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ABSTRACT:

Thelocalizeddissection of alluvial fans along the western El Paso Mountains is under
guestion A relatively minor, south dipping normgult, previously unmentioneih scientific
literature,cuts across Quaternary terraaesl alluvial &insin the piedmont of the El Paso
Mountains The linear trend dbotwall uplift and the pattern aftreamincision intothe footwall
adjacent to the linear trend of footwall uphiéveal that fan dissection is a result of base level fall
caused by ongoing temism along th&l Pasdault system The regional importancs i
discussed as the timing fafulting revealsrelatively recentplift of the EI Paso Mountains, and a
model of extensional strain partitioning is argued for to account for this uplift in the tectonically

complex Garlock Fault Zone.
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INTRODUCTION:

The studylocationis in Red Rock Canyon State Park, which is close to the boundary
between the Sierra Nevada mountain range and the Mojave Desett) (Hilge precise study
area is irthe southermpartof Red Rock Canyon State Park along the mountain front of the El
Paso Mountas (Fig. 2). The focus is on the western extent of the El Paso Mountains because

the alluvial fans are more dissected hean they are alonipe rest of the rangé&ig. 3)
Regional Tectonics:

The El Paso Mourins ardocated at théntersectiorof the Sierra Nevada mountain
range, the Basin andaRge Province, and the Garloaluft (Fig. 2) The El Paso Mountains
western boundary is tH&ierra Nevada Fault ZonBipblee, 2008). The El Paso Mountains are
bounded to the south by the El Paso Faultich appears to be a dgtip splay of the Garlock
fault with minimal to no sinistral slip (Loomis and Burbank, 1988) El Paso faukystem
trends roughly065°. The northern branch of the Garlock fasystemis roughly 2.5 km south of
the El Paso falt atthe location of the study area and trermlsghly060°in this aredDibblee,
2008) The Garlock fault is an intracontinental tréoren fault system along which8 to 64 km
of sinistral slip displacememhtave occurred@Davis and Burchfiel, 1973Y.he Garlock fault
separates the Mojave Block to the sdutim the predominantly eastest extension of the Basin

and Range Province to the north where the study m®dloomis and Burbank, 1988).

The El Paso Mountains trend northeastl are discordamd the majority of nortksouth
trending mountain ranges in tBasin and Range Province. The El Paso fault develtaqped
accommodate dextral offset of the Blackwater fault and regional clockwise oroclinal bending

after 3.8 Ma when the Garlock fault becameide, multistranded fault zon@ndrew et al.,
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2014) The entire Gdock Fault Zone is still activdgyowever, ratesf slip for the El Paso fault
are not discussed gxistingliterature(for example Andrew et al., 2014and references thergin
The El Paso faulkystem is a solely diplip fault, and it ipossiblethat it accommodatesrain
divergence associated with the Garlock fault systmeh strain partitioning along major
transform faults has been previously documented (Lettis and Hal3@0; Page et al., 1998).
previously unmapped normal fault just soaftthe El Paso fault cuts through the Quaternary
alluvial fans of the ElI Paso Mountai(iSg. 4). This fault is herein nametie RedrocKault.
Whetherthe Redrockfault relates tohie localized alluvial fan dissection is under questio

because localized stream incision into fans can indicate relatively recent faulting.

Models for Incision on Alluvial Fans:

Without any disturbance to @ainagesystemafan-feederstream wil downcut
uniformly and the locusf deposition willuniformly shift downfanBull, 1977) While this
scenario is possible, it is uncommon in nature. More common in natlievial fan dissection
asa function of base levédll either because of climatghift or tectonic{Harvey, 2002)
Tectonism can influence the gradient or blese| of a fan via offset along faults or regional
uplift (Harvey, 2002). Tectonic basevel change wiltemporallybeindependentfoclimatic
change, and can hasgpatial variabilityif the rate of propagation of tectonically induced regional
dissectiorfluctuates (Harvey, 2002Climatic factors influence sediment supgpd discharge
therebyinfluencing critical stream power and the threshold of degradationsvaggradation on
fans(Bull, 1977;Bull, 1979; Harvey, 2002 Climaticinfluence orbase levetan occur as a
result of two mechanisms for an inland fan: 1) change itetred of alakeat the toe of the fan;

