 
Monteregianite --- 133 
Montgomeryite --- 233 
Monticellite --- 257, 263, 370 
Montmorillonite--- 217, 221 
Montroydite --- 205 
Mooreite --- 224 
Moorhouseite --- 213 
Moraesite --- 211 
Moraenite --- 126, 127, 210, 395, 396, 

397 
Morelandite --- 79, 330, 333 
Morenosite --- 213 
Morinite --- 229 
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Mosandrite --- 159, 166 
Mosesite --- 54 
Mottramite --- 203, 311 
Motukoreaite --- 35 
Mounanaite --- 201, 308 
Mountainite --- 132 
Mountkeitnite --- 87 
Mroseite --- 298 
Muirite --- 74 
Mukhinite --- 182, 347, 348 
Mullite --- 159, 163 
Mundite --- 268 
Mundrabillaite --- 224 
Munirite --- 287 
Murataite --- 55 
Murmanite --- 285, 288 
Muscovite --- 234, 238, 239, 240, 243, 

246, 366, 367, 368 
Muskoxite --- 294 
Nabaphite --- 34 
Nacapnite --- 217 
Nacrite --- 228 
Nadorite --- 204, 312 
Nagashimalite --- 186 
Nagelschmidtite --- 162, 169 
Nahcolite--- 214 
Nakauriite --- 242 
Nambulite --- 175 
Namibite --- 308 
Namuwite --- 37, 67, 94 
Nanlingite --- 116 
Nantokite --- 51 
Narsarsukite --- 69 
Nasinite --- 217 
Nasonite --- 79 
Nastrophite --- 34 
Natanite --- 46 
Natisite --- 113 
Natrite --- 221 
Natroalunite --- 67, 69, 316, 317 
Natroapophyllite --- 138 
Natrocnalcite --- 163 
Natrodufrenite --- 187 
Natrofaircnildite --- 88 
Natrojarosite --- 115, 116, 296, 316, 

317 
Natrolite --- 63, 127, 128, 395, 397, 

398 
Natromontebrasite 150 
Natron --- 208 
Natroniobite --- 311 
Natrophilite --- 168 
Natropnosphate --- 31 
Natrosilite --- 218 
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Naujakasite --- 225 
Navajoite --- 306 
Nefedovite --- 67, 144 
Neighoorite --- 30 
Nekoite --- 137 
Nenadkevichite --- 166, 170 
Neotocite --- 32, 36 
Nepheline--- 88, 89, 90 
Nepouite --- 252 
Neptunite --- 178 
Nesquehonite --- 214 
Newberyite --- 133 
Ni analogue of serpentine--- 37, 38 
Nianite --- 242 
Nickelbiscnofite --- 154 
Nickeloloedite --- 215, 218 
Nickel-hexahydrite --- 127, 211 
Nickel-zippeite --- 290 
Nifontovite --- 146 
Nigerite --- 77, 115 
Nimite --- 256 
Ningyoite --- 158, 253 
Niobo-aeschynite --- 312 
Niooophyllite --- 287 
Niocalite --- 277 
Nissonite --- 246 
Niter --- 215 
Nitratite --- 95 
Nitrobarite --- 37 
Nitrocalcite --- 64, 213 
Nitromagnesite --- 215 
Nobleite --- 133 
Nontronite --- 230, 236, 241, 257 
Norbergite --- 140, 144, 358, 359 
Nordenski6ldine --- 113 
Nordite --- 251 
Nordstrandite --- 146, 147 
Norsethite --- 109, 110, 346 
Northupite --- 35, 36 
Nosean --- 32, 33, 386 
Novacekite --- 93, 231, 335, 336 
Nullaginite --- 290 
NYerereite --- 86, 221 
Oblique illumination, technique --- 5 
Oboyerite --- 203, 311 
01danielite --- 186 
Offretite --- 85, 395, 398 
Ogdensburgite --- 189 
Ojuelaite --- 180 
Okanoganite --- 113 
Okenite --- 217, 221 
Oldhamite --- 55 
Olgite --- 100 
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Oligoclase --- 138, 223, 224, 350, 352, 
353 

Olivenite --- 192, 294 
Olmsteadite --- 186, 189 
Olsacherite --- 304 
Olshanskyite --- 230 
Olympite --- 132 
Omphacite --- 167, 169, 173, 377, 379, 

