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Late Quaternary Deformation in the Western Transverse Ranges, California 

By R. F. Yerkes and W. H. K. Lee 

INTRODUCTION 
The Transverse I&nges are a dcminant geo-

norphic-structural province of southem Cali
fornia. Relative to adjoining terrain, they are 
distinctive not only in their east-west trend, 
but in the type, age, and history of their ex
posed baserrent rocks; in the spectacular rates 
of deformation as indicated by the imposing 
fault-controlled mountain fronts and extremely 
deep basins filled with young, intensely deformed 
deposits; and, perhaps most of all, in their long 
resistance to successful palinspastic restora
tion in the tectonic history of southem Cali
fornia. A new and significant phase in inter
preting southem California geology was intro
duced by analyses of the 1971 San Fernando 
earthquake (Wesson and others, 1971; Whitcomb, 
1971; Whitconb and others, 1973), which verified 
not only the structural dotdnance but also the 
• activity of the several north-dipping reverse 
faults that characterize the Transverse Ranges 
west of the San Andreas fault and bound them on. 
the south. 

We report on the seismicity, focal mecha
nisms, and related aspects of geology as based 
on seismic data recorded during 1970-75 in a 
large part of the western Transverse Ranges. 
The area covered by the present study is shown 
in figure 1; it includes most of the Transverse 
Ranges west of the San Gabriel fault and spans 
the Santa Ynez and Anacapa-Santa Monica faults, 
which form the northem and southem boundaries 
of the province. Also shown in figure 1 are the 
epicenters of located historic earthquakes of 
magnitude 6 or greater, all of viiich were asso
ciated with recognized faults. Of these larger 
earthquakes, the five in the western Transverse 
Ranges, especially the 1971 San Fernando and 
1973 Point Mugu, are associated with east-
trending north-dipping reverse faults. Fault-
plane solutions for the San Fernando and Point 
Mugu earthquakes verify these associations and 
indicate north- to northeast-trending sub-
horizontal P axes (Wesson and others, 1971; 
Whitcomb, 1971; Ellsworth and others, 1973) . 

SEISMICITY 
MAP DISTRIBUTION 

The epicenters of 530 earthquakes th^t took 
place in tlie six-year period 1970 through 1975 

are plotted on plate 1̂  , as are tlie surface 
traces of mapped faults. Location quality of 
epicenters, derivation of local magnitude, and 
associated data for the earthquakes are given in 
Chapter A of this report. 

Ninety-seven percent of the epicenters are 
located south of the Santa Ynez fault; none are 
obviously associated with the fault. The few 
events north of the fault were not recorded well 
enough for fault-plane solutions, and none are 
obviously associated with mapped faults. The 
same is true for events northeast of the San 
Gabriel fault. No atteitpt was made to relocate 
earthquakes of the San Fernando sequence, as it 
was extensively studied by I'Jhitcomb, Allen, 
Gamany, and Hileman (1973) . 

Many of the events south of the Santa Ynez 
fault can be associated gecmetrically with spe
cific faults on the basis of focal mechanisns and 
hypocentral depths (table 1). The best associa
tions are made for the Red Mountain, Pitas Point-
Ventura, Mid-Channel, and Anacapa faults. Stra
tigraphic and gecmDrphic evidence indicates that 
all the faults listed have ruptured the ground 
surface during late Quaternary time (pi. 1, Ziony 
and others, 1974) . The Red Mountain and Pitas 
Point-Ventura faults have probably ruptured in 
Holocene time. 

The quality of the associations between 
earthquakes and specific faults is illustrated 
by two exaiiples. A vertical section (figs. 4 and 
5 of Chap. A) shows that projected hypocenters 
of the 1973 Point Mugu earthquake sequence and 
the projected trace of the Anacapa fault coincide. 
Also, the subsurface trace of the Red Mountain 
fault, located independently on the basis of well 
data (R.S. Yeats, written comnun., 1978), matches 
the distribution of hypocenters. These and other 
exanples support our procedure (table 1) of 
deriving fault dips on the basis of geometrical 
associations between surface traces, hypocentral 
depths, and focal mechanisms. 