2) climatically induced incision of a mairnver causingoase level change for tributajynction
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alluvial fans Additionally, changes in sediment suppsn occur concurrently witthanges in

base level (Harvey, 2002).
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METHODS

Geomorphologic observation and surficial field mapping were utilizedrnapletethe
research projecObservation of thggeomorphology o$tream terraces and surface features on
the alluvial fans was critical in understanding Rexdrockfault structuress there is only one
outcrop on the mountain fromtheremap unitsare offset by faulting (Figd). The morphology of
soil calcic horizons were assessed using the model of Machette (TB8%tage of calcic soil
development was used to estimate the ageagped alluviumThis is possible because
carbonate accumulates consistedipending on the clima{®achette, 1985)Theclimate
most similar to Cantil tha¥lachetteutilized is Las Cruces, New Mexico; therefore, age estimates

for carbonate depds will be based on this warmesiiarid region (Machette, 1985).

The surficial field mapping helped determine the fan and terrace morphologjyeand
geologicstructure. Grain sizes of the alluvium were determined in the field with a grain size
comparator. e heights of terraces were collected gg@immeasuring tape whevatcrops were
accessibleThetrend of the Redrock faylas well agidge linesand dips obeddingwere

measuredising aBrunton compass.
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RESULTS

Map Units:

The geology of thevesternEl Paso Mountainsonsists oflertiary wa&e sandstone and
the Quaternanalluvium that compos¢éhe piedmont of the range, a@detaceousphanitic
granophyre intrusive bodie€retaceousoliated granitePrecambrian to Paleozajiartzite
conglomeraterad hornfes, as well a€retaceousiornblende dioritéhat compose the basement
of the piedmont and the uplands of the rafideesedifferentbedrock compositions are
relatively well intermixed, outcropping adjacent to one another at multiple locatitimes
western El Paso Mountain&lthough he hornblende diorite only outcropsone location
roughly a kilometer east of the study site, theresafbcientamount on the alluvial fan surfaces

to infer a large presens®mewhere in the range, possiblyidg past times

The Tertiary wacke Sandstone, Tr, overliesihhsement rockand underlies the
Quaternanalluvium across thealluvial fan surface. Tr is a lithified, massive, wacke sandstone
with lighter and darker tan beds that @i to 30°to thenorthand aranterbedded with up to
tens of centimeters thickrown relativelyresistant wacke sandstone bedlclasts are
subangular to subrounded, bug tmore resistant sandstone bamllerand a lesser abundanaie

clasts.The surface of Tr isresional with an unconformity between Tr and the terrae2.Qt

Qt-1 is composed of uplifteclict alluvial fan sedimentd.imited exposureof Qt-1
revealmoderatelywell lithified, poorly sorted, matrix supported clasts in a coaand matrix.
Qt-1is an erosional remnant, so the height above the channalesar A degraded stage 4
calcic horizonis locally developed in @t erosional remnantthereforejt is estimated to be

older than 3.5 t@.75million years oldMachette, 1985).
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Qt-2 is conposed of interfingerig beds of planar laminated samdassive sand wittare,
matrix supportealasts, and beds composed predominantly of imbricatattix supported,
medium gravel sizedlasts in a sand matriXhere is an overall fining upward treadd dasts
are poorly sortedvith a highly variableompositionranging up to boulder size@ihe base of Qt
2 is exposed on the footwall, but the terrace surface is smooth due to erosion. Therefore, a better
example of its minimum thickness is on the healiwhere the top of the terracer@mighly30
metersabove the active chann€t-2 is alsoestimated to be 3.5 and 0.75 million yearswith

a degraded stage 4 calcic horizon.

Qt-3is a streamdrrace composed of massive sand and grankldiscontinuous lenses
of matrix supported clastdf variable size and compositiohhe terrace is predominantly2m
thick; however, the thickness is variable frOr&9 to 183 m with the thickness generally
increasing to the souttue to burial by alluvium derived frontheterrace riser separating-Qt
and Qt3. Qt-3 hasstageonecalcic horizon development; therefdhe terracés at most10,000
years old Finally, Qa is the active strearhamnel that is composed of sand afabts that range

from pebbles up to boulders which have a highly variable compasition

Structures:

The RedrocKault strikes047° and dips 36°, and it cuts across the alluvial fans at the
piedmont of the El Paso Mountai(fSg. 5). TheRedrockfault is exposed in oneutcropand
offsets Q2 at the outcroprevealing a minimum offset of 5.5 fhig. 4). Along this outcrop, Tr
is uplifted and exposed on the footwall and23s downdropped with no Tr exposed on the
hanging wall.There is a zone of gouge and brecciaap3 cm thick where there are angular
clasts of up to 13 cm within the fault goutat aligns with the 047° strike of the Redrock fault

This outcrop iswhere strike and dip measurementyerecordedFarther east, the trace of the
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fault isinterpreted fom the location othannels that are incised into @auvial fan and
topographic features thatign with the strike of th®edrockfault as measured at the
aforementioned outcrofhe fault trace is absewniith no topographic expression of the fault

where itprojects intahe El Paso Mountains in the northeaattof the studyarea

Topography

North of the fault tracéhe alluvial fans havearying degreesf dissectiorwith gullies
tens of meters deepto Tr, andsouth of the fault trace there are gullies The alluvial fansare
undissecte@astof where the fault tracprojectsinto the mountain fronfThemorphology and
geologic composition of the alluvial farsdrastically different north of the fault trace compared

to the south and east becauséhe southeaghere is no incisiomand, Tr is unexposed

The Redrock fault strikes 047° at the outcrop where it is well exposedFiche
topographially highest parts ofalluvial fans north of the fauttend350° to010°. These are
discordant with the trend of topographic highs of the erosional remnants of uplifedviich
trend between 020° and 050flifted mounds of Qfl trend roughly 040° and are aligheith
the Redrock fault from the outcrop exposuree westeramost mappe®@t- 1 hasa ridge line
that trend€)46°, ands discordantith adjacent, unincised, alluvial fan surfacBarthermore,
the erosional remnants of uplifted-Qhave surfaces thptojectupfanslightly steeper into the
sky with a slope of 18%Which is steeper than the surfaces ofatigcent fanthathave a slope

of 13°. There isa swale directly south of the 046° trending ridgeline. The swdl2nsdeep

On Qt2 adjacent t@and northeast da, there is a roughly 106 mdeep depression

directly above the fault scarp where the hanging wakmosed in the outcrop (Fig).4
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DISCUSSION

Possible Factors Causindgran Incision

Climate Controls

Climatic influence on base levef an inland fareitheroccus due tachange in the level
of a lakeat the toe of the fan @limatically induced incision of a main river causing base level
change for tributaryunction alluvial fansThere is a dry lake just south of Redrock Randsburg
Road called Koehn Lak@-ig. 5. Historical fluctuation ofake levelscan be ruled out asfactor
causing fanncisionbecause the fans are unincisedith of the study area to thegedf the dry
Koehn Lake (Fig. b Furthermore, e climaic effect on tributarjunction alluvial fans due to
incision of a main rivecan be dismissdoecauseo otherfans east of the Redrock fault

throughout the El Paso Mountaiase dissected

Tectonic Base Level Fall

In the context oftte strike of theRedrock faultthetopographic lineaments formed in
alluvial fans (Qt1), andthe topographwf Qt-2 terracegeflect tectonismThe eastern @ has a
depressionvith at least ten meters of vertical offsktectly above the fauktxposure (Fig. #

The Q-2 to the west &s a planar surface, but thlepe of the terrace surface increasesctly
where the faulprojects southwestwa from the exposure in Figure 4 (Fig. Eombined with
theincisionthat is unique to the north of the faaft well as thevestern mountain frontt is
concluded thathe fan incisions due to active tectonisrfihe fault iscontributing tomountain
uplift, sobase level is falling relative to the mountain and the incision north of the fault is the

responselt is expected that in the case of a single fault on a mountain front, the effects would be
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primarily on theproximal fanarea instead of triggering incision in the distal zone (Harvey,

2002).

