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PGandE Letter No.: DCL-84-110

Chairman Nunzio J. Palladino
U. S. Nuclear Regulatory Commission,

" 1717 H Street, N.W.
Washington, D.C. 20555

Commissioner James K. Asselstine
Commissioner Frederick M. Bernthal
Commissioner Victor Gilinsky
Commissioner Thomas M. Robertsi

1

Re: Docket No. 50-275, OL-DPR-76-

Diablo Canyon Unit 1
,

Dear Mr. Chairman and Commissioners:

Enclosed is a copy of a preprint of a paper entitled " Post-Miocene
Compressional Tectonics Along the Central California Margin,* by Messrs. James
K. Crouch, Steven B. Bachman, and John T. Shay. This paper is scheduled for
presentation in April at the American Association of Petroleum Geologists
meeting in San Diego.

We and our consultants are currently reviewing this paper. The paper is based
upon common depth point seismic reflection information recently collected in
an area at the southern part of the Hosgri fault in the offshore Santa Maria
Basin, down through point Conception and then southerly to the northern Santa
Barbara Channel. Based on their interpretation of these records, the authors

.

conclude that published geologic interpretations of this area may have to be
'

revised to show a higher contribution from comaressional tectonics and less
strike-slip contribution than previously thougit. The authors indicate that
offshore faults in this area such as the Hosgri fault, which have been
considered primarily strike-slip faults with a thrust component, should be
considered as predominantly compressional structures. They further indicate
that they see little or no movement on these faults in recent geologic times.

We understand that this hypothesis has, until now, been discussed only by a
few individuals within the oil ~1ndustry; however, we expect that it will be

; more widely discussed once the paper is presented.
|
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We remain confident that the seismic design of Diablo Canyon is conservative
and appropriate for the seismic conditions of the area. We and our
consultants will continue to monitor and evaluate this and any other
developments as they occur. Nevertheless, in light of the past controversy
involving the role of the Hosgri fault in the seismic design of Diablo Canyon,
we deem it prudent to bring this information to your prompt attention.

Kindly acknowledge receipt of this material on the enclosed copy of this
letter and return it in the enclosed addressed envelope.

Sincerely,

8
.

o* J . u.

Enclosure

cc: D. G. Eisenhut
G. W. Knighton
H. E. Schierling
Service List
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ENCLOSURE

POST-MIOCENE COMPRE5510NAL TECf0NICS ALONG THE
CENTRAL CALIFORNIA MARGIN

,

*

James t. Crouch. Steven 8. sachman, and John T. Shay I

l

Nekten, Inc. |

11578 Serrento Valley Road
San Diego, Caltfornia g2121

post-Miocene slip related to opening of the modernASSTRACT -
,

Gulf of California can be resolved to about: 200 km
.

*
-

of right-slip en the San Andreas fault proport 60 km,

Migh-resolution. 36-fold setsetc reflection of ript-slip on northwest-trending faults east and
data from offshore Santa Maria Basin. northern Santa west of the San Andreas; and 40 ka of northeast-
Barbara Channel, and off Pt. Conception reveal major southwest shortening normal to the San Andreas.
pst-Miocene thrust faulting in offshore central
California. These thrusts can be recognized on
1tnes both normal and parallel to the regional INTRODUCTION
structural grain. On lines normal to the grain they
are commonly toericate and curve. anyoptotically
downward to a basal sole thrust. On lines parallel Published geologic eseping from offshore
to the grain they appear as a band of nearly seismic reflection surveys along the California *
horizontal reflectors that truncate tightly-folded margin has relled heavily upon estrapoletten of
strata above the thrust. taeuledge from enshore geologic studies.

Tradittenelly, structural and strettgraphic trends
The northern Santa tareers Channel and Pt. have been entended from enshore (where they are

Conception area are part of the Transverse Ranges considered to be well known) to of fshore, unere
where reverse and thrust faults are commen. The single-channel seismic reflection profiles and
offshore Santa Maria Basin. however, is generally scattered well information formerly permitted only
regarded as a wrench-style basin. The Hosgrt and tenuous continuations of these trends. In general.
ether mejor northwest-trending faults within the the converse has not been true -- that is, offshore
bestn. however, appear to be predominately thrusts studies of the California mergin have provided
rather than strike-silp faults. Detailed mapping of little insight into the geologic complexities
the offshore basin indicates that the overall onshore. Technological advances in both the
structural pattern is unlike typical wrench-style collection and processing of serine seismic
tectonics. Folds, for example, have a preferred reflection prottles, however have greatly faeroved
asysmetry and their ames closely parallel faults the quality of tnese data in recent years. Many of
rather than being en echelon to them. We conclude these " state-of the-art * profiles reveal subsurface

~ ~ ' that whereas some strike-slip 15 probable, the folds structures that previous 17 'ceedd only be dimly
and faults, as well as the present morphology of the perceived both offshore and onshore,
effshore Santa Maria Basin. chiefly reflect post.
Miocene northeast-southwest-directed compression. The purpose of this paper, is to illustrate and
Statler conclusions can be drawn from the onshore discuss structural interpretations of CDP seismic'

Santa Maria Basin en the bests of field relations reflection data recently callected by Netton Inc.

and well data. In the offshore Santa Maria lasta. off Pt.
Conception, ang along the northern Santa Barbara

Compressional structures also escur enshore Channel (Fig. 1) and to show how these offshore
throu pout the Coast Ranges and are auch more common data may provide insight into the onshore post-
and perhaps more taportant than modern literature on Miocene structural development of the central

'this area portrays. This is not surprising bocasse California mergin. Within these offshore areas we
eeny of the thrusts recognizable in the offshore have cancentrated on structures that are pertinent
stoopen abruptly and became high-angle reverse to two well-taewn but semouhat controverstal fault
faults near the surface. Onshore faults mer have a systems: the northwest-trending Mesget fault emich
sistler character but flattening of these faults at estends from San Stason to south of Pt. Sal off the
depth is not eastly determined en the bests of central California coast, and the east.uest North
surface enposuces. Channel 31epe fault untch estands along the shelf

break from off Santa Barters te Pt. Conception (Fig.
Compresstenal festeres along the central 2).