DEPTH 
within the western Transverse Ranges, the 

deepest hypocenters are 19 km for an event in 
the north-central part of Santa Barbara Channel 
and 17 km for an event in the Oxnard Plain; in 

•'• Plates published separately as U.S. Geological 
Survey Mi.sceIlaneous Field Studies Map MF-1032. 
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Figure 1.—Part of southem California showing area investigated, and relations of western 
Transverse Ranges (bounded by Santa Ynez, San Gabriel, and Anacapa-Santa Monica faults) 
to major faults and epicenters of large earthquakes. SB, Santa Barbara; V, Ventura; 
LA, Los Angeles. MDdified from Jennings and others (1973) . 

addition, aftershocks of the 1973 Point Mugu 
sequence were as deep as 19 km. However, the 
depths of earthquakes in the band of seismicity 
that extends frcm the central and northem 
Santa Barbara Channel to the east center of the 
map area generally range fron 13 to 16 km. The 
hypocenters do not delineate any east-west or 
north-south plunge. 

The type and distribution of basement rocks 
that underlie the Upper Cretaceous and Cenozoic 
sedimentary rock sequence of the western Trans
verse Ranges between the Santa Monica and Santa 
Ynez Mountains are coipletely unknown. Regional-
scale maps showing inferred structure contours 
on the "basement" rock surface for this area 
have been published (Curran and others, 1971, 
fig. 5; Nagle and Parker, 1971, fig. 13). Ccm-
parison of the contours shown on these maps with 
the focal depths of recorded earthquakes sug
gests that the seiardcity is generated within 
the basanent rock sequence or near its surface, 
but no strong correlations in trend or plunge 
are apparent. 

FAULT-PLANE SOLUTIONS 
(Qual i ty .—A set of 50 fault-plane solutions 

for eartliqaakes of local magnitude 2 or larger 
was selected fron a total of about 200 on the 
basis of quality of location and solution. For 
most of the events tabulated, location and 

solution quality are "C" or better; the location 
is known to 5 lan or less and the orientation 
of the nodal planes is known to ± 11° or less. 
First-motion data for events cited in table 1 
are plotted in figure 7 and listed in table 4 of 
Chapter A of this report. Many of the events 
can be associated gecmetrically with mapped 
faults; the distribution of the fault-plane 
solutions relative to mapped faults is shown in 
plate 2. All of the solutions along and north 
of the Anacapa-Santa Monica fault indicate 
reverse displacement and can be associated geo-
netrically with reverse faults that show geolo
gic evidence of late Quaternary displacerent at 
the ground surface, especially the Red Mountain 
fault, the Pitas Point-Ventura fault (vdiich 
traverses the city of Ventura), the Mid-Channel 
fault zone, and the Anacapa fault. 

Sane northwest-trending faults south of the 
Anacapa-Santa Monica fault are associated with 
fault-plane solutions: two. solutions along or 
near the San Pedro Escarpment indicate right-
lateral movenent, vAiereas the 1973 Anacapa 
earthquake near Anacapa Island (event 357, pi. 2) 
is best associated geoiretrically with northeast-
dipping reverse movement, perhaps on one of the 
faults mapped along the'southwest flank of Santa 
Cmz-Catalina Ridge. 

P axes . The orientations of P axes are 
inferred to be equivalent to the direction of 
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Table 1.—Fault-plane solutions geometrically associated with specific faul ts 

Fault 

Fed Mountain^ 

Pitas Point 

Ventura 

San Cayetano 

Mid-Channel 

Oak Ridge 

Santa Susana 

San Pedro 

Anacapa 

East Santa Cruz 
basin 

Category' 

H 

H, L 

H 

Q, L 

Q 

L 

L 

P 

P - -

Q, P 

Event number^ 

158, 396, 397, 505 

. 8?, 100, 162?, 365, 388, 
391, 618, SB78? 

.40 

576? 

41, 51, 90, 449, 482, 558 

129 

428 

555, 625 

197 + 30 aftershocks 

357? 

Depth 
(km) 

5J5-II 

12-14 

4-8 

8-16? 

8-14 

11 

. 5?-ll -

5-11 

8-16 

13-15 

^parent 
dip 

63° N. 

60° N. 

60° N. 

60-70° N. 

65° N. 

61° S. 

65° N. 

-̂ 90° 

44° N. 

38° N. 

Letter indicates geologic time span of latest kncwn surface movanent; 
H, Holocene; L, late Pleistocene; Q, early Pleistocene; P, late Pliocene. 

Events are listed in table 4 (chap. A) and plotted on plate 2. SB78 is the 
Santa Barbara earthquake of August 13, 1978. 

Subsurface location verified by well data 

maximum compressive stress for the analyzed 
events (fig. 2). Most (82 percent) are within 
15° of horizontal emd 60 percent are within 10°. 
The two maxima, at due north and N. 50° E., 

• bracket the approximate normal to the San An
dreas fault (at N. 24° E.) as well as the P axis 
for the 1971 San Fernando earthquake. 