380, 381 
Onoratoite --- 311 
Opal --- 30, 31 
Optic angle --- 15-19 

calculation of --- 15-17 
estimation of --- 18-19 
measurement of --- 18 
nomogram for --- 17 
relation to the principal 

refractive indices --- 16-17 
Optic axes, dispersion of --- 19 
Optic sign --- 15-19 

determination of --- 18-19 
Optical data, reliability of --- 2 
Optical directions, relation to 

crystallographic directions 
19-20 

Optical indicatrix --- 7 
Ordinary wave --- 9 
Ordonezite --- 81 
Orientite --- 290 
Orpiment --- 314 
Orthoclase --- 219, 350, 351, 352 
Orthoericssonite --- 194 
Orthoferrosilite --- 188, 377, 378 
Osarizawaite --- 75, 76, 316, 317 
Osumilite --- 66, 373, 374 
Osumilite-{Mg) --- 66, 138, 373, 374 
Otavite --- 116, 339, 340 
Otjisumeite --- 198 
Ottrelite --- 175 
Otwayite --- 170, 273 
Oursinite --- 253 
Overite --- 232 
Oxammite --- 225 
Oxychildrenite --- 175 
Ozocerite --- 64 
Pabstite --- 108 
Pachnolite --- 124 
Painite --- 115 
Palermoite --- 254 
Palmierite --- 110 
Palygorskite --- 220, 224 
Panasqueiraite --- 149 
Panethite 232 
Papagoite --- 253 
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Parabutlerite --- 165 
Paradamite --- 289 
Paraffin --- 64 
Paragonite --- 241, 366, 368 
Parahilgardite --- 157 
Parahopeite --- 155, 247 
Parakeldyshite --- 271 
Parakhinite --- 120 
Paralaurionite --- 310 
Paralstonite --- 107 
Paraluminite --- 209 
Paraschoepite --- 287 
Parascholzite --- 147 
Paraspurrite --- 265 
Parasymplesite --- 161, 164 
Paratacamite --- 78, 194 
Paratellurite --- 81 
Paraumbite --- 241 
Paravauxite --- 142 
Pargasite --- 153, 156, 162, 258, 267, 

319, 324, 325 
Parisite --- 73 
Parisite-{Y) --- 71 
Parnauite --- 275, 279 
Parsettensite --- 93 
Parsonsite --- 294, 299 
Partheite --- 140 
Parwelite --- 194 
Pascoite --- 295 
Paulingite --- 32, 395, 396 
Paul mooreite --- 198 
Pectolite --- 150, 157 
Pe llyite --- 159 
Penfieldite --- 80 
Penikisite --- 171 
Penkvilksite --- 158 
Pennaite --- 173 
Pennantite --- 106, 107, 261, 264 
Pentagonite --- 224 
Pentahydrite --- 213, 217, 342 
Pentahydroborite --- 137 
Percylite --- 53 
Peretaite --- 196 
Perhamite --- 67 
Periclase --- 45, 46 
Perloffite --- 293 
Perovskite ---57, 58, 203, 205, 313 
Perrierite --- 307 
Peta 1 ite --- 133 
Petarasite --- 149 
Petersite --- 73 
Petzite --- 60 
Pharalumite --- 245 
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Pharmacosiderite --- 42, 43, 164, 168, 
173, 272 

Pharmacolite --- 237 
Phaunouxite --- 138 
Phenakite --- 72 
Philipsbornite --- 47, 344, 345 
Phillipsite --- 128, 130, 212, 216, 

395, 397, 399, 400 
Phlogopite --- 91, 94, 225, 228, 235, 

366, 367, 369 
Phoenicochroite --- 204 
Phosgenite --- 80 
Phosinaite --- 231 
Phosphoferrite --- 169 
Phosphophyllite --- 244 
Phosphorroesslerite 211 
Phosphosiderite --- 280 
Phosphuranylite --- 109, 111, 274, 280 
Phurcalite --- 282 
Picite --- 41, 42 
Pickeringite --- 211 
Picromerite --- 125 
Picropharmacolite --- 143 
Piemontite --- 185, 188, 190, 286, 289, 

