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Abstract 
 
Understanding of the tectonics of the central coastal region of 
the Southern Coast Ranges of California has been significantly 
advanced by recent development of two general categories of 
geoscience knowledge.  These are 1.) new developments in 
landform imaging at regional to detailed local scale, and 2.) 
imaging of the structure of the underlying crust by seismologic 
analysis of increasingly well recorded seismicity (eg. 
Hardebeck 2010) together with acquisition and modeling of 
gravity and magnetic potential field data (eg. Langenheim et. 
al. 2012) plus characterization by deep drilling and by 
geophysical techniques.   
 
The general pattern of contemporary tectonism in the central 
Coast Ranges and adjacent near coastal offshore is clearly 
shown by the distribution and form of the principal mountain 
ranges in the region. Between Monterey Bay and the 
Transverse Ranges these local ranges mostly have discrete 
fault-controlled topographic boundaries and overlie zones of 
concentrated microseismicity.  This indicates a characteristic 
structural form of uplifting "pop-up" wedge blocks for the 
mountain ranges of the region (as was determined by McLaren 
et.al., 2008 for the Santa Lucia Range source region of the 
2003 San Simeon earthquake).  The uplift of the wedge-block 
ranges represents accommodation to east-west, rotating 
southward to nearly north-south, regional compression.  

Earthquakes of M7.0-<7.5 appear possible on the reverse faults 
along which these ranges are being uplifted.   
 
This general pattern of compressional tectonism onshore is 
bounded on the west by the 400 km long zone of active strike 
slip tectonism of the San Gregorio-Hosgri fault system.  This 
system has produced no large earthquake during the 250 years 
of recorded history but exhibits local paleoseismic evidence of 
generating earthquakes of M>7.5. 
 
It is suggested here that the evidence from the south central 
Coast Ranges seen in the terrain as well as in its tectonic 
underpinning, indicates a level of tectonism and consequent 
seismic potential that exceeds that now accepted for design and 
safety analysis of major infrastructure features in the region.   
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Synopsis of Poster Concept and Illustrations 
 
The concept that essentially all of the significant terrain 
features of the study region are expressions of recent and 
ongoing tectonic deformation, provides the basis for this poster 
display.  Here we show the southern Coast Ranges located 
athwart the central reach of the San Andreas plate boundary 



fault and adjacent its west-side branch, the San Gregorio-
Hosgri fault zone, to be accommodating extension- induced 
compression transmitted westward from the Basin and Range 
province to the east to the Sierra Nevada microplate.  From 
there westward drives this compression structural the crustal 
shortening between the east margin of the Coast Ranges and 
the continental slope.  Deformation is locally enhanced in the 
coast and transverse ranges region west of the Garlock fault – 
San Andreas "Big Bend" juncture in a broad zone extending 
from the westward bend in the Sierra Nevada Range westward 
to the continental shelf.   
 
Knowledge of the crustal structure underlying the tectonic 
terrain of the southern Coast Ranges and surrounding region 
has recently been advanced by potential field (gravity and 
magnetic fields) modeling and by plotting the mechanism and 
"3-D" distribution of well recorded earthquakes ranging from 0 
to 6.9 (Loma Prieta) magnitude.  Results from these techniques 
(terrain analysis, potential field modeling, seismology) have 
been augmented locally by deep drilling, mostly for 
hydrocarbons, and exploration and research geophysics.  The 
latter techniques have provided much of what is known about 
faults and other tectonic deformation in the offshore region.   
 
The digital terrain, seismicity, fault mapping, geophysics 
modeling and offshore geophysics results are shown in the 
poster figures, and the terrain is further illustrated by a series of 
Google earth oblique aerial images of prominent uplifts and 
fault-line scarp hill fronts.   
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Notes on Tectonic Terrain Features as imaged on Figures 2, 
4, 5 and 6b and annotated on Figure 3 
 
1. Dome or welt like terrain of the Santa Cruz Mountains 
and Gabilan Range, each along the west side of the San 
Andreas fault.  Although containing faults in their roots which 
are probably related to the adjacent San Andreas, neither of 
these mountain ranges are uplifting wedge blocks. 
 