S l i p v e c t o r s . — T h e distribution, orienta
tion, and classification of slip vectors are 
plotted in figure 3. A dominant maximum shows 
a plunge of about 55° NE., indicating reverse-
left-oblique displacanent. Subsidiary maxima at 
45° N. and 45° E. indicate north-over-south 
reverse displacement and left-lateral strike 
slip, respectively. The shaded field defined by 
these maxima contains 70 percent of the points. 
This field is dcminated by reverse-left-oblique 
slip, v^iich characterized the 1971 San Fernando 
earthquake, and north-over-south reverse slip, 
«*iich characterized the 1973 Point Mugu earth
quake. As indicated on figure 3 by slip vectors 
for the 1971 San Fernando (SF) and 1973 Point 
Mugu (PM) earthquakes, the displacements for the 
smaller earthquakes in the western Transverse 
Ranges are fully representative of the larger 
events with known displacements. 

Summary.—Fault-plane solutions for events 
in the western Transverse Ranges can be associ- ' 
ated with segirents of several east-trending 
north-dipping reverse faults, especially the 
Red Mountain, Pitas Point-Ventura, Mid-Channel, 
and Anacapa faults. Geologic evidence indicates 
.that these segments have ruptured the ground 
surface during late Quaternary tim.e. The solu-

Figure 2.—Stereoplot showing distribution and 
orientation of P axes for 51 events, 1970-75, 
excluding aftershocks of 1973 Point Mugu se
quence. PM, Point Mugu main shock; SF, 1971 
San Fernando main shock (not contoured). Con
tours, 1 perpent, 5 percent, and 10 percent 
per 1 percent area; lower hemisphere projection. 
Arrow at N. 24° E. normal to San Andreas fault. 
See table 4,' chapter A for data. 
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• Norlh-dipping thrust • Right-reverse oblique 

O North-dipping reverse, dip 45° D Reverse-right oblique 

• Left-reverse oblique, dip 45° 4 South-dipping reverse 

A Reverse-left oblique 

Figure 3.—Stereoplot shewing distribution, ori
entation, and classification of slip vectors 
for 51 events, 1970 through 1975, excluding 
aftershocks of 1973 Point Mugu sequence. PM, 
Point Mugu main shock; SF, 1971 San Fernando 
main shock (not contoured). Contours 1 per
cent, 5 percent, 10 percent, and 15 percent 
per 1 percent area; lower hemisphere projec
tion. Shaded area contains 70 percent of the 
points. Arrow at N. 24° E. marks approximate 
normal to San Andreas fault. 

tions indicate near-horizontal P axes oriented 
generally within 30° of nonnal to the great bend 
of the San Andreas faiiLt. The dominant type of 
displacement indicated by slip vectors varies 
between north-over-south reverse and reverse-

. left-oblique. These characteristics pertain to 
the entire range of magnitudes recorded within 
the network area, as well as to larger earth
quakes such as t h e 1971 San Fernando and 1973 
Point Mugu events. 

EFFECTS OF DEFORMATION 
In addition to the prcminent topographic 

and geologic effects of the numerous east-
trending folds and faults, well illustrated on 
the geologic map of southem Ventura County 
(Weber and others, 1974), unusually high rates 
of deformation across east-trending reverse 
faults of the western Transverse Ranges are evi

denced, by geodetic leveling, uplift of dated 
mar.ine terrace deposits, and stratigraphic sepa
ration of dated strata. 

GEODETIC EVIDENCE 
Caiparison of repeated level lines along 

the coast from the Ventura River to the Sant3 
Barbara-Ventura County line and northward along 
the river has confirmed a minimum average tilt 
up to the north of nearly 13 microradians over 
the period 1920-68 across the Red Mountain-Pitas 
Point-Ventura set of faults (Buchanan-Banks and 
others, 1975); the relative uplift rate is about 
5 m per thousand years. 

Similarly, ccxrparison of 1960 and 1968 level 
surveys shows that the upper (northem) plate of 
the west-trending Anacapa ("Sant:a Monica") 
reverse fault rose by 30-40 imi at least as far 
west as Point Mugu, consistent with continued 
thrusting along this frontal system of the Trans
verse Ranges (Castle and others, 1978). Addi
tional warping between 1968 and 1971 perhaps 
indicates left-lateral reverse creep at depth, 
and 1971-73 (post-1973 earthquake) data indicate 
additional upper-plate uplift of more than 30 mm. 

