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ABSTRACT

The continental shelf west of San Franciscé, California is divided
into two structural provinces along tﬁe offshore extension of the Seal
Cove fault, the Farallon and Golden Gate platforms. The Féralloﬁ plat-
form lies west of the Seal Cove fault and is characterized 5y a thick
sequence of Tertiary sediments with a maximum thickness of 3.5 km.
These sediments are bounded at the edge of the continental shelf by a
ridge of Cretaceous granitic rock which crops out at the Farallon
Islands. The granitic basement is vertically displaced along the
eastern flank of the granitic ridge and along two high angle reverse
faults located near Point Reyes. The Point Reyes fault trends east-
west and has possibiy offset the granitic basement 1500 meters since
late Pliocene time. 'de'nbrthwest trenéiﬁg anticlines lie south of
the Point Reyes fault. The eastern boundaiy of the Tertiary basin is
delineated‘by a structural high composed of deformed basin sediments.
This structural high is truncated at the Seal Cove fault. On the
Golden Gate platform, the San Andreas fault zone is marked by a near
surface graben, showing a maxiﬁum vertical displacement of 20 meters,

" and by a wider linear depression observed to a depth of 700 metérs.
The Pilarcitos fault continues offshore and joins the San Aﬁdreas
fault south of Bolinas.

The development of the present Tertiary basin under the contin-
ental shelf'ééﬁﬁenced in late Miocene time with the initial uplift of

the Farallon ridge and the compression of the eastern basin margin.



Strike-slip'faulting on the Seal Cove fault inIPliocene t%me truncated
middle Tertiary sediments at the fault and thus formed a distinct
structural boundary between the Farallon and Golden Gate platforms.
Surface extensional features observed within the Sah Andreas fault
zone are suggestiQe of.strike—slip faulting in late Tertiary time.

The compreséional high angle reverse faulting at Point Reyes occurréd

during the late Pliocene orogenic period of the California Coast Ranges.
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CHAPTER I

INTRODUCTION

The Gulf of Fhe Farallones includes that part of the California
continental shelf which lies west of San Francisco, extends .
rorth to Pbint Reyes, and reaches south to Half Moon Bay (Fig. 1).

In this area, the shelf is a flat, shallow platform which deepens to
the northwest and extends 40 km west from San Francisco to the
Farallon Islands. The earliiest investigations of this portion of the
California continental margin are reported by Hanna (1952), Chesterman
(1952}, and Uchupi &a.Jd Emery (1963) from bottom samples qollected in
the Gulf of the Farallones and on the continental slépe. Curray
{1965, 1966) published a seismic reflection profile which crosses

the shelf and extends to the base of the continental. slope. Thig
study was part of a more comprehensive investigation of the structure
of the central California continental margin. Recent geologic and
geophysical information obtained by the Shell 0il Company in its
exploration of the continental shelf is summarized by gqskins and
Griffiths (1971). |

The Farallon Islands are the exposed portion of a buried
ridge which is described by Hanna (1951). Curray (1965) in{icates
that the ridge parallels the edge of tne continental shelf. The
presence of granitic rocks, quartz diorite, on the Farallon islands

(Hanna, 1951

) and granitic debris on the sea floor north and south

—
et e

of the islands (Hanna, 1952 and Chesterman, 1952) indicates that the
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ridge is granitic. Similar granitic rocks are found‘at Point Reyes
(Galloway, 1966) and on Montara Mountain (Darrow, 1963). Ages
determined for these rocks by the'poéassium argoh method are 89.5
millioﬁ years, 83.9 million years, and 91.6 million years, respectively
(Curtis and others, 1958).

A thick accumulation of sediments east of the Farallon Islands
is indicated in the seismic reflection record of Curray (1965), and
in two structure cross sections by Hoskins and Griffiths (1971).
Within the Gulf of the Farallones, Orlin (1962) documents a gravity
calibration range established by the U.S. Coast and Geodetic Survey
from bottom gravity‘meter data. A général interpretation of the
gravity data is made by Jones (1963). From his intérpretation of the
grav;ty information,Griscom (1966) estimates the minimum depth to

. the basement surfaée as 4 km. West of Point Reyes,'Hoskins and
Griffiths (1971) show a northwest trending sedimentary basin filled
with 3 km of Tertiary sediments.

The geology of the Point Reyes peninsula has been mapped and
described by Anderson (1902),Dickerson (1922), Weaver (1949), and
Galloway (1966). Investigation of theAPliocene basins along the San
Andreas fault, on the Point Reyes peninéula,and south of San Francisco,
is reported by Higgins (1961), Glen (1959), Hall (1966) and Addicott
(1969). A partial collection of papers concerning the history of
lateral displacements along the San Andreas fault is compiled and
summarized.by'Dickinsén and Grantz (1968). Darrow (1963) and Dibblee

(1966) discuss the Pilarcitos fault and its possible origins.



The present investigation of the Gulf of the Farallones was
undertaken by the author early in 1970. The primary objective was
to examine the regional and local structures of the. continental shelf
and their relationship to shelf development during Tertiary time.

' The recent emphasis upon the importance of the San Andreas fault, in
the San Francisco area, has raised numerous questions concerning the
offshore portion of the fault between Mussel Rock ;nd Bolinas.
Continuation of other important land structures into the offshore
area has not previously peen exémined. The study of these and other
problems concerning the structural trahéition from land to the off-
shore areas of the continental shelf are importént objectives of
this investigation.

The area was studied, on two separate cruises, aboard the
U.S. Geological Survey R/V POLARIS using-three continuous seismic
reflection profiling systems and a proton precision magnetometer.
Other seismic reflection records and gravity data were generously
made available for this study by Joseph Curray of écripps Institution
of Oceanography, and David S. McCulloch and Stephen C. Wolf of the
U.S. Geological Survey. The additional data increased the total
track length to 750 nautical'miles. Figure 1 shows the combined
cruise tfécks of the various surveys utilized in this study.

The three continuous seismic reflection profiling systems
used included: 1) a 9000 joule arcer system with a four source array
and fashioned'after a system described by Rusnak (1967) ireturning

signals were fed into a bandpass filter of 25 to 98 hertz and the



rgcords were presented at a 1 second sweep rate, 2) a 33,000 joule
arcer s?stem with a dual source array; a similar filter was used and

the records were made at 1 and 2 second sweep rates, 3) a short pulse,
600 joule high resolution arcer system usin§ a 50 tip, 12 joules per
tip, stinger source; bandpass filter settings were 100 to 515 hertz
and a 1/4 second sweep rate was utilized for presenfation of the
records. Most reflection profiles were recorded at an approximate
vertical exaggeration of 6 to 1. An average ship speced of 6 knots
was maintained using radar for navigation. The gravity lines were
also run using radar navigation and the maximum error is believed

to be + 3 mgal. A resolution of + 2 gamma was easily maintained by
the proton precession magnetometer.

The low frequency seismic reflection profiles generélly

showed a maximum penetration of 1.0 seconds two~way travel " time for
the 9000 joulée system and 1.8 seconds for the 23,000 joule system.
The greatest penetration was seen in areads of thick flat lying
sediments, such as northeast of the Farallon Islands. In areas

where hard rock was buried at shallow depths, near the coastline from -

Montara Mouﬂtain to Bolinas, the deep penetration records were
generally discontinuous and showed poor resolution of buried
structures. The short pulse length of the high resolution system
allowed a discrimination of structures about 2 to 3 meters thick,
within approximately 200 meters of the sea floor. These records

were particularly useful in detecting small faults and in resolving

complex structures from the area near the San Andreas fault. Gravity



information was used primarily for delineating basement faults with
vertical displacements which could not be observed in the reflection

profiles. The magnetic data was useful in detecting susceptibility

changes at fault boundaries.



CHAPTER II

REGIONAL STRUCTURAL FRAMEWORK

Compton (1966) and Page (1970) indicate that fhe continental
‘shelf off San Francisco lies within the boundaries of the Salinian
block which extends from the Transverse Ranges, 375 km souﬁh, to Point
Arena, 140 km north. Basement in this block consists of granitic
and high grade metamorphic rocks. Page (1970) suggests that the
offshore extension of the_Sur-Nacimiento fault, which lies on the
continental slope west of the Farallon iélands, is the approximate
boundary between the sialic rocks of the Salinian block and the
eugeosynclinal type rocks of the Fraﬁciscan assemblage. The eastern-
most contact of granitic rocks and the Franciscan Formation is
generally the San Andreas fault; however,-locally the Pilarcitos
fault forms the boundary (Fig. 2) (Darrow, 1963). The distribution
of granitic rocks around the Gulf of the Farallones and the widely
accepted concept of Salinia suggest that the basement rocks under
the Gulf of the Farallones are granitic.

