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GEOPHYSICAL FIELD INVESTIGATIONS

GRAVITY, MAGNETICS, AND GEOLOGY OF THE
SAN ANDREAS FAULT AREA NEAR CHOLAME, CALIFORNIA

By W. F. Hanna, S. H. BurcH, and T. W. DIBBLEE, Jr.

ABSTRACT

Complete Bouguer gravity, aeromagnetic, and ground mag-
netic data interpreted in light of geologic mapping and well
data within a 30-minute quadrangle centered near Cholame,
Calif., express highly contrasting subsurface rock and strue-
tural patterns on opposite sides of the San Andreas fault.

The geologic terrane northeast of the fault is composed
of pervasively sheared Franciscan sedimentary and volcanic
rocks of Mesozoic age and ultramafic rocks overlain by a
thick series of severely deformed Cretaceous and Tertiary
sedimentary rocks and locally deformed Quaternary valley
sediments. The terrane southwest of the fault has a base-
ment of Mesozoic plutonic and metamorphie rocks overlain
by gently folded Tertiary sedimentary rocks and Quaternary
valley sediments.

Northeast of the San Andreas fault the geophysical data
reveal the presence of (1) a major gravity high between
Parkfield and Cholame, associated with relatively dense, non-
magnetic Franciscan and Cretaceous miogeosynclinal rocks
overlain by Cenozoic rocks in the northeastern Diablo Range
and in contact with low-density Cenozoic rocks southwest of
the fault, (2) an elongate magnetic ridge and gravity trough
at Table Mountain, probably generated by a thick tabular
body of serpentinite dipping steeply north-northeast, inferred
to be the main source of the serpentinite extrusion along
this mountain, (3) a major elliptical magnetic high in an
area of low density gradient near Palo Prieto Pass, probably
associated with a large, deeply buried serpentine-rich body
bounded on the southwest by the vertical San Andreas fault
and on the northeast by a northeast-dipping contact or fault
with nonmagnetic rocks, and (4) a northwest-trending grav-
ity low over the Kettleman Plain, probably produced by a
thickening of low-density Cenozoic sedimentary rocks near
the axis of a major syncline.

Southwest of the San Andreas fault the data show (1)
a local gravity high north of Red Hills, associated with an
uplift of plutonic and metamorphic rocks in these hills on
the northeast side of the San Juan fault, (2) a prominent
southwest-sloping northwest-trending gravity gradient south-
east of Red Hills, which suggests a buried basement fault or
a steep subsurface contact between basement and sedimen-
tary rocks extending from the San Juan fault southeastward
to the San Andreas fault near the southern end of the quad-
rangle, (3) a discontinuous northwest-trending gravity
trough east and north of Shandon, probably associated with

a depression of the basement surface under an area near
San Juan Creek, and (4) a broad northeast-trending gravity
plateau west-southwest of Shandon, probably associzted with
a thinning of Cenozoic sedimentary rocks overlying ¢ shallow
basement surface that slopes from the extensive basement
exposures of the La Panza Range southwest of the quad-
rangle.

INTRODUCTION

This report considers the relationship of Pouguer
gravity data, total-intensity aeromagnetic data, and
vertical-intensity ground magnetic data to general-
ized geology in an area critical to an understanding
of the San Andreas fault. The gravity data are pre-
sented as a 2-mgal (milligal) complete Pouguer
anomaly map overprinted on the geologic map.
These data were collected by S. H. Burch as part of
a regional survey for the San Luis Obispo 1:250,000
sheet (Burch and others, 1971). The magnetic data
include a 20-gamma reconnaissance aeromagnetic
map supported in much of the area by ground mag-
netic coverage. These data are part of a broader
study of the San Andreas fault by Hanna and oth-
ers (1972). The geology was mapped by T. W. Dib-
blee as part of a regional geologic mapping project
of the southern Coast Ranges adjacent to and near
the San Andreas fault. Detailed geologic mapping
by Dickinson (1966a, 1966b) of part of the area of
this report was incorporated.

The mapped area, centered near Cholame, Calif.
(fig. 1), contains a 42-mile section of the San An-
dreas fault. It is a 30- by 30-minute block covering
nearly 1,000 square miles in the southern Coast
Ranges. It is composed of the Orchard Peak, Park-
field, “Reef Ridge,” and Shandon 15-minu‘e quad-
rangles. “Reef Ridge” is the name here applied to
the unpublished 15-minute quadrangle containing
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FIGURE 1.—Map showing area investigated.

the Garza Peak, Kettleman Plain, Pyramid Hills,
and Tent Hills 714-minute quadrangles.

The authors are indebted to Holly C. Wagner,
U.S. Geological Survey, who provided data from ex-
ploratory wells essential for much of the subsurface
interpretation. We also benefited from discussions
with R. D. Brown, Andrew Griscom, D. C. Ross, R.
G. Coleman, M. C. Blake, and Ivan Barnes, of the
U.S. Geological Survey, and with Professor B. M.
Page of Stanford University.

GEOPHYSICAL FIELD INVESTIGATIONS

METHODS OF INVESTIGATIO
GRAVITY SURVEY

The map area includes 268 gravity stations tied
to 11 base stations. Principal facts for the base sta-
tions are listed in table 1; those for all other sta-
tions, in table 2. The data are referenced to Califor-
nia Division of Mines and Geology Base Station 173
(Chapman, 1966, p. 36) at the U.S. Geological
Survey headquarters in Menlo Park, Calif. The ob-
served gravity at this base, determined by numer-
ous ties to the North American Gravity Standardi-
zation Stations at the San Francisco International
Airport, is taken to be 979,958.74 mgal.

The precision of the gravity data varies from sta-
tion to station. The observed gravity measurements
for the 219 stations read with LaCoste-Romberg
gravity meters have a precision of about 0.03 mgal
after correcting for lunar and solar tidal effects.
Observed gravity values of the 49 stations read
with a Worden gravity meter (scale constant about
0.5 mgal per scale division) have a precision of
about 0.1 to 0.2 mgal after correcting for instru-
ment drift. Latitude and longitude were measured
to within 0.02 minute by using Geological Survey
topographic maps. Elevation accuracies vary consid-
erably according to the types of source data.
Roughly 60 percent of the stations were read on or
near bench marks where elevations are pracise to at
least 0.5 feet. Another 20 percent are fie'd-checked
spot elevations precise to about 2 feet, ard 20 per-
cent are unchecked photogrammetric elevations pre-
cise to about 5 or 10 feet, depending on. the map
contour interval., Three elevations were e~tablished
by altimetry with an estimated precision of 10 to 20
feet.

All gravity data were corrected for terr~in effects
(by using the standard density 2.67 g/cm?) to a dis-
tance of 166.7 km (kilometer) from the gravity sta-
tion. For the inner zones (within 2.29 }m of the

TABLE 1.—Principal facts for bases used in gravity survey

[Observed gravity: The amount of scatter among numerous ties between these bases suggests that the relative gravity of each is known to be 30.02

milligals, Deseription:

USC&GS, U.S. Coast and Geodetic Survey; USGS, U.S. Geological Survey; BM, bench mark]

Elevation Observed

Base Latitude N. Longitude W. ft) gravity Description
SLUKB ______ 36° 7.73 121° 1.12 405.8 979,793.04 USC&GS BM G154 at San Lucas.
BRADB ______ 35° 51.81” 120° 47.73' 552.0 979,737.30 USGS BM 553 at Bradley.
PSROB ______ 35° 37.55 120° 41.28 720.0 979,717.17 USC&GS BM L24 at Paso Robles.
BLAKB ______ 35° 36.92' 119° 52.01’ 643.2 979,675.00 USC&GS BM R11 at Blackwell’s covner.
CLNGB ______ 36° 8.73 120° 21.18' 667.0 979,740.39 USC&GS BM J156 at Coalinga.
AVNLB ______ 35° 59.54" 120° 7.65' 754.0 979,714.30 USC&GS BM W11 at Avenal.
PARKB .. __. 35° 53.98" 120° 25.92’ 1,535.0 979,687.69 USC&GS BM F79 at Parkfield.
SHANB ______ 35° 39.33’ 120° 22.71’ 1,038.0 979,686.02 USC&GS BM W559 at Shandon.
CHLMB ______ 35° 44.05’ 120° 17.26’ 1,137.0 979,699.65 USC&GS BM A624 at Cholame.
CRZOB ______ 35° 33.44' 120° 6.38’ 1,664.0 979,644.84 USC&GS BM J616 in sec. 238, T. 27 S.,, R. 17 E.
KECKB ______ 35° 40.27 120° 4.85' 845.0 979,713.49 USC&GS BM N559 at Kecks Corne.
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TABLE 2.—Principal facts for gravity stations

[Gravity data is in milligal]

Station Latitude Longitude Elevation Observed Terrain Free Complete
N. W. (ft) gravity correction air Bouguer
_— anomaly anomaly
Min Deg Min
35.40 120 28.88 1,353.0 979,666.62 0.93 —1.82 —47.568
35.27 120 27.23 1,407.0 979,662.22 a5 -.96 —48.76
59.82 120 28.21 3,5606.0 979,664.67 7.93 63.88 —48.93
58.81 120 27.22 2,749.0 979,612.84 3.39 42.31 —49.,04
39.54 120 29.21 976.0 979,691.53 .64 —18.26 -51.31
39.55 120 27.00 973.0 979,695.84 72 —14.24 -47.11
39.54 120 24.75 1,000.0 979,692.41 .69 -15.12 ~48.95
39.33 120 22.71 1,038.0 979,686.00 .65 ~17.66 -52.84
40.39 120 20.97 1,073.0 979,683.20 1.03 ~18.67 —54.68
41.98 120 19.39 1,102.0 979,690.53 1.06 -10.88 ~47.86
42.86 120 18.27 1,164.0 979,689.89 .98 —-6.94 —46.14
44.05 120 17.26 1,137.0 979,699.68 A7 -1.39 -39.86
44.27 120 15.85 1,243.0 979,700.64 .87 9.23 —-32.80
44.50 120 13.98 1,677.0 979,673.41 .99 22.49 —-34.37
44,01 120 12.43 1,5618.0 979,682.95 1.37 17.77 -33.23
43.16 120 10.71 1,308.0 979,695.56 2.04 11.84 —-31.26
42,13 120 8.81 1,097.0 979,701.43 1.33 -.66 —-37.20
41.23 120 6.88 917.0 979,710.31 .86 —-7.43 —38.23
40.27 120 4.85 845.0 979,713.95 .54 —-9.20 —-37.83
39.22 120 2.67 745.0 979,715.57 52 —15.49 —40.69
38.09 120 .36 746.0 979,699.09 .39 -30.27 —55.64
41.49 120 3.38 750.0 979,720.83 A0 -12.99 —38.49
42.40 120 2.25 722.0 979,723.08 .35 —14.67 —-39.25
43.63 120 .92 662.0 979,721.55 .36 —23.60 —46.10
45.55 120 18.28 1,142.0 979,700.05 13 —2.68 —-41.37
46.71 120 19.74 1,154.0 979,704.45 .84 1.19 —-317.80
48.35 120 21.27 1,202.0 979,705.05 .81 3.97 -36.71
49.11 120 22.72 1,266.0 979,700.96 1.02 4.81 —37.86
50.79 120 22,72 1,309.0 979,705.51 1.06 11.01 —-33.10
52.45 120 24.71 1,449.0 979,693.71 1.16 10.01 —38.83
53.98 120 25.92 1,5635.0 979,687.56 1.23 9.76 —41.97
37.81 120 23.93 1,146.0 979,680.19 54 ~11.15 —50.16
35.11 120 25.59 1,159.0 979,677.77 7 —8.50 —47.74
33.38 120 28.44 1,533.0 979,6562.15 1.04 2.80 —49.05
32.94 120 29.52 1,173.0 979,676.27 .79 -5.60 —-45.30
31.36 120 29.65 1,150.0 979,678.31 75 —3.48 —42.42
30.13 120 28.19 1,318.0 979,665.45 .87 1.21 —43.40
31.89 120 26.90 1,268.0 979,666.21 .84 —-5.23 —48.15
30.58 120 26.03 1,636.0 979,651.70 1.14 7.32 —44.53
31.84 120 24.20 1,277.0 979,662.51 .78 —-8.02 -51.31
30.75 120 23.82 1,323.0 979,659.76 .82 —4.89 —49.73
33.34 120 24.81 1,252.0 979,666.05 .86 -8.96 -51.31
36.91 120 26.08 1,063.0 979,686.62 .18 —11.24 —4716
36.74 120 28.46 1,441.0 979,660.36 .95 -1.71 ~50.48
38.04 120 28.95 908.0 979,696.57 1.05 —-17.48 —47.78
42.46 120 22.63 1,428.0 979,665.60 1.03 —b5.83 ~54.08
787 e 35 4127 120 23.39 1,241.0 979,675.54 1.09 -11.79 —53.563
738 35 44.00 120 24.09 1,760.0 979,647.43 .98 5.03 —~54.70
739 35 44.53 120 25.54 1,864.0 979,640.60 1.55 7.22 —55.52
740 35 43.03 120 25.53 1,426.0 979,666.64 .95 —-5.79 —54.05
741 35 41.79 120 26.08 1,462.0 979,662.66 1.21 —4.62 -53.86
742 35 4149 120 28.14 1,356.0 979,668.91 1.29 -7.91 —53.42
748 35 40.90 120 29.45 1,252.0 979,672.71 1.10 -13.06 —55.16
744 356 4247 120 29.53 1,199.0 979,678.63 .81 —14.36 —54.93
745 35 44.70 120 28.85 1,755.0 979,649.35 1.79 5.48 —-53.27
746 __________ 35 43.40 120 28.31 1,541.0 979,658.80 1.03 -3.34 —55.48
747 356 45.60 120 22.99 2,113.0 979,629.27 1.80 17.78 -53.28
748 ________ 35 46.71 120 21.56 1,813.0 979,657.81 2.37 16.53 —43.64
749 35 45.89 120 20.97 1,681.0 979,664.63 1.24 12.10 —44.65
750 36 37.81 120 21.51 1,125.0 979,675.34 40 —-17.97 —56.40
751 35 36.44 120 20.68 1,130.0 979,670.81 .70 —20.08 —58.39
152 356 35.39 120 18.18 1,194.0 979,664.76 1.01 —18.62 ~58.82
758 o 35 34.28 120 16.46 1,238.0 979,661.25 1.00 -16.41 -58.14
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TABLE 2.—Principal facts for gravity stations—Continued

