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GRANITIC AND METAMORPHIC ROCKS
OF THE SALINIAN BLOCK, CALIFORNIA COAST RANGES

By Robert R. Compton
Stanford University, Stanford, California

The Salinian block is an elongate segment of the

Coast Ranges, characterized by a basement of granitic

and high-grade metamorphic rocks. The granitic rocks

have been dated as Cretaceous in a number of places

(fig. 1), \"et they nowhere intrude nor metamorphose
older Franciscan rocks that lie against the block along

Figure 1. Index map of a central part o( the Coast Ranges showing

principal exposures of Salinian granitic and metamorphic rocks. Num-
bers are absolute ages in millions of years; those unmarked are from

Curtis, Evernden, and Lipson (1958) recalculated to 1965 values of

decay rotes; the circled 106 is a nonisotopic Th-Pb age for monozite

from Pacific Grove (Hutton, 1959, p. 20); the numbers in rectangles

ore unpublished K-Ar ages determined by John Obrodovich (see table

1), and the underlined 92 is on unpublished K-Ar age determined by

R. W. Kistler (see table 1). Submorine outcrop from Uchupi and
Emery, 1963.

the San Andreas and Sur faults. This interesting situa-

tion has led to several important hypotheses involving

large-scale displacements on the east side of the block

(Curtis, Evernden, and Lipson, 19.^8; Baile\-, Irwin,

and Jones, 1964). The west side, however, has re-

mained a puzzle. Moreover, almost nothing has been

written about the overall nature and history of the

Salinian rocks themselves. Do the scattered basement

e.xposures constitute one closely related suite of rocks?

What tectonic histories do their structures suggest?

Hou- do the various absolute ages fit into this history?

This paper presents a brief summary of data and ideas

pertaining to these and related questions.

The writer's knowledge of the region is based on

a fairly thorough stud\- of the Junipero Serra area of

the Santa Lucia Range, on far briefer studies in the

Lucia quadrangle, the Santa Alargarita-La Panza area,

the north end of Gabilan Range, and the Ben Lomond
area, and on reconnaissance of the other major expo-

sures. Several geologists have kindly discussed areas

and contributed data and thin sections from work in

progress: Fred Berry and Edward Gribi (Gabilan

.Mesa), Oliver Bowen (.Monterey quadrangle and

northern Gabilan Range), Allan Galloway (Point

Reyes-Tomales Ba\' area), Olaf Jenkins (iMontere\-

Gabilan Range area), G. W. Lect (Ben Lomond),
Julius Schlocker (Bodega Head), and Robert Wiebe
(northern Santa Lucia Range). John Obradovich, then

at the L^niversity of California at Berkele>' K-Ar
laboratory, generoush' determined the ages of two
hiotites from the Junipero Serra area, and Garniss

Curtis w as helpful in providing these data for publica-

tion. Julius Schlocker also contributed a K-Ar age

determined for him by R. W. Kistler of the U.S. Geo-
logical Surve\-. John Spotts' thin sections in the Stan-

ford iMineralog\- Collection proved invaluable, as did

a number of thin sections borrow ed from the collec-

tions of the Universit\- of California at Berkele>'. The
U.S. Forest Service and many private land owners were

helpful with the field studies, and funds from the

Shell Grant for Fundamental Research financed part

of the field \\ ork as w ell as six new chemical analyses.

SANTA MARGARITA TO LA PANZA AREA

The most southerly major exposure of Salinian base-

ment consists of adamellite that probably extends con-

siderably beyond the 10- by .^0-mile exposed tract.

Samples from ten widel_\' separated localities, studied

in thin section and on large, stained slabs, have com-

positions close to: quartz, .^0 percent; K-feldspar, 25

percent; calcic oligocla.se, }5 percent; and biotite, 10

percent. K-feldspar phenocrysts are generally present

and commonl\' are zoned and elongate parallel to

the .r-axis like those described by Lawson (1S9.^)

from the Carmel area. Small inclusions of fine-grained

diorite occur widely, and in a few places adamellite

[277:
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Toble 1. Data for unpublished K-Ar age determinations on Salinian rocks.

