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Lawrence Livermore National Laboratory, and Department of Earth Science, University of Colifomia, 
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ABSTRACT 

Up to 25% of the plate boundary deformation in the western US is currently localized within a 

~ I 00-150 km wide dextral shear zone referred to as the Eastern California Shear Zone (ECSZ) and 

Walker Lane Belt (WLB). Active deformation near the western edge of the Great Basin is demonstrated 

by Quaternary fault patterns, seismicity, and geodetic data. The Sierra Nevada frontal fault zone (SNFFZ) 

is located on the westernmost margin of the Great Basin, at the tectonic boundary between the relatively 

undeformed Sierra Nevada block and WLB. In the central-eastern Sierra Nevada, the SNFFZ consists of a 

series of left-stepping fault-bounded basins produced by normal or oblique-slip faulting. Little is known 

about either the long-term history of slip on many of these faults or the variation in slip rates through 

time. The major focus of this field trip will be to examine and discuss the location, geometry, kinematics, 

and rates of deformation across the transition from the Sierra Nevada to the Walker Lane belt in the 

region of the eastern Sierra Nevada from Sonora Pass to Mono Basin. 

On this field trip, we will discuss the deformation history of the SNFFZ during Tertiary through 

Quaternary time. The field trip area is unusual, if not wtlque, in the Sierra Nevada and western Great 

Basin, because it offers distinctive strain markers spanning the �t 10 My. Well-preserved and regionally 

extensive Late Tertiary, Pleistocene, and Late Quaternary markers provide accurate estimates of 

cumulative slip across faults (both vertical and horizontal). We will visit several localities where we 

constructed fault slip-rates by combining geologic and/or geomorphic mapping, GPS surveying, and 

various geochronologic methods (including 40 Arf9 Ar and cosmogenic 10Be surface exposure dating).

Specifically, we will observe: 
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(1) Evidence for Miocene ( ~ 10 Ma) faulting along the SNFFZ within the ancestral Cascades arc by

looking at an angular unconformity exposed within the unique Tertiary volcanic stratigraphy of

the Sonora Pass region.

(2) A long record of Quaternary normal faulting preserved in a suite of glacial deposits in the Sonora

Junction area. With differential displacements along the same fault system ranging in age from IO

Ma to 10 ka, we can compare Tertiary and Quaternary fault slip rates.

(3) Tertiary and Quaternary deformation in the Bridgeport Basin, where both normal and oblique

dextral faulting is expressed in offset Tertiary volcanic and Quaternary glacial/alluvial markers.

(4) Quaternary deformation in the Mono Basin. where multiple glacial landforms are offset across the

range-front fault.

(S) Geothermal evidence for active faulting in the Bridgeport Basin by visiting the beautiful hot

springs of this part of the eastern Sierra.

1. Tectonic Setting of the Eastern California Shear Zone-Walker Lane Belt

Up to 25% of the plate boundary deformation in the western US is currently localized within a 

~ 100-1 SO km wide dextral shear zone referred to as the Eastern California Shear Zone (ECSZ) and 

Walker Lane belt (WLB). The ECSZ.WLB (Wesnousky, 2005) is defined by a belt of active seismicity 

that trends from the Gulf of California, through the Mojave Desert, and along the western edge of the 

Great Basin (Figure lA). Focusing of deformation near the western edge of the Great Basin is suggested 

by Quaternary fault patterns (Wallace et al., 1984) (Dokka and Travis, 1990), seismicity (Eddington et al., 

1987; Oldow, 2003), and space geodesy (Bennett et al., 1998a; Bennett et al., 1998b; Dixon et al., 2000; 

Dixon et al., 1995; Thatcher et al., 1999). The Sierra Nevada frontal fault zone (SNFFZ) is located on the 

westernmost margin of the Great Basin, at the tectonic boundary between the relatively undeformed 

Sierra Nevada block and WLB (Figure lA). Both geodetic and geologic studies indicate that the WLB 

accommodates ~20-25% of Pacific-North America plate motion (Bennett et al., 1999; Dixon et al., 2000; 

Oldow, 2000; Thatcher et al., 1999). Recent geodetic surveys and elastic block models also predict that 

the motion of the rigid Sierra Nevada block with respect to North America is 11-14 mm/yr toward the 

NW (~N47°W at the latitude of Owens Valley), oblique to the strike of the SNFFZ and Walker Lane 

(Dokka and Travis, 1990; Sauber et al., 1994; Savage et al., 1990a; Savage and Silver, 1990; Savage et 

al., 1990b). Wernicke et al. (1988) concluded that the Sierra Nevada has moved 160 km N42°W since 10 

Ma. Net dextral shear has been estimated at ~50-100 km across the Eastern California Shear Zone since 

the late Miocene (Carter et al., 1987; Dokka and Travis, 1990) and 48-75 km across the central Walker 

Lane since the Oligocene (Hardyman and Oldow, 1991; (Oldow, 1992). In the central Sierra Nevada 
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(Figure IB), the SNFFZ consists of a series ofleft-stepping, en echelon escarpments that reflect normal or 

oblique faulting (Schweickert et al., 2004; Wakabayashi and Sawyer, 2001). Kinematic inversions of 

earthquake focal mechanisms (Unruh et al., 2003) suggest a major strike-slip component to active oblique 

normal faults along the segment of the range-front (Figure lA), but little is known of the long-term 

history of slip on many of these faults. 