Station Latitude Longitude Elevation Observed Terrain Free Complete
N. Ww. (ft) gravity correction air Bouguer

_— S EE— anomaly anomaly

Deg Min Deg Min

54 o __ 35 33.39 120 15.22 1,269.0 979,658.12 0.86 ~15.36 —58.30
755 35 36.86 120 18.90 1,271.0 979,661.19 1.26 ~17.04 ~59.64
756 35 37.99 120 15.49 1,826.0 979,647.51 1.39 19.87 —41.72
£ 35 37.22 120 18.03 1,383,0 979,657.23 1.45 -10.98 —-57.25
758 o __ 35 34.53 120 20.17 1,163.0 979,665.98 .79 -19.09 —58.44
759 35 33.20 120 19.94 1,208.0 979,661.94 .84 -17.01 —57.86
760 —_________ 35 32.20 120 20.02 1,234.0 979,660.86 .92 -14.22 —55.89
761 35 30.31 120 19.94 1,284.0 979,660.26 .95 —17.43 ~50.80
762 35 31.46 120 18.33 1,717.0 979,626.42 1.53 —-2.19 —-59.89
763 o ___ 35 31.51 120 15.97 1,410.0 979,645.73 1.05 -11.82 —59.42
764 __________ 35 30.11 120 16.46 1,703.0 979,627.47 .81 -.53 —58.47
765 35 33.27 120 17.78 1,679.0 979,629.06 1.14 —5.69 —-62.417
766 35 30.95 120 21.05 1,651.0 979,635.67 1.12 1.58 ~54.26
67 o 35 3294 120 22.00 1,595.0 979,638.38 1.07 -3.80 ~57.76
768 o 35 34.24 120 22.21 1,470.0 979,647.90 1.16 ~7.89 ~57.45
769 35 35.64 120 21.86 1,385.0 979,654.16 87 ~11.61 ~58.53
70 35 45.94 120 24.25 2,055.0 979,635.47 1.93 18.04 —50.89
771 35 48.79 120 25.50 2,316.0 979,625.16 2.76 28.22 —48.87
M2 35 47.35 120 25.16 2,319.0 979,619.62 3.36 25.01 ~-51.58
778 35 48.36 120 27.21 2,304.0 979,622.39 3.16 24.93 ~51.34
774 e _ 35 49.96 120 26.52 2,446.0 979,618.85 3.17 32.46 ~48.69
5 o _ 35 b51.37 120 25.29 1,644.0 979,679.23 142 1541 —39.89
776 o _ 35 53.18 120 27.88 1,944.0 979,663.07 1.93 24.88 ~40.24
A 35 52,53 120 28.95 2,508.0 979,622.75 2.66 38.53 —-45.27
778 356 51.21 120 29.79 1,837.0 979,663.60 2.24 18.16 —-42.96
780 o ___ 35 49.20 120 29.11 2,035.0 979,639.84 1.71 15.89 -52.58
781 35 47.33 120 29.83 1,938.0 979,641.76 2.47 11.35 —53.02
815 . __ 35 32.36 120 13.76 1,264.0 979,657.16 83 -15.33 ~58.12
816 __________ 35 31.44 120 13.04 1,293.0 979,653.73 85 -14.72 ~58.50
817 . __ 35 30.33 120 13.63 1,440.0 979,642.27 74 ~10.78 ~59.73
818 __________ 35 30.38 120 11.56 1,369.0 979,646.18 .97 -13.62 ~59.89
819 __________ 35 30.18 120 9.36 1,704.0 9179,623.52 27 —4.49 ~63.00
820 _________ 35 31.18 120 7.85 1,950,0 979,612.10 48 5.80 —60.97
821 __________ 35 31.16 120 4.17 1,743.0 979,633.03 .92 7.30 —-51.91
822 __________ 35 32.15 120  5.16 1,681.0 979,639.86 .62 6.89 —50.48
CRZOB ______ 35 33.44 120 6.38 1,664.0 979,644.80 48 8.40 ~48.53
824 __________ 35 33.63 120 3.12 1,373.0 979,664.52 .67 48 —46.23
825 35 34.24 120 1.08 1,218.0 979,669.65 .86 -9.84 —51.01
826 . _______ 35 35.05 120  8.07 1,777.0 979,644.68 1.27 16.61 —43.41
827 35 36.36 120  9.48 1,924.0 979,638.77 1.27 22.67 —42.42
828 _________ 35 35.29 120 10.98 1,9217.0 979,642.60 1.18 28.30 —36.98
829 __________ 35 39.03 120 10.64 2,196.0 979,632.63 1.48 38.31 —35.93
830 _________ 35 39.82 120 9.45 1,861.0 979,654.91 2.01 27.96 —34.22
831 . ______ 35 40.75 120  8.59 1,185.0 979,697.23 1.99 5.38 —~32.53
832 35 41.94 120 16.07 1,526.0 979,668.37 1.05 6.89 —-44.71
833 35 40.74 120 14.77 1,788.6 979,652.24 1.15 17.17 ~43.38
834 __________ 35 39.83 120 13.48 1,977.0 979,640.58 1.28 24.52 —42.38
835 . 35 38.18 120 12.12 1,957.0 979,641.46 97 25.87 —40.65
836 . __ 35 38.62 120 13.63 2,213.0 979,623.57 1.48 31.43 —~43.40
837 35 37.86 120 19.80 1,621.0 979,639.43 1.91 —-17.30 —61.32
838 _____ 35 35.69 120 23.98 1,311.0 979,663.83 .69 —-8.97 -53.52
839 ________ 35 34.59 120 23.78 1,398.0 979,656.09 12 —-6.97 —54.49
840 __________ 35 39.19 120 20.98 1,648.0 979,639.67 2.84 —6.42 —60.43
841 __________ 35 40.21 120 19.16 1,857.0 979,635.55 1.33 7.67 —55.06
842 __________ 35 40.82 120 17.26 2,128.0 979,625.58 2.54 22.31 ~48.53
843 __________ 35 389.71 120 16.88 2,007.0 979,632.54 2.14 19.47 —47.60
844 __________ 35 36.89 120 14.36 2,288.0 979,612.81 1.62 30.18 —47.08
845 __________ 35 36.30 120 15.58 2,576.0 979,592.40 5.27 37.69 —45.83
846 __________ 35 34.68 120 14.78 2,107.0 979,613.84 3.45 17.33 -51.87
847 _ 35 36.82 120 12.26 2,455.0 979,600.61 3.50 33.79 —47.34
848 __________ 35 35.18 120 12.57 2,068.0 979,623.25 2.15 22.37 —46.80
849 __________ 35 33.84 120 13.69 1,787.0 979,629.16 2.12 3.75 ~55.17
850 _________ 35 33.27 120 12.09 2,058.0 979,609.62 2.56 10.51 -57.90
851 _________ 35 34.29 120 10.63 2,212.0 979,611.56 1.56 25.48 —49.23
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TABLE 2.—Principal facts for gravity stations—Continued

Station Latitude Longitude Elevation Observed Terrain Free Complete
N. W. (ft gravity correction air Bouguer

Deg Min Deg  Min anomaly anomaly

852 _ 35 32.26 120 10.95 1,822.0 979,622.32 1.06 2.45 -59.33
853 __________ 35 32.28 120 8.98 2,027.0 979,611.11 1.33 10.49 -58.08
8564 __________ 35 32.59 120 7.09 2,284.0 979,596.98 2.32 20.09 —56.34
85 ___ 35 30.24 120 643 2,327.0 979,583.92 147 14.41 —64.34
856 __________ 35 33.56 120 8.24 2,270.0 979,603.90 2.49 24.32 —51.46
867 35 43.25 120 16.47 1,225.0 979,693.50 95 1.85 —39.48
858 __________ 35 44.65 120 18.36 1,5650.0 979,668.71 2.21 5.63 —45.64
859 __________ 35 4224 120 21.49 1,812.0 979,638.52 2.18 3.51 -56.81
860 __________ 35 43.59 120 21.93 1,895.0 979,638.41 1.68 9.29 —54.39
861 __________ 35 44.74 120 21.02 2,136.0 979,628.21 2.58 20.11 —50.96
862 __________ 35 43.57 120 19.49 1,913.0 979,641.40 2.20 14.00 —49.78
863 __________ 35 43.03 120 14.75 1,812.0 979,661.80 1.65 25.67 -35.18
864 __________ 35 43.03 120 13.33 2,052.0 979,644.62 1.68 31.06 -38.03
866 _________. 35 41.90 120 13.96 1,803.0 979,659.16 .94 23.79 —-37.46
866 __________ 35 40.59 120 12.10 2,009.0 979,648.33 1.14 34.20 —33.94
867 35 41.16 120 10.62 2,612.0 979,610.64 5.40 43.00 -38.19
868 ____._____ 35 42.20 120 11.92 2,288.0 979,627.98 4.01 37.79 —-37.08
869 __________ 35 44.76 120 11.58 1,703.0 979,673.50 1.75 24.65 —-32.35
870 _________ 35 45.15 120 10.70 2,752.0 979,607.23 7.41 56.47 —-30.96
871 __ ________ 35 44.65 120 9.35 2,713.0 979,609.54 7.55 55.83 —-30.12
872 _ 35 44.29 120 797 3,125.0 979,5675.41 13.84 60.95 -32.86
873 o __ 35 44.36 120  6.60 1,886.0 979,660.22 2.90 29.15 -33.00
874 o ___ 35 44.73 120 2.68 725.0 979,717.21 35 —23.58 —48.26
875 35 43.93 120 4.45 1,009.0 979,707.11 .93 —5.83 —39.73
876 ______ 35 43.46 120 3.09 1,064.0 979,697.97 1.06 -9.12 —44.80
877 e 35 42.52 120 5.14 1,070.0 979,704.19 .90 —1.00 —37.03
8718 _ o ___ 35 4175 120 57 940.0 979,701.48 1.65 —14.84 —45.64
879 35 40.36 120 .56 642.0 979,719.86 23 —-22.51 —44.45
880 __________ 35 39.44 120 .03 659.0 979,711.85 24 —217.61 -50.13
881 __________ 35 39.34 120 1.38 673.0 979,714.13 .36 —-23.87 —~46.75
882 . ____ 35 40.37 120 2.68 726.0 979,718.36 .34 —-16.12 —40.85
883 o ___ 35 39.62 120  7.47 1,172.0 979,696.10 .95 4.63 —34.87
884 _________ 35 38.65 120 5.92 1,065.0 979,695.66 .90 —4.49 —40.35
885 __ 35 37.99 120 4.23 1,263.0 979,680.16 91 —~.43 —-43.11
886 o __ 35 37.39 120 1.92 1,387.0 979,661.89 2.61 —6.18 —-51.43
887 35 36.87 120 .b6 893.0 979,692.15 .63 —21.65 -51.85
888 __________ 35 35.71 120 2.49 1,140.0 979,674.04 1.02 —14.87 —53.20
889 __ 35 36.86 120 2.98 1,071.0 979,689.24 .81 —17.80 ~43.96
890 __________ 35 36.31 120 5.26 2,031.0 979,626.85 2.09 20.88 —47.07
891 __________ 35 36.34 120 7.12 2,021.0 979,630.84 1.35 23.89 —-44 46
892 __________ 35 37.83 120 6.74 1,754.0 979,646.32 3.27 12.14 —45.10
893 __ 35 37.67 120 8.27 2,137.0 979,627.26 2.82 29.32 —41.55
894 __________ 35 34.70 120 3.54 2,014.0 979,620.45 3.47 15.17 —50.82
896 35 35.06 120 5.97 2,036.0 979,625.23 1.69 21.51 —-47.02
896 . _____ 35 30.78 120 93 2,621.0 979,579.10 2.94 36.47 -50.92
897 35 32.50 120 3.20 2,106.0 979,615.40 2.75 21.90 —47.97
898 __ 35 3245 120 .58 2,245.0 979,600.11 5.21 19.75 —52.44
9183 35 54.77 120 28.22 1,779.0 979,670.96 1.36 14.98 —-45.02
914 ___ 35 54.09 120 29.77 2,145.0 979,652.17 2.51 31.58 —-39.87
916 _ 35 56.91 120 28.39 1,757.0 979,666.08 1.88 4.98 —53.75
917 o _ 35 58.47 120 29.48 2,088.0 979,647.81 2.85 15.61 —b3.54
918 __________ 35 56.22 120 25.59 1,661.0 979,675.38 2.78 6.24 —48.28
919 __________ 35 b57.76 120 25.77 3,467.0 979,560.04 11.18 58.52 —-49.70
920 __________ 35 46.77 120 14.06 1,921.0 979,664.45 2.07 33.24 —30.94
921 __________ 35 47.33 120 6.69 849.0 979,724.38 .89 -8.45 —36.87
922 _ _________ 35 49.06 120  6.52 847.0 979,714.37 .66 —-21.11 —-49.70
923 35 50.92 120 6.85 784.0 979,711.57 49 —32.49 —59.07
924 __________ 35 52.09 120 9.48 1,110.0 979,700.48 1.52 —14.59 —-51.38
925 _ o~ 35 52.30 120 11.80 1,149.0 979,706.72 2.89 —4.98 —41.75
926 35 50.59 120 5.04 746.0 979,709.45 .29 -37.72 —-63.18
927 35 49.95 120 3.43 686.0 979,712.25 17 —-39.65 —-63.16
928 __________ 35 52.16 120 2.03 535.0 979,717.55 .09 -51.70 —170.09

929 _ - 35 50.84 120 1.24 527.0 979,717.23 .07 —50.89 -69.02



C6 GEOPHYSICAL FIELD INVESTIGATIONS

TABLE 2.—Principal facts for gravity stations—Continued

Station Latitude Longitude Elevation Observed Terrain Free Complete
N. w. (ft) gravity correction air | Bougu(l:r