Bull. 190
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Table 2. Chemical analyses of Salinion plutonic rocks.
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1960). In the southwest part of the area, the rather

common occurrence of dolomitic marbles without

periclase and of meionitic scapolitc rather than calcic

plagioclase indicate that pressures outside of the frac-

ture systems were so high as to inhibit reactions pro-

ducing free COj.
Granitic veins and dikes make up 5 to 15 percent

of most outcrops and average over 50 percent through-

out large areas. The granitic bodies range from nebu-

lous spots to dikes and lenses 100 ft thick. Their com-
positions are closely correlative with the rocks in

which thev occur. Diorite veins and dikes occur oni\'

in mafic metagabbro and ultramafic bodies, while

quartz diorite and calcic granodiorite veins occur only

in quartzo-feldspathic rocks containing little if an\'

K-feldspar. Small adamellite bodies occur in rocks con-

taining both feldspars, but coarse-grained dikes and

dilative lenses of adamellite may cut through all kinds

of metamorphic rocks. Potassic granite veins and dikes,

some coarse-grained and intrusive, occur only in and

near Ca-poor schists (no. 6, table 2). Significantly, the

specific gravities of ten samples of schists associated

with these granites range from 2.81 to 3.16 and average

2.95. In three samples, spinel or corundum grains He

only a few millimeters from granitic veins. Considered

along with the correlation of vein and host-rock com-
positions, these data indicate the various veins were

segregated from their hosts. The intrusive adamellite

and granite dikes are probably partial melts from the

Sur series, for the}' ma>' occur far from any of the

major intrusive bodies and are texturalh' and mineral-

ogically different from rocks of these major bodies.

The rocks were folded strongly twice. The earlier

folds generally have subhorizontal axes and are com-
nionly isoclinal (fig. 5). Coarse adamellite and granite

were locally emplaced during the folding (fig. 6), and

high-temperature minerals such as sillimanite lie

roughly parallel to fold axes. Lineations tend to

steepen near the main granitic bodies, for example in

Figure 5. Recumbent folds and granite dikes in layered granofelses

consisting of various proportions of hornblende, plagioclase, and
clinopyroxene. Sketched from exposure in vertical roadcut near Escon-

dido Camp, 5 miles west of Junipero Serra Peak.

Figure 6. Coarse-grained adamellite intruded between marble and
quartzite layers during first folding of Sur series. View is approximately
along fold axes. Sketched from exposure on vertical canyon wall. 5V3

miles west-northwest of Junipero Serra Peak.

the northwest part of figure 4. Possibl\- this resulted

from solid flowage consequent on intrusion of the plu-

tonic bodies.

The second folding repeated the stratiform rocks

across the southern part of the area in a series of broad

loops which have steeply plunging axes. The earlier

lineations were rotated around these folds. Ne\\' min-

eral lineations were formed but are restricted to sectors

near plutonic bodies, indicating that the plutons sup-

plied the heat required for. pronounced recrystalliza-

tion during this folding. Because lineations of the first

folding are imprinted in several of the plutonic bodies,

the two deformations were closel\- spaced in time or

else the plutons were emplaced and crystallized over

a long period.

The plutonic bodies themselves are three-fourths

granitic rocks but may include rocks ranging from

peridotite to granite. The largest and most complexly

composite is 2'/2 miles wide and more than 16 miles

long. All the bodies have curving contacts that tend

to parallel the second folds in the Sur series, and many
of the quartz diorites are lineated parallel to the earlier

lineations in adjoining metamorphic rocks. Where dis-

tinct, the lineations consist of elongate biotite flakes

and linear clusters of biotite grains. Petrofabric dia-

grams show parallel plagioclase lineations {fig. 7). Be-

cause these fabrics are far more distinct in the outer

parts of the plutons, they are judged to have formed

when the plutons were still partly molten. Even the

last emplaced and most massive of the plutonic units,

the adamellite that forms the central part of the main

pluton, has vague elongate biotite clusters with tec-

tonite fabrics.

