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PETROGRAPHIC AND CHEMICAL RECONNAISSANCE STUDY
OF SOME GRANITIC AND GNEISSIC ROCKS NEAR THE

SAN ANDREAS FAULT FROM BODEGA HEAD TO
CAJON PASS, CALIFORNIA

By DONAID C. Boss

ABSTRACT

This petrographic and chemical study is based on recon­ 
naissance sampling of granitic and related gneissic rock in the 
California Coast and Transverse Ranges. In the Coast Ranges, 
granitic rocks are restricted to an elongate belt, the Salinian 
block, between the San Andreas and Sur-Nacimiento fault 
zones. These rocks have a considerable compositional range, 
but are dominantly quartz monzonite and granodiorite. Moist of 
the Salinian block seems to be a structurally coherent basement 
block of chemically related granitic rocks. However, on both 
the east and the west sides of the block, gneiss crops out in 
abundance; these rocks may be structurally separate from the 
main part of the Salinian block. In the Transverse Ranges, the 
granitic and related rocks are dominantly of granodiorite com­ 
position, and in many areas granitic and gneissic rocks are 
intimately intermixed.

Chemically the rocks of the California Coast and Transverse 
Ranges are somewhat intermediate in character between those 
of the east-central part of the Sierra Nevada batholith and 
those of the western part of the Sierra Nevada batholith and 
the southern California batholith. Probably the closest similar­ 
ity is to the east-central Sierra Nevada rocks, but the rocks 
of the Coast and Transverse Ranges are somewhat higher in 
A12O3 and lower in K2 O than Sierran rocks of the comparable 
SiO2 content.

Granitic basement rocks of the Salinian block are now anoma­ 
lously sandwiched between Franciscan terranes. The petro­ 
graphic and chemical data are compatible with the concept that 
the Salinian rocks were originally part of the great batholithic 
belt along the west coast, which is exemplified by the Sierra 
Nevada hatholith. It also seems most likely that the Salinian 
block was transported from somewhere south of the Sierra 
Nevada batholith by large-scale right-lateral movement along 
the San Andreas fault zone.

INTRODUCTION

A reconnaissance sampling of granitic and related 
gneissic basement rocks was undertaken in the Cali­ 
fornia Coast and Transverse Ranges as part of the west 
coast earthquake investigations of the U.S. Geological 
Survey. More specifically, this part of the program is 
concerned with the granitic basement between the San 
Andreas fault zone and the Sur-Nacimiento fault zone

from Bodega Head south to the intersection of the Coast 
Ranges and the Transverse Ranges (except for the 
Santa Lucia Range). The region between these fault 
zones is now commonly referred to as the Salinian block 
(Compton, 1966, p. 277). Granitic and gneissic rocks 
were sampled on both sides of the San Andreas fault in 
the Transverse Ranges to about as far east as Cajon 
Pass. The areas sampled are shown on plates 1 and 2 
and in figure 1.

The principal objective of the field investigations was 
to examine the granitic and gneissic rocks and to collect 
rock types that were common and characteristic as well 
as to collect distinctive rock types that might be useful 
for basement correlations or for tracing Cenozoic gravel 
clasts to their source areas.

Laboratory investigations consisted chiefly of the 
petrographic study of numerous thin sections and 
stained slabs; the aim of this study was to determine 
the modal composition of the various basement masses 
and how these masses relate to one another. About 75 
chemical analyses of major elements and spectrographic 
analyses of trace elements were made for this study. 
These analyses, plus some 25 made previously, furnish 
the basis for generalizations about the chemical nature 
of the Coast and Transverse Ranges granitic rocks and 
also form a basic block of data that can be used for com­ 
paring these rocks with the granitic basement of other 
areas, particularly the Sierra Nevada and southern 
California batholiths.

The present study is by no means a comprehensive 
petrologic and petrochemical study, but is a preliminary 
attempt to present regional data that can serve as a base 
on which to build further studies. Very little petro­ 
graphic data have been available on these rocks, as most 
previous studies have merely outlined areas of granitic 
or basement rocks and have made no attempt to sub­ 
divide granitic terranes ranging from quartz monzonite 
to anorthositic gabbro.
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FIGURE 1. Exposures of granitic and gneissic basement rocks from Bodega Head to the Cajon Pas® area. Sampled areas shown
in solid black. Localities of samples shown on plates 1 and 2.



INTRODUCTION

One of the major obstacles to deciphering the base­ 
ment geology of this region, particularly in the Coast 
Ranges, is the limited exposure of rocks within areas 
mapped as basement as well as the limited area of base­ 
ment rock that protrudes through the Cenozoic cover. 
Within individual basement rock areas it is generally 
possible to obtain fairly fresh hand-specimen-sized 
material that is, hopefully, representative. The real 
difficulty lies in delineating units and determining the 
relations between rocks of different outcrop areas.

The present study involved very little geologic map­ 
ping. Most of the basement rock areas had been reason­ 
ably well delineated by earlier workers, and it soon be­ 
came apparent to me that detailed geologic mapping of 
any one area would not only be frustrating because of 
the difficulties in determining rock relations, but would 
suffer because of the lack of background data to tie 
into. It was this general frame of thinking that prompt­ 
ed me to a reconnaissance sampling program the basis 
for this report.

Each of the numerous basement rock areas is de­ 
scribed separately. The format used begins with a gen­ 
eral description and the setting of each area, followed 
by a brief discussion of petrographic features seen in 
thin section. Finally, for most areas, disti nguishing fea­ 
tures are noted that might aid in correlation. Petro­ 
graphic description has been divided into four parts: 
central Coast Ranges, southern Coast Ranges, Trans­ 
verse Ranges, and Mojave Desert. The Coast Ranges 
and the Transverse Ranges are different physiographic 
provinces, and there is a 40-mile gap in basement rock 
exposures between them. The division of the Coast 
Ranges into central and southern is made between Ben 
Lomond and the Logan-Gabilan outcrops. This is not a 
natural geologic split, but merely a convenience for 
grouping the data. The data in this report represent 
field collections made through September 1969.

BASEMENT ROCKS OF THE COAST RANGES

About 450 square miles of granitic basement rocks are 
exposed in the Coast Ranges from Barrett Ridge north 
to Bodega Head. Metamorphic rocks are present in most 
granitic areas as inclusions or pendants. These consist 
mostly of marble and less commonly of schist, quartzite, 
amphibolite, and gneiss. Marble is particularly abun­ 
dant in the northern part of the Gabilan Range.

Exposures in the Coast Ranges have been divided for 
convenience into central and southern parts. In the cen­ 
tral Coast Ranges, outcrops occur at Bodega Head, 
Point Reyes, in the Farallon Islands, at Montara Moun­ 
tain, Ben Lomond, and Cordell Bank. The major gra­ 
nitic types in these six areas seem to be grossly similar 
enough to suggest that they represent a closely related

granitic suite. In the southern Coast Ranges, outcrops 
are found in the Gabilan Range, at Stockdale Moun­ 
tain, in the Red Hills, La Panza Range, at San Juan 
Creek, and Barrett Ridge, as well as in some other 
small basement slivers in the San Andreas fault zone. 
These granitic rocks are generally more f elsic than those 
of the central Coast Ranges, and as can be seen from 
figure 2, they are dominantly quartz monzonite and 
granodiorite, whereas the granitic rocks of the central 
Coast Ranges are dominantly quartz diorite. Some evi­ 
dence suggests that the La Panza, Stockdale Mountain, 
and San Juan Creek exposures represent a single mass, 
or one group of closely related rock types. Also, the 
gneissic rocks of Barrett Ridge and Red Hills may be 
part of a gneissic basement separated from the La 
Panza granitic basement by the Red Hills-San Juan- 
Chimeneas fault.

The hornblende quartz gabbro and anorthositic gab- 
bro of Logan and Gold Hill are markedly different 
from the other granitic rocks of the Coast Ranges 
(Ross, 1970). Both occurrences may be rootless fault 
horses, whose point of origin is unknown. They may 
or may not be part of the Coast Ranges basement and 
for this reason are discussed separately.

A composite plot (fig. 3^4.) of more than 200 modes 
of the granitic rocks of the Coast Ranges shows a rather 
good linear trend across the quartz monzonite, grano­ 
diorite, and quartz diorite fields and further shows 
that quartz is abundant and relatively constant over 
the entire compositional range. The separate plots of 
central and southern Coast Ranges modes (figs. 35, 3C) 
have essentially the same trend as the composite plot, 
but the southern Coast Ranges plot shows some decrease 
in quartz in the more plagioclase-rich rocks. The com­ 
posite plot (fig. 3 A ) does not show all the points plotted 
in figures 35 and 3C. The Ben Lomond modes of Leo 
(1967) in figure 35 were omitted from the composite 
plot. I felt that these modes plus the ones I made from 
the same area would overwhelm the composite plot with 
Ben Lomond data. The gabbro modes from Gold Hill 
and Logan in figure SC were also omitted from the 
composite plot as they probably are exotic fault slivers 
that do not belong to the Salinian block basement. Com­ 
parison of this composite plot (fig. 3.4) with one for 
the Transverse Ranges (fig. 17) shows some differences. 
In the Transverse Ranges plot, the slope of the trend 
line to less quartz in the more plagioclase-rich rocks is 
greater, and there is a tailing off of modes into the dio­ 
rite field. In addition, the whole field is somewhat dis­ 
placed toward less quartz. It also appears that the 
Transverse Ranges rocks are dominantly granodiorite in 
contrast to the rocks of the Coast Ranges that appear to 
be more evenly spread across the compositional range
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FIGUBE 2. Area of granitic outcrops by rock type in the Coast Ranges

from quartz diorite to quartz monzonite. These com­ 
posite plots probably give a good indication of the gross 
field and trend of the modal data, but it should be kept 
in mind that sample density varies considerably. In 
general, larger areas like the Gabilan and La Panza 
Ranges were not sampled as extensively as smaller areas 
like Southeast Farallon Island.

The nearly "horizontal" trend of Coast Ranges modes 
contrasts with modal averages that have been published 
for rocks of the Sierra Nevada. The modal trend of 
rocks of the eastern Sierra Nevada (Bateman, 1965, 
p. 102) is markedly tilted toward the diorite corner, 
and the trend of western Sierra Nevada rocks (Ross, 
1958, p. 10) is also slanted, but not as much. The gen­ 
erally "horizontal" trend of the Coast Ranges modes 
suggests that those rocks in the quartz diorite field with 
abundant quartz might be trondhjemites. Johannsen 
(1932, p. 383-387) compiled modes and analyses that 
indicate trondhjemites from the type area in Norway 
are characterized by about one-third quartz, two-thirds 
plagioclase (mainly oligoclase), no more than 10 per­ 
cent biotite, and traces of K-feldspar and amphibole. 
The quartz diorites of the Coast Ranges in contrast 
have andesine plagioclase and generally both biotite

and hornblende in abundance. Chemically the Nor­ 
wegian trondhjemites are characterized by high soda 
(4^6.5 percent) as well as combinations of high silica 
with high lime and high soda with low K2O. This is 
not the chemical pattern of the quartz diorites of the 
Coast Ranges.

I think it is important to emphasize that in the Coast 
Ranges there is a wide range of rock types 'and that in 
the exposed areas I have sampled, quartz monzonite 
and granodiorite are dominant (fig. 2). The addition 
of the Santa Lucia rocks, on the basis of Compton's 
data (1966) and my brief field examination, probably 
would give a picture of about equal amounts of quartz 
diorite, granodiorite, and quartz monzonite for the ex­ 
posed Coast Ranges granitic basement.

CENTRAL COAST RANGES 

QUARTZ DIORITE OF BODEGA HEAD

SETTING AND GENERAL DESCRIPTION

Granitic rocks are exposed for an area of less than 
2 square miles at Bodega Head. Although small, this 
exposure is important, because it is the northernmost 
land outcrop of granitic rock west of the San Andreas
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fault. The width of the San Andreas fault zone here 
is uncertain, but almost surely the granitic basement 
butts against the west side of the zone.

The granitic rock is white to light gray with abun­ 
dant black mottling of biotite and hornblende. Dark 
mineral content varies considerably, but similar pri­ 
mary foliation, general appearance, and local visible 
variation indicate that all the granitic rocks of Bodega 
Head are part of one intrusive mass. Foliation is well 
developed and is shown both by well-alined dark min­ 
erals and by elongate dark inclusions and schlieren, 
which are locally very abundant. The foliation is gen­ 
erally northwesterly and steeply dipping, but at both 
the north and south ends of the area, foliation is north­ 
easterly and vertical. Aplite, alaskite, and simple peg­ 
matite dikes and pods are present, but not abundant. 
At the north end of the outcrop area one irregular-

shaped pegmatite dike several feet thick contains crys­ 
tals as large as 1 foot across of quartz, K-feldspar, and 
sodic plagioclase.

K-feldspar is virtually absent in the north half of 
the area, but makes up as much 10 percent of the rock 
exposed in beach cliffs to the south. In stained slabs the 
K-feldspar seems to be concentrated, almost lenslike, 
parallel to the foliation. In outcrops also, pinkish K- 
f eldspar seems to be in lenslike segregations, rather than 
evenly distributed. Thin veinlets of K-feldspar, associ­ 
ated with as well as separated from pegmatite dikes, 
point to mobility of late K-feldspar in these rocks. Some 
beach cobbles have relatively well-formed salmon-pink 
K-feldspar phenocrysts that are as much as 10 milli­ 
meters long, but no porphyritic rocks have been seen in 
place at Bodega Head.

Shear zones from a fraction of an inch to several
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feet wide are conspicuous, as are joints; some parallel 
the northwest-trending foliation, but they also occur in 
other orientations. These zones contain chloritic, clayey, 
and broken granitic material and commonly weather as 
slots in the sea cliffs. Dikes of pegmatite and inclusions 
are cut off by some of these zones; so there has been 
movement along them. Some zones show" offsets of a few 
inches or feet, but for some, the offset dike segments 
cannot be found, and magnitude of movement is 
unknown.

Figure 4 and table 1 show the modes of representative 
samples of Bodega Head granitic rock. The average 
composition of these rocks is quartz diorite, but some are 
granodiorite. They have a homblende-to-biotite ratio of 
about 1:1. The data in figure 4 point out the abundance 
of total dark minerals as well as of hornblende. The 
rocks contrast sharply with the nearest granitic rocks to 
the south, at Tomales Point, where hornblende and total 
dark minerals are significantly less abundant except 
near the north end of Tomales Point.

MICROSCOPIC DESCRIPTION

The texture of these rocks is typically granitic, rang­ 
ing from xenomorphic- to hypautomorphic-granular. 
The appearance is decidedly ragged, however, mostly 
from the irregular dark minerals in a foliated fabric.

Plagioclase is well twinned, generally fresh, and zoned 
mostly within the sodic andesine range. Some plagio- 
clase crystals have relatively fresh cores that are pep­ 
pered with small hornblende and biotite crystals. These 
cores are surrounded by a zone of sericitic and epidote 
alteration, which in turn is surrounded by a clean rim. 
All zones are in optical continuity.
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FIGURE 4. Modal plot of quartz diorite of Bodega Head.

TABLE 1. Modes of quartz diorite and granodiorite of Bodega 
Head

No. Plagio- K-feld- Quartz Biotite Horn- Specific 
clase spar blende gravity

506.  ...... .

509---..--   -
510.....-   ..
511A   .... . ..
512.....--   -

48
46
50
52
53
53
54
52

9
10
4
6

^j
^^
<1

19
27
22
19
20
19
15
20

8
10
15
12
16
14
16
17

16
7
9

11
11
14
15
11

2.71
2.72
2.75
2.75
2.75
2.77
2.77
2.75

Average- 13 12 2.75

K-feldspar, even where present in only trace amounts, 
commonly engulfs other minerals. Where fairly abun­ 
dant, it forms lenslike lacy concentrations (poikilo- 
crysts) similar to those noted on a larger scale in 
outcrop.

Quart-z is abundant in these rocks and about as com­ 
mon in rocks with no K-feldspar as in those with abun­ 
dant K-feldspar. Some quartz has apparently replaced 
plagioclase, leaving scalloped, embayed boundaries with 
plagioclase crystals. Despite the prominent foliation of 
this rock and the abundant shear zones, quartz generally 
does not appear unduly strained. Most shows undula- 
tory extinction, but sutured mosaics of quartz crystals, 
and granulation are only present locally.

Biotite is in ragged, irregular crystals. Most is rela­ 
tively unaltered, but specimen 505 contains intensely 
chloritized biotite accompanied by trains of sphene 
droplets in the chlorite paralleling the original biotite 
cleavage. The pleochroism of the biotite is X=grayish 
yellow to grayish orange and Z=moderate brown to 
dark yellowish brown. This is notably in contrast to the 
generally reddish brown color of many of the biotites 
immediately to the south in the Point Eeyes area.

Hornblende is also irregular in habit and generally 
unaltered. It is about as abundant as biotite and com­ 
monly associated with it. The pleochroism is similar 
throughout Bodega Head: X=moderate greenish yel­ 
low, Y=light olive, and Z=moderate yellowish green 
to grayish green. This pleochroism is generally similar 
to that of the hornblende of the Point Eeyes area.

Apatite and zircon are the most common accessory 
minerals; allanite is rare. All the specimens contain 
scattered tiny irregular crystals and sparse stringers 
and trains of tiny sphene grains, but only specimen 508 
contains abundant subhedral typical honey-brown crys­ 
tals that are large enough to be visible to the naked eye. 
Metallic opaque minerals are present in trace amounts 
in hornblende, but in specimen 511 they are present in 
biotite and hornblende in near "normal" amounts. On 
the whole, both sphene and metallic opaque minerals are 
uncommon enough to be noteworthy; most sphene oc-
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curs as tiny grains in biotite, and most metallic opaque 
minerals as tiny grains in hornblende.

Inclusions and schlieren range from medium to fine 
grained and are darker than the enclosing quartz dio- 
rite. Most have an almost aplitic texture that resembles 
hornfels. In some inclusions, coarser crystals of plagio- 
clase, poikilitic hornblende, and biotite are set in the 
finer grained aplitic matrix. The plagioclase is well 
twinned and zoned, generally in the sodic to intermedi­ 
ate andesine range. Quartz is much less abundant in the 
inclusions than in the enclosing grantitic rocks. Biotite 
and hornblende are similar to those minerals in the 
granitic rock and have similar pleochroism. Accessory 
minerals are also similar to those in the enclosing rocks, 
except that one specimen has a liberal sprinkling of 
metallic opaque grains, presumably ilmenite (they are 
not attracted to a magnet).

One of the more noteworthy characteristics of most of 
these rocks is that they are virtually unaltered, despite 
the abundance of shear zones that could have served as 
channels for later solutions.

DISTINGUISHING FEATURES

The dark well-foliated quartz diorite of Bodega 
Head contrasts with the somewhat lighter and less fo­ 
liated rocks of the Point Reyes area, though the rocks of 
Tomales Point, nearest to Bodega Head, are similar. 
The abundant dark dioritic inclusions, in part in 
swarms, are somewhat atypical of central Coast Ranges 
granitic rocks.

Brown biotite without red tints is distinct from the 
reddish-brown biotite that occurs in granitic rocks else­ 
where in the central Coast Ranges. Also, the "lenticular" 
poikilocrysts of K-feldspar are possibly somewhat dif­ 
ferent from those in other outcrop areas. The rarity of 
sphene and, especially, magnetite is noteworthy.

GRANITIC BASEMENT ROCKS OF THE 
POINT REYES AREA

SETTING AND GENERAL DESCRIPTION

Granitic rocks are exposed along the west side of the 
San Andreas fault zone and presumably butt against it 
for a length of about 18 miles in a southeasterly direc­ 
tion from Tomales Point to the Mount Wittenberg area. 
Similar rocks also crop out through Tertiary sedimen­ 
tary deposits at Point Reyes. Inclusions and small roof 
pendants of schist, quartzite, calc-hornfels, and marble, 
as well as an unusual cummingtonite amphibolite and a 
sillimanite-bearing micaceous hybrid (?) rock, are 
present in the granitic rocks. Dikes and small irregular- 
shaped masses of aplite, alaskite, and less commonly 
simple pegmatite intrude the granitic rocks.

The granitic rocks of the Point Reyes area vary con­

siderably in composition, from quartz diorite to quartz 
monzonite, as can be seen from figure 5 and table 2. The 
average modal composition is granodiorite. Particu­ 
larly noteworthy are the number of specimens that 
are quartz monzonite and that have 20 percent or more 
K-feldspar. The variation appears to be somewhat sys­ 
tematic ; the rocks along the northern part of Tomales 
Point and those of Point Reyes are generally less felsic 
than those of the Mount Wittenberg area, which have 
more K-feldspar and less dark minerals. The sparse 
number of sampled localities permits no more than a 
hint of a possible bimodal distribution, and there is no 
way, with the present data, to choose between separate 
intrusives and one large zoned mass.

TABLE 2. Modes of granitic rocks of the Point Reyes area 

[n.d.=not determined]

No. Plagio- K-feld- Quartz Biotite Horn- Specific 
clase spar blende gravity

DR-513---            
514A            ...
516B              . _
517-.---       ....
518--..  -    - .
519B  . ..... ..   .... ...
520A..   -        ...
520B (alaskite).-.   ....
521..       ..    
522...... ..........
523.--.-...     - .
524....-    ...... .
525....     -....  
525 (alaskite)-.       -
526-...    _._. ..... ....
S28.... ..................
531A        
532A  ...... . .   .
533.----        ..  
534---         
535..-             

--   - 39
----- 36
...  39
.   - 48
...   34
...... 38
.... - 37
...... 24
    54
  ... 53
    36
   - 34
    47
   - 13
    55
...... 36
...... 42
    45
    51
   - 48
    38

24
23
26
15
26
22
21
41

1
5

28
25
9

55
1

26
8

18
13
18
25

27
28
28
23
35
38
30
34
25
23
30
36
25
29
26
32
41
28
25
31
23

10 ...
13 ...

7 ...
12
5 ...
5 ...

12 ...
1 ...

19
15

6 ...
5 ...

13
3 ...

15
6 ...
9 ...
8

11 ...
3 ...
9

2

1
4

6

3

1

5

2.62
2.60
2.63
2.70
2.62
2.59
2.61
2.60
2.71
2.69
2.63
2.63
2.72
n.d.
2.72
2.63
2.66
2.66
2.67
2.63
2.65

Average (alaskite not 
counted in average). 43 17.5 29 9.5 2.65
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FIGURE 5. Modal plot of granitic rocks of the Point Reyes area.
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These rocks are medium to coarse grained; where 
fresh, they are white to light gray, and mottled with 
black biotite and hornblende. Probably the most nota­ 
ble characteristic of hand specimens is the irregular, 
shredded appearance of the dark minerals. Poikilitic 
almost lacy K-f eldspar crystals locally as long as 30 mm 
also accentuate the irregular texture on stained slab sur­ 
faces. Foliation is locally shown by elongate dioritic 
inclusions and mineral elongation; locally some subtle 
banding also is present.

Intruding the granitic rocks are dikes and masses of 
aplite and alaskite that commonly weather to shades of 
yellow and orange. These rocks seem particularly 
abundant in the Mount Wittenberg area.

MICROSCOPIC DESCRIPTION 

GRANODIORITE OF POINT REYES

The granitic rocks exposed at Point Reyes are gener­ 
ally xenomorphic- to hypautomorphic-granular. Some 
specimens are in part aplitic, as shown by scattered 
rounded quartz crystals.

Plagioclase is cleanly twinned and has oscillatory 
zoning. It ranges in composition from sodic oligoclase 
to calcic andesine; sodic andesine is probably the aver­ 
age composition. The plagioclase has been altered to 
sericite in varying degree: from mere traces of sericite, 
through widespread dusting, to intense replacement. 
Unaltered sodic rims are noted in some plagioclase 
crystals, particularly in those that abut K-feldspar and 
much less commonly in those that abut quartz.

K-feldspar ranges from irregular shreds of intersti­ 
tial grains to large poikilitic masses, commonly engulf­ 
ing other constituents. Much shows well-developed grid 
twinning, and some is perthitic, but patchy rather than 
evenly banded.

Quartz is particularly abundant in these rocks, aver­ 
aging nearly 30 percent. It is generally as abundant in 
the quartz diorite as in the quartz monzonite. The quartz 
is irregular shaped; in some specimens, rounded inter­ 
stitial grains give the rock an almost aplitic appearance, 
but in others, where quartz makes up 35-40 percent, 
though irregular, the quartz can hardly be termed inter­ 
stitial. That some quartz has replaced plagioclase is 
shown by embayed and scalloped contacts. Most of the 
quartz has undulatory extinction and incipient mosaick­ 
ing, but well developed mosaicked grains with sutured 
boundaries are rare; the quartz does not reflect undue 
strain. Myrmekite is locally abundant, particularly in 
specimens with the rounded quartz grains.

Biotite is characteristically very irregular and com­ 
monly shredlike. In the northern part of Tomales Eidge, 
it is generally in coarser plates, up to 10 mm across, but 
is still irregular shaped. The degree of alteration is

variable; in some specimens biotite is virtually unal­ 
tered, whereas in others chlorite is abundant and associ­ 
ated with stringers of sphene along the cleavage traces. 
The pleochroism of the biotite is X=grayish orange to 
grayish yellow and Z=moderate brown to moderate red­ 
dish brown; some dominantly brown biotite has reddish 
bands.

Hornblende is uncommon in these rocks, except at the 
north end of Tomales Point and Point Reyes. It is in 
irregular grains, some of which have lacy margins that 
include quartz. Also, some small crystals of hornblende 
are zonally arranged in plagioclase crystals. In one 
specimen the hornblende is extensively altered to chlo­ 
rite and epidote, whereas associated biotite is virtually 
unaltered. Most hornblende, however, is relatively 
fresh. The pleochroism is X:=moderate greenish yellow, 
Y=light olive, and Z=light olive to grayish and dark 
yellowish green. Some pale fibrous grains may be 
actinolite, rather than hornblende.

Apatite and zircon are present in all specimens, and 
allanite is much less common. Sphene is present only 
at Point Reyes and on the northern part of Tomales 
Ridge. It is in irregular grains generally closely as­ 
sociated with or included in biotite. Some sphene ap­ 
pears to be an alteration product of biotite, but in books 
of seemingly unaltered biotite thin stringers and bead- 
like trains of sphene grains outline cleavage traces and 
appear to be primary. Most specimens lack metallic 
opaque minerals, although trace amounts are included 
in hornblende and biotite locally. Both sphene and 
metallic opaque minerals iare virtually absent in rocks of 
the Mount Wittenberg area.

ALASKITE AND APLITE

The alaskite and aplite are medium to fine grained and 
generally have an aplitic texture marked by rounded 
quartz grains. Petrographically they have little to dis­ 
tinguish them. Thinly twinned plagioclase ranges from 
albite to andesine. Grid-twinned K-feldspar is particu­ 
larly abundant. In some obviously sheared zones, quartz 
displays mortar structure, but elsewhere quartz with 
undulatory extinction shows little evidence of strain. 
Biotite is sparse and scattered; in part it is pleochroic in 
reddish shades and in part in shades of orange and 
brown. These rocks contain apatite and zircon, and one 
specimen contains very small amounts of sphene and 
metallic opaque minerals.

METAMORPHIC ROCKS

Schist, micaceous quartzite, marble, and calc-hornfels 
in inclusions or roof pendants in the granitic rocks have 
been examined very cursorily.

Near Point Reyes Station (DR-516), micaceous
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quartzite that contains garnet forms an inclusion in the 
granitic rock. The quartzite contains plagioclase and 
moderate-reddish-brown biotite and small amounts of 
muscovite sprinkled in a mat of mosaicked quartz.

A variety of metamorphic rocks are present along the 
shore of Tommies Bay at Tomales Bay State Park. These 
include dark schistose rocks rich in K-feldspar and red­ 
dish-brown biotite. Some layers are rich in quartz and 
are liberally peppered with sphene and metallic opaque 
minerals. Also found here, interlayered with the schists, 
are clinopyroxene-plagioclase calc-hornfels layers and 
associated marble. Other schists in this area are rich in 
cummingtonite and contain grayish-green garnet(?).

Another somewhat unusual rock, 'possibly meta- 
morphic, is found along the road at DK-531. This 
medium-gray micaceous rock is medium to fine grained 
and has a hornf elsic texture. It has the same mineralogy 
as the enclosing granitic rock and similar reddish-brown 
biotite that is speckled with many pleochroic halos. 
Sillimanite and a metallic opaque mineral that is not 
attracted by a magnet, presumably ilmenite, are 'also 
found in the rock.

DISTINGUISHING FEATURES

The granitic rocks in the Point Reyes area are gen­ 
erally somewhat lighter colored than those to the north 
at Bodega Head and those to the south at Montara 
Mountain. Also, the abundance here of aplite and alas- 
kite empirically seems to be associated with the presence 
of more-f elsic granitic rocks. Also related to this general 
difference in rock type is the lesser amount of dark 
minerals, particularly the sparsity of hornblende. The 
lighter color of some hornblende may also be distinctive. 
The sparsity of metallic opaque minerals and sphene is 
particularly noteworthy in these granitic rocks. Cum­ 
mingtonite and sillimanite in the metamorphic rocks 
may also prove to be distinctive.

GRANODIORITE OF SOUTHEAST FARALLON ISLAND

SETTING AND GENERAL DESCRIPTION

The, Farallon Islands are a group of small barren 
islands about 30 miles west of San Francisco. The largest 
island, Southeast Farallon, is about 100 acres in area; 
the other islands are much smaller and almost inac­ 
cessible. Presumably all the islands are granitic, but 
how the rest compare with Southeast Farallon is not 
known. Access to Southeast Farallon was arranged by 
courtesy of the U.S. Coast Guard. Exposures are 
virtually continuous, but most are deeply weathered. In 
addition much of the outcrop is sprinkled to covered 
with guano, as the island provides nesting grounds for 
a large, and noisy, population of gulls, cormorants, and 
murres.

Locally along the shoreline, in some cobble beaches, 
the granodiorite is fresh and shows a mottled mixture 
of white feldspar, gray quartz, and irregular-shaped 
dark minerals. Scattered large biotite books up to 10 
mm in size are characteristic. Equant masses of quartz 
are as much as 5 mm across. The weathered rock ranges 
from grayish orange to pale yellowish brown. The 
weathered surfaces are commonly etched and pock 
marked in such a way that they resemble coral masses.

Iron-stained chloritic or clay stringers along joints 
or shear zones make an irregular pattern, but some 
follow a northwesterly trend and are probably the zones 
of the weakness that have been the control for deep 
narrow sea slots along the shoreline.

The modes of the Farallon rocks are given in table 3 
and plotted in figure 6. Considering the small size of 
the island, the number of samples reflects oversampling 
compared with other Coast Ranges areas. It is evident, 
however, that the rocks exposed on Southeast Farallon 
Island are rather homogenous granodiorite.

MICROSCOPIC DESCRIPTION

The granodiorite has a hypautomorphic-granular 
texture; plagioclase is generally well formed. Probably 
the most distinctive textural feature is the discreet 
large nearly equant quartz masses. These are particu­ 
larly striking on an etched and stained surface.

Plagioclase is cleanly twinned and is generally sodic 
andesine. In part it is oscillatorily zoned, and some 
grains are composite. Much is thickly dusted with 
sericite. K-feldspar occurs solely as lacy interstitial
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FIGUBE 6. Modal plot of granodiorite of Southeast Farallon
Island.
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TABLE 3. Modes of granodiorite of Southeast Farallon Island

No. Plagio- K-feld- Quartz Biotite Horn- Specific 
clase spar blende gravity

DR-974____. ._.__.__
974 (float).......
975.............
976 (float) .......
977..............
978A.... .........
978B.... .........
979..............
981..............
982..............

F-l.. .............
3-.....--..--...
4.. ......_... ...
6... .............

54
57
53
53
51
56
55
51
51
57
52
53
54
49

6
6
9
6

10
6
7
6
12
6
8
6
6
7

28
25
25
31
28
24
28
33
26
23
28
32
28
33

10
10
11
10 ....
11 ....
12
8
7
10
14
12 ...
8
12
10

2
2
2

2
2
3
1

<j

1
<\

1

2.62
2.68
2.63
2.67
2.53
2.59
2.59
2.61
2.67
2.66
2.60
2.51
2.61
2.54

Average. 54 28 10 2.61

grains that are sporadically distributed through the 
rock; the lack of poikiloblasts of K-f eldspar is atypical 
of this province. Quartz is highly fractured, but only 
weakly mosaicked; it reflects moderate strain.

Biotite as irregular crystals is the dominant dark 
mineral. Some grains are kinked and bent, and 
chloritization is variable but generally minor. In thin 
sections of the fresh rocks the green chloritic alteration 
shows strong ultrablue interference colors, whereas in 
thiii sections of weathered specimens the chlorite is 
bleached and less distinctive. The biotite pleochroism 
is X=gray to moderate yellow and Z=moderate brown 
and moderate to dark yellowish brown. Hornblende is 
rather uncommon and occurs as irregular crystals. 
Some is almost completely replaced by pseudomorphs 
of brownish iron-stained chloritic (?) material. The 
pleochroism is X=moderate greenish yellow, Y=light 
to moderate olive, and Z=light olive to moderate yel­ 
lowish green.

Sphene, zircon, and apatite are found in all speci­ 
mens, and allanite is found in most. Metallic opaque 
minerals are extremely rare; but do occur as small 
grains in hornblende. The sphene is generally irregular 
and interstitial; very few crystals are euhedral. The 
allanite is in part reddish brown, and some zoned crys­ 
tals are rimmed with epidote. At least some epidote is 
probably primary. Apatite generally occurs as abun­ 
dant euhedral inclusions in biotite.

DISTINGUISHING FEATURES

In unweathered outcrop the granodiorite of South­ 
east Farallon Island generally resembles some of the 
granitic rocks on the mainland that extend from Bodega 
Head to Ben Lomond. The large scattered grains of 
dark minerals are the most obvious similarity.

The occurrence of K-feldspar in the Farallon rocks 
is somewhat distinctive. K-feldspar occurs only as lacy 
interstitial grains, whereas in most areas in the central 
Coast Ranges it tends to be at least locally 
poikiloblastic.

The virtual absence of metallic opaque minerals, ex­ 
cept in trace amounts in hornblende, is also note­ 
worthy. Coupled with this is the rarity of euhedral 
sphene, although irregular to skeletal grains are rela­ 
tively common.

GRANITIC ROCKS OF MONTARA MOUNTAIN

SETTING AND GENERAL DESCRIPTION

The granitic mass making up Montara Mountain 
covers some 30 square miles along the Pacific coast 
south of San Francisco. In part the mass is bounded 
by faults; elsewhere Cenozoic rocks overlap the granitic 
outcrops. The rocks are generally deeply weathered and 
are poorly exposed in brushland and grassland. Fresh 
rock is uncommon in even rather deep readouts south 
of Devils Slide along Highway 1 and the nearby sea 
cliffs.

Fresh rocks are medium gray to medium dark gray 
and contain abundant hornblende 'and biotite. These 
rocks have a distinctive appearance, which is probably a 
combination of generally coarse-grained size and an 
abundance of dark minerals. The dark minerals tend to 
occur in rather irregular splotchy clusters. Commonly 
the rock is strongly foliated by the alinement of both 
dark minerals and dark dioritic inclusions. The folia­ 
tion is steep, and the few observations made indicate 
that the trend is northwest roughly parallel to the trend 
of the Pilarcitos fault. This fault bounds the granitic 
mass on the east and is a possible ancestral branch of 
the San Andreas fault. In the Devils Slide area, the rock 
is cataclastically deformed along shear zones. Pegma­ 
tite and quartz veins in this area exhibit striking bou- 
dinaged and disrupted outcrop patterns, particularly 
in the well-exposed sea cliffs.

The modal data given in table 4 and plotted in figure 
7 show that most of the Montara Mountain mass is 
quartz diorite containing very little K-feldspar. How­ 
ever, a few specimens have as much as 20 percent 
K-feldspar, although megascopically they appear iden­ 
tical with the other rocks. This variation seems to result 
from the sporadic occurrence of K-feldspar rather than 
from multiple intrusions.

Dikes and small masses of aplite, alaskite, and simple 
pegmatite are present locally. On top of Montara 
Mountain some fair-sized coarse-grained felsic bodies 
intrude the quartz diorite.

MICROSCOPIC DESCRIPTION

The granitic rocks of Montana Mountain are gener­ 
ally hypautomorphic- to xenomorpthic-granular and are 
commonly somewhat cataclastic. Anastomosing shear 
zones in some thin sections are the most obvious signs
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FIGURE 7.   Modal plot of granitic rocks of Montara Mountain.

of shearing. More commonly, strain and incipient shear­ 
ing are marked by undulatory extinction and mosaick­ 
ing in quartz masses. Contacts between quartz grains are 
sutured, and granulation occurs where the shearing has 
been more pronounced. Some bent plagioclase crystals 
and biotite books were also noted.

TABLE 4.   Modes of quartz diorite and felsic rocks of Montara
Mountain

No. Plagto- 
clase

K-feld- 
spar

Quartz Biotite Horn- 
blende

Specific 
gravity

Quartz diorite

M-3-.   .....
M-~i.__..   ...

HMB-1A.. .......
HMB-1B.. .......
HMB-1C i........
HMB-2B.........

DR-1.... .......
3B.........
1109........
1110A......
1111A......
HUB......
1112..... ...
1113A  ...
1113B......
1114A......
1116B......
1119A......

HMB-1D »____._.
DR-1115A.....

1115B.....
1116........

....... 57

....... 37

....... 59

....... 54
...... 57
....... 57
....... 53
....... 59
....... 54
...... 50 ..
...... 48
....... 48
...... 57 ..
...... 51 ..
...... 54
....... 51
....... 49
....... 58

....... 53

....... 22

....... 39

....... 30

....,- 29

....... 30

21
20

2
2
1
1
1
1
5

9
8

1
1
5
1

3

Felsic rocks

42
24
34
37

34

m
?o
25
26
26
Wi
12
90
17
15
23
23
13
17
23
17
14
19

20

34
34
7»
33

33

15
23

14 ....
13
13
16
16
9

24
35
20
21
30
32
22
31
32
22

24

3
7
1

3

6 2.72
2.69

...... 2.70
5 2.71
2 2.70
4 2.71

18 2. 81
11 ..........

2.66
2.73
2. 70(7)
2. 67(7)
2.70
2.68
2.75
2.70
2.69
2.69

2.71

...... 2.58
2.61
2.54
2.60

2.58

1 Mode includes sphene, 1.
2 Mode includes chlorite, 2.

Plagioclase is common as well-formed crystals that 
are generally rather clean; in some specimens, however, 
alteration ranges from fine dusting with sericitic mate­ 
rial to intense saussuritization in the cores of crystals. 
The index of refraction indicates the most calcic pla­ 
gioclase to be sodic labradorite; crystals are zoned and 
grade to sodic andesine at the rims. Oscillatory zoning 
is present but is generally rather subtle.

Quartz is generally in space-filling irregular masses, 
as is K-feldspar.

Both hornblende and biotite are abundant through­ 
out this body in somewhat variable proportions, but 
biotite generally is more abundant. The habit of these 
minerals varies; some are well formed, and some are 
shredlike. Hornblende is skeletal in some specimens. 
Commonly the two minerals are intergrown or in clus­ 
ters. The biotite is pleochroic from grayish yellow to 
various shades of brown. Hornblende is pleochroic from 
yellow green to darker shades of green, commonly with 
an olive hue. In some specimens biotite is fresh, but 
more commonly it is partly chloritized and in some 
specimens it is completely replaced by chlorite pseudo- 
morphs. By contrast, hornblende is almost every­ 
where relatively unaltered, though some alteration to 
epidote is noted. The hornblende crystals are apparently 
relatively brittle, for they are generally much fractured 
and shattered, presumably from the cataclastic defor­ 
mation of these rocks.

Apatite, zircon, and sphene are ubiquitous; lallanite 
is locally present. Probably the most distinctive petro- 
graphic feature of these rocks is that metallic opaque 
minerals are generally absent or rare, which seems un­ 
usual in view of the high percentage (20 percent or 
more) of dark minerals.

BASEMENT ROCKS OF THE BEN LOMOND AREA

SETTING AND GENERAL DESCRIPTION

About 40 square miles of the Ben Lomond Mountain 
area, just north of Santa Cruz, is underlain by granitic 
and metamorphic rocks that form an irregular-shaped 
window through capping Cenozoic deposits. Small ex­ 
posures east of this basement mass indicate a much 
greater extent of granitic basement at rather shallow 
depth beneath the Cenozoic cover.

Hornblende-biotite quartz diorite is the most abun­ 
dant rock type, but an area of several square miles is 
underlain by metamorphic rocks mica schist, quartz- 
ite, and marble that are intruded by the quartz 
diorite. A small alaskitic plug and several satellitic 
alaskitic bodies also intrude the metamorphic sequence, 
but their age relative to the quartz diorite is uncertain.

456-774 O - 72 - 2
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Small bodies of hornblende-cummingtonite gabbro are 
present in the quartz diorite.

These basement rocks have been described by Leo 
(1967). His report and map served as a valuable aid 
in locating good outcrops of the various rock types. 
Generally, the following discussion of the petrography 
is based on my limited observations and collections in 
the area, and where Leo's data are referred to, they will 
be specifically noted.

The quartz diorite of Ben Lomond is white to light 
gray and mottled with black hornblende and biotite on 
freshly broken surfaces. However, most outcrops appear 
dark because of weathering, lichen cover, and moss. 
Some specimens with abundant, large, and somewhat ir­ 
regular-shaped books of biotite have a splotchy appear­ 
ance reminiscent of some rocks from Montara Mountain. 
Variation in grain size within a single outcrop is also 
common. Dark fine-grained dioritic ovoid inclusions are 
present, and foliation is relatively common. Aplite, 
alaskite, and pegmatite dikes locally intrude the quartz 
diorite. Some of these dikes closely resemble the rocks 
of the small alaskite plug (Smith Grade pluton of Leo, 
1967) that intrudes the metamorphic sequence.

The alaskite plug and related satellite bodies (Smith 
Grade pluton of Leo, 1967) are dominantly medium- to 
coarse-grained light-gray rocks that commonly weather 
light shades of yellow and orange. Coarser grained peg­ 
matite and finer grained aplite are associated in these 
masses. Probably the most noteworthy feature of these 
rocks is the scattered pink garnet in many exposures. 
Black shiny biotite flakes are also sprinkled through the 
rock, and muscovite is found in trace amounts.

The isolated granitic outcrops east of the main base­ 
ment mass generally seem to be petrographically dif­ 
ferent from both the quartz diorite and alaskite. These 
rocks are medium to coarse grained and rather felsic; 
their average modal composition is that of quartz mon- 
zonite. The close association of these rocks with K-feld- 
spar-poor rocks that in some outcrops look like the 
quartz diorite of Ben Lomond suggests, however, that 
they may be a variation of the quartz diorite. Leo (1967, 
p. 37) indeed suggested that these outcrops may be a late 
border phase of the quartz diorite of Ben Lomond. The 
present limited modal data (fig. 8), which plot in a 
distinctly different and separate field from the quartz 
diorite of Ben Lomond, suggest that these rocks may be 
a separate intrusive mass. Though the modes plot near 
the alaskite of Smith Grade, the rocks are quite dif­ 
ferent. The isolated quartz monzonite outcrops do not 
contain garnet, and they have significantly more biotite 
and some hornblende.

Modes of the quartz diorite of Ben Lomond and the 
alaskite of Smith Grade are given in table 5 and plot­ 
ted in figure 8. They have about the same range as those 
reported by Leo (1967), also plotted in figure 8. These 
data emphasize that the great bulk of the quartz diorite 
of Ben Lomond has from 0 to 4 percent K-feldspar but 
that locally, and seemingly sporadically, the K-feldspar 
content is significantly higher. The isolated masses east 
of Ben Lomond could well be more felsic variants on 
this same trend.

Less than 1 square mile is underlain by hornblende 
gabbro of variable grain size. These dark rocks look 
much like other hornblende gabbro that is widespread 
in the Transverse Ranges but which does not seem to be 
so common in the Coast Ranges. The relations of this 
rock with the quartz diorite are somewhat uncertain. 
Leo (1967) mapped a gradational contact between 
them, and at one outcrop area the gabbro looks as if 
it might be a variation of the quartz diorite. Unfor­ 
tunately, poor exposures of this dark easily weathered 
rock preclude discussion of outcrop relations.

OTHER

HORNBLENDE 3:1 1:1 1:3 BIOTITE 
HORNBLENDE BIOTITE RATIO

10 
90 

PLAGIOCLASE
K-FELDSPAR

EXPLANATION

o O 
Single sample Average

This report Leo (1967) 
Quartz diorite of Ben Lomond
o n

Single sample Average .

This report Leo (1967) 

Alaskite of Smith Grade
A 

Gabbro
®

Garnet-bearing 
alaskite and aplite

A A

Single sample Average 

Isolated masses east of Ben Lomond

FIGURE 8. Modal plot of granitic rocks of the Ben Lomond
area.
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TABLE 5. Modes of granitic rocks of the Ben Lomond area

[G=garaet, Cum=cummingtonite, Clp=clinopyroxene, Tr.=trace]

No. Plagio- K- Quartz Biotite Horn- 
clase feldspar blende

Other Specific 
gravity

Quartz diorite of Ben Lomond

Leo-126.

332A_   
DR-494-   -

495 . 
497B.....
497C.   
501.......
503.. .. 
604.......
IIOOB....
1104A....
1104B....
1106B....
493 (dike) 
498D.....
1100A....
1101A.  
1101B....
1102......
1105......
1106A....

50
53
69
53
50
56
58
56
50
60
67
50
54
60
41
41
35
27
32
41
30
34

1 
1 
3 
1 

Tr.

1 
Tr.

1 
Tr.
"16" 

Tr.

17
26
32
26
22
24
22

28
17
24
27
34
24
24
22
29
29
10
26
22
10
26
33
32
36
32
30
38
35

14
15
14
10
14
20
17
17
15
18
14

19
16
28

9
6

14

Average (Leo-126- 
DR-1106B).....

Average (DR- 
498D-1106A).....

23

34

2.77
2.77
2.67
2.75
2.72
2.69
2.70
2.74
2.71
2.73
2.75
2.68
2.75
2.73
2.73
2.62
2.64
2.64
2.63
2.66
2.65
2.62

2.73

2.64

Alaskite of Smith Grade

Leo-66A.

310..........
DR-496A  ... 

496B........
1107 A_    
1107B.......
1108--     
1103 (dike).

Average...

21
32
30
38
47
29
33
29
38

52
34
32
30
23
35
37
34
26

27
33
34
31
28
32
26
33
35

Tr. .. 
1 - 
4 ..
1 ..
2 ..
3 - 
3 .. 
2.5 

Tr.

(G) 1 
(G) 1 
(G) 1.5 
(G) 1

2.60
2.61
2.63
2.63
2.61
2.63
2.63
2.63
2.62

33 34 31 <1 2.62

Gabbro of Pine Flat Road

DR-498A. 
498C.

Tr. 33 (Cum) 5
19 (Cum)

19

2. 86
2. 93

Granodiorite orthogneiss of Lag Una Creek of Leo (1967)

DR-499- 47 30 13 (Clp) 2.70

1 Biotite dominant.

The metamorphic rocks mentioned earlier are domi- 
nantly dark-colored mica schist and micaceous quartzite 
with lesser amounts of marble. I have examined them 
only briefly. In general they look like other schist and 
quartzite, with little to distinguish them. Some speci­ 
mens contain garnet and cordierite, and Leo (1967, p. 
40) noted sillimanite. Of possible note is a unit that Leo 
(1967, p. 32) called granodiorite orthogneiss. He inter­ 
preted this rock to be a synkinematic intrusion into the 
schist and quartzite sequence; it may, however, be part 
of the schist and quartzite sequence. Both in hand speci­ 
men and thin section it is a rather distinctive foliated 
rock that is a combination of white and black minerals 
where the rock is fresh. It is not a gneiss in the sense 
of having segregated dark and light bands, but it is 
strongly foliated owing to the alinement lenticular

masses of dark minerals in a light-colored, shape- 
oriented matrix.

