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ABSTRACT

Investigation of the tectonic geomorphol-
ogy of active folding over buried reverse faults
at the San Emigdio Mountain front, southern
San Joaquin Valley, California, provides in-
sight concerning the tectonic and geomorphic
development of mountain fronts produced by
active folding and faulting. Monoclinally flexed
gravels with dips as great as 50° and a mini-
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INTRODUCTION The objectives of the research presented in this
paper are: (1) investigate the tectonic framework,
This study was undertaken to determine thgeometry, and range of vertical deformation rates
Quaternary history associated with the foldingssociated with folding on upper plates of buried
and vertical deformation of the San Emigdiaeverse faults, and (2) reconstruction of the Qua-
Mountains. The study area (Fig. 1) is locateternary depositional and tectonic history of the
near the boundary between two geomorphigorth flank of the San Emigdio Mountain front.
provinces: the Transverse Ranges to the southWe assume for our evaluation that tectonic ac-
and the San Joaquin Valley to the north. Thavity rather than climatic change has produced

east-west—trending San Emigdio Mountainshe observed vertical separation of Quaternary de-

mum age of about 65 ka provide evidence of part of the southern Coast Ranges, cut across thesits and surfaces. This is a reasonable assump-

late Pleistocene deformation at the active
range front. Studies of the surface folding of
alluvial fans and fluvial terraces indicate a
Holocene vertical deformation rate of
1.9-3.0 m/k.y. at the active range front and
0.8-1.3 m/k.y. ~2 km basinward. Geomorphic

structural grain of California, similar to the adja-tion for the following reasons. (1) The southern
cent east-west—trending Transverse Ranges. T8an Joaquin Valley has been a local, closed basin
rocks of the San Emigdio Mountains have beefor most of the past few hundred thousand years
deformed and uplifted ~7 km to their present elfDavis and Green, 1962), and, as such, has not
evation of ~2130 m since late Cenozoic timéeen influenced by global marine base-level
(Davis, 1983). The San Emigdio Mountains andhanges. (2) Most of the increase in topographic

evidence also indicates that the locus of active the Tehachapi Mountains form the southern terelief, the subject of this paper, results from uplift,

folding and vertical deformation along the
northern flank of the San Emigdio Moun-
tains has migrated and continues to migrate
basinward. This evidence includes a relict
mountain front, now within the uplifted block,

5 km from the present active mountain front,
and the existence of recently initiated folds in
the active alluvial fan 2 km basinward from
the mountain front. Northward migration of
tectonic activity results in the progressive
widening of the uplifted block as the location
of active folding moves basinward. This mi-
gration of tectonic activity appears to occur

minus of the San Joaquin Valley. During Quaterfolding, and faulting. (3) A growing body of evi-

nary time, the San Joaquin Valley has been atence suggests that whereas climatic change can

actively subsiding depositional basin accumuproduce aggradation events in southern California

lating a relatively undeformed, continuous seand other areas, to produce landforms such as al-

guence of Quaternary strata. luvial fan segments and fill terraces, it is local to
There are three major, active, structural eleregional tectonically induced base-level change

ments in the study area: (1) the right-lateral Safuplift or subsidence) that provides the stream

Andreas fault, striking west-northwest in whatpower necessary to increase and preserve these

is termed the Big Bend segment of its tracdandforms as geomorphic surfaces (Bull, 1991;

(2) the White Wolf fault, across which an undeKeller et al., 1998).

termined amount of left slip and at least 5 km of

vertical separation have occurred (Stein an@eologic Setting

Thatcher, 1981; Davis, 1983); and (3) the Pleito

through the onset and subsequent increase of fault system (the focus of this study), a series of Rocks exposed within the study area consist of

vertical deformation along more northerly
folds and faults accompanied by reduction
and eventual cessation of activity along the
older, more southerly structures.

*E-mail: keller@magic.ucsb.edu.

east-west-trending, south-dipping, reverse fauigneous and metamorphic rocks that form the
segments that are a consequence of the nortiore of the San Emigdio Mountains (Davis, 1983).
south compressional stress field found througho@n the northern flank of the range, these rocks are
the Transverse Ranges (Rodgers and Chinneoyerlain by thick Cenozoic strata (Fig. 1), which
1973; Working Group on California Earthquakegenerally dip northward and become subhorizon-
Probabilities, 1995). tal in the San Joaquin Valley. These deposits, both
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BURIED REVERSE FAULTS, SOUTHERN SAN JOAQUIN VALLEY, CALIFORNIA

forming the walls of canyons near the present ac-
SAN JOAQUIN VALLEY 119w tive range front (the modern topographic moun-
tain front forming above the buried Wheeler Ridge
fault at San Emigdio Canyon, Fig. 1), where late
Pleistocene gravel is tilted as much as 50° to the
north (Fig. 2).