The numerous ultramafic bodies are especialh' in-

teresting because they were emplaced at various times

during plutonism. Those with granoblastic textures,

granulite facies mineral assemblages, and lineations

parallel to the older fold axes are judged to be the

oldest plutonic rocks in the area. At the other extreme.
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Figure 7. Petrofobric diagrams of quartz diorite sectioned approximately at right angles to megascopic lineotion that is porallel to first fold

axes of Sur series. A, Poles to cleavage in 500 biotite grains, corrected for Schnitteffe/tf; contours at 4, 3, 2, 1, and 0.2 percent per 1 percent
of area. B, X optic axes (approximately parallel to a crystollogrophic oxes) of 100 andesine grains in same thin section as A; contours ot

6, 4, 2, and 1 percent per 1 percent of area. SS, biotite foliotion. Somple from Son Antonio River norrows, 7','j miles southeast of Junipero Serro Peok.

several bodies in the northeast part of the area are

serpentinized peridotites similar to other Coast Range
serpentinites except for containing appreciable am-
phiboles, chlorite, and talc. These bodies were pre-

sumably emplaced during the waning stages of the

metamorphism. Bodies of intermediate age are most
abundant and consist of coarse to very coarse inner

zones of olivine-hornblende-pyroxene rocks (no. 1,

table 2) and outer zf)nes of amphibolites or pvroxene-
hornblende rocks bearing appreciable plagioclase, bio-

tite, and quartz (no. 2, table 2). The zonal arrange-

ments, the unusual compositions, and the appreciable

content of Cr-O.i indicate the bodies originated by
mixing of peridotite with materials from the meta-
morphic rocks, possibly anatectic magma.

Gabbros, recr\stallized almost totally to plagioclase-

hf)rnblende rocks, probably once formed sizable bodies

but are now reduced to a few large relics and to hosts

of dark inclusions in subsequent quartz diorite intru-

sions. The earlier granitic rocks are t\picall>' hetero-

geneous and range from rather basic quartz diorite

(no. j!, table 2) to granodiorite with only 10 percent

of biotite. .\ll are allotriomorphic, have plagioclase

(andesine) that is unzoned and commonly antipcr-

thitic, and carry mafic minerals in clusters rather than

simple grains (photo 1). A complex history of recrys-

tallization is further indicated by the tectonite fabrics

already mentioned and by a small relic of charnockitic

(hypersthene-garnet) quartz diorite in normal quartz

diorite near the .southern contact of the main pluton.

Most of the adamellite was intruded subscqucntl\-,

for it forms dilative dikes in the more basic rocks in

many places. The voungest and most massive of the

adamellites is rather fine-grained and porphyritic (no.

5, table 2). Heterogeneous gneissoid adamellites, lo-

cally garnetiferous, occur in mixed zones with grano-

diorite near the borders of the main pluton (no. 4,

table 2).

That the larger plutons are intrusive is indicated by
the diking effects of their constituent rocks and by
their fairly distinct outer contacts. The northeast and
southwest contacts of the main pluton dip distinctly

toward one another (sec. A-B, fig. 4), and the con-

-*^'^4f;

Photo 1 . Photomicrograph of typical allotriomorphic quartz diorite

of Junipero Serra area, showing clustered biotite grains. View is 12 mm
across. Plane polarized light.
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Photo 2. Pholomkrographs of Sur marble. Left, strongly twinned colcite gr

apatite and K-feldspar. Right, recrystallized finegrained calcite with large relic

scapolite (dark gray). Views are 6 mm across. Plane polarized light.

tacts of the other mapped bodies either converge

downward or are parallel. This geometric relationship

suggests the e.xposed level was once in the deep root-

zone of one or more plutons—a view supported by

the high-grade metamorphism of the Sur series and

the abundance of segregated granitic dikes and veins.

Possibly, the plutons themselves arose in part as melts

from underlying metamorphic rocks.

Following the second folding and the last of the

plutonic intrusions, the rocks were uplifted and

eroded, and by Late Cretaceous (Campanian) time

fossiliferous marine strata were deposited on them.