MICROSCOPIC DESCRIPTION 

QUARTZ DIORITE OF BEN LOMOND

The quartz diorite of Ben Lomond is generally 
hypautomorphic-granular, but displays a variety of 
textures, ranging from a "clean" texture with near- 
euhedral hornblende and subhedral plagioclase to a 
"messy" texture with irregular dark minerals and few 
well-formed crystals. Some foliation is shown in thin 
section by orientation of dark minerals and quartz.

The plagioclase is commonly subhedral and cleanly 
and sharply twinned. Oscillatory zoning is clearly evi­ 
dent, and the range of zoning is within the field of 
andesine. Most of the plagioclase seems to be sodic 
andesine. Alteration is surprisingly uncommon; some 
chloritic and clay-altered cores of crystals are present, 
but there is little sericitization. Small hornblende crys­ 
tals are enclosed within some plagioclase grains.

K-feldspar, generally rare, occurs as interstitial 
stringers. It is absent from many specimens.

Quartz is an abundant constituent, as common as in 
the alaskitic rocks. It forms masses comparable in size 
to the plagioclase crystals. Most quartz has undulatory 
extinction, and in some specimens it is mosaicked and 
has sutured intergranular contacts. Some quartz is 
highly mosaicked and almost granulated. The amount 
of strain shown by the quartz in this mass is rather 
variable. In some specimens the quartz appears to have 
replaced plagioclase along scalloped contacts; some 
plagioclase is markedly embayed by quartz.

Biotite is the most abundant dark mineral, making 
up as much as 20 percent of some rocks. It ranges from 
rather well-formed books to irregular, shredlike grains 
and aggregates, the largest of which are 10 mm across. 
Biotite is pleochroic from X=grayish yellow to grayish 
orange to Z=moderate reddish brown and less com­ 
monly moderate to dark yellowish brown. Chloritic 
alteration is uncommon, particularly north of the Bald 
Mountain fault.

Hornblende is nearly as abundant as biotite in some 
specimens, but it is generally subordinate, and in some 
specimens it is absent. It is in part well formed, but 
more commonly is in irregular crystals. Kocks south of 
the Bald Mountain fault generally contain less horn­ 
blende, and, where present, the hornblende forms 
shredded pale-green aggregates; in contrast, biotite 
books are fresh and well formed in the same specimens. 
In one of these specimens, matted aggregates of biotite 
are suggestive of pseudomorphs after hornblende. The 
pleochroism of the hornblende is X=moderate yellow­ 
ish green, Y=light olive to light olive brown, and Z=
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moderate yellowish green and less commonly dusky 
yellow and light olive brown. The shredlike crystals 
range from almost colorless to pale green. In general the 
hornblende of this mass is lighter colored than other 
hornblende in the region. It also seems unusual for a 
quartz diorite to have upwards of 20 percent biotite and 
no hornblende. Leo (1967, p. 36) noted color differences 
in hornblende on opposite sides of the Bald Mountain 
fault, which he says may be related to the ferrous-ferric 
iron ratio. There may well be something unusual about 
the dark mineral relations in this mass.

Metallic opaque minerals and sphene are extremely 
rare to absent in these rocks. The former, where present, 
occur as small crystals in hornblende and biotite. Most 
sphene is in trains of tiny grainlets along cleavage traces 
in somewhat altered biotite. Some sphene occurs as 
small discrete grains, but these are irregular; no wedge- 
shaped euhedral crystals were found. Apatite is the 
only accessory mineral that seems to be present in all 
the specimens. Zircon is fairly widespread, and allanite 
is rare.

ALASKITE OF SMITH GRADE

The alaskite of Smith Grade is generally xenomor- 
phic-granular with a rather "messy," irregular fabric. It 
grades to pegmatitic coarser phases and to aplitic finer 
grained rocks. These rocks resemble late felsic differ­ 
entiates the type of aplite-alaskite-pegmatite sequence 
present in all the Coast and Transverse Kanges granitic 
areas.

Plagioclase occurs as irregular, ragged crystals and 
is in the albite-oligoclase range. Commonly it is liberally 
dusted with sericitic alteration material, but adjacent to 
K-feldspar a clean rim of possibly exsolved plagioclase 
(albite?) is generally present. The K-feldspar is also 
quite irregular in habit; it encloses plagioclase and 
quartz and is strongly grid twinned.

Quartz occurs as masses as much as 10 mm across 
which show very little evidence of strain. Some unclula- 
tory extinction is found in most sections, and so is some 
incipient mosaicking. On the whole, quartz in the 
alaskite shows less strain than in the quartz diorite of 
Ben Lomond.

Biotite, where present, is in scattered dark flakes; 
some is extensively altered to chlorite and iron oxides. 
The least altered flakes have the following pleochroism: 
X=grayish yellow to grayish orange and Z=moderate 
reddish brown and less commonly moderate yellowish 
brown, generally similar to the biotite of the quartz 
diorite.

Pink garnet, in part euhedral, is sprinkled through 
this rock and makes it very distinctive. Minor apatite 
and zircon, and rare metallic opaque minerals and blue 
tourmaline are also found.

Large masses, as much as several hundred feet across, 
of fine-grained dark-colored sugary material with a 
dioritic composition are abundant in the alaskite along 
the Empire Grade. These masses appear to be inclu­ 
sions, as they are crisscrossed with dikes of garnet-bear­ 
ing rock that resembles the Smith Grade mass. Dikes of 
this sugary material also cut the Smith Grade rocks. 
The origin of these masses is not known, but they are 
similar in texture and composition to hornfelsed schist 
near some granitic contacts in the Ben Lomond area. 
Most probably, the sugary "dioritic" masses are horn­ 
felsed schist inclusions that were locally mobile enough 
to be squirted around as dikes.

Leo (1961) made the first detailed study of the alas­ 
kite. He considered it to be the youngest granitic rock 
in the area (younger than the quartz diorite). Comp- 
ton (1966), who subsequently examined the Smith 
Grade rocks, reported biotite lineations that were gen­ 
erally parallel to fold axes and mineral lineations in 
the metamorphic rocks. This led Leo (1967, p. 33) to 
reconsider his conclusions and to suggest that intru­ 
sion of the Smith Grade rocks was synkinematic, older 
than the quartz diorite, and of about the same age 
as a strongly deformed granodiorite orthogneiss in the 
schist and quartzite sequence.

From my limited field and thin section study of the 
Smith Grade rocks, I am extremely wary of consid­ 
ering this an old, deformed granitic body; the alaskitic 
rock has much virtually unstrained quartz, appears 
undeformed, and physically resembles young dike rocks 
in the Ben Lomond area.

If the alaskite is young and is a late differentiate of 
the granitic suite, one would expect intrusions into the 
quartz diorite. Garnet-bearing alaskite-aplite that re­ 
sembles the alaskite of Smith Grade intrudes quartz 
diorite near DR-497 and the isolated granitic masses 
east of Ben Lomond.

To me, the evidence is equivocal, and the age of the 
alaskite relative to the quartz diorite is at present un­ 
certain. However, at Leo's locality 66, where garnet- 
bearing alaskite intrudes schist and quartzite, the 
intrusion certainly postdates metamorphism.

OTHER ROCK TYPES

The isolated masses east of Ben Lomond have a coarse 
anhedral texture. The plagioclase is probably mostly 
oligoclase. Brown biotite and lesser amounts of green 
hornblende generally occur as irregular crystals and 
aggregates and have the same pleochroism as in the 
quartz diorite of Ben Lomond. Both quartz and K-feld­ 
spar occur as irregular crystals that are very coarse 
locally. The usual granitic accessory minerals are pres­ 
ent, but metallic opaque minerals are rare.
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The dark gabbroic rocks as already noted, have little 
to distinguish them in hand specimen. In thin section 
they have a xenomorphic texture that looks almost horn- 
felsic or aplitic. Nearly colorless, optically positive 
amphibole, which is probably cummingtonite, is com­ 
mon in these rocks. It occurs as distinct crystals and 
also as cores of light-brown optically negative horn­ 
blende that has somewhat greenish tints in part. The 
hornblende(?) is lighter colored than "typical" horn­ 
blende of gabbros. A small amount of red-brown biotite 
is present, but there is no clinopyroxene. Leo (1967, p. 
34) did note some hypersthene locally. Metallic opaque 
minerals are common, particularly in the amphibole; 
much is probably ilmenite.

The granodiorite orthogneiss of Leo (1967, p. 32) has 
a strongly alined fabric with shape-oriented minerals. 
It has well-twinned sodic andesine, grid-twinned K- 
feldspar, and sutured and mosaicked quartz. The domi­ 
nant dark mineral is biotite, which is pleochroic from 
grayish orange to moderate reddish brown. Hornblende, 
less abundant, is pleochroic from moderate greenish yel­ 
low to light olive. Some of the hornblende occurs as lacy 
crystals that include partly replaced clinopyroxene. The 
presence of well-rounded grains of zircon that look 
detrital suggests that this rock may be a highly meta­ 
morphosed sedimentary unit.

DISTINGUISHING FEATURES

In general compositional and textural range, the 
quartz diorite of Ben Lomond strongly resembles 
rocks of the Montara Mountain mass. The extreme rar­ 
ity of metallic opaque minerals and sphene is certainly 
distinctive in rocks that have generally 15-20 percent 
of dark minerals. Probably the most distinctive feature 
of the quartz diorite is that the hornblende is some­ 
what lighter colored than that in quartz diorite else­ 
where in the region; also, a number of specimens lack 
hornblende. The somewhat sporadic occurrence of 
hornblende, its lighter color, and the virtual absence of 
metallic opaque minerals seem to point to a possibly 
distinctive rock.

The alaskite of Smith Grade is a rather prosaic alas- 
kite-aplite-pegmatite mass, but the liberal sprinkling 
of pink garnet crystals is noteworthy because of their 
rarity in Coast Eanges f elsic granitic rocks.

The gabbroic rocks are distinctive in containing cum­ 
mingtonite, somewhat pale hornblendei, and no clinopy­ 
roxene. The outcrops and hand specimens do not betray 
this rather distinctive mineralogy, however.

The granodiorite orthogneiss of Leo (1967, p. 32) is an 
unusual rock type for this region. It has the appearance 
of a high-grade metamorphic rock, seemingly out of

place in the general metamorphic terrane of Ben 
Lomond.

QUARTZ DIORITE OF CORDELL BANK

During investigation of the geology of the conti­ 
nental slope off central California, dredge hauls brought 
up granitic rocks from at least five localities on Cordell 
Bank (Hanna, 1952). These areas of presumably sub­ 
marine granitic outcrop are about 20 miles west of the 
Point Reyes granitic outcrops and about 30 miles north­ 
west of the Southeast Farallon Island granitic outcrops. 
These outcrops on the edge of the continental shelf are 
the westernmost "exposures" of Salinian block granitic 
rocks.

Chesterman (1952, p. 360-361) briefly described the 
petrography of these rocks. He noted that the specimens 
are coarse grained, equigranular, massive to slightly 
gneissoid, and composed dominantly of plagioclase 
(An25-3g) and quartz. They contain small amounts of 
K-feldspar and varying amounts of dark-brown biotite 
and dark-green hornblende; biotite is most common. 
Sphene, zircon, apatite, and magnetite occur sporadic­ 
ally as inclusions in other minerals.

SOUTHERN COAST RANGES

GRANITIC ROCKS OF THE GABILAN RANGE

The Gabilan Range is a dominantly granitic massif 
more than 350 square miles in area, rising more than 
3,000 feet above the Salinas Valley. The granitic mass 
contains abundant roof pendants and inclusions of domi­ 
nantly carbonate rocks, and less commonly schist and 
calc-hornfels. The included metamorphic rocks seem 
more abundant in the northern part of the range. In 
addition to the generally sharply defined metamorphic 
pendants and inclusions, there are minor less well- 
defined gneissic zones.

The granitic basement rocks are cut off along the 
east side of the range by the San Andreas fault and 
along the north side by the Vergeles fault (pi. 2). The 
south and southwest sides of this granitic block are 
overlapped by valley fill and other late Cenozsoic sedi­ 
mentary deposits.

The limited sample coverage of the Gabilan Range 
shows that two granitic types dominate the range. Much 
of the north end of the range is underlain by a large 
mass of coarse-grained felsic rock that will be referred 
to as the quartz monzonite of Fremont Peak. The cen­ 
tral and southern part of the range is dominated by a 
much larger mass that will be tentatively called the 
granodiorite of the Gloria-Bickmore Road. The pre­ 
liminary data in this report establish that the Gabilan 
plutonic rocks are a composite batholithic mass. Fur-
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ther sampling and mapping are now underway to 
delineate and further refine the geology; the result of 
that work will be presented later and will undoubtedly 
change the present rather simple picture.

Several smaller masses have been delineated that 
include (1) the quartz diorite of Vergeles at the extreme 
north end of the range, (2) the granodiorite of Grass 
and Thompson Creeks, (3) the quartz monzonite of the 
Gloria-Bickmore Road, and (4) the quartz monzonite 
of the Metz railroad tunnel.

Each of the Gabilan Range rock types will be de­ 
scribed separately, and their relations and significance 
will be summarized. It is important to remember that 
the Gabilan Range is by far the largest granitic outcrop 
area in the Coast Ranges.

QUARTZ MONZONITE OF FREMONT PEAK 

SETTING AND GENERAL DESCRIPTION

A large part of the northern Gabilan Range may be 
underlain by the quartz monzonite of Fremont Peak, 
a coarse-grained felsic rock. Exposures are generally 
poor and roadcuts are deeply weathered, but some fairly 
fresh outcrops are found locally. The rocks weather to 
light shades of yellow and orange. Sparse amounts of 
biotite are sprinkled through the rock. In places the 
K-feldspar is slightly pinkish and in spongy poikilo- 
blasts as large as 15 mm. In some outcrops the rock 
ranges from coarse to fine grained. The finer grained 
rocks have an almost salt-and-pepper texture. In part, 
these rocks of variable grain size are somewhat gneissic.

The average of the modal analyses (table 6, fig. 9) 
of 18 specimens shows that the two feldspars and quartz 
are present in nearly equal amounts. This modal com­ 
position and empirically the general appearance sug­ 
gest rocks associated with the "low melting trough"  
possibly one of the younger rocks in the Gabilan 
granitic suite.

MICROSCOPIC DESCRIPTION

These rocks generally have a xenomorphic texture; 
some are in part aplitic and are characterized by sprin­ 
klings of quartz droplets. Locally there is strong shape 
orientation of quartz and feldspar in the felsic rocks. 
Along the east side of the Gabilan Range, along Thomp­ 
son Creek, the rocks appear to be more gneissic, and also 
some float in the creek is foliated.

The zoned, well-twinned plagioclase ranges from 
oligoclase to sodic andesine, and some is as sodic as 
albite. K-feldspar occurs as abundant, irregular crystals 
that corrode and engulf other constituents. Grid-twin­ 
ning is fairly common, and patchy perthite is also

present. Quartz is equal in abundance to both plagioclase 
and K-feldspar. It ranges from small interstitial grains 
to masses several millimeters in size that are generally 
mosaicked. Most of the quartz has undulatory extinc­ 
tion, and some intragranular contacts in the quartz 
masses are sutured. Most of the quartz reflects some 
strain, but locally coarse masses show almost no sign 
of strain. Some quartz is sprinkled through the rock 
in rounded crystals in addition to its normal habit.

TABLE 6.   Modes of granitic rocks of the Gabilan Range

[E=epldote, S=sphene, Me=metalllc opaque minerals, Ch=chlorite, Mu= 
muscovite, Ap=apatite, Tr.=trace]

No. Plaglo- K-feld- Quartz Biotite Horn- Other Specific 
clase spar blende gravity

Quartz monzonite of Fremont Peak

DR-543.-    

545-------
546.-    
551-.-. 
553-1--   
554.-    
555..   
556..   
556A--   
557A.-   
557B-.  -
557C..  
832........
833. ------
834. ...... .
838.-    
839A--   -
841 A

.-.-.-. 27

.-....- 28

..--.-. 33

.--.-.- 24
----- 31
   .... 24
-....- 29
-.-.-- 29
     31
-.-.-.- 39
----- 37
........ 31
...-.-- 38
..-..-.- 30
........ 29
------- 35
... .... 34
-.-..-. 30
------- 29

....-.- 31

33 
35 
35 
35 
31 
40 
36 
38 
33 
23 
27 
28 
31 
31 
34 
27 
33 
35 
34

33

36 
33 
28 
39 
32 
31 
33 
27 
33 
33 
28 
36 
27 
35 
32 
35 
30 
32 
33

32

4 .   ....        
4              .
4              .
2 .......--..-.....-..
6 ......         
5 .... ....         
2  ..   .      
6 ......------.-.-.--.
3 ......          
5 ....           
8              
5 ..   .          .
4 ....................
4 ......--.--..-.....-
5              .
3        ..     ..
3 Tr. 
3              .
4 -   .     -   _-

4 ....................

2.61 
2.60 
2.62 
2.61 
2.62 
2.62 
2.58 
2.63

2.62 
2.62 
2.63 
2.64 
2.62 
2.63 
2.62 
2.64 
2.61 
2.62

2.62

Granodiorite of Gloria-Bickmore Road

DR-563A.......
563B-......

565A--.  

566A--_   _
566B..  
567..   .
570.-    
571-    
572A__   .
572B...--.
573A---  
573B--.--.
574A.-.-  
577.-     
579-     
580A-.-. 
581A-.  
582..     
584. . .......
843-1--   ..
844.-.    
845.---.   .
846.   .  
847-D..-.,.
848 ..   -
849.........
CKl

G-1A... . -.-...

DR-1038A   ...
1044........

1046A   ...
1047    
1049--.. 
1050A.   ...
1056 .  

    . 49
...    52
.... ... 51

   -. 51
-.....- 47
.-..-.- 40
-..-- 53
------ 41
....... 54
     52

55
....  39
------ 44
--...- 42
....... 45
....... 40
...... . 40
-...-.. 49
--   .- 51 ..
-.-...- 42
------ 48
.... ... 47
..-.--. 59
-...-. 44
-.-...- 54
     39 ..
... .... 47
-..-.- 44

4n
..--- 36
     48

4&
AS

----- 38
     46
....... 51
--..-- 49
-....-. 54
     53

....... 47

15 
13 

6

5 
12 
11 
10 
20 
2 

14 
7 

24 
19 
15 
20 
19 
21 
16

18 
8 
9 

<1 
3 

<1

9 
18 
21 
29 
16 
16 
22 
24 
17 

9 
10 
3 
2

13

24 
23 
29

22 
27 
24 
19 
25 
19 
23 ..
18 
30 ..
32 
31 
26 
30 
27 
18 
16 
34 
19 
25 
24 
41 
32 
40 
28 
24 
33 
30 
23 
31 
32 
33 
31 
32 
19 
19 
16

26

12 <1 (E)<1 
11 ....... (S)l

9 1 (8)1, 
(Me)l,

21 1        
14 _.          
15 8 (E)2 
11 6 (E)l 
13 1 ............
12 10 (E)3 

...       . (Ch)ll
13 7 ....     

-.    ....-- (Ch)7
5              
9 2 (S)l 
9 <1 ... ...... ...

12 ....................
17 _            -
20 13 .-...- ..-

5 ..   .-- (Mu)l
12 12 (8)1 
14 5 ...-     -
13 1 (8)1, (E)2 

12 ............
14   -.-.-

21     .....       .
16 ....      .

11 2 (S,Me)l

5 ..      .    
11 1 (S,Me)l 

5             
6              
5               -
6             

8        
22 .   .-.-  

16 3 (8)1, (E)4 
29        ..

11 21

2.69 
2.68 
2.72

2.72 
2.67 
2.71 
2.72 
2.61 
2.76 
2.65 
2.72 
2.65 
2.65 
2.71 
2.68 
2.64 
2.63 
2.72 
2.77 
2.64 
2.72 
2.70 
2.71 
2.68 
2.69 
2.71 
2.71 
2.70 
2.67 
2.64 
2.71 
2.66 
2.64 
2.63 
2.64 
2.67 
2.69 
2.78 
2.73

2.69
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OTHER OTHER

EXPLANATION
o O 

Single sample Average

Granodiorite of the 
Gloria-Bickmore Road

A

Quartz diorite of Vergeles

//*
^20 

#3,

Granodiorite of Grass and 
Thompson Creeks

PLAGIO- 10 
CLASE 90

35
65

65
35

K-FELDSPAR K-FELDSPAR

B. QUARTZ MONZONITE OF FREMONT PEAK
QUARTZ

PLAGIO- 10 35 65 
CLASE 90 65 35

C. GRANODIORITE OF THE GLORIA-BICKMORE ROAD 
AND RELATED(?) ROCKS

EXPLANATION

Quartz monzonite of the 
Gloria-Bickmore Road

Quartz monzonite of the 
Metz railroad tunnel

OTHER

PLAGIO- 10 
CLASE 90

35 65
65 35

A. COMPOSITE

K-FELDSPAR

OTHER

HORNBLENDE BIOTITE

/ / / \ \u
PLAGIO- 10 
CLASE 90

35 65 
65 35 
D. MISCELLANEOUS

K-FELDSPAR PLAGIO- 10 
CLASE 90

35 65
65 35

E. VARIATION IN DR-573 ROADCUT

K-FELDSPAR

FIGUBE 9. Modal plots of granitic rocfcs of the Gabilan Range.
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TABLK 6.   Modes of granitic rocks of the Gabilan Range  Continued

No. Plagio- K-feld- Quartz Biotlte Horn- 
clase spar blende

Other Specific 
gravity

Variation in granodiorite of Gloria-Bickmore Road in DR-573 readout

DR-673-1  ..   -.-.
2............
3.. .........
4...........
6...........
1. .... ......
8_. .-...-.. ..

Average..-----

39
42
48
40
46
40
41

42

27
26
14
19
17
20
21

21

27
26
23
34
22
36
30

28

7 ...
6 ...
8
6 ...
8
4 ...
7 ...

7

6 (8)1
...... (Me)l

6 (8)1

...... (Me, 8)1

2 ............

2.63
2.66
2.74
2.67
2.72
2.66
2.66

2.68

Quartz diorite of Vergeles

540...........
541A-. .......
541B. ........
548. ..........

..... 53

..... 56

..... 49

..... 57 ..

..... 54 ..

..... 54

1
7

15

5

20
27
21
29
21

24

15
10 ..
6
12
14

11

11

9
1
9

6

(8, Ap) 1..
(8)1, (E)l_

2.75
2.67
2.74
2.72
2.73

2.72

Granodiorite of Grass and Thompson Creeks

DR-552-.... ........
888A. ...........
558B-. ..........
559.---.-----...

50
52
48
54

51

9
10
12
6

9+

21
23
26
26

24

17
15

12
14 --_,.

14

2 (8)1.......

1 (S f Me)l._

1 1±

2.68
2.67
2.67
2.63

2.66

Quartz monzoniteof the Gloria-Bickmore Road

DR-561B. ...........
562A. ............
852 A (float)-.-..
852B (float)..   ..

40
38
39
37

1Q

24
26
26
22

24

32
33
28
0,1

^9

4 .....
3 .....
5 .....
6

4 .....

... (Mu)2

... (Mu)l

1

2.63
2.63
o ftO

2.62

2.62

Quartz monzonite of the Metz railroad tunnel

DR-575A.........
575B. ....... .
576.-...--....

..... 46

..... 48

..... 37

..... 44

25
23
30

26

21
25
29

25

8 ...--..-....
4 ........ (
4 .._._... (

5 ............

..-_.-. 2.64
Mu) <1 2. 64
Mu) <1 2. 62

_-.-.___ 2.63

Biotite as irregular, ragged crystals is the only dark 
mineral found, except for one occurrence of pale-green 
hornblende in a gneissic rock on Thompson Creek. The 
pleochroism of the biotite is X=grayish orange and 
Z=various shades of dark yellowish brown and gray­ 
ish brown, and some olive shades.

Zircon is the most widespread accessory mineral, and 
apatite is also found in nearly all specimens. Sphene 
and metallic opaque minerals are definitely not com­ 
mon. In several thin sections neither mineral was seen, 
and where they do occur they tend to be rare.

Alteration is slight in this mass. Minor amounts of 
sericite in plagioclase, local alteration of biotite to 
chlorite, and some iron oxide staining mark these gen­ 
erally chemically fresh rocks. Even some of the im­ 
pressively weathered rocks make notably "clean" thin 
sections.

DISTINGUISHING FEATURES

The general physical appearance of these rocks is 
rather nondescript. Coarse-grained felsic quartz monzo­

nite that weathers to shades of yellow and orange has 
little to distinguish it. The nearest similar-looking 
granitic rock is the alaskite of Smith Grade in the Ben 
Lomond area, but that mass has accessory pink garnet, 
which has not been seen in the Gabilan mass. The rarity 
of metallic opaque minerals and sphene and the pres­ 
ence of scattered rounded quartz grains, giving an 
aplitic texture overprint to some specimens, are the 
only features that seem even possibly distinctive in this 
mass.

GRANODIORITE OF THE GLORIA-BICKMORE ROAD 

SETTING AND GENERAL DESCRIPTION

More than 200 square miles of the central 'and south­ 
ern part of the Gabilan Range may be underlain by the 
granodiorite of the Gloria-Bickmore Road. Exposures 
are locally fresh, but in much of the area rocks are 
poorly exposed. Fresh rocks are white to gray and 
mottled with an average of about 15 percent of dark 
biotite and hornblende. Most of these rocks are equi- 
granular, but in part they are seriate and contain 
salmon to pinkish K-f eldspar crystals as large as 25 mm. 
In some rocks coarse hornblende crystals as large as 
15 mm are evident.

The modal plot (fig. 9C) shows a spread from quartz 
monzonite to quartz diorite but along a fairly well de­ 
fined linear trend. Though this modal spread may look 
excessive for a single intrusive unit, it may reflect a real 
variation in one unit, not necessarily the presence of 
multiple intrusions. The best example of this variation 
is in the excellent roadcut outcrops from which speci­ 
men DR-573 was obtained. The rocks there exhibit a 
marked range in grain size, dark mineral proportions, 
and feldspar ratio. This range is illustrated in figure 9E 
and table 6 (specimens 573-1 to 573-8). The most obvi­ 
ous variation in the outcrop is in the dark minerals, 
which range from exclusively peppery biotite to nearly 
equal amounts of biotite 'and euhedral hornblende 
within short distances. This outcrop also has schlieren- 
like concentrations of hornblende.

Further detailed fieldwork in 1971 has indeed shown 
that there are at least two separate intrusive forma­ 
tions in what is called the granodiorite of the Gloria- 
Bickmore Road in this report. The "variation" at 
locality 573 is largely explained by the presence of 
these two distinctive units.

Where the rock is foliate, the foliation is shown by 
mineral alinement or the elongation of inclusions and 
schlieren. Ellipsoidal dioritic inclusions range from 
abundant to rare; in general the darker more calcic 
rocks have more inclusions and schlieren. The rather 
wide variation in amount of inclusion material seems
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to 'be a characteristic associated with the rather wide 
range in mineral percentages in this mass.

Near the mouths of Bryant and Stonewall Canyons 
on the west side of the range, the granitic rocks are 
strongly foliated, contain abundant schlieren and in­ 
clusions, are in part migmatitic, and are associated with 
schist, calc-hornfels, and quartzite. Up both canyons 
the rocks assume the appearance of other rocks of the 
granodiorite of the Gloria-Bickmore Koad, and I have 
concluded that the foliated quartz diorite (represented 
by samples DR-844, 845, 846, 847-D) is a local con­ 
taminated area, not a separate intrusive. The contami­ 
nated area may well reflect nearness to the border of 
the mass and nearness to metamorphosed wallrocks. On 
the other hand, these foliated rocks could be nearly 
homogenized remnants of a gneissic terrane.

It is interesting to note the striking resemblance of 
much of the rock in Bryant Canyon to the rocks of the 
La Panza Range, where local contamination also ap­ 
pears to be related to large inclusions that are in part 
schistose. In Stonewall Canyon are rocks that greatly 
resemble the outcrops of ghost gneiss in the Red Hills; 
that is, they look more like homogenized gneissic rocks. 
The Stonewall-Bryant Canyons area thus has sugges­ 
tions of both contaminated granitic rocks and homoge­ 
nized gneissic rocks. In essence, both processes can 
produce similar-looking rocks. The vast areas of homo­ 
geneous granitic rock in the Gabilan Range, however, 
seem to strongly suggest that the Stonewall-Bryant area 
is a local contaminated granitic area, not that it is 
the last unhomogenized remnant of a vast granitized 
terrane.

MICROSCOPIC DESCRIPTION

Most specimens are xenomorphic-granular, but some 
are seriate with poikilitic K-feldpar crystals as large 
as 15 mm.

Plagioclase ranges from well-formed, cleanly zoned, 
and twinned fresh crystals to strongly saussuritized 
crystals, generally in the andesine range, most com­ 
monly sodic andesine. K-f eldspar has its usual irregular, 
engulfing habit. Crystals range from small interstitial 
masses to poikilitic phenocrysts that are 10-15 mm long, 
and they engulf grains of all other minerals. Irregular 
quartz masses range from very small to 5 mm; most are 
at least somewhat mosaicked, and some are intricately 
sutured. Some of the foliated rocks (DR-845, 847-D) 
contain more quartz than "normal" granitic rocks.

Biotite in irregular ragged shreds tends to cluster 
with hornblende and accessory minerals. The biotite 
pleochroism is X = grayish orange to grayish yellow 
and Z = a considerable range of shades of olive and 
brown, most commonly moderate olive brown, dark 
yellowish brown, moderate brown, and grayish brown.

Hornblende also occurs as irregular crystals, but in some 
rocks where it is abundant it occurs as rather euhedral 
large crystals. It is pleochroic as follows: X = moderate 
greenish, Y = light olive, and Z = grayish green to 
moderate, yellowish green. Both biotite and hornblende 
range from extremely fresh to highly altered masses of 
chlorite and epidote. Generally biotite is the most al­ 
tered of the two.

These rocks are characterized by an abundance of 
metallic opaque minerals, sphene, and epidote. Zircon 
and apatite are found in nearly all specimens. In some 
specimens, the abundance of discrete epidote crystals 
that do not seem to be alterations of dark minerals 
suggests that at least part of the epidote is primary. 
Also, some allanite crystals are rimmed with what ap­ 
pears to be primary epidote. Generally, abundant sphene 
and abundant metallic opaque minerals go together. 
In these rocks, euhedral sphene crystals include abun­ 
dant metallic opaque crystals in somewhat Arabic- 
character shapes. One notable exception, however, is 
specimen 584, which contains about 1 percent euhedral 
sphene, yet only the merest trace of metallic opaque 
minerals. Because this rock has 24 percent dark miner­ 
als, one would expect it to have abundant metallic 
opaque minerals. Some specimens of this unit have very 
small amounts of both sphene and metallic opaque 
minerals.

DISTINGUISHING FEATURES

In hand specimen this rock is not particularly dis­ 
tinctive, yet in outcrop the rather rapid textural-struc- 
tural and mineralogical changes over short distances do 
seem noteworthy. The abundance of possibly primary 
epidote is probably the most distinctive feature of this 
unit. Also the local abundance of euhedral sphene with 
abundant Arabic-character inclusions of metallic 
opaque minerals is distinctive.

MISCELLANEOUS ROCKS OF THE GABILAN RANGE 

QUARTZ DIORITE OF VERGELES

At the north end of the Gabilan Range, just south of 
the Vergeles fault, are outcrops of a quartz diorite that 
most closely resembles the granodiorite of the Gloria- 
Bickmore Road. These rocks are tentatively considered 
to be a separate intrusive, though there is good reason 
to believe that they are a Gloria-Bickmore correlative 
whose original continuity has been interrupted by the 
quartz monzonite of Fremont Peak. Intrusive into the 
Vergeles rocks are aplite and fine-grained biotite quartz 
monzonite. Fine-grained irregular-textured rocks, in 
part foliated, and possibly hybrid, are also associated 
with the Vergeles rocks.
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The texture of these rocks is xenomorphic- to hypau- 
tomorphic-granular. In part, alined dark minerals and 
inclusions define a foliation, and one rock, specimen 
548, has an anastomosing fabric shown by sliverlike, 
highly strained quartz and bent biotite. The plagioclase 
seems to be mostly sodic andesine that is only slightly 
altered. K-feldspar is entirely lacking in some speci­ 
mens and makes up several percent of other specimens. 
Pronounced, small-scale local variation, as in the quarry 
of specimen 541, is similar to that in the Gloria-Bick- 
more rocks. Biotite, the dominant dark mineral, is pleo- 
chroic as follows: X=grayish orange to pale yellow and 
Z=various shades of olive, yellowish, and moderate 
brown. Some of the biotite has a reddish color. Horn­ 
blende is absent in some rocks and abundant in others, 
again similar to the Gloria-Bickmore rocks. It is pleo- 
chroic as follows: X=moderate greenish yellow, Y 
= light olive, and Z=grayish green to light olive.

Apatite and zircon are found in nearly all specimens. 
Sphene is common in some, but virtually absent in 
others. Metallic opaque minerals are generally rare, and 
allanite is also rare. Epidote is present in all specimens, 
mostly as an alteration product, but some of it may be 
primary in specimen 548.

Too few specimens are available from which to draw 
conclusions about distinguishing features of this rock. 
The rock does, however, seem to be rather variable in 
texture and in dark-mineral ratio; this coincides with 
other features that suggest it is related to, or is part of, 
the Gloria-Bickmore mass. The abundance of biotite 
and the composition of the plagioclase rule out correla­ 
tion with the Logan quarry rocks (pi. 2), which in part 
it resembles in the field.

GRANODIORITE OF GRASS AND THOMPSON CREEKS

Granodiorite has been examined in two small areas on 
Grass and Thompson Creeks. Its relation to the sur­ 
rounding quartz monzonite of Fremont Peak is not 
known, because of the lack of exposed contacts. The 
rocks are probably not variants of the Fremont Peak 
rocks, but they could be part of the Gloria-Bickmore 
mass. They are medium to fine grained, medium gray, 
generally equigranular, and have scattered poikilitic K- 
feldspar crystals as much as 10 mm long. Petrographi- 
cally they are much like the Gloria-Bickmore rocks. 
Plagioclase, mostly andesine, is most abundant, and 
K-feldspar engulfs other minerals. Quartz displays un- 
dulatory extinction and is mosaicked and sutured. Bio­ 
tite is pleochroic from X=grayish orange to Z=dark 
yellowish brown to moderate reddish brown. Horn­ 
blende is much less common and is pleochroic in light 
shades of green. Sphene is abundant; metallic opaque

minerals are abundant to rare; and allanite, apatite, 
and zircon are present. Epidote is abundant in one 
specimen.

QUARTZ MONZONITE OF THE GLORIA-BICKMORE ROAD

Near the east end of the Gloria-Bickmore Road are 
outcrops of quartz monzonite that contain salmon-col­ 
ored K-feldspar and grade to a pegmatitic texture. 
These rocks are in part porphyritic, with K-feldspar 
phenocrysts as much as 25 mm long. Contacts were not 
observed, but presumably these rocks intrude the grano- 
diorite of the Gloria-Bickmore Road. Granitic float in 
the wash near the east entrance to the Pinnacles Na­ 
tional Monument resembles these rocks; thus, there is 
more of this rock east of the Pinnacles volcanic rocks.

These rocks are composed chiefly of albite to oligo- 
clase plagioclase, poikilitic, engulfing K-feldspar, and 
strongly sutured and mosaicked quartz. Myrmekite is 
also common. Biotite is pleochroic from X=grayish 
orange to Z=moderate yellow brown to opaque. Musco­ 
vite, minor metalic opaque minerals, zircon, and apatite 
are present, but sphene seems to be lacking.

QUARTZ MONZONITE OF THE METZ RAILROAD TUNNEL

Quartz monzonite that is exposed near the Metz rail­ 
road tunnel is characterized by a somewhat aplitic tex­ 
ture, with quartz "droplets" scattered throughout the 
specimens to give stained surfaces a rather fuzzy look. 
Though these rocks are somewhat different in appear­ 
ance from the quartz monzonite of the Gloria-Bickmore 
Road, they seem to have a similar setting: both seem to 
be late felsic plugs into the granodiorite of the Gloria- 
Bickmore Road.

These rocks have little to distinguish them, beyond 
the "subaplitic" texture and the presence of muscovite. 
They contain metallic opaque minerals, but virtually no 
sphene.

GRANITIC ROCKS IN ISOLATED FAULT SLIVERS 
BETWEEN THE GABILAN RANGE AND GOLD HILL

GRANITIC ROCKS OF STOCKDALE MOUNTAIN

SETTING AND GENERAL DESCRIPTION

Small outcrops of granitic rock protrude through 
Miocene volcanic and nonmarine sedimentary rocks 
about 1 mile west of the main trace of the San Andreas 
fault, near the north end of Cholame Valley. These 
granitic rocks, separated from the La Panza Range by 
a vast sea of Plio-Pleistocene nonmarine deposits, are 
nevertheless somewhat similar to the granitic rocks of 
La Panza Range.

Medium-light-gray medium-grained rocks of peppery
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texture that are only weakly seriate make up these ex­ 
posures. In part the K-feldspar is pinkish to salmon 
colored, but generally these rocks, where fresh, are 
shades of gray.

The San Luis Obispo geologic map sheet (Jennings, 
1959) shows a belt of granitic outcrop that is separated 
into three parts by alluvium. Specimen 142 was col­ 
lected from the north end, and specimens 143 and 145 
were collected from the south end of the northernmost 
segment. The middle and south segments were not 
examined.

The modal data (table 7; fig. 10) show a considerable 
spread, but the compositional spread and the average 
are not too different from those of the La Panza granitic 
rocks.

In the area of specimens 143 and 145, there is a promi­ 
nent knob, several hundred feet across, of coarse-grained 
calcite marble. The marble is considerably brecciated, 
but irregular bedding is visible at the south end of the 
outcrop. Metamorphic minerals are present; the most 
common are grossularite garnet, with an index of re­ 
fraction of about 1.760, and colorless to pale-yellow 
mica, probably phlogopite, that is biaxial negative 
with a very low 2V and a beta index of about 1.585.

MICROSCOPIC DESCRIPTION

The northernmost sample (specimen 142) is some­ 
what coarser than the other granitic rocks of this area. 
It is hypautomorphic-granular and contains quartz that 
does not seem to be as sutured and mosaicked as quartz in

OTHER

EXPLANATION

o

Stockdale Mountain

A
Taylor and Varian 

Ranches

/ / / \ \
10
90

PLAGIOCLASE

35
65

65
35

K-FELD!

FIGUEE 10. Modal plot of granitic rocks of Stockdale Moun­ 
tain, and Taylor and Varian Ranch fault slivers.

TABLE 7. Modes of granitic rocks of Stockdale Mountain and 
fault slivers of Taylor and Varian Ranches

[S=sphene, n.d.=not determined, Tr.=trace]

No. Plagi- K- Quartz Bio- Horn- Other Specific 
oclase feldspar tite blende gravity

Stockdale Mountain

DR-142A  ..........
143A  . ..   .
143B_... .........
USB.............
145C.       .
145D--.-   .-

....... 48

....... 38

....... 49

....... 48

....... 46

....... 37

17
17
7

13
21
35

26
35
28
24
22
20

10 ..
8 ..
15 ..
11
9
7 ..

2
Tr.

(S)2

(S)2
2
(S)l

2.68
n.d.
n.d.
2.71
n.d.
n.d.

Average..___..... 44.5 18.5 26 10 Tr. 1

Taylor and Varian Ranches

DR-1065-1.. ....... ..
1066----      
1067A  ... ......
1067B.   ._ .....
1068........  
1070....... ......

.... ... 57
...... 64 ..
...... 60
....  60
...... 36
...... 62 ..

5

3
4
25

18
13
22
22
30
18

17
15
13
10
9 ...
13

3 ......
8 ......
2 ......
4 ......

7 ......

2.75
2.78
2.71
2.74
2.67
2.74

specimens of granitic rocks from the La Panza Range. 
Plagioclase is about An30 . The K-feldspar, in part, has 
grid twinning, but some is very patchy. Biotite is rela­ 
tively abundant. It occurs as 2- to 4-mm-sized grains 
and thus is different from the shredlike peppery biotite 
in other Stockdale Mountain specimens. Pleochroism 
ranges from X=grayish yellow to Z=ligfht olive to 
moderate olive brown. In the accessory minerals the 
only noteworthy feature is possible primary epidote in 
discrete crystals, not obviously connected with any 
alteration.

The specimens from the south end of the northernmost 
band of outcrop (specimens 143, and 145) more closely 
resemble tlhe La Panza granitic rocks. They are medium, 
light gray, peppered with dark minerals, and are in part 
weakly seriate. Thin sections show a good granitic tex­ 
ture with sutured, mosaicked, and somewhat granulated 
quartz. Plagioclase is unaltered, well twinned, and 
zoned generally in the sodic andesine range. K-feldspar 
is in part grid twinned and engulfs other constituents. 
Myrmekite is present at some contacts between plagio- 
clase 'and K-feldspar. Biotite occurs as small irregular 
flecks and is only slightly ohloritized. It is pleochroic 
from X=grayish yellow to Z=light olive to moderate 
yellowish brown. This is somewhat more olive and less 
brown than biotite from the La Panza Range. Green 
hornblende is present in only one specimen and is pleo­ 
chroic as follows: X=moderate greenish yellow, 
Y=dark yellowish green, and Z=grayish green. The 
usual accessories, apatite, allanite, zircon, sphene, and 
metallic opaque minerals, are present. Discrete crystals 
of epidote also appear to be primary, which seems plau­ 
sible because these rocks show little alteration. Splhene 
is particularly abundant and is liberally studded with 
inclusions of metallic opaque minerals.
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QUARTZ DIORITE OF TAYLOR AND VARIAN RANCHES 

SETTING AND GENERAL DESCRIPTION

East of the Stockdale Mountain occurrences are two 
areas of granitic rock that are presumably fault slivers 
in the San Andreias fault zone. The southernmost, at 
Taylor Kanch (pi. 2), is poorly exposed and deeply 
weathered. Some marble is associated with the rocks 
there. The northernmost, at Varian Eanch, is fairly 
fresh and well exposed. From the small areas examined 
there is reason to suspect that the major rock type is 
the same in the two areas.

The freshest rocks are distinct in texture, with abun­ 
dant coarse irregular black biotite and hornblende crys­ 
tals as large as 10 mm across in a white matrix of feld­ 
spar and quartz. Primary foliation is shown by aline- 
ment of dark minerals. The outcrops show abundant 
shearing and shattering, although fresh unsheared 
rocks are present as blocks. Some felsic material in­ 
trudes these rocks. The modes show a good grouping in 
figure 10 and table 7, except for specimen 1068, which 
is more gneissic than the other specimens. The general 
appearance of these rocks is quite different from that 
of nearby granitic outcrops in the southern Coast 
Ranges. In physical appearance these rocks are most 
like some of the quartz diorite with coarse biotite books 
and hornblende crystals that crops out in the central 
Coast Ranges at Ben Lomond and Tomales Point.

MICROSCOPIC DESCRIPTION

These rocks have a granitic texture, but most exhibit 
considerable strain as shown by strongly sutured, mo­ 
saicked, and slivered quartz, as well as by bent biotite 
and plagioclase crystals. Plagioclase is well twinned and 
zoned in the andesine range. In some specimens the pla­ 
gioclase is completely altered. K-feldspar is generally 
minor. Most occurs as late veinlets or as small irregular 
interstitial grains. Even in specimen 1068 the highest 
concentration of K-feldspar is in a band that may be 
intrusive or may have been sweated out at a later time.

Biotite where fresh is pleochroic from X=grayish 
orange to Z=moderate brown. Hornblende is somewhat 
less abundant and is pleochroic from X=moderate 
greenish yellow to grayish yellow green, to Y=light 
olive, to Z=dark yellowish green. Both biotite and 
hornblende are irregular and poikilitic at thin-section 
scale, but in hand specimen some of the hornblende looks 
euthedral.

Sphene is the most common accessory, but zircon, 
apatite, and allanite are also present. Metallic opaque 
minerals appear to be rare and to be restricted to small 
sprinklings in hornblende, a habit they have in common 
with the central Coast Ranges outcrops.

DISTINGUISHING FEATURES

The coarse, abundant biotite and hornblende crystals 
distinguish this rock from any nearby basement oc­ 
currence. The general sparsity of K-feldspar and its 
presence as interstitial grains as well as late veinlets 
are also noteworthy. The rarity of opaque minerals and 
their restriction to the hornblende crystals may also be 
significant. All these features suggest the similarity of 
the Taylor and Varian Ranches occurrences to the cen­ 
tral Coast Ranges granitic outcrops.

GNEISSIC ROCKS OF RED HILLS

SETTING AND GENERAL DESCRIPTION

Gneissic basement rocks protrude through the Terti­ 
ary cover in a number of places in the Red Hills over 
an area about 1 mile wide and 3 miles long. About 1 
square mile of basement outcrop is present in these 
hills, which are named for the distinctly colored Terti­ 
ary clastic rocks that are exposed there. The Red Hills 
basement outcrops are about 5 miles west of the San 
Andreas fault, and they are immediately east of, and 
in part butt into, a prominent fault zone named in its 
different parts the Red Hills fault, San Juan fault, 
and Chimeneas fault.

Generally, exposures are poor and the basement rocks 
are weathered, but fairly fresh exposures are present 
in stream valleys and locally on hillsides. A variety 
of rock types is exposed, but most common is a medium- 
grained medium-dark-gray gneissic rock with a quartz 
diorite composition. Augen gneiss, biotite-rich gneiss, 
and amphibolite are less common, and there is one layer 
of coarse-grained graphite-flecked marble. Coarse­ 
grained granitic pegmatite with abundant salmon- 
colored K-feldspar occurs as dikes and sills as well 
as in irregular patches that grade into the gneissic 
rock.

A rather consistent foliation, which generally strikes 
northwest and dips moderately to steeply southwest, 
marks these outcrops. Where exposures are good, areas 
of homogeneous granitic-looking rock grade into gneis­ 
sic rocks, and patchy gneissic rocks are included in 
homogeneous granitic-looking rocks. The gneissic bands, 
where best developed, are from half an inch to several 
inches thick. On close observation even surficially 
homogeneous granitic-looking rocks are in part gneissic. 
Specimen 100 shows this by the distribution of K- 
feldspar-rich layers alternating with K-feldspar-poor 
layers on stained specimens that look homogeneous or 
only vaguely foliated in hand specimen.

In part the gneissic layering is sharp and well 
defined. However, the layers are generally less sharp 
than, for example, the gneiss at Barrett Ridge, farther 
south. Gradational variation from well-defined gneissic
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layering to homogeneous granitic-looking rocks is char­ 
acterized by intermediate stages that I refer to in the 
field as ghost gneiss. Subtle patchy gneissic areas in 
granitic rocks suggest that a homogenization process 
has converted gneissic rocks to a granitic-textured rock. 
The grossly layered sequence of quartz diorite gneiss, 
amphibolite, biotite-rich gneiss, marble, and augen 
gneiss suggests that this is a highly metamorphosed pile 
of sedimentary rocks (plus possibly volcanic rocks).

Modes of several of the gneisses are listed in table 8 
and are plotted in figure 11. Though there is variation, 
the general grouping of points suggests that most of the 
gneiss has a quartz diorite composition with rather 
abundant quartz. Only one gneiss specimen departs 
markedly from this grouping. Specimen 100, selected in 
the field as an example of the homogeneous, granitic- 
looking rocks of the Red Hills, has remarkably well 
defined gneissic bands an inch or more wide. Layers 
alternately rich in and nearly devoid of K-feldspar 
have a mineral content as given in table 8. The alter­ 
nation is chiefly in the plagioclase and K-feldspar, as 
the variation of quartz and mafic minerals is not sig­ 
nificant. This layering is hard to account for. It was 
probably "inherited," but both the segregation and the 
abundance of K-feldspar are uncommon in the Red 
Hills.

MICROSCOPIC DESCRIPTION

The basement rocks of the Red Hills can be grossly 
divided into three categories: (1) granitic-looking 
rocks that are generally gneissic, (2) augen gneiss, and 
(3) amphibolite, pegmatite, and other miscellaneous 
types.