2. East margin of the Coast Ranges, fronting the Central 
Valley.  Southward from the vicinity of Altamont Pass to near 
Coalinga this terrain feature is sharply defined and represents 
the fault-line scarp resulting from underthrusting of the Coast 
Ranges by the western margin of the Sierra Nevada basement 
block or "microplate".  Local reaches of this contact are 
mapped as the San Joaquin fault.  From the vicinity of 
Coalinga nearly to the south end of the Central Valley the 
Coast Ranges-Central Valley boundary is not sharply defined 
and is featured by a series of topographically expressed 
anticlinal folds in the valley floor adjacent to the high-standing 
Temblor Range situated between the valley and the San 
Andreas fault.   
 
3. The south end of the Central Valley terminates abruptly 
at the Tehachapi mountain range.  The valley margin of this 
range cross structure is sharply defined and corresponds to the 
fault-line scarps of the south-dipping Wheeler Ridge and White 
Wolf faults.   
 
4. The northern Santa Lucia Range is bounded by high 
oversteepended margins that clearly appear as fault-line scarp 
terrain features.  Potential field modeling across the Sierra de 
Salinas escarpment fronting the Salinas Valley on the east and 

the seaward-facing escarpment on the west, together with a 
well defined eastward dipping pattern of earthquake 
hypocenters beneath the west-side escarpment demonstrate that 
the northerly part of the range is a "popup" wedge block, that is 
being compressionally uplifted between range-margin inward 
dipping reverse faults.   
 
5.  South of the Sierra de Salinas escarpment the east 
margin of the Santa Lucia Range becomes lower and less 
sharply defined and bulges into the adjacent Salinas Valley.  
The interior of this "bulge" is marked by a narrow linear rift 
which is the surface expression of the strike slip Rinconada 
fault.  The east facing valley margin of the terrain bulge, which 
closes off the wide trough of the Salinas Valley to the north, 
appears to correspond to the Los Lobos thrust.  This structure is 
known in the subsurface from oil well intercepts in the nearby 
San Ardo oil field.  Note that the area of this oil field lies 
within a local concentration of seismicity (e.g., Figures 8 and 
10a, seismicity cross section E-E' of Figure 12).  The 
seismicity hypocenters are clustered between 3 and 12 km 
depth, in crystalline basement below the depth of oil field 
activity and do not occur in a pattern suggestive of any 
particular structure.  It seems possible, however, that in the San 
Ardo area the seismicity may be related to load removal stress 
changes within the seismogenic level of the crust, associated 
with extraction of very large amounts of oil and water from the 
overlying near-surface oil field.   
 
6. The southernmost part of the southern Coast Ranges is 
featured by a series of arcuate local ranges all of which display 
steep erosionally dissected southwest-facing escarpment slopes 
and gradual downward ramping northeast slopes.  The most 
prominent of these terrain features are the La Panza and 



2 

Morales Ranges which are fronted on the southwest by faults 
of the same name.  A lower range front follows the trace of the 
southernmost reach of the Rinconada fault.   
 
7. Oceanic - San Andreas lineament.  The La Panza and 
Morales fault line escarpments form the southeasterly reach of 
a prominent terrain lineament that aligns with the San Andreas 
fault south of its "Big Bend" and continues northwestward as a 
well marked terrain feature following the Oceanic fault to its 
juncture with the San Simeon fault on the coast.  We here refer 
to this feature as the Oceanic – San Andreas lineament.  The 
lineament forms a boundary between the characteristic terrain 
of separate ranges and intervening basins of the southern Coast 
Ranges to the north and the generally mountainous terrain of 
the western Transverse Ranges that exists between the Cuyama 
Valley and the Santa Barbara channel.  The terrain aspect of 
the lineament feature is suggestive of it being a coherent 
tectonic dislocation with its terrain defined by the south ends of 
the en echelon series of active reverse (or right reverse) faults 
along its northeast side.  The terrain relationship of the series of 
northwest trending ranges to the Oceanic-San Andreas 
lineament could be interpreted as indicating branching and 
possibly transmission of some right slip from the San Andreas 
fault south of its "Big Bend" abrupt turn from west-northwest 
to northwest strike, into the reverse faults.  It may also be 
noteworthy that the obvious compressional deformation 
indicated by the series of reverse faults extending from the 
lineament into the southern Coast Ranges is within the zone of 
enhanced compression that extends west-southwest from the 
terrain-indicated enhanced extension along the southwest 
margin of the Basin and Ranges tectonic province located east 
of the "Big Bend". 
 