Structures on land generally follow the northwesterly regiocnal
trend characterized by the strike of the San Andreaé fault. Two
important faults, the Seal Cove fault and the Pilarcitos faﬁlp, are
mapped west of the San Andreas fault near Montara Mountain. Darrow (1963)
indicates that the contact between granitic rocks of Montara Mountain
and the ubiquitous Franciscan Formation occurs at the Pilarcitos

fault. The emplacement of the Franciscan Formation west of the
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San Andreas fault has been explained by thrusting along the Pilarcitos
fault (Darrow, 1963) and alternatively by right lateral movement
along the same fault (Dibblee, 1966). Severaliauthors including

Page (1966),‘Dibblee (1966), and Hosk;ns and Griffiﬁhs (1971) have
speculated on the possible offshore joining of the Pilarcitos fault
and the San Andreas fault, southeast of Bolinas. The Seal.Cove fault
lies west of Montara Mountain and parallels the present coastline.

It is a high angle, northeasterly dipping, normal fault which appears
to have juxtaposed rock types of different ages and lithologies
(Glen, 1959). Thirteen meters of displacement of Quaternary terrace
deposits is reported on the fault by Jack (1969).

Hill and Dibblee (1953) have suggestéd that- the San Andreas
fault has shown large right lateral displacement since early Tertiary
time. On the Poine Reyes peninsula, middle Miocene rocks are
juxtaposed against Jura;sic-Cretaceous ?o;ks.along a verﬁiéal contact
at the San Andreas fault (Galloway, 1966).‘ Darrow (1263) reports
a. similar ﬁuxtaposition of different rock types across the fault
south of San Francisco. Pliocene rocks with similar lithologies and
faunas, observed in outcrop across the San Andreas fault at Bolinas
and near Mussel Rock,‘have led Gluskoter (1969) and Higgins (1961)
to speculate that these rocks have been horizontally displaced at the
fault. Generally it has been assumed itnat the San Andreas fault
extends offshore from Mussel Rock to Bolinas, based on the reports
of ground displacements on the Point Reyes peninsula and south of

San FranciEbéyauring the 1906 earthquake (Gilbert, 1908). However,
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the seaward trace of the San Andreas fault has not been previously
investigated. |

The dominant structure of Point Reyes is an offshore fault
which is mapped py Hoskins and Griffiths (1971) and is assﬁmed to
control the morpholog§ of the southern coastline (Galloway, personal
communication). A steep northeast gravity gradient is present across
the southern face of Point Reyes (Orlin, 1962). .The axis of the
Drakes Bay syncline (Fig. 2) lies east of Point Reyes and parailels
the trend of the San Andreas fault. Middle Miocene and lower Pliocene
rocks on the Point Reyes peninsula indicate small northwesterly
frending folds; howeber, the regional dip is to the wést {Galloway,
1966) . Along the coast from Bolinas to Drakes Bay, ﬁahrhaftig reports
an elevated marine terrace which suggests the uplift of the southern

Point Reyes peninsula.
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CHAPTER III

GENERAL STRUCTURAL OVERVIEW

The importapt structural features of the continental éhelf,
>within the Gulf of the Farallones, can be divided into two structurally
distinct areas, the Farallon platform and the Golden Gate platform
(Fig. 2). A separation of the two regions along tge offshcre extension
of the Seal Cove fault is chosgn to isolate those structures

locally affected by the San Andréas fault system from structures
associated with regional stress. The abtupt structural transition
between the Farallon piatférm and the Golden Gaté platform is

suggested in the seismic reflection profiles which cross the Seal Cove
fault. Consequently, the two platform areas will be considered
separately.

The Farallon platform is characterized by a thick sequence of
Tertiary sediments overlying a granitic or high grade metamorphic
basement. The platform is divided into four regioné, each with
characteristic structure and type of deformation. These regions
include: (1) Farallon, ridge, (2) central basin, (3) Point Reyes
~ folded area, and (4) eastern marginal high (Fig. 2). An overview
of structures within the Farallon platform can be seen in the contour
map of Figure 3. Contours in units of two-way travel time h;ve been
drawn on a strong reflector that could be located in most seismic
records. It is inferred to be a chert layer of early late Miocene

age (Galloway, personal communication) as exposed in an outcrop on
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the beach of the Point Reyes peninsula east of Drakes Bay (Fig. 3).
Structures illustrated on the upper Miocene(?) surface are generally
similar to those observed in the overlying sediments; however, such a
relationship with the older sediments is uncertain. An orthographic
diagram of the same surface is shown in Figure 4.

The dominant structural trend within the post upper Miocene(?)
sequence (Fié. 3) on the Farallon platform is northwest, and is similar
to the regiocnal trends observed onshore. The eastern marginal high,
and those structures south of Point Reyes, deviate from the strike
of the San Andreas fault. These fluctuations appear to be local.
;variations from a regional northwesterlyvtrend. The central basin is
a single depression near Pillar Point that bifurcates northward and
forms two distinct troughs, the eastern trough and the western trough.
The eastern trough parallels the eastern marginal high and continues
toward Drakes Bay. A syncline, which has bgen mapped onshore by
Galloway (1966) as the Drakes Bay syncline, may be the continuation
of the easterp trough; however, this is a speculative correlation since
the eastern trough is shown ending at the Point Reyes fault (Fig. 3).

The western trough forms the most pronounced depression on
the Farallon platform. It deepens nqrthward and passes between the
Farallon ridge and the Point Reyes folded area. The deepest part of
the central basin lies along the axis of the western trough. Near
Point Reyes, the central fault and the Point Reyes fault form the

boundary for two broad anticlines. The contours of Figure 3 indicate

e T

that large vertical displacements have occurred cn these two faults.



13

N
Q ’ O,)

0 s 0
KILOMETERS

CONTOUR INTSRVAL:
0.0 SECOND (2-WAY TiIME)

San
Francisco

=~&— STRUCTURAL RIDGE
= STRUCTURAL DEPRESSION
® OFPSMORE WELL SITE

x EARLY UPPER NIOCENE
CHERT OUTCROP

[ PILLAR
POINT

Hatt Moon ay
A

Fi
123°00° Ol 2230

Figure 3.--Structure contour map on a distinctive reflecting horizon inferred
to be chert of early late Miocene age from an outcrop in the beach
on the Point Reyes peninsula (X). This surface indicates the major
structural features which have developed since the initial uplift
of the western margin in late Miocene time. The suxface terminates
at the Seal Cove fault and carnot be observed east oI the fault.



’ *3Ine3 9A0D TedS 9yz je
paumsse ST juowooeTdSIp TEOTIXDA pue Te3UOZTION *padeldsSTp usaq Sey aovjians SUIDOTH

- xoddn sy3 yoTiym ss010P ‘daess jrney Hutditp Aydoojs e smos 3rney soAsy jurtod ayg
"{TL6T) SU3ITIITIO pue surysop moxy pdordepe ST UOTIDDS SSOID uIayjlnos ayyj,

4 : ‘¢ 9anbtyg
Jo uoTideo ay3z uT poqrIDSOp PovIans duU320TW x3ddn ay3z jJo uor3josloxd orydex

boyzzo uy--¢ oanbrg

0usd03 - 8
se0Bl10- 0
U0y Jua0] - W}

QUEd0|K 0}PDjw W
QU0 |y Je3N- &N

«t

e

v, . PR v .
SN T D E S NANM AT U XL RIS PR
EYERAT NI ETLPEPLSNMAAE IV Tl

——

SORVISE NOIIYVNVS

ANOIGS 0T/ TUAMIINT NNGLNOD

R &
.




15

The eastern marginal high is composed of complexly folded sedimentary

rocks which are truncated on the east side by the offshore extension

of the Seal Cove fault. The upper Miocene(?) reflector terminates

~at this point and cannot bg followed onto the Goldén Gate platform.