OTHER

HORNBLENDE 3:1 1:1 .1:3 BIOTITE 
HORNBLENDE : BIOTITE RATIO

Variation in gneissic 
bands in specimen 100

10 
90 

PLAGIOCLASE K-FELDSPAR 

FIQUBE 11. Modal plot of gneissic rocks of Red Hills.

TABLE 8. Modes of gneissic rocks of Red Hills 

[Ac=accessory minerals, S=sphene, Al=allanite, Tr=trace]

No.
K-

Plagio- feld- Quartz Bio- Horn- 
clase spar tite blende

Other ciflc 
grav­ 
ity

C-IE..
C-1EL. 

DR-94... 
DR-lOOi.

DR-109... 
DR-114.. 
DR-115.. 
DR-116A.

61 
£6 
37
62 
55 
67 
52 
£3

10
Tr.
Tr.

26
1
4
3
3

8   -.. .
16 (Ac)l
3 - ....-.
4 ..........
9 (S, Al)l 
6 ..........

2.68
2.75
2.73
2.70
2.70
2.76
2.70
2.67
2.70

Average.-....-..-.- 66 

DR-66-92B (amphibolite) 46

22 2.71

1 12 37 (Ac)4

1 Variation in gneissic layers.

GNEISSIC GRANITIC ROCKS OR GRANITIC GNEISS

The most common, and characterizing, rocks of the 
Red Hills basement are gneissic rocks of granitic com­ 
position and, in part, appearance. These rocks although 
generally somewhat gneissic in outcrop, are rarely 
obviously gneissic in thin section. In part an aline- 
ment of dark minerals outlines a foliation, but generally 
the texture is xenomorphic- to hypautomorphic- 
granular so that from thin section texture alone these 
rocks are granitic.

Plagioclase, the most abundant mineral, is generally 
relatively unaltered, well twinned, and zoned in the 
andesine range. The andesine is generally only weakly 
dusted with alteration products or has minor saussuri- 
tization, though locally alteration is intense.

K-feldspar is much subordinate to plagioclase and 
occurs mostly as irregular interstitial grains, but some 
crystals are as large as the plagioclase crystals. The K- 
feldspar in these rocks does not have microcline grid 
twinning.

Irregular interstitial masses of quartz are generally 
rather abundant in these rocks. The quartz is highly 
sutured and mosaicked. Rarely is there much granula­ 
tion or milling down of the quartz masses, but the evi­ 
dence of highly strained rocks is compelling. Stretched- 
out crystals of quartz show deep, intricate suturing and 
interlocking mosaicking of variably oriented crystal 
segments.

Both biotite and hornblende are generally abundant, 
but the ratio between them varies; hornblende is even 
missing in some specimens. Though some dark minerals, 
particularly hornblende, occur as well-formed crystals, 
the dark minerals are, in general, shredlike or irregular. 
In some rocks the dark minerals are strung out to de­ 
fine a foliation. Most of the biotite and hornblende is 
fresh, but partial alteration or complete pseudomorph- 
ing by chlorite and epidote is impressive in some speci­ 
mens. Both minerals are strongly pleochroic. The 
brown biotite has the following pleochroism: X=
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grayish orange to grayish yellow and Z=moderate 
brown to grayish brown. The green hornblende has the 
following pleoc'hroism: X=moderate greenish yel­ 
low, Y=light to grayish olive and dark yellowish 
green, and Z=dark yellowish green and grayish green.

Almost all specimens contain small amounts of zir­ 
con, sphene, apatite, allanite, and metallic opaque 
minerals. Hematite is less common, and in some speci­ 
mens leucoxene is present as an alteration of sphene. 
The amount of metallic opaque minerals seems anoma­ 
lously low for rocks in which dark minerals are so 
abundant.

Probably the most distinctive features of these 
rocks are (1) the vague to prominent gneissic charac­ 
ter of large specimens or outcrops, (2) the intense su­ 
turing and mosaicking of the quartz, and (3) the 
sparsity of metallic opaque minerals.

AUGEN GNEISS

In thin section the augen gneiss has a granoblastic 
texture of sutured, mosaicked, and stretched-out granu­ 
lated quartz masses. Trains of biotite, the only dark 
mineral,; also help define the structure. The largest, most 
distinct eyes are generally K-feldspar, though plagio- 
clase is also present in some less-sheared pockets.

Plagioclase and K-feldspar are present in about equal 
amounts. Plagioclase is in the range from calcic oligo- 
clase to sodic andesine, and it is well twinned, generally 
fresh, and zoned. Biotite is pleochroic from X=grayish 
yellow and grayish orange to Z=grayish brown. It is 
only slightly chloritized; most flakes are fresh.

The same accessory minerals are present as in the 
other Ked Hills rocks, except for sphene. In one speci­ 
men, rounded zircon grains up to 0.1 mm in diameter 
suggest a detrital source.

MISCELLANEOUS ROCK TYPES

Kocks of the third category amphibolite, hornblende 
schist, dioritic hornblende pegmatite, granite pegmatite, 
and marble, as well as some miscellaneous gneiss or 
hornfels rich in dark minerals cover a small total area.

These rocks, with the exception of the granite peg­ 
matite and of course the marble, have the same essen­ 
tial mineralogy as the bulk of the gneiss of Ked Hills. 
Their compositions range from quartz diorite to diorite 
with andesine plagioclase. The dark minerals, in vary­ 
ing proportions, have the same general character and 
pleochroism as those in the gneisses. One exception is a 
schistose rock with pale-green amphibole that may be 
actinolitic.

A distinctive rock in the Ked Hills is the granite peg­ 
matite, in which moderate-orange-pink K-feldspar in 
coarse crystals dominates and makes a sharp. contrast

with the generally somber gray gneiss. These pegmatitic 
rocks were definitely mobile and intrusive in part, but 
they also occur as coarse-grained patches that grade 
into the surrounding rocks, as if they were sweated out 
of the gneiss.

A tongue of coarse-grained calcite marble about 200 
feet wide and 500 feet long is present in the northern­ 
most Red Hills basement outcrop. This rather non­ 
descript rock has minor silty layers; they define 
bedding and are generally alined with the gneiss 
foliation. Graphite flakes speckle the marble, but 
calc-hornfels layers appear to be absent.

SUMMARY OF PETROGRAPHIC CHARACTER OF RED HILLS GNEISS

The typical basement rock of the Red Hills is a faintly 
to strongly gneissic rock of generally quartz diorite 
composition. The pervasive gneissic structure, so evident 
in outcrop, is generally not reflected in thin sections, 
except in a most subtle way. Rather intense strain ef­ 
fects are shown by sutured, mosaicked quartz. Many 
of the more homogeneous granitic-looking specimens 
have a rather hard-to-define granular appearance that 
seems to result 'because generally well-formed plagio- 
clasei crystals float in a matrix of other constituents; 
this floating appearance is accentuated in weathered 
outcrops. Perhaps this rather subtle textural feature is 
distinctive of the Red Hills gneiss.

No particular mineral seems distinctive in the Red 
Hills exposures. Possibly the paucity of metallic opaque 
minerals in rocks with a fairly high percentage of dark 
minerals will serve to differentiate these rocks from 
some other basement rock units.

GRANODIORITE-QUARTZ MONZONITE OF THE 
LA PANZA RANGE

SETTING AND GENERAL DESCRIPTION

Granitic basement rocks are exposed throughout an 
area of some 100 square miles in the La Panza Range 
east of Santa Margarita. The rocks are overlapped by 
Cretaceous and Cenozoic sedimentary units and are 
probably truncated against a branch of the Nacimiento 
fault on the west and against the Red Hills-San Juan- 
Chimeneas fault on the east. About 1 square mile of 
presumably correlative granitic rock is exposed north­ 
west of Paso Robles (specimen A-l), and the granitic 
rocks on San Juan Creek are probably also part of the 
same mass. The La Panza Range is rather heavily 
covered with brush and timber, and exposures are gen­ 
erally poor and rather deeply weathered. Some sur­ 
prisingly good outcrops, however, are present and 
furnish relatively fresh samples. Reconnaissance samp­ 
ling so far suggests that the La Panza Range granitic 
basement is one rather homogeneous intrusive body.

The granitic rocks are generally medium light gray
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to medium gray where fresh, but weathered specimens 
tend to be shades of orange and yellow. A medium- 
grained groundmass is commonly studded with K-feld- 
spar crystals as large as 40 mm across giving a 
prominent seriate texture to many outcrops. In some 
outcrops the coarser K-feldspar crystals are absent and 
the rocks are equigranular; no distribution pattern has 
yet been seen for these large crystals. In general the 
granitic rocks have a peppery texture with a liberal 
sprinkling of small biotite flakes. Inclusions are not 
common, but some are several feet long, biotite rich, and 
in part schistose. Large inclusion masses near La Panza 
are as much as 75 feet across and are composed of about 
the same material. Light-colored aplite, alaskite, and 
simple pegmatite are relatively common; some dikes 
are several feet thick, but most are only a few inches 
thick. In the vicinity of specimens P-6 and SLO-2, in 
the northwestern part of the range, some large masses 
of alaskite and aplite of unknown size intrude the 
granitic rocks. A small mass of coarse-grained calcite 
marble is included in the granitic rocks near P-6. In 
general, however, xenolithic material is scarce.

In the field, foliation was noted at only a few outcrops,

40

where schlieren, or inclusions, or minerals (particularly 
K-feldspar) were alined. However, staining of the 
numerous slabs that were used for modal analysis 
showed that mineral alinement is more common than 
field observations suggested.

Modal data on specimens from this mass are given in 
table 9 and plotted in figure 12. The relatively compact 
modal field indicates a suite of related rocks. The gen­ 
eral trend shows essentially the same quartz content 
throughout the mass, except for some rocks that are 
possibly contaminated.

MICROSCOPIC DESCRIPTION

The granodiorite-quartz monzonite, is generally 
xenomorphic- to hypautomorphic-granular to seriate. 
As already noted, foliation caused by mineral alinement 
is relatively common. Some sheared, granulated zones 
were noted in thin section, but mostly intricately 
sutured, mosiacked, and somewhat granulated quartz 
identifies the effects of some strain in these rocks. Bent, 
kinked, and somewhat crumpled biotite flakes and 
broken plagioclase crystals with minor saussuritization 
along the cracks also point out some cataclastic effects.

OTHER

HORNBLENDE 3:1 1:1 1:3 BIOTITE 
HORNBLENDE : BIOTITE RATIO
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FELDSPAR

80 70 MAFICS 

EXPLANATION

Adelaida mass Contan 

Individual samples

50

O 
All samples Excluding 

contaminated(?) rocl

Averages

PLAGIOCLASE
10
90
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35 K-FELDSPAR

FDHJBE 12. Modal plot of granodiorite and quartz monzonite of the La Panza Range.
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TABLE 9. Modes of granodiorite-quartz monzonite of the La 
Panza Range

[Samples A-1 to DR-1157A from Adelaida mass; samples BR-6-3A to DR-1156 con­ 
taminated (?); n.d. = not determined; Tr.=trace]

Plaglo- K- Horn- Mafic Specifi0 
No. clase feldspar Quartz Biotite blende mm- gravity

erals

SLO-1 .
2 .
3 .
4 . 
5B . 
6 . 
7B . 
8 . 
9A . 
10B 
11B 
12B 
120 
12D

P-l ..... 
2A..... 
2B..___
3 -----
4 --- 
6 ......
7A ... 
7B ...

9 .......
10 ......
11 ......
14 ......

LaP-1  
2......
3......

DR-854-...
856....
857.... 
860A3. 
861....

864..
865..
866..
867.. 
870B.
871...
872...
873...
874...
875...
877...
878...

881.
886.
887.

1149.
1150.
1151.
1152.
1153.
1154.

Average.

A-l......
654109. 

DR-1157A. 
BR-6-3A-. 
BB-6-3B.. 
DR-882-...

1156--....

Average.

42
37
41
46
47
42
47
39
40
34
41
49
39
40
43
49
44
37
44
41
44
43
37

47
34
38
32
47
37
39
38
50
40
42
39
45
45
36
36
30
37
44
40
39
38
36
35
35
36
45
42
49
42
42
43
35
45

42

40
36
48
63
58
50
57
55
52

56

23
25
23
18
17
24
18
22
25
36
23
14
26
26
18
9

18
23
22
23
13
16
28
29
23
16
28
26
34
15
27
27
27
11
25
21
25
14
18
28
30
28
27
23
24
26
27
30
27
27
29
17
20
15.5
17
24
17
34
16

26
31
31
26
27
27
28
31
30
25
28
27
29
30
27
30
31
33
28
28
33
33
29
25
32
30
32
29
28
27
33
32
31
25
29
30
29
34
29
30
30
36
28 .
26 .
29 .
27
31
30
33
35
30
30
31
22 .
30 .
28 .
28 .
27 .
33 .

9
17

5
110
19
17

7
8
7
5
8

110
6
4

112
12

7
7
6
8

10
8

16

17
6
7
6

ill

Tr.

13.5
11

12
4

21

29
25
26
16
15
14
19
24
31

8.5
10
16

20

2.65
2.65
2.65
2.67
2.67
2.65
2.65
2.66
2.63
2.63
2.67
2.68
2.64
2.63
2.70
2.67
2.63
2.63
2.65
2.66
2.66
2.66
2.63
2.65
2.65
2.68
2.65
2.65
2.64
2.68
2.63
2.61
2.63
2.70
2.66
2.65
2.63
2.66
2.64
2.62
2.60
2.63
2.64
2.66
2.65
2.65
2.61
2.65
2.64
2.61
2.64
2.65
2.66
2.68
2.65
2.64
2.64
2.62
2.66

2.64

2.65 
n.d. 
2.69 
n.d. 
n.d. 
2.78 
2.70 
2.72 
2.68

19 2.72

1 Less than 1 percent green hornblende.
2 Mode includes metallic opaque minerals, 1, and sphere, 1.

Plagioclase is well twinned; much of it occurs as 
well-formed crystals which in part have oscillatory zon­ 
ing and are relatively unaltered. The most calcic zones 
are generally sodic andesine. K-feldspar is abundant 
and locally perthitic and does not show grid twinning. 
It has very impressively engulfed all the other con­ 
stituents of the rock. It is commonly myrmekitic against 
the plagioclase. The most common inclusions in the

K-feldspar are nearly euhedral crystals of plagioclase, 
which in part are 'alined along growth lines of the 
K-feldspar. Clearly K-feldspar is the latest mineral to 
crystallize in these rocks, for it looks porphyroblastic 
and appears to have grown at the expense of all the 
earlier formed minerals. Biotite makes up 5-10 percent 
of most rocks. It occurs as small irregular flecks that are 
partly altered to chlorate. The biotite pleochroism is 
generally X=grayish orange and Z=moderate brown, 
moderate olive brown, or dark yellowish brown. Green 
hornblende is also present in trace amounts, as irregular- 
shaped crystals, in some specimens.

The accessory minerals present are sphene, apatite, 
zircon, allanite, possibly primary epidote, and metallic 
opaque minerals. Allanite crystals, deeply pleochroic 
in shades of brown and as large as 0.5 mm, are par­ 
ticularly noticeable. Some of the sphene is intergrown 
with metallic opaque material.

Yellowish-gray alaskite and aplite in this mass look 
much like similar rocks elsewhere. About the only pos­ 
sibly distinctive feature found was a trace of red garnet 
in one specimen.

INCLUSIONS AND RELATED ROCKS

Dark-gray medium- to fine-grained inclusions are 
not common, but are locally present; a few occur in 
swarms. Some isolated inclusions are several feet long; 
one mass as large as 75 feet across was found near La 
Panza. Most inclusions are diorite or quartz diorite and 
contain both biotite and hornblende; however, some 
have only biotite. Some are massive, and others are 
notably schistose. The schistose inclusions appear to be 
related to a metamorphic rock, whereas the massive 
ones have an essentially granitic fabric. The inclusions 
seem to be in general equilibrium with the granitic 
rocks, as far as composition of plagioclase is concerned. 
Also, the biotite and the hornblende of the inclusions 
are similar in general habit, color, and pleochroism to 
the dark minerals of the granodiorite-quartz monzonite. 
The granitic rocks around a large inclusion mass near 
La Panza seem to be contaminated, for they are quartz 
diorite. Two specimens (BR-6-3A, 3B) whose modes 
plot considerably away from the main modal field (fig. 
12) are not exposed in contact with inclusion material, 
but they are close to large masses of biotite schist. Also, 
they look like the darker contaminated rocks near the 
large inclusion near La Panza. South of La Panza, in 
the area of specimens 882, 883, and 884 'as well as in the 
isolated outcrop east of the main mass near La Panza, 
the rocks are also darker and low in K-feldspar. In the 
area between specimens 878 'and 880, mica schist inter­ 
leaved with granitic rocks is exposed in readouts, and 
biotite-rich streaks in the granitic rocks are parallel to
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the schist layering. This apparent contamination of the 
granitic rock with schistose metamorphic material prob­ 
ably also explains the biotite-rich streaks elsewhere in 
the granitic mass that are not obviously associated with 
metamorphic rocks.

That all these presumably contaminated granitic 
rocks, the inclusion masses, and the micaceous schist 
seem to be concentrated near the east end of the La 
Panza granitic outcrop indicates nearness to significant 
amounts of metamorphic rocks that are not now 
exposed.

DISTINGUISHING FEATURES

The strikingly homogeneous granitic rocks of the La 
Panza Range are probably most distinguished by their 
texture. The peppery texture, combined with the seriate 
nature in many areas, produces a distinctive rock. 
K-feldspar seems to entirely lack grid twinning in this 
mass also.

QUARTZ MONZONITE OF SAN JUAN CREEK

SETTING AND GENERAL DESCRIPTION

Five small exposures of basement rocks protrude 
through the Cenozoic rocks along San Juan Creek (sec. 
25, T. 30 S., R. IT E.) about 3i/2 miles southeast of the 
extensive granitic basement exposures in the La Panza 
Range. The total area of the exposures is about half a 
square mile. The San Juan Creek exposures are also only 
about 3 miles northwest of the gneissic rocks of Barrett 
Ridge, but they are on the opposite side of the Chi- 
meneas fault. The smallest, northernmost outcrop is 
marble; the others are granitic rock.

The San Juan Creek granitic rocks are medium-gray 
to medium-light-gray felsic quartz monzonite in which 
sparse biotite is the only dark mineral. Outcrops are 
sparse and generally much weathered. To date, only 
the granitic rock in the largest outcrop has been sam­ 
pled. It varies somewhat from medium fine grained to 
coarse grained. Modes of four specimens that represent 
the textural range of the largest granitic outcrop are 
given in table 10, and the quartz and feldspar values, 
recalculated to 100 percent, are plotted in figure 13. 
These rocks are quartz monzonite and have a rather low 
specific gravity because of low dark-mineral content 
(and also possibly their degree of weathering).

Irregular biotite-rich inclusions in the quartz monzo­ 
nite are locally present and are as large as several feet 
across. These inclusions resemble similar biotite-rich 
inclusions of the La Panza Range granitic rocks. As in 
the La Panza Range, these inclusions are large, irregu­ 
lar, and sparse in normal occurrence.
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FIGUEE 13. Modal plot of quartz monzonite of San Juan Creek.

TABLE 10. Modes of quartz monzonite of San Juan Creek

No. Plagio- 
clase

K-feld- 
spar

Quartz Biotite Specific 
gravity

DR-66-63A.   _
66-64 ...... ..
66-66- -------
66-67-    

.--.- 27

...... 34

...... 28

...... 37

39
33
35
37

32
26
35
21

2
5
2
5

2.61
2.60
2.61
2.62

Average. 32 36 29 2.61

The marble is rather nondescript white to light-gray 
thinly bedded coarsely crystalline calcite. The small ex­ 
posure is almost isolated, but below one part of it a 
small amount of granitic rock and pegmatite appear to 
be in contact with the marble. Presumably, the marble 
is a pendant or an inclusion in the granitic rock.

The San Juan Creek granitic rocks are grossly similar 
in appearance to some La Panza Range granitic rocks. 
The main difference is that the San Juan Creek speci­ 
mens are equigraiiular, whereas many La Panza Range 
granitic specimens are seriate. Modes show that the San 
Juan Creek rocks are more felsic and have a higher 
proportion of K-feldspar than La Panza Range rocks.

The San Juan Creek granitic rocks are probably part 
of the La Panza Range granitic mass, but are now 
isolated from it by Tertiary cover. Interestingly enough, 
;he nearest specimen of the La Panza mass for which 
;here is a mode (LaP-1) is a quartz monzonite similar 
;o the San Juan Creek rock in modal composition and 
general appearance. Though somewhat seriate, LaP-1 
s not as coarsely seriate as La Panza Range specimens 
;o the west. Although the present data are inconclusive,

456-774 O - 72 - 3
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most likely the quartz monzonite of San Juan Creek 
is the easternmost outcrop of the La Panza Range mass, 
and most likely this granitic massif is cut off by the 
Chimeneas fault.

MICROSCOPIC DESCRIPTION

In thin section these rocks have a xenomorphic- 
granular texture; the finer grained variety is almost 
aplitic. Distinctive features are lacking in these rocks. 
The sodic plagioclase is generally only slightly altered, 
and twinning is not distinct.

The K-feldspar, which is in part perthitic and lacks 
grid twinning, is in irregular grains that in part engulf 
other constituents, particularly plagioclase. Myrmekite 
pods are locally common; in one specimen rather un­ 
usual widely scattered quartz "worms" mark the 
myrmekite pods. Small amounts of brown biotite are 
pleochroic as follows: X=grayish orange to grayish 
yellow and Z=moderate yellowish brown to moderate 
brown. Minor amounts of metallic opaque minerals, 
apatite, and zircon are also present. One specimen 
(DR-66-66) has an unusual abundance of zircon, 
broken as well as euhedral.

GNEISS AND ALASKITE OF BARRETT RIDGE

SETTING AND GENERAL DESCRIPTION

About 7 miles southwest of Soda Lake in the Carrizo 
Plain is a 6-mile-long outcrop of gneiss, quartzite, and 
alaskite, associated with fault horses of marble. The 
gneiss is well exposed along Barrett Creek, and the 
other rock types occur on the elongate ridge that is cut 
by the creek. About 4 square miles of basement rock is 
exposed; about 1 square mile at the south end is an 
aplite and alaskite intrusion in the gneiss, and the re­ 
mainder of the outcrop area is dominantly gneiss.

The west side of the elongate exposure is cut off by 
the Chimeneas fault. Cretaceous and Tertiary sedimen­ 
tary rocks butt against the basement along this fault. 
The outcrop pattern indicates that the basement has 
been faulted up against the younger sedimentary rocks 
with considerable dip-slip displacement. A line of 
marble horses strung out for more than 3 miles along 
the Chimeneas fault also suggests strike-slip movement 
along this zone. Presumably the Chimeneas-San Juan- 
Red Hills fault is a significant structural feature that 
superimposes distinctive and different basement rock 
suites against each other. Along the east side of the 
basement, Tertiary rocks lap up on the basement with 
generally gentle dips.

The strongly foliated gneiss generally strikes north­ 
west to west with gentle to intermediate northward dips. 
Minor folds, some rather intricate, were noted, but no

major folds were recognized. Some of the dip reversals 
near the fault may well be drag effects. It seems likely 
that the three large lenses of quartzite were originally 
part of one layer in this sequence. The distribution of 
the marble indicates that it has been smeared out along 
the fault, and it cannot be assumed to be part of this 
same sequence. The alaskite-aplite mass is crosscutting 
and definitely intrudes the gneiss sequence. Dikes and 
sills of aplite, alaskite, or pegmatite are also common 
in the gneiss. In addition, granitic-looking pods grade 
out into the gneiss, as if they were sweated out of the 
gneiss. We cannot at present say how much of the 
granitic material is essentially ultrametamorphosed 
gneiss that has moved only a short distance. The shape 
of the basement outcrop appears to be controlled by the 
Chimeneas fault rather than the strike of the resistant 
gneiss. The riblike ridge exposure which parallels the 
fault is at an angle to the strike of the gneiss.

MICROSCOPIC DESCRIPTION 

GNEISS

These rocks are dominantly quartzo-feldspathic 
gneiss that grades with increase in dark minerals to 
biotite-rich gneiss and less commonly to biotite and 
hornblende schist. A granoblastic fabric typifies these 
rocks, but the minerals clearly display preferred orien­ 
tations, particularly biotite. Most specimens have some 
cataclastic features, and some are augen gneiss with 
anastomosing trains of feldspar, quartz, and biotite 
molded around more resistant feldspar eyes. Deeply 
sutured and intricately mosaicked quartz and rounded 
quartz grains scattered through some feldspar crystals 
indicate cataclasis and rehealing. Locally, the gneiss 
grades into medium-grained strongly oriented schist in 
rocks particularly rich in biotite or hornblende.

Plagioclase, K-feldspar, quartz, and minor biotite 
make up the f elsic gneiss. An increase in biotite and the 
appearance of hornblende mark the darker layers. The 
plagioclase is clean, sharply twinned, zoned, and in the 
oligoclase-andesine range. The K-feldspar shows no 
twinning, but it is somewhat perthitic and locally 
myrmekitic against plagioclase. The ratio of plagioclase 
to K-feldspar varies widely, and some of the darker 
biotite-rich layers are particularly rich in K-feldspar. 
Biotite, generally well oriented in the gneissic banding 
or schistose layering, is mostly pleochroic from X= 
grayish yellow to Z=light to moderate brown and 
yellowish brown. Hornblende is present only locally, 
but is abundant in some hornblende schist. It looks like 
the green hornblende of the granitic rocks of the region 
and is pleochroic in shades of yellowish to grayish green 
and olive.
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The accessory minerals sphene, zircon, apatite, al- 

lanite, and metallic opaque minerals are present in most 
specimens. Some grains are rounded and may be 
detrital.

QUARTZITE (QUARTZ SCHIST)

At the south end of the Barrett Ridge basement ex­ 
posure are three masses of quartzite (more correctly, 
quartz schist) whose relation to each other is unknown. 
The northernmost mass is a layer in the gneiss sequence. 
Most of the quartzite is light to medium gray, in part 
pinkish, and relatively dense. Layering, possibly origi­ 
nal bedding, is shown by scattered spots and trains of 
K-feldspar and sodic plagioclase and minor muscovite. 
This layering parallels a conspicuous shape orientation 
of the strongly sheared quartz grains, which are deeply 
and intricately sutured. Layering is also shown by vari­ 
ation in amount of metallic opaque minerals. Locally 
flakes of moderate-brown biotite and moderate-yellow- 
green dhlorite reflect layering. In one specimen, scat­ 
tered needles and bundles of needles somewhat resemble 
sillimanite; this rock contains traces of muscovite and 
biotite, but no feldspar. Rounded, detrital zircon and 
epidote, and very locally garnet, are also present in the 
quartzite.

ALASKITE AND APLITE

Medium-grained alaskite is the predominant rock 
type of the felsic alaskite-aplite suite. Much less com­ 
mon is sugary aplite, which in part intrudes the alaskite. 
Pods and veins of simple quartz-feldspar pegmatite 
are also present and, in part, associated with vein 
quartz. Most of these rocks are light gray to pinkish 
gray and medium to fine grained and have a granitic 
texture. Locally, they are somewhat seriate, with pink 
K-feldspar crystals as large as 5 mm, but generally they 
are equigranular. The granitic texture is somewhat 
modified by granulation of some quartz and intricate 
mosaicking and suturing of most of the remaining 
quartz. This somewhat cataclastic overprint seems to 
be largely rehealed: there are no shear zones, and broken 
grains are not common. Scattered rounded quartz grains 
are found in some of the feldspar.

Plagioclase is generally sharply twinned and is in 
part zoned. Most seems to be oligoclase. The K-feldspar 
is in part grid twinned, and some is perthitic. The rock 
contains small amounts of grayish-yellow to moderate- 
brown biotite and traces of olive-brown biotite. The 
most common accessories are metallic opaque minerals 
and lesser amounts of zircon, apatite, and allanite.

Modes of five alaskites are given in table 11 and plot­ 
ted in figure 14. Generally, K-feldspar is in excess of 
plagioclase, and quartz is abundant.
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FIGURE 14. Modal plot of alaskite of Barrett Ridge.

TABLE 11. Modes of alaskite of Barrett Ridge 

[n.d.=not determined]

No. Plagio­ 
clase

K-feld­ 
spar

Quartz Biotite Specific 
gravity

BM-1A.... ...........
DR-66-11. .......... -

66-24B... ........
66-38............
66-89B. ..........

37
22
24
30
32

34
43
44
42
38

27
34
29
27
29 .....

2
1
3
2

2.63
2.60
2.61
n.d.
2.61

Average. 29 40 29 2.61

The large body of alaskite definitely intrudes the 
gneiss and quartzite sequence. Elsewhere in the gneiss 
sequence, dikes and sills of alaskitic rock (and other 
felsic types) are also common and are a few inches to a 
few feet thick. In additition to the definitely intrusive 
rocks, some alaskite, aplite, and pegmatite appear to 
have been sweated out of the gneiss. Strongly foliated 
gneiss grades almost imperceptibly into alaskitic rock, 
and ghost gneiss is seen in the alaskite. It is difficult, if 
not impossible, to assess how much of the alaskitic rock 
has been transformed essentially in place and how much 
has been intruded (and how far) from a genetically un­ 
related mass. The field evidence, however, suggests that 
much, if not all, of the alaskite and related rocks may 
have been sweated out of the relatively high grade gran­ 
itic gneiss and that where enough material was mobil­ 
ized, the masses moved relatively short distances.

GABBROIC ROCKS OF LOGAN AND GOLD HILL

Strikingly unusual gabbroic rocks are found along 
the San Andreas fault zone near Logan north of the 
Gabilan Range and at Gold Hill near Cholame (pi. 2).
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These rocks and their possible significance have been 
discussed by Koss (1970); so only a brief synopsis of 
those data will be presented here.

The outcrop at Gold Hill is a sliver in the San An- 
dreas fault zone (Dickinson, 1966, p. 707). The outcrops 
at Logan probably are also part of a sliver in the fault 
zone, as they are significantly different from the base­ 
ment rocks of nearby Salinian block outcrops. One of 
the most significant features of these gabbroic rocks is 
that they are unlike any other plutonic rocks of the 
Salinian block.

Two main rock types are present at Logan and also 
at Gold Hill. The most common one is hornblende quartz 
gabbro, which is composed of calcic plagioclase, dark- 
green hornblende, and from 10 to 20 percent quartz. 
Only minor pyroxene or biotite is present. The other 
rock type is anorthositic gabbro composed of calcic pla­ 
gioclase, rather pale-green lamphibole, and clinopy- 
roxene, which has a coarse-grained bizarre layered ap­ 
pearance that suggests a cumulate origin. Petrographi- 
cally both of these rock types are extremely unusual. 
The physical similarity between the exposures at Logan 
and those at Gold Hill is very remarkable. Modal simi­ 
larity of the quartz gabbros can be seen from figure 15 
and tables 12 and 13. The chemical similarity of the 
quartz gabbros is shown by the analyses given in table 
30.

The presence of both these unusual rock types in the 
San Andreas fault zone and their absence elsewhere in 
the Coast Kanges certainly suggest that they may be

QUARTZ EXPLANATION

n
Single sample Average 

Gold Hill

O 
Single sample Average

Logan

A

Single sample Average 

Eagle Rest Peak

30,

PLAGIOCLASE HORNBLENDE
Note: This triangular diagram is a good representation 

of the modal composition of these rocks because 
no more than 4 percent of other constituents (ore, 
biotite, alteration products) are present

FIGURE 15. Modal plot of hornblende quartz gabbro of Gold 
Hill, Logan, and Eagle Rest Peak areas.

TABLE 12. Modes of hornblende quartz gabbro of Logan

[Ch=chlorite, Me=metallic opaque minerals, E=epidote, Orp=orthopyroxene, 
Clp=clinopyroxene, Mu=muscovite, Tr.=trace, n.d.=not determined]

No.
Plagio- Horn-
clase Quartz Biotite blende Other
(An)

Specific
gravity

SJB-1.............. 37(72) 10

2.............. 52(72) 7
DR-588A........... 46(64) 12

42(70) 19
53(70) 8
41(75) 8

Tr.

48 (Ch)4,
(Me)l 

37 (Me)4 
34 (Me)2, (E)3,

(Ch)2 
37 ..............
35 (Me) 2 
49 (Orp)2,

(Clp)Tr.,

n.d.

n.d. 
2.86

2.85 
2.81 
n.d.

Average..--.- 45_ 
DR-589-1 (aplite).. 56

40
34 (Mu)4, 

(Ch)4, 
(E)2

TABLE 13. Modes of hornblende quartz gabbro of Gold Hill

[Samples DR-1061 to 1065-2 are fragments from Cenozoic (?) deposits near Gold Hill; 
Me=metallic opaque minerals, Alt=alteration minerals, n.d.=not determined, 
Tr. = trace]

No.

DR-121.  ........

128A. .....---
1QO

1QQ A

134
136.....   . 
iqo A

138B ..........
140-1
140-2
1062....-...--
Average    .

Plagio- 
clase C 
(An)

54 (75?)
39 (55)
38(70+)
33
47(65+)
41 (82)
26
33
52 (65)
53
AQ

34
42

iuartz :

12
9

12
14 -..
16
11 ...
12 ...
8 ...

22 ...
18
12

7
13

Biotite

Tr.
Tr.
Tr.

<1

1

Tr.

Horn­ 
blende

33
52
49
53
37
48
59
59
22
28

140 ...
59 ...

44

Other

(Me) 1

(Me) 1

(Me) 3

(Alt) 4

1

Specific 
gravity

n.d.
2.85
n.d.
2.99
2.86
2.92
n.d.
2.99
2.81
2.80
2.91
2.95
2.90

DR-1061.---.- - 58 (70) 13

1064..-.--.-.. 53 (60?) 16
1065-2...-   .. 48 (65) 11

22 (Me) 1,
(Alt) 6

21 (Me) 1, (Alt) 9 
37 (Me) 3

2.79

2.88
2.89

i Abundant alteration products.

correlative. The Gold Hill and Logan outcrops are now 
100 miles apart. This separation of what may have once 
been one gabbroic mass is possibly due to lateral move­ 
ment on the San Andreas fault zone. If both gabbroic 
areas are rootless slivers in the fault zone, their separa­ 
tion is a minimum displacement.

The original site of intrusion of these gabbro slivers 
is not known. No rocks like them are known from the 
Salinian block of the Coast Kanges, although they some­ 
what resemble the quartz gabbro and anorthositic gab­ 
bro which form the westernmost basement outcrops of 
the San Emigdio Mountains, in the Eagle Kest Peak 
area (pi. 2). Possibly the Gold Hill and Logan rocks 
have been sliced off this body in the San Emigdio 
Mountains.

These gabbros may be slivers of ophiolitic oceanic 
crust. Quartz gabbro and coarse-grained gabbros with 
exotic textures are being found in increasing amounts 
in terranes of mafic and ultramafic rocks in the Coast 
Kanges. Bailey, Blake, and Jones (1970) interpreted 
these mafic and ultramafic sequences as oceanic crust. 
This interpretation raises the possibility that the Gold
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Hill and Logan gabbro may have "leaked up" along 
the San Andreas fault zone from underlying oceanic 
basement. Nevertheless, the presence in the San 
Andreas fault zone of the two very distinctive and un­ 
usual rock types at Gold Hill and Logan seems to be 
good evidence that the two may have been parts of one 
body, even if there is an underlying basement of oceanic 
mafic and ultramafic rocks in the region.

BASEMENT ROCKS OF THE SANTA LUCIA RANGE

The basement rocks of the Santa Lucia Range west 
of Salinas Valley have not been examined in this study, 
yet they are a vital part of any discussion of the base­ 
ment rocks of the Coast Ranges. For this reason a short 
summary of the metamorphic and granitic rocks is 
presented here; this summary is based largely on the 
work of Compton (1960, 1966). The area of exposed 
basement rocks in the Santa Lucia Range is estimated 
from the Santa Cruz sheet of the geologic map of 
California (Jennings and Strand, 1959) to be about 
400 square miles of metamorphic rocks and slightly 
more than 200 square miles of granitic rocks. These 
figures are only crudely approximate, but they do con­ 
vey the picture that metamorphic rocks dominate the 
Santa Lucia basement; in most other Coast Ranges base­ 
ment areas, granitic rocks are dominant.

Compton (1966, p. 278-284) stated that the metamor­ 
phic rocks are mainly biotite-feldspar quartzite and 
quartzo-feldspathic gneiss and granofels with many as­ 
sociated layers of calc-hornfels, amphibolite, aluminous 
schist, and calcite and dolomite marble. He further 
stated that the general association suggests metamor­ 
phosed platform-type sediments and that the bulk com­ 
position of impure quartzite and quartzo-feldspathic 
gneiss suggests a granitic source for the bulk of these 
sediments.

The Santa Lucia granitic rocks range in composition 
from peridotite to granite and in form from nebulous 
spots, veins, and dikes to discrete large masses (Comp­ 
ton, 1966, p. 281). There are virtually no published 
modal data on these granitic rocks and only sparse 
chemical data. In addition, most published descriptions 
of these rocks (Fiedler, 1944; Trask, 1926; Compton, 
1960, 1966) give little information about proportions 
of the various rock types. A more recent report by Wiebe 
(1970), however, does describe and show a map of the 
distribution of the granitic and gabbroic rocks of a 100- 
square-mile area in the northern part of the Santa Lucia 
Range. If a generalization can be made at this stage, it 
is that quartz diorite and granodiorite are dominant 
and that quartz monzonite is less common but present 
in significant amounts, particularly at the north end of 
the range. I feel that the tendency to lump all granitic

rocks under the classic name of "Santa Lucia quartz 
diorite," particularly in the older reports, tended to 
underplay the range of composition and the significance 
and abundance of felsic, potassic granitic rocks in the 
Santa Lucia block. But until more modal and chemical 
data become available, we cannot make any meaningful 
quantitative statements about the composition of the 
Santa Lucia granitic basement.

PETROGRAPHIC AND STRUCTURAL SUMMARY 
OF THE GRANITIC BASEMENT IN THE COAST 
RANGES

CENTRAL COAST RANGES

The granitic rocks of the central Coast Ranges (fig. 
1), which are largely of quartz diorite-granodiorite 
composition, have an overall similarity that suggests 
they are comagmatic and may well be part of one in­ 
trusive mass. Probably the most obvious comparative 
feature of these rocks is the coarse irregular habit of the 
dark minerals. In particular, large books of biotite seem 
to characterize these masses. Also, these rocks are rela­ 
tively rich in quartz, even where no K-feldspar is 
present. Spotts (1962) sampled and studied zircon and 
other accessory minerals from the granitic masses of 
the central Coast Ranges. He concluded that the gen­ 
eral similarity in heavy-mineral assemblages indicates 
a similar magmatic source and is evidence that these 
isolated masses came from closely related magmas. 
Spotts emphasized that these data alone are not con­ 
clusive but do support an origin from similar magmas.

Two significant variations from the quartz diorite 
type are present. At Ben Lomond a garnet-bearing 
alaskite is a separate intrusive whose1 relation to the 
quartz diorite is unclear. At Point Reyes, rocks in the 
Mount Wittenberg area range from quartz diorite to 
quartz monzonite, but it is not known whether this is a 
separate intrusion or a gradation from rocks with more 
calcic plagioclase. In addition to these two rather well 
defined variants, there are other local gradations to 
quartz monzonite. Field evidence shows that some of 
the felsic variance is in separate, presumably later in­ 
trusions, and the presence of alaskite, aplite, and simple 
pegmatite also indicates late alkali-rich material. Also, 
variation in late K-feldspar concentration produces 
local alkali-rich patches. It should be emphasized, there­ 
fore, that although the outcrop is dominantly quartz 
diorite-granodiorite, there are significant variations to 
more felsic rocks.

The modal field in figure 3B can be divided into two 
fields: one of the quartz diorite type and one largely of 
the alaskitic rocks of Ben Lomond and the more felsic 
rocks of Point Reyes. It is tempting to postulate these 
as two separate intrusive types. However, the gap in
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figure 3B may be due to insufficient samples, and the 
known local variation in the quartz diorite suite also 
makes this a dubious conclusion.

A reasonable conclusion is that for about 125 miles 
along the Salinian block from Bodega Head to Ben 
Lomond there is a comagmatic suite of rocks; in other 
words, this area is underlain by a relatively coherent 
block of basement rocks.

SOUTHERN COAST RANGES

The division of the basement rocks of the southern 
Coast Kanges (fig. 1) from those of the central Coast 
Eanges is not intended to imply a geologic boundary. 
In fact, the northernmost rocks of the Gabilan Kange 
are similar to the quartz diorite of Ben Lomond. The 
granitic rocks of the central Coast Kanges are a rela­ 
tively well-defined, presumably closely related unit, 
whereas those of the southern Coast Kanges are more 
varied and can more conveniently be discussed 
separately.

The largest basement mass in the Coast Ranges, ex­ 
cluding the Santa Lucia Range, is the Gabilan Range. 
This range covers about 350 square miles and consists 
largely of granitic rocks and lesser amounts of meta- 
morphic rocks. The southern two-thirds of the range is 
mostly underlain by a variable group of rocks ranging 
from quartz diorite to quartz monzonite that I refer to 
as the granodiorite of the Gloria-Bickmore Road. Near 
the mouths of Stonewall and Bryant Canyons (pi. 2) 
gneissic variants seem to be related to nearby meta- 
morphic rocks. The Gloria-Bickmore mass, in particu­ 
lar, presents the problem of how to map variable gran­ 
itic masses in an area of scattered exposures. How much 
variability can there be in a single granitic mass? Here, 
the answer seems to be, a great deal.

One of the Gloria-Bickmore variants is a relatively 
felsic rock, peppered with biotite and containing scat­ 
tered poikilitic potassium feldspar phenocrysts. Thisr 
type seems more common near the south end of the 
Gabilan Range. Also, it is physically and modally very 
similar to the granitic rock of the La Panza Range. The 
La Panza rocks are notably homogeneous. Although 
these rocks have a fair modal range (fig. 12), they are 
remarkably similar over an outcrop area of about 100 
square miles. Unfortunately, there is very little base­ 
ment outcrop in the 50-mile gap between the La Panza 
Range and the southern part of the Gabilan Range. The 
many wells that have bottomed in basement rocks show 
that there is granitic rock between the two ranges, but 
its petrographic character is as yet unkown to me. The 
small Adelaida granitic mass north of Paso Robles is 
similar to the La Panza rock, as is the rock along the 
west side of the San Andreas fault in the area of Stock-

dale Mountain. These rocks could all be part of one 
intrusive mass or possibly closely related intrusives 
from a similar magma. It does seem that there is pos­ 
sibly a large coherent block in the Salinian block that 
stretches from the southern Gabilan Range to San Juan 
Creek, a distance of about 125 miles.

The dominant rock type in the northern part of the 
Gabilan Range is the coarse-grained biotite quartz mon­ 
zonite of Fremont Peak. This is a relatively nondescript 
"low-melting trough" rock that is composed of about 
equal parts of K-feldspar, sodic plagioclase, and quartz. 
No intrusive relation with the Gloria-Bickmore has 
been seen. There is a general resemblance to the alaskite 
in the Ben Lomond area, but the Ben Lomond mass has 
rather abundant accessory pink garnet, whereas I have 
not seen garnet in the Fremont Peak mass. Other felsic 
quartz monzonites in the Gabilan Range (fig. 9Z>) are 
similarly undiagnostic.

East of the La Panza Range and butting against 
the east side of the Chimeneas-San Juan-Red Hills 
fault zone are the gneissic basement rocks of Red Hills 
and Barrett Ridge. Several square miles of quartzo- 
feldspathic gneiss, associated with lesser amounts of 
biotite-rich gneiss, biotite and hornblende schist, and 
quartzite, makes up the Barrett Ridge outcrops. Quartz 
diorite gneiss, augen gneiss, biotite gneiss, amphibolite, 
and minor amounts of marble make up the Red Hills 
outcrops. The gradation of the gneiss of Red Hills to 
homogeneous granitic rock suggests ultrametamorphism 
or granitization of a gneissic terrane. The presence of 
all stages from sharply layered gneiss through patchy 
banding to homogeneous rocks that contain ghost gneiss 
patches with grossly parallel foliation suggests strongly 
that these rocks are part of a highly metamorphosed 
dominantly sedimentary sequence, rather than a pri­ 
mary gneissic intrusive sequence. Thus, it appears from 
these meager outcrops that the Chimeneas-San Juan- 
Red Hills fault zone may separate the granitic terrane 
of the La Panza Range area from a much different 
basement to the east represented by the Barrett Ridge 
and Red Hills rocks. Also, this fault zone might be a 
branch of the San Andreas system. The Chimeneas- 
San Juan-Red Hills fault zone appears to have a strike- 
slip component, as suggested by fault horses of marble 
strung out like beads along a 3-mile segment of the 
fault in the Barrett Ridge area. The fault north of 
Red Hills almost surely merges with the San Andreas 
fault zone, but south of the Barrett Ridge its extent is 
not clear. Possibly it could curve back toward the San 
Andreas fault zone through Cuyama Valley. Thus we 
can speculate that a large fault lozenge may be present 
here in the San Andreas system that is about the same
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size as the block between the San Gabriel and San 
Andreas faults.

On the other hand, the Chimeneas-San Juan-Red 
Hills fault may continue southeastward, parallel to the 
Barrett Ridge trend, and intersect the Big Pine fault. 
If it does, the Mount Abel-Mount Pmos rocks would 
be in this block. These rocks are typified by homogenized 
gneiss and are unlike the basement rocks north across 
the San Andreas fault and east across Big Pine fault 
(pi. 3).

In addition to the outcrops in the southern Coast 
Ranges that have already been discussed, basement 
slivers in the San Andreas fault zone crop out. The 
exposures of hornblende quartz gabbro and anorthositic 
gabbro at Logan and Gold Hill are unlike any known 
outcrops in the Salinian block. Also, the rocks exposed 
in the fault zone at the Taylor and Varian Ranches 
(pi. 2) are unlike most of the rocks of the Gabilan 
and La Panza Ranges. These rocks somewhat resemble 
rocks of the central Coast Ranges, and coarse irregular 
dark minerals, K-feldspar in minor amounts as 
stringers and lacy patches, a locally prominent primary 
foliation, and the general appearance are reminiscent 
of some rocks of Bodega Head and the Farallon Is­ 
lands. In general, the quartz content is a bit lower in 
the Taylor and Varian rocks, but not significantly so.

REGIONAL CONSIDERATIONS

The Coast Ranges granitic basement has a rather 
special and unusual setting a long, thin belt bounded 
on the east by the San Andreas fault zone and on the 
west by the Sur-Nacimiento fault zone. The basement 
on both sides of this belt is devoid of granitic rocks. 
This setting has raised the question of whether this 
block reached its present position as a relatively co­ 
herent unit along faults or whether the granitic base­ 
ment outcrop areas are more or less unrelated blocks 
that owe their present distribution to iceberglike raft­ 
ing in a sea of Franciscan rocks, which in turn were 
moved as a unit along faults to the present 
configuration.

This petrographic reconnaissance suggests that the 
Coast Ranges granitic basement of the Salinian block 
(fig. 16) is a closely related group of rocks and not a 
heterogeneous and rather random gathering of a wide 
variety of basement types. The bulk of the granitic 
rocks from Bodega Head to Ben Lomond are very prob­ 
ably comagmatic and may well be part of one variable 
intrusive mass. Likewise, the rocks in the southern 
part of the Gabilan Range and the La Panza Range 
are very similar. There is even a suggestion that the 
northernmost rocks in the Gabilan Range are similar 
to the Ben Lomond rocks, a correlation which would

provide a tie between the two major segments of the 
Salinian block. The rocks east of the Chimeneas-San 
Juan-Red Hills fault and the Mount Abel-Mount Pinos 
basement, which are typified by gneissic rocks, 
are an exception to this coherent picture; they may 
be a large fault segment of unknown relation to the 
rest of the Salinian block that is, a large fault lozenge 
in the San Andreas fault system. Another anomaly in 
this block is the presence of the gabbroic rocks of Logan 
and Gold Hill, which have no exposed counterparts 
in the Salinian block, but which are most likely fault 
slivers in the San Andreas fault zone. Nevertheless, 
the rather simple general pattern of the granitic rock 
distribution in the Salinian block suggests the granitic 
rocks form a relatively coherent basement block.