293, 347, 348, 349, 350 
Pigeonite --- 170, 173, 176, 378, 380, 

381, 382 
Pinakiolite --- 307 
Pinnoite --- 67 
Pirssonite --- 132 
Pitticite --- 39, 40 
Plancheite --- 164, 177 
Planerite --- 35 
Plattnerite --- 121 
Pleochroism --- 20-21 
Plumbogummite --- 72, 73, 344, 345 
Plumbojarosite --- 117, 300, 316, 317 
Plumbopyrochlore --- 54, 375, 376 
Plumbotellurite --- 203 
Plumbotsumite --- 302 
Pollucite --- 34, 35, 395, 400, 401 
Polybasite --- 314 
Polycrase --- 57 
Polyhalite --- 228 
Polymignite --- 57 
Portlandite --- 93 
Posnjakite --- 267 
Potassium alum --- 31 
Poughite --- 304, 305 
Powellite --- 79, 80 
Prehnite --- 153, 156, 160 
Preisingerite --- 201, 310 
Preiswerkite --- 245, 366, 368 
Preobrazhenskite --- 145 
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Priceite --- 238 
Priderite --- 80 
Principal refractive indices --- 9 

relation to optic angle --- 15 
Probertite --- 134 
Prosopite --- 131 
Prosperite --- 185 
Proustite --- 123 
Przhevalskite --- 285 
Pseudo-autunite --- 230 
Pseudoboleite --- 119 
Pseudobrookite --- 204 
Pseudolaueite --- 161 
Pseudomalachite --- 292, 297, 299 
Pucherite --- 313 
Pumpellyite--- 167, 171, 174, 177 
Pumpellyite-(Mn) --- 292 
Purpurite --- 195, 198 
p-Veatchite --- 141 
Pyrargyrite --- 123 
Pyrite --- 61 
Pyroaurite --- 91, 92 
Pyrobelonite --- 313 
Pyrochlore --- 50, 53, 56, 375, 376 
Pyrochroite --- 104, 111 
Pyromorphite--- 119, 307, 330, 333 
Pyrope --- 44, 355, 356 
Pyrope-almandine --- 45, 47, 356 
Pyrophanite --- 122 
Pyrophyllite --- 237 
Pyrosmalite --- 106, 108 
Pyrostilpnite --- 206 
Pyroxferroite --- 185, 187 
Pyroxmangite --- 181, 184 
Quartz --- 66 
Queitite --- 197, 301 
Quenstedtite --- 143 
Quetzalcoatlite --- 115 
Rabbittite --- 131 
Raite --- 138 
Rajite --- 201 
Ralstonite --- 30 
Rameauite --- 303 
Rancieite --- 81, 121 
Rankinite --- 159 
Ransomite --- 159 
Ranunculite --- 262 
Raspite --- 203 
Rauenthalite --- 140 
Rauvite --- 196, 300 
Realgar --- 314 
"Rectorite" --- 225 
Reddingite --- 160, 165 
Reedmergnerite --- 229, 351, 353 



Reevesite --- 111 
Refractive index 

change with temperature --- 3-4 
determination --- 3-14 

by method of random grain mounts 
--- 11 

by spindle stage--- 11-14 
central illumination (Beke line) 

technique --- 4-5 
dispersion coloration technique 

--- 5-7 
for anisotropic substances ---

9-11 
for isotropic substances ---

7-9 
oblique illumination (Schroeder 

van der Kolk) technique --- 5 
wave-length variation method 

dispersion of --- 6 
rechecking --- 4 
symbols --- 9 

Refractometer --- 4 

7 

Reinerite --- 291 
Reinhardbraunsite --- 246 
Reliability of optical data --- 2 
Renaraite --- 283 
Retgersite --- 86 
Retzian --- 190 
Retzian-(Nd) --- 190 
Revaite --- 211 
Reyerite --- 92 
Rhabdophane --- 72, 73, 75 
Rhabdophane-(La) --- 74 
Rhodesite --- 131 
Rhodizite --- 43 
Rhodochrosite --- 111, 113, 115, 116, 

339, 340 
Rhodonite --- 176, 179, 180, 182, 185 
Rhomboclase --- 140 
Richelsdorfite --- 287 
Richetite --- 305 
Richterite --- 245, 248, 249, 319, 327 
Riebeckite --- 273, 320, 329 
Ringwoodite --- 47, 387 
Rinneite --- 68 
Rivadavite --- 127 
Rockbridgeite --- 193, 196, 302 
Rodalquilarite --- 310 
Roeblingite --- 158 
Roedderite --- 66, 137, 373 
Roemerite --- 231 
Roesslerite --- 136 
Rokfihnite --- 156 
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Romanechite --- 58 
Romeite --- 49, 50, 54, 57, 202, 298, 