Near Bolinas, the eastern marginal high emerges onto thé Point Reyes

peninsula, and the Seal Cove fault joins the San Andreas fault. |
The Goiden Gate platform is located east of the Seal Cove

fault and extends to the present coastline. It contains three major

faults, the Seal Cove fault, the Pilarcitos fault, and the San Andreas'

fault. In addition, there are numerous smaller faults which havé sheared

.sediments presumed to be of late Tertiary age. The San Andreas fault

crosses the Golden Gate platform as a depressed zoné with possible

en echelon faults; the recent(?) trace of the San Andreas fault is

shown in Figure 2. .The Pilarcitos fault subparallels the Seal Cove

fault offshore and it is inferred to be the offshore contact between

the granitic basement of the Salinian block and the Franciscan

Formation. Near Bolinas, the Pilarcitos fault joins the recent(?)

trace of the San Andreas fault.
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CHAPTER IV
FARALLON PLATFORM

I. INTRODUCTION

The discussion of the Farallon platform will include only the area
located west of the structural transition at the Seal Cove Eault; the area
east of the fault will be discussed later. This division is made to
isolate the structural histories of the Farallon and Golden Gate platforms,_
since the juxtaposition of the platforms may have occurred subsequent to
the original deposition. The four areas of structural interest within
the Farallon platform are: 1) the Parallon ridge, 2) the central basin,

3) the Point Reyes folded area, and 4) the eastern marginal high.

II. FARALLON RIDGE

The western margin-of the Farallon platform and the.present edge of
the continental shelf is delineated by a 5 km wide ridge which is exposed
at the Farallon Islands. The ridge can be seen in the line drawings of
the seismic reflection profiles (Fig. 5) where it constitutes the high
area which forms the western edge of the central sedimentary basin. The
basement ridge is continuous for 50 km northwest to Cordell Bank, at which
point the ridge apparently ends. Southeast of the Farallon Islands, the
continental shelf broadens and the granitic ridge beomes difficult to
trace under a cover of sediments. However, it is inferred to continue
along a similar trend throughout the area.

Descriptive. ' ..

The only rock tvpe sampled on the Farallon Islands is biotite quartz

diorite which has been dated by the potassium argon method as 89.5 m.y.
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(Curtis and others, 1958). Curtis and others (1958) place the age of
intrusion as upper Cretaceous, and they correlate the intrusions with
the orégeny of the same age in the Santa Lucia Mountains to the south.
No trace of a Paleocene conglomerate, which is associated with the
granites at Point Reyes and at Montara Mountain, ha§ been reported on
the Farallon Islands. Hanna (1951) found many small, roqnded pebbles
characteristic of the Franciscan formation scattered around the islands.
He believes that they were not derived from a local congiomerate, but
that they were carried to the island by the indigenous wildlife.
| The upper Miocene (?) surface (Fig. 3) can be seen along the flank
. of the granitic ridge in profiles 1 and 2 Figure 5. The present dip of
this surface-into the basin decreases from 19° in the north (profile 1)
to 8° in the south (profile 2), as the basin wideas and gecomes shalléwer.
The onlap of younger sediments over the upper Miocene (?) surface is
characteristic of the pérthern and central Farallon ridge (Fig. 5).
Near the Farallon Islands the upper part of the Miocene section appears
to have been eroded and subsequently covefed by these younger sediments.
It is difficult to distinguish the internal structure of the
sediments bepeath'the upper Miocene along the xidge flank in profiles 1
and 2 (Fiqure 5) since the reflectors dip steeply into the central basin.
However, in these two lines and others qpt illustrated, the reflectors
suggest a simpler internal structure and a moie conformable relationzhip
to the granitic surface than in the other sections of the Faréllon
platform. éome evidence of folding within the pre-upper Miocene section
is suggested in the reflection profiles near the crest of the ridge,

north of the Farallon Islands. Curray (pers. comm.} also reports the
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presence of folded sediments along the eastern edge of the ridge in the
saﬁe loéality. Gravity information and some reflection profiles'suggest
that the folding occurs locally over an irregular and faulted basement
surface.
Faulting

Gravity information from Orlin (1962) and a U. S. Geological Survey
investigatioﬁ indicates a steep easterly gradient along the landward edge
of the Farallon ridge near the Farallon Islands. Jones (1963) interprets
the gradient as being indicative of a large boundary fault. Confirmation
of large steeply dipping faults, which have displaced the basement surface,
:is suggested in a single reflection profile.- This profile penetrated to
the granitic basement at the eastern basé of the Farallon ridge. Other
reflection profiles do not indicate a good basement reflector in the areas
where the granitic ridge dips steeply into the central basin. Local high
angle faulting of the basement can be seen in some reflection profiles
across the southern portion of the'riage., In the vicinity of profile 3
(Fig. 5), the eastern edge of the granitic ridge is faulted with the
basin side dropped about 100 meters and 600 meters, respectively, on
two separate faults. ) A

Ridge Development

A distinct hiatus is present in the early Tertiary geologic record
along the crest of the Farallon ridge. The oldest sediments‘repprted in
this area are found along the c;est of the ridge to the north of the
Farallon Islands; These deposits consist of shales of early Miocene

age (Uchupi and Emery, 1963). Pre-Miocene Tertiary sediments are reported

from the central part of the basin (Hoskins and Griffiths, 1971); however,
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they are not found in outcrop along either flank of the Farallon ridge
(Hanna,il951 and Uchupi and Emery, 1963). The apparent absence of pre-
Miocene sediments suggests that either the ridge was tectonically positive
during early Tertiary, or that the geologic gection had peen eroded prior
io Miocene time. Throughout early and middle Miocene time, the ridge was
probably covered by the same thick sequence.of shaleg, mudstones, and
cherts that is present on the Point Reyes peninsula.

The end of the middle Miocene was marked by a period of diastrophism
which initiated the uplift of the ridge along high angle normal faults.
'The age for the initial uplift is suggested by the onlap of younger sed-
'iments over the upper Miocene(?) reflecting horizon. This late middle
Miocene uplift, along the western margin of the Farallon platform, marked
the first in a series of episodic events which formed the present central

basin.

ITII. POINT REYES FOLDEb AREA

Descriptive

The dominant structural feature of the Point Reyes folded area is 
an east—west,trending high angle fault adjacent to the southern coastline
of Point Reyes. Since this fault is responsible for the morphology of.
Point Reyes{_it is referred to as thé Point Reyes fault. The two
northwest trending anticlines and the northern portion of the eastern
trough (Fig. 3) are bordered on one side by the Point Reyes fault and on.
the other by a second prominent'high angle fault, the central fault (Fig.
3)). The eééégfﬂ trough and the Drakes Bay.syncline may have been con-

tinuous at one time; however, the two axes are presently offset about
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5 km in a right lateral sense. This apparent offset is the only
evidence for possible horizontal displacement along the Point Reyes
fault.

The subsurface vertical displacement on the Point Reves fault
increases westward from the axis of the Drakes Bay syncliné: In the
" vicinity of Point Reyes, the granitic basement appears on *he sea floor
to'the north of the Point Reyes fault, whereas on the basin side, the
" granite is buried to a minimum depth of over 1400 meters. The thickness
of sediment cover is inferred from the total depth of an offshore well
drilled at the crest of the central ridge (Fig. 3) at a distance of 3 km
from the point Reyes fault. Vertical displacement decreases to about 500
meters at the northern end of the eastern trough, and disappears approxi-
mately 3 km from the present shoreline, based on the displacement of the
upper Miocene (?) surface (Fig. 3). The.granitic basement is not observed
in the seismic reflection profiles at the junction of the axis of the
Drakes Bay syncline and the Point Reyes fault. The vertical offset at
this point is inferred from the bend in the contours of the upper Miocene
(?) structure map (Fig. 3). Offshore gravity readings, parallel to the
coast from Drakes Bay to Bolinas, indicate that the basement is probably
not offset at the eastern extremity of the fault (3 km offshore). However,
the fault does appear to mark an increase in the sduthward inclination of
the basement surface. .

Profile 1 of Figure 5 is a cross section of the central fault, the
two anticlines, and the Point Reyes fault. Granitic basement rock at the
Point Reyes fault is juxtaposed against layered and folded sediments of

the older central basin sequence. The dip of the two fault planes cannot



22

be directly measured from the reflection profile information. However,

the abrupt truncation of reflectors at the Point Reyes fault, and the
steep apparent dips at the central faqlt are indicative of steeply dipping
fault p;anes. The steep gravity g?adients measured across.both faults are
also suggestive of nearly vertical faults Qith possible reverse fault
displacement. Adjacent to the Point Reyes fault, the sediments appear to
thin toward‘the west and show onlap of the central ridge. The deepest
reflectors at the crest of the central ridge in fhis area are discontinuous
and suggest an irregqgular surface which may represent an older unconformity.
This acoustic condition appears at the crest of the ridge along its entire
length (profiles 1 and 2, Fig. 5). ansequenﬁly, thqlsoutheasterly con-
tinuation of the central ridge, as a structural high, is ﬁased upon the
similarity of reflectors along the crest of the high; the regional
structurai trend, and the continuous onlap of sediments ;rom the ‘eastern

trough.