The study area (Figure IB) is characterized by four important structural elements that lie between 

the Sierra Nevada and Walker Lane belt: (1) N- to NNW-striking normal faults, dominantly E-dipping, 

and associated W-tilted fault blocks; (2) NW-striking dextral faults; (3) ENE- to NE-striking left-lateral 

oblique faults that may accommodate overall dextral shear through clockwise vertical axis rotations of 

fault blocks; ( 4) E- to NE-trending folds, which may accommodate N-S shortening at large-scale left steps 

in the range front fault system. The complex structure of the Sierra Nevada-Walker Lane belt transition, 

between the regions of Sonora Pass and Mono Basin, may be a result of three distinct modes of strain 

localization (extension, transtension, and transpression) and may be typical of the style of deformation 

along this transition (Wesnousky, 2005). 

2. Volcanotectonic Evolution of the Sierra Nevada and the Ancestral Cascades Arc

Volcanic rocks of the Sonora Pass region lie within the "ancestral Cascades arc" {Brem, 1977; 

Christiansen et al., 1992; Dickinson, 1997). Recent plate tectonic reconstructions for the location of the 

migrating Mendocino fracture zone (Atwater and Stock, 1998) suggest that subduction-related continental 

arc volcanism in the Sierra Nevada (Figure 2) should have continued until ~ 10 Ma at the latitude of 

Sonora Pass (Figure IB). However, the spatial and temporal distribution of arc volcanism and the exact 

location of the subduction-related arc axis in the Sierra Nevada is unclear. Volcanic rocks of the Sonora 

Pass region provide important information about the history of the ancestral Cascades arc, and about the 

timing of tectonic and paleogeographic changes in the western Great Basin during late Tertiary time. 

One component of the present study uses modern volcanic facies analysis and 40 Ar/39 Ar

geochronologic data to reconstruct the late Cenozoic paleogeographic and structural evolution of the 

Sierra Nevada-WLB transition. New data from the Sonora Pass area indicate an abrupt change in the 

volcanotectonic environment at about 10 Ma This change is recorded by voluminous eruptions ofhigh-K 

magmas (latite and quartz latite) at 10.25 ± 0.06 Ma (Figure 3). At the modern Sierra range crest, this 

unique alkalic magmatism was coeval with syndepositional faulting, paleorelief generation (> 150 m), and 

establishment of new drainage networks with perpendicular orientations. E-W striking transverse 

paleocanyons were supplanted by NNW-SSE striking paleodrainages related to the inception of fault

controlled topography. Syndepositional faults, which cut ~ 10 Ma vent-proximal volcanic facies, exist 
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within 25 km of the range front, suggest the major Sierran frontal faults were active within the late 

Miocene continental arc (ancestral Cascades arc) axis. Latitic volcanism, syndepositional faulting, and 

paleotopographic response along the ancestral Stanislaus River drainage at 10.2 Ma may be attributed to 

Sierran root delamination (Jones et al., 2004), triple junction migration (Figure 2; Dickinson, 1997; 

Atwater and Stock, 1998), or intra-arc fault evolution at the modem topographic range crest. 

The Tertiary stratigraphic succession, which contains six depositional sequences, represents a 

transition from andesitic to latitic, then back to andesitic volcanism (Figure 3), all bounded by 

disconfonnities and/or angular unconformities. The sequences are: (1) Oligocene (?) Valley Springs 

Formation, comprising silicic ignimbrite; (2) dominantly andesite volcaniclastic Early (?) to Late 

Miocene Mehrten Formation, consisting of debris flow deposits, channeled fluvial deposits, and block

and-ash-flow tuff; dominantly latitic Late Miocene Stanislaus Group, comprising (3) lava flows (Table 

Mountain Latite) and interbedded debris flow and fluvial deposits, (4) Eureka Valley Tuff(EVT), (5) lava 

flows, fluvial deposits, and/or a debris avalanche deposit (Dardanelles Formation). The entire section is 

cut by (6) andesite plugs and domes (post-Stanislaus Mehrten Formation). 

2.ROADLOG

(See Figure lC for map with field stops) 

DAY 1---July7.2007 

Leave Buckeye Campground on FS 038. 

*RESET ODOMETER at campground entrance (end of pavement)*

Mile 0.1 

0.5 

0.7 

3.4 

10.6 

22.8 

27.5 

42.7 

42.8 

Cross bridge over Buckeye Creek. 

Bear right onto FS 017 (Buckeye Road). 

Cross bridge over Buckeye Creek. 

Tum left onto Twin Lakes Road. 

Turn left onto US 395. 

Pass through Devils Gate. 

Turn left on CA 108. 

Drive over Sonora Pass. 

Turn right at Sonora Pass trailhead (STOP 1-1). Park vehicles in Pacific Crest Trail 

parking lot. 

At Sonora Peak, we have identified and dated a fault zone (including the St. 

Mary's Pass and Sonora Peak faults) at the modern Sierra topographic crest; a structure 
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that records faulting contemporaneous with the onset of voluminous alkalic volcanism. 

Syndepositional relationships exist across the St Mary's Pass fault, a NW-SE striking 

down-to-the-east fault, where the pre-Stanislaus Mehrten Formation (Figure 3) more than 

doubles in thickness onto the downthrown block of the St. Mary's Pass fault (Figure 4) 

and has a dramatic facies change from debris flow deposits on the upthrown block, to a 

thick series of lithic lapilli tuffs and block-and-ash flow tuffs on the downthrown block 

(Figure 4 and 5). 