.Regional maps of elevation changes in the 
western Transverse Ranges east of long 119°15' 
(Ventura) based on conparisons of 1960/61-1968/69 
and 1968/69-1971 (post San Fernando earthquake) 
levelings show strong gradient changes associated 
with the Oak Ridge, Sant3 Rosa, Santa Susana-San 
Femando-Sierra Madre, and Malibu Coast (Ana
capa?) faults (Castle and olihers, 1975, figs. 2 
and 5) . Of .these, only the Santa Rosa fault was 
not associated wilih recorded seismicity during 
the 1970-75 interval. The data coverage does not 
include the San Cayetano fault, but it does show 
that no prcminent gradient changes were associ
ated with the Santa Monica and Raymond Hill 
faults east of the shoreline. 

DEFORMED MARINE TERRACES 

At least three deformed marine terraces are 
exposed along the Santa Barbara-Ventura coast at 
elevations ranging from 2 to at least 226 m 
(table 2). The ages of mollusks from deposits on 
the terraces have been estimated by amino-acid 
stereochenistry at 2,500, 45,000, and 80,000 
years (J. F. Wehmiller, written ccmmun., 1978). 
The 45,000-yr terrace is exposed at elevations of 
26 m or less along the seacliff for about 70 km 
west of long 119° near Carpinteria, where the 
Red Mountain and associated faults intersect Iihe 
shoreline (pi. 1). East of that point all the 
terraces, including the 2,500-yr terrace, are 
tilted up to the north and east (fig. 4). Appar
ent average rates of uplift in this area for the 
last 45,000 years exceed 3 m per thousand years 
as referred to present sea level, including the 
rate for the 2,500-yr terrace. Rates of 5 to 6 
m per thousand years-are ind.icated, again for 
the youngest terrace, if present-day elevations 
are referred to pre-existing sea levels. Even 
greater rates, up to 9 m per thousand years. 
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Table 2.—Elevat ions and es t imated ages of c o l l e c t i o n s from u p l i f t e d marine t e r r a c e s 

Number 
in 

fig. 4 

1 

2 

3 

4 

5 

6 

7 

7a 

8 

9 

10 

11 

12 

Collection 

number^ 

M5790 

Y440B 

Y440A 

M7245 

M7229 

M7230 

M7249 

M7283 

M72735 

Y438B 

M7228 

• M7242 

Y413B 

Name 

Goleta 

Carpinteria 

Rincon Point 

Punta 

Punta Gorda 

Rincon oil 
field 

Rincon oil 
field 

Rincon oil 
field 

Rincon oil 
field 

Punta Gorda 

Culvert 
390.06' 

Ventura 

Ventura 

Elevation (ra) 

Locality 

5 

26 

50 

146 

125 

215 

216 

262 

354 

2 

6 

117 

15 

Shoreline 

angle^ 

'̂'15 

'x^40 

N.a. 

N.a. 

N.a. 

N.a. 

N.a. 

N.a. 

N.a. 

11 

15 

120 

N.a. 

At T '' 
o 

-55 

-55 

-55 

-55 

-55 

-55 

-55 

-55 

-55 

0 

0 

-13 

-13 

Esti
mated age"* 
(10^ yrs) 

45 

(45) 

(45) 

45 

45 

45 

(45) 

• 45 

(45) 

(2.5) 

2.5^ 

80±10 

80±10 

Uplift rate 
(m/lO^ yr) 

Max. Min. 

1.6 

2.1 

2.3 

4.5 

4.0 

6.0 

6.0 

7.0 

9.1 

5.2 

• 6.0 

1.7 

.4 

0.3 

.9 

1.1 

3.2 

2.8 

4.8 

5.0 

5.8 

7.8 

5.2 

6.0 

1.5 

.2 

Localities shown on plate 1. 

N.a., not available. 

T , time of formation; from Bloom and others (1974). 
o 

Age estimates by sterochanical analysis of mollusks by J. F. Wehmiller, University of 
Delaware, Newark, Delaware; estimates in parentheses based on map continuity with 
dated sample. 

Float of shells and rounded pebbles. 

are suggested by the presence of scattered 
shells and rounded pebbles at ridge tops up to 
354 m high. 

DISTRIBUTION OF DEFORMATION 

The north-dipping, east-txending Red Moun
tain fault and associated San Cayetano, Santa 
Susana, Pitas Point-Ventura, and Mid-Channel 
faults coincide in general with an east-trending 
band of seismicity that extends across the 
north half of the area of plate 1. Detailed 
surface and subsurface investigations show fihat 
very large separations and late Quaternary 
movements have occurred on the Red Mountain 
fault, the Pitas Point-Ventura fault, and seg
ments of the San Cayetano and Santa Susana 
faults. 

fted Mounta in f a u l t .—VJell data fron t};a 
San Ma.guelito oilfield area west of the Ventura 

Radiocarbon analysis. 