Structural Development near Point Reyes

Large vertical displacements on the Point Reyes fault and the central
fault are suggested by the seismic reflection profiles, gravity information,
and offshore well data. Folding within.this area is prgﬁably a'result of
vertical and strike siip faulting. Hoskins and Griffiths (1971) report
that faulting near Point Reyes occurred in Pleistocene time. Other evi-
denca indicates that some structures in the Point Reyes foldéd area devel-
oped prior to late Tértiary time, and that faulting on the Poiuat Reyes

fault may have commenced in late Pliocene time and extended into Pleisto-

—

cene time.

The central fault, central ridge, and sastern trough (profile 1,
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Fig. 5) were initially formed prior to the laﬁe Piiocene Orogenic period
but m&y‘have undergone repeated deformation during this time. The broken
character of the acoustic reflectors at the top of the central ridge, and
‘the eastward thickening of sediments above the upper Miocene (?) horizon,
suggest that the central ridge was high during part of late Miocene time.
The onlap sequence is younger than early late Miocene, and it has been
folded into a smaller anticline, east of the central ridge,'presumably
while the Point Reyes fault was active. From these assumptions, the
central ridge must have been uplifted in middle Miocene time and have
remained positive into laée Miocene time. Subsidence of the central
ridge during Pliocene time-is indicated by fhe sediment cover over the
crest of the central ridge (profiles 1 and 2, Fig. 5). In the Point
Reyes area, the late Tertiary faulting caused the ridge to be uplifted
with the subsequent erosion of a portion of the Pliocene section (profile
1, Fig. 5). The truncation of reflectors at the sea floor is indicated
in high resoltuion reflection brofiles (not illustrated) ove? the central
ridge. AThis truncation is evidence that the most récent uplift of the
ridge occurred during or after the deposition of the Pliocene section..
The eastern trough is believed to be the offshore e#tension of the
Drakes Bay syncline, which has been right laterally offset and vertically
displaced by the Point Reyes fault. The trough is an older . structure
which was active during the same veriod as the central ridge: The east-
ward thickening of upper Miocene to lower Pliocene sediments from the
central ridg%:;nto the eastern trough can also be observed in the isopach
map of Figure é. The map indicates possible right lateral offset of the

eastern trough at the Point Reyes Fault, that horizontal displacement may
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have occurred suhsequent to early Pliocene time. Since sediments
younger than early Pliocene are missing north of the Point Reyes fault,
the total displacement cannot be determined, and an age for the hori-
zontal movement is uncertain. The earliest limiting age from this line
of evidence is late Pliocene.

The exact time at which vértical movement commehced on the Point
Reyes fault'is uncertain, on the basis of available information.
However, truncation of reflectors inferfed to be of Plio-Pleistocene age,
at the Point Reyes fault trace, indicates that the Point Reyes fault has
been active into Pleistocene time. Since a fault scarp is not observed
. at the sea floor, the possibility for recent vertical displaéement cannot
be established. 1If the fault is a Pleistocene feature, as suggested by
Hoskins and Griffiths (1971), a minimum of iSOO raters of vertically dis-
placed sediments must have been eroded from Point Reyes since Pleistocene
time. This large'sédimeht volume, which is no longer present at Point -
Reyes, may have been carried inéo the Central basin along an older
subsidiary trough which trends south from.Drakes Bay. Figure 7, a
structure map constructed on a lower Pliocene reflecting horizon, indi-
cates a southward thickening of sediments younger than lower Pliocene
within this trough. Hoskins and Griffiths (1971) show a thick, approx;-
mately 1000 meter, sequence of upper Pliocene to receﬂt sediments within

. ]

the western.trough, southwest of Point Reyes.l They also report that only
a thin veneer of Pleistocene sediments is present. As a result of this
investigatibn, it is suggested that the thick sequence of upper Pliocene
sediments within the western trough, and probably the subéidary tgough

(Fig. 7), were eroded from the Point Reyes area following vertical
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displacement on the Point Reyes fault in late Pliocene to Pleistocene
time. Thus; faulting probably commenced in late Pliocene time, and the
bulk of the sediments at Point Reyes may have been eroded before
Pleistocene time, leaving onl§ a small sediment suppiy available for

" Pleistocene depostion.

IV. CENTRAL BASIN

Descriptive

A thick accumulation of Tertiary sediments within the central basin
makes it difficult to outline the granitic basement surface in the seismic
reflection profiles. Figu;e 8 is a baséﬁent congour map based on gravity
profiles, selected seismic reflection profiles which penetrated to base-
hent, and well information. When‘séiémic'reflectionAinfogmation is used,
the depths are computed using a velocity gradient of 1.0 km/sec/km for

sediments above the upper Miocene(?) reflector, and a velocity of 3.5

. *
T . “

km/seclfor~all other sediﬁéhtétovérIYinQ~the acoustic’ basement (Hamilton,
1969). The gravity information is taken from unpublished sea gravimeter
profiles run by the U. S. Geoclogical Survey in 1968. Following Thompson
and Talwani (1964), a northeasterly regional gradient of 0.6 mgal/km ié
removed, and the residual anomalies are subsequently used for the depth
determinations. The assumed densities are: (1) 2.7 gm/cm3 for £he granitic
basement, (2) 2.5 gm/cm3 for pre-Miocene(?) sediments, (3) 214 gm/cm3 for
early and middle Miocene(?) sediments, and (4) 2.0 gm/cm3 for the post-
upper Miocene(?) section (Thompson and Talwani, 1964 and Greve, 1962).

The baaemégt surface (Fig. 8) indicates thgt the central basin

parallels the Farallon ridge, and deepens northward. Along the east flank
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of the Far;llon ridge, a steeé gravity gradient of 6 mgal/km suggests
a nearly vertical slope of the basement surface. An eastward extension
of the Farallon ridge forms a subsurface high which constricts the
basement trough near Pillar Point. The Drakes Bay syncliné éppears as
a distinct basement dépression north of the Point Reyes fault; south
of the fauit, the étructure is too deeply buried to be observed. The
axis ofAthe basement trough (Fig. 8) and the axis of the overlying
western trough (Fig. 3) both show a local westerly bend south of the
central fault. The structures north of Point Reyes appear to resume
their original northwest trend (Hoskins and Griffiths, 1971 and Silver
énd»others, 1971). Within the Point Reyes folded'areé, the structures
follow the érend‘éf the western“trough axis (Fig. 3); The strike of
the inferred basement éurface also éhanges from west to northwes? in
this érea (Fig, 8). Local alignment of structures at the bend suggests
. that the faultihg~ét Point Reyég-may have digplaced the'gasehent trough.
The structures within the éhallow subsurface portion of the central
basin are illustrated in profiles 1, 2, and 3 of Figure 5. The western
trough, adjacent to the Farallon ridge, widens southeastward from Point
Reyes as the sediments above the upper ﬁiocene(?) reflector become
thinner. The central ridge separating the western and easternh troughs
can be seen in profiles 1 and 2 (Fig. 5).' In the southern cicossing,
profile 3 (Fig. 5), the ridge appeais to merge with a broader area of
deformed sediments. The upper Miocene(?) marker horizon is mapped
along tﬁe top, of these contorted reflectors; however, the surface may

not be continuous in this area. Since the deformed sediments are
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below the early upper Miocene‘?) horizon, profile 3 (Fig. 5), and they
are in contact with the Farallon ridge, it is assumed that they represent
the upper part of the middle Miocene sequence., These beds are probably
contemporaneous with the sediments on the east flank of the Farallon
ridge, érofiles 1 and_z (Fig. 5). The western trough does not appear

as a distinct feature in profile 3‘(Fig. 5), and the deformed sediments
of this area are covered by yodnger westerly prograding sediments.

Sediment Distribution

The presence of lower Tertiary sediments within the central basin
is reported by Hoskins and Griffiths (1971) in their structure cross
sections near Point Reyes and Pillar Point. They consider the central
basin to be the sea&ard extension of‘the Purisima trough which appears
on land to the sogtheast ih the Santa Cruz Moﬁntains. Onshore, the
Purisima trough contains more than 3000 meters of pre-Miocene, Tertiary

sediménts (Cummings and others, 1962). Hoskins and Griffiths (1971)

1 .
IR

show 1100 metefé'of Eocene ana Oligbcéné maiine'shéles‘and sandstones
and diabase sills at Pillar Péint. These pre-Miocene sediments are as-
sumed to thin northeastward from Pillar Point along the eastern edge
of the basin, since they do not appear under the Point Reyes peninsulé
at Drakes Bay (Galloway, personal communication). A well drilled 12 km
south of Drakes Bay at Double Point (Fig. 8) revealed a section consisting
of 1525 meters of Miocene sandstone, shale, and basalt, 450 meters of
Paleocene conglomerate, and granitic basement.