Implications for Regional Tectonics

Based orthe ages of Q1 and Qt2, the most receriaulting across the alluvial fans and
uplift of Qt-1 occurredbetween 3.5 ma and 10.Kehis isconsistentvith the model proposing
that theEl Paso fault formed 3.8 an(Loomis and BurbanKk 988. The Redrockfault and theEl
Paso faulsustain the extensional uplift of the El Paso Mountdtris possible that both the
Redrockfault and the El Paso faukflectstrain partitioning fromextensioroblique to the
Garlock fault Therefore, some degreewdtrtical offsetcaused ¥ oblique divergence along the
Basin and Range Mojave Desert Block contact is ammted for with these normal fault
systems that have uplifted the El Paso Mounthiask. This explains the discordance of the El

Paso Range with other mountains that @ of the Basin and Range Province.
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CONCLUSION

The normaislip El Paso fauland the associated El Paso Mountains formed as and along
a strand of the Garlock fault due to the formation of the Garlock Faultstarteng a8.8 ma
(Andrew et al., 2014Deposition of Tr and Quaternary map units were a result of the uplift of
the El Paso Mountainhe Redrock fault is a normal fatiftat cutsacross thg@iedmontof the
El Paso Mountain®Offsetfan alluvium indicates minimum ofget of 5.5 nof normal slipfrom
the Redrock faulbetween 3.5 ma and 10 ka. Bdn age estimates from observations of
carbonates in terracebe Redrock fault has not been active during the last 10Heyisolated
dissection of the alluvial fans isresult of the Redrock fault continuing uplift of the mountain
front and dropping the relative base levidie most compelling evidence supporting this
conclusion is incisiomnto Tr only north of the fauthat extends from a streambank exposure of
the faudt to where the faultlisappears into the El Paso Mountaifise tectonics of the El Paso
Mountainsis not well documented in existitigerature; however, a possible model for the El
Paso fault and Redrock faulttlsat they accommodaggrain partitionig resulting from oblique

divergence across tli@arlock Fault Zone.
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Google Earth

C 4Ma

Region after strike-slip displacement on the Garlock fault and

extension on the Cliff Canyon fault.

Initiation of uplift along the: Sediment from Goler Guich (GG)
is shed across the GFZ for d ition of the I
of Golden Valley (CGV) on recently juxtaposed Lava
Mountains and Christmas Canyon blocks.

Future:

Figure 2 Interpreted
time-slice maps with
thick black lines
denoting faults active
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ot tne Garook T+ : and black dashed

(CC-GF) ‘ ot ' lines are active after.
The diagonal

hatching denotes the
wide active Garlock
Fault Zone. The red
filled dots are the
locations of
megacrystic dacite

D 0Ma .
Region after initiation of ECSZ lavadomes in the
and the creation of the Summlt Range and
wide and complex

Lava Mountains.
Blocks with known
rotations are shown
with a curved arrow
in C. Image sourced
Continued upift along GFZ: from Andrew et. al

sediment from Goler Gulch (GG) .

deposited as the congl of (2014), fig. 13

Hardcash Guich (CHG) and then
this conglomerate is displaced by
subsequent left-lateral slip.

Garlock fault
zone.
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Legend
& ElPaso fault

Figure 3: Map of the

L recrs=re 4| study area within Red
e Rock Canyon State

: Park. Alluvial fan
dissectim revealdan
sandstone (Tr of
Dibblee, 2008}hat is
noticeably absent from
the easterpart of the
piedmont. Imagery
sourced from Google
Earth.

Figure 4 Image of the normadlip Redrock fault uplifting Trelative to Q2. Small black backpack
for scale just left of where the fault disappears into Qa. Fault trace is denoted in red, and the cq
between Tr and @ is denote@pproximatelyin black.
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Figure 5: Surficial geology field map. M&ggend is below on page 17.
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MAP LEGEND
Qa Active stream channel.
Qt-3 Terrace composed of weakly consolidated sand with discontinuot
lenses of matrix supported clasts.
Qt-2 Terrace composed of interfingeribgds of laminated sands, massiy
sands with less abundant clasts, and imbricated clasts in a sand
Qt-1 Relict fan surface composed of moderately well lithified , poorly
sorted, matrix supported gravel clasts in a coarse sand matrix.
Tr Massive pebbly wacke sandstone composed of light and dark tan
strata interbedded with thin, brown resistant wacke sandstone str
Yy Redrock | The fault trace is dashed because the exact location is assumed
|1 fault for the exposure adjacent to @aere strike and dip were recorded.
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APPENDIX