River show that upper Eocene and lower Miocene 
strata are thrust over Pliocene and Pleistocene 
strata by the Red Mountain fault (R. S. Yeats, 
written camun.) . The age of the youngest 
strata involved in t h e faulting is not well de
termined on 1±ie basis of the well data. How
ever, the fault truncates a syncline that, east 
of the Ventura River, involves the San Pedro 
Formation as used by Weber and others (1973), 
which has been dated at 0.4 to <0.2 million 
years B.P. on the basis of radiometric and ste
reochemical age estimates (fig. 5). On the 
assurtption that the thrust faulting followed the 
folding, much or all of the 7,500 m of separa
tion on the Red Mountain fault could have 
occurred during about the last one-half to one 
million years.; 

P i t a s Point-Ventura fau l t .—Where crossed 
by a seismic profile about 2 km offshore in t±ie 
northeastern part of the Santa Barbara Channel, 
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Figure 4.—Section along Santa Barbara-Ventura coast showing deformation of dated marine terraces. 
Numbered localities keyed to table 2. 

the Pitas Point fault appears as a north-dipping 
reverse fault that displaces a late Pleistocene 
erosion surface about 25 m up on the north; it 
appears to cut Holocene strata but not the sea-
floor (Greene,' 1976, p. 508-509; figs. 4, 6). 

Extensive data are available for the Ven
tura fault (Sama-Wojcicki and others, 1976) . 
The surface trace is narked by a prominent, 
linear, south-facing scarp as much as 12 m high 
and about 10 km long; it is bounded on the north 
by an uplifted bench. Except where locally 
buried by young surficial deposits, the escarp
ment forms the boundary between old alluvial 
fan deposits, deformed marine terrace deposits, 
or deformed bedrock, all overlain by old soils 
on the north and young, undeformed surficial 
deposits overlain by young soils on the south. 
The gradients of all but the largest streams 
that cross the escarpment are deflected upward 
on the north by about 25 m. Test trenches cut 
in surficial deposits across the escarpment 
show numerous small soil-filled cracks that 
ccmmonly are traceable downward into east-
trending high-angle faults with separations as 
large as 40 cm. The southerly dips of strata 
in the trenches and adjacent boreholes increase 
downward sou1±i of the escarpment. The youngest 
strata cut by t h e fault are apparently Holocene. 

No direct evidence is available as to the 
amount of displacement across the Ventirra fault. 
A north-sou1±i structure section about 4 km east 
of the Ventura River shows apparent vertical 
separation of about 245 m, up on t he north, at 
the base of lower Pleis1x)cene strata (Ogle and 
Hacker, 1969), although that interpretation is 
based on permissive evidence. A similar struc
ture section another 5 km to the east, based on 
more closely spaced and abundant data, shows an 
apparent vertical separation of as much as 275 m 
at the base of upper Pleistocene strata. An 
unknown ccnponent of left-lateral slip is indi
cated locally by small folds having near-
vertical axes in bedrock just north of the fault, 
and by the fault-plane solution of an associated 
earthquake {no. 40, table 4 of Chap. A). 

San Cayetano fault.—Apparent stratigraphic 
separation across segments of the San Cayetano 
fault diminishes eastward fron a maximum of 

7,300-9,000 m (vertical, up on the north) at 
Sespe Creek (6 km east of long 119°) (Fine, 
1954; Cemen, 1977), v^ere lew scarps in late 
Quaternary stream terrace deposits coincide with 
the fault trace. Ten kilcsneters east of Fill
more, late Quaternary alluvium north of the 
Santa Clara River is warped along the buried in
ferred trace of the faiilt (Canen, 1977) . Youth
ful gecmorphic features and upthrust Quaternary 
gravel beds at several localities along its 
trace suggest at least late Quaternary activity 
at the surface. 

Santa Susana f a u l t .—The apparent strati
graphic separation across faults of the Santa 
Susana set is at least 4,000 m, which inc3 udes 
about 2,000 m vertical offset (up on the north) 
and 3,200 m left-lateral strike slip (Yeats and 
others, 1977). The hanging wall locally is 
expressed topographically; the fault locally cuts 
late Pleistocene fan deposits, and northeast-
trending elements along the west margin of San 
Fernando Valley ruptured during the 1971 San 
Fernando earthquake. 