Less than 1 km east of the St. Mary's Pass fault (Figure 4), the pre-Stanislaus 

Mehrten Formation (Figure 3) is tilted to dips of 39 degrees toward the northeast and 

deformed by a steeply-dipping fault zone (Sonora Peak fault, Figure 4, 6, and 7) that 

strikes parallel to the modern range crest (NW-SE to NNW-SSE). Nondeformed 

hornblende-phyric andesite dikes follow the fault planes and do not extend upward into 

the overlying flat-lying Table Mountain Latite of the Stanislaus Group (Figure 3, 6, and 

7). The undeformed latite lava flows fill a NW-SE trending paleocanyon that follows the 

fault zone but is not cut by it (Figure 6 and 7). This fault-controlled NW-SE trending 

paleocanyon has observed paleotopographic relief of at least 150 m (Figure 4 and 6). 

Similar field relations exist along what is probably the same fault 5 km to the SSE 

(Figure 8 and 9, STOP 1-2). 40 Arf9 Ar ages on the pre-Stanislaus Mehrten Formation, the 

subalkalic andesite dikes, and the Table Mountain latite flows are all the same (within 50 

ka) (Figure 6). These data indicate that faulting and the onset of high-potassium 

volcanism were synchronous, and indicate that faulting along the SNFFZ was active by 

~ 10 Ma in this region. Syndepositional faults within vent-proximal volcanic facies 

suggest that the range-front faults formed within the axis of the late Miocene ancestral 

Cascades arc. 

*RESET ODOMETER*

Leave Sonora Pass trailhead parking lot.

Mile 0.0 Turn left onto CA l 08. 

0.1 Drive over Sonora Pass. 

2.3 Tum right onto faint dirt road/pullout at Leavitt Peak-Sardine Falls overlook (STOP 1-2). 

PARKING HERE IS LIMITED. 

The westernmost fault of the SNFFZ east of Sonora Pass is the Sardine Falls

Koenig Lake fault (Figure 10), the southern continuation of the St Mary's Pass-Sonora 
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Peak fault, which also records faulting contemporaneous with the onset of voluminous 

alkalic volcanism at the modem crest. At Sardine Falls, hydrothermally altered Pre

Stanislaus Mehrten Formation is tilted to dips of ~30 degrees SE (Figure 8). The fault is 

well-exposed above Sardine Falls (Figure 9). An angular unconformity separates the pre

Stanislaus Mehrten Formation from the nearly flat-lying Table Mountain Latite flows of 

the Stanislaus Group ( dipping ~ 15 degrees SE) (Figure 8 and 9). Here, the Mehrten

Stanislaus contact is displaced vertically ~82 rn across the fault (Figure 9). 

5.0 Pass 8000 ft elevation sign. 

6.3 Tum right onto dirt road at Leavitt Falls Vista (STOP 1-3). 

The largest Pleistocene glaciers of the eastern slope of the Sierra Nevada 

occupied the West Walker River drainage near Sonora Pass. Previous work in the region 

indicates that at least five suites of glacial deposits are present (Rood et al;, 2005; Clark et 

al., 2003), the oldest of which is mantled with a volcanic ash ~550 ka, while the youngest 

moraines are <20 ky old. Here, we can see a range of lithologies that these glaciers 

incorporated into their tills. Glacial deposits in the West Walker River area include lateral 

moraines of Cloudburst and Pickel Benches (Clark, 1967) (Figure 11), which were 

probably deposited by Tahoe and Tioga glaciers, respectively. Boulders composed of 

Fremont Lake granodiorite, Cathedral Peak granite, and White Peak granodiorite may be 

present at this locality. 

6.8 Turnout on right with nice view of Pickel Meadow. DO NOT STOP. 

7.5 Pass Leavitt Station. 

9.1 Pass 7000 ft elevation sign. 

9.9 Turn right onto dirt road toward Leavitt Meadow Wildlife Area trailhead (STOP 1-4). 

The Sierran range-front fault system in the Sonora Pass study area is dominated 

by five major faults, 0 to 20 km east of the modem range-front. Three of these faults are 

subparallel to the modern range front (NNW-SSE to N-S) and dip steeply with a down

to-the-east component of displacement. These include (from west to east): (1) The 

Sardine Falls-Koenig Lake fault (STOP 1-2); (2) The Lost Cannon Peak-Leavitt Meadow 

fault (Figure 10), where dips in the Miocene strata fan from 35-11 degrees NW 

(measured within interstratified, fine-grained stream-flow deposits of the Pre-Stanislaus 
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Mehrten Formation and Stanislaus Group Table Mountain Latite flows, and eutaxitic 

foliation on the overlying Eureka Valley Tuff, By-Day Member, Figure 10). Over a 

horizontal distance of ~2 km, both the Table Mountain Latite flows and interstratified 

volcaniclastic sandstones thicken dramatically toward the fault on the hanging wall block 

from ~160 m (in the east) to ~370 m (in the west) (Figure 10). These relationships may 

indicate growth faulting. Here, the Pre-Stanislaus Mehrten Formation-Stanislaus Group 

contact is displaced vertically ~500 m across the fault (Figure 1 O); and (3) the Sonora 

Junction fault (Figure 10), which displaces the Eureka Valley Tuff (By-Day Member) 

vertically ~735 m. Two cross-faults trend NE-SW to ENE-WSW, and include: (1) the 

Grouse Meadow fault, which displaces the pre-Stanislaus Mehrten Formation-Stanislaus 

Group contact down-to-the-SE vertically ~300 m across the fault (Figure 10); and (2) the 

Summit Meadow-Tollhouse Flat fault, which displaces the Mehrten-Stanislaus contact 

down-to-the-NNW vertically ~430 m across the fault (Figure 10). 