8. Wedge-block popup uplifts of the westernmost western 
Transverse Ranges and southwesternmost southern Coast 
Ranges.  As shown on Figure 3 there are two prominent 
tectonic terrains in the subject region that geologic, 
geophysical, and seismicity data confirm as being "popup" 
structures.  These are the Irish Hills and their southeasterly 
continuation the San Luis Range, and the Casmalia-Soloman 
Hills uplift.  Each of these features as well as the southern 
Santa Lucia Range to the north, are uplifting along paired 
downward converging reverse faults.  The down dip 
configuration of these faults in each case involves a "master" 
fault beneath the higher and steeper southwest facing range 
front and a back thrust that dips towards and intersects the 
"master" thrust.  All of these reverse or thrust faults and their 
intervening popup wedge uplifts continue along strike to 
intersect the San Simeon-Hosgri reach of the San Gregorio-
Hosgri fault at angles of 25 to 35 degrees.  For the Irish Hills, 
the southwest-side "master" thrust partly impinges on the 
vertical strike-slip Shoreline fault splay of the San Simeon-
Hosgri in the subsurface although this fault is exposed at the 
surface along the base of the San Luis Range to the southeast.  
All of these faults display active seismicity and/or clear 
evidence of late Quaternary surface displacement.   
 
9. Zone of crustal extension in the southwestern Basin and 
Range culminating at the eastern frontal faulting of the Sierra 
Nevada, with crustal shortening continuing west-southwest 
along the trend of this zone into the continental shelf.  The 
major components of this roughly 150 km wide zone are 
readily discernable in the terrain, beginning on the east with the 
southward widening of intramontane troughs in the 
southwesternmost section of the Basin and Ranges, continuing 
to the west as the pronounced bend in the Sierra Nevada Range 
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and the "Big Bend" deflection of the San Andreas fault and 
development of the thrust dominated terrain extending to the 
shoreline.  The westernmost extent of this apparently extension 
driven compression is seen in the sea floor deformation by 
north-northwest oriented thrust faults in the continental shelf 
west of the shoreline between Point Conception and Point Sal.   
 
10. The south end of the Sierra Nevada Range bends to the 
west in a broad arc extending some 140 km north from its 
southern termination as the Tehachapi Range along the Garlock 
fault.  This bend is directly opposite the area of apparently 
enhanced crustal extension in the southwestern corner of the 
Basin and Range to the east.   
 
11. The convex to the west arcuate uplift along the west 
margin of the bend in the Sierra Nevada Range.  This uplift, 
referred to generally as Round Mountain and the setting for 
several oil fields, is unique to the west margin of the Sierra and 
has a terrain aspect typical of the domal upwarp over active 
thrust faults.  The well studied structure of the 1000 m. 
thickness of Tertiary strata that underlie the Round Mountain 
surface, however consists of a complex of normal faults.  
Given this apparent paradox, we here suggest that the Round 
Mountain terrain is in fact the terrain expression of an 
underlying thrust but that the normal faults in the overlying 
section result from local domal extension in the thrust upper 
plate.  The Round Mountain thrust as hypothesized would then 
occupy the same local compressional environment as the Plieto 
and Wheeler Ridge thrust faults at the south end of the San 
Joaquin Valley and the Elk Hills and related compressional 
terrain features along the valley margin to the west.   
 