Callfernia mergin are consistent with presset day
plate sotton studies unich require that Pacific- The seismic reflection data collected along
North American relative plate setten include (aside these structures and used in this report consist of
from strike-slip) a large component of compression high-resolutten, deep-penetration (2.5 to 3.0 sec).
that is normel to the $4a Andreas fault system. 36-fold, a00 cu-In dual-water gun profiles. The
Vester resolutten of these plate mettens suggest water gun source. which generates an acoustic signal*

that in contral and northern California. 300 km of by means of taptosion rather than empleston. is

.
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Figure 1. Track-line map of Nekton Inc. surveys across the central California margin. Heavy track
lines are profiles 111ustrated in Figures 3-9.

especially effective in complex shallow shelf for many of the major northwest-trending structures
regions because 1) it does not produce a hubble within the Southern Coast Ranges. Both the timing
pulse and 2) it produces higher frequencies than an and the origin of these compression 41 structures can
air gua yet has an output power comparable to an air be related to North American-Pactfic plate motions
gcq system. and the post Miocene offset history of the San

Andreas fault. In addition. we conclude thatBased on our laterpretation of these reflection suggested late Cenorote right-sity offsets on
i profiles we believe that compressional tectonics in northwest trending faults in onshore aTd offshore
| the form of reverse and thrust faults and associated central California may be overstated and that late

asyennetric folds are important elements of the post. Cencroic basin morphology in central Callfornia mayr

| Miocene tectonic history of the central California be due largely to compresstM rather than esclu-
! margin. This appears to be the case not only for sively to wrench-style tectonics.

the east-west-trending Transverse Ranges but also

l

|

- _
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Sta interpretive draatngs of seismic reflection *

',
profiles SB-1, PC-1, SM-1, $M-2, $M-3, and SM-4 g
reveal structures representative of the central j ,, g

* * * "

California of fshore (Figs. 3-8). Where noted on the g * ~ * * * * * *
,

I sections, the near-top Miocene is based on nearby a a= a aw

well ties. The profiles are approximately true , , , , g
scale, however the upper part of the profile has a g
slight (1:1.1) vertical exaggeration because of "g

lower velocities in the shallower sediment. . ,

Many of the lir.es indicated on Figure 1 show *

structures steilar to those we have chosen 'to *. g

*%111vstrate. Most of the illustrations and dis- %

\#cussion are concentrated in the offshore Santa Maria g .,,
Basin because the structures we recogniae in the

*northern Santa Barbara Channel and Pt. Conception
,

areas have, in part, already been noted by previous \workers (e.g., Yerkes and others,1980). However, """

very little seismi*c data has been available to \,
support these earlier interpretations and, thus, the \

V.profiles we illustrate serve as strong corrooorative "

evidence for their conclusions. ,, . .

\
Profiles 58-1 and PC 1

\ as*
! "Lines SB-1 and PC-1 (Figs. 3, 4) lie within the " *""""1i

menwestern Yransverse Ranges geomorphic province (Reed,
1933) a region where distinctive east-west * Figure 2. Map of central California showing

--

trencing compressional structures have been well- geographic locations and major faults.
documented onshore (e.g., Dibblee, 1966; Yerkes
and Lee,1979; Savage and others,1981t Yeats 1981,
1983). Line 58-1 eatends northward across the north
Santa Barbara Channel area, about 13 km west of of the fault plane solutions within the channel
Santa Barbara (Figs. 1, 3). Line PC-1 extends indicate either reverse or combinations of reverse

; northeastward across the shelf between Pt. Arguello and lef t-lateral strike-slip f aulting (e.g., Yerkes
' and Pt. Conception (Figs. 1. 4). Of fshore well and others, 1980). In the Pt. Conception - Pt.

ties indicate that these profiles include reflectors Arguello area, seismograph networks have been tco
from Oligocene and younger strata. sparse to give well-constrained locations and

favit-plane solutions (Gawthrop, 1975; Yerkes and
On both profiles, a series of major north-to- others, 1980). However, because of the consistent

northeast-dipping. high-angle reverse or thrust northwest trend of f aults and folds off Pt. Concep-
faults cut the Oligocene and younger section. The tion, we saspect that the left-lateral component in
most prominent fault along the north side of the the channel produces northeast-southwest-directed;

Santa Barbara Channel (Fault A on Fig. 3) coincides compression in the Pt. Conception to Pt. Arguello
closely with the shelf break. South of this fault, area.
well ties from the Mondo offshore field indicate
that the top of the Monterey Formation is at a depth Many of the low angle reverse and thrust faults
of about 2700 to 3000 m. north of the fault, along the north side of the channel and of f Pt.
numerous well tics from within state lease tracts Conception steepen ebruptly toward the surface and
place the top of the Monterey between 1200 and appear to die out in the younger part of the
1800 m. This fault trends east-west and appears to section. However, earthquake seismicity data
be continuous from off Santa Barbara (where it (Yerkes and Lee, 1979; Yertes and ot hers , 1980),
coincides closely with the Pitas Point fault), to high uplift rates of coastal marine terraces (Lajoie
as far west as Point Conception. Steiler inter- and others, 1979), and geodetic data (Suchanan-Banks
pretations, based chiefly on well data and fault nd others,1978) suggest that movement along many
plane solutions, were presented by the U.S. of the east west faults in the channel is still
Geological Survey (1974) and by Yortes and others occurring. Perhaps the offshore faults are active.
(1900). The origin of the north channel slope has and the younger more, ductile sediments are being
been attributed to post-Pliocene upitft along this folded and flened as the deeper sediments are being -
fault (Yerkes and others,1980). faulted. Many of the onshore thrust faults are

steller in style (e.g. Veets,1982). Interestingly,
; It is noteworthy that numerous thrust and in the offshore most of the faults that. reach the

reverse faults, steller to those in the channel, seafloor are minor, steeply-dtyping normal and,

| occur between Pt. Arguello and Pt. Conception (Figs. reverse faults that appear to be caused by upitf t
1, d). Here faults and folds trend roughly R55'W and subsequent instability of the overthrast block.

| (e.g., McCulloch and others, 1980; forkes and Thus, it is not surprising that investigations thati others, 1980). Hence, they are oblique to the have concentrated on the younger, shallower part of
east west trends in the Santa Barbara Channel. Most the section either do not support the existence of

f

l
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Figure 3. Interpretive 1tne drawing or seismic reflection profile $8-1 across northern Santa Barbara
Channel. For location of profile see Figure 1. Fault labeled 'A' coincides with North Channel Slope
fault of Yerkes and others (1980). Vertical exaggeration negilgible.
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Figure 4. Interpretive line drawing of seismic reflection profile PC-1 across Point Conception -
Point Arguello shelf. For location of profile see Figure 1. Vertical emaggeration negitgtble.;
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continuous east-west-trending thrust or reverse ($tiver, 1978). Hall (1975) postulated 80 km of
faults along the north channel slope (Fisther and right 51tp since the late Miocene or early Pliocene
Stalia,1983) or show a number of steeply dipping on the Mosgri segment Graham and Dickinson (1978)
near-surface faults above the zone of thrusting suggested that the Hosgri is continuous with the $an-
(e.g., Luyendyk and others, 1983). Gregorio and that the entire zone has undergone

.

about 115 km of * probable post-early Miocene right
slip". Hamilton and Willingham (1977,1979) argue

Profiles $M-1, $M-2, $M-3, and $M-4 that geological and geophysical data limit the
amount of offset along the fault zone to less than

Lines $M-1 through $M-4 (Figs. $ 8) were 20 km since the fttocene,

selected in order to tilustrate structural features
along the Hosgri fault gone that bounes the Lines $M-1, $M 2 and $M-4 estend northeast

| northeastern margin of the offshore Santa Maria across the northwest-trending Hosgri f ault, whereas
' Sasin (Mcskins and Grif fiths.1971; Wagner.1974). line line $M 3 subparallels the Hosgri on the east

