
Structural Geology and Oil Field Traps of the Western and 
Southern Margins of the San Joaquin Basin, California 

September 30 and October 1, 2016. 
 
Field trip leaders: Thom Davis, Yannick Wirtz, and Greg Gordon  
 

Departure time and place: 7:00 am from the AERA Energy parking lot off Old River 
Road (to the west of the office building; building address is 10,000 Ming Ave., 
Bakersfield, CA 93311). 
 

Return time and place: The trip will return at 6:00 pm each day to the meeting point.  
 
 

 
 
 
  

Hanging wall deformation near the Pleito thrust fault with  
Courtney Marshall for scale, Pleitito Creek, San Emigdio Mountains.  



Guidebook and field trip themes: This guidebook is largely graphical with 
numerous maps, cross sections, stratigraphic columns, and field photos of the 
western and southern margins of the San Joaquin basin.  Each stop has a short text 
providing key presentation points and questions for discussion. The goal of the field 
trip is to show and discuss the geometry, kinematic development, and timing of 
many of the map-scale structures in the field and some of the major hydrocarbon 
traps. Most of the cross sections shown are based on well data and surface 
geology, and of course, are very interpretive at depth and away from the control. 
Portions of a few of the cross sections are supported by 2D reflection seismic lines 
but unfortunately these data cannot be reproduced here.  Portions of several 
seismic lines are shown in Davisô (2015) paper Structural wedge with a hydrocarbon 
prospective triangle zone, west-side of the San Joaquin Basin (WS), California: 
implications for untested large traps included at the end of the guidebook.  
 
This field trip has several structural themes that will be developed during its course. 
The first theme will focus on key field relationships that can be explained in the 
terms of structural models; specifically fault-ramp folds, wedge structures and back 
thrusting, and their importance to subsurface interpretation and oil and gas 
exploration. The second portion will emphasize fault detachments and shallow-level 
fold belts in the Monterey and Tulare Formations, and their role in oil field trapping 
and reservoir characterization. Thirdly the trip will emphasize the influence of pre-
convergent structures on the fold and thrust belt structural style and oil field trapping 
along the western and southern margins of the San Joaquin basin.  A recurring 
theme will be the importance of geologic surface mapping, its commonly interpretive 
nature, and specifically knowing the stratigraphic-up direction in steeply-dipping 
strata. 
 
Transpression along the San Andreas plate boundary: Fault-related fold models 
that illustrate the geometry and kinematic development of petroleum traps and 
structures (Figures 2 & 3) are frequently used to assist basin exploration and 
development of structurally complex oil fields.  World-wide, several petroleum-rich 
provinces are situated in convergent strike-slip settings with adjacent convergent 
structures that are commonly petroleum traps.  Strain studies and modelling of 
these settings are dominated by the wrench fault model, and examples from the 
San Andreas fault plate boundary and its its influence on the formation of structural 
traps in adjacent large oil fields abound (Wilcox, et al., 1973).  Use of this model in 
petroleum exploration in California is problematic and can lead to wasted drilling 
dollars.  As discussed and shown on this field trip the wrench model and its 
associated flower structures (Harding, 1976) and palm tree structures (Sylvester, 
1988) fail to explain the oil trapping style and structure of the uppermost crust along 
the western and southern margins of the San Joaquin basin. 
 
The San Andreas transform fault through much of southern and central California is 
oblique to the direction of motion between North America and the Pacific plates, and 



two models have been used to explain the strain response to the stress field: 1) the 
wrench model that results from a high shear strength on the San Andreas fault and 
2) strain-partitioning along a weak San Andreas fault that is characterized by pure 
strike-slip, and an adjacent belt of convergent  structures that are parallel to 
subparallel to the San Andreas fault (Mount and Suppe, 1987; Zoback, et al., 1987, 
Townend and Zoback, 2004).  During the field trip we present data and 
interpretations that support the strain-partitioned model that is characterized by a 
strike-slip San Andreas fault with no vertical offset, and development of an adjacent 
and coeval fold and thrust belt with little or no strike-slip component along the 
western and southern margins of the San Joaquin basin (Namson and Davis, 
1988a, b).  Further we show that application of geometric and kinematic models 
commonly used in fold and thrust belts, for example fault-bend and fault-
propagation folds (Figures 2 & 3)(Suppe, 1983; Suppe and Medwedeff,1990), 
provide a realistic,  testable, and economically successful methodology for basin 
exploration and oil field development in the convergent petroleum traps of southern 
and central California.  A more optimistic view of this areaôs oil and gas exploration 
potential is provided by the fold and thrust model as the larger thrust sheets conceal 
footwalls with untested sub-basins and structures with known oil source and 
reservoir rocks (Davis, et al., 1988; Davis, 2015).  
 