Deg Min Deg Min anomaly anomaly

930 . __ 35 49.10 120 0.21 528.0 979,714.91 0.06 —50.64 —68.81
931 35 48.92 120 1.69 932.0 979,691.89 .93 —35.40 —66.64
932 __________ 35 47.74 120 94 869.0 979,695.69 2.51 —35.84 -63.33
988 o 35 46.45 120  2.69 612.0 979,716.14 .22 -37.73 -58.64
934 _________ 35 45.87 120 4.69 806.0 979,719.41 .68 —15.38 —42.53
AVNLB ______ 35 59.54 120 7.65 754.0 979,714.36 27 —-44.83 —70.59
936 35 59.58 120 9.82 824.0 979,711.87 41 —40.79 -68.83
937 o _ 35 59.57 120 11.93 931.0 979,710.06 72 —-32.53 —63.95
938 35 59.70 120 14.83 1,301.0 979,694.69 1.47 —13.28 —56.71
939 __________ 35 58.07 120 15.23 1,554.0 979,684.73 3.76 2.88 —46.97
940 __________ 35 59.17 120 16.83 1,735.0 979,674.28 2.93 7.88 —49.04
941 __________ 356 57.81 120 9.80 1,017.0 979,701.54 74 —30.44 —64.81
942 __________ 35 54.92 120 11.29 1,915.0 979,659.58 1.93 16.18 —-47.94
943 35 54.25 120 13.72 1,429.0 979,691.69 3.48 3.54 -42.29
944 __________ 35 5448 120 8.92 1,280.0 979,693.01 1.11 —9.48 —52.55
945 __ _______ 35 56.43 120 10.68 1,756.0 979,661.93 3.23 1.42 —55.92
946 __________ 35 b7.87 120 7.69 813.0 979,710.70 .50 -40.56 —68.13
964 __________ 35 55.09 120 24.27 2,249.0 979,638.61 2.61 26.38 —48.56
965 __________ 35 53.79 120 23.88 1,683.0 979,677.78 1.48 14.18 —42.40
966 —_________ 35 52.71 120 22.73 1,5631.0 979,690.52 1.25 14.16 -37.41
967 . ____ 35 5247 120 19.76 1,637.0 979,684.75 1.74 18.70 -36.03
968 ___ _______ 35 51.38 120 16.62 1,657.0 979,687.97 1.44 25.36 —-30.37
969 . _______ 35 50.22 120 17.76 1,489.0 979,700.87 93 24.11 —26.33
970 . ____ 35 48.53 120 16.96 1,515.0 979,701.27 89 29.37 -22.01
Tl 35 47.27 120 17.62 1,313.0 979,713.65 89 24.55 -19.87
972 . 35 45.38 120 15.85 1,375.0 979,696.47 .85 15.89 -30.71
978 - 35 46.42 120 10.46 1,482.0 979,692.16 1.93 20.16 —29.04
974 35 47.10 120 10.88 1,575.0 979,685.62 1.49 21.40 —31.45
975 35 48.91 120 12.13 1,741.0 979,677.39 1.44 26.20 —32.42
976 e~ 35 50.29 120 12.00 1,441.0 979,692.24 2.54 10.87 -36.31
977 35 5121 120 12.11 1,260.0 979,702.13 3.51 2.42 ~37.55
978 __________ 35 51.96 120 14.14 3,052.0 979,586.35 10.08 54.09 —40.98
979 __________ 35 48.12 120 13.03 2,535.0 979,629.60 5.03 54.21 -28.14
980 __________ 35 49.40 120 13.81 2,290.0 979,647.12 2.31 46.86 -29.78
981 __________ 35 50.05 120 15.02 2,440.0 979,637.60 3.88 50.52 -29.71
982 __________ 35 53.38 120  2.77 559.0 979,719.47 .16 —49.27 —68.41
D1 ______ ____ 35 45.84 120 18.16 1,141.0 979,701.84 70 —1.40 -40.08
D-2 __________ 356 46.08 120 18.07 1,142.0 979,703.72 .68 .23 —~38.51
D8 35 46.33 120 17.98 1,146.0 979,707.32 .68 3.85 —35.02
D4 . 35 46.59 120 17.88 1,154.0 979,711.44 72 8.35 —-30.76
D5 35 46.97 120 17.73 1,196.0 979,717.65 79 17.97 —22.52
D6 35 46.76 120 17.81 1,170.0 979,717.29 73 15.46 -24.19
983 35 46.91 120 18.15 1,171.0 979,716.91 79 14.97 —24.66
984 __________ 35 45.98 120 16.84 1,186.0 979,710.72 76 11.51 —28.66
985 __________ 35 47.56 120 15.73 1,792.0 979,679.01 2.48 34.54 -24.79
986 35 49.22 120 18.68 1,715.0 979,687.18 1.79 33.10 —24.27
987 e 35 49.85 120 20.95 1,660.0 979,695.98 3.54 35.83 -17.89
988 o __ 35 b54.57 120 20.20 3,007.0 979,593.17 4.72 52.96 —45.93
989 __________ 35 54.39 120 18.86 3,177.0 979,580.42 5.79 56.45 -47.21
990 __________ 35 55.26 120 21.65 3,172.0 979,581.11 4.84 55.43 —49.01
991 . 35 57.65 120 27.06 2,705.0 979,605.76 5.29 32.75 —55.18
992 __________ 35 56.34 120 20.36 4,339.0 979,500.51 17.33 83.00 —48.97
993 356 58.50 120 24.98 3,426.0 979,568.88 7.33 62.45 —48.21
994 35 58.07 120 23.56 3,764.0 979,539.31 15.16 65.27 —49.16
996 35 48.01 120 9.21 2,658.0 979,608.19 13.75 44.52 —-33.34
996 o ________ 35 50.38 120 10.75 2,640.0 979,608.66 10.85 39.92 -40.22
997 35 53.06 120 6.87 976.0 979,702.32 A7 —26.74 —-59.96
998 __________ 35 52.64 120 4.49 762.0 979,711.66 .26 —-36.93 —-62.98
999 __________ 35 54.39 120  5.55 913.0 979,700.84 .56 —36.04 —67.00
1000 —_______ 35 b5.75 120 6.68 872.0 979,706.71 .51 —35.97 —65.56
1001 _______ 35 52.63 120 .18 466.0 979,720.96 .04 —55.45 —-71.51
1002 _________ 35 54.25 120 42 701.0 979,708.18 .33 —48.44 —72.32
1003 _ . ___ 35 54.86 120 1.81 521.0 979,719.90 .05 —54.52 —72.47
1004 . _____ 35 55.29 120 14.53 1,642.0 979,679.18 3.85 9.58 —43.22

1005 35 55.76 120 15.25 1,740.0 979,673.34 4.53 12.28 —43.21
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TABLE 2.—Principal facts for gravity stations—Continued
Station Latitude Longitude Elevation Observed Terrain Free Complete
N. W. (ft) gravity correction air Bouguer
anomaly anomaly
Deg Min Deg Min

1006 ________ 35 57.10 120 15.81 2,670.0 979,618.44 4.56 42.93 —44.54
1007 —_______ 35 56.82 120 14.82 3,078.0 979,583.48 12.01 46.73 —47.30
1008 _________ 35 57.15 120 16.67 2,951.0 979,600.56 5.46 51.40 —44.82
1009 _________ 35 57.63 120 17.89 2,719.0 979,616.79 4.33 45.13 —44.25
1010 . _____ 35 54.36 120 16.50 3,473.0 979,559.53 8.59 63.43 —47.58
1011 _________ 35 53.03 120 14.86 2,811.0 979,606.12 5.27 49.67 —41.92
1014 _________ 35 59.95 120 19.07 1,334.0 979,702.33 4.19 —2.90 —44.74
1015 _________ 35 58.94 120 19.17 1,667.0 979,682.32 6.68 9.86 —40.97
1016 _________ 35 58.22 120 19.39 1,937.0 979,665.28 6.10 19.24 —41.47
1017 _________ 35 56.99 120 5.55 710.0 979,712.43 25 —47.26 —71.52
1018 _________ 35 56.11 120 3.39 576.0 979,717.39 .09 —53.64 -73.45
1019 .. __ 35 56.41 120 .69 744.0 979,711.23 37 —44.43 —69.75
1020 ________ 35 57.46 120 37 754.0 979,715.14 .26 —41.08 —66.85
1021 _________ 35 58.68 120 1.25 1,054.0 979,697.74 .80 -32.01 —67.59
1022 _________ 35 59.57 120 .18 767.0 979,717.42 42 —40.59 —66.65
1023 _________ 35 59.76 120 2.14 1,062.0 979,698.15 .98 —-32.39 —68.06
1025 _________ 35 59.87 120  4.64 1,109.0 979,692.68 1.38 —-388.59 -70.49
1026 ______.__ 35 57.85 120 4.43 671.0 979,715.12 A7 —49.46 —72.46
1027 _________ 35 59.60 120 6.08 790.0 979,713.19 .26 —-42.70 —-69.72
station) terrain corrections were made manually by | 7. Complete Bouguer anomaly (CBA) equals
using Hayford-Bowie templates. (See Swick, 1942.) BA+TC—-CC, where TC equals terrain correc-

Where corrections were unusually large, individual tion.

compartments of these templates were divided into
subcompartments according to a scheme developed
by H. W. Oliver of the Geological Survey. For the
outer zones the corrections were made by a digital
computer program developed by Plouff (1966),
which employed 1- and 3-minute terrain digitiza-
tion grids on topographic maps.

Observed gravity values were converted to anom-
aly values using a gravity-reduction program devel-
oped by S. H. Burch. The basic procedures and
formulas of the reduction are as follows, where
gravity values are in milligals:

1. The gravity difference (AG) between the base
and a given station is calculated and corrected
for lunar and solar tide and instrument drift.

2. Observed gravity (OG) equals gravity base
value + AQG.

3. Theoretical gravity (THG) equals
[1+0.005228 sin® ¢-—0.0000059 sin®
where 6 equals latitude in degrees.

4. Free air anomaly (FAA)
OG—THG+ (0.09411549 —0.000137789
sin? ) E —0.0000000067E, where E equals ele-
vation in feet above sea level.

5. Simple Bouguer anomaly (BA) equals
FAA—0.012774pE, where p equals reduction
density, in grams per cubic centimeter.

6. Curvature correction (CC)
0.000446FE —3.28 X 102E2+ 1.27T X 10-5E3,

978,049
(20)1,

equals

equals

GRAVITY INTERPRETATION

Quantitative interpretation of gravity data here
is based largely on two-dimensional crustal models
constructed with the use of computer programs of
Bott (1960) and Talwani. (See Talwani and others,
1959.) Corrections for finite strike length of these
models were made using graticule methods of Hen-
derson and Zietz (1957) and a computer program
of Talwani and Ewing (1960) for three-dimensional
bodies. Preliminary calculations of anomalous sub-
surface mass were made by using a program based
on the two-dimensional program of Bott (1960).

Density contrasts used to analyze anomalous
gravity features are average or median values
based in part on data of Bailey and others (1964),
Burch (1965), Byerly (1966), Clement (196%), and
D. C. Ross (oral commun., 1969). Estimates of av-
erage densities used for various lithologic units con-
form generally to those used in nearby areas
(Burch and Durham, 1970; Burch, 1971; Burch and
others, 1971), and the following ranges of values,
except where they apply to “surficial deposits,” may
be interpreted as wet bulk densities:

Average density

Lithologic unit (g/cm?)
Surficial deposits 1.4-2.0
Paso Robles and Tulare Formations _______________ 2.2
Upper Miocene and Pliocene rocks 2.2-2.3
Monterey Shale 2.3
Lower and middle Miocene rocks 24
Eocene and Upper Cretaceous rocks _______________ 2.5-2.6
Serpentinized ultramafic rocks =2.5
Franciscan rocks - 2.6-2.8
Granitic rocks 2.6-2.9
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In first approximations of subsurface mass
distributions, a density contrast of 0.5 g/cm? was as-
sumed between either Franciscan or Salinian base-
ment rocks and overlying post-Eocene rocks, and a
density contrast of 0.3 g/cm?® was assumed between
either Franciscan or Salinian basement rocks and
overlying pre-Eocene rocks. Effective models for
subsurface distributions of mass were ultimately
based on “lumped” average densities for Quater-
nary sedimentary rocks and deposits and for most
Tertiary sedimentary rocks. The lithologic break-
down of densities used in this report conforms to
similar density units used in gravity studies to the
west. (See Burch, 1971; Burch and Durham, 1970.)

MAGNETIC SURVEYS

Aeromagnetic data within the map area are part
of a reconnaissance survey of part of the San An-
dreas fault. (See Hanna, 1968a.) The flight pattern
of the reconnaissance survey consists of seven trav-
erses 4 miles apart parallel to the San Andreas
fault between San Francisco and San Benardino.
The central flight line follows the surface trace of
the fault. A single transverse line was flown about
5 miles southeast of Parkfield within the map area.
The total intensity contoured data (pl. 2) consist of
digitally recorded output from an ASQ-10 fluxgate
magnetometer flown at 6,500 feet barometric eleva-
tion. Flight paths were recovered using an
APN-147 Doppler system and were checked with a
strip-film camera. A regional magnetic field of 9
gammas per mile in the direction N. 16° E. was re-
moved from the aeromagnetic map.

Vertical-intensity ground magnetic data were col-
lected over the southern two-thirds of the map area
and are presented as a 50-gamma contour map.
(See pl. 3.) Measurements were made with a
Sharpe model MF-1R-100 fluxgate magnetometer
having a maximum sensitivity of about *2 gam-
mas. Approximately 150 stations were read and tied
to six secondary base stations that were adjusted
relative to a primary base station near Shandon.
Multiple readings of stations within the network in-
dicate a precision of about +15 gammas for most
of the survey. The azimuth of the instrument was
kept at a fixed angle relative to magnetic north in
order to avoid ‘“heading” errors. Local magnetic
fields generated by an extensive network of pipe-
lines and a number of well casings south of Cho-
lame were carefully avoided during the ground
magnetic work. A regional magnetic field of 15
gammas per mile in the direction N. 16° E. was re-
moved from the map.

GEOPHYSICAL FIELD INVESTIGATIONS

MAGNETIC INTERPRETATION

Magnetic data were analyzed with the assistance
of digital computer programs for calculating total-
and vertical-intensity magnetic fields over two- and
three-dimensional bodies. Regional magnetic gra-
dients of the vertical and total fields, due primarily
to the dipolar nature of the field produced by the
earth’s core, were subtracted from the observed
data using U.S. Coast and Geodetic Surrey mag-
netic charts. An induction-type apparatus (Hanna,
1968b) was used to measure magnetic susceptibili-
ties of selected rock specimens.

Magnetization contrasts used in analyzing anoma-
lous magnetic features are estimated average values
partly based on data of Burch (1965), Saad (1968),
and DuBois (1963) and partly based on data pre-
sented in this report. In the present study, total
magnetization (induced plus remanent) contrasts of
0.0005 to 0.0050 emu/em? (electromagnetic units per
cubic centimeter) were assumed between serpentin-
ites and surrounding rocks. Although Salinian base-
ment rocks may have magnetizations of as much as
0.001 to 0.005 emu/cm?® locally within the map area,
a probable average magnetization value for most of
these rocks is 0.0001 emu/em3 or less, considerably
lower than values for magnetic rocks near Table
Mountain and Palo Prieto Pass.