It is now believed that the Hosgri and the San (Fig. 1; see also Fig.10). m th the top $1squoco
Gregorio fault to the north (Fig. 2) forms a major and near-top Miocene hortrons are based on ties to

(380 to-long) late Cenozote right slip fault zone the nearby Oceano well. Vertical offsets of these

|
!
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horttons are based on line ties, reflector Cor- parallel to and 100 km west of the Hosgrt fault
relations, and recognizable unconformities within zone.
the section. As noted by Wagner (1974) and as seen
on our profiles, the Hosgri fault is a zone of
deformation roughly 3 to 5 km wide. The most Age of Faulting
commonly mapped main trace of the fault in many
inst eces corresponds to a linear zone of disturbed,-
gas-charged sediment which may be faulted Close to Initial, mild deformation along the segment of
the seafloor along some segments of the fault. We the Hosgri fault Zone we have mapped occurred at
have labeled this main trace the *Hosgri Fault * on about the near-top Miocene hor 120n indicated on
lines SM-1, SM-2, and SM-4 (Fig. 5, 6 and 8). Figures 5 and 8. On the basis of ties to the P-060

*0ceano" well (Fig.10) and paleontological1y dated
A series of imbricate, northeast-dipping thrust bottom samples along seismic reflection profiles,i

and reverse faults make up the 3- to 5-ko-wide zone this hortton is interpreted to occur within the
along this segment of the Hosgri fault (Figs. 5, 6 lower part of the 51squoc Formation. In terms of
and 8). On a number of these faults, the low-angle age, it closely corresponds to the Miocene-Pliocene
fault surf aces are detected directly as a zone of boundary of the international time scale. It marts
shallow, northeast-d f pping reflectors which cross a slight angular discordance that can be mapped
cut the stratigraphte section (e.g., above and below throughout the offshore Santa Maria Basin. This
the surface of the seaward-most fault on Itne SM-2, estimate is in agreement with Hall's (1978, 1981)-

'
Fig. 6). Similar, anomalously oriented reflectors estimate of initial deformation (post-5 m.y.) along
are also evident on strike lines, such as SM-3 (Fig. the Hosgri.
7 ), that subparallel the east side of the Hosgri
fault. Note that both the upper and lower thrust Obispo and Tranquillion volcantes onshore
surf aces depicted on line SM-2 (Fig. 6) match the (Turner, 1970) may signal eariter extensional or
upper and lower fault surfaces (circled areas) where wrench-faulting along the Hosgri fault fone.,' they cross line SM-3 (Fig. 7). The continuity of However, faulting along the zone cannot have been
reflectors beneath the shallower portions of the continuous since emplacement of- these volcanics
thrusts (e.g., at 3-5 km on line SM-2. Fig. 6) because from the base of the Monterey up to and
indicate that none of the faults that make up this including the lower part of the Sisquoc (near-top
segment of the Hosgri fault zone is vertical at Miocene hortron) the strata are remarkably conform-
depth as might be expected along a wrench fault. able and show no signs of major deformation during

*

deposition.
Folds are often developed above the thrusts.

Some are markedly asyamietric and are thrust over Deteretning the younge:t movement along the
relatively flat underlying strata- (e.g., at 5-6 km mone is problematic. A nuseer of studies have cited
on I t ne SM-1, F i gs . 5, g ) . The genette relationship evidence for Quaternary movement along the tone
of folds to faulting and strong evidence for the (e.g., Wagner, 1974t Payne and others,1979) and
Cortpressive nature of the faults are exemplified by seismicity studies (e.g., Gewthrop,1978) suggest
the parallelfsa of these structures (Fig. 10). that the zone is still active. On our profiles
Moreover, we have mapped structures throughout the (Figs. 5 - 8), however, most of the faulting and
offshore Santa Maria Basin and find that virtually folding appear to have ceased near the top of the
all of the major faults and folds west of the main Sisquoc (or by the mid to late Pilocene). Minor

s! trace of the Hosgri Fault are parallet or sub- faulting may be continuing and may offset' the
! parallel to one another (see maps by Hosklas and seafloor along the main trace of the tone (*Mosgri
! Grif fiths,1971, and McCu11ach and others,1980, for Fault" noted on Figs. 5, 6 and 8) but on our pro-

sta11ar interpretations). Major en echelon files we can detect only a disturbed gas zone in
structures that might be expected from simple shear the sediment that unconformably overlie the top of
modeling of wrench faults (e.g., Wticos and others, the Sisquoc. This gas zone, which at the seafloor
1973) are not present within the offshore Santa forms a narrow band along most of the fault, could
Marta Basin west of the main Mosgri fault trace. easily be interpreted to indicate faulting on

shallow penetration seismic reflection profiles. |
Thrust faulting occurs not only along the

Hosgri fault rene but throughout the offshore Santa
Maria Basin. Payne and others (1979) classified the COMPRES$10hAL ASPECTS OF THE
offshore Lompoc fault as an ' eastward-dipping ~ $AN GREGORIO-HOSGRI FAULT Z0ht.

reverse fault which parallels the western flank cf ea
large antic 11ne". On the basis of our seismic data
(which has negligible vertical enaggeration), we We have mapped thrust and reverse faults and
interpret the offshore Lompoc fault to be a thrust. associated subparallel fold trends for more than 40
Other, well-defined northwest-trending thrust faults km along the southern segnent of the Hosgrt fault
occur beneath asymmetric folds along the seaward rene (Fig. 10). Statlar compressional structures
edges of the basin - as such as 28 km west of the have been noted off Puristaa Pt. at the southern endMosgri trend. Farther west, the Santa Lecta Bank, of the Mosgri (Namilton and Willingham,1979), and
which bounds the western flank of the Santa Marta along the San Gregorio fault, south of Pt. Sur
8asin, is cut by a number of faults that are between (McCulloch and others, 1980).
40 and 60 km west of and roughly parallel to the
Nosgri fault rene (McCulloch and others, 1980).
Nearly pure thrust motion solutions were determined As reported by Graham and Dickinson (1978), 85
fram two moinshocks t,f a 1969 series of earthquakes percent of the 380-ka-long San Gregorio - Mosert
located along the Santa Lucia Bank (Gewthrop 1g77, fault lies offshore. The remaining 15 percent {60

, 1978). Page and others (1979) noted eastward- km) of the zone transects the coastinne protuber-
I dipping low-angle faulting in strata as young as ances near Pigeon Pt., Pt. Sur, and San $1meon (Fig.