Earthquake hazards and structural geology: Following the 1983 Coalinga 
earthquake Namson and Davis showed that the deformed western margin of the 
San Joaquin basin is best interpreted as a northeast-directed structural wedge that 
is being driven into the undeformed basin (Figure 5), and balanced cross sections 
and fault-fold models could be used for seismic risk evaluation of blind thrust faults 
(Namson and Davis, 1988a).  At that time the Coalinga earthquake perplexed much 
of the earthquake community due to its lack of surface rupture from an earthquake 
with a M>6.0 and its main shock slip solution of pure convergence on a low angle 
fault plane located near and dipping towards the San Andreas fault.  With the 
exception of Bob Yeats and his students working in the Ventura basin the geologists 
and seismologists involved in seismic risk evaluations at that time relied on surface 
geology, observations in very shallow trenches across faults, shallow borings, and 
much deeper seismological data, but the structural geology from a hypocenter to 
just below the earthôs surface was poorly appreciated or understood.  This 
community did not use publically available subsurface data from oil and gas wells, 
or appreciate the relationship between folding and thrust faulting, and the possibility 
of ñblindò thrust faults being the source for significant and damaging earthquake. 

 
  



Hikes and safety: Several of the field stops are located along roads and the 
greatest safety risk is being struck by other vehicles so please use caution when 
walking along the sides of the roads and crossing the roads. Several of the stops 
will involve hikes of about one mile, and participants should wear long pants due to 
the dry weeds and brush.  Rattlesnakes are commonly encountered in the excursion 
area so please look before you step, reach, and sit down.  Rattlesnakes are not 
aggressive, bites are uncommon, and fatalities rare.   
 
Emergency contact information: 
In case of emergency call 911 available 24 hours/day and 365 days/year. 
Mercy Southwest Hospital (nearest full hospital with an ER), 400 Old River Rd., 
Bakersfield, 93311,  Phone: 661-663-6000. 
 
Thom Davis, Yannick Wirtz, and Greg Gordon welcome you to our field trip. 
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  Figure 2, fault-bend fold. 



 
  

Figure 3, fault-propagation fold. 



 
 

1st Day (Friday, September 30, 2016) 
 
 

Stop 1, Structure of the Antelope Valley (35.720277°,-120.162772°).  
This stop combines a lot of structural geology into a small area and provides surface 
clues about the structural style along the west side of the San Joaquin basin. In 
addition many of the major rock packages of the central Coast Ranges are exposed 
along the margins of the Antelope Valley.  
 
Present and discuss: 
 

¶ Antelope Valley thrust (Sawtooth fault of Dibblee) and other nearby convergent 
structures. 

 
 

¶ Structural modeling concepts including fold models, backthrusting, triangle 
zones, cross section construction and retrodeformation of sections (Figures 2, 3 
& 5). 

 

 

¶ Complex hanging wall structure of the Antelope Valley thrust at Orchard Peak. Is 
there a low angle detachment structure exposed along the Badger fault? 

 
 

¶ Footwall of the Antelope Valley thrust. 
 
 

¶ Structure of the southwest side of Antelope Valley. 
 
 

¶ Regional cross sections shown in Figures 9 & 10. 
 
 

¶ A few comments about the local stratigraphic record, paleogeography, tectonic 
history (Figures 7 & 8). 

 
 

 
 
  



 
 

  

Figure 4, portion of USGS map I-757, Dibblee (1973) showing the 
northern Temblor Range and field trip stops. 

Figure 5, generalized triangle zone model for the northern Temblor 
Range. 