HWY 166

WHITEWOLF " { & -
ND WHEE_LER RIDGE',

SAI_\.I EMIGDIO

Recent Deformation

R— Active faults in the area include the White Wolf
fault, the Pleito and Wheeler Ridge faults of the
Pleito fault system, and the newly identified Los
Lobos fault. These faults form the northern bound-
ary of the San Emigdio Mountain front. The dom-
inant structural features of the north flank of the
San Emigdio Mountains are east-west-trending
folds and south-dipping, buried thrusts that are as-
sociated with the Pleito fault system, which ex-
tends the entire length of the range front from
Wheeler Ridge to the Los Lobos folds (Fig. 1).
Based on oil well data, the Pleito fault system
consists of a series of concave-upward thrusts that
have combined total dip slip of about 7 km (Davis,
1983). Cross sections by Davis (1983) suggest
that these faults may connect at depth. A brief
description of the Los Lobos fault-fold system
follows; the other faults of the Pleito system have
been studied and described (Harding, 1976; Davis,
1983; Hall, 1984; Davis and Lagoe, 1987; Nam-
son and Davis, 1988; Medwedeff, 1988; Keller
etal., 1998).

SAN EMIGDIO
MOUNTAINS

CONTINENTAL

Holocene gravels

Late Pleistocene gravels
Pliocene—Pleistocene gravels
[ ] Tertiary continental

Los Lobos Folds and Fault

MARINE PRE-TERTIARY MARINE The Los Lobos folds, two anticlines about
[ ] Tertiary marine /] Undifferentiated 2 km basinward from the buried Wheeler Ridge
crystalline basement fault, deform Pleistocene and recent gravel. Well
Vi===\' Vibroseis line

data (Davis, 1983) and Vibroseis records pro-

Figure 1. Index and generalized geologic map of the San Emigdio and Wheeler Ridge areaé/.ided by Tenneco Oil Company were used to

Dashed line is location of Vibroseis line (see Fig. 3) (after Davis, 1983; Dibblee, 1973, 1974; Mortoﬁ_Valuate the subsun‘a_ce struct'ures. One seismic
and Troxel, 1962). line, shot at 34 m station spacing, suggests that

the monoclinal folding at the range front is

caused by a fault-bend fold formed by ramping of
surface and subsurface, have been well studisdndstone, and siltstone deposited as alluvial fatke Wheeler Ridge fault (Fig. 3). The fault ap-
(Hoots, 1930; McGill, 1951; Foss and Blaisdell,The transition from lacustrine clay and fine sandsroaches the surface and cuts strata to a depth
1968; Dibblee, 1973; Nilsen, 1973, 1987; Nilserstone of the San Joaquin Formation to the fluviahear 0.5 km, where it appears to bend into the
etal., 1973). For the most part, we use the nomeoearse-grained conglomeratic sandstones of thedding, thus placing Miocene Etchegoin For-
clature of Nilsen et al. (1973). Only the latest TerTulare Formation may mark the onset of uplift irmation on top of Pliocene San Joaquin Forma-
tiary and Quaternary deposits found at the mouthe San Emigdio Mountains in late Pliocene timéon. The Los Lobos folds are apparently under-
tain front are briefly described herein; they consigiNilsen et al., 1973; Davis, 1983). lain by the Los Lobos fault, which offsets some
predominantly of sandstone and conglomerate Upper Pleistocene to Holocene alluvial fan andeflectors but terminates in an anticline at about
beds containing clasts derived from the older rocksser gravel unconformably overlie the Tularel.5 km (Seaver, 1986). This fault-fold relation-
found within the adjacent mountain block. Formation, generally truncating Tulare strata athip resembles a fault-propagation fold (Suppe

The oldest of the late Tertiary range-front stratangles of 15°-30°, but as high as 110°. These dead Namson, 1979; Boyer and Elliott, 1982;

is the Pliocene San Joaquin Formation, whichosits are typically at least 100 m thick, and corBavis, 1983; Seaver, 1986). The Wheeler Ridge
consists of 100—1100 m of brackish-water and Iasist of thickly bedded, bouldery gravel. Clasand Los Lobos faults may converge at depth to
custrine claystone, sandstone, and minor cotypes and sedimentary structure indicate that tfierm a subhorizontal decollement surface, as sug-
glomerate. The overlying Pliocene-Pleistocen8an Emigdio Mountains, located to the southgested by Davis (1983). The seismic record pro-
Tulare Formation consists of as much as 2000 mere part of the source area. The oldest gravel&les evidence for the existence of this surface at
of poorly indurated conglomeratic sandstone;onsist of deformed terrace and/or fan deposits3 km below the surface (Seaver, 1986).
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KELLER ET AL.

SAN EMIGDIO SOIL GEOMORPHOLOGY
AND LATE PLEISTOCENE-HOLOCENE
STRATIGRAPHY

Soil Chronosequence

The main objective of our soils work is to assist
in the correlation of late Pleistocene and Holocene
alluvial surfaces and to establish a relative chronol-
ogy. On the basis of field mapping and soils analy-
sis, four major late Pleistocene—Holocene units
(Q1-Q4, youngest to oldest) were established, in-
cluding stream terraces and alluvial fan segments.
The distribution of Q2—Q4 surfaces and/or depos-
its is shown in Figure 4A, and the idealized topo-
graphic profile is shown in Figure 4B.
fm?no’l,_l\s_g :)hrifisg Oim;'%?é%g:g);?;zg: s ?g sv\gﬁ_w Figurg 2._Tilted Q4 _gravels unconformably overlying beds of the Tulare Formation along the
developed argillic B and petrocalcic horizons 0|,San Emigdio Mountain front.
Pleistocene surfaces. With increasing age, soils
thicken, colors redden, structure becomes m
strongly developed, clay and Cagéontents in- San Emigdio Mountain Los Lobos San Joaquin
crease, clay-film development increases, and Mountains Front folds Valley