Osaternary within the abandoned trench at the base 2). Marted.dtfferences in stratigraphic sequences
of the continental slope. This palectrench lies occur 4 Cross the fault tones that Cut these onshore

.
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Figure 5. Interprettve Itne drawing of setsatt reflection profile $M-1 across
northeastern offshore Santa Maria Basin. For location of profile see Figure 1.
"Hosgri Fault" indicates most commonly depicted trace of Mosgri fault Zone. Circle
indicates strecture also exhibited by cross Itne SM-3 on Figure 7 Vertical
exaggeration negitgtble.
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Figure 7. Interprettve 1tne drawing of seismic reflection prof tle SM-3 east of and
subparallel to *Hosgri Fault *. For location of profile see Figure 1. Circles
indicate cross Itne structures depicted on profiles SM-1 (Fig. 5) and SM.2 (Fig. 6).
Vertical exaggeration negligtble.
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Figure 9. Thi rty-six-channel seismic reflection profile showing detatis of thrust fault and

SBC o,eriying asy,,,etric foid interpreted on profiie SM-1. See rigures i and s for i. cation, verticai
exaggeration negligible.

localities and, for the most part, these differenceses a form the basis for establishing major right-lateral
mass of fsets along the San Gregorio - Mosgri fault rene

i (Hall,1975; Graham and Otekinson, 1978; Clart and
Brabb. 1978; and Clart and others, this volume).
However, in view of our findings and the fact that

\ . */ .
# stratigraphic contrasts are also cossnon along thrust

g , and reverse f aults. the following lines of evidencearea
\ * 'O,* ' seem worthy of consideration:'

\ /
1. At Pt. Ano Nuevo (just south of Pigeon Pt. onp Fig. 2) an onshore seacliff exposure of a f aults\ * trace within the San Gregorio fault zone

I exhibits a northeast dipping thrust that jux-
\ asosse taposes Miocene Monterey strata o,er Pleisto-

cene marine terrace and fluvial deposits
. \ j / FAutr * * " ' ' ' , (see Fig. 2 of Coppersmith and Griggs.1978).

-

i First-motion solutions for earthquakes near Ano
,

( Nuevo Point are compatible with thrusting
--other analyses along the San Gregorio zone

\ 88 indicate a combination of right shear and
\ l compressional stress (Coppersmith and Griggs..

N 1978)'.

# l 2. Farther south near Pt. Sur, the sur fault zone
\ is believed to represent an onshore seynent of

\ the San Gregorto fault. Faults within this
zone, such as the Sur. Sur Hill Serra Hill.

\

\
[ Figure 10. Top 51squoc structure sep of'

; - 8#h |l .
northeastern offshore Santa Marta Basin showing'*"

my \ fault and fold ases trends along and west of the
main trace of the "Mosgri Fault". Barbs (oni

h upthrown side) indicate reverse or thrust
character.
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) and McWay, however, have long been recognized 15 evidence that many of the northwest-trending

1 as major thrust or reverse faults (e.g., Trask, faults in the Southern Coast Ranges are reverse or

|
1926; Reiche, 1936; Tallaferro, 1943a; and thrust faults (Fig.11. Table 1). In the following

i Gilbert, 1973). In sumarizing the structure paragraphs we sunnarize sone of the evidence that
of the sur fault zone. Trask (1926) points out has been presented for compression and crustal'

the following: sia parallel northwest-trending shortening along these and other prominent
thrusts a) outcrop over a ten-mile span, b) dip structures within the Southern Coast Ranges.
40' to 70' northeast except the Sur fault which
dips less than 30* along most of its course,
and c) are all Pliocene in age. Region !

,

l

3. Near San $1meon, where the 5.n Gregorio and '

Hosgri reportedly join, a series of onshore The majority of faults in the northern Santa
faults that include the San Simeon, Arroyo Lucia Range (Region I. Fig. 11) are post-early
Laguna. Oceanic, and Arroyo Del Oso make up the Pif ocene, northeast-df pping reverse faults (Trask.
San 5tmeon f ault tone. The Arroyo Laguna was 1926; Reiche, 1936; Taliaferro, 1943a; Compton,
interpreted by Taliaferro (1943a) to be a 19eo; Dibblee, 1976, 1979). Several, such as the

thrust fault and the Arroyo Del Oso is depteted Tularcitos and Chucagua, dip to the southwest
by Hall *(1976) as a thrust. Uplifted and (Olbblee. 1976) and some, such as the Sur fault, are
faulted Pleistocene terraces are comon along shallow-dipping thrust faults (Trask. 1926). In
the zone (Hall,1975; Weber,1983). Earthquake perhaps the most detailed structural study ever made
solutions from recent seismicity in the area in the northern Santa Lucia Range Compton (1966)
indicate large thrust components along faults concluded that 1) the numerous, predominately
coincident with the northwest trending Hosgri northeast-dipping reverse faults in the range are a
fault rore (Gawthrop,1978. Lindh and others, result of Pitocene-Pleistocene deformation; 2) maxi-
1980; J. Eaton personal comunication.1984). num compressive stress as well as crustal shortening

of about 12 percent occurred in a direction rougnly
4 Onshore in the Pt. Sal area, major thrust normal to the M40*W-trend of the ranges; 3) faults

faults such as the Petront, Casmalia, and tend to parallet folds. Indicating that they are
Orcutt exhibit Pliocene or younger activity genettcally related; and 4) crustal shortening and
(Sylvester and Darrow, 1979). Several compressive uplift of the range may have been

- solutions from recent seismicity studies of accompitshed by northeast to-southwest flowage under
earthquakes located approximately along the the crust.'

Hosgri tone just west of Pt. Sal have well-
coistrained pure-thrust focal mechanisms The nature and history of major faults that
(Lindh and others, 1980). bound the easte n flank of the ranges (e.g., King

City and Re112 fa.its) are imprecisely tnown because
they are extensively buried by alluvial fan depo-

COMPRES$10N IN THE SOUTHERM CCAST RANGES sits. Nevertheless, major vertical uplift along
these faults is clearly evident and may be as great
as 3000 m or more (Dibblee. 1976). Although Dibblee

From San Francisco south to the Transverse (1976) has suggested that
the King City (and RelirRanges, the Southern Coast Ranges consist of a faults are part of the Rinconada fault which he

number of northwest-trending ranges (e.g., the Santa interprets to be a major right-lateral syst em) .
Cruz. . Diablo. Santa Lucta. Gabilan. La Panza, others (e.g.. Schompel, 1943; Talfaferro, 1943a;
Caltente, Temblor, San Rafael, and Sierra Madre Ellkenny,1948; and Gribt.1979) interpret the King
ranges) and intervening or adjacent basins (e.g., City - Reitz fault to be a southwest-dipping thrust
Santa Clara. Salinas, Lockwood, Huasna. Santa Marta, or reverse fault. Where it is well' exposed on the
and Cuyama). For more than half a century, Ca11- west flank of Relit Canyon and on the north bank of
fornia geologists have been impressed by the amount the Arroyo Seco, the Reltz fault dips 70' southwest
and recency of deformation that has formed these (Dibblee. 1976). As noted by Gribt (1%3,1979) and
major uplif ts and depressions (e.g., Reed. 1933; Durham (1965), the well-known Los Lobos thrust (LL
Reed and Hollister, 19M; Taltaferro, 1943a; in Region 11 on Fig. 11) may be a more easterly
Chri s tensen , 1% 5 ; Page , 1966, 1977. 1981 ; Dibblee, empressten of the northeast-southwest compression
1976). Although their interpretations concerning that has occurred within the he's Luctas and along