GEOLOGIC SETTING

The mapped area is separated into two riajor teec-
tonic units by the northwest-trending San Andreas
fault (pl. 1), probably California’s most syectacular
and widely known structural feature. Tens. and per-
haps hundreds, of miles of right-lateral strike-slip
movement have taken place on the San Andreas in
Cenozoic time (Hill and Dibblee, 1953; Crowell,
1962; Dickinson and Grantz, 1968), and it has been
the source of major and recurring earthquakes in
recent historic time. Within the mapped area, active
right-lateral strike slip on the San Andrecs fault is
indicated by (1) prominent offset of stream chan-
nels and other features, (2) measurable offset of
triangulation networks (Burford, 1966; Howard,
1968), and (3) offset of manmade features and sur-
face ruptures formed during the 1966 Parkfield-
Cholame earthquake. (See Brown and others, 1967.)

The tectonic unit northeast of the San Andreas
fault includes the southeastern Diablo Range and
northwestern Temblor Range. Pervasively sheared
rocks of Mesozoic age composed of Franciscan rocks
and associated ultramafic rocks constitute the “base-
ment” of this terrane. Owing to its pervasively
sheared condition, this “basement’” is plastic and is
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structurally overlain by approximately 18,000 feet
of marine sedimentary rocks of Tertiary and Creta-
ceous age, which in turn is overlain by nearly 3,000
feet of Quaternary valley sediments.

The region southwest of the San Andreas fault is
an area of low hills that are transected by and
drain into Cholame and San Juan Creeks, which
empty into the Salinas River. It is part of the “Sali-
nia” block of Reed (1933, p. 21) or Salinian block
of Compton (1966), of which the basement is com-
posed of crystalline rocks made up of plutonic rocks
of Mesozoic age and local pendants of older meta-
sedimentary rocks. Because of its crystalline texture,
this basement is moderatay rigid. It is overlain by
roughly 4,500 feet of Tertiary sedimentary rocks,
which in turn are unconformably overlain by Qua-
ternary valley sediments as thick as 38,000 feet.

Rock units are lumped to conform with similar
units of the generalized geologic maps used for
gravity interpretation to the west. (See Burch and
Durham, 1970; Burch, 1971.) The main purpose of
combining rock units in this fashion is to facilitate
geophysical interpretation. Because the lumping of
units was in places arbitrary and because these
units appear on similar generalized geologic maps
to the west, it is necessary to deseribe in some de-
tail the lithologic and structural features of the
units as they occur within the map area.

ROCK UNITS

PLUTONIC AND METAMORPHIC ROCKS

Within the mapped area the basement of the Sa-
linian block is composed mainly of plutonic rocks
and a few small lenses, pendants, and xenoliths of
gneiss, schist, and marble. These basement rocks
crop out in the Red Hills and at several places near
Parkfield; they were penetrated by 11 exploratory
wells (Nos. 1, 11, 18, 19, 20, 31, 39, 40, 42, 44, and
47 on plL 1 and in table 3). The most prominent ex-
posures are in the Red Hills, where the rock is a
gray, medium-grained, somewhat gneissoid quartz
diorite containing roughly 15 percent biotite and
lesser amounts of hornblende. Outcrops of grano-
diorite with less biotite occur about 4 miles west of
Parkfield. The granitic rock penetrated in the six
exploratory wells ranges from granodiorite to horn-
blende-rich diorite. Granodiorite is exposed exten-
sively in the LaPanza Range southwest of the map
area.

In addition to their occurrence west of the San
Andreas fault, plutonic rocks are found in the fault
block between the San Andreas and Gold Hill
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faults. The small exposures near Middle Mountain
northwest of Parkfield are composed of granitic
rocks and pendants of marble and schist that are
typical of basement rocks west of the San Andreas
fault. However, the outcrops at Gold Hill differ in
that they are mainly hornblende quartz gabbro com-
posed of hornblende and calcic plagioclase in nearly
equal amounts, a small percentage of quartz (Ross,
1970), and a very small mass of marble. The age of
the gabbro was estimated by the potassium-argon
method to be about 143 million years. (Se» Hay,
1963, p. 113-115.) This age is similar to ages ob-
tained for plutonic rocks of the foothills of the
Sierra Nevada, yet it differs greatly from the age of
80.5 million years obtained for areas of basement
rocks in the LaPanza Range to the west. (See Hay,
1963, p. 113.)

Densities of plutonic rocks of the Salinian block
are assumed to average 2.6 to 2.7 g/cm?; those of as-
sociated metamorphic rocks may be as much as 3.2
g/cm? if the rocks are comparable to schists from
the Salinian block outside of the map ares. (See
Compton, 1964, p. 281.) The hornblende quartz gab-
bro of Gold Hill averages 2.90 g/cm?, based on den-
sities for nine samples of D. C. Ross (oral commun.,
1969).

The magnetizations of Salinian plutonic rocks in
the map area probably average about 0.0005
emu/cm?® or less. Metamorphic rocks are generally
nonmagnetic relative to the plutonic rocks. Meas-
ured susceptibilities of hornblende quartz gabbro
from a single outcrop at Gold Hill average 0.0001
emu/cm® or less, although the value of one sample
exceeds 0.0010 emu/cm?®.

ULTRAMAFIC ROCKS

The ultramafic rocks are commonly emplaced
along faults and within Franciscan rocks. Most are
serpentinites typical of those found throughout
Franciscan terrane. (See Bailey and Everhart,
1964, p. 47.) The smaller bodies are thoroughly ser-
pentinized, and intense shearing has destroyed orig-
inal textures in all but a few small remnant blocks.
The centers of the larger bodies consist of blocky
serpentinite, but invariably this material grades
outward to the usual sheared serpentinite. These
serpentinite bodies crop out as elongate pods, lenses,
or sheets generally concordant with the regional
structure. They commonly form discontinuous
trains that extend many miles, probably along
major fault zones. In a few places the serpentinite
contains small masses of medium- to coarse-grained
diabase composed mainly of hornblende and plagio-
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{Compilation by H. C. Wagner.
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TABLE 3.—Selected exploratory wells

topographic map]

Elevation measured from the following: KB. Kelly bushing; GR, ground; DF, derrick floor. T, data obtained from

No. Operator Well Location Year Elevation Total
(Iml drilled (feet) depth Reported geologic data
bl = (feet) (depths in fe-t)
3 o
=] 17}
£ & §
S =2 e
s £ &
w g &
g m
13
1__ Cholame Valley Oil and | i i
\ OD? elg)lrn%nt (i°' .............. 31 22 14 Pre-1900 2,000 T 950 Bottom in granite.
- Occiden etroleusn Corp ——__.__ X hagen 24 ________ i .
377 Kettleman North Dome reyenhagen 24 28 22 16 1963 1,214 KB 6,350 Bottom in Eocene. Top c¢f Eocene, 55.
Association 76 34 22 18 1931 807 GR 9,206 Bottom in lower Miocene.
4. Slayton Drilling Co — Colgrove-Taylor 88-15 ___ 15 23 14 1948 1,600 T 4,996 Bottom in Cretaceous.
5_.. Future Success Co oo ____ Livermore 1 _____________ 18 23 15 __ 2,600 T 1,815 Bottom in Franciscan serpentine.
6__ Canadian Co ___ 1 19 23 15 2,700 T 250 Do.
7-- Pacific Inland Oil Co L 19 23 15 1936 2,300 T 3,100 B@t Do.
8__ Shell Oil Co __ Crow 41-2 ______________ 2 23 16 1944 1,189 DF 7,825 tom in Eocene or Cre*aceous.
9__ Sum;a_v lg‘X‘_ Oil Co. oo Lynch-Mouren 68-9 ______ 9 23 17 1950 1,089 KB 11,962 Bottom in Jower Miocene.
10-_ K midt Co Avenal 1 —_____. ___ - 86 23 17 1932 800 T 6,854 Bottom in Eocene.
11__ A. A. Anderson __________________ Hillman 1 ____________._ 15 24 14 1938 2,400 T 4,006 Bottom in granite. Top of granite, 3,970.
12__ Humble Oil & Refining Co —_____ Avenal Land & Qil Co. 5 - 3 24 17 1961 61 KB 5,338 Bottom in upper Cretacecus (Panoche).
13- do Orchard 3-1 ____________ 12 24 17 1959 789 KB 5,866 X
lg__ Ancora_ Corp Capital 2 __ .- 16 23 18 1953 673 DF(?) 6,148 Bottom in Oligocene.
15__ Amerada Petroleum Corp ——-———__ Malley 1 ___ .- 22 23 18 1958 660 T 6,301 Bottom in upper Miocene.
16__ Bell Petroleum Co Orchard 37-30 . _____ 30 23 18 1958 690 KB 6,461 Bottom in upper Cretacecus.
17__ Havenstrite Oil Co Havenstrite-Cleary 1 __._. 8 25 14 1953 1,690 KB 6,236 Bottom in Oligocene red beds.
18__ Socony-Mobil . Hillman-Darnall 22-384 ___ 34 25 14 1951 1,385 KB 7,716 Bottom in granite, Top of granite, 7,660.
19__ Cholame Syndicate .. ________ 25 15 1934 1,650 T 3,867 Bottom in granite. Top of granite, 3,650,
20__ Continental Oil Co . 25 15 1949 1,720 T 6,559 Bottom in granite. Top of grante, 6,523,
21 C. W. Colgrove 25 16 1949 1,670 KB 2,737 Bottom in Cretaceous. Top of Creta-
ceous, 2,010.
22__ Franco Western - ecoeeeeee 25 16 1949 1,185 KB 1,490 Bottom in Franciscan. Top of Francis-
can, 1,297.
23_.. C. W. Colgrove 25 16 1950 1,360 T 1,850 Bottom in Franciscan. Top of Francis-
can, 1,870,
24__ do 25 16 1950 1,384 KB 2,810 BottomzigozFranciscan. Top of Francis.
can, 2,802.
25_. Keloil, Inc 26 16 1949 1,180 GR 2,025 Bottom in schist. Top of schist, 1,987.
26__ Buass Development Co 25 16 1946 1,146 DF 3,405 Bottomgisx(; Franciscan. Top of Francis-
ean, .
27.. C. W. Colgrove o ______ Jack 82-21 o ______ 21 25 16 1954 1,400 T 4,997 Bottom 4ilﬁ;mancisczw. Top of Francis-
can, 4,997.
28_. D. C. Basdo, Jr o Jack 1-2 —_____________ 2 25 17 1959 859 KB 3,156 Bottom in Cretaceous, Top of Creta-
ceous, 200+,
29__ C. H. Bent D.Bol oo 7 25 18 1954 675 T 2,516 Bottom i2n44gretaceous. Top of Creta-
ceous, 2,440.
30._ Tidewater Oil Co oo Levis 1 oo 15 25 18 1952 619 KB 4,423 Bottom i;\ﬂCretaceous. Top of Creta-
ceous, 4,278.
31_.. General Petroleum Corp ———_______ Clarke 84-25 ___________._ 25 26 14 1950 1,127 KB 5,687 Bottom in granite. Top of granite, 5,657,
32__ Humble Oil & Refining Co Hillman 1 __ -- 32 26 14 1957 1,400 T 5,068 Bottom in lower Miocene.
33_. Tutin and Twisselman _____ White 1 .- -- 5 26 15 1945 1,300 T 5,509 Bottom in upper Miocene.
34__ Amerada Petroleum Corp —c-e————_ Stil B-1 3 26 17 1950 1,084 KB 4,199 Bottom in Cretaceous.
35.. W. H. Davis 1 13 26 17 1927 900 3,250 Bottom nlnssgretaceous. Top of Creta-
ceous, 1,350.
36.. Garner-Jones Operator ——_———_____ Still 1 e 30 26 17 1962 2,280 T 1,815 Botto;n in Franciscan. Top of schist,
37__ Richard O. Maze oo K. O 1 oo 3 26 18 1958 708KB 4,636 Botiom in Cretaceous. Top of Creta-
ceous, 2, N
38__ Humble Oil & Refining Co ——_____ Newsom 1 _____ SR, 20 26 18 1961 837 KB 5,082 . .
39__ do Clarke 1 _______ - 10 27 14 1958 1,465 KB 4,505 Bottom in granite. Top of granite, 4,320.
40__ Texas Co Clarke NCT-1 1 _ -- 156 27 14 1955 1,435 KB 4,333 Bottom in granite. Top of granite, 4,078,
41 do wew O'Donovan 1 . _________ 21 27 14 1949 1,512 KB 2,803 Bm 2i1417001120cene(?). Top of red
42__ Vanguard Ol Co oo __ Clarke 1 - ceeee 26 27 14 1937 1,685 T 5,000 Bottom in granite, Top of granite, 4,949,
43._ Latin American Oil Co ——______ Upton 1 o~ 31 27 15 1925(7) 1,325T 4,618 Bottom in Iow;.; Miocene., Top of lower
Miocene, 4,335.
44__ Texas Co _ . __ . _______ Iverson 1 _______ ________ 15 27 16 1956 1,738 KB 2,426 Bottom in granite. Top of granite, 2,416.
45_. Brookline Oil Co _____________.._ McCornack-Vieki 1 ____ 16 27 16 1956 1,511 KB 6,016 Bo]fetgm igZGOIigocene(?). Top of red
s, 5, .
46__ Texas Co Cammatta Ranch 2 ______ 29 27 16 1955 1,316 KB 6,015 Bottom in lower Miocene. )
47__ Shell Oil Co Grant Estate C.H. 87-17 _. 17 27 17 1949 2,030 T 2,993 Bottom in granite, Top of granite, 2,608,
48__ T. V. Bergman . _________.__ Bergman 1 __..__________ 5 27 18 1949 1,392 KB 7,141 Bottom i'lnlzgretaceous. Top of Creta-
ceous, 7,129.
49__ Sunset Internat. Petroleum Corp __ Shell USL 1 . ______ 17 27 18 1957 1,709 KB 2,897 Bottom in Cretaceous. Top of Creta-

ceous, 1,610.

clase. The largest of these is in a quarry one-half of
a mile west of the Antelope pumping station near

Polonio Pass.