A possibly significant petrographic characteristic of 
the Coast Ranges rocks is the rarity, and even in part 
the complete absence, of metallic opaque minerals in 
rocks with abundant dark minerals. This characteris­ 
tic, stressed in the individual unit descriptions, is wide­ 
spread enough to be considered a regional characteristic 
of the Coast Ranges granitic rocks. Spotts' data (1962, 
tables 3-5) confirm the indications from the petro­ 
graphic study of thin sections that metallic opaque 
minerals are rare in these central Coast Ranges masses. 
Absence and rarity of sphene are also notable in some 
areas in rocks that have abundant dark minerals.

In conclusion, it should again be stressed that the 
granitic rocks of the Coast Ranges (Salinian block) 
rang© from quartz monzonite to quartz diorite (fig. 3) 
and that quartz content is much the same throughout 
this compositional range. Also, in the 450 square miles 
of granitic rock outcrop sampled (fig. 1), quartz mon­ 
zonite and granodiorite are about equally abundant, and 
quartz diorite is somewhat less abundant (fig. 2).

These conclusions have not taken into account the 
largest area of basement rocks in the Salinian block, the 
Santa Lucia Range granitic and metamorphic rocks. 
This complex area of highly metamorphosed quartzo- 
feldspathic gneiss, quartzite, amphi'bolite, schist, and 
marble intermixed with a wide variety of granitic rocks 
has most recently 'been studied in part by Compton 
(1966, p. 278) and Wiebe (1970), but was examined only 
very cursorily by me in the present study. There may be 
fundamental differences between the basement terrane 
of the Santa Lucia Range and the rest of the Salinian 
block. The abundance of quartzo-feldspathic gneiss and 
the migmatitic mixing of metamorphic and granitic 
material, as well as the presence of some granulite- 
grade metamorphism and locally abundant garnet in 
both the metamorphic and granitic rocks, are in marked 
contrast to the dominantly granitic terrane in the
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Gabilan Range and to its discrete roof-pendantlike 
metamorphic bodies.

A major structural break may be, present between 
these two basement terranes along the Salinas Valley. 
The Reliz, Espinosa, San Marcos, and Rinconada faults 
(Jennings and Strand, 1959; Jennings, 1959; pi. 2) 
make a prominent fault zone that diverges from the

Nacimiento fault zone (fig. 16). This possible major 
structural break and the marked contrast of the granitic 
rocks of the La Panza and Gabilan Ranges with the 
metamorphic and migmatitic basement of the Santa 
Lucia Range strongly suggest a basement slice between 
the Sur-Nacimiento fault zone, and the diverging fault 
zone to the east (fig. 16).

EXPLANATION

FAULT ZONES

1 Red Hills-San Juan-Chimeneas
2 Reliz-Espinosa-San Marcos-Rinconada
3 Sur-Nacimiento
4 Pilarcitos
5 Big Pine
6 Garlock
7 San Andreas

SALIINIAIN BLOCK

EXPOSED BASEMENT

FIGUBE 16. Possible basement slices in the Salinian block.
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IMPLICATIONS ON THE ORIGIN OF THE 
SALINIAN BLOCK

The preceding discussion identifies a central core slice 
of dominantly granitic rock bounded by slices that con­ 
tain abundant gneissic rocks (fig. 16). These three slices 
in combination make up the Salinian block, whose gra­ 
nitic basement, completely devoid of Franciscan and 
ultramafic rocks, is in contact on both sides with 
Franciscan terrane that lacks associated granitic rocks. 
The origin of this block, sandwiched between the San 
Andreas and Nacimiento-Sur fault zones, has long been 
an enigma.

Perhaps the quartz diorite line should be mentioned 
at this point. Moore (1959) compiled a considerable 
amount of data on the distribution of granitic rock 
types in the western United States in an attempt to 
evaluate suggestions made as early as 1915 by Lindgren 
that the granitic rocks "became more acidic" eastward 
from the continental margin. Moore's compilation map 
(1959, p. 199), based on very limited data in the Coast 
Ranges, shows the rocks of the entire region to be 
dominantly quartz diorite. The moderate amount of 
modal data that I have collected (fig. 3) suggests other­ 
wise. Yeats (1968) attempted to revise Moore's line 
in the Coast Ranges largely on the basis of the gen­ 
eralized descriptions by Compton (1966). Yeats' re­ 
vised quartz diorite line in the Coast Ranges (1968, 
p. 311-312) was drawn between Bodega Head and Point 
Reyes, a line which does not seem likely from the data 
I have. He also drew the quartz diorite line between 
the Gabilan and Santa Lucia Ranges and thus left the 
very significant mass of felsic quartz monzonite of the 
Monterey Peninsula on the "wrong" side of the line. 
The data presented in this report suggest that the whole 
Salinian block may well be on the "wrong" side of the 
quartz diorite line in its present position, for the 
Salinian block appears to be an anomaly in the regional 
picture Moore (1959) described. One possible reason for 
this anomalous position might be large-scale displace­ 
ment of the block from its original site of intrusion by 
movement of the San Andreas fault zone.

Cumulative evidence from many sources leaves little 
doubt that the San Andreas fault zone is a fundamental 
and rather simple break between granitic and Fran­ 
ciscan basement in the Coast Ranges; in other words, 
the east boundary of the Salinian block is relatively well 
defined. The west boundary of the Salinian block ap­ 
pears to be more complex. The Nacimiento and Sur 
faults are commonly connected on small-scale compila­ 
tions to create an oversimplified fault boundary parallel 
to the east margin of the Salinian block, as shown in 
figure 16. Plate 2 shows that at larger scales there is no

master break. Loney (1970) pointed out that local com­ 
plications along what has traditionally been called the 
Nacimiento fault zone indicate the need for more de­ 
tailed work to delineate the fault zone and clarify rela­ 
tions along it. Studies along other parts of this zone 
have also brought out conflicts and uncertainties about 
direction and magnitude of movement. (See Vedder and 
Brown, 1968, p. 242.) Page (1970) also pointed out the 
complications along this zone and emphasized the im­ 
portance of the Sur-Nacimiento fault zone in conti­ 
nental margin tectonics.

A belief has been built up that the Salinian block has 
almost miraculously appeared in the midst of the domi­ 
nantly Franciscan basement of the Coast Ranges. The 
Franciscan west of the Nacimiento-Sur and east of the 
San Andreas faults by this thesis is assumed to be more 
or less in place and the intervening Salinian granitic 
rocks are assumed to be exotic. Gastil (1968, p. 208-210) 
suggested that large-scale right-lateral movement on the 
San Andreas fault zone to emplace the Salinian block 
also required equal and opposite left-lateral movement 
on the Nacimiento zone.

The thesis of sea-floor spreading postulates the piling 
up of trench material, the Franciscan, against the con­ 
tinental margin as the conveyer belt of oceanic crust' 
impinges on the continent. The Sur-Nacimiento fault 
zone may well be an ancient continental-oceanic inter­ 
face as Page (1969, p. 51) suggested; such a tectonic 
relationship would explain why contorted Franciscan 
of the coastal belt butts against the Salinian granitic 
basement. Gastil (1968, p. 210) was concerned because 
the Coast Ranges do not have an intermediate belt of 
batholithic rocks that intrude eugeosynclinal rocks to 
separate Franciscan rocks from a belt of batholithic 
rocks that intrude miogeosynclinal rocks, a relationship 
he notes is the general case in California east of the 
San Andreas fault and in the Peninsular Ranges. If 
we accept the conveyer-belt mechanism of sea-floor 
spreading, however, the absence of such an intermediate 
belt can be explained by the impinging oceanic crust 
and its crushed-up rider, the Franciscan trench deposits, 
grinding and eating their way into and through the 
eugeosynclinal belt and into the miogeosynclinal belt. 
The eugeosynclinal rocks were carried down the ocean- 
continental interface below the continent, leaving the 
present configuration of Franciscan butting against the 
Salinian block (Page, 1969, p. 51). This means that the 
Sur-Nacimiento zone is no less a fundamental break 
than the San Andreas; however, because of its different 
origin, one would expect it to be irregular and char­ 
acterized by contortions. The physical emplacement of 
the Salinian block and the Franciscan terrane west of
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the Salinian block could most easily be accounted for 
by lateral movement on the San Andreas fault zone. 
Such movement would readily explain why the present 
configuration of the Salinian granitic belt and the 
Franciscan coastal belt essentially duplicates rock rela­ 
tions that exist from the Klamath Mountains south to 
the Peninsular Ranges.

BASEMENT ROCKS OF THE TRANSVERSE 
RANGES

To provide a sample of the basement rocks, the major 
granitic and gneissic units along the San Andreas fault 
from the Cajon Pass area west to the Mount Abel area 
were examined and sampled for petrographic and chem­ 
ical study. As shown on plate 2, the units studied include, 
from east to west, (1) the gneissic and granitic complex 
of Cedar Springs, (2) the gneiss of Wrightwood, (3)

QUARTZ

the granodiorite of Holcomb Ridge and the presumably 
related rocks of the Largo Vista area, (4) the gneiss 
of Pinyon Ridge, (5) the granodiorite of Fairmont 
Reservoir and the presumably related rocks of Burnt 
Peak, (6) the gneiss of Bouquet Reservoir, (7) the 
gneissic and granitic complex of Liebre Mountain, (8) 
the granodiorite of Lebec and the related rocks of Brush 
Mountain, (9) the porphyroblastic gneiss of Frazier 
Mountain, and (10) the homogenized gneiss of the 
Mount Abel-Mount Pinos area. Other smaller basement 
masses will be described very briefly.

A composite plot (fig. 17A) of more than 230 modes 
of Transverse Ranges specimens makes a fairly well de­ 
fined field that shows the generally quartz-rich nature 
of the suite. Granodiorite is the dominant rock type. 
To see if there was any significant difference in the 
basement on opposite sides of the San Andreas fault,
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B. COMPOSITE OF MODES NORTH OF SAN ANDREAS FAULT C. COMPOSITE OF MODES SOUTH OF SAN ANDREAS FAULT

FIGURE 17. Composite of modal plots of granitic rocks in the Transverse Ranges.
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specimens north and south of the fault were plotted 
separately (figs. 17#, 0). These two plots have trends 
that are virtually identical with the trend in the com­ 
posite plot. These similarities in trend may or may not 
be significant, because if large numbers of quartz-bear­ 
ing granitic rocks from different areas are compared, 
their average compositional trends will probably be 
essentially the same. I do think, however, that these data 
do not support the rather prevalent thought that the 
San Andreas fault juxtaposes significantly different 
basement rocks in the Transverse Kanges. This by no 
means precludes large lateral movements along this 
zone, because a large gneissic shield area, of which the 
Transverse Ranges are probably a part, could undergo 
considerable movement and still juxtapose similar 
gneissic and granitic rocks. In other words, the present 
gross distribution of granitic and gneissic basement 
along both sides of the San Andreas fault in the Trans­ 
verse Ranges cannot be used by itself as evidence for or 
against large lateral movement along this fault zone.

BIOTITE GRANODIORITE OF CEDAR SPRINGS

SETTING AND GENERAL DESCRIPTION

The northern slope of the San Bernardino Mountains 
westward from the Cedar Springs area to the Cajon 
Pass area is underlain by a medium-dark-gray medium- 
grained biotite granodiorite that is mostly seriate to 
porphyritic and has a remarkably uniform texture over 
the examined outcrop area of some 25 square miles. 
Similar rocks presumably extend south and east of 
Cedar Springs (Dibblee, 1967), but I have not examined 
them. The homogeneity of the specimens shown in figure 
18 and table 14 is somewhat misleading, as there is 
considerable admixture of gneissic rocks with the 
granodiorite, particularly in the Cedar Springs area. 
In part, the granodiorite appears to intrude the gneiss, 
but more commonly the intergradation of the two sug­ 
gests that the granodiorite may be the homogenized end 
product of ultrametamorphism in a high-grade meta- 
morphic terrane. The granodiorite of Cedar Springs 
appears to be intrusive into the gneiss of the Wright- 
wood area at its western outcrop limit, near Cajon Pass.

The seriate to porphyritic parts of this mass have 
pink- to salmon-colored K-feldspar crystals that are 
as long as 50 mm but that in general do not exceed 15 
mm. Associated with this rock type are abundant dikes 
and masses of coarse pegmatite that have K-feldspar 
of the same color as that in the seriate parts of the 
granodiorite.
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FIGURE 18. Modal plot of biotite granodiorite of Cedar Springs.

TABLE 14. Modes of biotite granodiorite of Cedar Springs

No. Plagio- K-feld- Quartz Biotite Horn- Other igpeciflc 
clase spar blende gravity

CS-2(1965).
C 8-2(1967).
DR-163...

165....
167....
168.... 
332.... 
333A...
334...-
335...-
336....
337...- 
339.... 
343B 
344.-..
345..--

53
54
60
56
45
52
56
55
60
56
58
46
55
42
52
55

9
9
7

10
21
13
11
12
4
9
7

19
1

19
12

25
22
19
19
27
19
21
22
17
23
20
25
19
30
21
21

1 1
1 2
2 2

4

2 
2 
1 
1 
3 
5

Tr. 
10

Average. 54 22 10

2.72
2.72
2.72
2.70
2.66
2.71
2.70
2.70
2.75
2.71
2.73
2.69
2.78
2.67
2.70
2.71

2.71

1 Mostly sphene and metallic opaque minerals.

MICROSCOPIC DESCRIPTION

The texture of this rock ranges from hypautomor- 
phic to xenomorphic and from equigranular through 
seriate to porphyritic. That most of these rocks have 
undergone considerable strain is indicated by mosaicked 
and sutured quartz, which is locally granulated, and 
bent plagioclase and biotite crystals. Also, locally, 
quartz is deformed into slivers in constrictions between 
feldspar crystals.

The most abundant mineral, plagioclase, is generally 
sodic andesine. It is cleanly twinned and oscillatorily 
zoned. The only alteration is minor dusting of sericite; 
most plagioclase is notably fresh. The K-feldspar is
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late and has inclusions of all the other major rock con- 
stitutents. Although partly interstitial, the K-feldspar 
is more commonly present as "poikilitic phenocrysts." 
It exemplifies one of the few coarse-grained granitic 
rocks that I have seen that is truly porphyritic (bi- 
modal) and not seriate (gradational), but these rocks 
grade to seriate and equigranular types, all with a re­ 
markably similar groundmass.

The dark minerals, biotite and hornblende, range 
from well-formed crystals to shredded aggregates. Al­ 
teration is minor: biotite is in part altered to chlorite 
(probably penninite), which has stringers and blebs of 
sphene in it; very little hornblende is altered, but epi- 
dote and calcite alteration products are seen in some 
crystals. Pleochroism of the biotite is X= grayish yel­ 
low to grayish orange and Z=dark yellowish brown. 
Pleochroism of the hornblende is X=moderate green­ 
ish yellow, Y=light olive, and Z=dark yellowish green.

Sphene is the most common accessory mineral, mak­ 
ing up 2-3 percent of some specimens. It occurs com­ 
monly as euhedral crystals that are peppered with 
metallic opaque inclusions that form patterns reminis­ 
cent of Arabic characters. Some specimens have as 
much as 2 percent metallic opaque minerals, dominantly 
magnetite, but most specimens contain less than 1 per­ 
cent. Apatite and zircon are ever present; allanite is 
found in some specimens. Zircon is abundant in some 
specimens.

DISTINGUISHING FEATURES

The general texture of this rock in outcrop is distinc­ 
tive in this region. The rather homogeneous granitic 
texture over an extensive area, though gneissic rocks 
are mixed throughout the mass, is also distinctive. In 
some places, the K-feldspar is concentrated solely in 
phenocrysts; its absence from the groundmass is note­ 
worthy. Scattered, rare phenocrysts as long as 50 mm ac­ 
centuate this texture. The virtual absence of dioritic 
inclusions in a granitic rock of this composition is diffi­ 
cult to explain, but it helps to identify this body. The 
peppering of sphene crystals with grains of metallic 
opaque minerals and a more than average amount of 
zircon in some specimens may also be distinctive.

BASEMENT ROCKS OF THE WRIGHTWOOD-HOLCOMB
AREA

The granodiorite of Holcomb Ridge, part of which 
was previously called the Holcomb Quartz Monzonite 
by Noble (1954), and the gneiss of the Wrightwood

area crop out in a narrow belt about 45 miles long, on 
the north side of the San Andreas fault from near Cajon 
Pass west to the vicinity of Palmdale. Though the two 
units have been mapped separately (Dibblee, 1967, pi. 
1), they have much in common.

Both the granodiorite and the gneiss have grossly 
parallel foliation that trends northwest and dips 
steeply, generally to the northeast. Both units also have 
northwest-trending marble layers. In addition, where 
the "contact" between the two units is relatively well ex­ 
posed, in the Largo Vista area, it is mixed and grada­ 
tional, and the granodiorite to the west bears many 
gneissic zones that resemble the gneiss of the Wright­ 
wood area. Also, the two units have the same general 
composition range and the same mineralogy.

Thus, there is much to suggest a close genetic rela­ 
tion between the gneiss and the granodiorite. The belt 
of marble along Holcomb Ridge, the abundant foliation 
and gneissic zones in the granodiorite parallel to the 
gneiss, and the fuzzy contact all suggest that the grano­ 
diorite is a homogenized or granitized variant of the 
high-grade gneiss of the Wrightwood area. Although 
the outcrop belt becomes narrower and exposures are 
much poorer to the west, the granodiorite may become 
more homogeneous and less gneissic and foliated in that 
direction.

This simplified picture is complicated, in the Largo 
Vista area, by the granitic rocks and felsic gneiss, which 
are generally more felsic than either the granodiorite 
of Holcomb Ridge or the gneiss of Wrightwood, yet are 
considered gradational with both those types. In figure 
19 the felsic Largo Vista rocks have been plotted with 
a distinguishing symbol. Rocks similar to the Holcomb, 
Wrightwood, and Largo Vista types are also found 
farther east, at Mescal Creek. Though there is consider­ 
able spread in the modal field when all these rocks are 
plotted together (fig. 19), they may well 'be one re­ 
lated suite. Certainly there has been mobilization and 
intrusion, but its magnitude is not known. Some felsic 
and coarse-grained layers in the gneissic sequence are 
similar to rocks from areas of massive granitic rock 
that appear to be intrusive.

The rock types in this suite seem to have a gross, 
beltlike distribution. East of the most prominent zone 
of marble in the gneiss of Wrightwood, marble seems 
particularly abundant, and coarse distinctive phlogopite 
is common in the carbonate layers. The belt of rocks 
cutting through the Largo Vista area is more felsic, 
and the belt of Holcomb rocks farther west is more
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mafic and also seems to have more marble. Perhaps the 
three belts could be defined as formations with more 
detailed mapping. The rock distribution and the gross 
structure, as noted by Dibblee (1967), suggest a homo- 
clinal sequence, but a simple sequence seems rather un­ 
likely in this structurally complex region. The Holcomb 
fault (Noble, 1954), which separates the Holcomb rocks 
from the felsic rocks of the Largo Vista area, also must 
be considered in this belt concept. The magnitude of 
displacement of this fault is not known but is probably 
not great, for the Holcomb rocks are grossly similar to 
some of the gneiss of Wrightwood.

GNEISS OF THE WRIGHTWOOD AREA

SETTING AND GENERAL DESCRIPTION

From the area of Cajon Pass northwestward for some 
20 miles, gneissic rocks form a narrow belt of outcrop 
between the San Andreas fault on the south and Ceno- 
zoic deposits of the Mojave Desert on the north.

Most of the gneissic rocks in this belt are medium 
grained and medium to dark gray owing to the combi­ 
nation of white quartz and feldspar and black horn­ 
blende and biotite. K-feldspar tends to be pinkish to 
salmon colored in the coarser, more felsic gneiss layers. 
In general the gneissic rocks are well banded, but there 
are gradations to more homogeneous rocks that could 
as well be called granofels. The more homogeneous 
variations, in part, look like the rocks of the Holcomb 
area. Dibblee's (written commun., 1967) distinction of 
quartz diorite and gneiss at the time he mapped this 
mass probably equates with an attempt to separate the 
more homogeneous rocks from the gneiss. Also coarser, 
apparently sweated-out, felsic layers have been in part 
mobilized and intruded into the surrounding rock as 
attested to by dikes and small plugs of similar composi­ 
tion. These small felsic masses are grossly similar to the 
felsic rock of Largo Vista that is associated with the 
Holcomb rocks.

The Wrightwood sequence is a highly metamorphosed 
sedimentary terrane whose map pattern suggests a 
homoclinal sequence, but local structural contortions 
and the general structural complexity of this area argue 
against this simple picture. The foliation is generally 
northwesterly with intermediate to steep dips to the 
northeast. Abundant marble layers, though locally con­ 
torted, also have the same trend. Most of the marble is 
concentrated in zones separated by gneiss sequences that 
are relatively marble free.

The few modes of the Wrightwood rocks presented 
in figure 19 and table 15 can hardly be considered a rep­ 
resentative sample, but they do give some idea of the 
range in composition. It is tempting to speculate that 
the average composition of these widely scattered 
modes, which is close to the average of the rocks of the 
Holcomb area, represents the composition that homoge- 
nization of these rocks will yield.

OTHER
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FIGURE 19. Modal plot of basement rocks of the Wrightwood- 
Holcomb area.
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TABLE 15. Modes of basement rocks of the Wrightwood-Holcomb area 

[A=apatite. Al=allanite. Tr.=trace. n.d.=not determined]

Metallic
No. Plagio- K-feld- Quartz Bio- Horn- opaque Sphene Other Specific 

clase spar tite blende min- gravity
erals

Oranodiorite of Holcomb

V-2A(65)
2B(65)
2(66)    _____
4(65)
4B(65)__ ---
4(66)    _____

DR-207A_______
210A
220A____.__
221
223
225
228----    
229A_______
231A
235
238___-_.__
286A_______
360A____-_.
360B_______
413
414_ _____

Average __ _

54
42
54
54
51
53
56
56
53
57
56
53
56
53
60
43
58
29
52
52
44
38

51

11
24
11
10
11
9

10
5
7
6

10
13
9

12
4

19
6

43
15
12
19
22

13

24
26
19
20
23
19
23
14
25
24
20
20
20
21
19
27
21
16 _
23
26
21
20

21

8
6
9
9
9

13
11 ___
13
11
10
9
7
9

14
11
6

10

7
Tr.

11
9

9

2 __
1
5
5
3
4

11
4 __
2 _.
3
6 __
4

5
2
5 _.

11
2
9 __
5

10

5

1
1
1
1

. 5

1

1

1

. 5

1 ________
1 ________

1 ________
1 ___ _ __
2 ________
1 ________

. 5 ________

1 ______ _
1 ________
1 ______ _
1 ________

1 ________
2 ________

1
1

1 ______ _
1 _______
1 ________

.5 ________

2. 71
2. 67
2.72
2.73
n.d.

2. 74
2. 69
2. 76
2. 72
2.70
2. 71
2.69
2. 74
2. 72
2. 71
2. 68
2. 72
2. 67
2. 69
2. 67
2. 70
2. 69

2. 70

Gneiss of Wrightwood

DR-148A_ ______
149A
160 A
174
176
182A
182B
202A______.

Average __

54
43
49
56
59
30
41
35

46

5
Tr.

3
9
7
1
4

Tr.

4

25

20
16
17
53

6
Tr.

17

16 ___
9

17
14
11
12 ___
18
10

13

42
11 __

3
3

31 __.
52

18

6 _

1
1
4 _

2 _

2

1 __-__-_.
2 ________

____-.- (Ap) 1

<!_______.

2. 70
2. 99
2. 76
2. 72
2.73
2.78
2. 85
2.96

2. 81

Felsic gneiss of Largo Vista

DR-206A_______
210B
212
226A_______

Average ___

29
35
31
25

30

25
28
38
30

30

37
24
28
37

32

6 ___
12 ___

2 ___
7 ___

7

1.5

1

1. 5 ________
1 ________

1 ________

1 _______

2. 69
2. 66
2. 61
2. 67

2. 66

Felsic granodiorite of Largo Vista

DR-207B____.__
208------
215
959
962
963B_______

Average ___

31
40
44
50
56
54

46

27
27
14
18
11
20

20

35
28
33
23
23
21

27

6 _._
5 ___
8 ___ .

9
10

5 ___

7 ___.

Tr. __.

1 _

1 _

2. 65
2. 65
2. 65
2. 69
2. 68
2. 65

2. 66
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TABLE 15. Modes of basement rocks of the Wrightwood-Holcomb area Continued

Metallic
No. Plagio- K-feld- Quartz Bio- Horn- opaque Sphene Other Specific 

clase spar tite blende min- gravity
erals

41

Structurally transitional rocks along Mescal Creek

DR-956________
965A___.___
965B_______
966B.______
966C___-___
968____.___
969_. .._.._
970________

41
51 _.
50
56
39
61
62
50

51

21

2
Tr.
19
12
6

15

q

19
16
19
21
34
14
16
24

20

1Q
24 9 _____________
16 13 <1 --_..
1 ^ 7

8 _..__..-_.._.
13 _.--__---..-.
16 __.___.__.._.
11 _._____-____.

20 ___.._______.

____________ 2.73
____________ 2.77
--__._-_____ 2.76
.__- (Al) 1 2. 77
____________ 2.69
____________ 2.71
____________ 2.73
____________ 2.70

____________ 2.73

MICROSCOPIC DESCRIPTION

The texture of these rocks in thin section can probably 
best be described as granoblastic. Though foliation is 
evident in most sections, the overall fabric is fairly non- 
directional. In some of the more highly foliated rocks, 
however, dark minerals are molded around quartz and 
feldspar to produce an incipient augen structure. The 
less well foliated rocks are hornfelsic, and the texture 
in some merges to granitic (xenomorphic-granular). In 
texture and overall mineralogy, these rocks are reminis­ 
cent of the rocks of the Red Hills, and to a lesser extent 
some of the more felsic gneisses look like the rocks of 
Barrett Ridge.

Plagioclase in these rocks is invariably sharply 
twinned and well zoned. It ranges from fresh to in­ 
tensely sericitized. The plagioclase is generally in the 
same compositional range as the Holcomb rocks, sodic 
to intermediate andesine. The crystals are mostly an- 
hedral, but some are subhedral.

K-feldspar ranges from sparse interstitial stringers 
in the gneiss of quartz diorite composition to about a 
third of the rock in the intruded quartz monzonite and 
the coarser, felsic layers in the gneiss. The coarser grains 
are irregular and poikilitic. Locally these crystals have 
grown to an inch in length. In one specimen a sweated- 
out dikelet of K-feldspar-rich material cuts across the 
foliation with a sharp contact on one side and a grada- 
tional contact on the other.

Quartz is abundant in most specimens and ranges 
from masses a few millimeters across that are mosaicked 
and show undulatory extinction, to granulated intersti­ 
tial trains of grains. These highly sutured interstitial 
trains of grains are strongly shape oriented and are in 
part molded around more resistant plagioclase to pre­ 
sent an anastomosing pattern, approaching an augen 
texture. In some specimens, rounded quartz grains are 
scattered in other minerals, particularly hornblende and

plagioclase. The quartz in all specimens shows some 
degree of strain, but mortar structure is extremely rare. 
Myrmekite is rather widespread.

Brown biotite is present in all specimens. It is gener­ 
ally in irregular crystals of various sizes, and its aline- 
ment is one of the main markers of the foliation. Chlori- 
tization of the biotite is widespread but variable. The 
biotite pleochroism is X = grayish yellow to grayish 
orange and Z = moderate to dark yellowish brown. Much 
of the biotite has reddish tints in part.

Green hornblende has a very spotty distribution in 
this unit. It is absent in many of the gneissic layers, 
even in some with abundant dark minerals, where it 
would be expected. It occurs in small amounts in the 
somewhat homogenized gneiss (specimens 174,176) that 
bears some resemblance to the Red Hills rock, and it is 
a major constituent of the amphibolite layers (speci­ 
mens 149, 182, 202). Locally such rocks are coarse 
grained. Hornblende crystals are generally irregular 
shaped, but are better formed in the coarser grained 
hornblende-rich rocks. Epidote and chloritic alteration 
products are present, but most of the hornblende is 
rather fresh. Some is lighter green than typical horn­ 
blende of the Holcomb rocks, but this is not common. 
The pleochroism is X=moderate greenish yellow, Y= 
light olive, and Z=grayish green to moderate yellowish 
green.

Rather abundant small crystals of red garnet were 
found in one dark layer in the gneissic rocks (specimen 
149). The garnet, probably almandine, is nearly color­ 
less in thin section and has an index of refraction 
greater than 1.800.

The accessory minerals zircon, apatite, sphene, metal­ 
lic opaque minerals, and to a lesser extent allanite are 
widespread, but vary in abundance. Metallic opaque 
minerals have the widest range they make up as much 
as 6 percent of some of the amphibolitic rocks (specimen
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149A) but are absent from some other rocks (specimen 
160A). Several other gneiss specimens have mere traces 
of metallic opaque minerals. Sphene content, also highly 
variable, is as much as much as 2 percent in some rocks 
and in very small amounts in others. Zircon is wide­ 
spread and rather abundant; it seems to occur both as 
euhedral crystals and rounded, possibly detrital grains. 
Apatite, sphene, and allanite are also commonly 
rounded and look detrital. In general, the abundance of 
rounded accessory minerals, of the kinds common in 
granitic rocks, suggests that the gneiss complex of 
Wrightwood is metamorphosed from a sedimentary pile 
that had a largely granitic source.

METAMORPHIC MINERALS IN MARBLE LAYERS

In the gneiss sequence east of Wrightwood, prominent 
dark phlogopite flakes as large as 3 mm across pepper 
layers and lenses of marble, which is largely coarse­ 
grained calcite. This appears to be an extremely note­ 
worthy, if not unique, occurrence of abundant, coarse 
phlogopite in marble in this region. Phlogopite is not 
uncommon in marble, but its abundance and coarseness 
here seem unusual.

The phlogopite is brownish to opaque black in hand 
specimen and is various shades of orange and brown in 
thin flakes; some is almost colorless. The 2F is very 
small, and some crystals appear to be uniaxial. The 
range in beta index is shown below:

Metamorphic minerals in marble layers of gneiss of Wrightwood

Specimen Minerals 
DR-151A__ Phlogopite (nft = 1.590), chrysotile.

151B._._ Phlogopite (n^= 1.567-1.562), chrysotile, graph­ 
ite.

152A__ Phlogopite (np= 1.588), tremolite, quartz.
153.__._ Phlogopite («0= 1.558-1.580), tremolite.
155A____ Phlogopite (np= 1.590), chlorite, talc, quartz, 

hornblende (?).
156-.-__ Phlogopite («0= 1.577-1.598), chlorite, quartz.
157_____ Phlogopite (n^= 1.575), talc, graphite, quartz(?).
177___._ Phlogopite (n^ 1.574-1.578), graphite.

In general, the darker the flakes, the higher the index 
of refraction. Serpentine minerals (mostly chrysotile), 
tremolite, graphite, chlorite, and talc are associated with 
the phlogopite in varying but generally small amounts. 

This general assemblage of minerals is suggestive of 
the albite-epidote hornfels facies of contact metamor- 
phism (Fyfe and others, 1958, p. 203), but the associa­ 
tion of these marble layers with medium- to coarse­ 
grained quartzo-feldspathic gneisses suggests a higher 
grade of metamorphism.

DISTINGUISHING FEATURES

The general appearance or mineralogy of the gneiss 
of Wrightwood is not particularly distinctive. The

absence of hornblende in layers that are relatively rich 
in dark minerals may be noteworthy. Also, the fact that 
the well-banded gneissic sequence grades into more 
homogeneous, dioritic masses and that locally sweated- 
out layers are rich in salmon-pink K-feldspar may be 
distinctive.

Layers of marble are probably the most characteris­ 
tic feature of this gneiss terrane. The abundance of dark 
flakes of phlogopite in the marble in the eastern part of 
the gneiss belt is probably the single most distinctive 
feature of this group of rocks.

GRANODIORITE OF HOLGOMB RIDGE

SETTING AND GENERAL DESCRIPTION

A thin discontinuous belt of granodiorite, the grano- 
diorite of Holcomb Ridge, underlies an area of about 
20 square miles, from the vicinity of Llano westward 
to Palmdale. These rocks are light to medium dark gray, 
owing to the combination of white to clear quartz and 
feldspar, and black biotite and hornblende. Most of the 
rocks are medium grained, but locally some are finer 
grained. Generally the rocks are equigranular, but 
poikilitic K-feldspar phenocrysts (or porphyroblasts) 
up to 1 inch in length occur locally; some of these are 
pinkish. Scattered well-shaped hornblende crystals are 
also characteristic of this mass. Although biotite is the 
dominant dark mineral in most specimens, hornblende 
is abundant in places and is dominant locally. Honey- 
brown sphene crystals are large enough to be readily 
obvious in some hand specimens.

Foliation is very prevalent in this unit; possibly it is 
somewhat less well developed in the northwestern part 
of the belt of outcrop. It is most commonly shown by 
alinement of dark minerals. Preferred orientation of 
quartz and feldspar is more subtle, but is clearly shown 
on some stained rocks surfaces. Foliation is also accen­ 
tuated by gneissic patches and schlieren in the grano­ 
diorite; these are very distinctive in some places and 
are subtle, almost ghostlike remnants elsewhere. The 
foliation is notably concordant with bedding of included 
marble layers.

The general modal range as shown by figure 19 and 
table 15 has considerable spread, but there is a rather 
good grouping of most specimens in the granodiorite 
field. The one really aberrant point (specimen 286A) is 
from mixed rocks that show strong local variation in 
K-feldspar. The range (if 286A is excepted) and trend 
are certainly compatible with a not too heterogeneous 
intrusive granitic rock. On the other hand, the composi­ 
tional trend and range of the Holcomb Ridge rocks may 
be indicative of a homogenized end member of a gneissic 
complex (the Wrightwood rocks).
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Aplite, alaskite, and coarse-grained simple pegmatite 
with pinkish K-feldspar are locally very abundant. 
Some of these felsic rocks are somewhat foliated and 
are intruded as sills parallel to the granitic foliation. 
Hornblende diorite and gabbro, of coarse and variable 
grain size, are present locally, most commonly north­ 
west of Valyermo.

MICROSCOPIC DESCRIPTION

The texture of the Holcomb Ridge rocks ranges from 
hypautomorphic- to xenomorphic-granular; some look 
almost granoblastic. In general the texture is irregular. 
Quartz ranges from slivers to larger sutured, mosaicked 
masses; dark minerals are irregular and shredlike in 
part. Almost invariably these rocks show some foliation, 
mostly by preferred orientation of the dark minerals, 
but also by elongation of interstitial K-feldspar and 
particularly quartz. In some specimens, strongly alined 
quartz and dark minerals are wrapped around feldspar 
grains to produce an incipient augen structure. Bent 
biotite books and warped twinning in plagioclase also 
mark strain in some specimens.

Plagioclase in the Holcomb rocks is sharply and 
cleanly twinned and oscillatorily zoned. Some is re­ 
markably fresh, but sericitic alteration is present to 
some degree in most specimens. The zoning range does 
not seem to be great; most is in the sodic to intermediate 
andesine range.

The K-feldspar content is rather variable, and the 
habit of the mineral ranges from interstitial stringers 
to poikilitic phenocrysts or porphyroblasts. The larger 
K-feldspar crystals invariably engulf all the other 
minerals of the rock; particularly noteworthy and 
rather widespread are inclusions of rounded quartz 
grains. Small amounts of myrmekite are present in most 
specimens. The mynnekite seems particularly abundant 
in association with the intricately sutured and mosaicked 
quartz of some specimens.

Quartz is abundant in these rocks and is distinctive 
because it commonly is intricately sutured and 
mosaicked. The range in quartz habit is rather large: 
some crystals are merely weakly undulatory, but in the 
same thin section quartz may be in sutured, mosaicked 
masses and in thinly slivered, strongly oriented inter­ 
stitial masses that are molded around other minerals, 
mostly plagioclase. In general, the quartz shows the 
effects of moderate to intense strain.

Brown biotite is present throughout the mass. It is 
mostly in irregular to shredlike crystals and is somewhat 
altered to chlorite in most rocks. Associated with this 
alteration are stringers of sphene and some magnetite. 
Pleochroism is generally X=grayish yellow to grayish

orange and Z=moderate yellowish brown to moderate 
brown. Some specimens have a reddish tint.

Green hornblende is generally less abundant than 
biotite, but locally it may be the only dark mineral. It 
may also be absent. Although crystals are generally ir­ 
regular shaped, some crystals are nearly euhedral. Even 
the euhedral crystals, however, tend to be "spongy" with 
lacy irregular margins. Some inclusions of epidote, 
chlorite, and calcite appear to be the result of altera­ 
tion, but most of the hornblende is essentially fresh. The 
pleochroism is X=moderate greenish yellow, Y=light 
olive, and Z=dark yellowish green, moderate yellow­ 
ish green, and grayish green.

The usual accessory minerals of granitic rocks  
sphene, apatite, metallic opaque minerals, zircon, and 
allanite are present in most specimens. Allanite seems 
to be particularly abundant in some of the finer grained 
rocks. Metallic opaque minerals are virtually absent in 
some specimens, one of which (specimen 210A) seems 
particularly unusual, for it has abundant normal-look­ 
ing hornblende and biotite and thus would be expected 
to contain abundant metallic opaque minerals. The same 
specimen also has irregular sphene crystals, whereas 
most other specimens have wedge-shaped crystals. In 
some specimens, sphene contains metallic opaque inclu­ 
sions ; in others, the sphene and metallic minerals seem 
to cluster together with the dark minerals, but the 
sphene lacks inclusions. Well-formed discrete epidote 
crystals in some specimens look primary.

DISTINGUISHING FEATURES

The overall appearance of this rock, particularly in 
the Holcomb Ridge area, is somewhat distinctive. The 
general abundance of dark minerals, the presence of 
well-formed coarse hornblende, the conspicuous folia­ 
tion, and the presence of gneissic zones and patches serve 
to identify the unit. Also noted is the rarity of dark 
dioritic inclusions that one might expect to be abundant 
in a granitic rock of this composition.

The most distinctive features of this mass are the 
gneissic patches and lenses that are grossly concordant 
with both the granitic foliation and the bedding in the 
included marble layers. And to further emphasize a 
point, the regional grain in the Holcomb rocks is con­ 
cordant with the regional grain of the gneiss of 
Wrightwood.

ROCKS STRUCTURALLY TRANSITIONAL BETWEEN 
HOLCOMB AND WRIGHTWOOD TYPES

Rocks along Mescal Creek and farther east are in­ 
cluded with the gneiss of Wrightwood because although 
they have an almost granitic texture, they tare in gneissic

456-774 O - 72 - 4
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layers. They are not intrusive sills, but are largely 
gneissic rocks that have been homogenized or ultra- 

' metamorphosed to a near-granitic appearance. In addi­ 
tion, there are gradationally bordered bodies of gneiss 
in the granodiorite of Holcomb Eidge that further ac­ 
centuate the transition between these two rock types.

In hand specimen these rocks are mainly intermedi­ 
ate shades of gray. Their texture ranges from weakly 
gneissic to xenomorphic-granular; many could be called 
either, but in view of their association with dominantly 
gneissic rocks, granoblastic is a fitting term for most. 
The plagioclase (andesine) is cleanly twinned and in 
part well zoned, and it has an igneous appearance de­ 
spite being present in a gneissic sequence. These rocks 
have a considerable range of plagioclase and K-feldspar 
content (fig. 19; table 15), and they commonly have in­ 
tricately sutured and mosaicked quartz. Dark minerals 
are abundant; biotite is generally in excess of horn­ 
blende. Biotite is pleochroic from X=moderate to gray­ 
ish yellow and grayish orange to Z=moderate olive 
brown and other shades of brown. Hornblende is pleo- 
dhroic as follows: X=moderate greenish yellow, Y= 
light olive, Z=moderate to dusky yellowish green. The 
normal granitic accessory minerals are present, but al- 
lanite is unusually abundant in one specimen.

FELSIC GRANODIORITE OF LARGO VISTA

The rocks designated "Largo Vista" on plate 2 are 
finer grained and more felsic than the Holcomb Eidge 
rocks, but may locally grade to similar rocks. They are 
most common in the belt of outcrop designated "Largo 
Vista" on plate 2, north of the gneiss of Wrightwood, 
although they are also present within the area shown on 
"Wrightwood" on plate 2. Some are seriate, and wisps 
of ghost gneiss and gneissic layers are present locally. 
Similar felsic rocks are also present near the head of 
Mescal Creek. These rocks seem intimately related to a 
felsic gneiss along the Largo Vista road. (See next sec­ 
tion.) They may be a separate intrusive unit, or material 
sweated out and mobilized from the felsic gneiss.

The granodiorite is medium to fine grained and ranges 
from equigranular to seriate. Nothing in hand specimen 
or thin section distinguishes it. The plagioclase is an­ 
desine and is oscillatorily zoned. Biotite is generally 
the only dark mineral; grayish-green hornblende is 
present locally. The biotite is pleochroic from X=pale 
yellowish orange and grayish, yellow to Z=various 
shades of moderate to dark brown. Allanite and zircon 
seem particularly abundant in some specimens. Metallic 
opaque minerals, sphene, and apatite are also present.

FELSIC GNEISS OF LARGO VISTA

Gneissic specimens from along the Largo Vista road 
are somewhat lighter and contain much more potassium 
feldspar than most Wrightwood gneiss specimens to the 
east. The extent of this felsic variation is not known, 
but it is virtually certain these rocks are part of the 
Wrightwood suite, for they grade to typical gneiss of 
Wrightwood. The felsic gneisses are well banded, but 
some bands are diffuse and the rocks approach a gra­ 
nitic appearance, which is in part aplitic. As can be 
seen from figure 19 and table 15, these rocks have the 
composition of quartz monzonite. The plagioclase is 
andesine; the sole dark mineral is biotite, which is ple­ 
ochroic from X=grayish yellow and orange to Z=mod­ 
erate brown and moderate yellowish brown. Sphene and 
metallic opaque minerals are generally common, and in 
some specimens zircon is abundant. Petrographically 
these rocks are rather nondescript.

GNEISS OF PINYON RIDGE

Between the San Andreas fault and the Punchbowl 
fault (Noble, 1954) in the Valyermo area, the basement 
rock is dominantly gneiss, with lesser amounts of gra­ 
nitic rock. Originally Noble (1954) named this unit the 
Pinyon Eidge Granodiorite, but he noted that it com­ 
monly contained gneissic rocks.

These rocks have a gross similarity to the gneiss of 
Wrightwood, but varieties rich in euhedral hornblende 
crystals are more common on Pinyon Eidge. Also, car­ 
bonate rocks do not seem to be present on Pinyon Eidge. 
Homogenization of some of the Pinyon Eidge gneiss 
appears to have yielded granitic-looking rocks; this 
process has also occurred in the Wrightwood gneiss. A 
few modes are summarized in figure 20 and table 16.

The gneissic rocks are commonly various shades of 
gray and range from well banded through gradational 
irregular textures to the homogeneous rocks that caused 
Noble (1954) to characterize this mass as granodiorite. 
Most of the plagioclase is andesine, but some is oligo- 
clase. Some of the more homogeneous specimens have 
concentrically zoned plagioclase. K-feldspar rather 
typically is irregularly distributed. Much quartz is in­ 
tricately sutured and mosaicked.

Well-formed hornblende is widespread enough to 
be typical of this gneiss, and the ratio of hornblende 
to biotite varies considerably. The hornblende is typical 
green "granitic" amphibole that is pleochroic from 
X=moderate greenish yellow, to Y=light olive, to 
Z=moderate yellowish green and grayish green. Brown 
biotite commonly is intensely chloritized, but where 
fresh is pleochroic from X=grayish to moderate yellow 
and grayish orange to Z=shades of brown. Metallic
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OTHER EXPLANATION

Gneiss of 
Pinyon Ridge

Quartz monzonite 
mtrusive(?)

HORNBLENDE 3:1 1:1 1:3 BIOTITE 
HORNBLENDE : BIOTITE RATIO

10
90

PLAGIOCLASE

35
65

65
35

K-FELDSPAR 

FIGURE 20. Modal plot of the Pinyon Ridge area.

TABLE 16. Modes of rocks of Pinyon Ridge 

[S=sphene]

No. Plagio- K-feld- Quartz Biotite Horn- Other Specific 
clase spar blende gravity

Gneiss

DR-190  ....
197  -
363.  ...
365   -

56
56
67
63

9
10
13
5

15
17
5

15

10
9
2
1

10 ..........
7 (8)1

13 ..........
16 .....-..--

2 74.

2 7Q

2.74
2 R4 (?}

Quartz monzonite

DR-372. 
373.

33
44

28
19

2.61
2.62

opaque minerals, sphene, apatite, zircon, and allanite 
are present as accessary minerals.

Some coarse-grained felsic quartz monzonite appears 
to intrude the gneissic and granodioritic sequence, and 
pegmatite is also intrusive, but not abundant.

GRANODIORITE OF FAIRMONT RESERVOIR

SETTING AND GENERAL DESCRIPTION

The granodiorite of the Fairmont Keservoir is ex­ 
posed between Antelope Valley and the San Andreas 
fault along a 16-mile segment that is no more than 3 
miles wide. West of the specimen 615 locality, a long 
thin tongue of alluvium separates Fairmont rocks from 
a granitic rock that is distinctly different, at least in 
exposures examined near the San Andreas fault. The 
northern part of this area was not examined, and pos­

sibly it also includes Fairmont rocks. The poorly ex­ 
posed granitic rocks of Fairmont Butte have not been 
examined either; they may well be the Fairmont type. 
Thus, this rather homogenous granitic rock is exposed 
over an area of at least 20 square miles, and additional 
exposures may exist at two localities.

The rock is white to gray and liberally mottled with 
black biotite and some hornblende. Both honey-brown 
sphene and green epidote are visible in some hand speci­ 
mens. The grain size varies somewhat, and some speci­ 
mens have an almost salt-and-pepper look. Sparsely 
scattered through the rock are pinkish K-feldspar crys­ 
tals as much as 25 mm long. Small dark inclusions and 
schlieren locally are relatively abundant and, along with 
elongated dark minerals, define a foliation. Generally, 
however, inclusions and schlieren are rare. Foliation 
with the form of streaking is locally reflected by grain- 
size variation and dark-mineral concentration. Gouge- 
filled thin shear zones are locally present, but mostly this 
rock shows only minor evidence of shearing. Aplite, 
alaskite, and pegmatite in small dikes and masses in­ 
trude the granodiorite. Coarser and more felsic rocks 
represented by specimens 590, 592, 595B, and 600A may 
be intrusive into the granodiorite, or they must be vari­ 
ants of the granodiorite. They do seem to be modally 
quite distinct from the bulk of the Fairmont rocks.

Figure 21 and table 17 show the modal variation of 
this mass. Perhaps the most noteworthy characteristic 
is the almost constant quartz percentage in specimens 
that span the granodiorite and quartz diorite fields.
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FIGURE 21. Modal plot of rocks of Fairmont Reservoir area.



46 PETROGRAPHIC, CHEMICAL STUDY, GRANITIC AND GNEISSIC ROCKS, SAN ANDREAS FAULT, CALIF.

TABLE 17. Modes of rocks of Fairmont Reservoir area 

[S=sphene, E=epidote, Me=metallic opaque minerals, n.d.=not determined]

No. Plagio- K-feld- Quartz Bio- Horn- Other specific 
clase spar tite blende gravity

Granodiorite of Fairmont Reservoir

BP-1-.    --  
IB.- .....

DR-486-.      
489..     -
490-.......-
491-..   .-.
591-.     
593-      
594..    .-.
595A.-    _
596.     
597-.      .
598.-.     
599..    
601B.--.-.
602..     

613-...   
614-...-   
615...     .
616. .----..

51
47
48
50
60
47
53
55
56
44
56
49
55
50
45
55

47
47
58
46

10
15
14
8

<1
12
10
6
2
21
2

11
6

13
21
5

18
12
<1
21

23
24
23
29
22
22
24
21
25
24
25
21
24
24
24
23

25
29
27
22

11
11
15 ...
11
13
13
10
12
12
9

14
11
11
11
9 ...

12

8
10 ...
15 ...
9 ...