tectonic development tiffer broadly, many of the the King City - Rella fault zone.
observations of these acd other notable geologists *

who have studied the Southern Coast Ranges are
similar. These observations are that: 1) marked Region 11
regional tectonism that formed these individual
ranges originated in the Pliocene or early Pleisto-
cone and culminated in the Quaternary; 2) the trends la the Lockwood Valley just Southeast of the'

of the ranges and basins, as well as the majority of Junipero Serra upitft stadted by Compton (1966),
fault traces and fold ases, apprestaately parallel several local thrusts tiound the San Antonio hills
(within 10' or less) the strite of the San Andreas ($A on Fig. 11) and show evidence of late Quater-
fault (see Page.1966. Fig.10,1901, Fig. 13-16; nary movement (0lbblee. 1979). Within the valler.
Dibblee. 1976 , Fig. 20); and 3) on a regional scale the Jolon fault may be a northeast-dipping thrust
mony of these structures reflect severe compression (Dibblee.1979). and along the southwestern margin
and crustal shortening in a direction ~ normal to of the valley, the See RoCt fault (SR on Fig. 11)
their trends and to the strike of the San Andreas is a well-documented northeast-dipping thrust
fault. (Durham, 1974; Ottslee, 1976). It is noteworthy

that Durham (1974) argues that these structures have
There is general agreement that several major resulted free right-lateral offset along the Jolon.

| faults in the Southern Coast Ranges have a signtf- Rinconada fault zone, yet he concedes that the
icant strike-slip component; we also believe there structures are more cos ,atible with northeast-

!
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yh southwest crustal shortening than with right-lateral
shear. Other Pilocene-Pleistocene thrust or reverse$ I. faults in the area include the San Marcos segment of
Bibblee's (1976) Rinconada fault zone (R SM on Fig.
11) and possibly the Espinosa fault. Taliaferro
(1943a) referred to the San Marcos f ault as a thrustf..,'..

. rone and Olbblee (1976) noted that the fault dips/

f" ''

..,N s 50* southwest where it is well exposed along San
,e . Marcos Creet.

Iv 'N ( k(i West of the Lockwood Valse in the southern,p
h c\ Santa Lucias, the Las Tablas fault is believed to beg / ,, y

4 ,'
T a Pliocene-Pleistocene thrust (Tallarerro, 1943a).'

\I '4 Within the same region, a number of faults with
'

,' ("f- 4= / possible reverse movement (Taliaferro,1943a) make6 up the Nacimiento fault zone. Page (1970) specu-#s~ Q lated that the Nacimiento fault Zone may have under-
0"k,

d I
, gone reactivated reverse movement in Pitocene or>

-

SQ '' Pleistocene time.,

g* 5
'

g

.r, As previously mentioned, the Arroyo Laguna ard
I

T I Arroyo Del Oso faults along the coast near Sanc. o
J $1meon (AL and A0 on Fig.11) are considered to be

i I
young thrusts.

b
see sw=een l I i Region !!!

g I further south, in Region Ill (Fig.11), major
p; { g northeast- and southwest-dipping thrust fault are
y, K ; well documented from both surface and subsurface,
,y*, . . g data. These include the La Panza faults that bounds.

$ the western flank of the La Panza Range (Reed andt- _
,

//1 E Hollister, 1936; Dibblee, 1976), the well-known*

P,j , |O Norales, Whiterock, and South Cuyama faults that
t bound the Cuyama Basin (e.g., Reed and Hollister,s% ',g. ) 1936; Baldwin, 1971; Vedder,1973), and the Ozena(

( [ thrust fault that bounds the southeast flank of thej

#) Sierra Madre range (Fritsche,1972; Dibblee,1976).
L

I

req op[ All of these faults exhibit substantial post-Miocene
i** i. s

'
, I 'E El / / horizontal displacement. '

h %

'[6S ,, ,, '[o k West of the San Raf ael Range, the East and West
' s'

i p g Huasna faults (EH & WH on Fig.11) that bound the
,9A ' m \ , respective flanks of the Huasna Basin were consid-

t I{y ered by f allaferro (19430) to be high-angle reverseN *"

N I I % faults developed in the late Pilocene. Hill (1954),

- ( | and Hall (1981) favor strike-sito along these
N J , faults, but in a detailed study of the area Johnson

4 t and Page (1976) conclude that the regional stress

b=)(b
g

%. that created the Huasna syncline was one of maximumy compression in a southwest-northeast direction andN. ,

L,,,,, - | #g*rg g i that .this compression was app, simately normal to

*(a.g \ the traces of the large faults in the a ea. The
. ,

f Little Pine fault (LP on Fig. 11), which 15 on trend
#e+# %..'''

' with the Huasna Basin, is clearly a northeast-. o ,'. '
c, .[st 8 *" dipping thrust (Dibblee,1966; Hall,1981).3 f- 3,s

/ Within the onshore Santa Maria Basin, severalm,

%. southwest-dipping thrusts, such as the Pe220ni,
Casmalta-Orcutt, and Los Alamos (PE, C-0 and LA on
Fig. 11 ), are well known (e.g., Woodring and

Figure 11. Map of Southern Coast Ranges entending Bramlette,1950; Krammes and others,1959; Sylvester
from Mont erey south to the Transverse Ranges, and Darrow, 1979). It is not widely known, however,
showf ng major northwest-trending faults west of the that detailed subswa face studies within the basin
San Andreas fault that have undergone Pltocene and indicate that northwest-trending thrust faults are
younger movement (see text). Barbs (upthrown side prevalent throughout the basin. With the possible
of faults) indicate reverse or thrust type exception of Guadalupe, nearly every field in the
faulting. Open barbs indicate lower degree of cer. onshore Santa Maria Basin is underlain or cut by
talat#* thrust faults. Folds, such as those that form

Casmalia Orcutt, Four Deer, Los Alamos, and Zaca
fields, are all genetically related to and underlain

!
. -. . - _ ., . .
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Region Foult Symbol Foult Nome Reference
M i., tres . nr.; e....