) s ‘ ‘ N
stage of carbonate morphology increases (Tab ‘ ‘ Time  Depth

Laduzinsky, 1989).
ky ) KCL  69-27 KCL 36-1 KCL 32-1 KCL-1 ¢ (km)
‘ | o 0 0

We described and sampled 20 soil profiles. S
on each mappable geomorphic surface (with
exception of Q4b) were described at a minimun
three sites (see Fig. 4A for locations of sites). G
eralized soil characteristics of the chronoseque T
are listed in Table 1. Parent material for the soil
mostly poorly consolidated, cobble-boulder grar
derived from the adjacent San Emigdio Mountai
The mineralogy of the clasts within the depos
varies slightly from canyon to canyon, but in ge
eral, parent materials can be considered unif
(Table 1; Laduzinsky, 1989).

Los Lobos
Age Control f\/\ﬁ\,\,\/\/\/\ T fault

Numerical ages for Q2, Q3, and Q4 depos
(Table 2) are derived from radiocarbon and u
nium-series analyses of buried charcoal and ce Figure 3. Interpretation of Vibroseis records donated by Tenneco Oil Company showing the
bonate rinds, respectively. buried Wheeler Ridge and Los Lobos faults. The location of line is shown in Figure 1. Qt— Pleisto-

Three radiocarbon dates on charcoal and woccene Tulare Formation; Tsj—Pliocene—Pleistocene San Joaquin Formation; Te—Miocene
samples from Q2 deposits (Fig. 4A) are shown iEtchegoin Formation; Tm—Miocene Monterey Formation; Tt—Oligocene—Miocene Temblor
Table 2. These yield ages ranging from 0.5 tFormation; Tp—predominantly Oligocene Pleito Formation; Ti—Eocene Tejon Formation (after
1.0 ka. Seaver, 1986).

In San Emigdio Canyon, charcoal buried in Q3
deposits 3—4 m below the surface were dated as
4.7-5.0 ka. Downstream from the active mounthe University of Southern California. The threemay have been contaminated by young carbonate.
tain front, a maximum age of 6.9-7.5 ka for Q3 isamples yielded dates of 22 + 3 ka; 33 £ 5 ka; arthe oldest date (QF-4 Ranch House, Table 2)
obtained from charcoal buried in a Q4 A soil hori59 + 10 ka for the Q4 surface (Table 2). Possibleomes from a Q4b soil horizon that is buried by
zon overlain by Q3 deposits (Table 2). Thus, outlimatic interpretation for the youngest date wa®3 deposits at the Los Lobos folds. The buried
results indicate that the age of Q3 is 4.7—7.5 kdiscussed in Keller et al. (1998). Uranium-serieQ4b A horizon lacks carbonate, indicating that the

Samples of the innermost rinds of CaLOdating provides minimum ages because the carofile has been isolated from wetting fronts at
formed around cobbles below stage IV laminabonate is not confined within a closed systenieast since mid-Holocene time. Because evidence
horizons were collected at three Q4b sites. Urd-hat is, clasts below the stage 1V laminar zonidicates that this sample is least likely to be con-
nium-series dating, following Ku et al. (1979;may not have been completely isolated froneminated with younger carbonate, and assuming
Th230.U234) of pedogenic carbonate was done alownward-percolating waters, and the samples5 k.y. lag time necessary for carbonate rinds to

Tsj
b—\ Wheeler
. Ridge

fault

Qt — 05 —07

Te
A
Tm
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accumulate (Laduzinsky, 1989; Keller et al.,
1998), we derive a minimum age of ca. 55-75 ka
for the Q4b surface.

Geomorphic Surfaces

The Q1 surface is the modern flood plain of San
Emigdio Creek. The surface is <1 m above the pre-
sent stream channel and continues to be altered by
erosion and deposition during moderate to large
floods. Vegetation consists of sparse grasses and
common 95-180-cm-diameter cottonwood trees,
indicating that the surface has been relatively sta-
ble during recent historic time.

The Q2 surface forms an extensive terrace
2-3 m above the present stream channel in San
Emigdio and adjacent canyons. The terrace has a
longitudinal slope of about 2.5°, is covered by
low grass, and is commonly littered with large
boulders.

The Q3 surface is a stream terrace that forms
a major part of the San Emigdio Canyon floor.
The terrace is generally 67 m above the present
stream channel, and deposits are composed of the
same course-grained mixed alluvium that com-
poses the Q1 and Q2 deposits.

A number of depositional surfaces similar in
form, location, and pedogenic development to the
Q3 surfaces are present throughout the area. They
are mostly pond deposits formed when landslides
from canyon walls produced temporary dams
(McGill, 1951). The resulting deposits are fine-
grained, thinly bedded, lacustrine sediments. Ter-
races are formed by rapid incision when the stream
eventually cuts through the landslide dam.