3
1

1
2
4
3
4
2
1
2
5
2
1

1

1

(S)l, (E)l
(S)l, (E)l

(E)l
(8)1, (E)2
(8)1, (E)l

(8)1, (Me)l
(8)2, (Me)l
(S)l
(8)1
(8)1, (Me)l
(8)2
(8)1
(8)1
(8)1, (Me)l,
(E)2

(E)l
(S)l, (E)l

(8)1, (E)l

2.72
n.d.
2.69
2.71
2.73
2.70
2.66
2.72
2.74
2.66
2.72
2.70
2.71
2.70
2.68
2.73

2.67
2.67
2.69
2.67

Average. 51 10 24 2 2 2.70

Felsic rocks of Fairmont Reservoir area

DR-590..
592.. 
595B. 
600A.

32
29
36
30

34
42
30
33

3 ....
3 ....
4 ....

(Me, 8)1
2.62
2.64
2.65
2.60

Average. 32 29 35 2.63

Granodiorite of Burnt Peak (Burnt Peak No. 2 type)

TJT> o An OA OK ft fi fd T?M

DR-617- ------------ 42 11 26 15 5 (S,E)1

40 26 5 1 2.67

MICROSCOPIC DESCRIPTION

In general these rocks are hypautomorphic-granular 
to seriate and little altered. Plagioclase, in well-formed 
crystals, is cleanly twinned and oscillatorily zoned, and 
most is sodic andesine. K-feldspar content ranges from 
traces to more than 20 percent. The mineral ranges from 
small interstitial grains to large poikilitic crystals that 
characteristically include all other constituents of the 
rock. Most of the quartz is rather strongly mosaicked 
and sutured and in part granulated, but locally the 
quartz is virtually unstrained. Biotite as irregular crys­ 
tals is the common dark mineral. It is pleochroic from 
X=grayish orange to grayish yellow to Z=light to 
moderate olive brown and less commonly moderate to 
dark yellowish brown or light olive. In some specimens 
the olive to brown biotite grades to a grass-green vari­ 
ety with high birefringence that may represent a tran­ 
sitional stage in chloritization. Hornblende ranges from 
irregular shreds to rather well-formed bladed crystals. 
Pleochroism is X=moderate greenish yellow, Y=light 
to grayish olive, and Z=moderate yellowish green.

Sphene is abundant in irregular to euhedral wedge- 
shaped crystals that commonly contain inclusions of

metallic opaque minerals, probably mostly, if not all, 
magnetite. Some of the inclusions have shapes vaguely 
reminiscent of Arabic characters; others are droplike. 
Allanite (in part rimmed with epidote), zircon, and 
apatite are also present. Epidote is common in these 
rocks, yet alteration of dark minerals is extremely un­ 
common. At least some of the epidote is probably 
primary.

The f elsic rocks, mentioned above, generally are xeno- 
morphic-granular and almost aplitic. Rounded quartz 
grains are the most characteristic differences from the 
granodiorite. Also, the felsic rocks lack hornblende. 
Other than this, there is little to distinguish them in 
thin section from the granodiorite.

DISTINGUISHING FEATURES

In hand specimen these rocks are not particularly 
distinctive. Modally, the constant quartz percentage 
through the range from granodiorite to quartz diorite 
is noteworthy. In thin section, the abundance of sphene, 
magnetite, and epidote is significant. The abundance of 
euhedral sphene with numerous magnetite inclusions is 
distinctive.

GRANODIORITE OF BURNT PEAK

West of the westernmost outcrops of the granodiorite 
of Fairmont Reservoir, across an alluviated valley, the 
granitic rock of Burnt Peak is distinctly different. 
Hornblende is abundant and well formed, and the gen­ 
eral texture of the rock is different from the Fairmont 
Reservoir type. Unfortunately, a gap of about 2 miles 
separates samples of the two types, and it is possible 
that the two types could be variants of one mass. How­ 
ever certain features seem dissimilar enough to at least 
point out the possibility that the rock of Burnt Peak 
is a separate mass.

The Burnt Peak rocks in part have a striking tex­ 
ture with well-formed plagioclase, K-feldspar, and dark 
minerals. Hornblende, particularly, and even some bio­ 
tite are euhedral. The general modal composition, how­ 
ever, is not too different from Fairmont Reservoir speci- 
nients (fig. 21; table 17). Hornblende is generally more 
abundant relative to biotite than in the Fairmont rock, 
but because the samples are few, this is a shaky con­ 
clusion. Biotite is pleochroic from X=grayish yellow to 
grayish orange to Z=light olive. Hornblende is pleo1- 
chroic as follows: X=moderate greenish yellow, Y= 
light olive to moderate olive brown, and Z=moderate 
yellowish green to moderate green.

Sphene is an abundant accessory, partly as euhedral 
crystals. Zircon, apatite, and mere traces of metallic 
opaque minerals in hornblende comprise the remainder
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of the accessories. Alteration products epidote, chlo- 
rite, and sericite are relatively abundant.

The rarity of metallic opaque minerals in a rock with 
abundant dark minerals, particularly hornblende, is in 
marked contrast to the abundance of opaque minerals in 
the Fairmont Reservoir rocks.

GNEISSIC GRANITIC ROCKS OF BOUQUET RESERVOIR

SETTING AND GENERAL DESCRIPTION

Gneissic granitic rocks form a 5-mile-wide belt that 
extends from the San Andreas fault westward more 
than 20 miles between schistose rocks of the Sierra 
Pelona on the south and granitic rocks of Liebre Moun­ 
tain on the north. Only the eastern part of this mass has 
been sampled, and very sparsely at that. The only part 
of the mass that can be described with any confidence is 
a belt along the south side of the mass from the San 
Andreas fault to the area of Bouquet Reservoir.

The rocks of this belt, though variable in details, have 
a gross similarity. Most are relatively dark colored and 
are medium to coarse grained with an irregular some­ 
what splotchy overall texture. All these rocks are foli­ 
ated to some degree, but only a few are gneissic. The 
fabric is more granitic than metamorphic; there is a gen­ 
eral resemblance in part to the granodiorite of Holcomb 
Ridge, though most of the Bouquet Reservoir rocks are 
somewhat darker. The Bouquet Reservoir rocks could be 
regarded as either homogenized gneissic rocks or some­ 
what gneissic granitic rocks.

Scattered observations north of the sampled belt sug­ 
gest that Bouquet Reservoir rocks are more gneissic and 
are in part highly contorted. Also, there appear to be 
some hybrid rocks that, though somewhat granitic look­ 
ing, have unusual mineralogy (specimen 488). Aplite,

alaskite, and simple pegmatite intrude the Bouquet 
Reservoir rocks, in variable amounts.

The modes (fig. 22; table 18) show an interesting 
trend, plunging steeply toward the plagioclase corner 
of the triangle, but more samples are needed from else­ 
where in the mass to determine if this trend is repre­ 
sentative. Most of the samples have a granodiorite to 
quartz diorite composition.

In outcrop the presence of well-formed hornblende 
crystals is commonly striking. Biotite is generally more 
abundant than hornblende (fig. 22), but is commonly 
altered; thus the fresher hornblende is more noticeable. 
The only rock with a marked predominance of horn­ 
blende is an unusual hybrid (specimen 488).

OTHER
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FIGUBE 22. Modal plot of gneiss of Bouquet Reservoir area.

TABLE 18. Modes of gneiss of Bouquet Reservoir

No.

DR-469D_______
470C_______

473B__.____

476B_______

479 1
480
481A
488
891
893

Average. __ _

Plagio- 
clase

54 
65 
49 
45 
54 
42 
57 
52 
51 
25 
62 
47 
55

51

K- 
feld- Quartz 
spar

6 
Trace 

8 
11 
12 
18 
2 
1 
3 

28 
5 

16 
8

8

18 
2 

20 
24 
24 
26 
13 
15 
15 
38 

4 
20 
21

18

Metal- 
Bio- Horn- lie Spe- 
tite blende Sphene opaque Other cific 

min- gravity 
erals

12 
12 
14 
14 

6 
8 

15 
9 

17 
9 ___.

17 
16

11

10 _________-___-_-__.
21 ___________-_-_---

9 _____________-_-.._
5 ___-_._-__--_---
3 ________ 1 __.
6 __.._____-___-__--.

13 ___________-_-_--_.
22 1 __.._-__--.
14 __________-____--_.

25 3 _-___-_-

12 ___________________

______ 2.77
______ 2.89
______ 2.79

1 2. 73 
______ 2.71
______ 2.71
.-____ 2.81
______ 2.79
_____ 2.79

______ 2.67
1 2. 82 

_ _ _ 2. 73
______ 2.73

_ _ _ 2. 76
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MICROSCOPIC DESCRIPTION

The texture of these rocks is somewhat difficult to de­ 
scribe. Most can probably best be considered grano- 
blastic, but some are more granitic (xenomorphic-granu- 
lar). Most thin sections show strong foliation, and some 
have an incipient augen structure with quartz that is 
strongly shape oriented as well as intricately sutured, 
mosaicked, and woven around the more resistant feld­ 
spar grains. There are, however, gradations to much less 
strained and more homogeneous rocks.

Plagioclase makes up about half these rocks. It is 
well twinned and zoned and generally sodic to inter­ 
mediate andesine, in part subhedral but more generally 
anhedral. It forms the more resistant crystals around 
which quartz and biotite are wrapped in the anastomos­ 
ing augen rocks. Saussuritization is abundant in some 
rocks.

K-feldspar forms interstitial wisps and crystals ex­ 
cept rarely where it has grown to poikilitic crystals up 
to 10 mm across. K-feldspar, even in the interstitial 
crystals, seems to locally engulf other minerals.

Quartz is about as abundant in most of these rocks 
as it is in the unquestionably granitic rocks of this 
region. Although relatively abundant, it is mostly inter­ 
stitial in extremely strained, shape-oriented trains of 
crystals. In this regard, its habit is certainly metamor- 
phic, rather than granitic.

Biotite tends to be irregular, in shreds, and appears 
to wrap around resistant plagioclase. The brownish bio­ 
tite is pleochroic from X=grayish yellow to grayish 
orange to Z=moderate brown to moderate reddish 
brown. The reddish tints are common. Chloritic altera­ 
tion is widespread, and in some rocks all biotite is con­ 
verted to chlorite. The greenish, smeared appearance of 
some hand specimens reflects this abundant alteration. 

Green hornblende ranges from thin irregular shreds 
to euhedral crystals up to 10 mm long. Most hornblende 
crystals are relatively large and well formed; a few 
bent crystals are found in rocks with incipient augen 
structure. The larger hornblende crystals commonly in­ 
clude rounded and irregular quartz grains, and less 
commonly biotite and plagioclase. Hornblende is gen­ 
erally unaltered or has minor epidote or chlorite altera­ 
tion in contrast to the much altered associated biotite. 
The hornblende appears to have recrystallized late 
and engulfed other constituents. The pleochroism is 
X=moderate greenish, Y=light olive, and Z=moderate 
yellowish green to grayish green.

Granitic-type accessory minerals apatite, allanite, 
sphene, zircon, and metallic opaque minerals are found 
in the specimens. In some specimens (469D, 479, 479-1, 
480) metallic opaque minerals are rare or absent, which 
seems unusual for rocks with abundant hornblende and

biotite. Also, sphene is virtually absent in most of these 
same rocks; this is even more unusual because sphene 
is so common in the basement rocks of this region. Gen­ 
erally the accessory minerals look primary, but zircon 
commonly is rounded and may be largely inherited 
from the sedimentary (?) parent rocks of this gneissic 
complex.

DISTINGUISHING FEATURES

The relatively dark, foliated (but not gneissic) rocks 
of the belt from specimen 469 to specimen 480 (pi. 2) 
are somewhat distinctive, but hard to describe. The in­ 
cipient augen structure, the distinctive hornblende 
crystals, and the smeared greenish foliation surfaces 
define a group of rocks that are structurally and tex- 
turally somewhere between the Wrightwood and Hol­ 
comb rocks. The Bouquet Reservoir rocks are darker 
and more foliated than the Holcomb rocks and contain 
much less well-banded gneiss than the Wrightwood 
rocks. Of course, further sampling in the Bouquet 
Reservoir area may modify this conclusion.

GRANITIC ROCKS OF LIEBRE MOUNTAIN

The mixed granitic and gneissic rocks of Liebre 
Mountain are exposed for about 20 miles along the 
south side of the San Andreas fault east of German. 
These rocks were separated in mapping from the gneiss 
of Bouquet Reservoir by Dibblee (1967, pi. 1) because 
the Liebre is dominantly granitic, whereas the Bouquet 
Reservoir rocks are dominantly gneissic. It should be 
pointed out, however, that there is abundant gneissic 
material in the Liebre, and the distinction between the 
Liebre and Bouquet Reservoir units may be somewhat 
less than that shown by Dibblee (1967). Granitic rock 
does seem to dominate the west end of the Liebre 'area, 
but the relation of these rocks to the more gneissic 
rocks to the east is poorly known.

SETTING AND GENERAL DESCRIPTION

The granitic rocks, which dominate the west end of 
Liebre Mountain and are also associated with gneiss in 
the central part, are medium to light gray, medium 
grained, and mostly equigranular; they have an aver­ 
age composition of granodiorite. Intruding these rocks 
is a coarser, more felsic rock (specimen 632) that is 
much less abundant.

The granodiorite is foliated in part and locally con­ 
tains schistose inclusions several feet long. Some folia­ 
tion is accented by sheetlike concentrations of micaceous 
material in a somewhat homogeneous granitic matrix. 
This texture grades into concordant gneissic rocks. 
Ellipsoidal dioritic inclusions vary considerably in 
abundance in one roadcut they are abundant, and a
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short distance away as few as one per 20 square feet 
are found. Dikes of dark fine-grained rock are also com­ 
mon locally in the granodiorite.

Modal analyses of these rocks are plotted in figure 23 
and given in table 19. The overall spread and the aver­ 
age are rather close to the granodiorite of the Fairmont 
Keservoir, but the field is a little more scattered, par­ 
ticularly in quartz percentage. The dark mineral per­ 
centage and ratio are comparable.

OTHER EXPLANATION
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FIGTJBE 23. Modal plot of granitic rocks of Liebre Mountain.

TABLE 19. Modes of rocks of Liebre Mountain 

[S=sphene, Me=metallic opaque minerals, n.d.=not determined]

No. Plagio- K-feld- Quartz Bio- Horn- Other Specific 
clase spar tite blende gravity

Granitic rocks

LM-1.. ...........
IB............

DR-624       .
626...........
630...........
631..........
634..--- .
635-.     
637..--.   -
638..--  
639-    
640-...   
641     

...... 40
    44
    52
...... 50
.   60 ..
    46
    46
... ... 55
    57
    47
    57
    53
    59

25
17
7
5

17
12
5
3
12
3

11
3

31
28
25
31
25
26
28
25
21
28
21
24
19

4 ...
9

16 ...
14 ...
15 ...
8
12
12
13
10
15
10
15

1

2
1
3
6
3
3
2
4

(S, Me)l

(8)1
(S, Me)l

(S, Me)l

2.66
n.d.
2.70
2.68
2.72
2.69
2.66
2.72
2.73
2.69
2.72
2.70
2.73

Average. 51 26 12 2.70

Coarse felsic rock

DR-632. 40 29 27 2.61

Metamorphic(?) rock

DR-633A. 49 17 22 (8)1, 
(Me)2.

MICROSCOPIC DESCRIPTION

These rocks range from xenomorphic- to hypauto- 
morphic-granular. Very locally they are seriate, but the 
large poikilitic K-feldspar crystals are lacy and not as 
discrete as those in the Fairmont mass. The pinkish 
feldspar crystals of the Fairmont mass are readily visi­ 
ble in hand specimen, whereas those in the Liebre mass 
are obvious only on a selectively stained surface. Plagio- 
clase is mostly fresh and cleanly twinned in these rocks. 
Also, oscillatory zoning is evident even in specimens 
associated with gneissic rocks and in some foliated 
rocks that may be partly homogenized gneisses. The 
plagioclase is andesine, mostly sodic. As already men­ 
tioned, K-feldspar is characteristically interstitial, and 
even large crystals are weblike nets engulfing other 
minerals. Quartz is generally strongly mosaicked and 
sutured and in part seems to replace plagioclase. Biotite, 
the dominant dark mineral, is pleochroic from X= 
grayish yellow to grayish orange to Z = moderate to 
dark yellowish brown and less commonly light to mod­ 
erate olive brown. Hornblende is much less common 
than biotite and is absent in some specimens. It is 
pleochroic from X=moderate greenish yellow, to Y= 
light olive to dusky yellow green, to Z=grayish green 
and less commonly moderate to dark yellowish green.

Sphene and magnetite are present in all specimens, 
but locally magnetite is rare. In some specimens sphene 
is euhedral and contains magnetite inclusions shaped 
like Arabic characters or in rounded blebs. In other 
specimens, magnetite and sphene are clustered together, 
and no magnetite is found in the sphene. Allanite (in 
part crusted with epidote), zircon, and apatite are also 
present. Alteration is uncommon in this rock, but the 
epidote that is present in small amounts probably is 
largely an alteration product. This is one difference be­ 
tween this mass and the epidote-bearing Fairmont 
Keservoir rocks.

DISTINGUISHING FEATURES

The granitic rocks at the west end of Liebre Moun­ 
tain are not particularly distinctive. In part dark ellip­ 
soidal inclusions are common; except for the presence of 
these inclusions, the Liebre rocks resemble the grano­ 
diorite of the Fairmont Reservoir, adjacent to Liebre 
Mountain on the north side of the San Andreas fault,

Despite the gross physical resemblance between the 
Liebre and Fairmont rocks, there do seem to be some 
differences, some of which are admittedly very subtle. 
K-feldspar is dominantly interstitial in the Liebre 
rocks, whereas discrete pinkish K-feldspar poikiloblasts 
are scattered through the Fairmont mass. Sphene and 
magnetite are abundant in both masses, but somewhat
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more so in the Fairmont mass. Also, in the Fairmont 
mass, the sphene is more commonly euhedral and con­ 
tains more of the magnetite inclusions that are shaped 
like Arabic characters. Epidote is almost a characteriz­ 
ing accessory in the Fairmont rocks, whereas it is much 
less common in the Liebre rocks.

The Liebre rocks should also be compared with the 
granodiorite of Holcomb Kidge, for Dibblee (1968, 
p. 263) suggested that these two suites may be correla­ 
tive. In physical appearance they are grossly similar, 
and the modal plot and mineral percentages are similar. 
Also, both the Holcomb and Liebre have associated 
foliated and gneissic rocks. Some Holcomb specimens 
also are unusual because of magnetite inclusions in 
sphene, but most do not have magnetite inclusions. In 
general, K-feldspar and hornblende are more common 
in the Holcomb rocks, but their presence is not overly 
impressive.

It would be virtually impossible from the data at 
hand to separate the Holcomb, Fairmont, and Liebre 
masses with any degree of confidence. In other words, 
many granitic rocks look like other granitic rocks, and 
distinction or correlation should be approached very 
cautiously. It does seem worth suggesting, however, that 
three masses which are so similar could possibly belong 
to the same intrusive suite.

GRANODIORITE OF THE LEBEC AREA

SETTING AND GENERAL DESCRIPTION

The granodiorite of the Lebec area, a small part of 
which was named the Lebec Quartz Monzonite by 
Crowell (1952, p. 8-10), is exposed for a 20-mile stretch, 
along the north side of the San Andreas fault and along 
the north side of the Garlock fault east of where it 
intersects the San Andreas. The granodiorite is believed 
to be thrust northward over gneissic rocks in the vicin­ 
ity of Tejon Pass (Crowell, 1952, p. 8 and pi. 1). This 
thrust, which has been mapped eastward by Dibblee 
(oral commun., 1969) to where it intercepts the Garlock 
fault, marks the northern and eastern limit of the 
Lebec rocks. To the west the thrust relation is less 
certain, though the northern limit of Lebec rocks is 
fairly wTell known.

Most outcrops expose a light-gray rock liberally 
sprinkled with dark minerals, which tend to give the 
rocks a peppery appearance. The most distinctive hand- 
specimen characteristic of these rocks is the brownish 
staining of some dark minerals. In thin section these 
crystals turn out to be iron-stained amphibole crystals 
that contain ghostlike clinopyroxene remnants. Al­ 
though in most specimens dark minerals are small and 
irregular, some specimens contain scattered biotite 
books distinctly larger than the rest of the dark

minerals. Most specimens are equigranular, but some 
have markedly poikilitic K-feldspar crystals as large as 
15 mm. These poikilitic crystals are not readily visible 
in field exposures, but require selective staining to make 
them obvious. Rounded quartz masses to 5 mm in diam­ 
eter are distinctly darker than the light-gray feldspar 
and give a characteristic spotty appearance to many 
outcrops. Ovoid dioritic inclusions are small and rare. 
Roof pendants or inclusions are relatively abundant; 
marble is most common, and schist, hornfels, and 
quartzite are less common.

The modes of the Lebec rocks are given in table 20 
and summarized in figure 24. The field is markedly 
elongate and shows a relatively constant quartz content 
as the feldspar ratio changes.

Coarse-grained felsic yellowish-weathering rocks are 
found locally in the Lebec outcrops. These alaskitic 
rocks may well be intrusive into the granodiorite, but 
no contact relations were seen. Crowell (1952, p. 9) 
noted a coarse-grained facies, having gradational but 
indistinct contacts with the dominant medium-grained 
gray rocks.

Fine-grained medium-gray rocks with very fine pep­ 
pery dark minerals and scattered larger biotite books 
form small masses intrusive into metasedimentary rocks 
west of the main Lebec body. These rocks may be fine­ 
grained equivalents of the granodiorite of Lebec, but 
their modal plot (fig. 24) is somewhat different. Prob­ 
ably these fine-grained rocks are somewhat younger, 
more felsic derivatives of the granodiorite, as dikes of 
somewhat similar rocks intrude the granodiorite farther 
east.

OTHER EXPLANATION

O 
Single sample Average

Granodiorite of Lebec

Fine-grained Alaskite
Lebec 

equivalent^)

Alaskite of 
Brush Mountain

HORNBLENDE 3:1 1:1 1:3 BIOTITE 
HORNBLENDE : BIOTITE RATIO
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90 
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35
65

65
35

K-FELDSPAR

FIGURE 24. Modal plot of the granodiorite and related rocks of 
the Lebec area.
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TABLE 20. Modes of granodiorite and related masses of the Lebec
area 

[Mu=muscovite, Cl=clinopyroxene, Tr.=trace]

No.

DK-643-

673--... 
674..--. 
678......
679A .. 
680A(S). 
680A(L).

682.
683.

687-.

690.
691.
692. 
693-
694.
695.

697.

699..
700..

701..
702.. 
706.. 
707-. 
708..
712..
713..
779..
780..

FM-1.

Average.

DR-721.
722.

DR-646. 
676. 
681. 
710.

DB-723-
724- 
726- 
726- 
727.

Average.

1 Weathered.

Plagio- K-feld- Quartz Bio- Horn- Other Specific 
clase spar tite blende gravity

Granodiorite

50
49
48
48
33
43
47
47
46
44
53
45
49
51
48
34
48
49
47
47
41

49
41
57
49

49
52
58
52
61
47
48
52

47

19
15
15
16
28
21
15
14
17
22
6

18
12
12
15
26
14
10
14
16
19

12
17
4

13

2
20
16
7
1

12

20
25
25
21
34
28
28
28
27
29
27
26
27
22
27
28
26
27
23
25
24

27
24
22

30
24
18
23
19
28
26
29
27

24

11
11
11
14

5
7

10

1 (Mu)Tr. 
1 ..........

--- 
1 (Mu)Tr.

12

... (Mu)Tr. 

1 "(MuJTr.

13
12

12
22

18

1 (01)2

2 "(ClJTr."

14 25 12

Fine-grained rock

42
41

23
22

Alaskite

29
31
27
3

38
31
42
33

31
35
30
32

36 32

Alaskite of Brush Mountain

28
34
32
32

29 31 36

MICROSCOPIC DESCRIPTION

2.69
'2.62

2.67
2.72
2.64
2.65 
n.d. 
n.d. 
2.68 
2.64
2.67
2.68
2.68
2.71
2.67
2.66
2.67
2.68
2.71
2.65
2.68

2.68
2.68
2.69
2.69

2.63
2.70
2.69
2.70
2.70
2.65
2.67
2.68
2.71

2.71

2.68

2.63
2.65

2.59
2.58
2.60
2.59

2.59

2.62
2.62
2.62
2.61
2.62

2.62

The granodiorite of the Lebec area is hypautomor- 
phic-granular to seriate. Most is massive, but minor ef­ 
fects of shearing are evident in some thin sections. Pla- 
gioclase, the most abundant mineral, is cleanly twinned 
and oscillatorily zoned, mostly in the sodic andesine 
range. It is unaltered to impressively sericitized in

places. K-feldspar ranges from trace amounts to nearly 
30 percent of the rock. It is notably irregular and space 
filling, but it also engulfs all other constitutents and 
has grown to large lacy poikilitic crystals that have ir­ 
regular to euhedral shapes. Quartz is interstitial and ir­ 
regular, but in part forms rounded masses to 5 mm in 
diameter. Locally the quartz is strongly mosaicked, su­ 
tured, and even granulated, but most shows very little 
evidence of strain.

Biotite is in shreds and irregular grains; the larger 
books are also irregular. Pleochroic halos around very 
small crystals, presumably zircon, are common enough 
to be characteristic in this mass. Alteration is variable, 
but in some specimens almost all biotite has been con­ 
verted to green chlorite, sparsely speckled with opaque 
grains. The biotite is strongly pleochroic from X=gray­ 
ish orange to Z=moderate reddish brown and much less 
commonly light to moderate brown. The dominant red­ 
dish-brown biotite helps to distinguish this mass from 
the Liebre, Fairmont, and Holcomb masses to the east 
which are grossly similar in modal composition.

Hornblende is a minor constitutent, but it is rather 
widespread. It is rarely in clean well-formed grains, 
but is spongy to lacy and mixed with biotite and the 
alteration products chlorite and calcite. Surprisingly, 
very little epidote is associated with these hornblende 
crystals. Perhaps the most distinctive feature of the 
hornblende crystals is the lacy colorless clinopyroxene 
cores that are stained with iron oxide, which accounts 
for the brownish-stained dark minerals that charac­ 
terize outcrops of the Lebec rocks. The hornblende is 
pleochroic from X=moderate greenish yellow, to Y= 
light olive to light olive brown, to Z=light olive to pale 
green. Much of the hornblende is very pale compared 
with other hornblende in the region.

Zircon, and possibly other highly birefringent, high- 
relief minerals, and apatite are common as inclusions in 
the biotite. Allanite is scattered in zoned, pleochroic 
grains that are reddish brown. Sphene is rare to fairly 
common, generally in irregular grains, and most fre­ 
quently in biotite crystals as stringers and droplets. 
Opaque minerals are rare and are almost always asso­ 
ciated with altered biotite. One specimen contains a 
little blue tourmaline.

The coarse-grained felsic yellowish-weathering alas- 
kitic rocks in part have scattered rounded quartz grains 
that give a hint of aplitic texture. Coarse, patchy perth- 
ite in the K-feldspar is also characteristic. The large 
masses of quartz show few signs of strain. Zircon is the 
only accessory mineral, and it is relatively abundant in 
biotite, with associated pleochroic halos. One specimen 
(DR-646) has a few grains of pink garnet.
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DISTINGUISHING FEATURES

The Lebec rocks are in part characterized by rounded 
gray quartz masses that make darker spots in an over­ 
all white to light-gray feldspar matrix. The scattered 
larger biotite books also contribute to a rather distinc­ 
tive spotted look. On close observation of outcrops, how­ 
ever, the most characteristic feature of this mass is the 
scattered brown-stained dark minerals.

In thin section the most distinctive features of the 
Lebec rocks are reddish-brown biotite, reddish-brown 
allanite, very pale green hornblende, and the ghostlike 
iron-stained clinopyroxene cores in the hornblende 
crystals.

ALAS KITE OF BRUSH MOUNTAIN

Coarse-grained felsic granitic rock (specimens 723- 
727) crops out on the slopes of Brush Mountain, in the 
Eagle Rest Peak 7^-minute quadrangle. It generally 
resembles the alaskitic rocks that possibly intrude the 
Lebec rocks farther to the east. The relation of the 
Brush Mountain rocks to the granodiorite of Lebec is 
not known. The rocks contain prominent pinkish- to 
salmon-colored K-feldspar and a fair sprinkling of bio­ 
tite perhaps too much to be classed as alaskites. Their 
microscopic texture suggests affinities with the alaskites 
to the east, however. Basically these rocks are xenomor- 
phic-granular, but an "overprint" of rounded quartz 
grains gives an essentially aplitic appearance in thin 
section. The rounded quartz grains are particularly 
common in plagioclase, which is oligoclase in these 
rocks. Perthitic K-feldspar is also present. Quartz, 
which is present in large masses as well as in rounded 
"droplets," shows relatively little strain. Biotite is pleo- 
chroic in shades of yellow and brown and forms ir­ 
regular-shaped crystals. The only accessory minerals are 
zircon, monazite, and a little apatite in biotite. The 
plagioclase contains a little sericite; otherwise, these 
rocks are virtually unaltered.

GABBROIC ROCKS OF THE EAGLE REST PEAK AREA

The westernmost outcrops of basement rock in the San 
Emigdio Mountains (pi. 2) are a suite of unusual gab- 
broic and related rocks that are separated from the 
much different granitic basement of the main San 
Emigdio basement by a cover of Tertiary rocks. These 
rocks were studied by Hammond (1958), whose map 
was used for the area on plate 2 and as a base for sam­ 
pling. The significance of these gabbroic rocks and theii 
possible relation to the gabbros of Gold Hill and Logan 
were also discussed by Boss (1970). Three main rock 
types are exposed in the Eagle Rest Peak area; in pre­ 
sumed order of decreasing age they are (1) fine-grained

metamorphosed igneous rocks with relic diabasic tex­ 
ture, (2) gabbro and pyroxenite, and (3) hornblende 
quartz diorite-quartz gabbro.

The gabbro and pyroxenite make up about half the 
outcrop area. The gabbro consists of calcic plagioclase 
(labradorite-bytownite), pale somewhat fibrous amphi- 
bole, clinopyroxene, a little orthopyroxene, and metallic 
opaque minerals. Coarse exotic textures of these gabbros 
are very similar to those of the anorthositic gabbros of 
Gold Hill and Logan. The associated pyroxenite, which 
is locally abundant, is composed dominantly of various 
proportions of clinopyroxene and orthopyroxene.

The hornblende quartz diorite-quartz gabbro is the 
next most abundant rock type. These rocks are com­ 
posed of about 50 percent plagioclase (andesine to 
labradorite), 30-35 percent green hornblende, and 20^-25 
percent quartz; a little biotite and metallic opaque min­ 
erals are also present. Modes of several of these speci­ 
mens are summarized in figure 15 and given in table 21. 
The plagioclase is generally less calcic than that in 
comparable rocks at Gold Hill and Logan, and quartz 
is also commonly more abundant. Nevertheless, the 
general physical and mineralogic character is similar 
to these other quartz gabbro outcrops.

The other major rock type at Eagle Rest Peak is a 
group of dark fine- to medium-grained generally foli-1 
ated plagioclase-hornblende rocks that commonly have 
a diabasic texture. The mineralogical composition of 
these rocks, their texture, and a complete absence of 
associated pelitic or carbonate rocks suggest that they 
are metamorphosed igneous rocks, possibly originally 
a volcanic pile with associated diabase.

Table 21. Modes of hornblende quartz diorite-quartz gabbro of 
Eagle Rest Peak locality

[B=biotite, Me=metallic opaque minerals, Alt=alteration products, Mu=muscovite, 
E=epidote, n.d.=not determined]

No.
Plagio- Horn- 

clase Quartz blende 
(An max)

Specific 
Other gravity

1-1 (Hammond) 

DR-668...........

670 A.

44(75) 

46

52

22

22

13

27 (B)<1, n.d.
(Me) <1,
(Alt) 7 

23 (B)3, 2.82

32
(E)4

1169A

2.84

2.96
1169B.. ...........

1174-1 (float)......

1180A... ..........
1182A.. ...........
1182B. ._._.____.__
1182C.. ...........
1183..............

47

52(70)

52
46(55)
44(75)
53(65)
46

23

28

26
24
19
19
25

23 (B)2,

(Alt)4 
16 (B)3,

(Me)l 
20 (B)2
28 (B)2
35 (B)2
27 (B)l

129

n.d.

2.79

2.78
2.81
2.86
2.81
2.78

Average- 20 26 (B)ll
(Alt) 3

2.82

1 Intensely altered hornblende and biotite.
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In summary, these gabbroic and related rocks of the 
Eagle Rest Peak area have strong similarities to the 
gabbros of Gold Hill and Logan and marked dissimi­ 
larity to the granitic basement of the San Emigdio 
Mountains. As discussed by Ross (1970, p. 3659), these 
rocks may be representative of ophiolitic ocean crust.

BASEMENT ROCKS OF THE MOUNT ABEL-MOUNT 
PINOS AREA

A block of basement covers an area of about 60 square 
miles between the Big Pine and San Andreas faults. 
Though complex in detail, the gross pattern is relatively 
simple (pi. 2). On the north side of the block is a fault- 
bounded wedge of Pelona Schist. On the south are in­ 
trusive granodiorite and quartz monzonite. Between 
these, in the core of the block, is a complexly contorted 
mass of gneiss and migmatite and homogenized gneiss 
that has an almost igneous appearance. The Mount 
Abel-Mount Pinos block is the westernmost assemblage 
of basement rock of the Transverse Ranges on the south 
side of the San Andreas fault.

HOMOGENIZED GNEISSIC ROCKS OF THE 
CENTRAL BLOCK

A high-grade complex of banded gneiss, augen gneiss, 
migmatite, and amphibolite is characterized by wide­ 
spread apparent gradation of metamorphic rocks into 
homogeneous granitic-looking rocks. This granitization 
or ultrametamorphism has produced a medium-gray 
quartz diorite to granodiorite that contains consider­ 
able accessory muscovite. Figure 25 and table 22 show 
the general modal range of these rocks.

OTHER

HORNBLENDE 3:1 1:1 1:3 BIOTITE 
HORNBLENDE : BIOTITE RATIO

^50

EXPLANATION
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of Carman (1964)

A A 
Single sample Average 

Muscovite-bearing 
granodiorite

/ / / \ ^
10
90
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35
65

65
35

K-FELDS

FIQTTBE 25. Modal plot of rocks in the Mount Abel-Mount Pinos
area.

The texture of these rocks is largely granitic. Some 
are slightly porphyritic, others are somewhat aplitic. 
Well-formed cleanly twinned andesine that is weakly 
concentrically zoned in part emphasizes the igneous 
appearance of these rocks. K-feldspar is commonly 
perthitic and in irregular grains. Much of the quartz 
is intricately sutured and mosaicked, and some is granu­ 
lated and in slivery interstitial lenses. Myrmekite is 
common in these rocks.

TABLE 22. Modes of basement rocks of the Mount Abel-Mount 
Pinos area

[Mu=muscovite, Me=metallic opaque minerals, S=sphene, E=epidote]

Plagi- K- Bio- Horn- Specific 
No. oclase feld- Quartz tite blende Other gravity 

spar

Homogenized gneiss

DR-733B.
741A. 
743A. 
745  
750A. 
752... 
761 

768B. 
772... 
776 

60
59
26
61
42
48
57

59
43
47

1
2

38
3

19
20
3

4
18
13

18
26
32
18
20
27
19

18 ........ (Mu)3
10 ........ (Mu)3
2 ........ (Mu)2

13 ........ (Mu)5
14 5 .........
4 ........ (Mu)l
7 10 (8)1,

(E)2. 
(Mu)l

2.73
2.70
2.62
2.70
2.72
2.67
2.78

2.70
2.71
2.72

Average. 51 12 23 10 2 2 2.71

Mount Pinos granite of Carman (1964)

DR-786.
788.
792.

38
24
28

25
36
43

35
38
27

2.62
2.56
2.57

Muscovite-bearing granodiorite

DR-728  
729... 
730  
751A. 
756  
764  
793B.

50
51
53
45
45
32
51

21
29
19
23
20
20
18

25
18
24
30
32
37
27

(Mu)2 2.62

(Mu 
(Mu 
(Mu 
(Mu 
(Mu

10
2.64
2.62
2.55

Average. 47 21 28 1.5 2.5

Biotite is generally the most abundant dark mineral 
and is the only dark mineral in some rocks. It occurs 
as irregular crystals that are pleochroic from X= 
grayish yellow to moderate yellow to Z=light to mod­ 
erate olive brown. Hornblende is less abundant, but still 
common. Like the biotite, it occurs as irregular crystals; 
it is pleochroic as follows: X=moderate greenish yel­ 
low, Y=light olive, and Z=moderate to dark yellowish 
green. Muscovite makes up as much as 5 percent of these 
rocks. It is well scattered and surprisingly abundant 
for rocks of this composition.

The general granitic accessories are present: metallic 
opaque minerals, sphene, apatite, zircon, and allanite. 
Some euhedral sphene crystals are peppered with inclu­ 
sions of metallic opaque minerals. The alteration prod­ 
ucts epidote, chlorite, and sericite are present in variable 
amounts.
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These rocks are widespread in the gneissic block from 
the west side of Mount Abel to the Mount Pinos High­ 
way to the east. Though they vary in composition and 
texture, they have a generally similar appearance, which 
makes a regionally distinctive unit. The widespread 
occurrence of muscovite is also distinctive. In general 
setting, these rocks resemble the rocks of Red Hills, 
which seem to be homogenized gneisses also. The rocks 
of the Red Hills, however, do not contain muscovite.

INTRUSIVE GRANITIC ROCKS OF THE SOUTH FLANK 
OF MOUNT ABEL-MOUNT PINOS

A variety of rather felsic granitic rocks are exposed 
along the south flank of Mount Abel-Mount Pinos. 
These rocks are intrusive into the gneissic central block 
according to Lofgren (1967). In the part of this area 
that was studied by Carman (1964), the name Mount 
Pinos Granite wyas given these rocks; Carman (1964) 
recognized four granitic varieties. The limited data that 
I collected on this granite are recorded in table 22 and 
figure 25. The general range of composition is from 
alaskite to coarse-grained biotite quartz monzoiiite.

A rather distinctive granitic type is widespread along 
the south flank of Mount Abel-Mount Pinos; its rela­ 
tion to Carman's Mount Pinos Granite is not known. 
Lofgren (1967, p. 47) called it a two-mica leucograno- 
diorite and described it as fine grained and gneissic, 
with prominent biotite lineation. He noted that dikes of 
this rock up to 80 feet thick riddle the gneisses. I repeat­ 
edly found this rock, which I called muscovite-bearing 
granodiorite, in the Mount Abel-Mount Pinos area. 
It is a distinctive light-gray rock with an anastomosing 
fabric, peppered with small biotite and muscovite crys­ 
tals. Mosaicked and sutured quartz is strongly shape 
orientated in thin sections, which, coupled with a sugary 
aplitic texture, makes a very distinctive rock. The pla- 
gioclase is generally oligoclase, but some is albite. Con­ 
centric oscillatory zoning is present. Myrmekite is also 
abundant in these rocks. The biotite is shredlike and 
pleochroic in yellow to brown. Modal analyses of sev­ 
eral specimens of this rock are shown in figure 25 and 
table 22.

PORPHYROBLASTIC GNEISS OF FRAZIER MOUNTAIN

The basement rocks of Frazier Mountain cover a 
large area and are separated from the basement rocks 
of the Mount Abel-Mount Pinos area by the Big Pine 
fault. The most distinctive rock type of the Frazier 
Mountain block is coarsely porphyroblastic gneiss, 
which is rather widespread. I have seen no rocks like 
these elsewhere in the basement rocks of the Transverse 
and Coast Ranges.

The porphyroblasts are as large as 30 mm across, 
and the largest are invariably a mat of K-feldspar 
crystals. Smaller porphyroblasts of plagioclase are also 
common. The porphyroblasts range from euhedral 
through a variety of shapes to ovoid lozenges in strongly 
foliated augen gneiss. .The groundmass is a variety 
of micaceous quartzo-feldspathic material. Olive-brown 
to brown biotite is abundant in finely divided aggre­ 
gates and sprinkled through the rocks. Muscovite and 
sericite are also abundant, as alteration of plagioclase 
as well as in fine-grained aggregates. All the Frazier 
Mountain rocks I examined contained abundant sericite.

Most of the gneissic rocks of Frazier Mountain are 
somewhat altered; granulation and other cataclastic 
effects are common, and the overall appearance is an 
irregularly oriented fabric of variable grain size. One 
surprising feature of these rocks is the apparent absence 
of amphibole. Carman (1964, p. 12-17) did not mention 
amphibole in his description of these rocks either.

CONTRAST BETWEEN BASEMENT ROCKS OF THE MOUNT 
ABEL-MOUNT PINOS AND FRAZIER MOUNTAIN AREAS

Carman (1964) suggested that the Mount Pinos- 
Mount Abel basement rocks may be correlative with 
the Frazier Mountain basement rocks. However, these 
two adjacent basement suites have some notable dif­ 
ferences. Perhaps most distinctive is that amphibole is 
absent in the Frazier Mountain gneisses, but common 
on Mount Abel and Mount Pinos. Also, sericitic altera­ 
tion and muscovite aggregates are abundant on Frazier 
Mountain, whereas muscovite, though relatively com­ 
mon on Mount Abel-Mount Pinos, generally occurs as 
discrete grains in relatively fresh rocks.

The abundant coarse porphyroblastic rocks of Frazier 
Mountain are not present on Mount Abel and Mount 
Pinos. Mylonitic and cataclastic layers also seem more 
abundant on Frazier Mountain.

Neither the strongly foliated muscovite-bearing 
granodiorite nor the homogenized gneiss with granitic 
affinities that are so widespread on Mount Abel and 
Mount Pinos appear to be present on Frazier Mountain.

The internal structure of the two blocks is different 
too. On Mount Abel and Mount Pinos the general struc­ 
tural trend is northeast to easterly, whereas on Frazier 
Mountain the trend is northerly to northwesterly. These 
are very gross generalizations, however, for both areas 
have considerable structural complexity and are sepa­ 
rated by a major fault zone. In conclusion, some very 
significant petrographic features contrast these two 
basement blocks, and thus I doubt that they are 
correlative.
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TEJON LOOKOUT GRANITE OF CROWELL (1952)

Crowell (1952, p. 10) described the Tejon Lookout 
Granite as "composed of five principal f acies with minor 
variations." Exposures are very sparse, but I have ob­ 
served three rock types in addition to aplitic rocks. 
Figure 26 and table 23 show modal analyses of these 
three: a hornblende-bearing granodiorite, a coarse­ 
grained nondescript quartz monzonite, and a rock that 
apparently corresponds to one of Crowell's five facies. 
This third type, specimen 664, is a medium-grained rock 
with euhedral K-feldspar phenocrysts as large as 20 mm 
and with abundant rounded quartz masses that look 
somewhat bluish. It has about the same amount of quartz 
and biotite as Crowell's rock but somewhat less K-f eld-

OTHER EXPLANATION

Tejon Lookout Granite 
of Crowell (1952)

A

Hornblende-bearing 
granodiorite

Coarse-grained felsic 
quartz monzonite
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FIGURE 26. Modal plot of rocks on Tejon Peak. 

TABLE 23. Modes of granitic rock on -Tejon Peak

No. Plagio- K-feld- Quartz Biotite Horn- Specific 
clase spar blende gravity

Tejon Lookout Granite of Crowell (1952)

DR-664. 53 14 23 10 2.61

Hornblende-bearing biotite granodiorite

DR-662.....  ...
663..  ......

...... 50

...... 57
9 
8

28 
22

10 
10

3 2.68 
3 2.68

Coarse-grained felsic quartz monzorite

DR-647  ........
665...........
666...........
667B_. __._.__

Average. ...

...  27

...... 30

...... 38

...... 28

...... 31

39 
31 
27 
36

33

30 
36 
31 
32

32

4 ....
3 ....
4 ....
4 ....

4 ....

2 69
2 61
2 64
2 67

....... 2.63

spar, perhaps because the large K-feldspar phenocrysts 
that Crowell reported are absent in the specimen de­ 
scribed here.

GRANODIORITE OF MUTAU AND PIRU CREEKS

SETTING AND GENERAL DESCRIPTION

A relatively homogeneous fairly well exposed 
granitic mass crops out over several square miles north 
of Mutau Flat in the southern part of the Lockwood 
Valley T^-minute quadrangle. The limits of the mass 
have not been determined.

In fresh outcrops, which are best along Piru Creek, 
the rock is medium light gray and liberally splashed 
with dark minerals. Small orange- to reddish-stained 
spots are characteristic. Ovoid dioritic inclusions are 
sparsely present; most are small, but some are as large 
as 8 inches across.

The modes (table 24; fig. 27) are tightly grouped, 
but these samples represent only a few square miles 
of a mass of undetermined size.

OTHER
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FIGURE 27. Modal plot of granodiorite of Mutau and Piru
Creeks.

TABLE 24. Modes of granodiorite of Mutau and Piru Creeks

No. Plagio- K- Quartz Biotite Horn- Specific 
clase feldspar blende gravity

DR-805B       - 
806.--        
807-       
809... .......... .
810---,        .
812.          
813-.         .
814..-        

44
42
45
46
45
43
44
39

43

17
17
17
19
18
19
22
21

19

26
28
26
23
27
27
24
29

26

10
9
9

8
8
7
8

9

3
4
4

12
2
3
3
3

3

2.69
2.70
2.68
2.69
2.67
2.70
2.69
2.69

2.69
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MICROSCOPIC DESCRIPTION

These rocks have a hypautomorphic-granular texture. 
Plagioclase is well formed, and some dark minerals are 
euhedral. Plagioclase is zoned through the range of 
sodic to intermediate andesine; oscillatory zoning is par­ 
ticularly evident. Many of the crystals are also com­ 
posite. K-feldspar engulfs and corrodes other minerals, 
but individual grains are about the same size as the 
other constituents. Quartz forms irregular masses, some 
of which are as large as the feldspar crystals. Much 
quartz is strongly mosaicked, but some shows little 
strain. Myrmekite is common in these rocks too. The 
red-stained spots seen in hand specimen appear to be 
iron-stained spots in quartz, but no source for the stain­ 
ing is evident.

Biotite generally occurs as irregular crystals and 
is abundant. It is pleochroic from X=various pale 
shades of yellow and orange to Z=moderate olive brown 
to dark yellowish brown. Some hornblende is euhedral, 
but most is present as irregular crystals, in part 
clustered with biotite. It is pleochroic as follows: X= 
moderate greenish yellow, Y= light olive, and Z= 
grayish green to moderate yellowish green.

Sphene, metallic opaque minerals, apatite, and zircon 
are found in all specimens. Some euhedral sphene crys­ 
tals include small crystals of metallic opaque minerals. 
Alteration products are rare in these rocks.

BASEMENT ROCKS OF THE MOJAVE DESERT 
IN THE LANCASTER-VICTORVILLE AREA

Dibblee (1968, p. 261) stated that the heterogeneous 
basement of the Transverse Ranges is in marked con­ 
trast to the pre-Tertiary basement of the Mojave Desert 
to the north, which is mainly nonfoliated quartz mon- 
zonite. There is undoubtedly more granitic rock and less 
gneissic rock in the Mojave Desert than in the Trans­ 
verse Ranges; however, the basement rocks of these 
two provinces may not be fundamentally different. 
Gneissic rocks, gabbroic rocks, and hybrid-looking 
granitic rocks are present north of the San Andreas fault 
zone, in the Mojave Desert perhaps in greater abun­ 
dance than was previously thought. One fact deserves 
emphasis: the San Andreas fault in this region is not 
a break between a gneissic and a granitic basement.

To test the homogeneity of the granitic basement 
rocks in the Mojave Desert, I sampled some masses in 
the Lancaster-Victorville area (pi. 2). A composite 
plot of the samples (fig. 28) shows a considerable range 
in composition. Most of the samples, however, plot as 
a relatively compact field that is dominantly grano- 
diorite and less commonly quartz monzonite. Whether 
these samples are representative of the granitic rocks

QUARTZ
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90

PLAGIOCLASE

35
65

65
35
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FIGURE 28. Composite modal plots of selected granitic masses, 
Mojave Desert.

of the entire Mojave Desert region is, of course, a moot 
question. The following brief petrographic notes catalog 
some of the variation in the granitic rocks.