Considering the magnitude of this uplift, post-granite

deformational structures are surprizingly localized.

The marbles appear to have taken up most of the

movement within the rock mass, for they are rather

commonly crushed or recrystallized, with abundant

{OlT2} twin lamellae (photo 2). Stress analyses of

strongly twinned calcite grains, based on methods

described by Turner and Weiss (1963), suggest that

maximum compressive stresses were aligned so as to

plunge steeply to moderately toward the southwest

quadrant. Quartz deformation lamellae in a quartzo-

feldspathic blastomylonite indicate a similar stress ori-

entation. Alinor folds in this blastomylonite are sub-

horizontal and trend northw est.

NORTHERN SANTA LUCIA RANGE

The Sur series metamorphic rocks that occur

widely in the northern part of Santa Lucia Range
show a fairly pronounced geographic variation from
the coast inland. Marbles and calc-silicate rocks are

abundant along the coastal ridge but fall off toward
the east, so that the northeast ridge of the range con-

sists almost entirely of quartz-rich metasediments

(Fiedler, 1944, p. 182). The scarce marble lenses in

the northeast half of the range are relatively pure and

in sharp contact with quartzose rocks, much as in the

Junipero Serra area. Graphitic quartzites and schists,

which occur only locally in the Junipero Serra area,

are more common in the northern part of the range

(Trask, 1926; Reiche, 1937).

Metamorphic mineral assemblages of the coastal

ridge as far north as Big Sur gorge are of highest grade

amphibolite facies and locally of granulite facies. To
the north and northeast, the rocks tend to be finer

grained and are probably entirely of amphibolite

facies. The distribution of veins and dikes emphasizes

this pattern: to the west, minor granitic bodies are

abundant and are much like those of the Junipero

Serra area (Trask, 1926, p. 129), whereas the northeast

ridge of the range e.xposes few of them (Fiedler, 1944,

p. 185).

All earlier workers noted folds in the Sur series but

apparently considered them unimportant. The writer

has observed northwest-trending minor folds and min-

eral lineations along the coastal ridge as far north as

Big Sur gorge, and Robert Wiebe (oral communica-

tion, 1965) has mapped well-developed subhorizontal

lineations that have been refolded in the area northeast

of Big Sur gorge. Judged from AV'iebe's work and

rather scant data on published maps, metamorphic foli-

ations generally strike northwest, parallel to the range,

but are folded sharply around some plutons. Major

steep-axis convolutions like those of the Junipero Serra

area are apparentl\- absent, except possibly at the north

end of the range, where Bowen (oral communication,

1965) has mapped a broad northeast trend in the Sur

rocks.

Granitic rocks form about half the basement in the

north part of the Santa Lucia Range. The individual

bodies continue elongate and narrow for 10 to 15

miles north of the Junipero Serra area but then gradu-

all\- merge so as to form a single mass at least 10 miles

wide at the north end of the range. Textures change
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Figure 8. Map of north end of Gobilan Range, with marble relics suggesting o large fold oround which earlier lineations hove been
rotated. Chiefly from maps of Allen (1946). Bowen and Gray (1959), and Sonta Cruz sheet of the Geologic Mop of Colifornio (Jennings

and Strand, 1958), with additions by the writer.

significantly toward the north and east. Along the

coastal ridge south of Big Sur gorge, quartz diorites

are allotriomorphic and locally charnockitic (Conip-

ton, 1960). North and east of these bodies, granitic

rocks become increasingly hypidiomorphic granular,

with plagiockse subhedra showing oscillator)' zoning.

Ultramafic rocks form numerous small bodies for l.^

miles northwest of the Junipero Serra area and then

fall off markedly. Most of rhcm are like the least

metamorphosed peridotites of tiic Junipero Serro area

rather than the strongly metamorphosed hybrid types.

Finally, the number of metamorphosed basic intru-

sions (amphibolites) decreases toward the northeast

side of the range (Fiedler, 1944, p. 183).