Siisert nr3; eie.e. an; feieeeerr.. Swas; Cemeten, iu6see, nF6

Sn See atin tresa.1976; &lteert 1973
SCa leers mill tresa.1976; $sleert 1973
st satees hetsme.19M
PC Pelo Ceterese trest.1924
nF aarts fort trett.1976; letzte 3134
CC Cherst Ceest hetChe,19M; $6getaten, l999; Grotes. 1976. 1978
$J See Jose tresa.1926
$C lea Clemente trata.1926
Cu Cascatee Steelee.1974 e
at attier Crees steelee 1976; Grena.1976.19Ff
18 leierisites steelee.197o
Jt Jumisere leree Cemeten.1966; Steelee. 1976, 1979 -
Le Lette Cemetea.1966; Steelee. 1976. 1979
CO Cetensa Cemeten 1964; Diettee. 1976. 1979

aC aC tsal CitrJetta lanensel. IN3; feltef ere. IM3e; tiltenay,1944;t
9ttelee.1976

a0 Arrore eel One melt.1971* 1976
AL , Arrero La9mae fallefeece. IM3e; Hall.1975*
L1 Les feelesE folteferre.1981s.19e4
GA tee hors Smeten.1974; 9teelee.1976
&& les astante Cemeten.1966; torten.1974; ettslee. 1976. 1979
LL Les Lemos

Colete. IN3; 6etti. IN3.1979; enraan.1974; Steelse.1976

8.ln Stateness.len nerges
legan=t falleferre. IM3e; Elitenay 19e0; Diettee 1976

OL Offsaere Lampec peyne and steers.1979; tels evoort
u0 siestet tais reeert
PC Detaest

useertat one trealette.1960; lylvestee one Secree.1979;hall. IMI. IM2
C.4 Caseelta. ors tt

itseering eae Bremsette.1953; lys. ester one caree 1979;
trennes ans steers.1969; nell. IMt. IN3

LA Les Alames
basertat and $realette.1950; Sploester one Decrow, 1979;Guetill,1982

ies uest %esae
Te16eferre. IM3e; nell and Certete. IMF*; nell,1975*

to test besas faltaferee.19 ele; nell ene Cornete. INF*
64 Gerop IInil. EMI
LP Little Ptae |1t11.1964; Metlee. 1986. 1976; Nell. IMI

a.at ancleeente.nepene stell and Certete. IMF; Pege.1979leyent

e.so ence 6eate.sensere
Segment seasse ame temen. Ites; stettee. 3976.

i
LP.Cs La Paese . Cepens .

Goes ame insillster 19Ma Dieslee.1976
Ste testa Cereme Good ame Nellister.19M; leleerte. l994; stil ama etters.Itte;

I
toisese 1971; teaser 59F3; Diettee.1976

ps Sig forlag teetles.1976l
,

I na ubite tone
Apes ame testitsaac 1916; lates.1983 tetts. IMf; stil onesteers.1998; 8elente. 3978; emesse.1973

gg teene
fratesee.1977; 9essor 1973; pegelse. 8976

se narales
lates.1983: #til ene essees.19te; seeFor.19F3; tale ta.1973,Stettee.1976

! Table 1.
References to Interpretations of faults shown on Figure.11, Asterist indlCates age!

l
docussentation only. i
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by Southwest dipping thrust f aults, whereas those volume at 5.5 m.y. 8.P.). and contemporaneous 1y with5

that form the Lompoc. Barnham Ranch, and parts of right-lateral motion along the San Andress fault.
Clark Avenue fleids are underlain by northeast. Thus. northeast southwest directed cropression with-
dipping thrusts (J.K. Crouch, unpubitshed data; in the Southern Coast Ranges has been occurring
catherman, 1983). In a manner somewhat sistlar to during a transform tectante regime,
isivester and Darrow (1979), we interpret the
southwest-dtpping thessts that bound the Casmalta. Finally. the trends of many of the reverse and
Orcutt, and tos Alamos fields to be one continuous thrust faults as well 45 the folds, ranges, and
fault (C-0 and LA on Fig. 11). basins within the Southern Coast Ranges are not in

harwony(with the popular notion of a broad transformregime Atwater, 1970). Simple shear models (e.g..
Other Evidence Wilcon and others.1973) indicate that these com-

pressional structures should lie at an angle of
approatmately 30' to the wrench trend; instead many

Other lines of svidence also suggest that are generally parallel to the trend of the San
northeast-southwest compression sad crustal Andreas fault,

shortening are major elements of the post-late
Miocene structural development of the Southern Coast in order to resolve these apparent discrepen-
Itanges. Foremost is the predominant M40* 50*W trend ctes between espected trends of transform structures
of Pilo-Pleistocene fold anes, basins, and uplif ted and actual trends of compressional structures, we
ranges (e.g. Page. 1966, 1981; Surford. 1967; and combined plate-motion studies and outcrop geology to
Gawthrop, 1978). As Page (1956. 1981) aptly points better understand the tectonics responsible for
out, these trends are in agreement with the central California structures. Post late Miocene
direction of manimum shortening Indicated by P1to- relative motion between the North American and
gene and younger reverse and thrust faults through. Pacific plates can be determined frc.a instantaneous
out the ranges. These trends also agree with plate mottens over the last few alliton years and
Surford's (1965 1967) analyses of present-day from the amount of opening of the Gulf of Califor-
strain across two transects of the Southern Coast nia. The relative NA PAC plate motions of 56+3
Ranges in which he concludes that ensimm crustal um/yr in a N35'W+2* direction (Minster and Jordan,
shortening in approaimately a N35'E direction has 197d; Jordan and Rinster this volume) yield a total
dominated the pattern of crustal movement over the right lateral offset of about 308 km in the last 5.5

20-year period from 1932-1951. m.y. This agrees closely with the 300 km estfeate

of opening +82; Moore and
of the Gulf of California (Curray and

others, 1 Curray. 1982; Curray andStudies of both historic and modern earthquakes
in the Southern Coast Ranges commonly indicate Moore, this volume). Because this relative plate
thrust and reverse type faulting as well as strike motion is not parallel to the San Andreas fault
slip (Gewthrop. 1977. 1973; Coppersmith and Griggs. (Jordan and Minster, this volume) and exceeds the
1978; $ avage and Prescott 1978; Lindh and others, motion along the San Andreas f ault, contributtons
1980). In fact. Gawthrop (1977, 1978) found that from additional structures are required in order to
out of 31 events in the central California coastal resolve the overall plate motion. These contribu.
region, there were approatmately an equal number of tions include opening of the Basin and Range, motion
strike slip and thrust events. On the basis of his along faults subparallel to the San Andreas fault,
studies. he concluded that " focal mechanisms and convergence along the Calle. nta margin.
throughout the region suggest that the driving
motion is not parallel to the San Andreas fault or The motion along the San Andreas fault has been
the strike of the f aults to the west, but has a calculated from several data bases. Thatcher (1979)
component normal to these faults, resulting in some and Hall and $leh (1977) have determined post-
thrust faulting and folding." Miocene rates of 33-45 m/yr and 37+4 sen/yr. respect-

twely. Huffman (1972) demonstratecT23a+8 km of dis-
placement of upper Miocene rocks in central Califor.