Across the entire San Emigdio front, Q4 de-
posits are remnants of late Pleistocene alluvial
fans. An extensive gently dipping surface in San
Emigdio Canyon is ~100 m above the present
stream channel. This surface becomes dramati-
cally tilted toward the San Joaquin Valley, with
dips to 50° north at the range front. Q4 soils are
divided into two submembers, the Q4b member
representing soils developed on the mixed coarse-
grained alluvial fan gravel, and the somewhat less
developed Q4a soils on younger erosion surfaces
cut into the Q4b deposits.

GEOMORPHOLOGY OF THE
SAN EMIGDIO ALLUVIAL FANS

Alluvial fans have been accumulating on the
north flank of the San Emigdio Mountains since at
least late Pleistocene time (Fig. 4). Because allu-
vial fans are the end points of an erosional-deposi-
tional system and as such are sensitive to changes

Figure 4. Generalized map of Holocene and late Pleistocene deposits (Q2—Q4) of the Samithin the system, geomorphologic studies of allu-
Emigdio Canyon area, the buried trace of the Wheeler Ridge fault, and Los Lobos folds and vial fans can be used to evaluate tectonic perturba-
sample sites (A); and idealized topographic profile constructed approximately along the crest oftions that occurred during and after fan deposition
the west side of San Emigdio Canyon (B). (Bull, 1977).
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KELLER ET AL.

TABLE 1. GENERALIZED SOIL CHARACTERISTICS FOR THE SAN EMIGDIO CHRONOSEQUENCE AND Q4 AT WHEELER RIDGE

Geomorphic Number of profiles Solum B Horizon Carbonate  Estimated age
surface described thickness Type Moist color* Texture Structure Clay films stage’ (ka)
(cm)
Q1 San Emigdio 3 50-68 A-C With primary fluvial stratification None - Modern flood plain
Q2 San Emigdio 4 100-101+ A-C With primary fluvial stratification None | 0.5-1.08
Q3 San Emigdio 5 130+ +Cambric 10yr 3/3 Sandy loam Massive None 1] 4.7-7.58
Q4a San Emigdio 1 >200 Argillic 10 yr 5/6 Sandy clay Strong angular Many, moderately (I} Not known
7.5yr loam blocky-prismatic thick
Q4b San Emigdio 5 >250 Argillic 7.5yr4/6 Sandy clay Strong angular Many to continuous Weak IV 55-75 (minimum)*
loam blocky-columnar moderately thick 60-113**
to thick
Q4 Wheeler Ridge 5 >300 Agrillic 7.5yr4/6 Sandy loam Massive breaking  Continuous thick 1l 105 or 125 Ka'f
to fine subangular
blocking

*Color terms follow Munsell notation.

fCarbonate stage terms follow Gile et al. (1966)

SAge based on 1“C dates collected in San Emigdio Canyon.

#Uranium series on soil carbonate.

+Based on rates of uplift.

T"Based on uranium series, correlated with Q4a of San Emigdio (from Keller et al., 1998).

Several segments are present on the San Emigihased on the assumption that contour lines asgstem, and most likely represents an older, inter-
dio fan, the largest and best-formed fan (Fig. 5zoncentric arcs having their centers of curvature atontane (relic) front (Davis, 1983). If this is the
Our observations suggest that the upper (foldet)e apex of the fan. Thus, by fitting alluvial fancase, then the older, Q4 fan apex is located at the
fan segments have a different fan head apex theontours with circular arcs, one can reconstruct tiermer northern boundary of the San Emigdio
the fan toe segment. Vertical deformation along thedii and thus determine the location of the faMountains. Additional evidence to support this
active mountain front has produced the youngepex at the time of deposition of that portion of theypothesis is the fact that the southern boundary
fan head segments of Q2 and Q3 age, the apextah (Seaver, 1986). Using this methodology, wef map unit Q4b coincides with the location of the
which is at the active front (Fig. 4). We infer thafound that fan toe contours project back to a ditopographic break and fault trace (Fig. 8).
the segment found at the fan toe is a morphologdierent apex than mid-fan and fan head contour$o reconstruct the morphology of the Q4 fan, we
remnant of an older Q4 fan, the apex of which i8Ve interpret this as evidence for two alluvial fansassume that the fan toe segment of the San
5 km south of the active mountain front at an ineach with a different apex (Fig. 6) and a differenEmigdio fan consists of nearly undeformed Q4b
termontane mountain front (Fig. 4). Althoughtime of deposition (Seaver, 1986). Our fan apex rgravels, which is reasonable because the toe seg-
most of the Q4 soil profiles of the fan toe deposzonstruction indicates that the apex of the oldement is several kilometers north of any identified
its are thinly buried by very recent San Joaquitarger fan (Q4) is located south (mountainward) aleformation. Using topographic measurements
Valley fill or disturbed by farming, the Q4 fan toethe active front at a distinct topographic breakrom the fan toe segment, we were able to recon-
morphology remains. (Figs. 4 and 7). This topographic break is along th&truct the depositional morphology of the Q4b

Reconstruction of the San Emigdio alluvial fartrace of the southernmost strand of the Pleito fafin using a series of equations developed by Troeh

