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Figure 1.   Index map of three magnetic
surveys.
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Table 1.  Magnetic properties of rock samples within map area.
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Rock property measurement (Mesozoic igneous and metamorphic rock)

A magnetic map of the Irish Hills and surrounding areas was created as part of a cooperative research 
and development agreement with the Pacific Gas and Electric Company and is intended to promote 
further understanding of the areal geology and structure by serving as a basis for geophysical inter-
pretations and by supporting geological mapping, mineral and water resource investigations, and 
other topical studies.  Local spatial variations in the Earth's magnetic field (evident as anomalies on 
magnetic maps) reflect the distribution of magnetic minerals, primarily magnetite, in the underlying 
rocks. In many cases the volume content of magnetic minerals can be related to rock type, and abrupt 
spatial changes in the amount of magnetic minerals can be related to either lithologic or structural 
boundaries. Magnetic susceptibility measurements (table 1) from the area indicate that bodies of 
serpentinite and other mafic and ultramafic rocks tend to produce the most intense magnetic anoma-
lies, but such generalizations must be applied with caution because some sedimentary units also can 
produce measurable magnetic anomalies.  Remanent magnetization does not appear to be a signifi-
cant source for magnetic anomalies because it is an order of magnitude less than the induced magne-
tization (table 1).

The map is a mosaic of three separate surveys collected by (1) fixed-wing aircraft at a nominal height 
of 305 m (Langenheim and others, 2009), (2) by boat with the sensor at sea level (Sliter and others, 
2009, revised 2010), and (3) by helicopter (fig. 1).  The helicopter survey was flown by New-Sense 
Geophysics in October 2009 along flight lines spaced 150-m apart and at a nominal terrain clearance 
of 50 to 100 m.  Tie lines were flown 1,500-m apart. Data were adjusted for lag error and diurnal field 
variations. Further processing included microleveling using the tie lines and subtraction of the refer-
ence field defined by International Geomagnetic Reference Field (IGRF) 2005 extrapolated to August 
1, 2008.

Data were interpolated to a square grid with a grid interval of 50 m using the principle of minimum 
curvature (Briggs, 1974).   The magnetic base levels of three surveys were then adjusted to bring them 
onto a common magnetic datum.

Abrupt lateral changes in magnetization that may represent lithologic or structural boundaries were 
determined as follows: 
 
 (1)  The total-field magnetic anomaly data were mathematically transformed into 
        pseudogravity anomalies (Baranov, 1957); this procedure effectively converts 
        the magnetic  field to the "gravity" field that would be produced if all the 
        magnetic material were replaced by proportionately dense material.

 (2)  The horizontal gradient of the pseudogravity field was calculated everywhere 
        by numerical differentiation.

 (3)  Locations of locally steepest horizontal gradient (shown on map as red-filled circles) were   
        determined by numerically searching for maxima in the horizontal gradient grid 
        (Blakely and Simpson, 1986).

Boundaries between bodies having different densities are characterized by steep gradients in the 
gravity field they produce and, if the boundaries have moderate-to-steep dips (greater than 45°), 
locally the maximum horizontal gradients will be located over the surface traces of the boundaries 
(Blakely and Simpson, 1986), especially for shallow sources.  Similarly, boundaries between bodies 
having different magnetizations are characterized by steep gradients in the pseudogravity field and, 
therefore, the procedure described above can be used to locate these boundaries.  For example, the 
steepest horizontal gradients shown on map by red-filled circles coincide locally with strands of the 
Edna, Hosgri, and Shoreline Faults.
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Rock Type1

Number 
of 

samples 
(k/NRM)

Average 
Magnetic 

Susceptibility 
(x 10-3 SI)

Magnetic 
Susceptibility 

Range

Average NRM 
Magnetization 

(A/m)

NRM 
Magnetization 
Range (A/m)

Average 
Volume 

Susceptibility  
(x 10-3 SI)

Range Volume 
Susceptibility 

(x 10-3 SI)

Average 
Koenigsberger 

Ratio 

Koenigsberger 
Ratio Range

Sedimentary rocks
Pismo Formation 8/0 0.06 0.00 0.14 * * * * * *
Monterey Formation chert 3/0 0.04 0.02 0.05 * * * * * *
Sandstone 2/0 0.17 0.11 0.22 * * * * * *
Graywacke 1/0 0.41 0.41 * * * * * *
Chert 1/0 0.11 0.11 * * * * * *
Tertiary volcanic rocks
Obispo Formation tuff 4/0 0.07 0.05 0.09 * * * * * *
Obispo Formation diabase, 
weathered 4/4 0.33 0.25 0.41 3.67E-04

2.56E-04  
5.19E-04 0.37 0.39-0.42 0.03 0.016 0.052

Obispo Formation diabase 13/8 11.97 0.13 32.64 4.33E-02 7.91E-06  
7.02E-02 13.07 0.34-31.60 0.06 0.009 0.147

Mesozoic igneous and 
metamorphic rocks
Basalt 8/2 26.25 15.65 38.10 1.36E-01 0.125 0.146 31.67 29.77 - 33.56 0.10 0.098 0.102
Meta-volcanic rocks 7/0 1.46 0.00 6.33 * * * * * *
Serpentinite 3/0 26.27 6.90 39.60 * * * * * *

[k/NRM, magnetic susceptibility/natural remanent magnetization; SI, standard international unit; A/m, ampere per meter; *, no data]

1From Hall (1973a, b)
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