Densities of serpentinized ultramafic rocks vary
considerably within the mapped area, the lowest
values occurring in highly sheared rocks at Table
Mountain. For purposes of gravity interpretation, a
wet bulk density range of 2.8 to 2.5 g/cm?® was as-

sumed for anomaly-producing serpentinites within

the mapped area.

Measured magnetic susceptibility values of ser-
pentinized rocks within the mapped area fall into
two distinct groups: one of about 1 to 4x10-% emu/
cm® and another of about 5X10~* emu/cm 3, The most
highly sheared, mechanically incompetent serpentin-

ites of Table

Mountain possess the strongest
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induced magnetizations. Remanent magnetization
was not measured, mainly because of the difficulty
of finding material sufficiently coherent for collec-
tion and subsequent drilling, For interpretation
purposes, serpentinites were assumed to have a
total magnetization intensity range of 0.002 to 0.005
emu/cm ¥ Because magnetic intensities of ultramafic
rocks increase with degree of serpentinization
(Burch, 1965; Saad, 1968), the average magnetiza-
tions of serpentinite bodies may be strongly a func-
tion of depth below ground surface or distance from
the center of the body.

FRANCISCAN ROCKS

Eugeosynclinal Franciscan rocks lie structurally
below younger Cretaceous rocks in the Diablo and
Temblor Ranges. In this area Franciscan rocks con-
sist of a pervasively sheared assemblage of eugeo-
synclinal sedimentary and mafic volcanic rocks.
They are composed of large and small shattered len-
ticular masses or monoliths of graywacke, green-
stone, chert, and a few small blocks of glaucophane
schist in a matrix of pervasively sheared argillaceous
shale or claystone. The lenticular masses are gener-
ally oriented parallel to the shear planes of the ma-
trix, which generally strike northwest and dip
northeast, mainly at high angles. In the mapped
area Franciscan rocks were described by Dickinson
(1966a, p. 462), as| an/intensively deformed “tectonic
breccia.”

Owing to the pervasively sheared condition of
the breccia, the thickness of Franciscan rocks here
is difficult to estimate. Its age is not definitely
known but is presumed to be Late Jurassic to Late
Cretaceous on the basic of fossils reported from
Franciscan rocks elsewhere. (See Bailey and others,
1964, fig. 23.)

Densities of various Franciscan lithologies are es-
timated to range from about 2.0 to 3.2 g/cm % Meas-
urements of Bailey, Irwin, and Jones (1964, pl. 2)
on 16 graywacke samples clustered 9 miles north-
northwest and 7 miles east of Parkfield (10 samples
are within the mapped area, 7 are just north of the
area) give an average density of 2.65 g/cm * exclud-
ing an anomalously low value of 2.834 g/ecm * for a
single sample north of the map area. Greenstones
are assumed to average about 2.8 g/cm? on the
basis of Clement’s data (1965); chert, about 2.65
g/cm 3, the average density of quartz. Small blocks
of glaucophane schist have densities that may aver-
age 3.0 to 3.2 g/cm 2 on the basis of data of Borg
(1956) and Bloxam (1959, 1960). Argillaceous shale
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and claystone are assumed to have densities that
range from about 2.0 to 2.5 g/cm 2

It is clear that no single density can adequately
characterize the Franciscan rock assemblag~ in the
mapped area. For purposes of gravity interpreta-
tion, however, an average density of 2.65 to 2.70
g/cm ? was found to be reasonable over much of the
area.

Except for local occurrences of greenstone that
have average total magnetizations probably less
than 0.0005 emu/em 3, Franciscan rocks are believed
to be relatively nonmagnetic in the mapped area.

CRETACEOUS AND EOCENE MIOGEOSYNCLINAL ROCKS

Northeast of the San Andreas fault pervasively
sheared Franciscan rocks and ultramafic rocks are
overlain, either unconformably or tectonically, by a
thick series of miogeosynclinal marine clastic sedi-
mentary rocks of Cretaceous and Eocene age. This
series as defined by Dibblee (1972) was divided into
two major sequences, one of Cretaceous age and one
of early Tertiary (Eocene) age. Because these se-
quences are of about the same density, they are
grouped on the map as one unit (pl. 1).

The lower sequence, defined by Dibblee (1972) as
the Cretaceous marine sedimentary sequence and
also known as the “Great Valley sequence” (Bailey
and others, 1964, p. 123), consists of as ruch as
10,500 feet of strata. It is composed of two distinct
units, in ascending order: (1) Badger Shale of
Marsh (1960), dark argillaceous shale and thin in-
terbeds of graywacke, as thick as 3,900 feet, of
Early Cretaceous (?) age, and (2) Panoche Forma-
tion, interbedded argillaceous shale and sandstone,
as thick as 6,800 feet, of Late Cretaceous age.

The upper sequence, defined as the lower Tertiary
marine sedimentary sequence, unconformably over-
lies the Cretaceous sequence, is mainly of Eocene
age, and is composed of two units, in ascending
order: (1) Avenal Sandstone, including Acebedo
Sandstone of Dickinson (1966a), about 300 feet
thick, middle Eocene, and (2) Kreyenhagen Shale
and Point of Rocks Sandstone (probably strati-
graphic equivalents or facies) totaling about 3,000
feet thick, middle and upper Eocene, and in part
Oligocene.

In the strip between the San Andreas and Gold
Hill faults, about 2,000 feet of massive marine
sandstone of probable Eocene age overlier horn-
blende quartz gabbro.

Densities of the Cretaceous and Eocene shales
and sandstones probably range from abouf 2.1 to
2.7 g/cm ® on the basis of data of Byerly (19%6) for
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an area to the north. In the present investigation,
an average density range of 2.5 to 2.65 g/cm ? was
assumed for these rocks.

Magnetizations of the Cretaceous and Eocene sed-
imentary rocks are negligibly small.

MIDDLE AND UPPER TERTIARY ROCKS

DISTRIBUTION

Sedimentary rocks of middle and late Tertiary
age occur extensively on both sides of the San An-
dreas fault and are composed of two sedimentary
sequences as defined by Dibblee (1972). The lower
one, of Oligocene and Miocene age, is composed of
clastic sedimentary rocks and a low-density unit of
siliceous shale. The upper unit, mainly of Pliocene
age, is composed of clastic sedimentary rocks. In
this report this series of middle and upper Tertiary
sedimentary rocks is divided into two units of clas-
tic sedimentary rocks separated by the siliceous
shale unit. These units are, in ascending order:
lower Miocene deposits, Monterey Shale, and upper
Miocene and Pliocene deposits. In addition to these
sedimentary rocks, there is a local volcanic unit of
Miocene age which is not shown on the map.

Densities of middle and upper Tertiary rocks fall
within the range 1.4 to 2.6 g/cm ?, although average
density values used in gravity interpretation are re-
stricted to the range 2.2 to 2.4 g/cm 3.

All middle and upper Tertiary rocks in the
mapped area, including volcanic rocks, may be con-
sidered nonmagnetic for purposes of interpretation.

VOLCANIC ROCKS

Silicie volcanic rocks, radiometrically dated by
Turner (1970) as being about 23.5 million years
old, or of Oligocene age, crop out west of the San
Andreas fault near Parkfield. These rocks are com-
posed of perlitic obsidian and rhyolite that are
probably of both intrusive and extrusive origin.
They are intruded through, and extruded onto,
granitic basement and are unconformably overlain
by Santa Margarita Formation. A small dike of
basalt crops out east of the fault near Franciscan
Creek at the northern edge of Miller flats, south of
Barrel Valley.

LOWER MIOCENE SEDIMENTARY ROCKS
Clastic sedimentary rocks of early Miocene age
are present on both sides of the San Andreas fault.
Northeast of the fault they are the marine Temblor
Formation of Dickinson (1966a, 1966b), which is
composed of semifriable arkosic sandstone, gray
claystone, and local basal conglomerate. The unit

GEOPHYSICAL FIELD INVESTIGATIONS

lies unconformably on formations ranging from Eo-
cene to Franciscan, with increasing discordance
westward toward the San Andreas fault. In most
places it is a few hundred feet thick, although in
parts of the Temblor Range it may be either absent
or as much as 4,000 feet thick. Southwest of the
San Andreas fault, this unit is represented by ter-
restrial red conglomerate exposed only in the Red
Hills. It is as thick as 3,000 feet and is composed of
unsorted granitic cobbles and boulders in a matrix
of red to gray arkosic sandstone, It here rests di-
rectly on granodiorite. About 38,200 feet of similar
conglomerate was pentrated in an exploratory well
(No. 20 on pl. 1 and in table 3) 2 miles northwest
of Cholame. Several wells (Nos. 18, 31, 39, 40, 42)
southwest and northwest of Shandon passed from
Monterey Shale into a few hundred feet of marine
sandstone of the Vaqueros Formation and ter-
restrial red beds, then into granitic basement.

The average density assumed for the lower Mio-
cene rocks within the map area is 2.4 g/ecm3, al-
though loeal variations from this value are common.

MONTEREY SHALE

The Monterey Shale is a distinctive unit of
marine siliceous shale of early, middle, and late
Miocene age. It is present on both sides of the San
Andreas fault, but the stratigraphy of the northeast
side differs from that of the southwest. Northeast
of the fault, it is exposed in the Temblor and Diablo
Ranges. It is as thick as 4,000 feet in the Temblor
Range near Bitterwater Creek but thins ncrthward
to only 600 feet in McLure Valley. In the Ritterwa-
ter Creek area, the Monterey Shale is composed of
three members, in ascending order: (1) Gould Shale
Member, siliceous shale, about 600 feet thick, lower
and middle Miocene, (2) Devilwater Shale Member,
clay shale and siltstone, about 1,000 feet thick, mid-
dle Miocene, and (3) McLure Shale Member, sili-
ceous shale, 2,500 feet thick, middie and ur»er Mio-
cene. The Gould Shale Member is present only in
the Temblor Range where the member extends
southeastward from Franciscan Creek. Tre Devil-
water Shale Member persists through much of the
Temblor Range and northwestward to Turkey Flat.
In much of the Shale Hills of the Temblor Range
and McLure Valley, these two lower members are
absent. The MecLure Shale Member persists
throughout the Temblor and Diablo Ranges but is
only about 600 feet thick in the Diablo Range.

Southwest of the San Andreas fault the IMonterey
Shale is not exposed within the mapped area but is
present in the subsurface. Exploratory wells drilled
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for oil or gas southwest and west of Shandon (Nos.
32, 39, 40, 41, and 42 on pl. 1 and in table 3) passed
through more than 1,000 feet of Monterey Shale be-
tween sandstones of the Santa Margarita and Va-
queros Formations. Northeastward this shale unit
thins out at or near the San Juan fault. The Mont-
erey Shale of this area is of middle Miocene age and
is composed of a lower unit of argillaceous shale
and an upper unit of siliceous shale.

The wet bulk density assumed for the Monterey
Shale is 2.3 g/em® in conformity with Clement’s
data (1965) from an area to the north. Dry bulk
densities for this shale may be as low as 1.4 g/cm 3,
as suggested by Byerly’s data (1966).

UPPER MIOCENE AND PLIOCENE SEDIMENTARY ROCKS

Sedimentary rocks of late Miocene and Pliocene
age are of different stratigraphy on opposite sides of
the San Andreas fault. Northeast of the fault the
sequence, in ascending order, consists of (1) the
Reef Ridge Shale, 0 to 500 feet thick, uppermost
Miocene, and (2) the Etchegoin Formation, in-
terbedded marine sandstone, siltstone, and clay
shale, 7,000 feet thick. In the Kettleman Hills the
equivalent of the upper 2,000 feet of the Etchegoin
Formation is mainly marine and brakish-water silt-
stone known as the San Joaquin Formation, upper
Pliocene. (See Woodring and others, 1940.)

Southwest of the San Andreas fault, the sequence,
in ascending order, consists of (1) the Santa Mar-
garita Formation, a marine friable sandstone about
1,200 feet thick, upper Miocene and lower PIli-
ocene (?), exposed in the Red Hills and northwest of
Cholame, (2) Pancho Rico Formation, diatomaceous
mudstone, as thick as 1,200 feet, lower Pliocene, ex-
posed west of Cholame Valley only, (3) unnamed
sandstone and siltstone, Pliocene(?), as much as
2,000 feet thick in wells northwest and southwest of
Shandon only, and (4) Morales(?) Formation, ter-
restrial gravel and sand, 0 to 700 feet thick, upper
Pliocene (7).

Average bulk densities used for gravity interpre-
tation range from 2.2 to 2.3 g/cm? slightly less
than the assumed average wet bulk density of the
Monterey Shale.

UPPER CENOZOIC VALLEY DEPOSITS
Alluvial and lacustrine sedimentary deposits of
late Pliocene and Pleistocene age are extensive on
both sides of the San Andreas fault. The sediments
are weakly consolidated gravels, sands, clays, and
thin marl beds having an aggregate thickness of as
much as 3,000 feet. Those deposited in the San Joa-
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quin Valley region east of the Diablo and Temblor
Ranges are known as the Tulare Formatior. They
lie conformably on Pliocene marine deposits north
of McLure Valley, and unconformably on older rock
units south of that valley. They were derived
largely from the Diablo and Temblor Range uplifts.
The sediments deposited in the upper Salinas Valley
region west of the Diablo and Temblor Ranges are
known as the Paso Robles Formation, which lies un-
conformably on Pliocene and Miocene formations.
The Paso Robles Formation was derived largely
from the Santa Lucia and La Panza Ranges to the
southwest and the Temblor and Diablo Ranges to
the northeast. On the basis of a heavy-mineral
study in the Paso Robles Formation, Galehouse
(1967) suggested right-lateral movement on the San
Andreas fault of approximately 25 miles since Paso
Robles deposition.

Bulk densities of the valley deposits assume a
broad spectrum of values depending upon whether
or not the materials are water-saturated. In the
present study, an average wet bulk density of 2.2
g/cm ® was assumed.

SURFICIAL DEPOSITS

Surficial deposits include alluvium of Pleistocene
and Holocene age and landslide debris. The alluvium
is composed of unconsolidated gravel, sand, ard clay.
Much of the older alluvium covers the flcors of
major valleys to depths of perhaps 200 feet. Much
of the more recent alluvium is found along
streambeds and as flood-plain deposits. Landslide
debris is very common and covers large areas, par-
ticularly on the west flank of Table Mountain. Sur-
ficial deposits are not shown on the geologic map at
places where they are small in extent and the ident-
ity of the underlying rock unit is relatively certain.