The exposure of pre-Miocene rocks on the Point Reyes peninsula

is limited to a small outcrop of Paleocene conglomerate overlying
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granitic rocks at the west end of Point Reyes. This small remnant may
bé paré of the sequence of pre-Miocene, Tertiary rocks shown by Hoskins
and Géiffiths (1971) southwest of the Point Reyes fault. They indicate
800 meters of Eocene rocks in the western trough, and suggest that the
thickness increasgs to 6100 meters near Point Arena, 140 km to the north.
The limited information on the distribution of the lower Tertiary rocks
suggests thét these rocks are confined to the deeper parts of the central
basin, and they pinch out near the base of the Farallon ridge. Lower
Tertiary rocks are found in the eastern trough. They probably are

not present east of the Seal Cove fault since the observed gravity

- anomalies in this area can be éxplained by an accumulation of late-
Tertiary rocks.:  In the viqinity of - the foint Reyes peninsula, rapid'
northérl? ﬁﬁinning at the eastwarduextension of the Point Reyes fault
would account for the absence of the lower Tertiary rocks north of

Drakes Bay. - ,
| 4Sediménts believed to be of earlé and ﬁiddle Miocene age are
~generally not obsexrved within the reflection profiles across the

central basiﬁ, due to the thick cover of younger sediments. However,
these older sediménts are seen beneath the early upper Miocene(?)
reflector in the southern basin (profile 3, Fig. 5) and along the flanks
of the Farallon ridge (profiles 1 ana 2, Fig. 5). The observed gravity
information is taken from gravity lines across the central basin (Fig. 8).
The observed data may be explained using a two dimensional model in

which the deepesﬁ parts of the central basin are filled with pre-Miocene

age sediments, 2.5 gm/cm3, that are overlain by a relatively constant
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thickness, about 1 km, of early and middle Miocene sediments, 2.4 gm/cm3.
Such a model would agree with the sediment thickness reported by Hoskins
and Griffiths (1971) in a cross section west of Point Reyes. The upper
Miocene(?) reflector is seen in the reflection profiles throughout most
of the central basin (Fig. 3). A younger horizon inferred to be of early
Pliocene(?) age (Fig. 7) is not as continuous as the upper Miocene(é)
reflector. ﬁowever, this marker probably delineates an approximate time
boundary within the lower Pliocene sectimn. A oné kilometer accumulatioﬁ
of post-lower Pliocene(;) sediments occurs within a depression trending
south from Drakes Bay (Fig. 7). Pliocene sediments thicken toward the
northwest in the westevn trough, reaching a ma#imum thickness of 1 km
'south ‘of Point.Reyest The correlation of sediments yéungér than early
Pliocene age from the central Basin with rocks onshore is not possible;
these youﬂéer sediments either terminate offshore at the sea floor or
_cannot be followed acrogs.offshore'ﬁaults.

'
Development of the Central Basin

The pre-Tertiary history of the central basin is unknown since the
oldest rocks assumed to be present are granitic rocks of upper Cretaceous
age,which form the basement complex. Lower Tertiary rocks overlying the
basement are present in the central basin.and onshore; however, pre-
lower Miocene sediments have not been reported from the Farallon ridge.
It is possible that either the ridge was above sea level during early
Tertiary time or that the section was removed by erosion before early

Miocene time. During early and middle Miocene time, the present central

- .

basin may have been part of a more extensive basin. A period of dias-

trophism at the end of middle Miocene time initiated the uplift of the
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Farallon ridge and the central ridge. The prénmiddle Miocene section was
p#obabl& deformed, uplifted, and eroded at this time. It has subsequently
been buried too deeply to be observed in the reflection profiles except
in the southern basin. The discontinuity of the uppér Mioc:zne(?) surface
in the southern basin is evidence that parts of the central basin were
emergent in early Plioceng time. The central ridge may also have been
exposed during the same period. Late Tertiary events included the sub-
mergence of the high areas uplifted in early Pliocene time, the filling
of the eastern trough, faulting along the Farallon ridge, and subsidence
of the western trough. Displacement of the western trough was probably
the result of local faulting in the Point Reyes area during the late
Pliccene orogenic-period. Th¢ subsidence of the southern Farallon ridge
in Pliocene time is sugéested bv the presence of westerly prograding

sediments which cover the eroded granitic ridge crest (profile 3, Fig. 5).
V. EASTERN MARGINAL HIGH

Between Half Moon Bay and Bolinas, the sediments along the eastern
margin of the Farallon platform are folded into an anticlinal structurczl
high which appears to be faultgd along its western flank. The offshore
extension of the Seal’Cove fault delineates the eastern edge of this
marginal high from Pillar Point to Bolinas. Buried reflectors terminate
along the western side of tne Seal Cove fault (profile 4, Fig. 9),and
thus make it impossible to follow the upper Miocene(?) reflector onto the
Golden Gate platform.

' Descriptive )

The structural transition from flat lying basin sediments to the
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folded and faulted sediments of the eastern marginal high is shown in
pfofilés 2 thru 6 of Figures 5 and 9. The eastern marginal high has
been eroded to varying depths along its length, and has subsequently
' been covered by younger sediments (profiles 2 and 3, Fig. 5). Above
the "unconformity, the oldest sediments are probably of eér}y Pliccene
age, since the reflector which is used to construct the early Pliocene
structure contour map (Fig. 7) overlies the unconformity. These
Pliocene sediments appear to onlap the upper Miocene(?) reflector along
the western flank of the marginal high (profile 2, Fig. 3). The apparent
dip of reflectors along this flank increases with depth (profile 4, Fig. 9)
"and ié indicative of more than‘one onlap sequence. Approaching Pillar
Point, the apparent dips steepen toward ﬁhe central basin, not illust;ated,
suggesting a high anglé fault with the basin side downthrown. This fault
is assumed to continue northwest along the western flank of the marginal
high, and pérallel to the Seal Cove fault. Hoskins and Griffiths (19715
indicate two high angle northeasterly dipping faults at P;llar Point;
however, they do not show the tightly folded structures between these
faults that form the easte?n marginal high. High resolution reflection
profiles across tﬁe Seal Cove fault indicate displacement near the sea
floor. This strongly suggests current uplift west of the fault near
Pillar Point.

Near Bolinas, the axis of the eastern marginal high appears to
continue onshore as an anticling which has been mapped by Douglas (1943).
Galloway (1966) 5nd Gluskoter (1969) do not show an anticline at this

location, and their structural data in the Bolinas vicinity are
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insufficient to delineate the anticline. The proximity of the axis of
the eastern marginal high to the onshore continuation of the Seal Cove
fault near Bolinas, about 0.5 km, makes it difficult to distinguish the
anticline as an independent structure. North of Bolinas, the stratg
generally dip to the west suggesting that the eastern portion of the
offshore high is missing. |

Evidenée for the current uplift of the southern portion of the Point
Reyes peninsula has been reported by Wahrhaftig (1970). He indicates
that a small plateau west of Bolinas, 40 to 75 meters above pre;ent sea
level, is a remnant of a more extensive wave cut bench. Equivalent
"benches which can be followéd north from Bolinas decrease in elevation
and pass, below sea level at Drakes‘Bay. ‘Wahrhaftig (1970) believes that
the tilting cf these terraces is a result of the uplift and wafping of
the southern Point nges‘peninsula. Gilbert (1908, pp. 81-87) reports
that during the 1906 San Franciscq earthquake, a reef west of the town
of Bolinas was upliffed about 30 cm, but ;hét over the following year
the reef subsided to its original lower elevation. He also states that
the east side of the San Andreas fault, in Bolinas Lagoon, subsided
30 cm during the éarthquake. The work of Wahrhaftig (1969) and
Gilbert (1908) suggesfs that the northern portion of the eastern
marginal high is currently being uplifted.