Tectonic Framework an Relative Plate Motions nia and Dickinson and others (1972) estimated that
lower Pilocene rocks were offset by(yielding 204 km160 to 200 km.
In Figure 12. we have used 37 am/yr

In the contest of modern-day tectonics, several of displacement in the last 5.S m.y.) of post-
aspects of the compressional structures we have nlocene slip on the San Andreas as a number compat-
svanartaed are aspecially noteworthy. First, with ible .to all the measurements. The greatest vart-
regard to the plate reconstructions deduced by ability in motion vectors occurs with the
Atwater (1970) and Atwater and Molnar (1973), the uncertainty f avolved in the opening of the Basin and
compressional features of the So9thern Coast Ranges Ran9e. This motion (Fig.12) has been estimated to
developed af ter the cessetton of subduction of the be 614 mm/yr (Thompson and Burse. 1973) with an

asimuth of N60*W1 5' (Zoback and Zoback. 1980).2Farallon plate and after the northwestward passage
of the Mendocino triple junction. With respect to
the Southern Coast Ranges, passage of the Mendocino As shown on Figure 12. the cometned motion of
triple junct'lon and cessation of subduc ton occurred Basin and Range opening and slip on the San Andreas
at approximately 28 m.y. 8.P. off Pt. Sal. 24 m.y. fault does not resolve all of the motion between the
S.P. off Point Sur, and 20 m.y. 8.P. off $an Fran- Pacific and North American plates; there remains
cisco (see Graham. 1978 Fig. 1; 01ckinson and signi ficant motion in a northern or northeastern

Snyder. 1979. Fig. 8). Thus, post-nlocene compres. direction that needs to be taken into account. We
stonal structures within the Southern Coast Ranges have split this restdual motion into vectors that
could not have been the result of subduction of are parallel to (strike-slip of Fig.12) and normal
oceanic lithosphere beneath the margin. to (convergence of Fig.12) the trend of the San

Andreas fault. We then calculated a range of values
Secondly, the development of the Southern Coast for these vectors required by the vertability in

Ranges occurred af ter the opening of the moders Gulf Basin and Range measurements. The amount of post-
of California (now set by Curray and noere, this Miocene (0-5.5 m.y.) converDence ranges from 28 to

|

)
i
'
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72 km, with companion strike slip motion of 45 to 68
km. Sitgntly larger strike slip offset can be VECTOR RESOLUTION OF NORTH AaaERICAN-PAOFIC,

| calculated by optistring the choice of vector RELATavE PLATE haOTIONS 10-S Sm y)
solutions in Figure 12.

Determinations of the amour.t of apparent
post-Miocene shortening along the central California f eashen unenoeved by San Anareas row,
margin provides a rough check on our convergence c (0-S<Sm

Seme-se can.y)calculation. Compton (1g66) determined that s eegence |
4

basement rocks in the Santa Lucia Range have 2
3 ,, ,,,, , ;undergone an average shortening of 12 percent in a 3 g' h h Mm Idirection approstmately normal to the range.; 4g\s

<3,, %Fritsche (1372) calculated an average shortening of
*22 percent in Miocene rocks along the Orena and g g

related faults in the Sierra Madre Range. From =
preliminary studies we have estivaated the amount of '

shortening across the offshore Santa Marta Basin to S,
~

be roughly 15 to 20 percent. The average of these ,three estimates of shortening is about 17 percent in
,a N45' r direction, or roughly normal to the trend

of the San Andreas fault. The width of the Central * * *
,

California margin over which we infer shortening is 9 aw w -
.

taking place (from the base of the continental slope v
to the east side of the Temblor Range) is about 200 veneemy er amuse a
km. An estimate of northeast-southwest shortening thru hea es se m a nense
is then 200 km x 17s or 34 km. This estimate shov14 '"""'
be considered a etnimum because the amount of
shortening is most likely greatest along major
northwest-trending fault tones rather than within Figure 12. Vector resolution of North
intervening basins and ranges. Note that this American-Pacific relative plate motions from 5.5
estimate agrees closely with our minimum estimate of m.y. to present, showing estimates of residual
shortening based on restaual plate motions (Fig. strike slip and convergence not accounted for byi

i 12). Basin and Range opening)and sitp en the San Andreasfault. Assumptions: 1 300-km opening in the Gulf
of California (5.5 m.y. # $6 sm/yr); 2) 204-km

i TECTONIC [Mpt! CATIONS right slip on San Andreas (5.5 e.y. # 37 an/yr).
! See test for discussion.

Our seismic reflection data along the central
California margin reveal a number of major offshore
f aults that Change from high-engle reverse faults in envisioned by Compton (1g66), who argued that thethe upper part of the section to low angle thrust structural relationships in the Santa Lucia Rangefavits at depth. On the basis of these data and the suggest northeast-to-southwest flowage under the
evioence suaunarized in the previous sections, we crust.
infer that many of the post-Miocene high angle
reverse faults within the Southern Coast Ranges Idithin the framework of this model, northeast-(Fig.11) also flatten at depth and that northeast- southwest crustal shortening is taken up bysoutn=est crustal shortening along this part of the southwest- and northeast-dipping reverse and thrust

i Caitfornia margin is f ar pater than is generally faults that estend upward from the zone of-
believed. If this is true, then it is plausible detachment. Note that on Figure 13 we also show the' that the Southern Coast Ranges and the adjacent zone of detachment east of the San Andreas proper.
offshore continental margin may rest on a hortzontal Tnis is to account for reverse and thrust faultsdetachment surface or decollement. that subparallel the San Andreas on the east (Hudson

and White. 1341; Wentworth and others. 1983) and the
possiblitty that the detachment zone as well as the!

Decollement Model Pacific-North American plate boundary continues east
of the San Andreas fault (Hadley and Kanamori. 1g77,
feats. Ig81).

The detachment surface we envision is
diagramatically portrayed on Figure 13. In Some of the east-west-trending sinistral faults
general, it coincides with the focal depth limit of that cut across the Transverse Ranges may connectearthquakes (tacluding those on the San Andreas) and with northwest-trending faults in the Southern Coast
the top of a high-velocity layer (6.8 km/sec) in the Ranges. For esemple, the southern end of the HosgriCoast Ranges. both of which range free about 12 to fault may join with the sinistrai Santa Yner River
15 km in depth (Mill. 1g78. and references thereta). fault of Sylvester and Barrow (Ig79). Left-lateral
We also infer that this rene represents the top of offset along this fault would be accommodated by the
an intermediate crustal layer of steanic character thrust faulting and folding we recognise along the
that estends down to the Moho. Septh to the Maho Nesgrt fault sene. A steller suample is the western(23 km) is generelt:ed from Healy (1g63) and the end of the Big pine fault where it becomes oblique-,

- thickness of the oceanic 7 layer is based on typical left-SIlp and merges with the northwest-trending.
eceante crustal thickness of 10 km. The top of this Nildreth-Camuesa fault system (Vedder and others,
oceanic crustal layer may ll-suitedin part, he serpentinized 1367). These eaamples may explain why major
and would provide a we esetssic gilde northwest trending fault tones such as the Nosgri
surface at the zone of detachment. The model we and bactaiento do not cut the east-west trend of the
suggest is sisilar to feats' (1g81) flake-tectante Transverse' Ranges. They also offer an alternativei

| hypothests for the Transverse Ranges and the model .te the rotatt,enal block model of Luyendyk and others
!