Assumed wet and dry bulk densities for these
various surficial deposits range from 1.4 to 2.0
g/cm 3,

GEOLOGIC STRUCTURE AND TECTONICS

STRUCTURAL SETTING

By far the most significant structural feature in
the area is the San Andreas fault. The style of de-
formation throughout the area in fact may be re-
lated to the fault, with the intensity of deformation
decreasing away from the fault. The same general
structural pattern prevails on both sides of the
fault, although deformation was considerakly less
intense in rocks overlying the relatively competent
plutonic and metamorphic basement to the south-
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west and more intense in rocks overlying more plas-
tic Franciscan and ultramafic rocks to the north-
east.

The area northeast of the San Andreas fault was
intensely squeezed and the Diablo and Temblor
Ranges were thereby elevated by compressive
forces. The prevasively sheared and brecciated
Franciscan and ultramafic rocks reacted to stress as
a plastic mass would, and the overlying sedimentary
rocks reacted as a crust. The formations are com-
pressed into folds with axes that trend on the aver-
age about N. 50° W., compared with N. 40° W. for
the San Andreas fault. The folds are most severely
compressed adjacent to or near the fault and pro-
gressively less compressed and less crowded away
from the fault. This fold pattern appears to be the
effect of lateral drag, which resulted from south-
eastward movement of the area northeast of the
San Andreas fault relative to the Salinian block and
which combined with severe pressure of rigid Sa-
linian basement rocks against the more pliable ter-
rane of Franciscan and utramafic rocks northeast
of the fault.

The Salinian block was much less deformed than
the area northeast of the fault because its plutonic
and metamorphic basement was more resistant to
stresses. As a consequence, the overlying sedimen-
tary cover, which is much thinner than that north-
east of the San Andreas fault, is generally unde-
formed. Only within a few miles of the San
Andreas fault are sedimentary rocks mildly de-
formed into minor folds, which, like folds northeast
of the faults, have axes that trend about N. 50° W.

STRUCTURAL HISTORY

The mapped area was affected by diastrophism
during the following times: (1) early Cretaceous(?),
(2) Paleocene, (3) Oligocene, (4) late Pliocene
to early Pleistocene, and (5) late Pleistocene.

The granitic rocks of the Salinian block were em-
placed in the metamorphic rocks during Cretaceous
time according to the age determination of Evernden
and others (1964). Other plutonic rocks, such as the
hornblende quartz gabbro of Gold Hill, were em-
placed earlier.

It is not definitely known where or how the Fran-
ciscan rocks became pervasively sheared and brec-
ciated. The ultramafic rocks were emplaced during
or after their deposition and are themselves sheared
~and brecciated. The lack of such deformation in
the overlying Cretaceous and Tertiary rocks sug-
gests that the shearing took place before these rocks

GEOPHYSICAL FIELD INVESTIGATIONS

were deposited, that is, presumably in ear'y Creta-
ceous or very late Jurassic time.

The unconformity at the base of the Eo<ene ma-
rine sedminentary sequence of the area northeast of
the San Andreas fault indicates mild deformation,
uplift, and erosion after late Cretaceous time and
before middle Eocene time, that is, probably in Pa-
leocene or early Eocene time.

Severe diastrophism probably affected the whole
area during Oligocene time. In the area northeast of
the San Andreas fault, this disturbance is indicated
by the great unconformity at the base of the Mio-
cene rocks and by the westward overlap or progres-
sively older formations toward the San Andreas
fault. During this diastrophism the Franciscan and
ultramafic rocks were exposed, probably for the
first time, near and adjacent to the San Andreas
fault by regional northeastward tilting and folding.
Southwest of the San Andreas fault, the crystalline
basement was probably stripped bare of any overly-
ing sedimentary rocks that may have been present,
then covered by Oligocene and Miocene sediments.

The mapped area was affected by sevore dias-
trophism at the end of Pliocene or beginning of
Pleistocene time, as indicated by the grest uncon-
formity at the base of the Paso Robles and Tulare
Formations. This diastrophism resulted in the first
uplift of the present Diablo and Temblor Ranges,
during which uplift the major folds that had
formed in Franciscan rocks, Cretaceous rccks, and
Eocene rocks during the Oligocene diastrophism
were further compressed and perhaps faulted and
many new folds in the Miocene and Pliocene sedi-
mentary rocks were formed.

The diastrophism that began at the erd of the
Pliocene, if not locally continuous througl Pleisto-
cene time, was rejuvenated in late Pleistorene time
after deposition of the Paso Robles and Tulare For-
mations. It resulted in uplift of the Diablo and
Temblor Ranges to their present heights, further
compression of folds formed during the Oligocene
diastrophism, and formation of new folds, such as
in the Kettleman Hills anticline, in the valley depos-
its. Most of the faults of this region probably
formed during this and the Oligocene diastrophism.

The axes of folds as well as the traces of associ-
ated thrust faults formed during the Cenovoic dias-
trophic events have an average trend of about N.
50° W., which indicates that these structures must
have been formed by the same stress. Many of the
north- to northwest-trending faults show evidence of
right-lateral displacement. The structural pattern of
this region strongly suggests that the folds and
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faults are genetically related to, and possibly sub-
sidiary to, right-lateral movement on the San An-
dreas fault and were formed by the same stress or
stresses, as postulated by Hill and Dibblee (1953).
If this is so, the San Andreas fault must have been
active during all the Cenozoic diastrophic events, if
not continuously during Cenozoic time.

Thus nearly all structural features of the area
may be directly or indirectly related to movement
on the San Andreas fault. Abundant evidence
within the mapped area and elsewhere indicates
many tens of miles of right-lateral movement along
the fault in Cenozoic time, as noted by Hill and Dib-
blee (1953) and Dibblee (1966).

DIABLO RANGE

The Diablo Range within the mapped area is
composed of two southeastward-plunging anticlines
separated by a syncline. The southwestern margin
of the range is essentially an uplift on a major
northeast-dipping reverse fault. The core of perva-
sively sheared Franciscan and ultramafic rocks ex-
posed along the anticlinal uplift north of Castle
Mountain and along Table Mountain is the south-
eastward continuation of the 30-mile-long exposure
of these rocks along the northeast side of the San
Andreas fault. (See Jennings and Strand, 1958.)
The northeast anticline, referred to here as the
Pyramid Hills anticline because it plunges south-
eastward into the Pyramid Hills, has a steep north-
east flank, part of which has been displaced south-
eastward relative to the southwest flank, along a
fault near the fold axis.

The Castle Mountain syncline, which forms the
prominent feature of Castle Mountain, plunges east-
ward and is offset northward on a fault from the
McLure Valley syncline, its southeastward continua-
tion.

The Franciscan rocks of Table Mountain are
partly overlain by remnants of a thrust(?) plate of
Cretaceous sedimentary rocks, as mapped by Dick-
inson (1966a, 1966b). Along the crest of this moun-
tain both of these rocks are partly covered by a
body of serpentinite that was mapped and described
by Dickinson (1966a) as a subhorizontal sheet
about 12 miles long which was extruded by plastic
flowage from narrow, steeply-dipping dikes of ser-
pentine breccia. Dickinson postulated that these
dikes were fissure feeders, possibly along faults,
that extended upward from a subterranean mass of
serpentinite mobilized into cold plastic material by
stresses during the Pliocene and Pleistocene oroge-
nesis of the Diablo Range.
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Southeastward, the pervasively sheared Francis-
can and ultramafic rocks are covered by the Creta-
ceous marine sedimentary sequence, and the
anticlinal structure terminates in a syncline in Cot-
tonwood Canyon.

The northeastward-dipping Cretaceous section of
Orchard Peak was elevated on the northeast-dip-
ping reverse fault along which the southern Diablo
Range was elevated. Scattered well data in the ad-
jacent part of Antelope Valley suggest that the Cre-
taceous rocks of the foothills were elevated on an-
other reverse fault against Miocene rocks to the
south.

PARKFIELD-TURKEY FLAT AREA

The structure of the foothills southwest of the
Diablo Range uplift is essentially that of a syncline
that trends northwest through Turkey Flat. This
structural feature involves Pliocene and Miocene
sediments that overlie Lower(?) Cretaceous and
Franciscan rocks, and to the southeast it becomes
one of several small folds, cut and displaced right-
laterally by many north-trending faults.

TEMBLOR RANGE

The northwestern Temblor Range within the
mapped area is structurally complex. The Miocene
rocks, which lie unconformably on Cretaceous and
Franciscan rocks, are compressed into many north-
west-trending folds. The Cretaceous rocks dip re-
gionally to the northeast and are locally folded. The
Franciscan and ultramafic rocks, with some mix-
tures of Cretaceous rocks, appear to be prevent ad-
jacent to the San Andreas fault for an extent of
possibly 23 miles but are in large part concealed be-
neath a thin cover of the Paso Robles Formation.
The exposed parts of these pervasively sheared
rocks include large masses of serpentinite, and an
unknown amount of this rock may be concealed by
the Paso Robles Formation.

GOLD HILL AREA

Exposures of crystalline basement rocks at and
near Gold Hill and northwest of Parkfield are un-
conformably overlain by Eocene(?) rocks. All these
rocks form a fault slice as wide as 2 miles on the
northeast side of the San Andreas fault, dissimilar
to any other rocks in the mapped area northeast of
the San Andreas fault. The basement rocks are
generally similar to those southwest of the San An-
dreas fault, but rocks of Eocene age are not known
to occur southwest of the fault within the mapped
area. As the Gold Hill fault that bounds this slice
on the northeast is exposed at few places, its char-
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acter is not definitely known. East of Gold Hill, it
appears to be a near-vertical zone of gouge as wide
as 15 feet. There is no indication of any activity on
this fault, and it appears to have been long dead.
This slice may have been emplaced in middle or late
Tertiary time.

SOUTHWEST OF SAN ANDREAS FAULT

The area southwest of the San Andreas fault is
deformed within a few miles of the fault and near
the San Juan fault. Northwest of Cholame the Mio-
cene rocks are gently compressed into folds whose
axes|!trend, about N. 50° W. The unconformably
overlying Paso Robles Formation is, within 3 miles
of the San Andreas fault, deformed into many
minor folds with axes of similar trend. All these
folds must have formed by right-lateral drag on the
San Andreas fault.

The only major fault within the Salinian block in
the mapped area is the San Juan fault which, in the
Red Hills uplift on the east side of the fault, ex-
poses granitic basement and overlying Miocene
rocks. This fault extends southward for many miles.
Northward it disappears below the Paso Robles
Formation, but an en echelon alinement of north-
west-trending minor folds in that formation sug-
gests a continuation of the fault below the Paso Ro-
bles. These and other minor folds associated with
the San Juan fault suggest that movement on this
fault also is right lateral. As will be noted in a later
section, gravity data suggest that a prominent sub-
surface fault may extend from the exposed San
Juan fault at the Red Hills uplift southeastward to
the San Andreas fault near the southeastern corner
of the mapped area.

GRAVITY AND MAGNETIC FEATURES
GENERAL PATTERNS

GRAVITY TRENDS

The gravity field in the mapped area is character-
ized by a regional gradient of about 2 mgal per mile
which decreases toward the northeast and is inter-
rupted by a broad gravity high northeast of the San
Andreas fault near Cholame. Smaller perturbations
of the regional field occur northeast of the fault as
anomalies near Table Mountain, the Kettleman
Plain, Palo Prieto Pass, and Bitterwater Valley and
southwest of the fault near Red Hills, San Juan
Valley, and the Estrella River valley. The north-
eastward decrease of the regional field may be
caused partly by a northeastward thickening of the
continental crust, perhaps coupled with a northeast-
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ward decrease in average density of the lower conti-
nental crust and upper mantle, as proposed by
Thompson and Talwani (1964) for an are~ to the
north. However, part of what would ordinarily be
considered the regional field is attributed to large
anomalous concentrations of high- or low-density
masses within the upper 10 miles of the crust.

MAGNETIC TRENDS

The magnetic field within the area studied is
characterized by two conspicuous positive anom-
alies: (1) a narrow elongate high that trends nearly
parallel to Table Mountain over much of its extent,
and (2) a broad elliptical high that spans the San
Andreas fault near Palo Prieto Pass (pl. 2). Each
of the positive anomalies has an associated polariza-
tion low developed over relatively nonmagnetic ter-
rane to the north. The anomalies are superposed on
a regional field that increases uniformly toward the
north-northeast. Coast and Geodetic Survey charts
indicate that the gradient of this regional field as
estimated from the aeromagnetic map is greater
than that attributable to the dipolar component of
the earth’s field by about 5 gammas per mrile in a
northeast direction. This residual gradient, if due to
interpolation uncertainty resulting from use of
small-scale charts, may reflect an average north-
eastward increase in magnetization of that part of
the earth’s lower crust above the Curie irotherm.
The dipolar regional field of 9 gammas per mile in-
creasing north-northeastward has been removed
from plate 2.

ANOMALIES NORTHEAST OF SAN ANDREAS FAULT

GRAVITY HIGH AT CHOLAME VALLEY

The salient feature of the gravity map is a broad
high northeast of the San Andreas fault that peaks
about 7 miles north-northwest of Cholame, This fea-
ture consists of a 10-mgal doublet covering some 40
square miles superposed on a much broader 20-mgal
high covering perhaps 300 square miles. The anom-
aly is associated with a terrane of Franciscen rocks,
intruded in part by ultramafic rocks, and overlying
Cretaceous miogeosynclinal rocks. This terrane is
covered in places by sedimentary rocks.

Although the principal source of the gravity high
appears to be a combination of Franciscan and mio-
geosynclinal Cretaceous rocks in contact with lower
density sedimentary rocks to the northeast and
southwest, the configuration of the anomaly is prob-
ably much influenced by subsurface serpentinites
and slightly influenced by a single plutonic rock sli-
ver and folded sedimentary rocks. The highest part
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of the anomaly north-northwest of Cholame is asso-
ciated primarily with serpentine-deficient Francis-
can rocks similar to those associated with a major
positive gravity anomaly northwest of Panoche Val-
ley in the Diablo Range, about 60 miles northwest
of the mapped area. (See Bishop and Chapman,
1967.) The decrease in gravity at the northeastern
flank of the anomaly is largely caused by a thick
northeast-dipping sequence of miogeosynclinal Cre-
taceous rocks and overlying lower density Cenozoic
rocks. The steep southwestern flank of the anomaly
is produced by a combination of Franciscan rocks
northeast of the San Andreas fault in contact with
granitic rocks of similar density overlain by low-
density rocks of the Paso Robles Formation south-
west of the fault.