GABILAN RANGE

Basement rocks are not well exposed in this range

but appear to form a broad granitic complex enclosing

numerous large metamorphic relics. The mctamorphic
rocks are marbles, quartzites, schists, and calc-silicate

rocks, many originally dolomitic and graphitic. Their

gross interlaycring and petrographic features suggest

a direct correlation with the Sur series of the adjoin-

ing northern Santa Lucia Range. The correlation is

important because Bowen and Gra\- (19.'>9) noted oc-

currences of possible crinoid and cup coral remains

in marbles on Fremont Peak. These are the onl\-

known fossils from the Salinian basement.

Except for the medium- to coarse-grained calcite

and dolomite marbles, the rocks are ratiicr fine-grained

schists and quartzites, some of which are nearl\- black

because of their large graphite content. Mctamorphic

minerals reported by Bowen and Gray (1959), and

those studied by the w riter, are mainly indicative of

amphibolite facies, but transitions to lower grade rocks

are suggested b\- w idespread occurrences of tremolite-

actinolitc and musco\'itc. Local occurrences of silli-

manite and wollastonite may reflect contact mctamor-

phism, though the syntectonic nature of some of the

granitic bodies makes it difficult to distinguish be-

tween pregranitic and contact-metamorphic effects.
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Dikes from the plutonic bodies cut the metamorphic

rocks in many places, but intricately veined rocks like

those of the Junipero Serra area occur only locally

near pluton contacts.

Folds in the Sur series were examined only in the

northern part of the range, where structuralh" aligned

marble relics that trend cast-west through Fremont
Peak swing N. 60^ E. to N. 30° W. near the west side

of the range—thereby defining a large steeply plung-

ing fold (fig. 8). Subhorizontal mineral lineations and

axes of small-scale folds trend around this major fold

form, and subhorizontal lineations have clearly been

refolded on steeply plunging small-scale folds. A third

deformation is recorded by zones of fine-grained por-

phyroclastic marble that cut through coarser rock

here and there. The sequence of structures is thus the

same as that in the Junipero Serra area.

Granitic rocks form the great bulk of the range,

and drill-hole data compiled by Fred Berry and Ed-
ward Gribi (oral communication, 1965) suggest that

granitic rocks and gneisses underlie much of the Ga-
bilan Mesa—the upland extending southeast from the

Gabilan Range. The exposed plutonic rocks are domi-

nantly silicic, ranging from biotite granodiorite to

adamellite and granite (Wilson, 194.3; Bowen, oral

communication, 196.>). Quartz diorite forms a con-

siderable body extending from the south end of the

range southeast under the Gabilan Mesa (Andrews,

1936). Quartz diorites and hornblende-biotite grano-

diorites examined by the ^\•riter at the north end of

the range are lineated in parallel with subhorizontal

folds in nearby marbles (fig. 8).

Quartz diorite is the principal rock in scattered out-

crops extending for 10 miles northwest of the range.

Metagabbro inclusions are locally abundant in these

quartz diorites, \\hich grade to more basic rocks in

some places (nos. 7 and 8, table 2). Basic rocks also

intruded the quartz diorites, and half a mile south of

where U.S. Highway 101 crosses the San Andreas
fault an irregular dike of amphibole-bearing peridotite

cuts quartz diorite and metagabbro (Olaf Jenkins, oral

communication, 1965). This rock is petrographicalh'

identical to some of the younger peridotites of Santa

Lucia Range and is the most northerly ultramafic

Salinian rock known to the writer.

BEN LOMOND AREA

Basement outcrops extending for 1 5 miles northwest

of Santa Cruz have been studied extensively b\' Leo
(1961) and locally by the writer. Leo estimated that

the metamorphic rocks are 90 percent pelitic schists,

quartzites, and gneisses, and 10 percent marbles and
calc-silicate rocks. The marbles form thick lenses and
layers in quartzose metasediments. Locally, as at Spring
Street quarry in Santa Cruz, the writer found them
interlayered with graphitic schists, exactl\- as in the

Gabilan, La Panza, and northern Santa Lucia areas.