14.4 Just past the 14-mile marlcer and just before cattle grate, park on either side of the road in 

turnouts (STOP 1-5). There will be a white farmhouse off to the right (south) side of the 

road. 

A right-stepping normal fault of the SNFFZ (the Sonora Junction fault) 

differentially offsets the Miocene (~9 Ma) Eureka Valley Tuff (EVT) and Quaternary 

moraines of at least 3 different ages (deposits of the Tahoe, Tenaya, and Tioga 

glaciations), as well as an outwash terrace of unknown age (<550 ky) (Figure 12 and 13). 

By combining detailed geologic mapping of the EVT with GIS digital topographic 

analysis of the displaced geologic contacts and existing 4-0 Ar/39 Ar geochronology (Rood 

et al., 2005), we have calculated post-IO Ma slip-rates across multiple strands of the 

range-front fault (~0.8 mm/yr·1 for the Sonora Junction fault). GPS survey data were

collected across fault scarps that displace moraine crests of all three ages in order to 

quantify the total fault-slip deformation (Figure 14 and 15) over three different 

Quaternary time intetvals. 7-10 samples for CRN geochronology (Gosse and Phillips, 

2001) were collected from boulders on a moraine of each age. The deformed outwash 

terrace (Figure 12) was surveyed as well, and was sampled for dating using 10 samples 

taken from a depth profile (Anderson et al., 1996) beneath the well-preserved geomorphic 

surface. This mapping, surveying, and sampling strategy ensures that data collected will 

define multiple deformation rates through middle and late Quaternary time. 
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Currently, nine samples for CRN geochronology are processed and analyzed 

from boulders on the faulted moraine of the Tioga glaciation in the Sonora Pass study 

area. This Tioga moraine gave a weighted average 1°Be age of 19.5 ± 1.2 ka (n=8)

(Figure 15). Survey data were collected at one site along the Tioga moraine crest, and 

differential-GPS topographic results gives a calculated dip slip offset of 10. 7 m (Figure 

15). Based on the associated CRN moraine age, this displacement estimate yields a slip 

rate of ---0.55 mm/yr-1 for this normal fault (Rood et al., 2006). Ongoing work will 

compare this slip-rate estimate to other estimates at longer time scales. 

15.3 Turn right onto US 395 at Sonora Junction. 

17.4 Turn left onto FS 031. 

18.2 Tum left onto first prominent dirt road. 

19.2 Bear left at intersection of road and power lines. 

19.6 Park at end of road on Bircham Flat (OPTIONAL STOP 1-SB). 

On the Bircham Flat, we can see the well-preserved pre-Tahoe (?) outwash 

terrace (Figure 12). To the north, the tread is offset by two normal faults, both antithetic 

(down-to-the-W) to the main strand of the Sonora Junction fault (Figure 12). From here, 

we also get a clear view of the terminal moraines of the West Walker River glaciers. 

Return to junction of FS 031 and US 395. 

*RESET ODOMETER*

Mile 0.0 

0.6 

1.3 

2.2 

2.6 

6.1 

14.8 

15.3 

15.7 

Turn left onto US 395 toward Bridgeport. 

Exposures of the Rockland Ash in Bircham Flat outwash gravels on left. 

Fales Hot Springs on right and large travertine mound on left. 

Exposures of volcanic rocks interpreted to be ring dike intrusions associated with the 

Little Walker Caldera (potential source ofEVT). 

Pass through Devils Gate. 

Huntoon Valley outwash (?) terraces on right. 

Enter Bridgeport, CA. Continue on US 395 past intersection with Twin Lakes Road. 

Continue on US 395 past junction with CA 182. 

Turn right onto Jack Sawyer Road Gust before Bridgeport Ranger Station). 
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16.0 Bear left onto graded dirt road near quarry Gust before the paved road turns right). 

Immediately stay right after road turns to dirt. Continue on primary dirt road (there are 

many side tracks). Look for white deposits on the right and head towards them. 

17. I Enter Travertine Hot Springs area (STOP 1-6). Park near outhouse. Hike over travertine 

mound behind outhouse and follow path to springs and viewpoint. 

Here, we will do the overview of the Bridgeport Basin (Figure 16). From the east 

side of the Bridgeport Basin, glacial deposits (from south to north) of the Green Creek, 

Robinson Creek, and Buckeye Creek drainages can be seen, as well as alluvial fans 

sourced in the Sweetwater Mountains. Range-front faults of the SNFFZ offset deposits in 

each of the catchments. In the low-angle sunlight of late afternoon, obvious fault scarps 

can be observed. These include (from north to south): (1) normal faults in alluvial fans on 

the northwest side of the Bridgeport Reservoir (Figure 20A), (2) normal faults in the 

Tahoe outwash terrace at Buckeye Creek (Figure 17), (3) and a right-lateral offset of the 

right-lateral Tahoe moraine at Robinson Creek (Figure 20B). 

Return to junction of Jack Sawyer Road and US 395. 

*RESET ODOMETER*

Mile 0.0 

0.9 

8.1 

10.8 

10.9 

11.0 

11.5 

11.6 

11.9 

Turn right onto US 395. 

Turn left onto Twin Lakes Road at the north end of Bridgeport (at the Shell Station). 

Turn right onto FS O 17 (Buckeye Road) at Doc and Al's Resort. 