TABLE 2. RADIOCARBON (*4C) AND URANIUM-SERIES (Th?38-U234)
AGE ESTIMATES, SAN EMIGDIO CANYON

Site Geomorphic Sample Age Calibrated s00l— 4.5 )
number surface number (ka) age (ka) 2
SEQ-2 Q2 ISGS-1276 0.64+0.07"  0.55-0.67% L Los Lob i
SELB #1 Q2 ISGS-1249 0.73+0.15" 0.55-0.79° s e 2
SE-MS 1 Q2 1ISGS-1373 0.96 +0.08"  0.78-0.95% T 00— ]
SEQ-3 Q3 ISGS-1338 427+0.11"  4.65-4.98% z §
QF-4* Buried A ISGS-1259 6.36 +0.28"  6.9-7.5%* 2

Ranch house horizon of Q4b s [
QF-4 Lobos Q4b USC QF-4 Lobos 22+3 o
QF-4HT1#1  Q4b USCQF-4HT-1#1 33%5 300~
QF-4 Ranch Q4b USC QF-4Ranch 5910

Notes: 1ISGS radiocarbon samples were analyzed in the laboratory of D. D. Coleman
at the lllinois State Geological Survey. USC uranium-series samples were analyzed in
the laboratory of T. L. Ku at the University of Southern California; the uncertainties 200/—
quoted are one standard deviation derived from counting statistics.

*Provides a maximum age for Q3. r

To years before 1950.

8Stuiver and Pearson, 1986.

#Pearson et al., 1986. Distance down fan (km)

**Linick et al., 1986.

Figure 5. Radial profiles of the San Emigdio alluvial fan downstream
from the present mountain front. Notice the deformation produced by
the Los Lobos folds and the several segments of fans that are present.
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(1965). These equations utilize three points of
known elevation and of known radial distance
from the fan apex to predict the elevation of any
point on the fan. The equations are:

. (Ea- EQ(RB -R¥) { Ev-Bf Fa -Rc
(Ra-RJ(RB -R¥) { Ro-RE Ra -Ac

L= Ea—Ec—(S Ra—F)c
R&? —R@

P=Ea-SRa-LRa

Ez= P+ SRz LRZ,

where Ea, Eb, Ec = elevation of any three known
points A, B, C on the fan; Ra, Rb, Rc = radial dis-

tance from apex to points A, B, C; L = 1/2 the rate

of change of slope; P = elevation of fan apex; S =
slope of fan at P; and Ez = elevation of any point
Z at known radial distance Rz.

The reconstructed depositional morphology of
the Q4 alluvial fan produced by Troeh’s equa-
tions can then be applied as a landscape model to
estimate vertical displacement since the time of
Q4b. Using present-day data from the fan toe
segment (contours at 107 m, 137 m, and 168 m)
(Fig. 6), we determined that the reconstructed av-
erage elevation of the fan apex at the time of Q4b
deposition is about 490 m. Because the present
elevation of the apex is about 760 m (constrained
by the topographic expression at the intermon-
tane front), we infer a total vertical deformation
of about 270 m for the San Emigdio Mountains
since the deposition of the Q4b gravels.

Troeh'’s equations can be used to reconstruct
an entire radial profile of an alluvial fan. We have
done this for the Q4b alluvial fan using the same
data points used to calculate the fan apex eleva-
tion. Figure 9 shows the reconstructed Q4 profile,
as well as the present-day surface profile of Q4
and the present-day profile of San Emigdio Creek
(Seaver, 1986). The figure also shows the ap-
proximate positions of the Wheeler Ridge and
Los Lobos faults. Using the reconstructed profile,
the amount of deformation that has occurred since
Q4b gravels were deposited can be estimated.
The total amount of vertical deformation of the
Q4b fan above the Wheeler Ridge faultis ~270 m,
and results from combined deformation on both
the Wheeler Ridge and Los Lobos faults. Vertical

Figure 6. Selected and slightly smooth contours of the San Emigdio alluvial fan. Two differentdeformation over the Los Lobos folds is ~90 m.
fans and associated radial profiles are present, one with an apex at the active mountain front;Thus, 180 m of the vertical deformation is attrib-
which is underlain by the buried Wheeler Ridge fault, and the other at an intermontane front uted to the Wheeler Ridge fault.

several kilometers to the south.

The projected location of the older fan apex is
~1.5 km west of the present stream canyon. One
interpretation of this offset is that in addition to
the dip-slip displacement, left-lateral displace-
ment has occurred along the Pleito fault. The
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1952 movement on the White Wolf fault prc
duced left-lateral reverse slip (Stein and Thatct
1981), and this oblique displacement may he
been occurring since Pleistocene time. Using
estimated minimum 75 ka age for the fan, the le
lateral component of slip would be a maximu
of 20 m/k.y. Even were the Q4 fan to be twice
old, the resulting horizontal slip rate of 10 m/k.
should produce a significant geomorphic sigr
ture and this is not present. Therefore, we beli
that the left-lateral component must be much |
and the position of the San Emigdio Canyon r
ative to the Q4b fan is primarily a left deflectic
of the fan head caused by erosion, rather tl
left-lateral fault offset.

