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2004; Ol dow et al ., 1994, 2001; Pieyce et
(Figures 1 and 2). These northeast trending
subparallel, and southeast of the CNSB, an

t hat project to and terminate agaih)st the
Three different mechanisms for active str a
di stinct zones of deformation within the <c
neotectonic observations includiagi ¢d4a3% BNQN
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Chapter | : ssQuaattiegrrnaaprhyy and tectonic geomorop

of the Western Basin and Range

Abstract

Observabhi epdgieecd onfi c faults awestédmvi al
Basin abdsBRdnga fi el d gaenodmao reprioit cea mnaacphpn inggu, e s
geochronol agic ubsewad [yee sd & thee rrelllwedobet o
each amhalluil sf aadhtee | one Val |l ey .&ntddi Rauwrefdascweo o d
agasad di s pdsatcesneinmat e pal eosei smic par amet e
recurifaecepsults suggest Td.@Ordeé6f erny/ gd dloirp t
Val l ey fault based on an alluvial fan that
suggestsfori phedRBFL OfmmM/.yr based on an i nt e
fan esti mat el3l8 .b¥ K&ELt h at6ébies adirsopslisa cseedv edr a
and 100..012 mm/ yr based somi Istdagweled praamtr bath att
The results for estimated horiazroeni@. @ xt en
mm/ yr A&Airod 0. ommsypecti vel y. Esti mates of rec
are 21D37 Jdbal yan d 128,, 808088 e/s p e Dti if y anisyd.eb f n g
surveyed Wwaultie sesatripnsa t déned shte faageeketviemg s
including 16.7 ka and 17. 6 Tkee sfeord att hae plr\oF |
more comrmgoéEwoéde@smi p bfechraviiaourl t s in the regi
seismic hazsamibawasesesmpmeoadti ons for better
may be tr anscfeenrtrread fWadmetrhdane to the west

|l ati tuMdienafDeaefthleecti on.



| ntroducti on

The Wal kae rmaljaonre nort hwest trending tecto
| at ereadt sndep along the boundary between t he
and Range in Ca(kFif guArnte alhend uMevddan of t he
central Wal kMirn alL alneefa || encefsio otnhrei ght st ep 1 n th
the Wal.Her ebageédal | slip across the central
a broad z&he pofmafyablet $ransferredi fraomd the
Range blasedcowmrtence of historic ruptures
Belt (CNSB), a sthhma¢ ekteodmalrftahelatst fr om
(Figuresirhle anmdinxs)t.ep from the Wal ker Lane s
t he Basin andi Reoovteend irasx tleinkeeglvyye n t han i s cur
defined by the CMSBt hpis¢d oalkend apl ir eyst ems
against the central Walker Lapneté@éassooat heh

t he @MSIB are the f(diwhiraefisdtdhi s study

Moni tpolramtade i on bet ween the North Ameri car
measur&0 am/yr wi(@5 m/oyero mmMobat ed al ong th
Andr ea(sWegdsanudus ky, 2005a; Be@nagtutr eUBQDOB8; 25 boa
of the remaining slip is accommodated to t
Wal ker dludrzen,eaea oS | ispr-atkéepdf pul ts that over a
San Andr e as>5f% wlftactcadpnnadeba ttehde east of t he )
the Basin and RexgeargdgwocwsithNed awaiWalda tachch f au

(Wesnousky, 2005a;. Hammond et al ., 2011)