Development of the Eastern Marginal High

Several structural features observed along the eastern margin of the
Farallon platform suggest that the uplift ‘of the eastern marginal high
may be related to downwarping of the adjacent eastern trough. Those

features which suggest this interpretation include: (1) a linear,
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parallel trend of both the marginal high and the trough, (2) a general
decrease in the dip of reflectors on the west flank of the marginal high-
as the trough shallows to the north, and (3) an apparent widening of both
the marginal high and the trough north frém éillar Poing. The three
observations suggest more than a fortuitous structural relationship. Two
plausible mechanisms for the formation of the system.would include block
faulting in the basement which has uplifted the ridge relative to the
trough, or horizontal compression which has uplifted the eastern pottion
of an older and wider trough. The second model employing local borizon-
tal compression appears to be the better interpretation.
Vertical block faulting of the basement does not appear likely,
. since the eastern marginal high is not associated with a positive
gravity anomaly (Fig. 10). The Bouguer gravity map indieates that the
marginal high is underlain by a linear negative gravity trough, =22 mgal
Bouguer anomaly. A combressionél model for current deformation is in
agreement with the observations of Burford (1968). He reports that
present crustal strain in the central Coast Ranges,.measured from U. S.
Coast and Geodetic Survey triangulation data, indicate a regional
northeast-soﬁthwest compression. Right laterai, simple shear occurs
only with a 30 km wide band centered over the San Andreas fault. Thig
lateral shear could produce local compréssion at a bend, or discontinuity,
within an active strike-slip fault zone. If similar regional and local
compressive’ stresses were present during the initial deformation, they
would prov%?g'a,mechanism for the formation of the marginal high:

extension and opening of a local trough near a bend in an active lateral



38

5 10
[ = e p——]
Km
CONTOUR INTERYAL:

5 MGAL

3750

3740

Gravimetric
Control Line
A Montara
‘ IQL \ Moun:ain
sre30rk Plilar \ a
R Point \\‘_‘3
, 122°40' ' 122+30°

Figure-10.--0ffshore Bouguer gravity map of the Golden Gate platform
nodified from Chapman and Bishop(l96%). The two large
negative anomalies west of the Golden Gate probably
represent thick accumulations of sediments. The most
recent trace of the San Andreas fault is mapped offshore.



39

fault, presumed to be the Seal Cove fault or Pilaicitos fault, with a
subéequeﬂt filling of the trough, and the compression of these sediments
into a ridge paralleling the axis of the fault.
| A more intense local compression of the marginal high near Pillar
Point is suggested by the tighter folding which may result from thrusting
of the Montara Mountain bl9ck. Darrow (1963) indicates that Montara
Mountain has been thrust up along an east-west fault on the northeastern
side of the mountain. Whether the Montara granite has been thrust into
its present position adjacent to the central basin, or has been truncated
by lateral faulting at the.Seal Cove fault and juxtaposed against the
basin’ sediments, cannot be éscertained from existing information.
However, vertical displacements near Pillar Point are documented
onéhore (Glen, 1959), and are seen in the offshore reflection profiles
(Figs. 5 and 9). From the foregoing data,‘it is inferred that compression
resulting from both strike-slip faulting ahd local overthrusting were
important in the formation of the marginal ridge.

The inferred age for the initial deformation of’the eastern
marginal high is late Miocene time, which would be concurrent with the
uplift of the Farallon ridge. Two lines of evidence support this age
for the deformation: (1) the initial onlap sequence along the west flank
of the marginal high appears to blanket the upper Miocene(?) reflector,
and (2) a significant amourt of subsidence within the eastern trough
Ppok place during late Miocene to early Pliocene time. The isopach map
of upper Mioc?pe(?) to lower Pliocene(?) sediments (Fig. 6) can also

be used to approximate the vertical displacement of the early upper
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Miocene(?) surface, from late Miocene to early Pliocene time. This
line of evidence suggests that a minimum of f£ifty perxrcent of the
subsidence of the eastern trough occu;red during this time. Part of
this subsidence may have been concurrent with the initial uplift of
the eastern marginal high. The compressive stage, which caused the
folding of the eastern portion of the trough adjacent to the fault(?),

probably occurred during late Miocene time.
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CHAPTER V
GOLDEN GATE PLATFORM

I. INTRODUCTION

The Golden éate élatform is a-distinct structural area within the
Gulf of thé_Farallones between the Farallon platform and the present
coastline. The western boundary of the Golden Gate platform is delineated
by the Seal Cove fault. Two other major faults, the Pilarcitos and the
San Andreas faults, are continuous across the platform (Fig. 11). The
other subparallel faults within the platform area are.probably ncrmal
faults with the landward side downthrown. A small anticline and syncline,
presumed to be the continuation of onshore structures} are mapped north-
west of Mussel Rock.

Smaller buried structures on the Golden Gate platform are too
numerous to be shown in the stfucture map (Fig. ll),land thus the map
only indicates major faults which are continuous between profiles.

Unlike a standard geologic map, which indicates structures observed at
the ground surface, the marine structural map is a composite of buried
and surface features. All structures mépped in the offshore area are
covered by sediments and do not show a topographic expression at the sea
floor. This point should be considered when comparing the siructures

mapped on land with those offshore.

II. IDENTIFICATION OF ACOUSTIC UNITS

w-’ﬂ.

The structural complexity of the Golden Gate platform makes it
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Figure ll.--structure map of the Golden Gate platform compiled from
-~ " high resolution and deep penetration seismic reflection

information and magnetic data. All offshore structures
are buried at varying depths and do not show scarps at the
sea floor. Many smaller faults are not mapped since they
are not continuous between two or more reflection profiles.
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impossible to trace and correlate equivalent reflecting horizons in the
seismic reflection profiles. Individual reflectors are discontinuous
across faults and are often entirely missing in the highly fractured

- areas due to the dispersal and scattering of the seismic energy. However,
the general acoustic character of Ehé sediments appears to be consistent
in some localities, indicating that the acoustic impedance‘probébly varies
with lithologic changes.. Three sedimentary units are defiﬁed by their
acoustic character in the seismic reflection records. The absence of
bottom sample information necessitates using these acoustic units to
investigate the general distribution and thickness of sediments.

Unit A (Fig. 9) is the deépest ana presumably oldest of the three
units and may be equivalent in age to the sedimentary rocks of the Merced
Formation exposed near Bolinas. The unit is characterized by a sequence
of continuous reflectors which are broken and of}set across faults. 1It
is acoustically similar to the reflectors observed near the surface
within the central basin. In the soﬁ£hern‘part of the platform, unit A
appears to terminate along the eastern side of the Seal Cove fault
(profile 6, Fig. 9). Horizontal and/or vertical offsets which may have
occured along the Seal Cove fault prevent tracing of unit A from the
Farallon to the Golden Gate platform.

Unit B (Fig. 9) is an acoustically diffuse and poorly deliﬁeated
sequence of reflectors without the continuity of unit a. Iﬁ,many areas,
stratification is not apparent, and only minor internal reflections can

be seen. In the high resolution profiles, the top of the sequence is

characterized~by an irregular surface and a lack of internal layering.



44

The age of unit B is possibly equivalent to the upper part of the Merced
Formation or Colma Formation, which contain thick unconsolidatéd beach
sand members (Glen, 1959 and Hall, 1966). These beach deposits would
rapidly attenuate ther high frequency componént of the seismic energy
thus causing the unit to act as an acoustic sink and no£ show strong
internal layering (Tagg and Greene, 1970)}.

Unit C.(Fig. 9), the uppermost unit, fills the shallow San Andreas
graben (Fig. 11) and may extend as a thin covering over most of the
Golden Gate platform. The material is acoustically transparent in the
high resolution profiles and only shows very fine layering in aréas of
possible buried channels. The unit probably represents shallow water
shelf deposits, which accumulated after the last rise of sea level in
post-Wisconsin time. This would imply an age younger than 10,000 years
because of the present watér depths (Curray, 1969).

The distribution of the three‘acoustig units on the Golden Gaté
platform is shown in Figure 12; their relative position within the
refleétion profiles is illustrated in Figures 9 and 13. Unit A appears
to be present undgr the entire platform (Fig. 9), with the possible
exception of the area east of the San'Andreas.fault. Since the continuity
of unit A is difficult to establish in the vicinity of the San Andreas
fault, the correlation of folded sediments east of the fault (profile 6,
Fig. 9) with unit A west of the fault is uncertain. However, in profiles
4 and 5 (Fig. 9), unit A may continue across the San Andreas fault. The
depth to the toP.of unit A increases from.near the surface (profile 6,

Pig. 9) to a maximum of about 550 meters (profile 4, Fig. 9). The



45

Ouvaternary
(on land)
Unit C
3750 -
Unit B
SAN .
FRANCISC Unit A

0,
e

] upper-middle
‘4 Pliocene

lower Pliocene-

:::t: upper Miocene

2%l middle Miocene

3740~ ’:-": R
r ° «] Paleocene
ivL] upper Cretaceous
;}i?; (aranitic rock)
AN Cretacecus
Eﬁ;ﬁ? (Franciscan)
37+30°

1

122°40’ 122+30°

Figure 12.--Distribution of rock types on the Golden Gate platform
in outcrop or shallow subcrep. Land geology is taken
from Jennings and Burnett(l196l). The offshore section
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__the acoustic character of the sediments and the continuation
of onshore structures and rock types.
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thickness éenerally cannot be measured for uﬁit A since the acoustic
basement is buried too deeply to be observed. An increasing gravity
gradient from the Golden Gate towards-.Montara Mountain (Fig. 10) could
be explained by the southeasward thinning of unit A. South of prefile 6,
unit A thins rapidly and pinches out within 1/2 km of the present coast-
line. The'gontact between unit, A and the acoustic basement, Franciscan
Formation (?), appears to be unconformable in thg near shore reflection
profiles. Glen (1959) reports a similar contact at the base of the
Merced Formation west of the San Andreas fault at Mussel Rock.