Mid-Channel f a u l t zone.—Published data on 
faults of t h e Mid-Channel zone are sparse. A 
report by Canpbell and others (1975) includes an 
interpretive section (B-B") through the area of 
most intense seismic activity near long 119°45' 
W., Iat 34°15' N. The section shows a fault-
bounded gentle anticline ("12-mile reef") that 
coincides with the Mid-Channel zone. A medial 
fault cuts upward to tiie seafioor, but tiie south-
bounding fault is truncated by the Holocene part 
of the undivided Quaternary deposits (unit Q) 
and ths north-bounding fault cuts upward about 
halfway through tiie lower Pleistocene part of the 
lower Pleistocene and upper Pliocene stirata (unit 
Cpl). A vertical separation of about 50 m, up on 
the north, at the base of the upper Pliocene 
marine strata (imit Tpu) is shown for the north-
bounding fault; a separation of similar amount, 
down on the north, is shown for the south-bounding 
fault. No vertical separation is shown on the 
medial fault. 

A possible correlative of the north boundary 
fault of the zone (the isolated segment at long 
119°30" W., Iat 34°11' N.) is illustrated in a 
seismic profile and interpretive section by 
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Figure 5.—Age estdjnates of mollusk collections amd ash sanples from Pleistocene strata in Hall 
Canyon area, near Ventura, and their stratigraphic and microfaunal stage correlations. 
Stratigraphic boundaries of Hallian Stage fron Natland (1952, pi. 7). Age estijnates 
on mollusks by J. F. Wehmiller; age estimates on ashes based on analyses and correla
tions by A. M. Sama-Wojcicki. 

Greene (1976), fig. 8, "Santa Barbara slope" 
fault). The section indicates about 120 m of 
vertical separation, up on the north, and the 
profile suggests that the fault cuts through 
lov«r Pleistocene deposits (unit Qs) to the sea-
floor. These interpretations, coupled witli the 
gecnetric associations of the focal nechanisms, 
indicate that the Mid-Channel zone is seismically 
active, but vv̂ ether one fault or more is active 
cannot be determined. The fault-plane solutions 
associated witih the Mid-Channel zone occur in the 
general area where the Oak Ridge fault, which on
shore is known to dip south and to parallel the 
south flank of the Ventura basin syncline, inter
sects the Mid-Channel zone. The dip of the mid-
channel faults is thus not easily evaluated, amd 
their association with the fault-plane solutions 
is weak. 

Oak Ridge f a u l t .—The Oak Ridge is a gently 
to steeply south-dipping reverse fault, the sur

face trace of which generally follows the south 
bank of the Santa Clara River. At South Moun
tain, just west of long 119°, t he fault thrusts 
lower Miocene and upper Eocene stirata over late 
Pleistocene strata, for an apparent stratigraphic 
separation of at least 2,000 m (Baddley, 1954). 
Near Saticoy, displacement in late Quaternary 
sediments has caused a ground-water barrier. 
Offshore data from seismic profiles between long 
119°15' and 119°30' indicate that Pleistocene 
stirata are upthrown on tiie south more than 135 m; 
no surface displacement at the seafioor is known 
(Greene, 1976). Available data indicate that 
displacement is doninantly reverse (see fig. 7, 
Chap. A, and pi. 2, event 129). 

A n a c a p a - S a n t a - M o n i c a f a u l t . — T h e Anacapa and 
Santa Monica faults are major elements of an 
east-trending zone of deformation tJiat marks tJie 
southem front of the Transverse Ranges along the 
south flank of the Santa ̂ fc)nica and San Gabriel 
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Mountiains. Other elements of the zone .incllMe 
the Râ 'mond Hill and Cucaironga faults; the zone 
extends east onshore for about 100 km, and all 
faults are north-dipping reverse faults. East of 
its intersection with tJie shoreline at Santa , 
Monica, two or more subparallel elements of 1±ie 
zone are recognized. One, generally called Santa 
Monica, is alined with a north-dipping reverse 
fault at the mout±i of Potrero Canyon that cuts 
upper Pleistocene terrace deposits; to the east 
it is associated with topographic scarps in upper 
Pleistocene terrace deposits. Other elements 
locally are.associated with a ground-water 
barrier in Pleistocene deposits; in the Santa 
ftonica area, a topographic scarp in upper Pleis
tocene deposits is alined with the barrier (Hill 
and others, 1977). 