HOLOCENE TECTONICS:
SAN EMIGDIO CANYON AREA

Active mountain

Surveying of stream terrace surfaces in £
Emigdio Canyon utilizing an engineering lev
indicates that Holocene deposits are deforn
vertically at the active range front. The survey |
sults show that the stream terraces from both
stream and downstream directions diverge
ward the axis of uplift.

Three Holocene surfaces (terraces and fan
ments, Q1, Q2, and Q3) are generally present
the canyon mouth, however, four additional te
races are present. In contrast with terraces Q2
Q3, which probably represent a climatically drive
Holocene aggradation event (Bull, 1991), the otl
four terraces are more likely tectonic in orig
(they are only present directly above the buri
Wheeler Ridge fault), and their isolation ar
preservation are believed to be direct results
active vertical deformation (Laduzinsky, 198¢

The overall morphology of the folded Q2 ar
Q3 surfaces is such that the terrace gradients :
reduced upstream from the axis and increased
downstream from an assumed uniform unde-
formed longitudinal profile. This pattern is simi-
lar to the large-scale asymmetric folding evident
at Wheeler Ridge to the east (Keller et al., 1998).
Results of the survey of the 4.7-7.5 ka Q3 surface
are shown in Figure 10. In the downstream direc-
tion, the terrace gradient is reduced from 2.9° to
2.4° where it crosses the Pleito fault. This reduced
slope is maintained as the surface approaches the
canyon mouth until the exposure is covered by
younger colluvium from side canyons. The Q3
surface is also present at the canyon mouth, where
it is identified on the basis of soil-profile develop-
ment, but it has an increased slope of 4.2°. As the
surface extends onto the San Joaquin Valley floor,
the gradient again decreases, probably in response
to folding at the Los Lobos folds. Projecting the

Intermontane (relic)

KELLER ET AL.

front —»

front —»

J o=
0 ~2 km

Figure 7. High-altitude aerial view of San Emigdio Canyon showing the intermontane and
active mountain fronts. Courtesy of National Aeronautics and Space Administration.

terrace surface across the axis of folding delii  Figure 8. Apex area of Q4 deposits associated with the intermontane mountain front in the
eates the deformed surface. The assumed origiSan Emigdio Mountains. The mesa-like landform is the Pleistocene alluvial fan.
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Figure 9. Reconstruction of the San
Emigdio Canyon Q4b alluvial fan using
Troeh’s (1965) equations. Also shown is the
topographic profile of the Q4b surface
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the profile of San Emigdio Creek. The
buried Wheeler Ridge and Los Lobos
faults are shown for illustrative purposes.
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poses. Vertical component of deformation for
Q3is ~14m.
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undeformed terrace position is defined by cc
necting the upstream and downstream inflect San Mountain front
points, i.e., points where the surface gradien e < I San Joaquin Valley
reduced. Vertical deformation of 14 m as a res 26—
of folding is measured at the point of maximt Qs
difference in height between the deformed ¢ #- g 4.7-7.5 ka N
undeformed surface for the 4.7-7.5 ka Q3 dep 2=
(Fig. 10). Data from Q3 surfaces give a mid-Ho Q.
cene to present rate of vertical deformation | 2 20[— 0.50- 0.95 ka
1.9-3.0m/k.y. atthe active range front. Usingt | £ ;4] Q Los Lobos folds
to estimate the rate of uplift is uncertain becal 2 Flood
portions of this surface are only a few hundr | 3 16[— plain
years old (see Table 2). However, as shown in | £
ure 10, Q2 is clearly less deformed than Q3. < 4
At the Los Lobos folds, the Q4b surfac -3 12—
emerges from beneath the Holocene depao 8 _
and is folded into two broad anticlines on t s 0= Ve
San Joaquin Valley floor. The Q4b soil, expos [
along San Emigdio Creek, is buried by Q2 a
Q3 deposits, which are in turn deformed as tt 61—
cross the folds. Survey results from the Q3 < 4l
face, 6 m of vertical deformation (Fig. 11) i
4.7-7.5 k.y., gives a rate of vertical deformati 21—
of about 0.8-1.3 m/k.y. at the Los Lobos fol 0 | | | | | | |
(Fig. 11). To determine the total rate of deformn 0 0.5 1.0 15 2.0 2.5 3.0 35
tion we add the two rates, because when the Distance down fan (km)

Lobos fault ruptures, both the Los Lobos ar
cline and active mountain front underlain by the  Figure 11. Profiles of Q2 and Q3 where they cross the Los Lobos folds. Vertical component of
Wheeler Ridge fault are deformed. When thuplift for Q3 is ~6 m.
Wheeler Ridge fault ruptures the active front i
deformed. Thus the total rate of vertical deforma-
tion of the north-central San Emigdio Mountains
would be the combined rate of the active fror
and the Los Lobos folds, or 2.7-4.3 m/Kk.y.. w E
Holocene deposits are not significantly de
formed by the principal strands of the Pleito faul
in San Emigdio Canyon. Where the Holocen 100 — Angular discordance
surfaces cross the active mountain front, at tr between Q4b gravel and
northernmost strand of the Pleito fault, an inflec Tulare and San Joaquin
tion point is present. In other words, the reductio Formations
in terrace slope due to folding at the frontal fault /
coincides with the position of the Pleito fault.
Thus, it appears that the Pleito fault acts as a zo
of weakness along which differential tilting pro- 20— -
duced by folding at the front occurs. Bull (1978 [ | *°  / TTEel 0N /
observed a similar inflection feature onolde | | -~ TN,