12. The "Big Bend" of the San Andreas fault.  Here the 
alignment of the clearly expressed rift terrain of the San 
Andreas fault bends gradually more westerly northward from 
N64W to the south to N77W in the bend, then more abruptly to 
N40W continuing northward in the southern Coast Ranges.  
Kinematically this bend and realignment appears to mainly 
represent geometric accommodation to west-southwestward 
movement of the crust located north of the Garlock fault and 
internally within this crustal plate, the left-reverse White Wolf 
fault.  However the terrain of the bend also appears to reflect 
the southward movement of the Central Valley – Sierra Nevada 
crustal plate with resultant compressional impingement on the 
central part of the western Transverse Ranges.  Terrain features 
in the "Big Bend" area include the Plieto/Wheeler Ridge thrust 
uplift located directly north of the bend and compressional 
features represented by fold-belt hills and fault scarps located 
both east and west of the San Andreas rift north of the bend 
area.  The highest points in the main body the western 
transverse Ranges, Mt. Pinos and Frazier Mountain, are located 
immediately south of the Big Bend. 
 
13. Active fold and thrust belt in the southern part of the 
offshore Santa Maria Basin.  This local zone of crustal 
shortening deformation is located west of the southernmost 
reach of the Hosgri.  The trend of fold axes and strike of faults 
in this zone is north-northwest which is parallel to the adjacent 
reach of the Hosgri but at an angle of 40 to 60 degrees to the 
onshore structures in the east block of the Hosgri and 
westernmost part of the western Transverse Ranges.  The east 
northeast – west-southwest crustal shortening in the local zone 
of deformation however, is directly in line and orientation to be 
responding to compression from the Big Bend deflection to the 
east.   
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14. Local seismicity zone, in the continental shelf centered 
approximately 40 km offshore from the coastline between point 
Sal and Purisima Point (Figure 8).  As shown on Figure 9 most 
of the earthquakes in this zone have reverse/thrust mechanisms 
with orientation indicating east-northeast – west-southwest 
compression.  This local seismicity zone originates in a fold 
and thrust belt that is located in the outer margin of the 
offshore Santa Maria Basin and like the item 13 zone is 
oriented so as to respond to compression along the trend 
extending through the San Andreas "Big Bend".   
 
 
15. The Murray fracture zone – Anacapa - Dume thrust – 
Santa Maria and San Gabriel south frontal faults lineament 
 
This lineament consists of three aligned terrain structural 
features.  On the west, extending from an apparent easterly 
termination at the base of the continental slope, more than 2000 
km across the floor of the Pacific Ocean is the apparently 
extinct but still visible in the sea floor terrain Murray fracture 
zone transform fault.  In direct line with this feature is the east-
west aligned terrain boundary between the sea floor shelf of the 
Santa Barbara basin and channel islands and the basin and 
range-like terrain of north-northwest aligned submarine ridges 
and troughs of the Southern California Borderland.  This 
boundary has been interpreted as the escarpment of a north-
dipping "Anacapa-Dume thrust".  This thrust zone extends 
onshore as the series of separately named faults that form the 
overthrust boundary between the south-thrusting Santa Monica 
and San Gabriel mountains and the Los Angeles – San 
Bernardino basin.  These features are all prominent 

components of the overall terrain lineament forming the south 
boundary of the western Transverse Ranges.   
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Proposed Kinematic Neotectonic Model 
 
A generalized proposed terrain-based kinematic neotectonic 
model of the region extending from the continental shelf 
offshore from the southern Coast Ranges and western 
Transverse Ranges to the southwestern corner of the Basin and 
Range province is shown on Figure 26.  This model involves 
relative movements among and stress-strain relationships 
between, nine crustal blocks.  Boundary structures within the 
model region comprise the Garlock, San Andreas, and San 
Gregorio-Hosgri predominantly strike slip faults and the 
southern Coast Ranges coast frontal and Anacapa-Dume thrust 
faults.  The boundary between the southern Coast Ranges and 
western Transverse Ranges blocks, as interpreted and referred 
to herein as the "Oceanic – San Andreas lineament" consists of 
possibly linked segments of several thrust faults and one strike 
slip (the southern Rinconada) fault.   
 