The mica-quartz schists and granofelses are rather

fine grained and are only very locally injected by

small granitic dikes. Muscovite is a common constitu-

ent of the schists, and trcmolitc is widespread in the

marbles and calc-silicate rocks. LocalK- near intru-

sions, Leo found wollastonitc in calc-silicate rocks and

K-fcldspar, cordicritc, and sillimanitc in coarse-grained

schists, suggesting high-tcmpcraturc mctamorphism by

the granitic bodies.

Foliations in the metamorphic rocks strike east-west

on the average, and distinct mineral lineations and

small-.scale folds plunge at low angles, generally to the

east-southeast in the eastern part of the area and to the

west-southwest in the western part. Foliations and

lineations sw ing concordantl\- with the contacts of the

larger (quartz diorite) plutonic bodies, indicating thcv

were refolded on steep axes before or during emplace-

ment of the intrusions.

Apparently, the oldest of the plutonic rocks is a

granodiorite that is distinctly gneissose parallel to the

schistosity of adjoining schists but oblique to the

granodiorite-schist contact. Another rock that appears

to have been cmplaced at an early tectonic stage is a

garnetiferous biotite adamellite (Leo's Smith Grade
pluton) which has vaguely to distinctly lineated biotite

clusters that are subhorizontal and trend N. 70° E. to

east-west, parallel to mineral and fold lineations in

nearby schists and quartzites. Plagioclase in this rock

is subhedral and zoned, suggesting a crystallization re-

lationship ver\' much as in the lineated adamellites of

La Panza Range.

Small bodies of hornblende-cummingtonite gabbro,

studied in detail by Leo, were emplaced before volu-

minous quartz diorite which crops out over areas as

large as 6 b\' 10 miles. The quartz diorite is typically

heterogeneous, orthoclase-bearing, and carries about 10

percent biotite and 5 percent hornblende; locall\', it

grades to more basic rocks as well as to granodiorite.

Textures are consistentl\' medium-grained h\pidio-

morphic granular and plagioclase is commonly zoned.

Tectonic lineations like those of the Junipero Serra

quartz diorites appear to be absent. Spotts (1962) re-

ported that accessor)' epidote, chlorite, and sphene are

common and that magnetite is scarce. Fine-grained

mafic inclusions are widespread, some apparently hav-

ing formed by disruption of mafic dikes cmplaced into

the granitic rocks at a late magmatic stage.

MONTARA MOUNTAIN AND THE FARALLON ISLANDS

As nearly as the writer could determine, granitic

rocks form the entire exposures of these two areas.

The Montara exposure, measuring about 4 by 10 miles,

is mainl\- coarse-grained quartz diorite mineralogically

like that of Ben Lomond. Quartz-bearing diorite in-

clusions are common and are locally associated with

markedly mafic granitic rock. Along the sea cliff and

Highway 1 (the only exposures the writer could

examine in detail) strikingly planar inclusions lie

parallel to a crudel\- gneissoid fabric that strikes N.
70° W. to E-W and dips steeply. The inclusions are

locally elongate, but the writer could detect no con-
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sistciu linear pattern mir anN linear fabric in the

granitic rocks themselves. In the southeast part of the

area, qunrr/. dioritc appears to grade to ferrohastings-

itc-l)iotitc granodiorite. Textinxs of all the granitic

rocks range from allotrioniorphic to hypidiomorphic.

with plagioclase common!) showing oscillator)- zon-

ing. The accessor)- minerals are closely similar to

those of the Ben l.omond rocks (Spotts, 1962).

The rocks of the Farallon Islands apparently range

from quartz diorite to granodiorite which contains

onl\- a few percent of hiotite and fcrrohastingsite.

Tc.\turall\- and mineralogicall>- they are closeh similar

to the rocks of Ben Lomond and Alontara. Dredged

samples indicate the same body of quartz diorite forms

a 6-mile wide strip along the edge of the continental

shelf, extending for 30 miles northwest of the islands

(Uchupi and Emery, 1963). Samples described by

Chesterman (1952) from the sanie submarine outcrop

are like quartz diorites from Alontara and Ben Lomond.