.
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Figure 13 Block diagram illustrating taferred upper crust detachment of the central California
margin due to northeast-south est compression. Santa iner and associated faults are left-lateral and
follow the westerward front edge of the block. The San Andreas fault is interpreted to be west of the
pacific-North American plate boundary. See test for discMssion.

(1980) which requires that terminated, northwest. developed a number of subtle petroleue traps above
trending faults such as the Hosgri and Naciatento and below thrust and reverse faults. A good example
undergo major right 511p displacement. 15 the Orcutt field in the onshore Santa Marta

Basin. This field, whtCh is formed by an alyf:rietric
anticline developed above the OrCutt thrust fault,

post-Miocene Basin Development was discovered in the early 1900s. prouuction is
g mainly from the Monterey Formation and ett gravities

generally range from 15' to 20* APl. In just the
It is now generally believed that the initta- past few years several new Monterey oil discovertes-

tt'oi and continuing development of Neogene basins have been made in deeply burte6 folds developed
that lie west of the San Andreas fault in California beneath the thrust. Oil gravities from these
are directly related to right-lateral shear (e.g., subthrust traps are generally at least twice the
Crowell , 1974; Otbblee. 1976; Blake and others, gravity of oil normally found in the Santa Maria
1978; Mall.1978.1981; Dickinson. 1981; and many Sastn. We suspect that a significant number of

i 'ot hers ) . While we agree that right-lateral motion other subthrust traps and stroClurally comp 11Cated
i has probably played an important part in the history overthrust traps still remain to be discovered in

of these Neogene basins, we question whether or not offshore and onshore California.
It is the only mechanism responsible for basta
development. For example, we interpret the post.
Miocene development of the offshore Santa Maria CONCLUSIONS
Basin to be largely compressional. If engoing
right-lateral shear has played a dominent role, why )are the pitant strata within this basin n:t errenged 1. Many of. the mejor faults along the offshore ;

in a pattern of en echelon folds? The same question central Celtfernia mergin are either thrust j

applies to the onshore Santa Morta. Mustna, and faults er high-engle reverse faults that
southwestern Cuyana Bastas and, perhaps, to many of flatten and become thrust faults at depth. ,

tne other onshore and offshore basins along the Along the northern Santa Barbara Channel these i

! ceatral California mergin. faults generally trend east-west, dip to the )
north, and probably (have lef t-lateral as well

,

* as dip-slip motion e.g., Yerkes and others. '
.

petroleum Traps Associated with Convergence 1900). Along the pt. Co..!=etter. . Pt. Arguello
shelf, thrust and reverse fe.its trend roughly
R55"W and dip north-northeast. In the offshore

Substar*.tal post Miocene crustal shortening Santa Maria Basin, thrust and reverse faults
along the central _ California mergin may have trend about N35'W and dip predominately to the

.
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northeast. Rignt-lateral slip has probably REFLNEhCE5
occurred on some of these faults, however folds
associated with the faults are usually
asyenetric and their anes closely parallel the Atwater. Tanya, 1970 Imp 11 cations of plate tee.
fault traces indicating that compression is tonics for Cenotoic evolution of western North
playing a dominant role in structural Amerua: Geol. Soc. America Bull., v. 81development. p. 3531 3436.

Atwater. Tanya, and Molnar. P.. 1973 Relative2. Stattar favit and fold relationships have been motion of the Pcctf tc and horth American plates
reported in adjacent onshore regions. Within deduced from seafloor spreading in the
the vestern Transverse Ranges compressional Atlantic. Indian, and South Pactf tc oceans. Instructures are well known. Mowever. the Kovack. R.L., and hur. A. eds.. Proceedings ofnorthwest trending structural features in the the conference on tectu te problems of the Sana
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tectonics. Because many of the faults in this Baldwin. T.A.. 1971 Petroleum potential ofregion are steeply stpping, high angle reverse . California central Coast Ranges. in, Cram,f aults at the surface, the role of compres. l.H., ed.. Future petroleum provinces of the
stonal tect6ates in the Southern Coast Ranges United States - their geology and potential:
may not be fully appreciated. We conclude that Am. Assoc. Petroleum Geologists. Mem. 15. v. 1many of these high angle reverse fau15s. Itte p. 309 315.
those in the offshore, flatten and become Blake. M.C., Jr. Campbell . R.H., Olbblee. T.W. ,thrust faults at depth. *

Jr.. Howell. 0.G.. Nil sen. T.H., Normank. W.R. .
3 Resolution of present-day plate motions coupled Vedder. J.G.. sad 5tiver. E.A., 1978. Neogene
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faults west of the San Andreas. Surford. R.O.,1965. Strain analysis across the San

Andreas fault and Coast Ranges of California:4 In order to accommodate major crustal Paper presented at Second Sympostus. Countssionshortening in the past 5.5 m.y. . we propose on Recent Crustal Movements. Autanto. Finland,that the upper crust (<12 km depth) along the August 1965
Central California margin is separated from a Burford. R.O. 196 . Strain analysis across the Sanlower. possibly oceante crustal layer along an Andreas fault and Coast Rarges of Californta:
aseisate zone of detachment or decollement.
Thrust faults entending upward from the zone of PhD thests. Stanford Univ., Stanford, Calif.,

74 p.
detachment are compressed into high angle Christensen. M.N., 1965 Quaternary of thereverse faults t! shallow crustal depths. California Coast Ranges: Caltf. Olv. Mines and

Geology Bull. 190. p. 305 314,
5. Compressional tectonics may be an 1swortant Clart J.C., and Brabb. E.E., 1978 Stratigraphicelement of basta sevelopment along the central contrast across the San Gregorio f ault: Callf.California margin. Proatnent basins suc% as 01v. Mines and Geology Special Rept. 137

the of f shore and onshore Santa Marta. Huasna, p. 3-12.
and Cuyama Basins. all appear to have undergone Colvin, R.G., 1903 San Ardo oil field, Montereynortheast southwest.dtrected compression in County, Californte, in Guidebook to the geologypost-Miocene time. The predostnance of thrust of the Salines VaTTey and the San Andreasfaults and parallelism of folds within thesc fault: Soc. Econ. Paleontologists and! basins suggest that compression rather than Mineralogists.'

right-silp has dominated the late stages of Compton. R.R., 1906. Analysts of Pilo-Pleistocene
| Desin development, deformation and stresses in northern Santaf

* Lucta Range 1361.Cal 1forniat Geol. Soc. America6. New petroleum field discovertes along the 8vil. 77 p.
central Caltfornia margin may cone from subtle Coppersmith, K.J., and N hqs. G.8.. 1978traps associated with compressional folding and Morphology. recent activity, and sets:stetty offaulting. Eastoration concerts that have been the San Gregorio fault tone: Calif. Otv. Mines
used to discover petroleum in the Rocky and Geology Special Rept.137, p. 33 43.Mountain Overthrust helt may also apply Crowell, J.C. 1974. Origin of late Cenosote basins(perhaps on a smaller scale) to mejor genes of . In southern California, in Dickinson. W.R.crustat shortentsg along the California
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22 p. 179-204
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