Relative movement between blocks in the model region is 
centered around the local west-southwestward deflection of the 
south to south eastward movement of the crustal blocks on the 
northeast side of the San Andreas fault.  This deflection is 
concentrated along, and generally east and west of the 60 km 
reach of the San Andreas north of the intersection with it of the 
Garlock fault.  Resulting deformation in the area of this 
deflection includes development of the north vergent Wheeler 
Ridge and Plieto thrusts at the south end of the Central Valley 
north of this intersection, and of the greatest uplift of the 
central western Transverse Range, southwest of the 
intersection.   
 
The westward deflection must also contribute to the left slip 
along east-west aligned faults and compressional crustal 

shortening in the westernmost part of the western Transverse 
Ranges.  However the overall pattern of left slip on east-west 
aligned faults in the western Transverse Ranges continues to 
the south frontal thrust south boundary of this block.  This 
pattern may represent internal shearing of the western 
Transverse ranges block as it is extruded westward by it 
collision with the Peninsular Ranges and southern California 
offshore borderland block moving northward into the gradual 
west bend of the San Andreas south of its "Big Bend" 
deflection.   
 
Compression related to the "Big Bend" deflection also appears 
to be transmitted across the southernmost reach of the Hosgri 
fault to create the local active fold and thrust belt of 
deformation in the southernmost part of the offshore Santa 
Maria Basin.   
 
Both the San Andreas and San Gregorio-Hosgri faults are 
steep, mostly vertical strike slip block boundary faults but only 
the San Andreas continues both north and south of the region 
of this tectonic model. The San Gregorio-Hosgri is the only 
west side splay of the San Andreas north of its San Jacinto 
splay in Cajon Pass.  But like the San Andreas the San 
Gregorio fault has several important east side splays including 
(probably) the Monterey Bay fault zone, several large faults 
extending southward into the Santa Lucia Range, and the 
Shoreline fault along the southwest margin of the Irish Hills.  
Reverse faults that intersect and terminate at the San Simeon-
Hosgri reach of the San Gregorio-Hosgri consist of the Arroyo 
Laguna-Oceanic, the San Luis Range and Los Osos, and the 
Lions Head and Casmalia faults.  The Hosgri fault dies out 
southward in a complex of folds and reverse faults offshore 
from the Santa Ynez Valley.  The neotectonic structure and 
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terrain of the interiors of the both the southern Coast Ranges 
block and the westernmost part of the western Transverse 
Ranges consists of a series of wedge-block uplifts bounded by 
downward converging thrust faults (typically a primary thrust 
and a large back thrust pair) with several of the thrust or 
reverse faults transitioning southward to strike slip.  The Reliz 
and Oceanic reverse faults to Rinconada and West Hausna 
strike slip faults are the most prominent examples of such a 
transition.  The neotectonic model presented here suggests that 
the right slip on faults of the southernmost southern Coast 
Ranges may splay northward from the "Oceanic-San Andreas 
lineament", which is positioned to convey right slip into this 
region from a direct connection with the "Big Bend" reach of 
the San Andreas.   
 
The general east-northeast - west-southwest crustal shortening 
in the coastal side of the southern Coast Ranges block and west 
end of the western Transverse Ranges block occurs in response 
to compression from the Basin and Ranges westward extension 
rather from some effect of the boundary strike slip faults except 
in the San Andreas "Big Bend" region, where the westward 
movement from the Basin and Ranges extension deflects the 
San Andreas to a left bend with resultant local compression and 
deformation.  The model described here has developed during 
latest Neogene time and its structural features and their 
expression in the terrain are the result of on-going tectonic 
activity.  This is shown both by the youthful terrain and by 
pervasive seismicity seen in the brief historic record and in 
paleoseismic studies of tectonic structures that have not had 
associated historic seismicity.    
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