389, 390 
Rtlntgenite --- 72 
Rooseveltite --- 201, 311 
Rosasite --- 296 
Roscherite --- 158, 253 
Roscoelite --- 250, 269, 366, 369 
Roselite --- 174, 180 
Roselite-beta --- 283 
Rosenbuschite --- 166, 171 
Rosenhahnite --- 253 
Rosieresite --- 33 
Rossite --- 188, 291 
Rostite --- 209 
Roweite --- 253, 261 
Rowlandite --- 43, 44, 187 
Rozenite --- 222 
Ruizite --- 277 
Rusakovite --- 194, 296 
Russellite --- 81, 120 
Rustumite --- 256 
Rutherfordine --- 180 
Rutile --- 82 
Rutile, var Ilmenorutile --- 82 
Rynersonite --- 200 
Sabinaite --- 293 
Sabugalite --- 94, 235, 335, 336 
Sacrofanite --- 86, 341 
Sahamalite --- 289 
Sainfeldite --- 243, 248 
Sakhaite --- 41 
Salammoniac --- 40 
Saleeite --- 93, 231, 234, 335, 336 
Salesite --- 308 
Salite --- 174, 378, 381 
Samarskite --- 55, 57 
Sampleite --- 266 
Samuelsonite --- 161 
Sanbornite --- 245 
Saneroite --- 284 
Saniaine --- 219, 220, 350, 351, 352 
Santafeite --- 201, 308 
Santanaite --- 121 
Santite --- 124 
Saponite --- 91, 96, 216, 220, 228 
Sapphirine --- 174, 180, 275, 280, 284 
Sarcolite --- 69, 158 
Sarcopside --- 281 
Sarkinite --- 294 
Sarmientite --- 157 
Saryarkite --- 69 
Sasaite --- 209 
Sassolite --- 208 
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Satimolite --- 226 
Satpaevite --- 43, 169 
Satterlyite --- 110 
Sauconite --- 225, 238, 245 
Sayrite --- 303 
Sazhinite --- 135 
Sborgite --- 124 
Scapolite --- 91, 93, 385 
Scawtite --- 151 
Schafarzikite --- 80 
Schairerite --- 62 
Schallerite --- 109 
Schaurteite --- 67 
Scheelite --- 79 
Schertelite --- 133 
Schieffelinite --- 303 
Schmietterite --- 307 
Schneiderhoehnite --- 201 
Schoderite --- 139, 228 
Schoenfliesite --- 38, 42 
Schoepite --- 277, 284 
Scholzite --- 147, 148 
Schoonerite --- 258 
Schorl --- 106, 109, 391, 392 
Schorlomite --- 52, 355, 357 
Schroeckingerite --- 89, 222 
Schroeder van der kolk technique--- 5 
Schuetteite --- 120 
Schuilingite --- 286 
Schultenite --- 197 
Schumacherite --- 203 
Schwartzembergite --- 121, 312 
Scolecite --- 218, 395, 400 
Scorodite --- 184, 191 
Scorzalite --- 265 
Seamanite --- 262 
Searlesite --- 221 
Seeligerite --- 312 
Segelerite --- 157 
Seidozerite --- 182, 187 
Sekaninaite --- 230 
Sellaite --- 62 
Semenovite --- 99, 245 
Senaite --- 122 
Senarmontite --- 54, 200 
Senegalite --- 143 
Sengierite --- 303 
Sepiolite --- 35, 215, 219, 226 
Serandite --- 165 
Serendibite --- 174, 184 
Serpentine --- 36, 37 
Serpentine group mineral --- 265 
Serpierite --- 253 
Shabynite --- 144, 231 



