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Testing kinematic fault-slip models in the Eastern California Shear Zone–Walker Lane 

Belt: Field studies in southwestern Mina deflection, California–Nevada. 

Purpose and Introduction 

The Mina deflection (Fig. 1A) is a ~125 km long structural step-over within the NW-striking 

dextral Eastern California Shear Zone (ECSZ)–Walker Lane Belt (WLB). Fault slip within this 

step-over is accommodated by a combination of sinistral, dextral, and normal faults (e.g. Faulds 

et al. 2008; Nagorsen-Rinke et al., 2013) and these faults transfer slip from the NW-striking 

dextral faults in the northern ECSZ to the NW-striking dextral faults in the central WLB. I will 

use geologic mapping, structural, kinematic, and geochronology studies in the River Spring area, 

southwestern Mina deflection (Fig. 1B) to document the kinematics of fault slip transfer across 

the area in order to test three kinematic models postulated to explain the mechanism of fault-slip 

transfer: normal fault–displacement-transfer model (Oldow et al. 1994), oblique-slip fault–

transtensional model (Oldow et al. 2003), and sinistral fault–clockwise block rotation model 

(Wesnousky 2005).
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Background  

The ECSZ–WLB, a NW-striking zone of predominantly dextral faults, accommodates ~25% of 

the relative motion between the Pacific and North American plates (Bennett et al., 2003; Lee et 

al., 2009a). Within the ECSZ–WLB is the Mina deflection, a ~125 km long and ~45 km wide, 

NE-striking zone of deformation that transfers dextral slip from the northern ECSZ to the central 

WLB. The narrow (~25-50 km wide) northern ECSZ transfers dextral slip from four major faults 

into the broader Mina deflection (Lee et al., 2009b) resulting in a complex zone of deformation 

comprised of sinistral, dextral, and normal faults (Wesnousky, 2005; Nagorsen-Rinke et al., 

2013). 

 

Three fault slip transfer mechanisms for specific sections of the Mina deflection and a specific 

time period have been postulated for the transfer of slip from the northern ECSZ through the 

Mina deflection and into the central WLB. (a) In the displacement transfer model, normal slip 

along NE-striking normal faults in the southeastern part of the Mina deflection transfers mid-

Miocene to Pliocene dextral shear from the ECSZ to the WLB (Fig. 2a) (Oldow et al., 1994). (b) 
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Based on GPS data, Oldow et al. (2003) proposed the transtensional model whereby today 

oblique slip along NE-striking sinistral and normal faults transfers the dextral shear (Fig. 2b). 

This model predicts that modern deformation in the eastern Mina deflection is characterized by 

wrench-domination transtension and in the western Mina deflection by extension-dominated 

transtension (Fig. 2 and 4). (c) Wesnousky (2005) suggested a clockwise block rotation model by 

which Holocene dextral faults of the ECSZ and WLB are linked through sinistral slip along 

faults that bound clockwise rotating crustal blocks (Fig. 2c). Paleomagnetic data in the eastern 

Mina deflection shows clockwise block rotations implying this model may also be applicable to 

late Miocene to early Pliocene fault slip transfer (Petronis et al., 2007, 2009).  

Similar MS projects by Nagorsen-Rinke (2011) and Hogan (in progress) have been completed 

near the River Springs area. Both Nagorsen-Rinke and Hogan used geologic mapping, structural, 

kinematic, and geochronology studies in their field areas to assess the kinematics of fault-slip 

transfer. Nagorsen-Rinke (2011) completed her investigation in the Adobe Hills map area (Fig. 

1b) directly northwest of the River Springs area. Here, she documented that NE-striking sinistral 

faults were the most dominate and youngest fault type, and they recorded a net minimum of 921 

± 184 to 1318 ± 264 m offset and minimum Pliocene sinistral slip rates of 0.2-0.5 mm/yr. 