The study area comsoirstthse acsft a rseenrdiiensy opfar
stri ke and domlniapmtflayulntoranadt eimgp | ocat ed i
Range p(rroivgiuirbee sle) faults are | ocated parall
CNSB, a zone-nafg nhitsutdeer iecarhihgghu a kl el sk et hpaatt treurp
bet ween 19(1Belalndetl 9%He, CRREB4)j emains the onl
data points for high magnitude earthquakes
the question of t henamponsg giuldiel ietay t dafq usaikmisl| arc
ranbgoeundi ng fault structures parallel to th
Lane/ Basin and Range Wdhwendamuy hiem nwnostt e rod N
systems (I VF, SWRRF, WTRFZhw¥ad ke riTdRdarh)et H e un
Mi na Defl ecti on. Here, northwest trending
section of the southern Wal kB rmm/aynre twdken &
sdp at the Mina Deflection. N occrotnht w ensuti ntgr e mc
central Wal ker Lane dr amal.i@ arhrhiyym eadmud et h e
average sl ip is spraecatdi vask dfjosusletms dti ¢ f ulse Wal
within the study ar ea,okf0awl toehEdgstSn e r2a01117y) ; h a

however, detailed studies have not been pr

This chapter presSgeadlisodihe maepgmpmionde | @amgyd g ¢
techniqgues) and observations on the Quater
pal eosei smol ogy for .Thaec h efsadlt tsi ifoolra dei@arcght U
newly cakbctul aabdand phoditeshi st es of recur

di scussed i n the context of seismic hazard



understanding the transf erenafr as| iWeol (kssire @ am
western Basin and Range atAdcdiet il antdltluyd,e podt
pat hwayd ifker elaegltthquake activity, similar t

explored based on the relative activity an

Met hodol ogy

Geol ogi c mapping

| coemdtletdai |l ed geol ogic mapping of vario
bedrock units highlighting fault scarps an
produce Quaternary geol ogmThesmappedapseal b
approxi mately 150 k2rb Iwimdge hamod bt wemahe d Ot o
o0f3,>0k0MdMappi ng was gener al lde tdeodtreh endr ell :alt 2 ,v0e
ages of alluvi al units through geol ogi c ma
char act. e rMagptpiiong techniques include i dentif
based on the pravtense ahdscange, front morop
facets, winegl asstse ecpaennyeodh sr, a ndgded i forvoennta I mhayr, g iln
mappeduil t contacts using a confidence ratin
di stinct, and strong confidence ratings as
being buried by ydMapgéngabfuvVviaal timintsad iosal |
previous mapped traces from thdae hUd9@9 hQuat e
small er scale mapping of the f d&uwl,rt, as wel
omi ttifngatfwwarudd determinedrtiganoo.nbéi neamemi

Geomorphic indicators such ascra@sustte nghanne



rel aanrdenlsgti ve incision wrad eunead yt & tdiaftfi gr
the stuwdegi atr emiabruetliaotni vaendage of al l uvi al f an
relative amount of incision and rounding o

of surfaces as shown by the rounding of «cl

alluviation, onatsantdtingetdepebationshiops,
fault scarps, variations i n elteuwreaet,i camdbet w
character of incision in imagery, and soil

in soils (Koehler and Wesnouskyheg2@811l; McC:
techniques allowed the differentiation of

(Qo) alluwhathsusfataesdard chronology in t
2009; Koehler and Wesnousky,Be20O11let Wels.n,ouxsd

Angster eMappwadga2me®@dt el y and i nl dombinati

mapping utilizing the highest resolution i
satell i, S®&TMmadrgcB8rsyecond di gital el enveatteiron moa
aeri al i magreglye aerdi dlowphot ography.

Geochronol ogy

Luminescence geochronol ogy

Lumi nescence dataidnvga ntoeectthhneiigru edse vheal voep me n t

application in the past severaalbédecades an
applicataoostaeol ogy and geology including
surface processes, and past exposure to |

2022np .geomor phol ogy, sediments that are tré



exposed to sunlight which resets any previ
individgbtabr 8 ase Lumi n e sLcuenmicnee sLcaebnocrea tdoartyi
i mportant because it can provide and estim
can be used to calculate rates and recurre
processes ( Rintcteeatdbhuenes1t2 0il8)deposi ted, buri e
sunlight, natbeakgposad tadiation froMm the
|l umi nescence sBnggabris aodufekdspar grains
el ectrons within the nu(cAietik rF ( @giup9e& 5) n t h
percentage of those electrons become trapp
guartz andtfmedamdbe omeasured as the | umi ne

199Bn.a | aboratory, thegsecdinméntghtafreo@rexqua:

ight for feldspar which releases the el ec

Lumseence Laboratory, 2024).