Cross bridge over Buckeye Creek. 

Bear left onto dirt road. 

Tum left onto FS 038. 

Cross bridge over Buckeye Creek. 

Enter Buckeye Campground (pavement starts). Continue straight. 

Left at "Units 13-21 No Trailer Spaces" sign into group campground loop. 

DAY 2-July 8, 2007 

Leave Buckeye Campground on FS 038. 

*RESET ODOMETER at campground entrance (end of pavement)*

Mile 0.1 Cross bridge over Buckeye Creek 

0.4 Tioga terminal moraine on right and remnants of Tahoe till on left. 

0.6 Continue straight (left) at junction of dirt roads. 
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1.0 Tum right into large dirt parking area for Buckeye Hot Springs (STOP 2-1). 

Recent work in the Bridgeport Basin study area (Figure 16) also shows a well

preserved record of Tertiary and Quaternary deformation. The elevation of the basin floor 

is ~ 1,970 m, 600 m higher than Reno and also significantly higher than valleys in a 

comparable position to the north and south (Clark et al., 2003). Thus, due to the low slope 

and high elevation of the valley, Pleistocene glaciers with snowlines similar to those of 

other Sierra Nevada glaciers flowed far into the basin and are exceptionally well

preserved where they cross the basin-bounding faults (Figures 16, 17, and 20B). Sharp 

( 1972) mapped the distribution of glacial deposits of at least five different ages, which 

are some of the most well-preserved glacial deposits in the eastern Sierra Nevada. 

Quaternary deposits of at least 3 different ages are cut by the same fault system, including 

fresh 1-2 m Late Holocene scarps (Figure 17). In addition, the Eureka Valley Tuff is 

displaced across the basin-bounding fault system (Figure lB). Along strike of the basin

bounding fault system, an outwash te1Tace of the Tahoe glaciation (Figure 17 and 18), an 

outwasb terrace of the Tioga glaciation (Figure 17), and an alluvial fan complex of 

unknown age (Figure 16 and 20A) are differentially offset by the same fault system. 

Survey data (Figures 17, 18, and 19) was collected across the faults where well-preserved 

geomorphic markers exist (along moraine crests, and terrace and fan surfaces). Again, 7-

10 boulder samples for CRN dating were collected from the surface of each landform. So 

far, two slip-rates are available for the Bridgeport Basin study area, At Buckeye Creek, 

samples from the faulted Tahoe outwash terrace give an average 1 OBe age of 136 ± 10 ka 

(n�} (Figure 19). Survey data yields a cumulative dip slip magnitude estimate of 4 7 .5 m 

(Figure 19), thus giving a dip slip rate of0.3 mm/yr-1 for this norm.al fault system 

associated with the SNFFZ (Rood et al., 2006}. At Robinson Creek (Figure 20B), 

samples from the offset right-lateral Tahoe moraine give a 1°Be weighted average age of

117 ± 13 ka (n=6). GPS survey data indicate a dip slip magnitude of 15.6 m and a strike 

slip magnitude of259 m, yielding dip-slip and strike-slip rates ofO.l and 2.2 mm/yr·1,

respectively, for this oblique dextral fault (Rood et al., 2006}. 

Exit Buckeye Hot Springs parking area and tum right on FS 017. 

2.9 View of Robinson Creek moraines (including Tahoe, Tenaya, and Tioga moraines) and 

the faulted outwash terrace at Buckeye Creek. 
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3.5 Outcrops/subcrops of Table Mountain Latite lava flows and the Eureka Valley Tuff. 

5.2 Either park vehicles in turnout on FS 017 (if worried about traction) or turn sharply right 

on dirt road towards Day Ranch and turn immediately left. 

5.3 Park vehicles near landing pads and outcrops of Eureka Valley Tuff (STOP 2-2). 

PARKING IS LIMITED. 

The Tertiary volcanic stratigraphy identified on the relatively stable Sierra 

Nevada block (Figure 3) can be correlated in detail across the highly extended terrain 

associated with the SNFFZ in the Bridgeport Basin. Distinctive strain markers, including 

the Eureka Valley Tuff (EVT) of the Stanislaus Group (Noble et al., 1974) (Figure lB 

and 3), are distributed across the associated fault blocks and allow for accurate 

calculations of the cumulative offset since ~9-10 Ma (Rood et al., 2005a; Slemmons et 

al., 1979). Stepwise AF demagnetization of the EVT reveals a stable characteristic 

remnant magnetization (Figure 21), making it a suitable marker for quantifying vertical

axis block rotations using paleomagnetic techniques. Paleomagnetic data from the Eureka 

Valley Tuff in the Sonora Pass area indicate that transrotational deformation is very 

limited, and north of the Bridgeport Basin in the Sweetwater Mountains, paleomagnetic 

data from the EVT show no evidence for vertical-axis block rotation (Figure 23). 

However, south of the NE trending basin-bounding faults in the Bodie Hills, clockwise 

rotations between 33-85° are present (Figure 22 and 23). In the Bodie Hills, our data from 

the EVT suggest ~30° of clockwise rotation of the Bodie Hills between NE-striking faults 

in the Bridgeport and Mono Basins (Rood et al., 2005b) (Figure 23). Such rotations are 

consistent with the patterns inferred for nearby NE striking faults (Wesnousky, 2005) in 

which blocks rotate clockwise within a dextral, transcurrent fault zone. In the Bodie Hills, 

strain is localized as off-fault permanent deformation through folding and block rotation 

(Figure 23). What remains unknown is how (or whether) the rates of rotation, folding, 

and fault slip have varied through time. To address this question, data from Early 

Miocene (?) and Pliocene volcanic rocks in the Bodie Hills have been sampled for 

paleomagnetic analysis. Preliminary results show rotation magnitudes between ~90 and 0 

degrees for Early Miocene and Pliocene strata, respectively (Rood et al., 2007). Thus, 

ongoing work will use this data to address the timing and rates of rotation in the Bodie 

Hills. 