Shafranovskite --- 95 
Sharpite --- 161 
Shattuckite --- 190 
Shcherbakovite --- 285 
Sherwoodite --- 113 
Shortite --- 227 
Shubnikovite --- 271 
Shuiskite --- 288 
Sibirskite --- 254 
Sicklerite --- 283 
Siderite--- 115, 116, 117, 339, 340 
Sideronatrite --- 134 
Siderophyllite --- 103, 253, 366, 369 
Siderotil --- 220, 342 
Sidorenkite --- 228 
Sigloite --- 147 
Silnydrite --- 125, 209 
Sillenite --- 59 
Sillimanite--- 164 
Simplotite --- 287 
Simpsonite --- 119 
Sincosite --- 107, 271 
Sinhalite --- 273 
Sinoite --- 298 
Sj6grenite --- 92 
Sklodowskite --- 157, 251 
Slavikite --- 88, 89 
Slawsonite --- 146, 351, 354 
Smithite --- 315 
Smithsonite --- 115, 117, 339, 340 
Smolianinovite --- 155, 247 
Sobolevite --- 269 
Sodalite --- 33, 386 
Sodalite, var Hackmanite --- 33 
Soddyite --- 269 
Sodium alum --- 31 
Sodium autunite --- 93, 335, 336 
Sodium boltwoodite --- 249, 261 
Sodium dachiardite --- 210, 395, 396 
Sodium phlogopite --- 366 
Sodium uranospinite --- 99, 244, 363, 

364 
Sodium-zippeite --- 270 
Sogdianite --- 69, 97, 98, 373, 374 
S6hngeite --- 45 
Solongoite --- 132 
Sonolite --- 278, 290, 358, 360, 361 
Sonoraite --- 307 
Sorensenite --- 234 
Souzalite --- 254 
Spadaite --- 135 
Spangolite --- 107, 108 
Spencerite --- 241 
Sperrylite --- 60 



Spessartine --- 48, 355, 356 
Spessartine-almandine --- 49, 357 
Sphaerocobaltite --- 117, 339, 340 
Sphalerite --- 58, 59 
Spindle stage, mounting fragment on 

--- 13 
Spindle stage, orthoscopic procedure 

--- 13 
Spindle stage, sketch --- 12 
Spindle stage technique --- 11-14 
Spinel --- 44, 45, 48, 50, 387, 388 
Spiroffite --- 197 
Spodiosite --- 168 
Spodumene --- 164, 167, 378, 379 
Spurrite --- 265 
Stanleyite --- 133 
Starkeyite --- 209 
Staurolite --- 183, 185, 186, 286 
Steacyite --- 92 
Steenstrupine --- 106 
Steigerite --- 284 
Stellerite --- 213, 395, 398 
Stenonite --- 220 
Stepanovite --- 87 
Stercorite --- 124 
Stereographic plotting of extinction 

positions --- 18 
Stetefeldtite --- 52, 389, 390 
Stevensite --- 34 
Stewartite --- 260 
Stibiconite --- 39, 43, 45, 48, 51, 53, 

389, 390 
Stibiobetafite ---57, 375, 376 
Stibiocolumbite --- 205 
Stibiotantalite --- 204 
Stibivanite --- 196, 300 
Stibnite --- 315 
Stichtite --- 90 
Stilbite --- 212, 214, 395, 398, 399 
Stilleite --- 59 
Stillwellite --- 77 
Stilpnomelane --- 94, 97, 101, 105, 

108, 109, 111, 235, 241, 
250, 261, 269, 275, 283 

Stishovite --- 77 
Stokesite --- 152, 154 
Stolzite --- 121 
Stottite --- 112 
Straetlingite --- 89 
Stranskiite --- 297 
Strashimirite --- 284 
Strelkinite --- 298, 301 
Strengite --- 164, 175, 182 
Stringhamite --- 177 
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Strontianite --- 263, 270, 334 
Strontioborite --- 132, 216 
Strontiodresserite --- 235 
Strontioginorite --- 134 
Strontiohilgardite --- 157 
Strontiojoaquinite --- 177 
Strontium-apatite --- 104, 330, 331 
Strunzite --- 157, 167, 265 
Struvite --- 129 
Studtite --- 140, 141 
Sturtite --- 38 
Suanite --- 252 
Succinite (amber) 36 
Sudoite --- 143, 146, 148, 234 
Sugilite --- 98, 373, 374 
Sulfoborite --- 223 
Sulfur --- 199 
Sulphohalite --- 31 
Sundivsite --- 200 
Suolunite --- 246 
Surinamite --- 284 
Sursassite --- 286 
Sussexite --- 274, 276, 281 
Suzukiite --- 183, 284 
Svabite --- 108, 110, 330, 332 
Svanbergite --- 70, 71, 337, 338 
Sveite --- 131 
Swamboite --- 261 
Swartzite --- 216 
Swedenborgite --- 113 
Swinefordite --- 219 
Switzerite --- 248 
Sylvite --- 33 
Symplesite --- 264 
Synadelphite --- 186, 195 
Synchysite --- 71, 73 
Synchysite-(Y) --- 71 
Syngenite --- 218 
Szaibelyite --- 256 
Szimikite --- 148 
Szomolnokite --- 148, 154 
Taaffeite --- 111 
Tables, arrangement of data in 