One possible subsurface density profile across the
gravity high at Cholame Valley is shown in general-
ized form in figure 2. The computed anomaly
associated with the idealized density section com-
pares favorably, though approximately, in shape
and amplitude with the observed anomaly. It will be
noted that density units used in figure 2 and else-
where in the report need not correspond uniquely to
particular stratigraphic units. For example, in
figure 2, Franciscan rocks and Salinian basement
rocks adjacent to the San Andreas fault are inter-
preted to have identical average densities; farther
southeast, Franciscan rocks are interpreted to have
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Ficure 2.—Comparison of computed gravity anomaly of a
two-dimensional model with observed Bouguer gravity
anomaly near Cholame Valley. Strike of model is N. 40° w.
Gravity datum is arbitrary. Line of section corresponds
approximately to profile A—A’ of plate 4.
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an average density 0.05 g/cm ® greater than that of
Salinian basement rocks.

The configuration of the gravity high appears to
be strongly controlled on the north and south by
two major subsurface accumulations of serpentinite,
as interpreted on the basis of positive magnetic
anomalies. At the northern flank of the high near
Table Mountain, an inferred steeply dipping tabular
serpentinite mass below exposed serpentinites and
tectonic breccia produces a shallow negative gravity
trough. Southeast of Cholame the southeastern
flank of the Cholame high is depressed, though
somewhat less conspicuously, about 4 miles north of
Palo Prieto Pass, where magnetic data suggest a
deeply buried magnetic mass. In the abrence of
these lower density subsurface masses, the Cholame
high would appear as an asymmetrical northwest-
trending gravity ridge, approximately parallel to
the outcrop pattern of Franciscan and miogeosyn-
clinal Cretaceous rocks in the area.

The doublet configuration of the highest part of
the gravity anomaly may be attributed in part to
the gabbro of Gold Hill and to the serpentinite
along the Gold Hill fault. The plutonic rock at Gold
Hill is as much as 0.2 to 0.5 g/cm ® denser than most
surrounding rocks, and this density contrast proba-
bly contributes significantly to the local gravity
peak at Gold Hill. The intervening gravity saddle to
the southeast may be caused in part by the serpen-
tinized ultramafic rocks cropping out along the Gold
Hill fault between the local gravity peaks. Both
gravity and magnetic data indicate that the subsur-
face volume of these ultramafic rocks is small. The
southeastern local peak may be interpreted as a rel-
ative high associated with Franciscan rocks in con-
tact with serpentinized ultramafic rocks and folded
Cenozoic sedimentary rocks. Other relative highs
associated with Franciscan or miogeosynclinal Cre-
taceous rocks, in places partly covered by Cenozoic
sedimentary rocks, are the segmented gravity ridge
immediately northeast of Table Mountain, the local
positive gravity anomalies west and northwest of
Antelope Valley, and the gravity ridges north and
west of Bitterwater Valley.

An idealized cross section through the center of
the gravity high at Cholame Valley is shown as pro-
file A-A’ on plate 4.

ANOMALIES AT TABLE MOUNTAIN

A relatively narrow, arcuate magnetic ridge that
trends paralle] to and northeast of the San Andreas
fault at the northwest corner of the marped area
(pl. 2) bends east-southeastward northeast of Park-
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field to follow the trend of Table Mountain. This
anomaly, about 150 gammas in amplitude at a level
0.6 mile above mean topography, has a symmetry
axis slightly south of the Table Mountain ridge line,
which terminates near the extinction of the ultra-
mafic outcrop belt 10 miles east of Parkfield. The
position of the elongate magnetic high is thus some-
what south of the elongate gravity low, which is
more directly centered over the Table Mountain
ridge axis, although both anomalies presumably are
generated by a common source. It is clear that both
features are associated over their entire extent with
highly serpentinized ultramafic rocks, as described
by Dickinson (1966a), and that their subsurface
source is serpentine-rich rocks.

The shape of the magnetic anomaly precludes the
possibility that the main part of the source is a
vertical tabular body, provided that total magneti-
zation nearly parallel to the earth’s ambient mag-
netic field is assumed. Rather, the anomaly is con-
sistent with that produced by a tabular source that
dips northward to northeastward. Because the effect
of remanent magnetization on the direction of total
magnetization is unknown, interpretation of the
magnetic source relies significantly on the Bouguer
gravity data (pl. 1).

Observed aeromagnetic and gravity profiles ex-
tending from Gold Hill northward to lat 36° 00’ N.,
long 120° 20’ W. across the magnetic high and
gravity low at Table Mountain are shown in figure
34, B, and C with computed anomalies of various
models. Both the magnetic and gravity anomalies of
the vertical tabular model shown in Figure 3A are
inconsistent with the shapes of observed anomalies.
Figure 3C indicates that if a vertical-sided model
is invoked as a magnetic source at depth, it must
be accompanied by a north-dipping tabular body ad-
jacent to it. A single north-dipping body, shown in
Figure 3B generates magnetic and gravity anom-
alies similar to those observed. The top of this
model, however, is probably deeper than the top of
most of the material of the actual magnetic source,
and assumptions of model magnetization and den-
sity contrasts are probably higher than those of the
actual source.

GEOPHYSICAL FIELD INVESTIGATIONS

Two points must be made about the gravity
anomalies. First, the observed gravity anomaly can
be considered a nearly symmetrical low by subtract-
ing a linear regional field from the original anomaly
and interpreting this regional field in terms of lat-
eral thickening of the earth’s lower crust and lat-
eral uniform changes in density in the eartW’s lower
crust or upper mantle. Part of the regicnal field
should undoubtedly be interpreted in this fashion.
However, it seems compelling to postulate that
many relatively broad gravity gradients, such as
the gradient of the observed gravity anomaly at
Table Mountain, are caused by anomalous concen-
trations or deficiencies of mass of considerable size
within the upper 10 miles of the earth’s crust. The
evidence here seems especially convincing, for a ver-
tical-sided body generating a symmetrical gravity
low would have to assume a shallow magretization
inclination to match the symmetry of the observed
magnetic feature. The magnetic anomaly peak of
such a model, though nearly symmetrical, would be
displaced considerably southward from the observed
magnetic anomaly peak, assuming the compted and
observed gravity anomalies are horizontally regis-
tered. Second, the abrupt rise of the gravity anom-
aly at the south end of the profile is attributable in
part to the dense hornblende quartz gabbro body of
Gold Hill. Computed anomalies for mode's should
therefore have a southern gradient somewl at lower
than that of the observed anomaly, as is the case
for models in figure 34, B, and C.

As additional information in interpreting the
anomaly source at Table Mountain, aercmagnetic
data along the single transverse flight line through
the study area are shown in figure 3D. The path of
this line, shown on plate 2, passes approximately 2
miles northwest of Gold Hill and intersects the east-
ernmost part of Table Mountain. A model that sat-
isfies the anomaly requirements for the magnetic
source along this profile is a tabular bod to 2 to
214 miles thick that crops out at ground surface
and dips 75° NE. to a depth of about 10 miles, with
a total magnetization contrast of 0.0005 emu/cm 3.
The magnetic and gravity data collectively indicate
that the magnetic source of the anomaly at Table

FI1GURE 3.—Comparison of computed total-intensity magnetic
and gravity anomalies of two-dimensional models 4, B, and
C with observed aeromagnetic and Bouguer gravity anoma-
lies at Table Mountain, and comparison of computed total-
intensity anomaly of two-dimensional model D with aero-
magnetic anomaly along the single transverse flight line
across Table Mountain. Strike of models A, B, and C is

parallel to magnetic north; strike of model D is N. 45° W.
Assumed magnetization inclination is 60°. Positive num-
bers refer to total magnetization intensity contrasts in
emu/cm 3; negative numbers in parentheses, to density
contrasts in g/cm 3. Datum levels of anomalies are arbi-
trary. Data of model D along observed profile were taken
directly from magnetic tape, independent of contoured map.
(See facing page.)
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Mountain is about 214 miles thick over most of its
extent, dips 45° to 75° northward to northeastward
with the dip steepening along strike toward the
east, has a roof that for the main part of the mass
is from 0 to 145 mile deep and a floor possibly 10
miles deep, and has an average negative density
contrast with surrounding rocks of about —0.25
g/cm ? and an average total magnetization intensity
contrast with surrounding rocks of 0.0005 to 0.0010
emu/cm 3,

We may note that the nearly vertical narrow fis-
sure feeder of the serpentinite extrusion described
by Dickinson (1966a) probably extends no more
than 1,000 or 2,000 feet deep before it connects
with the thicker north-dipping trunk body. Further-
more, the density and magnetization parameters ob-
tained from model studies probably apply to mass
and magnetic sources consisting of various amounts
of serpentinite intermixed with brecciated Francis-
can rocks. The degree of serpentization, and conse-
quently the density and magnetization contrast,
may depend significantly on depth, a parameter not
considered in the modeling.

MAGNETIC HIGH AT PALO PRIETO PASS

The largest known magnetic anomaly along the
San Andreas fault (in terms of amplitude and areal
extent) is situated close to the fault trace southeast
of Cholame, near Palo Prieto Pass. The total-inten-
sity anomaly, delineated by five out of seven longi-
tudinal flight lines in the reconnaissance survey,
reaches a maximum of 400 gammas at an elevation
of 0.85 mile above mean land-surface altitude. The
anomaly is approximately elliptical in plan view,
with its major axis alined along the fault trace. The
feature, as contoured from the aeromagnetic data,
extends for approximately 8 miles on either side of
the fault and for about 20 miles along the fault.

The location of part of the anomaly at Palo
Prieto Pass directly over the fault trace suggests
the possibility of a single subsurface source which
partly transects the fault or, alternatively, a com-
pound source of materials which occur on opposite
sides of the fault and are fortuitously adjacent to
one another in the subsurface. As an aid to under-
standing possible locations of the buried magnetic
source rocks relative to their associated anomaly,
total-field anomalies of eight magnetic models are
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compared with the observed magnetic anomaly in
figure 4. It may be noted that models striking 45°
W. of magnetic north and having a magnetization
inclination of 60° generate magnetic anomalies that
are centered south of the plan-view centers of the
models.

Comparison of anomalies produced by models
with identical volumes, magnetizations, ard depths
of burial (fig. 44, B, C) indicates that the symme-
try of the computed anomaly depends on the dip of
these bodies. Anomalies shown in figure 44 and B
appear to have northeast gradients greater than the
gradient associated with the observed anomaly. Thus,
in figure 44 the southwest-dipping dike bounded
by a hypothetical southwest-dipping San Andreas
fault and in figure 4B the vertical prism bounded by
a hypothetical vertical fault may be tentatively dis-
missed as probable sources on the basis of anomaly
symmetry. The northeast-dipping dike of figure 4C
and the trapezoidal cross-section models ¢f 4D, E,
F, G, and H generate anomalies similar in shape to
the observed anomaly.

Vertical-intensity ground magnetic data over the
southeastern part of the mapped area (pl. 3) gener-
ally confirm the shape, amplitude, and areal extent
of the anomaly at Palo Prieto Pass but define its lo-
cation more precisely than the aeromagnetic data.
The vertical-field anomaly is about 500 gammas in
amplitude, with a few local spikes of more than
1,000 gammas (not contoured), and its major axis
is displaced 1 to 2 miles northeast of the aeromag-
netic anomaly axis, which is coincident with the
San Andreas fault. A small part of the northeast-
ward displacement of the vertical-field anomaly rel-
ative to the total-field anomaly is to be expected on
the basis of theoretical calculations of magnetic
field components generated by sources magnetized
parallel to the earth’s magnetic field in the area.
This displacement may be seen for computed anom-
alies of total- and vertical-field intensity of given
models shown in figures 5 and 7 and discussed
below. The remainder of the anomaly shift is an ex-
pression of the more accurate location of the verti-
cal-field anomaly, which was contoured on the basis
of data more densely and uniformly distributed
than the aeromagnetic data.

A more detailed inspection of plate 3 suggests

FIGURE 4.—Comparison of computed total-intensity magnetic anomalies of three-dimensional models A throueh H with
observed aeromagnetic anomaly at Palo Prieto Pass. Horizontal lines of model cross sections represent flight-line eleva-
tion. Models are composed of rectangular parallelepipeds shown as dashed lines. Assumed magnetization inclination
is 60°. Numbers refer to total magnetization intensity contrasts in emu/cm 3,
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that the source of the observed anomaly has a plan-
view strike length of approximately 13 miles, a
total magnetization within the range of 0.002 to
0.005 emu/cm?®, a roof 4 to 6 miles wide and 2 to 3
miles below ground level, and a floor 10 to 12 miles
wide and perhaps 8 to 10 miles below ground level
(floor level would represent Curie isotherm level).
1t is evident that if the source material is magnet-
ized approximately parallel to the earth’s ambient
field, the northeast periphery of the body must dip
northeastward.

Because of the inherent lack of precision in the
aeromagnetic contouring due to the wide spacing of
flight lines and to the possible bias of the central
flight line on the contouring, it is instructive to
compare both total- and vertical-field anomalies of
selected models with the observed anomalies. It
should be noted that the aeromagnetic data and
vertical-intensity ground magnetic data are inde-
pendent of one another; both component anomalies
must be satisfied by a given model that is to be con-
sidered analogous to the natural magnetic source.

Total- and vertical-field anomalies of eight models
striking 45 ° W. of magnetic north and dipping
northeastward are compared with the observed
aeromagnetic and vertical-intensity ground mag-
netic anomalies in figure 5. Of the models shown,
the simple trapezoidal cross-section form of figure
5A most closely satisfies both observed anomalies.
The models in B, C, and D were constructed on the
possibility that the magnetic source is serpentine-
rich. The model in B represents a stratiform body
that is more highly serpentinized on top than on the
bottom owing to a gross decrease in water content
with depth. The model in C simulates an originally
fresh ultramafic body whose periphery has been ser-
pentinized; the model in D combines the horizontal
layering of B and the carapace of C. The models in
E, F, G, and H of figure 5 represent, respectively,
an asymmetrical anticlinal body, a bent tabular
body, a thick dike, and a thin dike. It may be noted
that it is possible to constrain more of the material
of the models in A4, B, C, and D northeast of the
San Andreas fault (shown relative to the observed
anomalies) than the models in E through H. For
this reason the source of the anomaly at Palo Prieto
Pass is postulated to be trapezoidal in cross section,
with its southwest side abutting the vertical San
Andreas fault and its northeast side dipping ap-
proximately 45° NE. Analyses of the models in B,
C, and D and other relatively complex models not
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shown have indicated the facility of matching either
the total- or vertical-field observed anowaly by
choosing a suitable combination of physical parame-
ters such as body geometry and magnetization dis-
tribution but have also indicated the diff~ulty of
matching both anomalies with the observed ones. A
simple, though suitable, source for the anomaly at
Palo Prieto Pass shown in figure 44 is assumed to
possess a uniform average total magnetization in-
tensity contrast of 0.002 emu/cm®. The ronf of the
source is taken to be 6 miles wide and 3 miles below
ground surface; the floor of the source, 12 miles
wide and 9 miles deep. It should be emphasized that
the depth below ground level to the floor of the
source can be much less accurately estimated than
the depth to the top of the source because volumes
of magnetic rock far from the magnetic field detec-
tor are not as strongly sensed as volumes closer to
the detector. The location of the southwest edge of
the mode] just southwest of the San Andr-as fault
reference line in figure 24 is considered to result
from inherent uncertainty in the observed data and
in the anomaly-matching process, which together
may represent as much as half a mile of horizontal
distance.