High resolution profiles 7 and 8 (Fig.l13) show a sequence of well
defined reflectors be.ween the Seal Cove and Pilarcitos faults. This
sequence can be followed northward to a point 2 km séuthwest of Bolinas
(Figs. 11 and 12), and thus it is inferred to be an offshore continuation
of the Pliocene Merced Formation. Since these reflectors are no£ distinc-
tive in the deeper penetratién profiles at the same location (profiles
4 and 5, Fig. 9), the Merced Formation cannot be definatively joined
with the reflectors of unit A. Further south, other well defined
reflectors between the Seal Cove and Pilarcitos faults (profile 6, Fig. 9)
are assumed to be part of unit A.

The thickness of unit C (Fig. 14) and unit B (Fig. 15) increases
northwest from the Golden Gate to a maximum thickness, 9 km south of
Bolinas Lagoon. The greatest observed thickness of unit B ic¢ about
500 meters and that of unit C is 55 meters. Both units B and C seem
to pindlloutﬂﬁqu;heastward, so that the entire vertical section near

—

Mussel Rock is typical of unit A.
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III. SAN -ANDREAS FAULT

The importance of the San Andreas fault as a major strike-slip
feature is well documepted from the field work of Gilbert(1908), Hill
and Dibblee(1953), and more recently in reviews by Croweli(l962),
Dickinson and Grantz(1968), Suppe(1570), and others. In the San
Francisco.area, the juxtaposition of Mesozoic and Cenozoic rocks near
Bolinas and Mussel Rock (Fig. 12) is typical of .the structural relation-
ships seen elsewhere along the fault. The offshcre portion of the San
Andreas fault is characterized by: (1) vertical depression within a
narrow trough paralleling the fault zone, (2) the absence of a distinct
vertical boundary séparating two or more different rock types, and (3)
near surface structural complexity indicating a near.surface graben and
possible en echelon faulting.

fhe reflection profiles (Fig. 9) show the structural depression
which delineates the San Andreas fault zone offshore. The depression
is a small linear basin that narrows and deepens northwest from Mussel
Rock. The axis of the basin parallels the projected trace of the San
Andreas fault and is located west of the trace (Fig. 9} . Near Mussel |
Rock (profile 6, Fig. 9), the depressién is bordered on the east by
folded sediments presumed to be the Pliotege Merced Formation and on
the west by‘the Pilarcitos fault.

At the Golden Gate, the acoustic basement dips steeply to the west
and becomes too deeply buried to be seen under the sediments f£illing
the dep£§§§;gn. The dip of the basement surface apparently increases

along the eastern side of the depression, approaching Bolinas, since



50

it is not éasily identifiable in the reflection profiles and is vertical
on the:Point Reyes peninsula (Weaver, 1949). Flexures along the western
side of the depression (profile 5, Fig. 9), appear to result from vertical
digplacement on low angle normal faults. This displacemeﬁt affects
reflectors in uﬁits A, B, and C. Magnetic signatures correspona with
the two diétinctive flexures in profile 5 (Fig. 9) ,which might indicate
similar offsets of the basement surface.

The juxtaposition of differeﬁt geologic formations,observed at the
San Andreas fault on land, is not readily apparent within the younger
sediments of the seismic reflection profiles. The acoustic character
of units B and C remu.ns unchanged in the vicinity of the fault, and
both units appear to extend to the present coastline (profiles 4.and 5,
Fig. 9.an§ profiles 7 and 8, Fig. 13). An abrupt structural change or
a distinct vertical fault contact is also missing .near the fault within
these units. Younger sediments are confined to the northern portion of
the fault zone and may cover any evidence for strike-slip faulting within
the older sediments of unit A. In profile 4 (Fig. 9), unit A can be
identified on the western flank of the depression as it dips eastward
into the fault zone; however, the reflectors on the eastern flank are
not clearly defined and may not be equivalent to unit A. Near Mussel
Rock (profile 6, Fig. 9 and profile 9, Fig. 13), a distinct Vtructéial
transition between folded sediments, Merced Formation (?), anl flat lying
reflectors, unit A, does occur. The transition, or fault, has an appar-
ent westerly d;p pf 20 degree§ in profile 6 and it may represent a line

——

of breakage on the San Andreas fault. Northwest of Mussel Rock, this
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transition'appears to migrate to the east of.the projected trace and

may become buried under a thick accumulation of units B and C (profile 5,
Fig. 9). The approximate positionAofithe transition is also delineated
by a magnetic signature (Fig. 16).

In high resblutidn reflection profiles across the northern half of
the San Andreas fault zone, the.dominant structure is a 2 km wide graben
that is covered by acoustically transparent sediments of unit C (profiles
7 and 8, Fig. 13). The sinuous structure is herein named the San Andreas
graben since it extends along the San Andreas fault zone for 20 km south-
east of Bolinas(Fig. 11l). The boundary faults become less distinct south-
east of the Golden Giie as unit C pinches out. The eastern fault may
continue toward Mussel Rock and become the boundary between the folded
sediments and the flat-lying sediments (profile 9, Fig. 15). Reflectors
at the western fault of the San Andreas graben (profile 7, Fig. i3)
appear to dip into the graben at 1l degrees and show a vertical displace-
ment of about 20 meters.

An attempt has' been made to delineate the recent line of breakage
along the San Andreas fault cffshore, which might corre;pond to the 1906
fault trace (Fig. 11). Since many possible fractures canrbe seen in the
high resolution profiles, the exact position of the most recent trace
is uncertain. The fault does not have a topographic expressfon at the
sea floor. Consequen:ly, it has been tentatively identified \n the
basis of blurred zones in the reflection profiles which do no£ show

internal structure across the zone. These zones are generally from

30 to 200 meters in width. In attempting to trace the fault, it is
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assumed that the fault is continuous. However, this may not be valid,
and breakage has probably occurred to some extent along en echelon
fractures.

The shérp bend in the recent trgce, 10 km northwest of Mussel Rock,
may represent an older northeast trending fracture which has displaced
the San Andreas fault. An equivalent bend in the magnetic contouré
(Fig. 16) ahd possibly the gravity contours (Fig. 10) along a similar
trend is also suggestive of this northeasterly fault. Approaching

Bolinas, the recent trace crosses the San Andreas graben (Fig. 11) and

thus suggests a relatively young age for the mapped recent fault trace.
IV. PILARCITOS FAULT

From the observation that the Franciscan Formation disappears on
the Point Reyes pesinsula west of the San Andreas fault, Oakshott (1966)
has inferred that the Pglércitos‘and San-Andreas faults join offshore.
Evidence accrued in the current marine investigation supports this
observation. The exact location of the Pilarcitos fault is difficult
to determine with the seismic reflection profiles since the rock types
transected by the fault show a similar dispersive acoustic character.
Distinctive, identifiable structures are not present across the fault,
and the fault is deeply buried over most of the Golden Gate platform.
Since the Pilarcitos fault separates granitic basement terrain of the
Salinian block from the Franciscan Formation (Page, 1970}, a magnetic
éignatufe might be expected at the boundary, due to the abundance of

basalt within the Franciscan Formation onshore '(Darrow, 1963).- A western
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boundary for small magnetic anomalies is suggested ip the total intensity
magnetic map covering the area west of the Golden Gate (Fig. 16). Only
small local magnetic variations are evident west of the Seal Cove fault.
The first significant magnetic anémaiy occurs 2 km east of the fault.
This s&all anomaly probably represents the edge of the Franciscan For-
mation and thus may indicate the iocation of the Pilarcitos fault.