Tr, Tertiary Ricardo FormationLithified, massivepebblywacke sandstoneomposed of light
anddarktanstratainterbedded with brown resistant wacke sandsstra¢a Both the lightand
dark stratdnavea mud matrix. However, the light tan strdtave less of this mud matriand

that is the only distinction between tinght tan and dark tabheds. Both areomposed of matxi
supported clasthat range upo -8 phi, but clastsare predominantly5 phi. Clasts are angular to
subroundegdand theclastcomposition is primarily graniticThe light and dark tandals are
predominary composed 02.0 phisand anddip 15° to 30°to the northThelight and darkan
sandstone is weatheradd rills are deslopedover the entire surface of the outcrdpe light
and dark tan sandstone beds are predominantly a meteritheekrown resistargebblywacke
sandstone beds are only tens of centimeters, tthielprotrudea few centimeter out of the
outcroprelative to the light and dark, less resistant betsr@ are no rill®n the brown resistant
pebbly wacke sandstone bedsis more resistant sandstone Adswer abundance cfasts.
Themedian diameters of tledasts onlyare as large a® phi, but @ predominantly3 phi. This
brownpebblysandstone is moderately well sorted with grains ranging flopti to 2.5 phi, but
are predominantly 0.0 phhe contact between Tr and-@iswavy withtens of meters of relief
This isdisplayed alonghe Qacut steam bank. fiefaultedTr exposed along the largest channel

in the study arewaries in thickness from roughly 6 to 12 metdisis unconformably overlain

by Qt2

Qt-1, Quaternary terrace 1 (oldesipt-1 composes eelict fan surfaceand sediment underlying
that surfacehat is noderatelywell lithified, poorly sorted, matrix supportegavelclasts in a
coarse sand matriXhe sand matrix is poorly sortedth grains ranging from..0 to 4.0 phi

angular to subangulaand.The clastcomposiion is predominantly hornblendsearing diorite,
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which only appears as floatestof the fault ashie closest outcrop is roughly two kilometers
northeast of the study are@t-1 is also composed gfavelclasts with ganitic and tuff
compositionsThe dasts are poorly sorted and subanguldre clasts range fror2 to-6 phi, but
are predominantlys phi. A stage four degraded petrocalcic horizdpresent near the surfaces
of Qt-1 alluvium Outcropsthat have well developed petrocalsimils are rare, but one outcrop
reveals a 125 cm thick lcaum carbonate cemesd, predominantly coarse sand and angular
gravel clast conglomerat®plifted mounds of Qtl trend roughly 040° andrealignedwith the
projection of theRedrockfault (trending 047°) from where it is well exposed along the largest
drainage in the study area to the El Paso Range beyond the piedimaintividual ridgelike

moundsare elongate antlend betweef20° and050°.

Qt-2, Quaternary terrace Anterfingeringbeds of planar laminated sand, massive sand with
rare, matrix supporteclasts, and beds composed predominantly of imbricated clasts in a sand
matrix. There is an weral fining upward throughout Q2. There are petrocalcic lensesupfto 5

m in length ad 0.15m thick anddispersedhroughout adjacent fracturgSlasts inset on the
surface of QR are coated in calcium carbonate and therswafaceclasts of purely laminated
calcium carbonate. Clasts are poorly sorted ranging up to boulders, bugdwenrantly-4 phi.
Clasts are subangular to subrounded and compositions are highly variable: schist, slate, tuff,
vesicular basalt, and granitic clasts. The samdangular to subrounded apdorly sorted

ranging from-1.0 phi to 3.0 phi, but are predomantly 2.0 philt also has a stage four degraded

petrocalcic horizon. The surface at this unitGsn3eters above thejacentactive channel

Qt-3, Quaternary terrace 3 (youngesQt-3 consists of @ssive, weakly consolidated sawith
discontinuous lenses of matrix supportgdvelclasts.Clasts are poorly sorted ranging in

mediandiameterup to8 phi, but the typical clast size 18 phi. Clasts arergular to subangular.
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The sand ipoorly sortecand rangefrom-1.0 phi to 3.Qohi, but ispredominantly 1.5 phiThere

is calcium carbonate accumulatimncracksand inthin discontinuous lenses that are laterally up
to a meter and onlyL0-.20 mthick. A stage one calcic soil is formed in-QsurfacesThe

terrace thickness igriable but increases to the south. Terrace headitge the adjacent
channelvary from0.69m to 183m. The increase to the south is predominantly a function of

erosion from the adjacent Qt

Qa: Active stream channel. The streambed is predominantly sangravelclaststhat have

median diameters ranging o boulders.
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