Although the model anomalies shown in figures 4
and 5 indicate that a possible source for the anom-
aly at Palo Prieto Pass may be constrained to the
northeast side of the San Andreas fault, the geo-
logic presence of the Red Hills uplift (pl. 1) south-
west of the fault suggests the possibility that Sal-
inian basement rocks may contribute significantly to
the southwestern flank of the anomaly. Results of
the ground magnetic survey, which in par* covered
the uplifted basement area, indicate that these plu-
tonic and metamorphic rocks are not sufficiently
magnetic to appreciably affect the observed anom-
aly. The relatively simple geometric configuration of
the observed anomaly also suggests that it has a
single magnetic source.

The source material for the anomaly at Palo
Prieto Pass is not definitely known. Geolcwic map-
ping within the study area indicates that three rock
types might be capable of possessing the requisite
magnetization of 0.002 emu/cm 3: (1) plutonic rocks,
found as blocks within the fault zone, as outcrops
southwest of the fault, and in drill holes southwest
of the fault, (2) mafic volcanic rocks, found in a
small isolated outecrop within Tertiary sedimentary
rocks northeast of the fault, and (3) serpentinites
and associated ultramafic rocks, found as sheets and
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FIGURE 5.—Comparison of computed total- and vertical-intensity magnetic anomalies of three-dimensional models in 4
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pods of limited outcrop extent northeast of the enough to produce the anomaly, and found ir Fran-
fault. Other rock types that might be magnetic ciscan terrane to the north, are gabbro and spilitic
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basalt. (See Grommé and Gluskoter, 1965; Griscom,
1966; Wentworth, 1968.)

Because the source of the anomaly is believed to
be confined to the northeast side of the fault, sam-
ples of potentially magnetic rock types were col-
lected for magnetic measurement along, and north-
east of, the fault zone in the mapped area. Sampling
sites are shown in figure 6. North of Cholame,
sampling site numbers are prefixed by N, and the
sites consist of six outcrops of serpentinite and one
outcerop of hornblende quartz gabbro. South of Cho-
lame, sampling site numbers are prefixed by S, and
the sites consist of six outcrops of serpentinite and
one outcrop of volcanic rock. Remanent magnetiza-
tion was not measured because outcrops suitable for
collecting oriented samples were absent in critical
areas. Susceptibility measurements of powdered
samples were made to establish possible limits on
the induced magnetization of the anomaly source.
Generalized results of the susceptibility results are
summarized in table 4. The data indicate that (1)
susceptibility values of serpentinite and associated
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FIGURE 6.—Map showing sampling sites (large open circles).
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TABLE 4.—Summary of magnetic susceptibility data

Number of samples with
magnetic susceptibility
(emu/cm?) of—

Sampling General Total number

site rock type of samples <10-¢ 10-¢to 103 >10-3

N1 Serpentinite ______ 20 — 9 11
2 do —___ 27 2 7 18
2 do _______ 16 — 8 8
4 Quartz gabbro ____ 13 12 _— 1
5 Serpentinite 10 - 2 8
6 d 11 - 9 2
7 13 2 10 1
S1 11 6 2 3
2 10 - 2 8
3 12 4 7 1
4 14 8 6 -
5 8 - 7 1
6 13 _— 6 7
7 10 10 - -

ultramafic rocks are highly variable over relatively
small volumes of rock at a single site, (2) suscepti-
bility values of serpentinites and associated ultra-
mafic rocks generally fall into two contrasting
groups—one group of 1 to 4 X 10-% emu/cm?® and
another of about 5 X 10-* emu/cm?®, (3) quartz gab-
bro rocks at a single outcrop of Gold Hill have weak
susceptibilities, about 10~ emu/cm ¢, and (4) vol-
canic rocks east of Palo Prieto Pass have weak sus-
ceptibilities, about 10-* emu/cm3,

It would appear that the occurrence of sporadic
outcrops of ultramafic rocks and serpentinite just
northeast of Palo Prieto Pass to a distance of 5
miles northeast of the fault, together with the sus-
ceptibility data, almost certainly points to an anom-
alous subsurface source of highly magnetic serpen-
tinite. However, as seen on plate 2, outcrops of
ultramafic rock and serpentinite such as those
northeast of Cholame and southeast of Gold Hill
have no aeromagnetic expression.

The single most important contribution to the
analysis of the magnetic source at Palo Prieto Pass
is the Bouguer gravity map. (See pl. 1.) Ir the area
of the postulated subsurface body, the gravity field
conspicuously flattens, which forms a shallow
trough between Palo Prieto Pass and Polonio Pass,
5 miles to the north. Although part of the shallow
depression is caused by Tertiary sedimentary rocks
in a northwest-striking syncline, the broad flatten-
ing of the gravity field is attributed to deeper crus-
tal rocks having an average density less than that
of the Franciscan assemblage or the Cretaceous ma-
rine sedimentary sequence. Among the rock types
considered as possible sources of the magnetic
anomaly, gabbros and mafic voleanic rocls should
have densities greater than, or at least equal to, the
average Franciscan rock density, whereas serpen-
tinite should have a density less than the average
Franciscan rock density. Thus, we conclude that the
most likely source of the magnetic anomaly at Palo
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Prieto Pass is serpentinized ultramafic rock. Be-
cause of the probable high load pressures and lim-
ited amounts of sorbed water at the body’s depth of
burial, the average density is believed to be higher
than the average density of serpentinites at Table
Mountain. An idealized cross-sectional model across
the San Andreas fault at Palo Prieto Pass is shown
in figure 7, with observed and computed magnetic
and gravity anomalies.

The susceptibility data further indicate that the
required magnetization intensity of 0.002 emu/cm?
can be realized by the induced magnetization alone
of a number of serpentinite samples. Samples with
susceptibilities exceeding 4 X 103 emu/cm3® have
more than enough induced magnetization to produce
the anomaly at Palo Prieto Pass. If magnetization
data of serpentinites at Burro Mountain (Burch,
1965) and Red Mountain (Saad, 1968) to the west
and north of the study area are at least roughly
applicable to serpentinites within the study area,
the remanent magnetization intensity is less than
the induced magnetization intensity, but probably
by no more than a factor of two. Thus, in the two
extremes of remanent magnetization parallel or an-
tiparallel to the induced magnetization, susceptibili-
ties of about 0.0038 or 0.008 emu/cm? are required to
produce the observed anomaly, assuming a rema-
nent magnetization intensity of one-half of the
induced magnetization intensity.

Remanent magnetization directions within the
source rock may also be sufficiently random that
considerable cancellation of magnetization occurs. If
they are, the resultant remanent magnetization in-
tensity over the volume of the body may be an
order of magnitude less than the induced magneti-
zation intensity. Further, the magnetic body may
have obtained a viscous remanent magnetization
parallel to the earth’s ambient magnetic field. In ei-
ther case, the total magnetization would assume a
direction more nearly parallel to the earth’s am-
bient field, thus validating the assumptions of total
magnetization direction in the model studies. The
occurrence of both highly random remanent magne-
tization directions over small rock volumes and vis-
cous remanent magnetization have been reported by
Burch (1965) and Saad (1968) in studies of Cali-
fornia serpentinites.

An idealized cross section through the major
magnetic anomaly at Palo Prieto Pass is shown as
profile B-B’ on plate 4. Why there are no great
surficial accumulations of serpentinite in the Palo
Prieto Pass area above the postulated subsurface
body is not known, If, however, this mass was em-
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placed during Pliocene and Pleistocene time as pos-
tulated by Dickinson (1966a) for the Table Moun-
tain body, possibly insufficient geologic time has
elapsed for extensive diapiric intrusion of the sub-
surface material into loci of Pleistocene and Holo-
cene faulting.

OTHER GRAVITY FEATURES

A conspicuous gravity trough over the Kettleman
Plain near the northeast corner of the mapped area
is associated with low-density Cenozoic sedimentary
rocks in the Avenal syncline. Immediately north-
east, the gravity field rises abruptly over the Kettle-
man Hills anticline. The amplitude of the negative
anomaly over the Kettleman Plain suggests that
dense Cretaceous rocks here may be as deep as
25,000 feet, perhaps about 10,000 feet deeper than
similar rocks beneath the Kettleman Hills anticline.
The gravity field continues to increase just north-
east of the mapped area over domal structures in
the Kettleman Hills. (See Boyd, 1948.)

The gravity map suggests that the exotic plutonic
fault slice at Gold Hill, north of Cholame, has no
appreciable subsurface extent northwest of the
main exposed mass, where isolated fragments of
other plutonic slices occur. The data indicate that,
from Gold Hill northwest to serpentinite outcrops
northwest of Tahle Mountain, average densities of
rocks on opposite sides of the San Andreas fault are
similar. A single narrow gravity ridge issues north-
westward from the high at Cholame Valley, near
Gold Hill, crosses the San Andreas fault, ard con-
tinues about 12 miles northwestward out of the map
area (Burch and Durham, 1970; Burch and others,
1971).

GRAVITY ANOMALIES SOUTHWEST OF
SAN ANDREAS FAULT

The gravity map southwest of the San Andreas
fault is characterized by a local high near Red Hills,
a somewhat discontinuous trough mnear San Juan
Valley, and a broad, slightly positive feature near
the Estrella River valley.

The prominent local high centered 2 miles north
of Red Hills is associated with an uplift of Salinian
basement rocks on the northeast side of the San
Juan fault. The amplitude of the anomaly suggests
that the Salinian basement is vertically offret ap-
proximately 1 mile along the fault. The position of
the anomaly peak about 2 miles north of Red Hills
suggests that the Salinian basement may be anoma-
lously dense beneath the sedimentary cover there.
The southeasterly trend of the southern flank of the
anomaly near Red Hills suggests that a subsurface
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basement discontinuity may intersect both the San
Juan and San Andreas faults near the southern end
of the mapped area.

The lowest gravity values southwest of the San
Andreas fault are within a discontinuous north-
west-trending trough associated with low-density
Cenozoic sedimentary rocks and deposits near San
Juan Valley. This trough passes 114 miles east of
Shandon and turns abruptly west-southwest at a
point about 5 miles north of Shandon. Anomaly am-
plitudes and well data suggest that Salinian base-
ment may be approximately 10,000 feet deep in the
southern part of the low and perhaps 8,000 feet
deep north of Shandon.

The broad northeast-trending gravity plateau
near the junction of Shedd Canyon and Estrella
River, 4 miles west-southwest of Shandon, is be-
lieved to represent a thinning of sedimentary rocks
overlying an extension of basement rocks cropping
out in the LaPanza Range southwest of the mapped
area. The weak 2-mgal chevron-shaped high that is
superposed on this gravity plateau and that follows
the topographic lows of the Estrella River valley
and Shedd Canyon results from the use of a Boug-
uer reduction density (2.67 g/cm?) considerably
larger than that of the Cenozoic rocks and deposits
in this area. A similarly caused positive gravity flex-
ure occurs over the valley of Cholame Creek, about
3 miles southwest of Cholame.

SUMMARY

Because of the great contrasts in lithology and
structure of rocks on opposite sides of the San An-
dreas fault, as determined by geologic mapping and
from well data, it is not surprising that gravity and
magnetic features are quite dissimilar on opposite
sides of the fault. The most conspicuous anomalies
occur on the northeast side of the fault. They in-
clude (1) the largest gravity high within the
mapped area, between Parkfield and Cholame, asso-
ciated with Franciscan and Cretaceous miogeosyn-
clinal rocks, (2) the elongate magnetic ridge and
gravity trough at Table Mountain, presumably gen-
erated by a thick tabular serpentinite body dipping
north-northeast, inferred to be the principal source
of the serpentinite extrusion along this mountain,
(83) the largest magnetic anomaly within the
mapped area, which is also the largest anomaly
known along the on-land part of the San Andreas
fault, an elliptical high in an area of low gravity
gradient, probably associated with a large deeply
buried serpentine-rich body just northeast of the
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fault, and (4) a northwest-trending gravity low
over the Kettleman Plain, probably reflecting a
thickening of low-density Cenozoic sedimentary
rocks near the axis of a major syncline.

The less conspicuous anomalies southwest of the
San Andreas fault include (1) a local gravity high
north of Red Hills, associated with an uplift of
crystalline rocks in these hills on the northeast side
of the San Juan fault, (2) a northwest-trending
gravity gradient southeast of Red Hills, which sug-
gests a buried basement fault or a steep sub~urface
contact between basement and sedimentary rocks
from the San Juan fault southeastward to the San
Andreas fault near the southern end of the quad-
rangle, (3) a discontinuous northwest-trending
gravity trough east and north of Shandon, probably
associated with low-density sedimentary rocks fill-
ing a depression of the basement surface near San
Juan Creek, and (4) a broad northeast-trending
gravity plateau west-southwest of Shandon, proba-
bly associated with a thinning of sedimentary rocks
overlying a shallow basement surface that slopes
from the extensive basement exposures of the La
Panza Range southwest of the quadrangle.

The idealized cross sections of plate 4 pass
through the areas of the largest gravity (A-A4’)
and magnetic (B—B’) anomalies within the mapped
area. These cross sections illustrate the contrast in
degree of deformation of upper crustal rocks on op-
posite sides of the San Andreas fault. Of special
note in the sections is that, within the mapped area,
typically magnetic serpentinite like that within the
contact between Franciscan rocks and Cretaceous
marine sedimentary rocks in parts of the northern
California Coast Ranges (Irwin and Bath, 1962) is
either absent or its volume is too small to be de-
tected in the magnetic and gravity surveys.
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