GRANODIORITE OF LOVEJOY BUTTES

SETTING AND GENERAL DESCRIPTION

Several buttes, the largest of which are the Lovejoy 
Buttes, rise out of the Mojave Desert northeast of Palm- 
dale. They are composed principally of coarse-grained 
granitic rock. The isolated buttes definitely made up of 
this rock type cover an area of some 40 square miles, but 
similar rocks are much more widespread in the western 
Mojave Desert. Outcrops are extensive in the largely 
bare buttes, but most are deeply weathered and present 
the typical desert appearance of rounded, bouldery out­ 
crop partially buried in grus; fresh specimens are dif­ 
ficult to obtain.

On fresh surfaces these rocks are light gray, but 
weathered surfaces are generally pale shades of yellow, 
orange, and brown. The texture ranges from coarsely 
equigranular to coarsely seriate with grayish-orange 
K-feldspar crystals, as large as 40 mm, that are notably 
poikilitic (some look almost like lacework).

Hardly any feature of these rocks can be termed dis­ 
tinctive. They do have a rather high quartz content 
(28 percent, table 25; fig. 29), and muscovite is present 
as a primary mineral. Also, the absence or rarity of 
metallic opaque minerals and sphene in some specimens 
may be a noteworthy characteristic.
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FIGURE 29. Modal plot of granodiorite of Lovejoy Buttes.

TABLE 25. Modes of granodiorite of Lovejoy Buttes

No.

DR-308.. .............
315.. .............
316A ...........
319A ...........
913-.-....... ..
915....   ..-.....
916................
917........   ....
918...............
921............
924............
925A ............
926...............

Plaglo- K-feldspar Quartz Biotite Specific 
clase gravity

45
41
47
39
38
40
55
57
42
47
50
52
56

47

21 
23
10 
25 
25 
29 
12 
8 

24 
16 
20 
18 
16

19

27 
31 
37 
33 
36 
27 
20 
23 
28 
21 
26 
26 
23

28

7 
5 
6 
3 
1 
4 

13 
12 

6 
8 
4 
4 
5

6

2.63 
2.64 
2.66 
2.64 
2.61 
2.63 
2.70 
2.69 
2.63 
5.63 
2.65 
2.67 
2.67

2.64

MICROSCOPIC DESCRIPTION

The texture of these rocks is hypautomorphic-granu- 
lar to seriate; crystals of plagioclase and biotite, in part, 
are well formed. Most specimens appear to have been 
considerably strained, for the quartz is intricately mo­ 
saicked and sutured. Some of the quartz appears to have 
been granulated and partly healed. Also, bent plagio­ 
clase twins and biotite books indicate that the rock has 
been deformed.

Plagioclase is generally sodic andesine; it is cleanly 
twinned and oscillatorily zoned and shows only minor 
sericitic alteration. The K-feldspar engulfs all the other 
major constituents of the rock and is in part grid- 
twinned, but it has no particularly distinguishing fea­ 
tures. Quartz, as already mentioned, is abundant and 
typically intricately sutured and mosaicked.

Biotite ranges from well-formed books to irregular 
shreds. It is normally pleochroic from X=grayish

orange to Z=moderate to grayish brown. Minor chlo- 
ritic alteration is present. Muscovite is also present as 
a primary mineral in small amounts; it is commonly 
intergrown or clustered with the biotite.

Apatite and zircon are present in all specimens, and 
zircon is fairly abundant in a few. Sphene and metallic 
opaque minerals are less common and are absent in 
some specimens, particularly those containing abundant 
muscovite. The sphene also seems light colored in these 
rocks. Trace amounts of what is probably allanite are 
also present. This high-relief mineral is pleochroic from 
light olive brown to moderate to dark reddish brown 
and in this regard is somewhat different from allanite 
in other rocks of this region.

GRANODIORITES OF HI VISTA AND ADOBE MOUNTAIN 
AND POSSIBLY RELATED HYBRID ROCKS OF BLACK 
MOUNTAIN

SETTING AND GENERAL DESCRIPTION

North of tihe granodiorite of Lovejoy Buttes is a large 
area of granitic rock that is distinguished from the 
Lovejoy rocks by a higher percentage of dark minerals 
and the presence of hornblende. Though variable, these 
granodiorites of the Hi Vista-Adobe Mountain-Black 
Mountain area form a mappable group of rocks. The 
relation of these rocks to those at Lovejoy Buttes is not 
known, as the area between the two masses is covered 
by alluvium. The modal data for these rocks are given 
in table 26 and plotted in figure 30.

OTHER EXPLANATION

o O 
Single sample Average

Granodiorite of Hi Vista

Granodiorite of 
Adobe Mountain

A 
Hybrid(?) of Black Mountain

HORNBLENDE 3:1 1:1 1:3 BIOTITE 
HORNBLENDE : BIOTITE RATIO

,50

10
90

PLAGIOCLASE K-FELDSPAR

FIGURE 30. Modal plot of rocks of Hi Vista, Adobe Mountain, 
and Black Mountain.
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In the areas where the granodiorite is relatively 
homogeneous, it is light shades of gray and medium 
to coarse grained. The presence in most outcrops of visi­ 
ble hornblende, in part in crystals as long as 10 mm, 
serves to identify this mass. Another characterizing fea­ 
ture of these granodiorites is the presence of scattered 
large biotite books. Outcrops range from equigranular 
to sparsely porphyritic or seriate. Throughout this area 
abundant aplite, alaskite, and simple pegmatite intrude 
the granodiorites.

TABLE 26. Modes of rocks of Hi Vista, Adobe Mountain, and 
Black Mountain

[S=sphene, Me=metallic opaque minerals, Clp=clinopyroxene]

No. Plagio- K-feld- Quartz Biotite Horn- 
clase spar blende

Other Specific 
gravity

Granodiorite of Hi Vista

DR-298... .......
299    .   
321A (gneissic). 
321B...........
325 (hybrid?).. 
326.       
328        

44 22 27 2.67

329.
330.

47
53
51
55
48
42

44
44

19
16
10
14
15
18

22
17

26
20
20
23
23
29

25
26

7
1

12
<1
114 ..

7

6
6

1
10
5
8

2

2
5

(8)2   .

(8)1,
(Me)l 

(S, Me)l..
(S)l,
(Me)l

2.67
2.72
2.73
2.68
2.65
2.66

2.67
2.69

Average. 48 24 4 1. 2.68

Granodiorite of Adobe Mountain

DR-294.
296.

45 19 32
43 22 29

2.65
2.65

Hybrid of Black Mountain

DR-303. 
304.

305A. 56 22

10 (8)1,

(Clp)l 
(S,Me)2_.

2.65
2.66

2.71

1 Mostly chloritic alteration products.

Near the southeast limit of exposures, in the vicinity 
of Black Mountain, somewhat unusual granitic rocks 
are associated with metasedimentary rocks. They are un­ 
usual in that although they have about the same per­ 
centage of dark minerals as the other granodiorites, 
they have a highly variable hornblende-to-biotite ratio; 
some have virtually no biotite, abundant hornblende, 
and small amounts of clinopyroxene. Their close asso­ 
ciation with metamorphic rocks suggests that they are 
contaminated granitic rocks. Elsewhere along the south 
side of the area of exposure other gneissic and hybrid 
rocks are present in close and gradational association 
with normal granodiorite. A good sample of this local 
variation is in the quarry where sample 321 (table 26) 
was obtained; here the rocks grade from gneissic to a 
homogeneous granitics appearance.

The granodiorite of Adobe Mountain (the area near 
specimen locality 294) appears to be similar to the Hi

Vista rocks, but there are some distinguishing features. 
Generally the Adobe Mountain rocks are somewhat 
finer grained and lack hornblende. The finer grained 
rocks appear to be separable from the Hi Vista rocks: 
they plot on the felsic edge of the general field of the 
granodiorite of Hi Vista and thus may be more differ­ 
entiated and slightly younger than, but closely related 
to, the granodiorite of Hi Vista.

The hybrid(?) rocks of Black Mountain (area of 
specimen locality 303, 304, 305), as well as specimen 
325 and the gneissic specimen 321A, may all be part of 
a northwest-trending septum of metamorphic and con­ 
taminated granitic rocks between the granodiorites of 
Adobe Mountain Hi Vista and those of Love joy 
Buttes. The general texture of these rocks is different, 
in that the dark minerals occur as irregular splotches 
rather than discrete crystals as are found in the other 
granodiorites. Also, in some of the hybrid(?) rocks, 
quartz seems less easy to distinguish from feldspar on 
weathered surfaces, yet it is just as abundant as in the 
other granodiorites. There is a messy, dirty look to these 
rocks in hand specimen that seems to contrast with typi­ 
cal uncontaminated granitic rocks.

MICROSCOPIC DESCRIPTION

The granodiorite of Hi Vista is generally hypauto- 
morphic-granular with well-formed plagioclase and 
hornblende. In part it is weakly seriate to porphyritic 
with poikilitic K-feldspar crystals as large as 15 mm. 
Another noteworthy textural feature is quartz in dis­ 
crete grains as large as the average feldspar grains; it 
is not dominantly interstitial. The Adobe Mountain 
rocks have more lacy interstitial K-feldspar, though 
they also have phenocrysts are large as 20 mm. Quartz 
in these rocks also ranges from interstitial grains in 
places to phenocrysts as large as 10 mm long, which are 
particularly noteworthy in these somewhat finer grained 
rocks. The Black Mountain rocks are generally xeno- 
morphic-granular and have an irregular fabric. Dark 
minerals, particularly hornblende, are lacy and ex­ 
tremely irregular and splotchy. In all three rock types 
quartz exhibits little if any strain. Large, grossly mo­ 
saicked, or merely weakly undulatory extinguishing 
masses are most typical.

In all these rocks the plagioclase is sodic to inter­ 
mediate andesine, which is cleanly twinned and oscil- 
latorily zoned and has only minor sericitic aleration. 
K-feldspar is similar to that in the other granitic rocks 
of the region; it ranges from interstitial traces to large 
poikilitic phenocrysts that engulf all the other minerals 
of the rock. Contacts of corroded plagioclase along the 
margins or included in the late engulfing K-feldspar 
crystals are in part marked by myrmekite zones.
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The quartz in these granodiorites has no distinctive 
features, but as already mentioned it does tend to range 
from interstitial small grains to crystals as large as 10 
mm in the Adobe Mountain rocks. In general the quartz 
competes with the feldspar in grain size, and thus the 
crystallization of the quartz may have been concurrent, 
in large part, with crystallization of the feldspar.

Biotite occurs as scattered books as large as 3-5 mm 
across. From those well-formed crystals it ranges to 
shredlike irregular patches, and it has no particularly 
diagnostic features. Pleochroism is from X=grayish 
yellow and grayish orange to Z=moderate yellowish 
brown. All three rock types have essentially the same 
pleochroic formula, with some variation in shades of 
yellow and brown.

Hornblende ranges from sparse to abundant in the Hi 
Vista and Black Mountain rocks, but is absent from the 
Adobe Mountain rock. In some of the Hi Vista rocks it 
is subhedral to euhedral, but in the hybrid rocks it 
ranges from subhedral crystals to lacy irregular crys­ 
tals and aggregates. In these rocks, small light-green 
clinopyroxene crystals are included in some hornblende 
crystals. The green hornblende is generally pleochroic 
from X=moderate greenish yellow, to Y=light olive, 
to Z=moderate yellowish green, with some minor vari­ 
ation in shades of green. The hornblende pleochroism 
in the hybrid rocks is similar to that in the Hi Vista 
rocks.

Sphene and metallic opaque minerals (mostly mag­ 
netite) are the most common accessory minerals; some 
rocks contain nearly 1 percent of each. Euhedral sphene 
crystals include irregular metallic opaque grains in 
part, but this feature is not widespread. In some speci­ 
mens sphene is free of metallic opaque minerals, 
although the two cluster together. In the hybrid rocks 
sphene is less commonly euhedral; the irregular crystals 
rarely include metallic opaque minerals, and in one 
specimen (303) sphene was absent. Apatite and zircon 
are present in nearly all specimens, but allanite was seen 
only in one.

DISTINGUISHING FEATURES

In hand specimen the well-formed shiny black biotite 
and hornblende crystals associated with discrete isolated 
quartz crystals probably constitute the most distinctive 
feature of the Hi Vista rock. Though all the grano­ 
diorites together form a somewhat heterogeneous group­ 
ing, they can be distinguished from other rocks in the 
immediate vicinity. It is doubtful, however, if these 
rocks are distinctive enough for regional correlation  
they are too much like many other granodiorites. In 
thin section, also these rocks are not very distinctive. 
The virtual absence of allanite, a mineral otherwise

seemingly common in granitic rocks of this region, 
might be an identifying feature.

AUGITE MONZONITE OF GRANITE MOUNTAIN

SETTING AND GENERAL DESCRIPTION

About 10 square miles of the west side of Granite 
Mountain is underlain by a distinctive foliated mon- 
zonite that weathers dusky brown to deep reddish brown 
and appears to be particularly susceptible to desert 
varnish. The foliation is primary and is produced prin­ 
cipally by tabular K-feldspar crystals as long as 20 mm 
that give the rock a trachytic look. Elongate crystal 
aggregates of pyroxene and amphibole also contribute 
to the foliation. The foliation generally trends north­ 
west and dips steeply southwest and seemingly parallels 
the presumed longest direction of the monzonite body.

Another distinctive feature of these rocks is that the 
dark minerals are stained brown by iron oxide altera­ 
tion materials. The "trachytic" texture plus the dis­ 
tinctly brownish dark minerals make this rock very 
striking and quite different from other granitic rocks of 
the region.

Aplitic biotite quartz monzonite dikes intrude the 
augite monzonite along the south margin of the outcrop 
area. The relations of the light-colored quartz monzonite 
on each side of the somewhat elongate monzonite body 
are not known for certain, but admixtures of aplite, 
alaskite, and coarse-grained light-colored quartz mon­ 
zonite in the northern part of the outcrop area suggest 
that the augite monzonite is part of an older terrane 
now engulfed and intruded by the lighter colored rocks.

The limited modal data from this body are shown in 
table 27. In general, plagioclase and K-feldspar are 
present in approximately equal amounts, and quartz 
is absent. There is more augite than hornblende in most 
specimens, but the ratio of augite to hornblende and 
total dark-mineral content vary greatly. One notable 
variant, a quartz-bearing hornblende monzonite, seems 
to be part of this same mass; it has no pyroxene (near 
specimen locality 247) but has fresh hornblende crystals 
as large as 10 mm long, in contrast with the generally 
altered iron-stained dark minerals in the rest of the
mass.

MICROSCOPIC DESCRIPTION

The distinctive "trachytic" texture of hand specimen 
and outcrop is not readily obvious except where coarser 
K-feldspar crystals are present in a thin section. The 
"groundmass" is generally xenomorphic-granular but 
in part looks almost granoblastic, partly because of 
incipient granulation and the development of some 
mortar structure.

456-774 O - 72 - 5
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The plagioclase is oligoclase, on the basis of index of 
refraction and extinction angle. Much is surprisingly 
fresh and not saussuritized, considering the general ap­ 
pearance of outcrops. K-feldspar is characteristically 
poikilitic and encloses the other constituents of the 
rocks, particularly plagioclase, which is in part concen­ 
trated along definite growth zones in the K-feldspar. 
Grid-twinning is common, and some K-feldspar is 
perthitic.

TABLE 27. Modes of augite monzonite of Granite Mountain 

[Sample DR-6&-253B from dike intruding augite monzonite. Tr.=trace]

K-feld- Plagio- Horn- Metallic
No. spar clase blende Augite opaque Sphene Apatite

minerals

DR-6&-240A-
241C......
243B.. 
247 . 
253B..

43

36 

33

49
01

30 
93 

32

4

4 
1 

27

4 ....

21 
4
7

4
7 
1 
1 ....

4
2
1

1
1 

Tr.

Green hornblende is present in variable amounts, 
mostly as irregular crystals that are in part lacy. At 
least some of the hornblende is an alteration product of 
clinopyroxene. The hornblende is pleochroic from X= 
dusky yellow to moderate greenish yellow, to Y=dusky 
to dark yellowish green, to Z=moderate green.

The clinopyroxene is pale green and somewhat pleo­ 
chroic; in one specimen it has an index of refraction 
of a « 1.695, y « 1.722, and is probably augite. The 
brown staining in hand specimen appears to result 
largely from abundant iron oxide alteration material 
that is associated with clusters of augite, green horn­ 
blende, magnetite, and sphene.

Metallic opaque crystals (chiefly magnetite) and 
sphene make up as much as several percent each of these 
rocks. Apatite is widespread but less abundant, and al- 
lanite is rare.

DISTINGUISHING FEATURES

The somewhat dark, reddish-brown outcrops of the 
augite monzonite, commonly desert varnished, coupled 
with the coarsely "trachytic" texture shown by tabular 
K-feldspar crystals, are distinctive features of this unit. 
The unit may well be unique in this region. The brown 
altered augite crystals are also notable in many out­ 
crops.

The mineralogical makeup of this rock is also quite 
atypical in this region. On fresh surfaces the rock ap­ 
pears felsic, but it is almost entirely devoid of quartz 
and contains no biotite; generally augite (much al­ 
tered) exceeds hornblende (relatively fresh); the

plagioclase is sodic (oligoclase). The features charac­ 
terize a rock that should be easily recognizable in the 
clasts of younger fragmental rocks. The general ap­ 
pearance and setting of'the augite monzonite suggest 
that it is an older, possibly hybrid rock engulfed in 
younger quartzose granitic rocks.

MISCELLANEOUS GRANITIC ROCKS OF THE 
MOJAVE REGION

GRANODIORITE OF VICTORVILLE

Just northwest of Victorville, a medium-grained 
granitic rock with distinctive brown-stained quartz is 
exposed in fresh readouts. This rock has a peppery tex­ 
ture and contains sparse hornblende and as much as 8 
percent biotite. Oscillatorily zoned cleanly twinned 
plagioclase, lacy interstitial K-feldspar, and small in­ 
terstitial weakly strained quartz masses form the bulk 
of the rock. Small biotite flakes are pleochroic from X= 
moderate yellow to Z=light olive. Green hornblende is 
pleochroic from X=moderate greenish yellow, to Y= 
light olive, to Z=moderate yellowish green.

One of the characteristic features of this rock is the 
abundance of euhedral sphene crystals, which are liter­ 
ally peppered with metallic opaque inclusions. Allanite, 
zircon, and apatite are also present.

Specimen 281 (table 28; fig. 31) is quite different 
from the other specimens and appears to be part of an 
alaskitic mass. It is associated with banded aplite and 
alaskite.

QUARTZ MONZONITE OF THE MOJAVE RIVER AND 
MISCELLANEOUS GRANITIC ROCKS

Coarse-grained generally felsic and nondescript 
quartz monzonite is exposed along the Mojave Kiver 
east of Hesperia, and similar rocks are found to the 
northeast, near Rattlesnake pluton (MacColl, 1964, p. 
805). Salmon-pink K-feldspar is common. Grains of 
metallic opaque minerals are rather abundant. Figure 
31 and table 28 give the general modal picture of this 
rock.

GRANODIORITE OF BELL MOUNTAIN AND 
MISCELLANEOUS DARK HYBRID (?) ROCKS

Medium- to dark-gray granodiorite on Bell Moun­ 
tain is in marked contrast to the surrounding felsic 
rocks. The presence of metavolcanic rocks on Bell 
Mountain and the abundance of metavoloanic inclu­ 
sions suggest that the dull color of this rock is due to 
contamination.
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FiotJBE 31. Modal plot of miscellaneous granitic rocks in the 
Mojave Desert.

TABLE 28. Modes of miscellaneous granitic rocks of the Mojave
Desert 

[S=sphene, Me=metallic opaque minerals]

No. Plagio- K-feld- Quartz Biotite Horn- Other Specific 
clase spar blende gravity

Quartz monzonite of the Mojave River

DR-169B. 
347A. 
347B.
348...
349... 
3S1... 
362B.

367B..... 

Average.

36

37
40
41
49
32

28

27
31
30
20
24
33

30
27

.31
32
29
26
33
18

8
13

4
2
3
4
6
9
6

(8, Me)l
2.66
2.68
2.64
2.63
2.63
2.62
2.64
2.66

28 28 2.64

Miscellaneous quartz monzonite 1

DR-245B.. 
264A-. 
286...

44
33
37

43
33
30

12
30
28

2.68
2.66
2.62

Granodiorite of Tlctorrllle

DR-280. 
281.

66
39

13
30

20
27

1 (8)1, (Me)l 2.69
2.66

Granodiorite of Bell Mountain

DR-271... 
273B. 
273C. 
274D.

44
46
43
43

23
24
22
23

23
19
22
23

2 ..... 
6 .....

6 (Me)l

2.68
2.71
2.71
2.71

Shadow Mountains hybrid(?)

DR-288... 
289... 
292B.

62
63
73

12
14
7

12
9
4

2.76
2.78
2.74

Miscellaneous dark hybrid (?) rocks

DR-366B.
48

18
9

2.72
2.70

> Specimens tram unit that Dibblee (1967, pi. 1) mapped as quartz monzonite in 
the Mojave Desert.

Thin sections of these rocks have the generally messy 
appearance that might be predicted from hand speci­ 
mens. The dark minerals are clustered, shredded, and 
irregular, and the rock is commonly altered and frac­ 
tured. Although both biotite and hornblende have fairly 
standard pleochroic colors, both tend to be pale; this 
may be partly due to alteration. The plagioclase ranges 
from sodic andesine to sodic labradorite. Metallic 
opaque minerals are abundant.

In the Shadow Mountains and at Ord Mountain are 
some dark dull hybrid (?) rocks that may also be con­ 
taminated (fig. 31; table 28). The rocks of the Shadow 
Mountains, however, look rather clean in thin section. 
Plagioclase occurs as well-formed, well-twinned, oscil- 
latorily zoned crystals (andesine). Both quartz and 
K-feldspar are interstitial. Biotite is pleochroic from 
X=grayish yellow to Z=light olive brown. Hornblende 
is pleochroic from X=moderate greenish yellow, to 
Y=light olive, to Z grayish green. Metallic opaque 
minerals, sphene, apatite, and zircon are present as 
accessories.

CHEMICAL CHARACTERISTICS

Chemical analyses of 97 specimens from the three 
regions covered in this report are tabulated in tables 
29-31. Of these, 84 are new analyses. These tables also 
list semiquantitative spectrographic analyses of minor 
elements, CIPW norms, Niggli numbers, modes, and 
specific gravity. These data tables form the basis for 
the 13 diagrams that follow and are used for compari­ 
sons with the Sierra Nevada and southern California 
batholiths. Data from the Sierra Nevada batholith have 
been divided rather arbitrarily into two categories: 
(1) western Sierra Nevada (consisting of granitic 
bodies in the western foothills belt), and (2) eastern 
Sierra Nevada (which includes the chemical data from 
the central and eastern Sierra Nevada). Analyses that 
were used from the western Sierra Nevada include those 
published by Turner (1894), Hietanen (1951), Best
(1963), and Putnam and Alfors (1965), as well as un­ 
published analyses furnished to me by L. D. Clark and 
F. C. W. Dodge. Analyses from the eastern Sierra 
Nevada include those published by Pabst (1928), 
Loomis (1963), Moore (1963), Rinehart and Ross
(1964), Bateman (1965), and Ross (1969), as well as 
unpublished analyses furnished to me by P. C. Bate­ 
man, F. C. W. Dodge, R. B. Fournier, N. K. Huber, 
and D. L. Peck. The southern California batholith 
analyses are from Larsen (1948).
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TABLE 29. Chemical data on basement
[Chemical analyses by P. L. D. Elmore, Lowell Artis, S. D. Botts, Qillison Chloe, J. L. Olenn, James Kelsey, and Hezekiah Smith. Semiquantitatiye spectrographic analyses 

0.12, etc., but are reported arbitrarily as midpoints of these brackets, 1., 0.7,0.5,0.3,0.2,0.15,0.1, etc. The precision of a reported value is approximately plus or minus one 
Also looked for but not found where La or Ce found: Pr, Nd, Sm, Eu. Modes: symbols for other minerals are Clp=clinopyroxene, S=sphene, I=ilmenite, R=other, Q= 
chemical analysis; hand specimen, is bulk determination by water submersion method on larger sample. Method of determination of specific gravity of Leo specimens of

Bodega Head

DR-511A DR-510 DR-505 BID-19 BID-10

Point Reyes

DR-526 DR-526

Chemical analyses (weight percent)

SiOz  ........... ....... _._ ... .
Al»Oi---.     ...         
FeiOj----   ---   -   -------
FeO -   ---------------
MgO-. ................. ...........
CaO.-.             .
NftoO
Ktf)..... ..........................
HK>-        . .      
HzO...... ... .....................
TiOj    ... ... . ................
PiOi        ................ ..
MnO   -  -.  .  ....
CO*........ ...   .-.  .- ..

Total--.   .................

.......................... 60.2

.......................... 17.7

............... ........... 1.5

.......................... 4.6
             . 3.5
......... ..........     5.8
........... ......      . 3.5
..._.-.     -...     . 1.6
........ ...... ..... .  .21
.......................... 1.1

89
.......................... .24
.......................... .05
.            - <.05

inn RQ

60.7 
17.0 
1.5 
4.7 
3.6 
5.5 
3.1 
1.8 
.20 

1.2 
.89 
.24 
.10 
.08

100.61

63.2 
15.8 

.80 
4.0 
2.9 
4.2 
3.0 
2.7 
.34 

1.7 
.91 
.16 
.09 

<.05

99.80

58.44 
17.06 
1.36 
5.06 
2.96 
5.82 
3.40 
2.84 
.38 

2.12 
.15 

1.41 
.50 

n.d.

101.50

63.12 
16.13 
3.53 
3.65 
1.86 
5.04 
2.78 
1.08 
.97 
.93 

Trace 
.39 
.38 

n.d.

99.86

64.0 
17.5 

.95 
3.5 
2.0 
4.5 
3.7 
1.8 
.25 

1.1 
.39 
.24 
.07 

<.05

100.00

64.5 
16.3 

.84 
3.6 
2.4 
4.0 
3.1 
2.7 
.21 

1.2 
.80 
.19 
.05 

<.05

99.89

Semiquantitative spectrographic analyses (weight percent)

AnB!::::::::::: :::::::::: :::::::: :::
Ba              ~  
Be-.   ......  ..................
Bi....-.  ...... .................
Ce  .  .     ...... .........
Co...............................
Cr. ...............................
Cu... ...... .......................
Ga                    
IM...... ..........................
Mo......   .......................
Nb. ....... .......................
Ni. ........ .......................
Pb    ......   ...............
Sc...  .........   ..-..   ..-
Sr.... ...... .............. .........
V.... .      .. .... ...
Y-   ---.   -    ..........
Yb....   ....... ... ... ... ..... .
Zr.. ..............................

................... ....... 0

.......................... .001
.         ...   _ .05
.......  ................ .00015
.    ..    .. ...... ....... 0
.......................... 0
..              . .003
.......................... .005
.......................... .003
  ..               .002
               .003
.......................... 0
.  ..        .- .001
.......................... .0015
.......................... .0015
                . .002
          . .. .07
.......................... .015
.......................... .003
.......................... .0003
        ............. .02

0 
.001 
.05 
.00015 

0 
0 
.002 
.005 
.005 
.002 

0 
0 

.001 

.0015 

.002 

.002 

.05 

.015 

.003 

.0003 

.015

0 ........
.0007 ........
.05 ........
.00015 ........

0 ........
0 .....  
.002 ........
.005 ..... ...
.0015 ........
.002 ........

0 ........
.0007 ........
.001 ........
.001
.002 ........
.002 ... .....
.03 ........
.015 ........
.003 ........
.0003 ........
.01 ........

0 
.0007 
.05 
.00015 

0 
0 
.001 
.0007 
.0015 
.002 
.003 

0 
.001 
.0003 
.0015 
.0007 
.07 
.007 
.0015 
.00015 
.015

0 
.001 
.07 
.00015 

0 
0 
.0015 
.003 
.0005 
.002 
.005 

0 
.001 
.0007 
.002 
.001 
.05 
.01 
.002 
.00015 
.015

Norms (weight percent)

ab  ..............................
an __ ............ __ ..... _ .
WO __ .-.-.-. __ . _____ . __ ... __ .
en. __ ....... _ .... _ .... .....
fS_-       _          ... .... .-
mt     ........................
11....     .......................
ap...... .    .  ...............
C. -......   .....................

Total.......................

14 0
.......................... 9.5

9Q 7
07 9

.......................... 0
Q 0

-..   -.-......-....... 5.9
O O

  .......-   ....   . 1.7
.......................... .6
-                 . .2

.        . ...    ... 100.1

16.9 
10.7 
26.4 
25.4 
0 
9.0 
6.2 
2.2 
1.7 
.6 
.7

99.8

20.6 
16.3 
26.0 
20.2 
0 
7.4 
5.5 
1.2 
1.8 
.4 
.7

100.1

11.0 
17.0 
29.1 
19.9 
0 
7.4 
8.9 
2.0 
.3 

3.4 
1.2

100.2

28.9 
6.5 

24.0 
22.9 
0 
4.7 
4.6 
5.2 
0 
.9 

2.2

99.9

21.6 
10.8 
31.7 
21.0 
0 
5.0 
5.2 
1.4 
.8 
.6 

1.9

100.0

22.7 
16.2 
26.6 
18.9 
0 
6.0 
4.8 
1.2 
1.6 
.4 

1.5

99.8

Niggli numbers

si.......... .......................
81      .......... .................
tm.. ..............................
c..._. _ . __ . _ . _ .........
alk... ........ ............. ........

§z::::-:-::::::-:-::-:::::::
mg.. ...... __ ... _ ....... __ .

1Q9 A.
.......................... 33.3
            32.7

19 9
.......................... 14.1

Qd f\

.......................... .5

198.5 
32.8 
34.4 
19.3 
13.6 
44.2 

.3 

.5

235.9 
34.8 
31.2 
16.8 
17.3 
66.8 

.4 
.5

185.6 
31.9 
32.1 
19.8 
16.2 
20.7 

.4 

.4

233.0 
35.1 
32.5 
19.9 
12.5 
83.0 

.2 

.3

241.1 
38.8 
25.2 
18.2 
17.8 
69.7 

.2 

.5

249.2 
37.1 
28.1 
16.6 
18.3 
76.2 

.4 

.5

Modes (volume percent)

Plagioclase.... _ ......... .....
K-feldspar. __ ..... _ _ ... .....
Quartz.... _ ..... _ ..... _ ..--.
Biotlte       ...
Hornblende... _ . _ . _ ..... _ .
Other.............................

Total... ....................

.               <1
         .  .  .. 15

1 A

  ..      .....  . 15

.......................... 100

53 
<1 
19 
14 
14

100

4fi
9 ........

1Q

16 ......

100 ........

55 
1 

26 
15 
3

100

47 
9 

25 
13 
6

100
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rocks of central Coast Ranges

by Chris Heropoulos (except BID-10,19 and Leo-1, 2, 3, and 4). Kesults are to be identified with geometric brackets whose boundaries are 1.2, 0.83, 0.56, 0.38, 0.26, 0.18,

garnet, M=muscovite. Specific gravity: powder 
Ben Lomond unknown. n.d.=not determined]

Point Reyes  Continued

DR-532A DR-518

, determined by air pycnometer from part of split for chemical analysis; bulk, determined from

Montara Mountain

DR-1 M-3 HMB-1

specimen submitted for

Ben Lomond

L-126 DR-499 DR-496A Leo-1 Leo-2 Leo-3 Leo-4

Chemical anal} ses (weight percent)   Continued

70.2 
15.4 

.74 
1.6 
.97 

3.0 
3.3 
3.2 
.09 
.64 
.59 
.14 
.11 

<.05

99.98

73.2 
13.6

.58 
1.2 
.40 

1.2 
3.7 
4.0 
.14 

1.1 
.80 
.00 
.07 

<.05

99.99

58.6 
17.2 
1.9 
5.3 
3.6 
6.4 
2.8 
1.3 
.14 
.96 
.97 
.50 
.03 

<.05

99.70

61.8 
17.0 

.82 
5.8 
1.9 
4.2 
3.8 
1.1 
.19 

1.8 
.76 
.46 
.14 

<.05

99.77

66.3 
16.9 
1.0 
2.8 
1.5 
3.7 
3.4 
1.7 
.16 
.94 
.64 
.78 
.02 

<.05

99.84

63.4 
17.5 
1.0 
4.0 
2.4 
5.1 
3.4 
1.8 
.09 

1.0 
.11 
.05 
.06 

<.05

99.91

68.6 
15.4 

.26 
3.4 
1.4 
3.1 
3.1 
3.2 

.09 
1.0 
.24 
.02 
.06 

<.05

74.3 
13.5 

.23

.88 

.31 
1.0 
3.5 
4.8 

.09 

.76 

.54 
.00 
.10 

<.05

100. 87 100. 01

Semiquautiiative spectrographic analyses (weight percent )-

0 
0 
.1 
.00015 

0 
0 
.0007 
.0005 
.0003 
.002 

0 
0 
.001 
.0001 
.003 
.0005 
.07 
.005 
.0015 
.0001 
.015

0 
.001 
.07 
.0003 

0 
.01 
.0002 
.0005 
.0005 
.002 
.005 

0 
.001 

0 
.003 
.0007 
.01 
.0015 
.003 
.0003 
.02

<0. 00007 
0 
.03 
.0001 
.002 

0 
.0015 
.005 
.0015 
.0015 
.003 
.0003 
.0007 
.0015 
.001 
.002 
.07 
.01 
.003 
.0003 
.01

<0. 00007 
0 
.07 

0 
.0007 

0 
.001 
.0007 
.001 
.0015 
.003 
.0003 
.0007 
.00015 
.001 
.002 
.05 
.007 
.005 
.0005 
.02

0 
0 
.07 
.0001 

0 
0 
.0007 
.0007 
.0007 
.0015 
.003 

0 
.0007 
.0003 
.001 
.0007 
.07 
.005 
.0015 
.0001 
.015

0 
.0015 
.07 
.0001 

0 
0 
.0015 
.0015 
.0007 
.002 

0 
0 
.001 
.0007 
.001 
.002 
.05 
.01 
.002 
.0002 
.03

0 0 
.001 
.07 
.0002 

0 0 
0 0 
.001 0 
.0015 
.0015 
.002 
.003 

0 0 
.001 
.0001 0 
.003 
. 0015 
.03 
.007 
.003 
.0003 
.03

-Continued

0015 ..---
AQ

00015 ------
0005 ------
0015 ------

0007 ------

001 _---.
003 -----
0003
no?

50.18 
15.19 

.75 
7.84 
7.93 

12.50 
1.49 
.39 
.06 

1.42 
1.94 

.03 

.15 
n.d.

99.87

63.59 
16.96 

.97 
4.04 
2.32 
5.74 
3.34 
1.68 
.05 
.49 
.66 
.14 
.08 

n.d.

100. 06

71.01 
15.16 

.23 
2.24 
.56 

1.70 
4.18 
3.66 

.08 

.60 

.29 
.11 
.07 

n.d.

99.89

73.77 
14.41 

.04 

.15 

.10 

.21 
2.64 
8.08 
.08 
.30 
.03 
.07 
.02 

n.d.

99.80

Norms (weight percent)   Continued

30.8 
19.1 
28.1 
14.1 
0 
2.4 
1.6 
1.1 
1.1 
.3 

1.4

100.0

33.4 
23.9 
31.7 
6.0 
0 
1.0 
.5 
.9 

1.5 
0 
1.0

99.9

16.9 
7.8 

24.0 
28.9 
0 
9.1 
6.7 
2.8 
1.9 
1.2 
.8

100.1

21.3 
6.6 

32.9 
18.2 
0 
4.8 
9.2 
1.2 
1.5 
1.1 
3.1

99.9

30.9 
10.2 
29.1 
13.4 
0 
3.8 
3.3 
1.5 
1.2 
1.9 
4.7

100.0

19.7 
10.8 
29.1 
26.3 
0 
6.0 
6.5 
1.5 
.2 
.1 
.8

100.0

27.4 
19.1 
26.6 
15.4 
0 
3.5 
5.8 
.4 
.5 
.1 

1.3

100.1

32.9 
28.6 
29.9 
5.0 
0 
.8 
.7 
.3 

1.0 
0 
.7

99.9

2.7 
2.3 

12.8 
34.2 
12.0 
20.1 
11.0 
1.1 
3.7 
.1 

0

100.0

20.2 
10.0 
28.4 
26.5 

.5 
5.8 
5.7 
1.4 
1.3 
.3 

0

100.1

29.3 
22.2 
36.4 
7.9 
0 
1.4 
0 
.2 
.6 
.3 

1.5

99.8

27.7 
48.0 
21.0 

.6 
0 
.3 
.2 
.1 
.1 
.2 

1.3

100.1

Niggli numbers  Continued

334.9 
43.3 
16.4 
15.3 
25.0 

134.9 
.4 
.4

417.5 
45.7 
12.0 
7.3 

35.0 
177.5 

.4 

.3

184.3 
31.9 
35.4 
21.6 
11.2 
39.8 

.2 

.5

226.2 
36.7 
30.8 
16.5 
16.1 
62.0 

.2 

.3

280.3 
42.1 
22.6 
16.8 
18.5 

106.3 
.3 
.4

226.9 
36.9 
27.6 
19.6 
15.9 
63.3 

.3 

.5

Modes (volume percent) -

45 
18 
28 
8 
1 ....

100

34 
26 
35

5

100

53
1 

12 
16 
18

100

57

22 
15 

6

100

57 
1 

26 
12 
4

100

50 
1 

28
14

7

100

303.3
40.1 
22.9 
14.7 
22.3 

114.1 
.4 
.4

-Continued

47 
6 

30 
13 
4 .......

100

438.7 
47.0 
8.6 
6.3 

38.1 
186.3 

.5 

.3

38

31 .....
1

100

116.4 
20.8 
44.2 
31.1 
3.9 
.7 
.2 
.6

42.8

53.3 
(S) 1.0 
(I) 2.5 
(R) .4

100.0

226.4 
35.6 
27.2 
21.9 
15.3 
65.0 

.3 

.5

52.0 
.4 

30.5 
12.4 
3.7 ...
1.0

100.0

385.7 
48.5 
6.9 
9.9 

34.7 
147.0 

.4 

.7

39.8 
26.9 
27.6 
5.3 ..

(G) .4

100.0

443.0 
51.0 
1.9 
1.4 

45.7 
160.0 

.7 

.5

13.8 
60.7 
25.1

(Mu) .3 
(G) .1

100.0

456-774 O - 72 - 6
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TABLE 29. Chemical data on basement

Bodega Head

DR-511A DR-510 DR-505 BID-19

Point Reyes

BID-10 DR-526 DR-525

Specific gravity

Bulk...................................
2 OR

-.-.-.-..---.----.-.. 2.75
..................... 2.77

2.85 
2.78 
2.77

2.81 -.---..-.-.-.-...
2.70 .................
2.71 .................

............... 2.83

............... 2.68

............... 2.72

2.78 
2.71 
2.72

LOCALITIES FOE TABLE 29 (SEE PL. 1)
Bodega Head:

DR-511A. Hornblende-biotite quartz diorite. Mussel Point, Bodega Head

DR-510. Hornblende-biotite quartz diorite. Material from "Reactor Hole,"
Bodega Head 7J^-min quad. 

DR-505. Biotite-hornblende granodiorite. Beach cliff 5,000 ft S. of Horseshoe
Cove, Bodega Head 7>6-min quad. 

BID-19. Biotite diorite from south end of Bodega Peninsula (Osmont, 1905);
probably an inclusion in BID-10 type.

BID-10. Quartz diorite from south end of Bodega Peninsula (Osmont, 1905) . 
Point Reyes:

D R-526. Biotite quartz diorite. Tomales Point, Tomales 7J^-min quad. 
DR-525. Hornblende-biotite granodiorite. McClures Beach, Tomales 7J^-min

quad. 
DR-532A. Biotite granodiorite. Point Reyes Life Boat Station. Drakes Bay

D R-518. Biotite quartz monzonite. Sir Francis Drake Highway, 2 miles W. 
of Inverness, Drakes Bay 7J^-min quad.

TABLE 30. Chemical data on basement

[Chemical analyses by P. L. D. Elmore, Lowell Artis, S. D. Botts, Gillison Chloe, J. L. G1 enn, James Kelsey, and Hezekiah Smith. Semiquantitative spectrographic analyses 
1.2, 0.83, 0.56, 0.38, 0.26, 0.18, 0.12, etc., but are reported arbitrarily as midpoints of these brackets, 1, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, etc. The precision of a reported value is 
Sn, Ta, Te, Th, Tl, U, W, Zn. Also looked for but not found where La or Ce found: Pr, Sm, Eu. Norms: symbols for other minerals are cc=calcite, fo=forsterite, 
Mu=muscovite, Al=allanite, Ch=chlorite. Specific gravity: powder, determined by air pycnometer from part of split for chemical analysis; bulk, determined from

Gabilan Range Stockdale Mountain

DR-570 DR-584 DR-566A G-1B G-1A DR-576 DR-546 DR-145C DR-142

Chemical analyses (weight percent)

SiOz-.-.. ......................
AhO....... .....................
FesOa........ ..................
FeO-.-....... ................
MgO. ............ ...............
CaO....... .....................
NasO.. .........................
KjO  ..........................
HzO...... ...... .................
H20+........... .................
TiOj......... ...................
PsOt.. ....... ...................
MnO... .........................
CO!....-........................

Total--.-......--......--.

............... 61.6
16 9

............... 1.6
- .-.-.   .. 3.7
....-.   ...-.. 2.6
............... 5.8
............... 3.6

1 9
............... .07
............... 1.0
............... .90

24
............... .12
............... <.05

........-...--- 100.03

62.1 
16.8 
1.5 
3.7 
2.6 
5.2 
3.3 
2.2 
.12 

1.2 
.87 
.20 
.10 

<.05

99.89

Log an

65.5 
15.8 
1.1 
2.8 
2.0 
4.1 
3.6 
3.1 
.09 

1.0 
.65 
.17 
.10 

<.05

100.01

HBGB-8 DR-589B

66.4 
16.2 
1.6 
2.2 
1.4 
3.7 
3.5 
3.0 
.02 
.88 
.78 
.18 
.05 

<.05

99.91

DR-588A

71.6 
14.7 

.79 
1.1 
.68 

2.3 
3.2 
4.4 
.05 
.51 
.31 
.07 
.25 

<.05

99.86

74.6 
14.0 

.00 

.61 

.26 
1.7 
3.4 
4.3 
.05 
.77 
.12 
.05 
.07 

<.05

99.93

Gold Hill

75.0 
13.4 

.21 

.68 

.15 
1.0 
2.9 
5.7 
.05 
.60 
.11 
.03 
.03 

<.05

99.86

DR-139 DR-132

66.8 
15.9 
1.5 
2.3 
1.4 
3.6 
3.7 
3.0 
.02 
.71 
.76 
.20 
.16 

<.05

100.05

DR-121

67.8 
16.1 
1.6 
1.5 
1.1 
3.3 
3.7 
3.0 
.09 
.68 
.75 
.18 
.12 

<.05

99.92

Monterey

Mo-IB

Chemical analyses (weight percent)

SiOj........ ..........................
AliOi  .............................
FesOj........ ........................
FeO........ ..........................
MgO.................................
CaO.. ........... ....................
NaaO-.. ............................
KsO......... .........................
HsO-._... ...... ......................
H80+......... ........................
TiOj................. ................
P80«  .......... .................. ..
MnO..   ............................
COs  -. -.-...-.     ..-._. .....

......-...-.--.--.-.... 49.36

....................... 16.88

..-.-.-.   ..   .___- 6.49
-   ..   -.-       .- 6.94
....................... 4.80
--.-   .-   .-.   .. 7.58
....................... 3.41
....................... .72
....................... .41
-...-...-.   .   2.90
....-.-.---.-...-.....- Trace
....................... .34
-     .-   .--.  .61
....................... n.d.

52.6
17.7
2.2
7.3
5.5

10.2
1.8
.24
.06

1.2
.58
.10
.17
.29

53.6
18.7
2.7
6.0
4.3

10.0
2.1
.18
.11

1.2
.63
.08
.15
.10

48.2
19.6
1.1
3.2
8.5

14.8
1.7
.30
.08

1.7
.22
.01
.18

<.05

54.3
14.9
3.3
7.0
6.7
8.7
1.5
.20
.08

2.4
.66
.03
.20

<.05

55.5
17.8
1.9
6.3
6.3

10.1
1.2
.20
.04
.77
.39
.06
.14

<.05

73.5
14.4

.53

.88

.33
2.1
3.7
3.3
.09
.68
.20
.05
.08

<.05

Total- 100.34 9.94 99.85 99.59 99.87 99.7
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rocks of central Coast Ranges Continued

Point Reyes Continued Montara Mountain Ben Lomond

DR-632A DR-518 DR-1 M-3 HMB-1 L-126 DR-499 DR-496A Leo-1 Leo-2 Leo-3 Leo-4

Specific gravity Continued

2.75
2.62
2.66

2.78
2.71
2.62

2.78
2.70
2.81

2.74
2.68
2.72

2.76
2.68
2.70

2.82
2.78
2.77

2.75
2.70
2.70

2.71
2.59
2.63

2.94 2.77 2.64 2.67

Montara Mountain:
DR-1. Biotite-hornblende quartz diorite. Arroyo de en Medio, Montara

Mountain 7}^-min quad. 
M-3. Hornblende-biotite quartz diorite. 7,000 ft 8. of Devils Slide, Highway

1. Montara Mountain 7J3-min quad. 
HMB-1. Hornblende-biotite quartz diorite. SW}£ sec. 14, T. 5 8., R. 5 W.

Half Moon Bay 7J4-min quad. 
Ben Lomond:

L-126. Hornblende-biotite quartz diorite. Same locality as Leo-2. Davenport

D R-499. Biotite granodiorite-"gneiss." SE Ji sec. 12, T. 10 S., R. 2 W. Daven­ 
port 7}^-min quad.

DR-496A. Alaskite. Empire Grade 0.7 mile N. of Smith Grade intersection. 
Felton 7J3-min quad.