Two buried basement ridge;, which are mapped offshore 10 km south-
west of Mussel Rock (Fig. 11), give a secondary Eontrol pertaining to
the nearshore location of the Pilarcitos fault. The longer ridge may
represent the continuation of an onshore topographic high composed of
_basalt, sandstone, and shale of the Sranciscén Forma£ion (Darrow, 1963).
The ridge can be followed northwest from the coastlihé fér about 12 km
until it is buried too deeply to be identified in seismic profiles.

The shorter ridge, which extends offshore southwest of the Pilarcitos
fault, probably represents the steeply dipping rocks which crop out at
the shoreline. Since the Pilarcitos fault is located between these
ridges onshore, it is presumed that it continues offshore parallel to
the northwest trend of the ridges. Thus the location of the Pilarcitos
fault, based on the magnetic data and the position of éﬁe buried Fran-
ciscan (?) ridges, is mapped as crossing the Golden Gate platform and

joining the San Andreas fault about 6 km southeast of Bolinas Lagoon.
V. SEAL COVE FAULT

The importance of the Seal Cove fault as a major boundary between
two distinctive structural areas has not been suggested previously,

due to thz poor exposures of the fault on land and the limited geophysical



55

information offshore. Near Pillar Point, Glen (1959) indicates that

the Seal Cove fault is a high angle, northeasterly dipping, normal

fault thch shows strong evidence of vertical movement. He also reports

a juxtaposition of contrasting assémbiages of Pliocene fauna. and rock
types a£ the fault. Jack (p. 119, 1969) has documented an offset of

13 meters in Quaternary terrace deéosits along the Seal Cove fault.

North and south of the PillarlP;int area, reefs delineate the probable
location of the fault offshore. High resolution reflection profiles north
of the reefs, not illustrated, shqw evidence for similar vertical displace-
ments close to the sea floor. However, the fault does not indicate a
topographic expression on the sea floor.

Northwest of Pillar Point, the Seal Cove fault is mabped at the
location of a shallow buried fault scarp, or where deeply buried reflec-
tors are truncated along the landward flank of the eastern marginal high
(profiles 4 and 6, Fig. 9). The fault scarp disappeérs west of the
Golden Gate and is not observed along the northern portion of the fault.
Near Bolinas, the Seal Cove fault appears to continue onshore and join
with the unnamed fault that separates the middle Miocene rocks from the
Merced Formation (Fig. 12).

A narrow basin adjacent to the Seal Cove fault is present in the
southern part of the Golden Gate platforﬁ. The sediments within this
basin appear to be truncated on the west by the Seal Cove faﬁlt and are
borderea on the east by a buried ridge (profile 6, Fig. 9). ihese rocks.

also crop out in the intertidal zone near Pillar Point. Glen (1959)

implies that ‘the age of the fauna in these rocks is equivalent to the
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lowermost member of the Merced Formation at Mussel Rock. He further
indicates that older Pliocene rocks of the Purisima Formation are
present west of the Seal Cove fault. The continuity of the narrow
confined basin along the Seal Cove fault and the truncation of these

basin sediments,observed in profile 6 (Fig. 9), is evidence that a
similar juxtaposition occurs aloné the offshore exténsion of the fault.
The rocks in the narrow basin dip northwest from the Pillar Point area
and join with the sediments of unit A. Thus, an offshore correlation

between Pillar Point and Mussel Rock may be possible, but a correlation

.across the Seal Cove fault is not valid.
. VI. CONTACT BETWEEN GRANITIC AND FRANCISCAN ROCKS

The presumed offshore boundary between the granitic‘basement and
the Franciscan terrain at the Pilarcitos fault is mapped on the basis
of magnetic information. This contact falls between the two large
negative Bouguer gravity anomalies located west of the Golden Gate
(Fig. iO). Since similar average density values are measured for the
granitic rocks of Montara Mountain and the Pranciscan Formation
(Greve, 1962), the gravity lows are probably tse result of a thick
accumulation of sediments. The gravity contours north and south of
the negative anomalies intersect the Pilarcitos fault at a high angle,
which would suggest little or no vertical displaccment of the basement
surface at that contact. A steep gravity gradient parallels the San
Andreas fault and reflects the steep westerly dip of the basement

surface, Franciscan Formation (?). This surface can be observed in
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selected reflection profiles, not illustratéd, and it is further ‘

éuggesﬁed by the magnetic gradient observed at the Golden Gate (Fig. 16).
Large vertical offset of the granitic basement at Pillar Point is

suggested byrthe'strong gravity gradient toward the central basin

(Fig. 10). Graﬁitic rocks crop out on Montara Mountain and within a

narrow belt along the present coastline (Fig. 12). 1In the east, they

are truncated by the Pilarcitos fault; to the north, they are buried under

a small basin of Pliocene (?) sediments; and on the west, they have been

displaced by the Seal Cove fault. Although the offshore gravity infor-

mation near Montara Mountain is incomplete, the strong gradient at

Pillar Point probably continues northwestialong the Seal Cove fault

until it eventually crosses the Pilarcitos fault at a high angle.
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CHAPTER VI

SUMMARY

For the purposes of this investigation, the Gulf of the Farallones
is divided iﬂ;o fwo structural provinces at the Seal Cove fault, the
Farallon platform and the Golden Gate platform. The Seal Cove fault
delineates an important boundary between a slowly subsiding basin and
a highly sheared region. The sediments west of this boundary are
~generally more continuous and are cut by fewer faults than those to the
. east. Middle Tertiary sediments of the central basin are in fault
contact with sedimenl. presumed to be of middle Pliocene age (or younger)
at the Seal Cove fault. The juxtaposition of contragting rocks offshore
and at Pi}lar Point (Glen, 1959), is evidence for possible strike-slip
displacement along the fault. This faulting probably began in Piiocene
time and has continued into Pleistocene and possibly Holocene time.
Large vertical displacements on the Seal Cove fault would explain the
present distribution of rocks; however, this explanation is not supported
by gravity information.

The upper Tertiary deformational history of the continental shelf
west of San Francisco has been dominated by large vertical displacements
along the Farallon ridge, on the Point Reyes fault, and at t .e eastern
marginal high. Strike-slip offsets on the San Andreas, Seal Zove, and
possibly Pilarcitos faults have been important in the develop@ent of the
Golden Gate platform. The Sgn Andreas fault is the only structure along

which Holocene deformation is documented. The relatively young age of

the other structures offshore suggests concurrent deformation.
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The structural development of the Golden Gate and Farallon plat-
forms is summarized in Table 1. Two important orogenic episodes have
shown major deformation of the Faral}on platform, early late Miocene
time and late Pliocene to early Pleistocene time. The eariy late Miocene
" episode corresponds with the proposed termination of an offshore trench
and initiation of strike-slip motion along the continental margin
(Atwater, 1970). At this time, vertical displacemént of the granitic
basement along the Farallon ridge, and the compressive deformation of
the eastern marginal high was iﬁitiated. Middle Tertiary sediments
were alsc deformed and uplifted within‘the.central basin, thus imprinting
a different structural grain upon them. The proﬁinant unconformity
between the middle and upper Miocene sediﬁents developed at this time.

A second episcde of deformation probably corresponds to the Plio-
Pleistocene orogenic period seen in the California Coast Ranges. The
orogeny was characterized by strong regional compression which initiated
the high angle faulting and folding in the Point Reyes area. Large
vertical and possibly horizontal displacements of the granitic basement
surface occurred on the Point Reyes and the central faults. Along the
northern section of the eastern marginal high, compressional deformation
and uplift was probably renewed at this time.

By its structural complexity, the Golden Gate platform suggests
numerous episodcs of horizontal and vertical faulting. Sincé the major
faults crossing the platform transect sediments which probably are not
older thggfp;ddle Pliocene, only a small portion of the tectonic history

can be determined. The deformation during late Tertiary time is
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concentrated primarily on the San Andreas and Segl Cove fault zones. The
nérrow:San Andreas rift zone widens southeast from the Point Reyes Penin-
sula and becomes a prominent structural depression in the offshore section.
Pleistqcene and younger sediments that f£fill the depression in the north
pinch out toward Mussel Rock and allow older Pliocene seédiments to crop
out. This offshore faul? segment is not characterized by a distinct
vertical boﬁndary that separates different acoustic rock units. In areas
where the younger sediments are near the surface, the San Andreas fault
is marked by a graben and possible en echelon faulting; when the older
Pliocene (?) sediments are not deeply buried, a westerly dipping tran-

" sition, or fault, is suggested. Strike-slip displacement on ﬁhe San
Andreas fault in Quaternary time is assumed from the work of other
authors and it may be reflected in the orientaticn of presumably youﬂg

extensional structures along the offshore section of the fault.
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