Nagorsen-Rinke et al. (2013) concluded that the clockwise block rotational model best fit her 

results, but noted that additional data, particularly vertical axis block rotation data, were needed 

to test this interpretation. Hogan completed her investigations in the Huntoon Springs map area 

(Fig. 1b) directly north of the River springs area. Her results showed that NE and ENE-striking 

sinistral faults were the most dominate fault type, recording a minimum of 397 ± 79 m of offset 

and Pliocene slip rate of ~0.1 mm/yr. Hogan also concluded that the clockwise block rotational 

model best explained fault slip transfer in her field area, but also noted that additional data were 
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needed to confirm this interpretation. Neither study documented the geometries, kinematics, and 

mechanisms of fault slip transfer from the NW-striking dextral faults of the northern ECSZ onto 

the NE-striking sinistral faults of the Mina deflection. 

The River Springs area exposes a unique opportunity to directly study the transfer of fault-slip 

between dextral faults in the ECSZ and sinistral faults in Mina deflection. Unlike the dominantly 

ENE-striking sinistral faults of the Adobe Hills and Huntoon Springs field areas, the River 

Springs field area appears to expose the intersection of the NW-striking faults of the ECSZ and 

the ENE-striking faults of the Mina deflection (Fig. 3). Thus, the River Springs area provides an 

unparalleled opportunity to test the proposed kinematic models, particularly the clockwise block 

rotation model. Geologic mapping, structural, kinematic, and geochronology studies of the River 

Springs area will document the dominant fault type, geometry, slip kinematics, timing of fault 

slip, and fault slip rates. These data sets will allow me to test the applicability of the postulated 

kinematic models in the southwestern part of the Mina deflection. 

Methods and logistics  

To test the proposed mechanisms for fault slip transfer by Oldow et al. (1994), Oldow et al.  

(2003), and Wesnousky (2005) across the Mina deflection, I will complete two months of field 

work focusing on geologic mapping, structural, and kinematic investigations, and collecting 

samples for geochronologic studies in the River Springs area, California–Nevada (Figs. 1b and 

3).  The River Springs area, located in the southwestern part of the Mina deflection (Fig. 1b), is 

an ideal location for this study because of excellent exposure of faults with a range of 

orientations; a layered stratigraphy and geomorphic markers (e.g. linear geologic features such as 

channelized basalt flows, and point geologic features such as cinder cones) that allow 

documentation of normal and strike-slip offset; and abundance of datable volcanic rocks to 
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document timing of faulting and fault slip 

rates. Interpretation of a Google Earth image 

of the River Springs area shows that at least 

one of the many NW-striking faults dextrally 

offsets a volcanic cinder cone ~100-150 m 

(Fig. 3). In addition, a relatively small region 

(~20 km2) within the River Springs area 

shows NW-striking dextral faults projecting 

into NE-striking sinistral (?) faults (Fig. 3). 

Thus, the field area appears to expose, over a 

relatively small area, the kinematic 

configuration of slip transfer from NW-

striking dextral faults of the northern ECSZ 

and the NE-striking faults that define the Mina 

deflection (e.g. Wesnousky, 2005; Nagorsen-

Rinke, 2013). Geologic mapping will be 

completed at 1:12,000 scale and compiled into a 1:24,000 scale geologic map and cross-sections 

documenting rock units, fault types, and fault offset. Geologic mapping combined with structure 

and kinematic studies (bedrock orientation; fault plane and striation orientations; cross-cutting 

relationships, etc.) will document fault orientation, geometry, kinematics, and magnitude of fault 

offset. The Mina deflection area exposes abundant datable volcanic units that are pre-, syn- and 

post-faulting and range in age from Miocene to Quaternary (Gilbert et al., 1968; Nagorsen-Rinke 

et al., 2013). 40Ar/39Ar geochronologic analyses of offset volcanic units will be completed to 
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document the timing of volcanism and faulting, and fault slip rates. Fault-slip rates, a key data 

set to assess the fault-slip transfer models, will be calculated from a combination of age of offset 

volcanic rocks and magnitude of offset measurements. 40Ar/39Ar analysis will be done in the 

Ar/Ar laboratory at the USGS, Menlo Park, CA under the supervision of Dr. Andy Calvert, a 

collaborator of Dr. Jeff Lee. I will complete sample preparation and analyses. 