The apparent stratigraphic separation across 
t±iese faults is variable from west to east, 
according to well data. Northward dips of 40° to 
70° and apparent reverse separations of 1,770 to 
2,133 m at the top of middle Miocene strata are 
reported for t±ie Sawtelle oil field-Beverly Hills 
oil field area (Knapp and others, 1962; Eschner 
and Scribner, 1972; Lang and Dressen, 1975) 8-15 
km east of the shoreline at Santa Monica. Sepa
rations at tiie surface of the buried basanent 
ccnplex are poorly known, but a published struc
tural contour map based on a density-residual 
gravity model shows vertical separations in t±ie 
range of 2,400-3,660 m (McCulloh, 1960, fig. 
150.1). However, vertical separations at base-
nent may be a relatively small ccmponent of dis
placanent across the zone, vOnich is inferred to 
include a large ccsiponent of left-lateral st;rike 
slip (Cairpbell and Yerkes, 1976), in part bo 
account for juxtaposition of dissimilar basement 
rocks and pre-upper Miocene sequences west bf 
the Newport-Inglewood zone. West of the shore
line, the fault zone includes a northem branch, 
the Malibu Coast fault, and a soulihem, offshore 
branch, the Anacapa fault (pi. 1). The Anacapa 
fault is 1±ie southern boundary of Transverse 
Ranges physiography, as defined by the east-
1:rending st:ructures of Point Dume (Junger and 
Wagner, 1977, fig. 4) , whereas the Malibu Coast 
fault is a recognized boundary between wholly 
dissimilar rock sequences (Canpbell and others, 
1966). 

The total vertical separation across the 
Anacapa fault is unknown. Up-to-the-north separa
tions of 1,000 to 2,000 m are indicated by struc
ture contours on the Miocene-Pliocene unconformity, 
and 200 to 600 m on lower Pliocene strata, in the 
area south and southwest of Point Dume (Jxmger and 
Wagner, 1977, fig. 7, profiles C-C', D-D'). The 
seismic profiles indicatie that Quaternary sedimaits 
in that area are not cut by the fault. 

The Malibu Coast fault dips north at 30°-
70° and all evidence indicates reverse dip slip; 
it marks t he zone of deformation along which Iihe 
Santa Monica Mountains block overrides the low-
lying terrain to the south. S1:ratigraphic sepa
ration across the zone is indeterminate, since 
it juxtiaposes unlike rock sequences along its 
entire length. Topographic relief across the 
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Figure 6.—^Focal mechanisms for 1973 Point Mugu 
earthquake (No. 197) and aftershocks. Numbers 
indicate sequence of events (see table 2, Chap. 
A). Conpressional quadrants dark, dilatational 
quadrants lic^t; lower focal hemisphere. Bar 
shews orientation of P axis. Diagrams located 
at epicenter of event. Location and area of 
map shewn on plate 2. 

zone is at least 850 m, but very large left-
lateral strike slip (60-90 km) in late middle 
Miocene time has been inferred on regional 
grounds (Campbell and Yerkes, 1976) . Elements 
of the fault have thrust late Pleistocene (about 
105,000 years old) marine terrace deposits more 
than 15 m over upper Miocene st:rata at one 
locality near Malibu Canyon, and deposits of 
similar age are cut by faults in the zone at 
several other localities along its length. 

The fault-plane solution for the 1973 Point 
Mugu earthquake is well constrained and indicates 
reverse displacanent; one of t±ie nodal planes 
dips about 44° north and is gecmetrically and 
geologically coipatible with tiie Anacapa fault 
(Ellsvsorth and otiiers, 1973; Stierman and Ells
worth, 1976; figs. 4 and 5 in Chap. A of this 
report) . 

Although the scmewhat diverse focal mecha
nisms and spatial dist:ribution of t±)e aftershocks 
do not correlate well with the nodal plane of tiie 
main shock (fig. 6; Stierman and Ellsworth, 1976), 
t±iey do indicate doninantly reverse faulting on 
chiefly north-dipping faults in response to 
northeast-soutihwest compressive stress, as do 
other earthquakes along the zone. 

A conposite fault-plane solution based on 
five events along but just south of the Irrend of 
t h e Santa Monica fault, near the east end of the 
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Santa Monica Mountains about 25 km east of the 
map area, indicates a steeply north-dipping 
fault with predaninant reverse displacement, a 
moderate ccnponent of left-lateral strike slip, 
a slip vector plunging about 55° N. 66° E., and 
a P axis plunging about 28° N. 18° E. (Hill and 
others, 1977, pi. 4, fig. 8). This solution is 
consistent with t±iose reported from this study. 