BODEGA HEAD, TOMAIES-INVERNESS RIDGE, AND POINT REYES

The granitic rocks of these areas apparently repre-

sent a closely related group of intrusions, each bearing

evidence of a complex emplacement histor\'. The
rocks on Bodega Head are mainh- hornblende-biotite

quartz diorite (no. 10, table 2) and somewhat less mafic

granodiorite, grading locally to schlieren and large in-

clusions of mafic biotitc diorite (no. 9, table 2) and

also to schlieren of adamellite. Dikes of adamellite and

potassic granite pegmatite locall\- cut the other rocks.

Texturall\- and mineralogicall\', the quartz diorites and

granodiorites are nearl\- identical to those of Alontara

Mountain; even their accessories are similar (Spotts,

1962). The schlieren and crudely gneissoid fabrics,

which are generally steeply inclined and strike due

north to N. 20° W., are Iocall\- folded on steeply

plunging axes. Some granite pegmatites arc folded on

moderately inclined axes. Lineate.biotite fabrics, how-
ever, were not noted by the writer.

The plutonic bod\- underlying Tomales Point and

In\-erness Ridge is at least 18 miles long and consists

of granodiorite and adamellite, with quartz diorite oc-

curring locally at its north end. Large relics of meta-

morphic rocks arc abundant along the northeast (To-
males Ba\') side of the body and occur here and there

elsewhere. They are mainl\' biotitic quartzites, calc-

silicate rocks, and aluminous schists. Graphitic niar-

bles, which form several small bodies 3 miles southeast

of Inverness, carr\- orthoclase and meionitic scapolite,

and are cut 1)\- foliated porphvroclastic bands like

those occurring elsewhere in the Salinian block. The
various rocks are rather fine grained, but sillimanitc

occurs in schists at several outcrops.

All of the Tomales Point outcrops examined show at

least minor lineations, and several of the larger ones

displax- tight folds formed during metamorphism. An
excellent exposure at the south end of iMcClures Beach,

on the west side of Tomales Point, shows thin-layered

metamorphic rocks folded on nearly vertical axes. An

adamellite on the south side of these rocks has strongly

lineated biotite clusters oriented parallel to the meta-

morphic fold axes, indicating that at least this part of

the plutonic l)od\- was cmplaccd before or during

folding. Granodiorite and quartz dioritc just north of

the metamorphic outcrop appear to be younger for

they are massive and contain unusually large, unde-

formed biotite suhhedra. Half a mile to the north,

however, these large biotites arc crenulated, and rock

foliatif)ns are locall_\- folded on subhorizontal axes.

Other granitic outcrops on the Tomales-Inverness

Ridge show no compelling evidence of paracrystalline

deformation, but few are suitable for detailed struc-

tural stud\-.

Complex age relationships are also indicated by the

excellent outcrops at the east end of Point Rexes. The
silicic granodiorite and adamellite that extend for half

a mile east and west of the Coast Guard lifeboat sta-

tion range from massive to gneissoid and from fine

gained to coarse grained. Some contacts between

textural varieties are sharp and some arc gradational,

yet steeply dipping foliations swing gradually from
northeast to northwest as one proceeds east from the

lifeboat station to the point, suggesting that the

entire mass was deformed after its emplacement. Un-
fortunatel)-, the writer could not observe the relation-

ships between these adaniellites and the rocks exposed

at the west end of the point. These appear to be

mainly hornblende-biotite granodiorite and quartz

diorite, locallx" with mafic inclusions and schlieren.

INTERPRETATION

This survey of the principal basement exposures in-

dicates a complex but reasonably consistent plutonic

history for the Salinian rocks. The metamorphic rocks

apparently represent one heterogeneous sedimentary

assemblage of Paleozoic or .Mesozoic age. Their plat-

form-t>-pe sandstones and limestones and the abund-

ance of dolomitic rocks prove they are not metamor-

phosed Franciscan rocks. All were folded and

metamorphosed more than once; in most areas, folding

on subhorizontal axes was followed by folding on

steeph- inclined axes. Plutonic rocks ranging from

peridotite to potassic granite were emplaced before

or during the first folding as well as later. The granitic

textures and the distribution of the second mineral

lineations indicate these events constitute one pro-

longed period of plutonism. Local recrystallization and

cataclasis recorded a final tectonic episode that may
well have been sxnchronous with uplift of the entire

Salinian mass.