 

Fig 4: Map illustrating 
postulated deformation 
zones across the Mina 
deflection. Deformation in 
the western Mina 
deflection is predicted to 
be characterized by 
extension-dominated 
transtension. In contrast, 
deformation in the eastern 
Mina deflection is 
predicted to be 
characterized by wrench-
dominated transtension. 
The River Springs field 
area is represented by the 
star. Modified from Oldow 
(2003). 

 

 

 

 

Significance of Research  

The San Andreas Fault system accommodates ~75-80% of dextral motion between the North 
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American and Pacific plates; the ECSZ–WLB accommodates the remaining (~20-25%) dextral 

motion (Bennett et al., 2003; Lee et al., 2009a). The ECSZ–WLB splays northward from the San 

Andreas Fault south of the Mojave Desert and extends into northeastern California. Beginning at 

~30 Ma much of the western margin of the US Cordillera changed from an Andean type margin 

to a dextral transform boundary (Atwater and Stock, 1998). Currently the most northern extent of 

the WLB terminates at the same latitude as the Mendocino Triple Junction (Fig. 5a); both 

geologic features are migrating northward at similar rates (Faulds et al., 2008). Faulds et al. 

(2008) hypothesized that in ~7-8 My the Mendocino triple junction and shear zone will intersect 

causing an inland jump of the plate boundary, thus placing the new plate boundary at the ECSZ-

WLB (Fig. 5b). Completing field studies in the River Springs area provides an exciting 

opportunity to document the geometry and kinematics of intracontinental deformation associated 

with the incipient-development of a plate boundary transform fault. 

 
 

 

 

 

 

 

 

 

Fig. 5: Proposed evolution of the North American – Pacific plate boundary.  (a) Illustrates the 
current plate boundary on the SAF. (b) Illustrates the proposed new plate boundary at the ECSZ-
WLB. (Faulds et al., 2008)	  
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The most important outcome from this thesis research will be fault slip kinematics and timing of 

fault slip across the River Springs area. Based on interpretation of Google Earth images, the 

River Springs area appears to capture the interaction between NW-striking dextral faults of the 

ECSZ and NE-striking sinistral(?) faults of the Mina deflection. Understanding the mechanics of 

fault-slip transfer from the ECSZ to Mina deflection will aid in the understanding the 

mechanisms of fault-slip across not only the entire ECSZ – WLB, but in transform dominated 

intraplate deformation elsewhere. 
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Schedule 

- Spring 2013 
o Thesis proposal 

- Summer 2013  
o June-Aug: field studies will be completed in the River Springs area, California – 

Nevada.  
- Fall 2013 

o Two separate trips to USGS, Menlo Park, CA for Ar/Ar analysis. 
o Compile geologic map, cross sections, structural data, and stratigraphic 

observations, and complete limited petrography on volcanic rocks 
- Winter 2014 

o Completion of analysis 
o Begin writing thesis 

- Spring 2014 
o Finish writing thesis 
o Defend thesis 

 

 

Budget 

- Field work 
o Truck budget: $  2,962.33  
o Stipend: 
o Stipend for assistant: 
o WMRC lodging: $440 

- Ar/Ar analyses: $2,867 
o Airfare 

 Seattle to San Francisco- 2 round trips @ $400each, totaling $800 
o Transportation 

 Airport shuttle Ellensburg to Seattle- 2 round trips @70each, totaling $140 
 Transportation San Francisco Airport to Menlo Park Inn- 2 round trips @ 

$9.50, totaling $19 
o Hotel 

 Menlo Park Inn- 12 nights @$159 a night, totaling $1908 



Rachelle	  Warren	  

	  

	  

	  