marginally active faults along the San Gabrie 20—
Mountain front. L

80 —

60— Dip of Q4b gravel

along range front

Degrees

DISCUSSION

Pleistocene Evolution of the San Emigdio
Range Front

Cement Creek —
Pleitito Creek —
Pleito Creek —

The approach we take in reconstructing th
range front evolution is to apply the mid-Holocent
uplift rate to the vertical component of slip or
the Wheeler Ridge and Pleito faults measure
from the subsurface data of Davis (1983). As  Figure 12. Discordance between Q4b deposits and the underlying San Joaquin—Tulare Forma-
suming that Davis’s estimates of deformatiottions (a) along the present range front; and present dip of Q4b gravels along the range front (b).

Little Muddy Creek —
Los Lobos Creek —
San Emigdio Creek —
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before 65 ka and close to or after 500 ka, which is
A consistent with the estimated age of 450-700 ka
determined by assuming a constant rate of verti-
cal deformation through time. Not all of the verti-
cal component of slip on the fault is expressed as
topographic relief at the range front because a
great deal of the initial slip was likely lost to fold-

'\% ing, and topographic relief is moderated by ero-
o sion and adjacent valley filling.

X2 The variable discordance shown in Figure 12
’\",

also indicates that initial deformation was not uni-

form across the entire length of the range front.
Pre-Q4b deformation is most intense near San
Emigdio Creek, suggesting that this area may
once have been an isolated highland rising from
the San Joaquin Valley floor, much as Wheeler
Ridge does today. This central part of the range
front also marks the location of the maximum ex-

pression of the Los Lobos folds, suggesting that
the basic geometry of the range front deformation
has remained similar since mid-Pleistocene time.

0y)

= XN — - The topographic expression of active fold-and-
o<X : ; 1 s , thrust belts is mostly produced by the ongoing

thrust faulting and folding. The locus of tectonic
activity commonly migrates toward adjacent sed-
imentary basins as the mountain range forms. That
is, the locus of tectonic activity migrates away
from the highlands of the range toward the adja-
cent flanks of ranges, and as this occurs, the fold-
and-thrust belt widens with time. Interior faults of
the system may become relatively inactive as the

Figure 13. Idealized diagram showing how the mountain fronts at San Emigdio Canyon might active tectonic processes are transferred to frontal
have formed. (A) Time 1, illustrating several buried faults and deformation of sedimentary units. fault systems (lkeda, 1983; Yeats, 1986). This pat-
(B) Time 2, perhaps 100 k.y. later. Additional buried faults have formed and alluvial fans formed tern of deformation has been observed in fold-
in A have incorporated into the widening fold belt that produces intermontane and currently ac- and-thrust belts in various localities in the world,

tive mountain fronts. (Modified with permission from D. Burbank, 1987, written commun.) including Taiwan (Davis et al., 1983), Japan
(Ikeda, 1983), India and Pakistan (Yeats, 1986),

and in the Transverse Ranges of California
are accurate and assuming a constant Quatdoaquin Formation, indicating that deformatior{Bullard and Lettis, 1993; Davis, 1983; Keller
nary uplift rate, the timing of the uplift at the did not begin until after, or at least during, the latet al., 1987; Namson and Davis, 1988). The pat-
present range front and the mid-Pleistocengtages of Tulare deposition, estimated to havern of thrust fault migration is consistent with a

Modified from Burbank (1987)

range front may be estimated. been about mid-Pleistocene time (Croft, 1972nechanical fold model (Davis et al., 1983), based
Davis, 1983). The present dip of the Q4b gravein earlier observations by Chapple (1978) of fold-
Active Range Front varies from 20° to 50° across the range front, arehd-thrust belts that emphasize (1) the existence

the discordance between them and the underlyiind a basal decollement or detachment fault that

At the active range front, the buried Wheeledeposits varies from 20° to 90° (Fig. 12). Theslopes toward the interior of a mountain belt be-
Ridge fault has a stratigraphic displacement ahaximum dip of the Q4b gravel coincides witHow which relatively little deformation occurs;
about 2.74 km (Davis, 1983) and an average dihe maximum discordance between the deposi@nd (2) the existence of a topographic tapering
of about 30° (Davis, 1983; Medwedeff, 1988)discordance reaches a maximum of about 9®fedge and tectonic shortening. The model by
The vertical component of uplift is 2.74 km x1.5 km west of San Emigdio Creek (Fig. 12). ThiPavis et al. (1983) predicts that folds will migrate
sin 30° = 1.37 km. If the vertical rate of deformaarea also marks the maximum expression of tiieward the edge of a fold-and-thrust belt.
tion is 1.9-3.0 m/k.y., ~450—700 k.y. are needeHos Lobos folds 2 km to the north, suggesting The basic model described here appears suffi-
to accommodate the slip, and this time becomdisat the folding is concentrated more strongly icient to explain the topographic development of
the estimated age of the onset of faulting antthis central part of the range front. Restoration dhe fold-and-thrust belt on the northern flank of
folding at the active range front. the Q4b deposits to horizontal shows that at ttee San Emigdio Range. Figure 13 is an idealized