Increase in metamorphic grade and increasing abun-

dance of granitic veins and dikes toward the southwest

edge of the block indicate this part of the terrain was

most heated and probably most deepl>' buried. The

narrow-, lens-shaped granitic bodies of this sector ap-

pear to represent the lower (catazonal) parts of one

or more plutons, while the broad granitic bodies ex-
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posed to the north and east represent higher (nieso-

zonal) sections through related plutons. This geometric

scheme is based mainly on geographic variations in the

shapes of granitic bodies in Santa Lucia Range; it is

supported by regional variations in granitic textures

and mineralogy as well as by the degree to which the

terrain \ielded during the second folding. If the

scheme is correct, the plutonic suite could not have

originated b\' gravitative differentiation in place, for

the lower parts of the plutons are at least as silicic as

the higher parts. The heterogeneity' of the quartz

diorites and granodiorites suggests they might have

arisen by mixing of gabbroic melt with anatectic ma-

terials from underlying metamorphic rocks. The nu-

merous zoned ultramafic bodies are almost certainh'

hybrid.

In spite of the excellent K-Ar determinations avail-

able, it is difficult to assign dates to the various plu-

tonic events. The difficulty is epitomized by the

Junipero Serra rocks, which have given the youngest

ages (69.6 and 75 m.y.) yet are overlain by Upper
Cretaceous beds containing Campanian fossils. This

relationship suggests that the K-Ar ages represent a

postgranite event, for example the deformation that

produced the fine-grained recrystallized marbles. In

this light, it is interesting to note that the other K-Ar
ages tend to increase away from the Junipero Serra

area, in a rough correlation with the broad depth zon-

ing just described. It is thereby suggested that the

higher parts of the plutons crystallized during mid-

Cretaceous time, yielding the oldest K-Ar ages (around

90 m.v.). The more deeply buried rocks continued to

recrystallize during this time and began to accumulate

argon only when lifted and cooled as the Salinian

block w as uplifted and eroded. The possibility that the

plutonic suite is much older tiian Cretaceous tends to

be disallowed by Hutton's Th-Pb determination (fig.

1) and by Pb isotope ratios (of rocks 5 and 6, table 1)

which are closely similar to ratios of Cretaceous to

Recent silicic igneous rocks from other parts of the

\\estern United States (Doe, in press).

If the granulite facies rocks were in fact generated

during the Cretaceous, the Salinian block \\ as uplifted

many miles during Late Cretaceous time. The meta-

morphic zoning indicates the west side was uplifted

farther than the east. A suggestion of earlv movement
with a strike-slip sense (such as might be related to

an ancestral San Andreas fault) is found in the steep-

axis folds in the Sur rocks; however, not enough folds

have been mapped to test for sense of shear or as\'m-

metry. The latest set of metamorphic structures (those

of the fine-grained recr\stallized marbles) suggests

maximum compressive stresses aligned roughly normal
to the length of the block.

Not the least perplexing problem is the apparent dis-

appearance of the great mass of sediments eroded from
the rising block. Because the Cretaceous sediments east

of the block were likely derived from the east (Bailey,

Irwin, and Jones, 1964), the Salinian detritus was pre-

sumably carried west into the Pacific Ocean. From
here, it was conceivably thrust or dragged eastward

under the continental edge, generating the deep root

required for the continued rise of the Salinian block.

This sense of movement is suitable to the youngest

metamorphic structures in the Junipero Serra area and

also to the general northeastw ard dip of foliations and

axial planes of folds in the Sur series and in the Fran-

ciscan rocks of the adjoining coastal strip. Otherw'ise,

the model must be pure conjecture until the ages of

the plutonic rocks are fixed more firmly.
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