Return to FS 017 and tum.right. 

Page 11 



5.8 Tum right onto US 395. 

9.6 Enter Bridgeport, CA. Lunch in Bridgeport. 

Depart Bridgeport on US 395 south towards Lee Vining. 

*RESET ODOMETER*

Mile 4.9 Junction of US 395 and Greek Creek Road. 

6.9 Outcrops of Bodie Andesite domes/flows (?) in roadcuts. 

9.9 Outcrops of Eureka Valley Tuff in roadcuts. 

14.4 Mono Basin Scenic Vista turnout (STOP 2-3). 

NCGS Field Trip Guide 

Between NE-striking left-lateral faults in the Bridgeport and Mono Basins, a 

regional E- to NE-trending fold is present in the Bodie Hills that affects both the Tertiary 

volcanic strata (including EVT) and a Quaternary glacial outwash surface (Al Rawi, 

1969) (Figure 23). To the southwest, normal faulting rates on the SNFFZ are 1-2 mm/yr 

at Lundy Canyon (Bursik and Sieh, 1989) (Figure 24). This slip decreases to the north, 

into the folded region of the Bodie Hills (Figure 23). This kinematic relationship suggests 

that the region may be an accommodation zone between two linking faults, possibly an 

active fold that accommodates N-S shortening at a large-scale left step in the range front 

fault system (Figure 1B and 16). 

The Mono Basin was a site of volcanism, glaciation, and faulting throughout the 

Quaternary. From this viewpoint, Paoha and Negit Islands can be seen in Mono Lake. 

Paoha Island is composed of lake sediments that were uplifted by rising magma beneath 

the basin, while Negit Island is a ~300-year-old basaltic cinder cone. On the northwest 

shore of the lake, Black Point is a basaltic cinder cone that erupted ~ 15 ka. In the 

distance, beyond the south shore of the lake, the Mono Craters are visible. The youngest 

volcanic dome in this chain, Pannum Crater, erupted about 605 ± 20 14C yrs. B.P. (Sieh 

and Bursik, 1986). Paleo-shorelines of Mono Lake are also visible. Impressive glacial 

deposits of three different ages and faults of Lundy Canyon can be seen from this point 

(Figure 24, STOP 2-4). Clear offsets of Tioga moraines, a fresh scarp, and faceted slopes 

below older moraines are classic geomorphic characteristics related to normal faulting. 

18.7 Tum right at Lundy Lake road. 

20.1 Turnouts on both sides of road (STOP 2-4) near "SNOW NOT REMOVED BEYOND 

THIS POINT" sign. LIMITED PARK.ING. From the south side of the main paved road, 
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walk down dirt road, cross bridge over Mill Creek, and climb up hill to terrace tread and 

fault scarp. 

The Lundy Canyon fault is one of the best examples of range-front faulting in the 

study area. Here, the post-Tioga slip-rate may be the highest in the region. Clear offsets 

of moraines and an outwash terrace of the Tioga glaciation are present along Mill Creek. 

Here, fault scarps can be recognized for their fresh morphology and abundant spring 

discharge (and associated vegetation) (Figure 25). Older glacial deposits above the right

lateral Tioga moraines are clearly truncated across the range-front fault (Figure 24). 

These older moraines have been mapped by Bursik and Sieh (1989) as equivalent to 

deposits of the Mono Basin and Sherwin glaciations, and provide minima for the dip-slip 

displacement across the fault (Figure 24). 

Work at this location is still ongoing. Samples of boulders from the faulted Tioga 

outwash terrace were collected, and ages may be available by the time of the field trip. 

Once the CRN and d-GPS data are synthesized, Lundy Canyon will provide an additional 

site to compare multiple fault-slip rates through Quaternary time, and may reveal patterns 