The 450-700 ka estimate for the age of initistime of Q4b deposition, the Tulare beds at thidiagram showing the widening of the fold-and-
tion of uplift at the active front is consistent withpart of the range front were vertical. Thus, foldinghrust belt as folding and faulting migrate toward
the available geologic evidence. Between Pleitat the active range front was initiated prior to Q4the adjacent basin, consuming mountain-front al-
Creek and San Emigdio Creek, the Tulare Formaeposition. The geologic evidence requires th&avial fan deposits as a new front is developed. As
tion is clearly concordant with the underlying Sarhe vertical deformation at the active front begaitlustrated in Figure 13A, a mountain front de-
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velops and alluvial fan deposits are shed into theverse fault; another 0.8—1.3 m/k.y. is a result of ﬁag'arligcfggzg“a: Journal of Geophysical Research, v. 98,

basin. With time (Fig. 13B) new buried reversdolding of the Los Lobos folds above the buriedthapple, w. M., 1978, Mechanics of thin-skinned fold-and-
faults form basinward and new folds and a newos Lobos fault. Total uplift, based on surface thr;iggf'ﬁg%eo'og'ca' Society of America Bulletin, v. 89,
. . . . p. .

mountain front dev_elop. Older aII_U\{laI fans ardoldlng, is therefore 2.774.3 m/k.y. ~ Chappell, J., and Shackleton, N. J., 1986, Oxygen isotopes and

folded, faulted, and incorporated within the moun- We infer that the faulting below the San Emig-  sealevel: Nature, v. 324, p. 137-140.

tain range. Arolder, now-intermontane front is dio front is shallow. As a result, the vertical dis'crOﬂbl\ﬂ'atGanlgi'/;:?sbigiﬁz %Zf;ggﬁ’soéfﬂt‘gitguzﬁg;ﬁrg and

abandoned in the interior of the range, and neplacement is transferred to surface uplift, even e san Joaquin Valley, California: U.S. Geological Survey

fans are developed basinward. The small foldbough there is no evidence for ground rupture.  Water-Supply Paperd 1999;—|H, p. H1-H29. A .
: " ; : :Davis, D., Suppe, J., and Dahlen, F. A., 1983, Mechanics o

closest to the basin represent the rec_ently |n|t|e_1ted Recons_tructlng the actlv_e range fr_ont and adjg fold-and-thrust belts and accretionary wedges: Journal of

Los Lobos folds, whereas the dominant activeent alluvial fan, and applying the mid- Holocene  Geophysical Research, v. 88, p. 1153-1172.

feature continues to be the buried Wheeler Ridgeplift rate, suggests that ~450-700 k.y. are need@gVis, G. H., and Green, J. H., 1962, Structural control of interior
drainage, southern San Joaquin Valley, California: U.S.

fault at the present active mountain front. to accommodate the slip, and therefore this is &  Geqiogical Survey Professional Paper 450-D, p. DBI-DOL.
minimum time for the onset of folding and fault-Davis, T. L., 1983, Late Cenozoic structure and tectonic history
Age Estimate for Q4 ing at the active range front. of the western “Big Bend” of the San Andreas fault and ad-

R . fal Plei luvial jacent of San Emigdio Mountains [Ph.D. dissert.]: Santa
econstruction of a late Pleistocene alluvial fan,  parbara, University of California, 508 p.

Because the mid-Holocene to present rate afong with geomorphic, geologic, and tectoni®avis, T. L., and Lagoe, M. B., 1987, The 1952 Arvin-Tehachapi

; ; B i ; ; i earthquake (M = 7.7) and its relationship to the White Wolf
vertical deformatlon is known, this informationdata, suggests thi?lt the topographic position aF the 1 and the Pleito thrust system: Geological Society of
can be used with a landscape model of the Q4b &knge front has migrated northward ~5 km during  America Abstracts with Programs, v. 19, no. 6, p. 370.
luvial fan (Fig. 9) to better constrain and estimattate Pleistocene time. Furthermore, the topcP'bb'Ee’ |T VF\zl" th-b19i3,6060|09'0 mﬁpfﬂof CFga!IO'Lﬁlanyora
. . . agle rRest Peak, Grapevine, Mettler, Pleito Rills, an

the age of the Q4b gravel. The vertical componegtaphic front appears to be moving another 2 km Santiago quadrangles: U.S. Geological Survey Open-File

of deformation at the active mountain front resultnorth to the location of Los Lobos folds, above the  map, scale: 1:24 000.

ing from both the Wheeler Ridge and Los Lobosuried Los Lobos fault. Dibblee, T. W, Jr., 1974, Geologic map of the San Emigdio

buried faults i ti ted to be 2.7-4.3 m/k qpadrangle, California: U.S. Geological Survey Open-
uried 1aufts 1S estimated 10 be ~2./—4.5 m/k.y. File Map, scale 1:24000.
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