Leo-1. Hornblende gabbro near Pine Flat Road (Leo, 1967).
Leo-2. Quartz diorite, Alba Road, 800 ft SW. of Empire Grade (Leo, 1967).
Leo-3. Quartz monzonite, Laguna Creek, 500 yd N. of sandstone-granitic 

rock contact (Leo, 1967).
Leo-4. Aplite, Laguna Creek, 0.5 mile 8. of Ice Cream Grade (Leo, 1967).

rocks of southern Coast Ranges

by Chris Heropoulos (except HB GB-8 of Logan and, as indicated, Santa Lucia Range specimens). Results are to be identified with geometric brackets whose boundaries are 
approximately plus or minus one bracket at 68 percent, or two brackets at 95 percent confidence. Looked for but not found: As, Au, Cd, Ge, Hf, Hg, In, Li, Pd, Pt, Re, Sb, 
fa=fayalite, hm=hematite, ru=rutile, cm=chromite, pr=pyrite,fr=fluorite. Modes: symbols for other minerals are E=epidote, 8=sphene, Me=metallic opaque minerals, 
specimen submitted for chemical analysis; hand specimen, is bulk determination by water submersion method on larger sample. n.d.=not determined]

La Panza Range San Juan Creek Red Hills Barrett Ridge

BR-6-3 P-l LaP-3 P-7A SLO-10B DR-63A DR-66 C-1A DR-109 DR-100 DR-59 DR-46 DR-24A DR-20A BM-1C

Chemical analyses (weight percent) Continued

62.2
16.8
1.8
3.4
2.3
4.8
3.7
2.2
.08

1.1
.78
.42
.11
.24

67.5
15.9
1.5
2.2
1.4
3.4
3.2
2.6
.07
.62
.60
.43
.04

<.05

68.2
16.1
1.2
2.0
1.2
2.9
3.1
3.5
.00
.71
.55
.58
.02

<.05

70.0
15.2

.70
2.0
1.0
2.1
2.9
3.0
.09
.61
.44
.95
.03
.05

70.6
15.7

.74

.96

.86
1.9
2.8
4.6
.10
.66
.29
.66
.04

<.05

73.7
14.3

.70

.64

.27
1.2
2.6
4.9
.07
.51
.20
.06
.02
.05

75.4
13.8

.00

.47

.20
.84

4.1
4.5
.00
.33
.18
.04
.17

<.05

56.9
18.0
2.2
4.6
3.7
4.6
3.3
2.3

.29
1.7
1.2
.68
.07
.42

62.7
16.8

1.9
3.3
2.7
4.1
3.1
2.3
.15

1.0
.76
.51
.08

<.05

69.0
15.4

.71
1.9
1.3
3.0
2.7
3.5
.08
.69
.39
.38
.08
.08

66.2
15.2
2.0
3.3
1.9
1.2
2.4
5.4
.05

1.0
.65
.04
.18

<.05

70.1
13.0
3.2
2.3
.55

1.9
2.5
4.7
.00
.63
.68
.15
.18

<.05

73.4
12.6

.00
1.8
.89

2.4
2.5
4.0
.00
.64
.78
.18
.09

<.05

73.6
13.0

1.8
1.6
.67

1.8
2.4
3.8
.02
.52
.52
.12
.02
.05

71.7
14.7

.59

.74

.60
2.3
3.6
4.2
.00
.51
.22
.04
.06

<.05

100. 06 99.07 99.91 100.03 9.21 99.52 99.89 9.28 99.26

Santa Lucia Range (Unpub. analyses furnished by R. C. Pearson. Specimens located and described 
in Pearson and others (1967))

P-43 P-144 H-135

Santa Lucia Range (Compton, 1966, p. 280)

P-85 P-135 P-94 H-135 P-222 H-39 H-75 CP-8-«8A BC-3-32B CP-2-1 JSP-6-2 JS-1 BC-1-4C

9.85

Chemical analyses (weight percent) Continued

46.6
8.7
2.4
9.4

19.8
9.3
1.1
.56
.00
.86
.56
.23
.26
.08

47.4
14.5
2.8
9.5
9.6

10.6
1.4
.90
.16
.12

1.7
.38
.24

<.05

52.5
14.5
1.7
6.7
9.1
9.1
1.8
1.0
.06

1.5
1.2
.42
.20

<.05

63.4
15.9
1.5
3.4
2.5
5.5
3.4
2.0

.04

.95

.90

.37

.13
<.05

64.0
16.5
1.4
2.7
1.8
5.1
3.5
2.8

.02

.83

.66

.36

.12
<.05

64.2
15.9
1.5
2.7
2.0
5.1
3.3
2.9
.08
.88
.74
.36
.12
.10

72.0
14.7

.76
1.4
.31

1.5
3.8
4.3
.02
.85
.14
.16
..10

<.05

73.1
14.0

.23

.24
.20
.90

2.8
6.5
.03
.67

1.0
.15
.06

<.05

73.3
14.3

.36

.76
.50

2.3
3.1
4.0
.00
.57
.24
.21
.06

<.05

74.2
13.6

.40
1.0
.30

1.2
3.2
4.7
.00
.74
.12
.22
.17
.06

47.82
5.10
1.03
8.45

20.43
14.57

.53
.11
.26

1.12
.56

n.d.
n.d.
n.d.

53.04
9.98
1.20
7.30

13.58
10.53

1.08
.36
.46

1.04
.61

n.d.
n.d.
n.d.

55.85
19.64
1.70
5.59
2.38
6.29
4.64
1.32

.31
1.01
1.19
n.d.
n.d.
n.d.

71.74
13.46
1.52
2.03
0.94
2.22
3.35
3.30
.33
.69
.42

n.d.
n.d.
n.d.

71.90
14.76

.06
1.65
.63

2.11
3.10
4.50
.16
.43
.45

n.d.
n.d.
n.d.

73,66
13.86

.35

.79
.43
.82

1.92
6.79
.25
.26
.16

n.d.
n.d.
n.d.

9.78 100.00 9.88 100.04 9.70 99.98 9.18 9.92 100.00 9.65
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TABLE 30. Chemical data on basement

DE-570

Gabilan Eange

DE-584 DE-566A G-1B G-1A

Stockdale Mountain

DE-576 DE-546 DE-145C DE-142

Semiquantitative spectrographic analyses (weight percent)

Ag
g
Ba......... ............... ....
Be........    ........ ......
Bi   .......................
Co.   .         ..
Co            .
Cr...... ....... ...............
Cu           ..........
Ga                 
La-.-         .... 
Mo   ........ ........ .. ....
Nb            ....    .
Nd.................. ..... .....
Ni........................ ....
Pb                
Sc   ... . ..       
Sr. .........   ...... .......
V
Y... ... ...... .  .........-
Yb  .   ..     ....... ..... .
ZT....... ......................

       ...... 0
    ..   .    . 0
    ....     .03
..     ... .0003
        ... .. 0
    ......   . 0
         .... .0015
..           .002
    ......  .0007
        .... .002
......    .. .007
..          .. 0
  .....       .002
           0
...         .. .001
       _ . .001
.......       .0015
.     .       .1
..    .       .015
.......   ...  .003
... ...     .... .0003
           .02

0000 
.0015 .001 0 0 
.05 .1 .07 .15 
.0002 .0003 .0002 .00015 
0000 
0 .01 .01 0 

.0015 .001 .001 .0003 

.002 .001 .0007 .0002 

.001 .0007 .0007 .007 

.002 .002 .0015 .001 

.003 .005 .005 .003 
0000 

.002 .002 .0015 0 
0000 
.001 .0003 .0007 .0001 
.002 .002 .0015 .0015 
.0015 .0015 .001 0 
.07 .07 .1 .07 
.015 .01 .005 .003 
.003 .003 .002 0 
.0003 .0002 .00015 0 
.02 .02 .02 .015

0 
.0015 
.07 
.0003 

10 
0 
0 
0 
.0003 
.0015 

0 
0 

.0015 
0 
0 

.005 
0 
.03 
.001 
.001 
.0001 
.005

0 
0 
.15 
.00015 

0 
0 
0 
0 
.005 
.0015 

0 
0 
0 
0 
0 

.003 
0 
.015 

0 
.001 
.0001 
.015

0 
0 
.1 
.0002 
.0 
.01 
.0007 
.0005 
.0015 
.001 
.003 

0 
.001 

0 
.00015 
.0015 
.0005 
.1 
.005 
.0015 
.00015 
.02

0 
0 
.1 
.0001 

0 
.015 
.0007 
.0005 
.0007 
.0015 
.007 

0 
.001 

0 
.0003 
.002 
.0007 
.1 
.005 
.0015 
.0001 
.015

Norms (weight percent)

Q    .       .......

ab              -

fs-.           ... ...  
Int.    .... ... .... . ........
il....            . ........

Q

Other.   .    .......... ...

Total.        

        .... 16.6
...    .. 11.3
...... ....    . 30.8
.       ....  24.6
    ..   .   1.2.
    ...      6.5
    ... ... .... 4.3
.          .. 2.3
.. .     .  1.7
          . .6

....         99.9

18.3 20.4 24.6 29.9 
13.2 8.5 17.9 26.2 
28.3 30.8 29.9 27.3 
24.8 18.0 17.4 11.0 

  .......  .6 _               ..
6.6 5.0 3.5 1.7 
4.4 3.4 1.5 1.3 
2.2 1.6 2.3 1.2 
1.7 1.2 1.5 .6 
.5 .4 .4 .2 
.02 .............. .9 .6

100.02 99.9 99.9 100.0

Logan

34.3 
25.6 
29.0 
8.2

.7 
1.1

.2 

.1

.8

100.0

33.9 
34.0
24.7 
4.8

.4 
1.0 
.3 
.2 
.1 
.7

100.1

23.8 
17.8 
31.5 
16.7

3.5 
2.0 
2.2 
1.4 
.5 
.5

99.9

Gold Hill

HGB-8 DE-589B DE-588A DE-139 DE-132 DR-121

26.6 
17.9 
31.6 
15.3

2.8 
.4 

2.3 
.4 
.4 

1.2

99.9

Monterey

Mo-IB

Semiquantitative spectrographic analyses (weight percent)

Ag.......... ..................
B... .            .......
Ba.         ......      
Be....... .................. ...
Bi.......  . ...............
Ce... ......  ...... ..........
Co               .
Cr..... ....... ............ ...
Cu    .    .   ......
Ga           .........
La.. ......   ..     .......
Mo... .........................
Nb......... ................ ...
NA.......   ..................
NI.......... ...................
Pb.. ..........................
Sc.... .........................
Br............. ................
V. ................ ..... . ...
Y.... .......... ...............
Yb   ... ... ... ..... ...... ....
ZT...... .......................

....... ......... 0 0
....    ....... 0 0
....         .007 .005
....     .... . 0 0
....... ........ 0 0
    .    _ 0 0
...... ..--.-.- .005 .005
        ... .005 .0015
............... .03 .01
.... ......    .0015 .0015
............... 0 0
. ._      ._ 0 0
............... 0 0
          0 0
....... ........ .003 .001
............... 0 0

.005 .005
....... ........ .015 .02
_.....- ..  .05 .03
......... ...... .002 .002
..   .      .. .0002 .0002
          .0015 .003

0 
0 
.007 

0 
0 
0 
.003 
.1 
.005 
.001 

0 
0 
0 
0 
.007 

0 
.005 
.03 
.01 

0 
0 
.0005

0 
0 
.01 

0 
0 
0 
.005 
.015 
.007 
.001 

0 
0 
0 
0 
.005 

0 
.007 
.015 
.03 
.001 
.0001 
.002

0 
0 
.007 

0 
0 
0 
.003 
.005 
.007 
.001 

0 
0 
0 
0 
.003 

0 
.005 
.02 
.02 
.0015 
.00015 
.0015

0
0 
.1 
.0002 

0 
0 
0 
.00015 
.0007 
.001 
.005 

0 
.001 

0 
.0003 
.002 

0 
.05 

0 
.003 
.0003 
.015

Norms (weight percent)

or....   . __ ... ___ ... . _ ..
ab               .... .
an........ _ . __ ...........

en _____ ....... ____ ...
fs...........   ....... . . ...
mt _ --..-.-   -------..- .....
il          ... ..... .....

Total......   .........

1.9 9.2 11.5 .......
4.4 1.4 1.1 

29.7 15.4 18.0 
29. 5 40. 0 41. 7 

2. 9 3. 6 3. 1 
12. 3 13. 9 10. 9 
8. 8 11. 1 8. 1 
9. 7 3. 2 4. 0 

......      1.1 1.2
.8 .2 .2

    .     (oc).7 (cc).2

100. 0 99. 8 100. 0

1.8 
14.7 
46.0 
12.1 
12.0 
2.8 
1.6 
.4 
tr

(fo)6.7, .......
(fa)1.7

99.8

14.4 
1.2 

13.0 
34.2 
4.1 

17.1 
9.8 
4.9 
1.1 
.1

99.9

15.6 
1.1 

10.2 
42.4 
3.2 ..

13.3 
10.5 
2.8 
.7 
.1

99.9

34.4 
19.7 
31.6 
10.2

.8 
1.0 
.8 
.4 
.1 

1.1

100.1
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rocks of southern Coast Ranges Continued

La Panza. Range San Juan Creek Red Hills Barrett Ridge
BR-6-3 P-l LaP-3 P-7A SLO-10B DR-63A DR-66 C-1A DR-109 DR-100 DR-59 DR-46 DR-24A IMI-20A BM-1C .

Semiquantitative spectrographic analyses (weight percent)   Continued

0 
0 
.05 
.0002 

0 
.01 
.0015 
.0015 
.0015 
.0015 
.005 

0 
.0015 

0 
.001 
.001 
.0015 
.1 
.01 
.003 
.0003 

0.15

0 
0 
.1 
.00015 

0 
.01 
.0007 
.0007 
.0007 
.0015 
.005 
.0002 
.0015 

0 
.0007 
.0015 
.0007 
.07 
.007 
.003 
.0003 
.02

0 00 00 0.00007 00 0 <0. 00007 000 
0 00 000 00 00000 
.15 .07 .15 .15 .1 .07 .07 .2 .07 .1 .07 .07 .15 
.00015 .0002 .0002 .0002 .0001 .0001 .0001 .00015 0 .00015 .0002 .0002 .00015 

0 00 00 .0007 00 00000 
.01 00 .01 0 .015 .01 0 .01 .015 .01 .01 0 
.0007 .0005 .0003 .0002 0 .0015 .001 .0007 .0015 .0007 .0007 .0005 0 
.0005 .0001 .003 .0001 .00015 .0015 .0015 .0007 .005 .001 .001 .001 .0002 
.0005 .0003 .0003 .0015 .001 .005 .0015 .0005 ,0005 .002 .0007 .0015 ..00015 
.0015 .0015 .0015 .001 .001 .001 .0015 .0015 .0015 .001 .001 .001 .001 
.005 .003 .003 .005 0 .007 .005 0 .007 .007 .005 .005 .003 

0 00 000 00 00000 
.001 0 .001 .0007 .001 .0007 .001 0 .0015 .001 .0015 .0015 .0007 

0 0 0 0 0 0 0 0 .007. 007 000 
.0005 .0007 .0003 .0002 .0002 .001 .001 .0007 .003 .0003 .0005 .0005 .0002 
.002 .002 .003 .005 .003 .0015 .0015 .002 .002 .002 .001 .002 .002 
.0005 .0007 .0003 0 0 .0015 .0007 .0007 .0015 .0015 .0015 .001 0 
.1 .07 .07 .05 .015 .1 .1 .1 .02 .03 .02 .02 .07 
.005 .003 .003 .001 0 .015 .01 .005 .007 .0015 .002 .002 .001 
.002 .0007 .0015 .001 .002 .002 /002 .0015 .007 .005 .003 .005 .001 
.0002 0 .00015 0 .0002 .0002 .0002 .00015 .0007 .0005 .0003 .0005 .0001 
.015 .015 .01 .01 .005 .015 .01 .007 .02 .05 .03 .02 .01

Norms (weight percent)   Continued

19.0 
13.2 
31.7 
19.8

5.8 
3.7 
2.6 
1.5 
1.0 
1.2 

(cc).6 .

100.1

30.3 
15.6
27.4 
14.2

3.5
1.9 
2.2 
1.2 
1.0
2.7

100.0

29.8 38.0 33.2 37.5 32.0 14.7 23.4 32.2 25.0 33.0 37.1 40.7 29.1 
20.8 18.0 27.4 29.4 26.7 13.9 13.8 21.0 32.4 28.0 24.0 22.6 25.1 
26.4 24.9 23.9 22.3 34.8 28.5 26.7 23.2 20.6 21.3 21.4 20.4 30.8 
10.7 4.0 5.2 5.3 3.9 16.0 17.3 12.1 5.8 8.5 10.9 7.9 11.3

3.0 2.5 2.2 .7 .5 9.4 6.8 3.3 4.8 1.4 2.2 1.7 1.5 
1.8 2.5 .8 .3 .9 4.9 3.4 2.4 3.7 .8 2.2 .6 .6 
1.8 1.0 1.1 1.0 .-.-... . 3.3 2.8 1.0 2.9 4.7 .......-.- 2.6 .9
1.1 .8 .6 .4 .3 2.3 1.5 .8 1.3 1.3 1.5 1.0 .4 
1.4 2.3 1.6 .1 .1 1.6 1.2 .9 .1 .4 .4 .3 .1 
3.4 5.9 4.3 2.8 .8 4.4 3.0 2.9 3.4 .7 .2 2.1 .1

............. (CC).I ------ - - (CC).l ---    --.- (CC)l.O ............ (CC).2 ......    -    --    --       -.-- (CC).l          

100.2 100.0 100.3 99.9 100.0 100.0 99.9 100.0 100.0 100.1 99.9 100.0 99.9

Santa Lucia Range (Unpub. analyses furnished by R. C. Pearson. Specimens located and described Santa Lucia Range (Compton, 1966, p. 280) 
in Pearson and others (1967)

P-43 P-144 H-135 P-85 P-135 P-94 H-135 P-222 H-39 H-75 CP-8-68A BC-3-32B CP-2-1 JSP-6-2 JS-1 BC-1-4C

Semiquantitative spectrographic analyses(weight percent)   Continued

.015 .01 .015 .1 .1 .15 .15 .15 .15 .15                                        

.007 

.1 

.02 

.001

.015 .

.0015 

.005 

.02 

.01 

.001

.005 

.01 

.007 

.0015

.001 

.005 

.03 

.05 

.0015

.002 .0015 .001 .001 .......... ......... .0003 .0003                               

.05 .007 .003 .005 .0005 .......... .0007 .0007                         -        -     -  

.005 .0015 .0007 .001 .0005 .......... .0003 _        ................ ......                           

.0015 .0015 .0015 .0015 .002 .0015 .0015 .001 ....... ........     ._----   --      -   --   -          
.     .007 .007 .007 .003 .003 .003 .007                                  

......... .0007 .0007 .001 .0005 ...   .... .0007 .0005                                
.01 .............. ...... . ......... ........ .......--   .------ -     -                
.001 .0015 .002 .003 .002 .007 .003 .005                                                 
.003 .0015 .0015 .002 .0005 ......... ... ...... .0005                     .........                    
.02 .05 .05 .05 .015 .02 .03 .03                                   
.01 .007 .007 .007 .... .. ..:......... . .0007                    .                  --
.0015 .003 .003 .003 .002 .0015 .......... .003    .... ...........    .......... ...... ......             ..

.005 .001

Norms (weight percent)  Continued

3.3
9.4 

17.3 
11.4 
18.4 
5.5 
3.5 
1.1 
.6

(to) 22.0, 
(fa) 7. 3, 

(CC).2

5.4 
12.0 
30.9 
8.2 

20.0 
10.7 
4.1 
3.3 
.9

2.9,. 
1.7

5.2 20.6 19.6 20.8 29.6 30.4 34.8 34.9-..     4.6 4.2 33.0 30.5 34.0
6.0 11.9 16.7 17.3 25.6 38.7 23.8 28.0 .7 2.2 7.9 19.7 26.8 40.6 

15.5 29.1 29.9 28.2 32.4 23.9 26.5 27.3 4.5 9.2 39.8 28.6 26.5 16.4 
29.0 22.4 21.3 20.2 6.5 3.5 10.1 4.2 11.4 21.7 29.3 11.2 10.7 4.3 
5.9 1.1 .8 1.0 . . .... . .. 25.8 13.0 1.0                       

23.1 6.3 4.5 5.0 .8 .5 1.3 .8 22.7 34.4 6.0 2.4 1.6 1.1 
9.5 3.8 3.0 2.8 1.9.     .8 1.6 6.0 10.8 7.0 1.8 2.1 .9
2.5 2.2 2.1 2.2 1.1.... ...... .5 .6 1.5 1.8 2.5 2.2 .1 .5
2.3 1.7 1.3 1.4 .3 .6 .5 .2 1.1 1.2 2.3 .8 .9 .3

                      1.5 1.1 1.2 1.7......                .3 .9 1.8
.-   ..    ............ (cc).2 ..... .... . (hm). 2, .... ...... (cc).l (fo)20.1, (cm).3,                    ------

(ru).7 (fa)5.8. (fr).l, 
(en). 3, (pr).6 
(pr).2

100.0 100.1 100.0 100.0 100.1 100.0 100.1 100.0 100.0 99.9 100.1 99.9 100.0 100.0 100.1 99.9
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TABLE 30. Chemical data on basement

Gabilan Range 

DR-584 DR-566A

St33'<ial8 Mmntain 

G-1A DR-576 DR-546 DR-145C DR-14 2DR-570 O-1B

Niggli numbers

si.. .................... .....
al   ...... ..... ...... ......
fm....   ---------

alk..... .................... .

w

.................. 211.3
34.2

.................. 28.4

.............. . . 21.3

.................. 16.1

.................. 46.8

..... -.   ..... .3
--_.    ---.. .5

219.8
35.0
29.0
1Q 7
16.3
54.6

.3

.5

257.8
36.7
24.5
17.3
21.5
71.7

.4

.5

276.8
39.8
21.6
16.5
22.1
88.3

.4

.4

361.6
43.8
13.9
12.5
29.9

142.1
.5
.4

437.0
48.3
5.6

10.7
35.4

195.6
.5
.4

457.6
48.2
6.0
6.5

39.3
200.3

.6

.2

278.3
39.0
22.0
16.1
22.9
86.7

.4

.4

298.4
41.8
18.5
15.6
24.2

101.6
.4
.4

Modes (volume percent)

Plagioclase  .......................

Biotite... ...... .................. ..

Total----.-.. .......... ...

Bulk..--..-.-....-........-...

si..                 
al--.          .       ..
fm.. ...... -.-   ..     --..-.

alk....... ..........................

2!:::::::::::::::::::::::::::::::::

.-    ._.. 64
------ 2
   ....... 19
....     . 12
..-   ..... 10
...... .... . (E)3

..      .. 100

------ 2.76
.-     .... 2.74
     .._- 2.76

48
8

19
12
12

fa\i

100

9 74
2.70
2.72

HBGB-8

122.6
24.8
45.7
20.2
9 A

.1

.4

40
11
24
15
g

(E)2 (S

100

Specific gravity >

2.74
2.68
2 71

Logan

DR-589B

Niggli numbers

133.6
26.5
An Q

97 Q
4 «

14.4

.5

48
16
23
11

1 .....
,Me)l ..... ..

100

2.77
2.68
2 71

DR-588A

143.1
29.4
36.3
28.6
5.7

20.1
.1
.5

36 37 24
29 30 35
30 29 39
542

....... (Mu)<l      -..-_-

100 100 100

2. 68 2. 67 2. 76
2. 62 2. 57 2. 60
2. 64 2. 62 2. 61

Gold Hill

DR-139 DR-132

105. 8 142. 2
25. 3 23. 0
35. 8 48. 4
34. 8 24. 4
4. 1 4. 1

(-)10.4 25.7
.1 .1
.8 .5

46
21
22
9

(S, Me)2 .

100

2.72
2.63
n.d.

DR-121

148.2
28.0
39.3
28.9
3.8

33.0
.2
.5

48
17
25
10

100

2.69
2.64
2.65

Monterey

Mo-IB

405.6
46.8
9.4

12.4
31.4
180.0

.4

.3

Modes (volume percent)

Plagioclase...-.   .. .. ...... -...-.-.-.   -......
K-feldspar ....................................

Biotite                          

Other                        .

Total--                       .

Powder. ..             _ ...... ..   .   ....
Bulk... ..   ...   ...... .              .
Hand specimen. ..................... _ .....

                    53

2
   ...                35

nvfoAo

                    100

Specific gravity

                     2.83
                     2.83
                    2.81

46 .....    -    .

12 -------

35 ...   ...--   .
(Me)2, (E)3, .   .         .....

(Ch)2

100 .         ....

2. 70 2. 94
2. 86 2. 90
2. 86 n.d.

33

14

53

100

2.93
2.76
2.99

54

12
Trace

33 .....
(Me)l

100

2.8
2.84
n.d.

41
18
36

5

100

2.68
2.56
2.62

LOCALITIES FOB TABLE 30 (SEE PL. l)
Oabilan Range:

DR-570. Hornblende-biotite quartz diorite. Center sec. 10, T. 19 S., B. 9 E.,
Hernandez Valley 15-min quad. 

DB-584. Hornblende-biotite quartz diorite. NW. cor. sec. 26, T. 15 S., B. 5 E. t
Gonzales 15-min quad. 

DB-566A. Hornblende-biotite granodiorite. Center sec. 7, T. 16 S., B. 7 E., San
Benito 15-min quad. 

G-1B. Biotite granodiorite. Sec. 23, T. 19. S., B. 8 E., Bitterwater Boad,
Greenfleld 15-min quad. 

G-1A. Biotite quartz monzonite. Sec. 23, T. 19 S., B. 8 E., Bitterwater
Boad, Greenfleld 15-min quad. 

DB-576. Quartz monzonite. West of railroad tunnel on Metz-King City Boad,
Greenfleld 15-min quad. 

DB-546. Quartz monzonite. Elev 2,000 ft on Fremont Peak-State Park Boad,
Hollister 15-min quad. 

Stockdale Mountain:
DB-145C. Biotite granodiorite. NWJi sec. 11, T. 23 S., B. 13 E., Stockdale

mountain 7}4-min quad.
DB-142. Biotite granodiorite. NE X sec. 3, T. 23 S., R. 13 E., Stockdale moun­ 

tain 7^-min quad.

La Panza Range:
BB-6-3. Hornblende-biotite quartz diorite. NWJi sec. 5, T. 30 S., R. 16 E.,

Pozo 15-min quad.
P-l Biotite granodiorite. SEJi sec. 32, T. 28 S., R. 14 E., Pozo 15-min quad. 
LaP-3. Biotite granodiorite. SEJi sec. 35, T. 30 S., R. 16 E., La Panza 15-min

quad. 
P-7A. Biotite granodiorite. NWJi sec. 29, T. 29 S., R. 16 E., Pozo 15-min

quad. 
SLO-IOB. Biotite quartz monzonite. SEJi sec. 2, T. 28 S., R. 14 E., San Luis

Obispo 15-min quad. 
San Juan Creek:

DR-63A. Biotite quartz monzonite. NWJi sec. 25, T. 30 S., B. 17 E., La Panza
15-min quad.

DB-66. Alaskite. SE}i sec. 25, T. 30 S., R. 17 E., La Panza 15-min quad. 
Bed Hills:

C-1A. "Qnartz diorite." NEJ4 sec. 5, T. 27 S., R. 16 E., Camatta Canyon
7J3-min quad. 

DR-109. Hornblende-biotite quartz diorite. NEJi sec. 9, T. 27 S., B. 16 E.,
Camatta Canyon 7^-min quad. 

DB-100. Gneissic hornblende-biotite granodiorite. SEJi sec. 5, T. 27 S., B. 16
E., Camatta Canyon 7j£-min quad.



CHEMICAL CHARACTERISTICS 69

rocks of southern Coast Ranges Continued

La Panza Eange San Juan Creek Eed Hills Barrett Eidge

B R-6-3 P-l LaP-3 P-7A SLO-10B DE-63A DE-66 C-1A. DR-109 DE-100 DR-59 DR-46 DR-24A DE-20A BM-1C

Niggli numbers Continued

224.1
35.7
27.8
18.6
18.0
62.2

.3

.4

295.3
41.0
22.3
15.9
20.8

112.0
.4
.4

307.0
42.7
19.7
14.0
23.6

112.7
.4
.4

356.3
45.6
18.9
11.5
24.1

160.1
.4
.4

360.0
47.2
13.6
10.4
28.8

144.8
.5
.5

437.7
50.0
8.8
7.6

33.6
203.6

.6

.3

451.2
48.7
5.0
5.4

41.0
187.3

.4

.4

181.9
33.9
35.4
15.8
14.9
22.2

.3

.6

231.8
36.6
30.6
16.2
16.5
65.7

.3

.5

324.4
42.7
19.4
15.1
22.8

133.2
.5
.5

284.6
38.5
31.2
5.5

24.8
85.4

.6

.4

343.3
37.5
26.0
10.0
26.6

137.1
.6
.2

410.5
41.5
16.3
14.4
27.8

199.2
.5
.5

407.8
42.5
20.6
10.7
26.3

202.6
.5
.3

377. Q** !
10'»
12.8
32.0

143.6
'6

Modes (volume percent) Continued

61
3

15
13
8

100

43
18
27
12

100

47
15
27

100

44
13
33
10

100

34
36
25
5

100

27
39
32
2

100

28 .......
35 .......
35 .......
2 .......

100 .......

..... 55 ....._--...._--.-..-.....-  ......... .-................_....

..... 4 ......  ....     -...-..--.  . .  .-  _ ...........

..... 21 ...__....._-......................_.._... -_..........._.......

..... 10 ...-- ...-  -...--.. -..-...  - ............. .......

..... (S, Al)l ..................................................................

..... 100 -.--- ..-...-  .--.  -_....  - .. .  .-- 

Specific gravity  Continued

2.76
2.69
n.d.

2.69
2.67
2.70

2.70
2.65
2.68

2.68
2.61
2.66

2.66
2.56
2.63

2.68
2.67
2.61

2.61
2.58
2.61

2.76
2.70
n.d.

2.78
2.70
2.75

2.71
2.66
2.70

2.75
2.68
n.d.

2.70
2.68
n.d.

2.71
2.68
n.d.

2.70
2.68
n.d.

2.68
2.64
n.d.

Santa Lucia Eange (Unpub. analyses furnished by E. C. Pearson. Specimens located and described 
in Pearson and others (1967)

Santa Lucia Range (Compton, 1966, p. 280)

P-43 P-144 H-135 P-85 P-135 P-94 H-135 P-222 H-39 H-75 CP-8-68A BC-3-32B CP-2-1 JSP-6-2 JS-1 BC-1-4C

Niggli numbers Continued

83.3
9.2

70.5
17.8
2.6

(-)26.8
.3
.8

102.2
18.4
52.9
24.6
4.2

(  )14. 5
.3
.6

127.1
20.7
49.9
23.6
5.8
4.1
.3
.7

229.4
33.9
28.3
21.3
16.5
63.2

.3

.5

241.9
36.7
23.0
20.7
19.6
63.6

.3

.4

243.6
35.6
24.6
20.7
19.2
67.0

.4

.5

379.2
45.6
12.1
8.5

33.9
143.8

.4

.2

435.2
49.1
4.3
5.7

40.8
71.8

.6

.4

403.9
46.4
9.4

13.6
30.6

181.4
.5
.4

433.2
46.8
10.1
7.5

35.6
190.8

.5

.3

83.1
5.4

66.5
27.1
1.0

(  )21. 0
.1
.8

115.9
13.0
59.9
24.7
2.8
4.7
.2
.7

168.4
34.9
28.7
20.4
16.1
4.0
.2
.4

360.3
39.8
21.3
12.0
26.9

152.8
.4
.3

375.8
45.5
11.9
11.9
30.7

153.0
.5
.4

437.3
48.5
9.3
5.6

36.8
190.2

.7

.4

Modes (volume percent) Continued

Specific gravity Continued

Barrett Eidge:
DR-59. Quartzo-feldspathie gneiss. Sec. 9, T. 31 S., R. 18 E., Branch Moun­ 

tain 15-min quad. 
DE-46. Quartzo-feldspathic gneiss. SEM sec. 15, T. 31 S., E. 18 E., Branch

Mountain 15-min quad. 
DE-24A. Quartzo-feldspathic gneiss. SEk sec. 25, T. 31 S., R. 18 E., Caliente

Mountain 15-min quad. 
DR-20A. Quartzo-feldspathic gneiss. NEk sec. 26, T. 31 S., R. 18 E., Branch

Mountain 15-min quad. 
BM-1C. Alaskite. NE}^ sec. 26, T. 31 S., R. 18 E., Branch Mountain 15-min

quad. 
Logan:

HBGB-8. Hornblende gabbro, Logan quarry (Reid, 1902). 
DE-589B. Hornblende quartz gabbro. Logan quarry. San Juan Bautista 15- 

min quad. 
DR-688A. Hornblende quartz gabbro. About 1 mile SE. of Anzar Lake, San

Juan Bautista 15-min quad. 
Gold Hill:

DR-139. Anorthositic gabbro. About 2}£ miles S. 38° E. of NW. cor. Cholame
Valley 7}4-min quad. 

DE-132. Hornblende quartz gabbro. West slope of Gold Hill. Cholame Valley
7J4-min quad.

DR-121. Hornblende quartz gabbro. West slope of Gold Hill. Cholame Valley 
7j£-min quad.

Monterey:
Mo-IB. Biotite quartz monzonite. Huckleberry Hill quarry, Monterey Penin­ 

sula, Monterey 15-min quad. 
Santa Lucia Range:

P~13. Hornblendite.
P-144. Hornblende gabbro.
H-135. Gabbro.
P-82. Granodiorite.
P-135. Granodiorite.
P-94. Quartz diorite.
H-185. Quartz monzonite.
P-222. Pegmatitic granite.
H-39. Biotite granite.
H-76. Garnetiferous biotite granite. 

Santa Lucia Range:
CP-8-68A. (Divine-hornblende pyroxenite, Cone Peak 15-min quad.
BC-3-32B. Plagioelase-pyroxene hornblendite, Bear Canyon 15-min quad.
CP-2-1. Quartz diorite, Cone Peak 15-min quad.
JSP-6-2. Granodiorite, Junipero Serra Peak 15-min quad.
JS-1. Quartz monzonite, Junipero Serra Peak 15-min quad.
BC-1-4C. Granite, Bear Canyon 15-min quad.
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TABLE 31. Chemical data on basement rocks of

[Chemical analyses by P. L. D. Elmore, Lowell Artis, S. D. Botts, Qillison Chloe, J. L. Qlenn, James Kelsey, and Hezekiah Smith. Semiquantitative spectrographic analyses 
midpoints of these brackets, 1, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, etc. The precision of a reported value is approximately plus or minus one bracket at 68 percent, or two brackets 
where La or Ce found: Pr, Sm, Eu. Norms: symbols for other minerals are cc=calcite, hm=hematite. Modes: symbols for other minerals are S=sphene, Me=metallic 
specimen submitted for chemical analysis; hand specimen, is bulk determination by water submersion method on larger sample]

TRANSVERSE RANGES

Cedar Springs

DR-339 CS-2 DR-168

Holcomb Fairmont Reservoir

V-4 V-2 DR-602 DR-593 DR-489 DR-614 DR-590

Liebre

DR-637 DR-641 DR-631

Lebec

DR-698

Chemical analyses (weight percent)

SiO
AljOj-          -

FeO-.-.   ......    ..
MgO            
CaO---          .

KzO.-        .......

H«O +

TiOj..   -..       .
PjOj        ----- -
MnO  -- ... ------
COs   --------------

Total.       

.... ... ... 60.0

.      17.8

.... ... ... 2.2
..... .... 4.0
--..... 3.1
....    . 5.7
.    .... 3.6
.     ... 1.9
.       . .18
.... ... ... .82
......... .18
..    ... .36
.     ... .06 .
----- <.05

....     99.90

64.5 
17.2 
1.6 
2.4 
1.6 
4.4 
4.1 
2.5 
.08 
.74 
.78 
.28

<.05

100.18

64.9 
17.0 
2.0 
1.9 
1.5 
3.9 
4.2 
2.5 
.13 
.82 
.76 
.29 
.08 

<.05

99.98

62.9 
17.3 
2.1 
2.5 
2.1 
4.8 
3.6 
2.4 
.11 
.88 
.76 
.30 
.07 

<.05

99.82

64. 5 62. 3 63. 3 
16. 5 17. 1 17. 1 
2.0 1.7 1.8 
2. 2 2. 9 2. 6 
1.9 1.9 1.8 
4. 6 5. 2 4. 8 
3.7 4.1 4.0 
2. 1 2. 0 2. 1 
.06 .06 .06 

1.0 .90 1.0 
.89 1.1 .95 
.28 .32 .28 
.07 .12 .06 

<. 05 . 16 <. 05

99. 80 99. 86 99. 85

65.8 
16.6 
1.4 
2.5 
1.7 
4.3 
3.4 
2.6 
.08 

1.1 
.34 
.13 
.10 

<.05

100.05

67. 0 72. 5 
16. 3 14. 0 
1.2 .92 
2.0 .80 
1. 4 .65 
3. 4 2. 2 
3. 6 3. 0 
3.0 4.6 
.06 .09 

1.0 .65 
.67 .31 
.22 .16 
.10 .08 

<.05 <.05

99. 95 99. 96

60.8 
17.5 
2.0 
3.4 
2.6 
5.1 
3.6 
2.3 
.14 

1.4 
.82 
.27 
.12 

<.05

100.05

61.0 
17.7 
1.8 
3.3 
2.4 
5.4 
4.0 
2.2 
.08 
.79 
.87 
.28 
.05 

<.05

99.87

67.0 
16.2 
1.4 
1.9 
1.5 
3.6 
3.3 
3.4 
.08 
.72 
.58 
.18 
.10 

<.05

99.96

67.8 
15.7 

.31 
2.9 
1.6 
3.3 
3.2 
3.2 
.08 
.73 
.54 
.15 
.10 
.30

99.91

Semiquantitative spectrographic analyses (weight percent)

B_    ---------
Ba           
Be            
Ce-...    ...... .... ..
Co            
Cr.    ... ... ....    .
Cu        ..-..--.
Ga..... ...... ...... ....
La... ---------
Mo        ..   
Nb  ... ........ ....-
Nd.~ . ---------
Ni...... ... ..... .......
Pb. ........ ..... --...
Sc  ---------
Sr... ............. ......
V.. ....................
Y
Yb    ------------
Zr.  ..................

...---. 0.0007

.-.   .-- .05
0002

.-.....-. 0

....    .. .003

....-..._. .002

.... .... .. .0015
... .._..- .002

.     ... .005

.   .   .. 0
.... ..... .002
.... .... . 0
......... .0015
--.-... .001
... ----- .002
...     .1
----- .015
......... .005
...     .0003
........ .015

0.001 
.07 
.0005 
.015 
.001 
.0007 
.0005 
.002 
.007 

0 
.002 
.007 
.0001 
.002 
.001 
.07 
.007 
.002 
.0002 
.03

0.001 
.07 
.0003 
.015 
.001 
.0007 
.0007 
.003 
.007 

0 
.0015 
.007 
.00015 
.002 
.001 
.1 
.007 
.002 
.0002 
.02

0.001 
.07 
.0003 

0 
.0015 
.001 
.0005 
.003 
.007 
.0003 
.002 
.007 
.0007 
.002 
.0015 
.1 
.01 
.003 
.0002 
.03

0. 0015 0 0 
.07 .05 .07 
. 0003 . 0003 . 0002 

0 .01 .01 
. 0015 .001 .001 
. 0015 . 0007 . 0005 
. 0005 . 0015 . 0015 
. 002 . 0015 . 002 
. 003 . 005 . 003 
. 0002 0 0 
.002 .003 .002 

0 .007 0 
. 0007 . 0001 . 0001 
. 002 . 0015 . 0015 
. 0015 . 0007 . 0007 
.1 .1 .1 
.01 .01 .01 
.003 .003 .002 
. 0003 . 0002 . 0002 
.03 .02 .02

0.0007 0 
.1 
.0003 
.01 0 
.001 
.001 
.0005 . 
.002 
.005 

0 0 
.003 

0 0 
.0002 0 
.002 
.001 
.1 
.007 
.005 
.0003 
.02

0.001 
1 .15 
0002 . 00015 

0 
0007 .0003 
0003 .0001 
002 . 0015 
0015 . 0015 
005 0 

0 
0015 . 001

0 
002 .003 
0006 0 
07 .05 
007 .005 
0015 . 001 
00015 . 0001 
02 . 015

0 0 
.07 
.00015 
.01 
.0015 
.001 
.002 
.0015 
.005 

0 0 
. 0015 

0 0 
.0007 
.0015 
.0015 
.1 
.015 
.003 
.0002 
.015

05 
00015 

,01 
0015 
0007 
003 
002 
005

001

0005 
0015 
001 
1 
015 
002 
0002 
03

0.001 
.1 
.00015 
.01 
.001 
.0005 
.0007 
.0015 
.005 

0 
.0015 

0 
.0002 
.002 
.0007 
.07 
.01 
.002 
.0002 
.01

0.001 
.05 
.0003 
.007 
.0007 
.001 
.0007 
.002 
.005 

0 
.0015 

0 
.0003 
.002 
.0007 
.05 
.005 
.002 
.00015 
.01

Norms (weight percent)

Q.... ......     ..... .

ab...        .......
an. _                
WO--           --   .-.. .

fs._ .....          

il... -....   ...... ....
ap. ...... -------
c
Other..    -..-...-..-

Total-.   .   

------ 13.7
......    11.4
........ 30.8
....     26.2

........ 7.8

......... 5.4
3 2

.-_--   .3

....-.-.- .9

... ...... .3

  _..... 100.0

19.4 
14.9 
34.9 
20.1

4.0 
1.8 
2.3 
1.5
.7 
.4

100.0

21.0 
14.9 
35.9 
17.6

3.8
.7 

2.9 
1.5 
.7 

1.0

100.0

19.6 
14.4 
30.8 
22.1

5.3 
1.8 
3.1 
1.5
.7 
.8

100.1

22. 9 17. 4 19. 2 
12. 6 12. 0 12. 6 
31. 7 35. 1 34. 3 
21. 3 22. 6 22. 3 

....... .. .1 ...........
4. 8 4. 8 4. 5 
1.1 2. 4 1. 9 
2. 9 2. 5 2. 6 
1. 7 2. 1 1. 8 
.7 .8 .7

5 9

(cc ) 4^ J

100. 2 100. 2 100. 1

23.6 
15.5 
29.1 
20.7

4.3 
3.1
2.1 
.7 
.3
.7

100.1

25. 3 32. 3
17. 9 27. 4 
30. 8 25. 6 
15. 6 9. 9

3. 5 1. 6 
1.8 .3 
1. 8 1. 3 
1.3 .6 
.5 .4 

1.5 .5

100. 0 99. 9

15.7 
13.8 
30.9 
23.9

6.6 
3.5 
2.9 
1.6 
.7 
.5 ...

100.1

13.9 
13.1 
34.2 
24.1 

.5 .
6.0 
3.3
2.6 
1.7 
.7

100.1

24.9 
20.3 
28.2 
16.8

3.8 
1.6 
2.0 
1.1 
.4 

1.0

100.1

27.0 
19.1 
27.3 
13.6

4.0 
4.4 
.5 

1.0
.4 

2.1 
(cc.). 7

100.1

Niggli numbers

si....    ....    .... .

tm. ....................

aQf.. ...................
qz.... ..................

-....._- 193.7
.   ..... 33.9
......... 31.2
....    19.7
--..... 15.2
      33.0
........ .3
....    . .5

247.9 
39.0 
21.5 
18.1 
21.4 
62.3 

.3 

.4

256.9 
39.7 
21.4 
16.5 
22.4 
67.2 

.3 

.4

231.1 
37.5 
25.2 
18.9 
18.5 
57.3 

.3 

.5

249. 9 226. 3 237. 1 
37. 7 36. 6 37. 7 
24. 2 24. 1 23. 5 
19. 1 20. 2 19. 3 
19. 1 19. 1 19. 5 
73. 5 50. 0 58. 9 

.3 .2 .3 

.5 .4 .4

262.1 
39.0 
23.0 
18.4 
19.7 
83.2 

.3 
.4

286. 3 384. 7 
41. 1 43. 8 
20. 3 12. 7 
15. 6 12. 5 
23. 1 31. 0 
94. 0 160. 7 

.4 .5 

.4 .4

209.2 
35.5 
28.7 
18.8 
17.1 
41.0 

.3 

.5

208.7 
35.7 
26.5 
19.8 
18.1 
36.4 

.3 

.5

282.3 
40.2 
20.9 
16.3 
22.6 
91.8 

.4 

.5

294.0 
40.1 
22.2 
15.3 
22.3 

104.8 
.4 
.5

See explanation at end of table.
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Transverse Ranges and Mojave Desert

by Chris Heropoulos. Results are to be identified with geometric brackets whose boundaries are 1.2, 0.83, 0.56, 0.38, 0.26, 0.18, 0.12, etc., but are reported arbitrarily as 
at 95 percent confidence. Looked for but not found: Ag, As, Au, Bi, Cd, Ge, Hf, Hg, In, Li, Pd, Pt, Re, Sb, Sn, Ta, Te, Th, Tl, U, W, Zn. Also looked for but not found 
opaque minerals, E=epidote, Mu=muscovite. Specific gravity: powder, determined by air pycnometer from part of split for chemical analysis; bulk, determined from

T RAN VERSE RANGES  Continued

Lebec  Continued

DR-686 DR-690

MOJAVE

Miscellaneous Lovejoy Butte

DR-460 DR-479 DR-745 DR-810 DR-814 BBL DR-728 DR-726 DR- DR-315 DR- 
316A 319A

Hi Vista Miscellaneous

DR- DR-298 DR-280 DR-349 
321B

Chemical analyses (weight percent)   Continued

68.0 
16.2 

.26 
2.4 
1.0 
3.2 
3.9 
3.4 
.08 
.65 
.54 
.16 
.07 
.19

100.05

68.5 
16.0 

.45 
2.5 
1.0 
3.2 
3.5 
3.4 
.06 
.55 
.50 
.15 
.07 
.11

99.99

58.0 
18.6 
3.1 
3.0 
2.0 
6.1 
4.3 
2.4 
.14 
.71 
.95 
.29 
.18 

<.05

99.77

58.3 
17.4 
2.2 
4.2 
3.3 
5.8 
3.5 
2.3 
.07 

1.8 
.76 
.19 
.17 

<.05

99.99

62.4 
18.6 
1.1 
3.0 
1.6 
4.2 
4.1 
2.6 
.07 
.90 
.77 
.34 
.10 

<.05

99.78

66.7 
16.0 
1.5 
1.9 
1.7 
3.3 
3.4 
3.5 
.20 
.90 
.54 
.17 
.10 

<.05

99.91

66.7 71.1 72.5 75.6 73.5 
16.0 15.0 15.3 13.2 14.9 
1.3 .90 .62 .24 .38 
2.0 1.0 .44 .96 1.2 
1.5 .69 .38 .17 .55 
3.7 2.2 2.1 .87 2.2 
3.5 3.7 4.6 3.7 3.7 
3.5 3.8 3.2 4.4 2.2 
.10 .16 .11 .04 .11 
.86 .75 .51 .54 .81 
.54 .68 .15 .11 .13 
.15 .02 .05 .04 .12 
.07 .09 .10 .07 .06 

<.05 <.05 <.05 <.05 <.05

99.92 100.09 100.06 99.94 99.86

73. 9 74. 2 
14. 2 14. 1 

.30 .45 
1.0 .68 
.48 .34 

2.0 1.3 
3. 7 3. 3 
3. 2 3. 5 
.13 .14 
.74 .75 
.20 .80 
.06 .12 
.06 .05 

<. 05 <. 05

99. 97 99. 73

65.0 
16.6 
1.7 
2.5 
1.8 
4.4 
3.6 
2.5 
.05 
.75 
.78 
.24 
.06 

<.05

99.98

69.8 
15.5 
1.1 
1.3 
1.0 
3.0 
3.7 
3.4 
.14 
.60 
.16 
.14 
.06 

<.05

99.90

66.5 
16.5 
2.0 
1.8 
1.5 
3.8 
4.2 
2,6 
.20 
.72 
.47 
.28 
.06 

<.05

99.63

73.8 
14.0 

.65 

.68 

.44 
1.4 
3.5 
4.1 
.12 
.44 
.66 
.13 
.11 

<.05

100.03

Semiqnantitative spectrographic analyses (weight percent)   Continued

0. 0015 
.1 
.0002 
.01 
.0005 
.0005 
.0007 
.002 
.005 

0 
.0015 

0 
0 
.002 
.0003 
.05 
.005 
.0015 
.00007 
.015

0.001 
.1 
.0003 

0 
.0005 
.0005 
.0005 
.003 
.003 

0 
.0015 

0 
0 
.003 
.0007 
.05 
.003 
.002 
.00015 
.02

0.0007 
.15 
.00015 

0 
.002 
.0002 
.01 
.002 
.005 

0 
.001 

0 
0 
.003 
.0015 
.15 
.015 
.005 
.0003 
.01

0.0007 
.07 
.0003 

0 
.003 
.003 
.005 
.002 
.003 

0 
.001 

0 
.003 
.0015 
.002 
.1 
.015 
.003 
.0002 
.015

0 
.1 
.0003 
.015 
.001 
.0005 
.005 
.003 
.007 

0 
.005 
.007 
.0002 
.003 
.001 
.1 
.007 
.003 
.0002 
.02

0 
.07 
.0003 
.01 
.001 
.001 
.0015 
.002 
.005 

0 
.002 

0 
.0007 
.003 
.0007 
.07 
.01 
.002 
.0002 
.015

0 0.001 0.001 0.001 0.001 
.07 .07 .15 .1 .15 
.0002 .0005 .0002 .0003 .00015 

0 .01 0 0 0 
.001 .0005 000 
.001 .0002 0 .0001 .0007 
.003 .0015 .0005 .0003 .0015 
.0015 .002 .0015 .0015 .002 
.003 .005 0 0 .003 

0 0000 
.001 .001 .0015 .001 .001 

0 0 .................... 0
.0007 000 .0002 
.003 .005 .002 .003 .003 
.0007 .0003 0 .0003 0 
.05 .05 .07 .007 .07 
.007 .003 .001 0 .001 
.0015 .001 0 .003 .001 
.00015 .0001 0 .0002 .0001 
.015 .015 .01 .01 .01

0. 0015 0. 0015 
.1 .07 
.0002 .0005 

0 0 
0 0 

. 0001 . 0003 
. 003 . 0015 
.002 .002 

0 .003 
0 0 

. 0015 . 0015 
......... 0
0 0 

.005 .005 
0 0 
.05 .03 
. 0015 . 001 
. 0015 . 0015 
. 00015 . 00015 
.01 .007

0.001 
.07 
.0003 
.01 
.0015 
.001 
.0015 
.003 
.005 

0 
.002 

0 
.0005 
.003 
.001 
.07 
.007 
.002 
.0002 
.02

0.0007 
.07 
.0003 

0 
.0007 
.0005 
.002 
.002 
.005 

0 
.001 

0 
.00015 
.005 
.0005 
.07 
.005 
.001 
.0001 
.015

0.001 
.07 
.0003 

0 
.001 
.0005 
.001 
.003 
.007 

0 
.0015 

0 
0 
.003 
.0007 
.1 
.007 
.0015 
.00015 
.02

0.0015 
.07 
.0005 
.01 

0 
.00015 
.0007 
.0015 
.005 

0 
.002 

0 
0 
.005 
.0003 
.03 
.001 
.002 
.0002 
.015

Norms (weight percent)   Continued

23.5 
20.2 
33.2 
13.7

2.5 
3.5 
.4 

1.0 
.4 

1.1 
(CC.).4

99.9

26.1 
20.2 
29.8 
14.3

2.5 
3.5 
.7 

1.0 
.4 

1.4 
(cc.). 3 .