of coordinated slip-rate variations on neighboring faults along the SNFFZ. 
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Figure IA. Sin�plified tectonic map of the 
western part of the U.S. Cordi I lera showino the
major gcotectonic provinces and modern pYatc 
boun_darit;s: Basin and Range extensional 
pr�vll}Ce m dark gray, CNSZ (central Nevada 
se1sm1c zone), ECSZ (eastern California shear
;;.:one), ISB (intermountain seismic belt), and 
WLB (Wal�cr Lane bell) in light grey. Box 
s�ows location of study area along the Sierra
Nevada frontal fault zone (Modified after 
Glazner et al.. 2005). 
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riaure 6. View from Sonora Pass to north toward Sonora Peak. Shows angular unconformity and erosional surface between late Miocene pre-Stanislaus 
Mchrtcn Fo1mation (40Ar/39Ar date = I 0.10 ± 0.06 Ma) and late Miocene Stanislaus Group (40Ar/39Ar date"' I 0.25 ± 0.06 Ma). Mch11cn Formation tilted 
(dipping 39 degrees NE) and deformed along subvertical shear zone cul by hbl-plag-phyric andcsite dikes (40Ar/39Ar date"' 10.35 :1 0.25 Ma) that do not cross 
tl1e unconformity. Stanislaus Group (dipping 6 degrees N) fills NNW-SSE trending pafeovalley whose position was controlled by the shear zone. 
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intruded by ancfesite dikes. 
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Figure 10. Geologic map_ ofrc&ion cast of 
Son-0ra Pass. Herc. the Sierra Nevada Frontal 
Fau It Zone consists of five major faults. Three of 
these are subparallel to the modern nm�e-front 
(NNW-SSE to N-S) and dip steeply witn 
significant down-to-the-cast throw. Two cross 
faults trend NE-SW to ENE-WSW. East of 
Sonora Pass, the range-front faults have larger 
offsets of Tertiary volcanic strata (up to approxi
mately 750 meters) and bound tilted fault 61ocks 
typical of extensional terranes. Offsets of glacial 
deposits across the easternmost fault demonstrate 
continued fault activity in the Quaternary. 
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the Sonora Juctton fault (red). Person twlutc ctrcle) tor scale. 
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Figure 12. Geomorphic map of Quaternary deposits (moraine crests of3 
different ages (blue) and I outwash terrace) in the Sonora Pass study area 
differentially deformed by right-stepping normal faults of the Sonora 
Junction fault (red). Here. multiple deformation rates can be compared 
along the Sierra Nevada frontal fault zone. 
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Figure 14. Diagram showing the method or calculating the dip slip and extension associated with each individual 
nonnal fault. The calculations for extension are shown to the left using parameters measured from the GPS profile. 
Five parameters and associated uncertainties are combined in a Monte Carlo simulation to provide the best estimate 
of magnitude and rate of fault slip. They include: (I) surface of the hanging wall. (2) surface of the footwall, (3) 
location or the fault, (4) dip of the fault, and (5) age of the displaced marker. 
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Fieure 15 (above and letl). Preliminary data for
slip-rate calculations in the Sonora Pass study 
area. d-GPS survey results (upper) and CRN 
exposure dates (left) for the Sonora Junction 
fault. In CRN graphs, red curves are each 
sample's data, grey curve is the distribution for 
entire dataset, and black line is mean a�e. Based 
on the associated CRN moraine age, this 
displacement estimate yields a slip rate of-0.55 
mm/yr-I for this normal fault. 
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Figure 16 (left). Shaded relief OEM showing well-preserved 
Quaternary deposits in the Bridgeport Basin study area along the 
Sien-a Nevada frontal fault zone that were targeted for CRN datin� 
and GPS surveying_ Also shows major Quaternary faults (red) ana 
location of Figures 17, 20, and 24 (boxes). 

Figure 17. Field photo (view to NW) of the W. Bridgeport Basin showing fresh late Holocene fault scarps cutting 
outwash terrace of the Tahoe glaciation and terrace of the Tioga glaciation. Quaternary strain markers are differen
tially cut b__y the same fault system. demonstrating the feasibility of quantifying fault slip rates at multiple time 
scales. Diflcrential OPS survey profiles (red with labels) of Figure 18. 
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figure 18. Example differential GJ>S survey crossprofiies from the faulted out wash terrace of the Tahoe glaciation 
in the Bridgeport Basin (see Figure 17 for survey profile locations). Profiles 1-4 are arranged from NE to SW. 
Profiles depict a transition frorn multiple normal fault scarps in the NE (3 recognizable fault scarps) to a single fault 
trace in the SW with la��r individual offsets but similar cumulative slip. Survey data was combined with chronolo
gies developed with CRN dating to calculate rates of slip and extension (see Figure 19 for data and calculations). 
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Figure 19 (above and left). Data for �lip-rate 
caTculations from the Bridg_cport Basin. d-GPS 
survey results (upper) and CRN exposure dates 
(left) for the faulted Tahoe outwasti terrace at 
Buckeye Creek. In lower graphs, red curves arc 
each sample's data, grey curve is the distribution 
for entire dataset, and black line is mean a_ge. 
These data to0ether yield a dip slip rate of0.3 
mm/yr- I for ti is normal fa.u It system associated 
with the SNFFZ. 
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--7 Figure 20 (left). 
B I; lmases showing 

· additional target areas • along the Sierra 
Nevada frontal fault 
zone in the Bridgeport 
Basin. (A) Aerial 
photo showing the 
ranie-front faults (red) 
in tne Bridgeport 
Basin study area 
cutting_ alluvial fans of 
unkno°;vn age (location 
on Figure 16) along 
strike of fault scarps in 
Figures 17 and 18. (B) 
Aerial photo showing 
a dextral oblique 
nonnal fault (red) in 
the Bridgeport Basin 
study_ area cutting a 
morame crest of the 