The segment of the Anacapa-Santa Monica 
fault between long 118°45' W. and 118°20' W. (15 
km east of the present map area) was relatively 
free of recorded seianicity during t±ie 1970-75 
period, vdiereas many events were recorded 
throughout the area to the south. The latter 
area is bounded by the northwest-trending San 
Pedro escarpnient and Newpoirt-Inglewood zones, 
each of which is characterized by doninantly 
right-lateral strike slip on the basis of geo
logic or seismologic evidence or both (see for 
example Hill and others, 1977, pi. 4, fig. 6; 
Buika and Teng, 1978). Buika and Teng (1978) 
note the same concentration of seismicity (during 
1973-76) along the northwest-trending faults 
sou1±i of the Santa Monica fault system and rela
tively sparse seismicity in the Santa Monica 
Mountains to the north. They view this as evi
dence that the northwest-trending faults are ter
minated by the Santa Monica fault systan and that 
the Santa Monica Mountains are acting as a pas
sive and coherent structural block. They also 
conclude t±iat the Santa Monica fault system was 
the locus of chiefly north-over-south reverse-
left-oblique slip as a result of ccxnpressive 
stress oriented northeast-southwest. 

Anacapa ear thquake.—The 1973 "Anacapa" 
earthquake and an aftershock (events 357 and 359, 
pi. 2) have epicent:ers very close to the Anacapa 
fault but are best associated geonetrically with 
northwest-tirending faults located on the Santa 

I Cruz-Catalina Pj.dge 7 to 12 km soui±iv.est of the 
• epicenters. Some northwest-trending folds and 
' short fault segnents have been mapped in that 
J general area, including a northeast-dipping 
j thrust fault, but no satisfactory correlation is 
{ kncwn. 

1978 Santa Barbara ear thquake .—The Santa 
B̂arbara earthquake of August 13, 1978 (event 
jSB78, pi. 2), occnrrred in the same general area 
'as the larger 1925 and 1941 earthquakes; its 
epicenter perhaps was between t±iose of tihe 
earlier events. 

The distribution of main-shock and after
shock hypocenters describes a surface striking 
N. 65°-70° W. and dipping north (Lee ahd others, 
1978, figs. 3 and 5). This surface tirends to
ward the shoreline at Goleta, where the largest 
accelerations were measured and most extensive 
damage occurred. The fault-plane solution, dis
tribution of aftershocks, and local geology 
indicate reverse slip on a fault dipping 30°-60° 
N. The rupture surface and fault-plane solution 
are hot clearly associated with a recognized 
fault but may be associated with the Pitas Poitit 
or nearby fault (see.Chap. A, fig. 2). 

SUMMARY AND CONCLUSIONS 
Focal mechanisms based on seme 200 magni

tude 2 to 6 events for the six-year period 1970 
through 1975 in the western Transverse Ranges 
reflect the same stress regime as larger earth
quakes in t±ie province for which records are 
available: near-horizontal pressure axes 
directed generally normal to the great bend of 
the San Andreas fault. The inferred ccnpressive 
stiress is expressed chiefly by seismicity and 
reverse displacanent along several major zones 
of east-tarending reverse faults (Red Mountain-
San Cayetano, Pitas Point-Ventura, Mid-Channel, 
and Anacapa-Santa Monica); seme left-lateral 
stirike slip also is indicated. This type of 
defomation is entirely typical of t±iat measured 
after the 1971 San Fernando earthquake over an 
area of more than 250 square kiloneters: 

5. 

1.4-m vertical (up on the north) sepa
ration across the rupture zone. 

1.9-m left-lateral separation. 
0.55-m north-south shortening nornal 

to the fault tirace. 
Differential arching and depression of 

more than 2 m, which accentuated 
pre-existing landforms. 

Iforizontal deformation on a regional 
scale that lengthened norUiwest-
trrending control lines.-

Most significantly, tiie evidence on rate 
and sense of defomation is mutually consistent 
for individual faults: geologic data on age and 
sense of latest displacement and amount and 
sense of stratigraphic separation, geodetic data 
on tilting of coastal areas underlain by faults, 
uplift of dated marine terrace deposits in 
coastal areas underlain by faults, and associ
ated focal mechanisms. The indicated average 
rates of vertical deformation (5-10 m per thou
sand years) have been constant at least over the 
last 45,000 years. 

The east-t:rending reverse faults that doni-
nate the stiructure of the western Transverse 
Ranges are slip surfaces along vrfiich many kilo
meters of north-south shortening and a lesser 
amount of east-west extension have occurred in 
late Quaternary time. At the present rates, all 
t±ie measured ccnpressive deformation within the 
western Transverse Ranges could have occurred 
during the last 0.5 to 1 million years. 
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