22-24 
Tables, use for identification 

24-27 
Tacharanite --- 36, 134, 219 
Tachyhydrite --- 87 
Tadzhikite --- 288 
Taeniolite --- 90, 92, 226, 231, 366, 

367 
Takovite --- 97, 149 
Talc--- 94, 97, 235, 241 
Talmessite --- 269, 276 



Tamarugite --- 129 
Tancoite --- 228 
Taneyamalite --- 262 
Tantalite --- 204 
Tapiolite --- 81, 122 
Taramellite --- 189 
Taramite --- 274, 277, 319, 327 
Taranakite --- 86 
Tarapacaite --- 279 
Tarasovite --- 233, 366, 367 
Tarbuttite --- 269, 275 
Tatarskite --- 259 
Tavorite --- 192 
Tazheranite --- 57 
Teepleite --- 87 
Teineite --- 290 
Telegdite --- 36 
Tellurite --- 202, 310 
Tengerite --- 144, 155 
Tennantite --- 60 
Tenorite --- 205, 314 
Tephroite --- 280, 287, 293, 371, 372 
Terlinguaite --- 314 
Terskite --- 235 
Teruggite --- 135 
Teschemacherite --- 222 
Tetrakalsilite --- 89 
Tetranatrolite --- 63, 395, 397 
Thadeuite --- 240 
Tnalenite --- 278, 284 
Thaumasite --- 85, 86 
Theisite --- 291 
Thenardite --- 126 
Theophrastite --- 77 
Thermonatrite --- 215 
Tnomsenolite --- 208 
Thomsonite --- 133, 135, 137, 395, 400, 

401 
Thoreaulite --- 204 
Tnorianite --- 54, 56 
Thorite --- 40, 43, 44, 48, 77, 78 
Tnorogummite --- 45, 47, 72, 74 
Thorosteenstrupine --- 40 
Thortveitite --- 292 
Thorutite --- 55 
Threadgoldite --- 235 
Tiemannite --- 60 
Tienshanite --- 106 
Tikhonenkovite --- 209 
Tilasite --- 261 
Tilleyite--- 157, 251 
Tinaksite --- 154 
Tincalconite --- 62 
Tinticite --- 184, 285 
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Tinzenite --- 172, 268, 272, 274 
Tiragalloite --- 185 
Tirodite --- 161, 255, 318, 322, 323 
Tisinalite --- 100 
Titanite--- 195, 197, 199 
Tlalocite --- 292 
Tlapallite --- 304, 309 
Tobelite --- 232, 237, 366, 367 
Tobermorite --- 229 
Toernebohmite --- 192, 195 
Tombarthite --- 40 
Topaz --- 152, 153, 156 
Torbernite --- 96, 239, 335, 336 
Torreyite --- 236 
Tosudite --- 231 
Trasldte --- 110 
Trechmannite --- 122 
Tremolite --- 239, 245, 318, 324 
Trevorite ---58, 387, 389 
Triangulite --- 166 
Tridymite --- 125, 128 
Trigonite --- 309 
Trimerite --- 279 
Triphylite --- 171, 269 
Triplite --- 162, 168, 170, 265, 268 
Triploidite --- 179 
Trippkeite --- 79 
Tripuhyite --- 202 
Tristramite --- 71 
Tritomite --- 46 
Tritomite-(Y) ("Spencite") --- 40, 43 
Troegerite --- 100, 248, 335, 336 
Trolleite --- 252 
Trona --- 213 
Truscottite --- 90, 225 
Tschermakite --- 262, 319, 325 
Tschermigite --- 31 
Tsumebite --- 198 
Tugtupite --- 64 
Tuhualite --- 152 
Tundrite --- 191 
Tunellite --- 137 
Tungstite --- 307, 311 
Tunisite --- 67 
Turanite --- 306 
Turquoise --- 154 
Tuscanite --- 238 
Tveitite --- 210 
Tychite --- 34 
Tyretskite --- 158 
Tyrolite --- 271, 280 
Tyuyamunite --- 293, 297 
Uduminelite --- 155 
Uklonskovite --- 129 
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Ulexite --- 131 
Ulv6spinel --- 387 
Umbite --- 243 
Umbozerite --- 41 
Umohoite --- 296 
Ungemachite --- 86 
Unknown --- 197 
Unknown, labeled "Scorodite" --- 300 
Unnamed --- 118, 344, 345 
Unnamed analogue of Troegerite --- 335, 