100.2

8.8 
14.3 
36.8 
24.6 
1.7 
5.0 
1.7 
4.5 
1.8 
.7

99.9

10.8 
13.9 
30.2 
25.5 
1.1 .
8.4 
5.1 
3.3 
1.5 
.5

100.3

16.8 
15.5 
35.1
18.8

4.0 
3.6 
1.6 
1.5
.8 

2.2

99.9

24.0 
20.9 
29.1 
15.4

4.3
1.6 
2.2 
1.0 
.4 

1.0

99.9

22.6 29.5 28.6 34.8 38.0 
20.9 22.6 19.0 26.2 13.1 
29.9 31.6 39.1 31.5 31.6 
17.6 10.9 10.1 4.1 10.2

3.8 1.7 1.0 .4 1.4 
1.9 .1 .2 1.5 1.8 
1.9 1.3 .9 .4 .6 
1.0 1.3 .3 .2 .2 
.4 .......... .1 .1 .3
.1 .9 .6 .9 2.7

100.1 100.1 99.9 100.1 99.9

35. 0 39. 1 
19. 1 20. 9 
31. 6 28. 3 
9. 6 5. 7

1.2 .9 
1.4 ..........
.4 ..........
.4 1.5 
.1 .3 

1. 2 2. 8 
.-.-...-.. (hm.).4 .

100. 0 99. 9

22.3 
14.9 
30.7 
20.4

4.5 
2.0 
2.5 
1.5 
.6 
.6

100.0

27.4 
20.3 
31.6 
14.1

2.5 
1.3 
1.6 
.3 
.3 
.6

100.0

21.4 
15.6 
36.0 
17.2

3.8 
1.0 .
2.9 
.9 
.7 
.6

100.1

34.7 
24.4 
29.8 
6.1

1.1

.6 
1.3 
.3

1.6
(hm.). 2

100.1

Niggli numbers  Continued

299.9 
42.1 
16.6 
15.1 
26.2 
94.9 

.4 

.4

305.8 
42.1 
17.8 
15.3 
24.8 

106.5 
.4 
.4

186.1 
35.2 
25.6 
21.0 
18.3 
12.9 

.3 

.4

184.7 
32.5 
32.4 
19.7 
15.4 
23.1 

.3 

.5

232.0 
40.8 
21.6 
16.7 
20.9 
48.2 

.3 

.4

279.9 
39.6 
22.4 
14.8 
23.2 
87.1 

.4 

.5

278.3 358.6 376.6 461.0 401.9 
39.4 44.6 46.8 47.4 48.0 
20.6 13.2 7.7 7.9 11.8 
16.5 11.9 11.7 5.7 12.9 
23.5 30.3 33.8 39.0 27.3 
84.4 137.4 141.5 205.0 192.8 

.4 .4 .3 .4 .3 

.5 .4 .4 .2 .4

411. 3 447. 3 
46. 6 50. 1 
10. 2 8. 8 
11. 9 8. 4 
31. 3 32. 7 

186. 0 216. 3 
.4 .4 
.4 .4

253.1 
38.1 
23.8 
18.4 
19.8 
73.9 

.3 

.4

323.8 
42.4 
16.0 
14.9 
26.7 

117.0 
.4 
.4

263.9 
39.2 
21.3 
16.4 
23.1 
71.6 

.3 

.4

420.2 
47.0 
10.3 
8.5 

34.2 
183.3 

.4 

.4
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TABLE 31. Chemical data on basement rocks of

TRANSVERSE
Cedar Springs

DR-339 CS-2 DR-168

Holcomb

V-4 V-2 DR-602

 RANGES

Fairmont Reservoir

DR-L93 DR-4S9

Liebre Lebec

DR-614 DR-590 DR-637 DR-641 DR-631 DR-698

Modes (volume percent)

Biotite.-...-.....-....-..

Other...-......--...-..-.

Total.-..-.---.-...

........ 55
--..--. 1
........ 19
........ 15
....... 10

...-..-- 100

53
9 

25 
11 

1 
1

100

52 
13 
19 
10 

2 
4

100

64 
10 
20 

9 
5

(Me)i

100

64 
11
24

8 
2

100

55 
5 

23 
12 

1
M(S l'

100

55 
6 

21 
12 
4

(Me)i

100

50 
8 

29 
11 

1 .-

100

47 
12 
29 
10

(8)1, (J

100

32 
28 
34 

6

lu)<l ...

100

57 
3 

21 
13 
6

100

59 
3 

19 
15 
4

100

46 
17 
26 

8 
2 

(8)1 ...

100

41 
17 
27 
13 
2

100

Specific gravity

LOCALITIES FOE TABLE 31 (SEE PL. 2)
Transverse Ranges: 

Cedar Springs: 
DR-339. Hornblende-biotite quartz diorite. NWJi sec. 6, T. 2 N., R. 4 W., 

Cedar Springs 7}£-min quad. 
CS-2. Biotite granodiorite. NEM sec. 32, T. 3 N., R. 4 W., Cedar Springs 

7J£-min quad. 
DR-168. Biotite granodiorite. SEJi sec. 26, T. 3 N., R 6 W., Cajon 7jfmin 

quad. 
Holcomb: 

V-4. Biotite granodiorite. NWJi sec. 6, T. 5 N., R. 9 W., Valyenno 15-min 
quad. 

V-2. Hornblende-biotite granodiorite. SWJa sec. 3, T. 5 N., R. 9 W., 
Valyermo 15-min quad. 

Fairmont Reservoir: 
DR-602. Biotite quartz diorite. Center sec. 17, T. 7 N., R. 15 W., Bouquet 

Reservoir 15-min quad. 
DR-593. Biotite quartz diorite. NEM sec. 14, T. 7 N., R. 15 W., Bouquet 

Reservoir 15-min quad.

2.80 2.80 2.77 2.72 2.68 2.72 2.74 2.67 2.70
2.69 2.69 2.67 2.65 2.67 2.72 2.69 2.65 2.67
2.73 2.72 2.71 2.67 2.62 2.73 2.73 2.69 2.68

DR^89. Biotite granodiortie. NWJi sec. 30, T. 7 N., R. 14 W., Bouquet 
Reservoir 15-min quad. 

DR-614. Biotite granodiorite. SE>i sec. 12, T. 7 N., R. 16 W., Burnt Peak 
7J£min quad. 

DR-590. Biotite quartz monzonite. SWJi sec. 12, T. 7 N., R. 15 W., Bouquet 
Reservoir 15-min quad. 

Liebre: 
DR-637. Hornblende-biotite quartz diorite. SWX sec. 5, T. 7 N., R. 17 W., 

Liebre Mountain 7j^-min quad. 
D R-641. Biotite quartz diorite. SWM sec. 28, T. 8 N., R. 18 W., Lebec 7^-min 

quad. 
DR-631. Biotite granodiorite. SWH sec. 32, T. 8 N., R. 17 W., Liebre Moun­ 

tain 7j£-min quad. 
Lebec: 

DR-698. Biotite granodiorite. NW>i sec. 35, T. 9 N., R. 20 W., Frazier 
Mountain 7^-miri quad. 

DR-686. Biotite granodiorite. NEJi sec. 31, T. 9 N., R. 19 W., Frazier Moun­ 
tain 7Ji-min quad.

Conclusions about individual masses cannot be drawn 
confidently from these limited data, but in total the 
data offer a pattern for the whole province. The Coast 
Ranges and Transverse Ranges are treated separately, 
for they are physically and structurally separate. The 
central and southern Coast Ranges are in part also 
treated separately. This is more a subdivision of con­ 
venience than of nature, but some characteristics sug­ 
gest that the central Coast Ranges granitic rocks are 
more closely related to each other than to the bulk of the 
granitic rocks of the southern Coast Ranges.

In some of the graphic plots, chemical data on ultra- 
mafic rocks of the Santa Lucia Range, quartzo-feld- 
spathic gneisses of Biarrett Ridge, and hornblende 
quartz gabbro of the Gold Hill and Logan areas are 
shown separately. The ultramafic rocks of the Santa 
Lucia Range tend to distort comparisons with other 
batiholithic areas where I do not have data on compara­ 
ble rocks. The Barrett Ridge rocks probably are para- 
gneisses and thus not comparable. The gabbros of Gold 
Hill and Logan are probably "orphan" rocks that do 
not 'belong to the Salinian block. Their unusual chemi­ 
cal characteristics also tend to skew data plots.

VARIATION DIAGRAMS

Several different variation diagrams 'have been pro­ 
posed, but probably the most commonly used is still the 
simple silica-variation diagram (Harker diagram) in 
which the weight percentage of each oxide is plotted 
against the weight percentage of silica. Figure 32 pre­ 
sents such diagrams for the rocks described in this re­ 
port. If the ultramafic rocks of the Santa Lucia Range, 
the gneisses of Barrett Ridge, and the hornblende quartz 
gabbros of Gold Hill and Logan are omitted for rea­ 
sons already discussed the trends are rather well de­ 
fined for each of the oxides. The field for TiO2 seems 
more "diffuse" largely because the vertical scale is more 
exaggerated than the scale used for the other oxides.

The plotted trends are so well defined that lines ap­ 
proximating least-squares fits can be plotted by eye with 
a fair degree of confidence. Just to be sure of the trends, 
however, a least-squares line fit computer program was 
run that also gave standard deviation of the spread of 
the data from the least-squares lines. The lines on figure 
30 are plotted from the computer data. Understandably 
there were no great surprises in the least-squares lines, 
and there were no significant differences between the
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TRANVERSE RANGES Continued MOJAVE

Lebec Continued Miscellaneous Lovejoy Butte Hi Vista Miscellaneous

DR-686 DR-6 DR-460 DR-479 DR-745 DR-810 DR-814 BBL DR-728 DR-726 DR- 
316A

DR-315 DR- 
319A

DR- 
321B

DR-298 DR-280 DR-349

Modes (volume percent) Continued

46
18
26
10
1

(Mu) ...
Trace

100

48
15
27
8
2

100

w
7
8
8
10

/Q\ 1

(Me) 1, 
(E)7

100

57
2

13
15
13 .

100

61
3

18
13

(Mu)5 ...

100

46
18
27
8
2

100

39 ......
21 ......
29 ......
8 ......
3 ......

100 ......

50
21
26
2

.... (Mu)2 ...

100

29
32
36
3

100

47
10
37
6

100

41
23
31
5

100

39
26
33
3

100

51
10
20
12
6
2 ...

100

44
22
27
6
1

100

56
13
20
8
1 ...

(8)1.  
(Me)l

100

37
31
29
3

100

Specific gravity Continued

2.70
2.66
2.6S

2.70
2.68
2.67

2.82
2.76
2.82

2.85
2.82
2.81

2.72
2.68
2.70

2.68
2.67
2.67

2.70
2.67
2.69

2.72
2.64
2.65

2.76
2.62
2.62

2.76
2.62
2.61

2.68
2.62
2.66

2.66
2.62
2.64

2.64
2.61
2.64

2.72
2.67
2.73

2.70
2.67
2.67

2.72
2.66
2.69

2.70
2.67
2.63

DR-690. Biotite granodiorite. SW% sec. 26, T. 9. N., R. 20 W., Frazier
Mountain 7J4-min quad. 

Miscellaneous:
DR-460. Biotite-hornblende granodiorite of Acton (near diorite field),

NE^NW^, sec. 31, T. 5 N., R. 12 W., Acton 15-min quad. 
DR-479. Hornblende-biotite quartz diorite gneiss of Bouquet Reservoir

15-min quad. SE cor. sec. 18, T. 6 N., R. 14 W. 
DR-745. Muscovite-bearing biotite-quartz diorite of Mount Abel. NEJ< sec.

34, T. 9 N., R. 22 W., Sawmill Mountain 7%-min quad. 
DR-810. Biotite granodiorite of Mutau and Piru Creeks, NW}4 sec. 36,

T. 7 N., R. 21 W., Lockwood Valley 7j^-min quad. 
DR-814. Biotite granodiorite of Mutau and Piru Creeks, SE cor. sec. 26,

T. 7 N., R. 21 W., Lockwood Valley 7^-min quad. 
BBL. Biotite quartz monzonite; near west end of Big Bear Lake on

highway. 
DR-728. Muscovite-bearing granodiorite of Mount Abel and Pinos. NEJfc

sec. 32, T. 9 N., R. 22 W., Sawmill Mountain 7J4-min quad. 
DR-726. Alaskite of Brush Mountain. NWfc sec. 10, T. 9 N., R. 22 W.,

Eagle Rest Peak 7M-min quad.

Coast and Transverse Eanges suites. A12O3 and Na2O 
are somewhat lower in general in the Coast Eanges, and 
total Fe as FeO and MgO are a bit higher. The K2O 
data suggest at first glance rather marked trend differ­ 
ences between the Coast and Transverse Eanges suites. 
This difference is probably due to the inclusion of pub­ 
lished analyses of very felsic rocks in the Coast Eanges. 
K-feldspar-rich alaskitic and aplitic rocks are also pres­ 
ent in the Transverse Eanges, and analysis of these 
rocks would have made the trends more similar. If the 
tihree analyses with the highest K2O values in tihe Coast 
Eanges suite are omitted, the two suites are much more 
similar. This is a good example of the caution necessary 
in making comparisons on the basis of gross sampling 
where bias may be introduced either by locality or rock 
type. This problem should be kept in mind throughout 
the ensuing discussion.

Figure 33 shows the computer-calculated least-squares 
line plots for granitic suites of tihe Coast Eanges, Trans­ 
verse Eanges, Sierra Nevada, and the southern Califor­ 
nia batholith. To facilitate comparison, the standard de­ 
viation of the spread from the calculated line is given. 
This is a measure of how well the least-squares line fits

Mojave Desert: 
Lovejoy Butte:

DR-316A. Muscovite-bearing biotite granodiorite. SW^ sec. 12, T. 6 N., R.
10 W., Littlerock 7J4-min quad. 

Biotite granodiorite. Center of north boundary sec. 29, T. 6 N.,DR-315. 

DR-319A.

Hi Vista: 
DR-321B.

DR-298.

Miscellaneous: 
DR-280.

DR-349.

iotite granodiorite. enter of nort ou 
R. 9 W., Lovejoy Buttes 7j4-min quad.

Quartz monzonite. NW^ sec. 32, T. 7 N., R. 9 W., (Piute Butte), 
Hi Vista 7J4-min quad.

Hornblende-biotite granodiorite. SW^ sec. 15, T. 7 N., R. 9 W.,
Hi Vista 7}4-min quad. 

Biotite granodiorite. SW^ sec. 9, T. 6 N., R. 7 W., (Gray Moun­
tain), Shadow Mountains 15-min quad.

Biotite granodiorite. SE^ sec. 29, T. 6 N., R. 6 W., Victorville
15-min quad. 

Quartz monzonite. SE cor. sec. 13, T. 3N., R. 4 W., Lake Arrow­
head 15-min quad.

the data points the lower the standard deviation, the 
better the trend.

Some of the oxides, particularly A1 2O3 , MgO, CaO, 
and to some extent K2O, provide some interesting and 
identifiable differences between tihe suites. Probably tihe 
most general relation is the similarity of chemical trends 
of the southern California batiholith rocks and those of 
the western Sierra Nevada, and the difference of those 
suites from the granitic rocks of the eastern Sierra 
Nevada. The Coast and Transverse Eanges suites have 
characteristics distinct from these other suites. For ex­ 
ample, they compare closely with eastern Sierra rocks 
in CaO, and to a lesser extent MgO. They appear to be 
intermediate between the trends of the eastern Sierra 
and western Sierra-southern California batholith with 
respect to K2O (if the highly K2O-rich Coast Range 
values are discounted). The Coast and Transverse 
Eanges are somewhat higher in A12O3 than the other 
granitic suites. Na2O has its usual "near horizontal" 
trend, very typical for normal granitic suites. Iron has 
an almost mirror image reversal of FeO and Fe2O3 for 
all the suites, suggesting a regional difference in degree 
of oxidation which I do not understand at present.
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FeO
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CaO

Coast and Transverse Ranges least-squares 
line fit superimposed on Coast Ranges line 
with standard deviation = 0.48

50 60 
Si02 CONTENT, IN PERCENT

70 50 60 
Si0 2 CONTENT, IN PERCENT

70

FIGURE 33. Graphs showing least-squares line fits of silica-variation diagram data. Standard deviation shown in parentheses.

These silica-variation data suggest that the Coast 
and Transverse Ranges have chemical trends distinctly 
different from those of the southern California batholith 
and the western Sierra Nevada suite. In fact, the Coast 
and Transverse Ranges rocks more closely resemble the 
eastern Sierra Nevada suite but have a slightly higher 
A12O3 and lower K2O content.

Another type of variation diagram, the differentia­ 
tion index, has also been used to show the Coast and 
Transverse Ranges chemical data (fig. 34). In this 
diagram the sum of normative quartz, orthoclase, and

albite is plotted against weight percentages of the 
various oxides. Not surprisingly, considering the silica- 
variation data, these diagrams give exceedingly well de­ 
fined linear trends (except for the ultramafic rocks). 
Figure 34 does show that the Coast and Transverse 
Ranges rocks are a bit richer in SiO2 and a bit poorer 
in K2O, Fe2O3 , and Na2O than the averages compiled 
for granitic rocks by Washington (1917). These varia­ 
tions, though slight, seem relatively consistent, and 
therefore probably cannot be accounted for solely by 
comparison of relatively old and new analyses.
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(0.34) (0,45)

Na2 O
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Si02 CONTENT, IN PERCENT

TiO2

70

50 60
Si02 CONTENT, IN PERCENT

EXPLANATION

70

Coast Ranges 

Transverse Ranges 

Coast and Transverse Ranges

Eastern Sierra Nevada

Western Sierra Nevada

Southern California batholith

FIGURE 33. Continued.

PEACOCK INDEX

Peacock (1931) observed that the silica value at which 
the variation diagram curves for total alkalis (Na2O 
plus K2O) and CaO intersect the alkali-lime index  
is a characteristic of rock suites and serves to help 
classify and distinguish various rock suites. This silica 
index value, now commonly called the Peacock index, 
has been calculated for the Coast and Transverse 
Ranges rocks (fig. 35).

If the ultramafic rocks of the Santa Lucia Range and 
the gabbro of Gold Hill and Logan are eliminated from 
consideration, the Peacock index is 59.5 and well within 
the calc-alkalic class of Peacock (1931). If they are 
included, the Peacock index is 62.5, and the suite is 
calcic. The ultramafic rocks of the Santa Lucia Range 
also are somewhat problematical because they may be 
either forerunners of the granitic suite or a separate 
magmatic series. Both the ultramafic rocks and gabbros 
have more spread from a trend line than the rest of 
the "suite," but it is not known with the present data if

this spread is significant. If only the Coast Ranges rocks 
are plotted the Peacock index is more calcic (fig. 36) 
than if all the samples are plotted (fig. 35).

It is interesting to note that comparative Peacock 
index values for some other batholithic areas (fig. 37) 
have affinities with both of the aforementioned Peacock 
values 59.5 and 62.5. The eastern Sierra suite is identi­ 
cal, at 59.5, with the Coast and Transverse Ranges suite 
without the gabbro and ultramafic rocks. On the other 
hand, both the western Sierra and southern California 
suites have a calcic Peacock index not far different from 
the index for all the Coast and Transverse Ranges 
rock.

It is plain from these data that the bulk of the Coast 
and Transverse Ranges granitic rocks (quartz diorite 
to quartz monozonite range) are chemically very similar 
to the bulk of the eastern Sierra Nevada granitic rocks. 
It is also clear that the western Sierra and southern 
California batholith suites have a different character. 
More important, perhaps, is the fact that this difference 
is not the result of anomalous mafic rocks that are on
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80

FeO

80 60 40 20 
DIFFERENTIATION INDEX (NORMATIVE Q+Or+Ab)

Note: Contoured background from Thornton and Tuttle (1960, p. 673) 
who plotted oxide percentage against the differentiation index for 
5000 igneous-rock analyses compiled by Washington (1917)

80 60 40 20 
DIFFERENTIATION INDEX (NORMATIVE Q + Or + Ab)

FIGURE 34. Graphs showing percentage of various oxides plotted against differentiation index. Coast and Transverse Ranges.

different trends from the more silicic rocks. Particularly 
for the analyzed rocks of the southern California batho- 
lith, which have a wide range of silica values in the 
analyzed rocks, the trend of both alkalis and lime is 
remarkable consistent throughout the silica range. This 
tentatively suggests that the highly variable alkali and 
lime values for the Coast and Transverse Ranges ultra- 
mafic rocks and gabbro point to a different mode of 
origin or a different magmatic suite from the rest of 
the plutonic rocks.

SELECTED OXIDE PLOTS

Variation diagrams based on percentages of iron, 
magnesia, and lime can also be plotted to show trends 
if the oxides are plotted against each other without the 
somewhat overpowering presence of SiO2 . Total iron 
plotted against MgO (fig. 38) shows a generally

similar trend for all the suites, but with some subtle 
differences. The Coast and Transverse Ranges trend 
suggests more MgO for any particular iron value, par­ 
ticularly for the rocks low in total iron, compared with 
the eastern Sierra Nevada suite. Both the western Sierra 
and southern California suites have similar trends, dis­ 
tinctively different from the Coast and Transverse 
Ranges trend, that suggest both higher total iron in the 
more felsic rocks and a larger increase in MgO relative 
to iron increase. These trends suggest that the Coast 
and Transverse Ranges are intermediate between the 
eastern Sierra and the western Sierra-southern Cali­ 
fornia trend and that they are more closely related to 
the eastern Sierra in ratio of total iron to magnesia.

Total iron plus MgO has been plotted against CaO 
for the four suites (fig. 39). This ratio does not seem 
to be useful for distinguishing these suites as all the
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FIGURE 87. Graphs showing Peacock index of selected batholithic areas.
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FIGUEE 38. Graph showing comparison of percentage of total Fe as FeO plotted against MgO for several granitic suites.
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trends are virtually identical. All this plot seems to 
show is that the Coast and Transverse Ranges rocks 
are not anomalous compared with other batholithic 
suites in the California region.

A triangular plot showing the relation between total 
iron, total alkalis, and magnesia (Alk-F-M diagram) 
has also been made for these rocks (fig. 40). The Coast 
and Transverse Ranges rocks show a relatively linear 
trend in which the iron-to-magnesia ratio remains essen­ 
tially constant as the total alkalis vary. The very slight 
bowing of the trend line indicates a minute enrich­ 
ment in MgO as total alkalis decrease. This trend is 
strongly accentuated in the gabbros and ultramafic

rocks. The trend of the Transverse Ranges rocks is strik­ 
ingly linear, and the southern Coast Ranges trend (ex­ 
cluding the gabbro and ultramafics) is virtually the 
same. The slight bowing seems to be due to the central 
Coast Ranges rocks. The general trend line of the east­ 
ern Sierra Nevada granitic rocks is virtually identical 
with the main Coast and Transverse Ranges trend. The 
trend in the western Sierra and southern California 
batholith suites is about the same for the rocks rich 
in alkalis relative to iron and magnesia, but both suites 
seem to be more generally enriched in magnesia in the 
more alkali-poor rocks.

EXPLANATION

D

Mojave Desert

EXPLANATION

Santa Lucia Range
A

Gold Hill and Logan
TRANSVERSE
RANGES AND

MOJAVE DESERT

F=FeO + 2Fe 2 0 3 +MnO

COMPOSITE 
OF COAST

AND
TRANSVERSE 

RANGES'

FiGtJEE 40. Plots of Alk-F-M data.
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The Coast and Transverse Ranges rocks have more 
affinity with the eastern Sierra rocks than with either 
the western Sierra or the southern California rocks. 
This relation may be artificial, however. If the eastern 
and western Sierra plots are combined, the trend for 
the entire Sierra Nevada very closely resembles the 
southern California batholith trend.

NORMATIVE MINERAL PLOTS

One of the most common plots of normative data is 
the triangular plot quartz (Q), orthoclase (Or), and 
plagioclase (Ab+An). This gives a normative mineral

comparison with the common modal mineral triangular 
plot (quartz, K-feldspar, and plagioclase). Figure 41 
shows these normative minerals plotted for the Coast 
and Transverse Ranges and some other granitic suites. 
The overall normative trend is rather well defined 
through the rocks of intermediate to felsic composition 
and is somewhat diffuse in the mafic rocks. The contrast 
between this trend and the comparable modal trend 
(figs. 3J., 17A) is very marked. Whereas in the modal 
plots, quartz remains abundant throughout the breadth 
of compositional range from quartz monzonite to quartz 
diorite, in normative plots quartz falls off sharply as 
the rocks become richer in normative plagioclase.

Santa Lucia Range

SOUTHERN \ Gold Hill 
/COAST RANGES\ and Logan

'TRANSVERSEX Mojave Desert 
RANGES AND \ 

MOJAVE DESERT \

\ n
COMPOSITE

OF COAST AND
TRANSVERSE RANGES

FIGURE 41. Plots of normative quartz (Q), orthoclase (Or), and plagioclase (Ab+An).
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From the data available it looks as if the normative 
trend of the eastern Sierra Nevada rocks is somewhat 
similar to that of the Coast and Transverse Ranges 
rocks. The eastern Sierra rocks, however, almost form a 
bull's-eye cluster over the granodiorite-quartz monzon- 
ite boundary; only a few specimens tail off to the plagio- 
clase corner. If the data from both areas are representa­ 
tive, a different overall chemical pattern is shown by 
these plots. By contrast, both the western Sierra Nevada 
and southern California batholith plots (fig. 41) have 
a humpbacked trend that bows out like the start of a 
trondhjemitic trend, but then plummets down toward 
the plagioclase corner. The modal data lead me to ex­

pect that the normative trend of the Coast and Trans­ 
verse Ranges rocks would be more like those of the 
western Sierra or the southern California granitic 
rocks, but the similarity to the eastern Sierra rocks is 
much closer.

Another standard plot of normative data shows the 
three feldspar components (orthoclase (Or), albite 
(Ab), and anorthite (An)) on a triangular plot (fig. 
42). For the Coast and Transverse Ranges rocks these 
data make a rather well defined band. They can essen­ 
tially be superimposed over the similar plots for the 
eastern and western Sierra Nevada and the southern 
California batholith with no significant differences. The

EXPLANATION

a 
Santa Lucia Range

"SOUTHERN
Gold Hill and Logan/ ° COAST

EXPLANATION

a 
Mojave Desert

Or

COMPOSITE
OF COAST AND

TRANSVERSE

RANGES

(Classification of 
Hietanen, 1961)

FIGURE 42. Plots of normative orthoclase (Or), albite (Ab), and anorthite (An).
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western Sierra points are somewhat displaced toward 
the Ab corner relative to the Coast and Transverse 
Kanges points. The southern California batholith points 
represent about the same compositional range as the 
Coast and Transverse Kanges points, whereas the east­ 
ern Sierra rocks show a marked concentration of some­ 
what more f elsic rocks.

The character of normative feldspar has been used 
by Hietanen (1961) as the basis for a classification of 
granitic rocks (shown in fig. 42). I think it is significant 
that, though the majority of the specimens have the 
same name that they would have in the modal rock 
classification used in this report, there are differences. 
According to the Hietanen classification, a number of 
the rocks are granite and monzo-tonalite, and very few 
specimens are in the tonalite or quartz diorite categories. 
In contrast, the standard modal plot of the chemically 
analyzed specimens (fig. 43) shows that many specimens 
are quartz diorite, almost none are granite, and none are 
syeno-diorite (presumably the equivalent of Hietanen's 
monzo-tonalite). Some of the Coast and Transverse 
Ranges rocks have sodic oligoclase and albite plagio- 
clase, but this has all been called plagioclase; in some 
modal classifications this would be classified as alkali 
feldspar (in the K-feldspar corner) and would pull 
some of the quartz monzonite into the granite field. The 
major difference between the chemical (normative) 
classification and the modal classification is, however,

QUARTZ

Gneiss of Barrett Ridge and 
specimens from Santa Lucia 
Range not included

Quartz 
diorite - 
quartz 
gabbro

,Diorite- 
gabbro

PLAGIOCLASE K-FELDSPAR

FIGURE 43. Triangular diagram showing modes of chemically 
analyzed specimens, Coast and Transverse Ranges.

the presence of "monzonitic" rocks and the virtual ab- 
sense of quartz diorite and tonalite in the normative 
classification.

Hietanen's normative classification (1961) may be 
more valuable for rocks with less quartz. The standard 
modal classification seems to emphasize the relatively 
quartz-rich character of the rocks of the Coast and 
Transverse Kanges and other California batholithic 
areas (fig. 35), whereas the normative classification, 
which depends on feldspar proportion, does not ade­ 
quately express this character. Also, the rather pro­ 
nounced trend of the Coast and Transverse Kanges 
rocks on the Or-Ab-An diagram does not match the 
orientation of the normative classification categories. 
This is equally a problem with the modal classification 
(fig. 43), although because there are fewer and bigger 
categories, the modal classification appears less 
restricting.

Figure 44 shows the expanded faces of the tetra­ 
hedron quartz (Q), orthoclase (Or), albite (Ab), and 
anorthite (An), to which the normative data for the 
Coast and Transverse Ranges have been projected and 
plotted separately. Also on this figure are the mineral 
phases determined by experimental studies. (See Bate- 
man and others, 1963, p. D34, for details of sources.) 
These two plots show some rather concentrated fields of 
points for the Transverse Ranges and some scatter 
(largely because of the gabbro and ultramafic rocks) 
for the Coast Ranges. There is at least an apparent 
difference between the two suites. The Coast Ranges 
rocks trend away from the An corner and then take a 
rather decided bend toward the Or corner. The Trans­ 
verse Ranges rocks, contrastingly, do not show this 
bend. Also, the general trend in the densest part of 
the field on the Q-Ab-Or face has a significantly dif­ 
ferent orientation in the two suites. These differences 
may in part be due to the less varied composition of the 
Transverse Ranges specimens, but they could also be due 
to some difference in the crystallization history of the 
two suites.

TRACE-ELEMENT CONCENTRATIONS

The concentrations of 44 trace elements were deter­ 
mined by semiquantitative spectrographic analysis of 
the chemically analyzed specimens (tables 29-31). To 
show the concentration and range of concentration of 
those trace elements that occurred in most of the rocks, 
a histogram was constructed that plotted the occur­ 
rences of each semiquantitative step (fig. 45). It should
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be remembered in using these data that the percentage 
figures along the base of the histogram represent mid­ 
points of the semiquantitative analysis steps; they are 
not absolute values, but are subject to the limitations 
discussed in tables 29-31.

Most of the commonly occurring trace elements have 
concentrations that are comparable with averages in 
granitic rocks reported by Taylor (1965). Both barium 
(Ba) and strontium (Sr) are somewhat more abundant 
in the Coast and Transverse Kanges. Also cerium (Ce) 
is somewhat higher, but was not found in many speci­ 
mens. Niobium (Nb) appears to be less common than 
in Taylor's (1965) averages. Boron (B) is also less 
common and was below the limit of detectability for 
most of the southern Coast Ranges specimens.

The range of concentrations is surprisingly limited 
for some trace elements. For others, those with a con­ 
siderable range, the concentration was plotted against 
percentage of SiO2 (fig. 46). These plots show that as 
trace-element concentrations rise, silica decreases. There 
appears to be no significant variation in the pattern of 
trace-element occurrence between the central and south­ 
ern Coast Ranges and the Transverse Ranges.

AVERAGE CHEMICAL COMPOSITION OF BIOTITE 
AND HORNBLENDE

Averages have been calculated for chemical analyses 
of nine biotite and eight hornblende samples from 
granitic rocks from the Coast and Transverse Ranges 
(table 32). These averages and the calculated structural 
formulas should serve as an index for anyone who 
wishes to draw generalizations about the chemical and 
structural character of biotite and hornblende in the 
granitic rocks of this region but who does not have 
access to chemical data. The averages, from analyses of 
coexisting biotite and hornblende, are probably fairly 
representative of dark minerals of the quartz diorite 
and granodiorite of the region, but may be less repre­ 
sentative of the dark minerals of the more felsic biotite 
quartz monzonite. The chemical data for the individual 
minerals, their location, and a discussion of their signifi­ 
cance have been reported by Dodge and Ross (1971).

The biotites and hornblendes were obtained from 
Bodega Head, Montara Mountain, Ben Lomond, and 
Red Hills in the Coast Ranges, from the Valyermo 
area on the north slope of the San Gabriel Mountains, 
from the Cedar Springs area on the north slope of the 
San Bernardino Mountains, and from the Mojave 
Desert northeast of Palmdale. Although both horn­ 
blende and biotite are present at Cedar Springs, only 
biotite was analyzed; hence, there is one more biotite 
than hornblende sample in the average.

TABLE 32.   Average chemical composition and structural formulas 
for biotite and hornblende in basement rocks of the Coast and 
Transverse Ranges 

[Structural formulas calculated on the basis of 24(O, OH) to the formula unit]

Average Range

Biotite

Si02 __ -- -- -- ----
A1203  -------------
Fe_0a  ~ -----------
FeO
MgO_. --------------
CaO____--_---------
Na20_ ___ .-_ __ ---
K20___--_---_-_----.
H20+_--_-----------
H.O-           
TiOa___       -~-
MnO  -------------
F_____--__-_-___---.

Total . _---.

Structural formula for
Si _ _. _- -_-- _-_-
A1 IV  _--_-_---__--

Al vi
Fe+3___-----_-------
Ti____-_-_-_____-_-
Mg___.        
Fe+2 _ _____________
Mn____---_----_-_-

biotite: 
._ 5.5
._ 2. 5

8.0

0 0

.- .4

._ .3

._ 2.6

._ 2. 1

._ 0

5. 1

36.2 
15.8 
3.4 

16.7 
11.4 

.6 

. 2 
8.3 
3. 9 

. 1 
2.8 

. 3 

.3

100.0

Ca_-_- _
Na_    
K  _----_

OH___-__-
F_____-___

35. 36-37. 18 
15. 24-16. 43 

2. 32-4. 55 
14. 95-18. 56 
9. 63-12. 34 

. 27-1. 10 
. 19- 33 

7. 52-9. 10 
3. 53-4. 33 

. 07- 29 
2. 35-3. 37 

. 14- 43 

. 18-. 45

___________ 0. 1
_ _ ____ _ . 1
___________ 1.6

1.8

___________ 3.9
_ ____ __ _ .1

4. 0

Hornblende

SiOa             
Al_0»  ----   -_  
Fe203.  __ _______
FeO  ___   ------
MgO    ~~    
CaO____     -----
Na_0_         
K_0.-_          
H20+
HjO-._  __-_-    
TiO..--.--      
P.OB--          
MnO          
Cl___           -
F           

Total________ _.

Structural formula for 

Si  -------------
Aliv

AlVI____--__--_-_-
pe+3
Ti__________-_-_-
Mg_______-___-_-
Fe+3_  ----------
Mn__         

hornblende : 

._ 6.5

._ 1.5

8. 0 

._ 0.4
-. .6
-_ . 1
._ 2. 2
._ 1. 7
-_ . 1

43.5 
10.3 
5.4 

13. 3 
9. 9 

11. 5 
1. 2 
1. 1 
1.7 

. 1 
1.2 

. 1 

.5 

. 1 

. 1

100.0

Ca _ ___
Na   
K__    _

OH____.
F___-___

41. 73-44. 67 
8. 85-11. 16 

3. 90-6. 72 
12. 24-15. 12 

9. 09-10. 98 
11. 20-12. 09 

1. 01-1. 41 
. 82-1. 34 

1. 58-1. 93 
. 03- 25 

. 99-1. 42 
. 02- 35 
. 36- 50 
. 03-. 09 
. 08-. 22

___________ 1.9
___________ .4
___________ .2

2.5 

___________ 1.7
___________ .1

1.8
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Q

TRANSVERSE RANGES AND MOJAVE DESERT 
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FIGURE 44. Normative quartz (Q), orthoclase (Or), albite (Ab), and anorthite (An) projected to faces of tetrahedron showing 
mineral phases of the system Or(KAlSi3O8 )-Ab(NaAlSi3O8)-An(CaAlSi2O8)-Q(SiO2)-H2O at 5,000 bars water pressure. (Ex­ 
perimental data from several sources; see Bateman, 1965, p. 105.)

CONCLUSIONS

As a preface to any concluding remarks, it should 
be reiterated that the data in this report were collected 
in a broad reconnaissance sampling of a variety of 
granitic and gneissic terranes located near the San 
Andreas fault zone. Also, the basic purpose of this 
report should be restated here: to assemble these data 
in a somewhat systematic fashion and to present them 
as a base for regional interpretation.

Basically, the data have suggested that the great 
bulk of the Salinian block, except for the gneissic Santa 
Lucia and Barrett Ridge slices, has a comagmatic 
granitic basement. From this, it follows that the cen­ 
tral granitic core of the Salinian block is relatively 
coherent. The abundance of rather high-grade quartzo- 
f eldspathic gneiss and the miginatitic mixing of granitic 
material in both the Santa Lucia and Barrett Ridge 
slices suggest an environment deeper than the central 
granitic slice, and, hence, differential vertical movement 
between the slices. Radiometric age dating of biotite 
and hornblende by the potassium-argon method shows 
a 70-90-million-year range for both the central granitic 
slice and the Santa Lucia slice (Compton, 1966, p. 277, 
fig. 1). The rocks of the Barrett Ridge slice have not 
yet been age dated. No conclusion can be drawn from 
the sparse radiometric ages in the Coast Ranges at this 
time beyond the obvious fact that more dating needs 
to be done. Other methods should be used to see if this 
70-90 million years is really the age of the rocks or 
represents an event that has reset the radiometric clock 
in a suite of rocks of varying age. The present sparse

radiometric dates therefore need not mean that the 
Santa Lucia slice and the central Gabilan-La Panza 
slice are of the same age. Certainly the gneissic rocks 
of the San Lucia and Barrett Ridge slices can be any 
pre-Cretaceous age.

The gross similarity of structural setting and lithol- 
ogy might be interpreted to suggest that these two 
gneissic slices are related to the gneissic rocks of the 
Transverse Ranges, which are at least in part Precam- 
brian. Such a comparison and correlation have already 
been made on the basement-rock map of the United 
States (Bayley and Muehlberger, 1968). If we accept 
large-scale movement on the San Andreas fault system, 
pieces such as the Barrett Ridge slice could have been 
slivered off the Precambrian basement terrane to the 
southeast as the Salinian block slid by. The explanation 
is not so simple for the Santa Lucia slice, but certainly 
it is plausible that those gneisses represent a part of 
the original Precambrian terrane that has differen­ 
tially risen as the Salinian block slid north, so that 
gneissic and migmatitic rocks are now superimposed 
against higher level granitic rocks. This would not ne­ 
cessitate large strike-slip movements on the Nacimiento- 
Rinconada-San Marcos-Espinosa-Reliz fault zone (pi. 
2) to bring the contrasting basements together. The 
outcrops in the Transverse Ranges and Mojave Desert 
seem to be more difficult to subdivide structurally, at 
least from the work that I have done. Part of the dif­ 
ficulty is the more complicated geology and part of it 
is my less thorough knowledge of much of the Trans-
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FIGUBE 45. Occurrences of "midpoint" trace-element concentration. (Data from semiquantitatiye spectro-
graphic analysis.)
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EXPLANATION

Transverse Ranges and Mojave Desert 

Southern Coast Ranges 

Central Coast Ranges

Transverse Ranges and Mojave Desert 
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Central Coast Ranges

Number of occurrences of 
"looked for but not found"
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4 I
Average values for granodiorite (grd) and granite (gr) are taken from Taylor 

(1965). Absence of average value indicates information on which to 
base an estimate is lacking.

Note: Ag, Bi, Mo, Nd not plotted

FIGUEE 45. Continued.

verse Ranges basement. Plate 2 shows this latter point 
rather well; only selected units have been examined and 
sampled. In general this region is typified by much 
gneiss and the migmatitic mixing of gneissic and 
granitic material. Also it should be noted that whereas 
no obvious basement rock correlations can be made 
across the San Andreas fault zone, there is a general 
similarity of basement rock types on both sides of the 
zone. For example, high-grade quartzo-felspathic gneiss 
is common to both sides of the fault zone.

In detail, however, there are striking contrasts across 
the fault zone. At the west end of the basement outcrops 
(pi. 2), the gneissic rocks of the Mount Abel-Mount 
Pinos area that are in part homogenized or ultrameta- 
morphosed to rocks of granitic apperance are in sharp 
contrast to the homogeneous granodiorite of the Lebec 
area immediately across the fault to the north. Between 
these two terranes is a large fault wedge of the Pelona 
Schist that presumably is a sliver in the San Andreas 
fault zone. Also north of the fault zone is the block of 
quartz gabbro, gabbro, peridotite, and hornfels of the 
Eagle Eest Peak locality. These rocks, separated from 
the main basement mass of the San Emigdio Mountains 
by Tertiary rocks, appear to be a unique occurrence in 
the Transverse Eanges and are possibly related to the 
Gold Hill and Logan gabbro localities. (See Eoss, 1970.)

The Mount Abel-Mount Pinos basement and the 
granodiorite of the Lebec area are in sharp contrast 
also to the mixed gneissic and granitic terrane of 
Frazier Mountain. Extremely coarse and distinctive 
porphyroblastic gneisses, characteristic of the Frazier 
Mountain mass, were not found elsewhere in the region. 
The rather strong contrast, both of rock types and re­ 
gional structural alinement, between these two areas 
suggests possible large displacement on the Big Pine 
fault, yet the fault zone seems to die out to the west.

Some workers have speculated that the Big Pine fault 
may be the westward continuation of the Garlock fault 
across the San Andreas fault (Hill and Dibblee, 1953, 
p. 452-453). Smith (1962) correlated a distinctive dike 
swarm across the Garlock fault that seems to fix the 
basement offset on this zone to 40 miles left lateral. The 
basement rocks in the Tejon block near the Garlock 
fault are poorly exposed, but those present are clearly 
distinct from the Lebec type. The geologic relations and 
significance of the San Androas-Garlock-Big Pine 
fault intersection have long been an enigma. My studies 
have done little to clarify these relations, although they 
do indicate that there are strongly contrasting base­ 
ment rock types across all the fault zones in the region 
of the intersection.

The Frazier Mountain rocks are also notably different 
from those to the east. Although regional maps do not 
join the San Gabriel fault and the San Andreas fault 
(pi. 2), these two faults surely must connect east of 
Frazier Mountain. The basement-rock contrast between 
the Frazier Mountain and Liebre blocks necessitates a 
major structural break. Presumably, the maximum 
movement on the San Gabriel fault zone to the east is 
well established at about 13 miles of right-lateral move­ 
ment by offset on a distinctive contact between gneiss 
and granodiorite (Ehlig, 1966, p. 60). However, we do 
not know what movement has occurred on that part of 
the San Gabriel fault west of where it coalesces with the 
Sierra Madre fault.

The large fault sliver between the Sierra Madre-San 
Gabriel fault zones and the San Andreas fault zone  
the bulk of the San Gabriel Mountains basement out­ 
crop contains a distinctive anorthosite and gabbro se­ 
quence (Crowell and Walker, 1962). A counterpart of 
the anorthosite and gabbro complex has been found in 
the Orocopia Mountains, 130 miles east of the San 
Gabriel occurrence and on the opposite side of the San 
Andreas fault zone (Crowell and Walker, 1962).

The rocks that I have sampled along both sides of the 
San Andreas fault in the segment of this great fault 
sliver lack distinctive features. The gross resemblance 
of the granitic rocks of the Holcomb, Fairmont, Liebre, 
and Bouquet Eeservoir masses serves to emphasize the 
lack of major contrast in basement rocks across the San 
Andreas fault zone in this segment. Dibblee (1968, p. 
263) suggested that the Holcomb-Wrightwood rocks are 
lithologically and structurally similar to the Liebre- 
Bouquet Eeservoir rocks. This certainly is a permissible 
correlation based on the rocks, but I have the same res­ 
ervation about it that Dibblee expressed: that this 
correlation would mean a basement-rock offset of 50-60 
miles across the same fault zone on which Crowell and
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FIGURE 46. Variation of some trace elements with percentage of SiO*.

Walker (1962) postulated a 130-mile offset on the basis 
of very distinctive anorthositic rocks. Probably the most 
distinctive petrographic feature of the Wrightwood 
gneissic rocks is the abundance of coarse euhedral phlo- 
gopite plates in the marble layers. These prominent 
crystals were not seen in the marble in the Liebre-Bou- 
quet Reservoir area, and this seems also to argue 
against the correlation of those two suites.

The gneissic rocks and lesser granitic rocks of Pinyon

Ridge, though grossly similar to the quartzo-f eldspathic 
gneiss of Wrightwood, seem to have more varieties rich 
in euhedral hornblende. In addition, marble is absent in 
these rocks, but rather abundant in the Wrightwood 
mass. This difference suggests a fault sliver of the Pin- 
yon Ridge rocks between the San Andreas fault and 
the bulk of the San Gabriel mass.

The mixed gneissic and granitic terrane of the Cedar 
Springs mass is another example of gneissic rocks north
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of the San Andreas fault zone in the Transverse Ranges. 
Smaller patches of gneiss are also present in the Mojave 
Desert basement outcrops to the north.

Plate 2 shows the very small areas that were sampled 
in the Mojave Desert basement. One very distinctive 
rock type was found that has not been seen in any other 
area. This is the augite monzonite of Granite Mountain. 
This dark-brown-weathering rock, whose alined tabu­ 
lar K-feldspar crystals impart a prominent "trachytic" 
texture, is presumably an older intrusive included in the 
felsic granitic rocks of Granite Mountain, but contact 
relations are not clear. This plutonic mass, however, is 
small and is found more than 20 miles from the San 
Andreas fault.

The other Mojave samples provide some idea of the 
petrographic character of the granitic rocks of the west­ 
ern Mojave, but are too sparse to suggest any correla­ 
tions. There is a vague resemblance of the Lovejoy and 
Hi Vista masses to the Gabilan Range granitic rocks, 
but the rock types are not distinctive or unusual enough 
to offer more than the vaguest hint of possible correla­ 
tion. Also the abundant marble bodies of the Gabilaii 
Range have no counterparts in the areas of the Lovejoy 
and Hi Vista rocks that I have sampled.
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