.ur �--111 Tahoe glaciation (blue) 
(location on Figure 
16). 
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Figure 21. Paleoma()netic AF demagnetization results showing representative stereo�raphic. equal area. and JiJ0 
plots (both geograpfiic (upper) and tilt-corrected (lower)) for samples of Tollhouse Flat (left) and Hy-Day (right) 
members o(thc EVT. Note the strong characteristic remnant mau:netiuition (ChRM), normal and reverse magnetic 
polarities, and lack of vertical-axis rotation. -
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Figure 23. combme<1 topo!?jraphy. structure (faultsifolds). and site mean declinations (directions of black arrows) 
showing calculated clockwise discordance (R) organized spatially through the study area. Shows faults in red (from 
CDMG I :250.000 Walker Lake sheet by Komg (1963)) and fold axis in yellow (from Al Rawi ( 1969)). Roads in 
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figure 24. View toward southwest of Sien-a Nevada range-front at Lundy Canyon. Shows right-lateral moraine crests oJ'three different ages and faults (red). 
Note triangular facets of older moraine crests along the fault and obvioius offset of Tioga moraine crest. Here. multiple Quaternary deposits are offset by the 
same fault system. The Tioga deposits will yield an precise slip rate calculation. while tne older moraines will give slip-rate minima for two additional Quater• 
nary time intervals. Location on T-'igurc 16. 
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Figure 25. View toward west offoult scarps and offsets at Lundy Canyon. Shows fresh fault scarps (red) cutting deposits of the Tioga glaciation. Note sprinns 
a!onu fault trace. Boulders from the Tioga outwash terrace tread were sampled for IOBe surface exposure dating, and a0es may be available by the time oftte 
lielutrip. Combined with dGPS surveying, these data will yield a high-precision slip rate for this part of the SNFFZ. which may be the highest rnte in the study 
area. 
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Stratigraphy of the Sonora Pass Region, Central Sierra Nevada, California 
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Olivine Basalt: flows locally present in Middle Fork of Stanislaus River drainage. 

Daclte and andeslte plugs and domes (units Tidb, Tsip, Tag). These have eruptive equivalents in 
the form of andesitlc debris flow and streamflow deposits, block-and-ash flow tufts and 
ignlmbrlte. 

Andesitic rocks generally medium to light gray. Basaltic andesite less common than in 
Pre-Stanislaus Mehrten Formaion. Hornblend very conspicuous as single crystals up to 2 cm or 
more and as intratelluric clots. 

Correlates with younger rocks to north which include rhyollte ignimbrite (Silver Peak Complex). 

Dardanelles Formation: Latlte lava flows,debris flow deposits, volcaniclastic fluvial deposits, or 
debris avalanche deposits (units Tsp, Tsob,Tda, Tsf. andTsdf). 

Eureka Valley Tuff: 
Upper Member -- Only locally present. Biotite and plagioclase bearing (unltTseu). 
By-Day Member- Plaglocfase-phyric welded lgnlmbrite without biotlte (unit Tseb). 
Tollhouse Rat Member- Plagioclase and biotite bearing welded ignlmbrite (unitTset). 

Table Mountain Latite: . 
Dark to black, locally red coarsely porphyritic flows with associated breccla. Distinguished by 

coarse pla�ey,sieve-textured plagioclase phenocrysts up to 1 cm or more (1-30%).Dark green 
glassy cllnopyroxene present In some flows. 

Dominantly andesitlc debris flow deposits, overlain in erosional unconformity by 

channelized fluvial deposits In turn overlain In erosional unconformity by 
block-and-ash-flow tuffs 

Distal lithofacies (Tmf) interpreted to be deposited in a dilute stream flow environment. 
Depostis are polylithologk. clast supported.,and moderately sorted. Matrix is typically coarse 
to fine sand. Note the rounding of clasts and abundant traction tructures (including well 
developed imbrication). Medial lithofacies (Tmdf) interpreted as debris flow deposits or 
hyperconcentrated flood flow deposits. Deposits are polylithologlc, matrix supported, and 
poorly sorted. Matrix is typically mud to fine sand. Hot deposits are characterized by prismatically 
jointed clasts and abundant charcoal. Proximal facies (Tmba) interpreted to be deposited as 
block and ash flow tuff deposits, probably related to gravitational collapse of a volcanic dome. 
Deposits are monolithologic, matrix supported, and poorly sorted. Matrix is dominantly fine ash. 
Clasts are commonly angular, non-vesicular, and glassy to coarsely crystalline. Prismatically jointed 
clast are common, and indicate hot emplacement. 

5-o petrographically distinctlve siliclc ignimbrites (unltTvsi). 

Exposed near the Dardanelles and Red Peak as erosional remnants. The ighimbrites are deeply 
incised and erode<!, and are often only preserved as thin deposits on paleotopographic highs 
or paleovalley walls 

Pre-Tertiary granitic and metamorphic basement. Fluvial gravels ofTertiary age rare 



Unit 

Matthes 

Unnamed 

Recess Peak 

Tioga 

Tenaya 

Tahoe 2 

Tahoe 1 (= Casa Diablo?) 

Mono Basin (=Old Tahoe?) 

. -.-·:..1 

Sherwin 

pre-Sherwin diamictons 

McGee drift 

MORAINE AGES, EASTERN SIERRA NEVADA 

(assessment based on INQUA field excursion, August 2003) 

Age {ka) 

0.4-0.1 

2.5-3.5 

>13

20±3 

--27 

-60

-90

~140 

800-900

>1000

<2.8 myr 

MIS 

late 1 

mid 1 

:I 

late2 

2 

early 2 

4 

Sd? 

6 

,._. l.

-20-22

Glaciation Soils, weathering Moraine crests (lowering) 

Little Ice Age incipient sharp, <1 m 

mid-Neoglacial incipient sharp,(?) 

·•
weak sharp, <2 m 

late last glaciation weak sharp, <2 m 

weak sharp, <3 m 

weak to moderate (Bw) rounded, 2-4 m 

early last glaciation weak to moderate(Bw) 

late Mid-Pleistocene well-developed (Bt) 

well-_developed (St) 

Early Pleistocene strong weathering 

. ;·, '; .• � 

Pliocene (?) strong weathering 

broad & subdued, 10-20 m 

f-1
.. ,.\ ·, . .. ... 

no preseNed end moraines 

no preserved end moraines 

no preseNed moraines 