336 
Unnamed arsenate analogue of Tsumeliite 

--- 305 
Unnamed arsenate-sulfate of Cu 277 
Unnamed barium uranyl arsenate --- 281 
Unnamed Ca-Sr-U oxide --- 303 
Unnamed Ca SiO --- 253 
Unnamed ca~ciu~ silicate --- 33 
Unnamed carbonate of K, Ca --- 215 
Unnamed Cu-Zn arsenate --- 246 
Unnamed ferric phosphate --- 186 
Unnamed fluoride near Ralstonite --- 30 
Unnamed hydrous calcium arsenate ---

145, 232 
Unnamed hydrous copper aluminum sulfate 

--- 247 
Unnamed lead oxychloride --- 309 
Unnamed lead-zinc arsenate --- 302 
Unnamed magnesium borate --- 214 
Unnamed manganese silicate --- 293 
Unnamed Na-Mg-U-borate-sulfate A ---

216 
Unnamed Na-Mg-U sulfate-borate --- 212, 

213 
Unnamed P analogue of Troegerite 93 
Unnamed phosphate --- 142, 226 
Unnamed phosphate of Ca, Sa, Mn, Fe, Al 

163 
Unnamed silicate --- 136 
Unnamed silicate of K, Ca, Zr --- 149 
Unnamed uranyl phosphate --- 282 
Upalite --- 263 
Uralborite --- 152 
Uralolite --- 219 
Uramphite --- 236, 363, 364 
Uranmicrolite ("Djalmaite") --- 52, 

375, 376 
Uranocircite --- 235, 335, 336 
Uranophane --- 257, 263 
Uranophane-beta --- 269 
Uranopilite --- 155 
Uranosilite --- 233 
Uranospathite --- 216 
Uranosphaerite --- 199 



... 

Uranospinite --- 95, 229, 239, 335, 336 
Uranpyrochlore ("Hatchettolite") ---

52, 375, 376 
Urea --- 63 
Ureyite --- 287, 378, 383 
Uricite --- 183 
Ushkovite --- 252 
Usovite --- 124 
Ussingite --- 131 
Uvanite --- 196 
Uvarovite --- 50, 355, 357 
Uvarovite-grossular --- 49, 357 
Uvite --- 102, 105, 391, 392 
Valentinite --- 312 
Vanadinite --- 120, 122, 330, 331, 333 
Vandenorandeite --- 189, 292 
Vandendriesscheite --- 294, 298 
Vanmeersscheite --- 277 
Vantnoffite --- 212 
Vanuralite --- 297 
Variscite --- 229, 239 
Varulite --- 176 
vasnegyite --- 32, 34 
Vaterite --- 66 
Vauquelinite --- 311 
Vauxite --- 142 
V8yrynenite --- 261 
Veatchite --- 141 
Veatchite-A --- 140 
Vermiculite --- 89, 91, 94, 98, 103, 

224, 227, 234, 242, 256 
Verplanckite --- 108 
Vertumnite --- 222 
Vesignieite --- 307, 309 
Vesuvianite --- 42, 74, 75, 109, 110, 

112, 113, 114, 279 
Veszelyite --- 154, 159, 164 
Vigezzite --- 202, 310 
Viitaniemiite --- 229 
Villiaumite --- 30, 84 
Vimsite --- 245 
Vinogradovite --- 289 
Virgilite --- 88 
Viseite --- 35 
Vishnevite --- 33, 86, 341 
Vismirnovite --- 45 
Vitusite --- 257 
Vivianite --- 149, 151, 155 
Vladimirite --- 163, 259 
Vlasovite --- 247 
Voglite --- 134, 139 
Voloorthite --- 194, 199, 307 
Volkovskite --- 138 
Voltaite --- 38, 39 
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Voltzite --- 80 
Vrbaite --- 206 
Vuagnatite --- 280 
Vudyavrite --- 38, 41 
Vuonnemite --- 161 
Vyuntspakhkite --- 272 
Wadeite --- 70 
Wagnerite --- 144, 146 
Wairakite --- 130, 214, 395, 399 
Wakefieldite --- 118 
Wallkilldellite --- 111 
Walpurgite --- 304 
Walstromite --- 269 
Wardite --- 68 
Wardsmithite --- 85 
Warwickite --- 188, 192 
Water --- 30 
Wattevillite --- 208 
Wave-length variation method --- 7 
Wavellite --- 134, 137, 138 
Weberite --- 124 
Weddellite --- 65 
Weeksite --- 242 
Wegscheiderite --- 218 
Weilerite --- 73, 337, 338 
Weilite --- 271 
Welinite --- 78 
Wellsite --- 130, 395, 399 
Weloganite --- 255 
Welshite --- 192 
Wenkite --- 96 
Wermlandite --- 85 
Wherryite --- 306 
Whewellite --- 141 
Whiteite --- 147 
Whiteite-(Mn) --- 236 
Whitlockite --- 98, 100, 101 
Whitmoreite --- 276, 280 
Wickenburgite --- 109 
Wickmanite --- 43 
Wicksite --- 177 
Widenmannite --- 301 
Wightmanite --- 241 
Wilcoxite --- 208 
Wilhelmvierlingite --- 165, 262 
"Wilkeite" --- 104 
Willemite --- 74, 75 
Willemseite --- 258 
Winstanleyite --- 58 
Wiserite --- 113 
Witherite --- 266, 334 
Wodginite --- 202, 203 
Woehlerite --- 278 
Woelsendorfite --- 304, 308 
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Wolfeite --- 185 
Wolframite--- 204 
Wollastonite --- 248, 255, 258 
Wollastonite-2M--- 249 
Wonesite --- 243, 366,368 
Woodhouseite --- 71, 72, 337, 338 
Woodwardite --- 141, 145 
Wroewolfeite --- 268 
Wulfenite --- 121, 122 
Wurtzite --- 81 
Wyartite --- 301 
Xanthoconite --- 314 
xanthoxenite --- 277 
Xenotime --- 74, 75 
Xiangjiangite --- 232 
Xocomecatlite --- 301 
Xonotlite --- 146 
Yafsoanite --- 48 
Yagiite --- 65, 373 
Yaroslavite --- 124 
Yavapaiite --- 269 
Yeatmanite --- 301 
Yedlinite --- 120 
Yft i site --- 275 
Yoderite --- 171 
Yofortierite --- 225 
Yoshimuraite --- 189, 290 
Yttrialite --- 46 
Yttrocrasite --- 55, 309 
Yttropyrochlore c•obruchevite") 49, 

Yttrotantalite --- 56 
Yttrotungstite --- 305 

375 

Yugawaralite --- 130, 214, 395, 398 
Yuksporite --- 163 
Zaherite --- 33 
Zairite --- 116, 344, 345 
Zakharovite --- 91 
Zapatalite --- 103 
Zaratite --- 37, 38, 39 
Zavaritskite --- 81, 120 
Zektzerite --- 236 
Zellerite --- 142 
Zemannite --- 78 
Zeophyllite --- 91, 229 
Zeunerite --- 99, 335, 336 
Zhemchuzhnikovite --- 84 
Zhonghuacerite --- 112 
Zincaluminite --- 89 
Zinc-copper melanterite --- 128 
Zincfauserite --- 209 
Zincite --- 80 
Zincobotryogen 140 
Zincocopiapite --- 141, 343 
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Zincsilite --- 227 
Zinc-zippeite --- 289 
Zinkosite --- 264 
Zinnwaldite --- 94, 233, 366, 367 
Zippeite --- 278, 282 
Zircon --- 41, 43, 47, 78, 79, 80, 198 
Zircon "Malacon" --- 49, 75 
Zircophyllite --- 283 
Zircosulfate --- 159 
Zirfesite --- 40 
Zirkelite ---53, 56, 57, 375, 376 
Zirsinalite --- 98 
Zoisite --- 172, 174, 347 
Zunyite --- 37, 38, 39 
Zussmanite --- 103 
Zwieselite --- 174 
Zykaite --- 253 
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