Absolute dating of fluvial and alluvi al
can yield important insights i nitm Mewadal i
deposcbobmmanky devoid of organic material t
(Kenworthy et al ., 2012) .onAdydietfidaeradtlylayien grna

deposi tyourighdarnar-et 0 k a. Luminescence dating

used as a Quaternary dating-steebapdaetheca

-+

el dspar grains which are commonly found i

(7]

uccessfully dat&d0Odebasi asdupt tpretiOD@es an

of deposition as opposed to a minimum age



Xposure dating or the datingepniepedagengc
Kenworthy Letmi aescefO0é&2yYyating generally ha
orrelations to samples with known ages as
uch as dadi oigarmdmonef fecti ve met hod for dat
ears old (Rhodes, 2015; Rhodes et al ., 20

umi nescence LRmevliadmisnye s c2eBn2cOell ideast ignegner al |

hat tt hreeasbuelstositsainged hi ck (>60 c¢cm) | ayers ¢
mal |l er grains (Kenworthy et al., 2012). A
f sand sized or smaller grains that are i

xhibitstoaf npehleleé¢s and cobbles with a san:
enses. Recent advances in |l uminescence da
ccuracy and precision of -ruisdhm gdadnpgorsitimess,c e n
ack of sand |l enses is becomingi tedsgoéi as
el dspar or quartz in the clasts themselve
Kenworthy et aldt,hdt20di)ngl elmomisnegsadence dat
uccessful resul t-gr avihreend adpep 0 £idt ¢ ot taotar sree
t her absolute dating techniques; however,
ur understandifngusamdy d pupriinceeshaejesrad ebeddat i ng

eposits.

Lumi nescence dating provides the age of
edi ment , and thus serves as a buri al age

020) . Sample preparation involves removin



Hp

sample and isolating the targeted miner al
of grains affected by alpha radiation are
on stainless steel or al uminum sdciesnccse trheaatd e
( DRI Luminescence Laboratory, 2020) . Each

(De) and dose rate (Dr) to determine the r

en

an

L a

f o

d radiation dose and the rmgpdieat(iDRI dose

mi nescence Laboratory, 2020).

I n thilsl swivdlgwesa!| ect edarnfalryasbsstdi oqy t heir
tential to date all wawawnidalt hffam wrnfeaade sal oft
ctonic activity aAddistliignalaltye,s kimoawitrhg ster
s the potenti al nteasibryff@arcm st by aeeo mofr pdati kt
e al |l ocations for sampling are stratigra
ains from natur al exposures that havenot
Sedi meete®| | ected for | uminescence dati ncg
mi nescence (OSL)/infrared stimulated | um
ratigraphic horizons by hammering ~10 1in
posures or mmwnvismg It lpe tsamplles ,f rem t he wal

sure no | ight exposure to the wamoptleed Th
d marked on the t wbeeaa aluynz ende sacte ntchee saRrip | L

boratory.

Thfeol | bwbog at or Yyoprbbhedpreparation and

r t hairse sttaukdeyn f r om t hmge refofniadi alg mDRIINL Lc artd p



Christina Neabdoorrat,or2y02pr)ocedndes diemer eon@z
nm) | ighting conditions. Approximately 3 ¢
wasemoved and used for dose rate and water
portion of the sample was removed and stor
the sample was prepared using a treatment

def latce,uli sol ati on ofi2t5&®dr dat)e d yg rwaitn ssiexve N
carbonates using a 10% HCI asdD@Gtsidoémt i oeamoyv
separation of magnetic grains using a hand
with heavy |liquid (lithium heteropolytungs
density | es® MédasurRe m&iuRsn sWie rTel /ntafichel e e ader s
DA20 andygan Resxearch reader using continuous
Il umi nescelnncfer asriegdhaslt i mul ati on (I R) was made
5210 IR diodes with peak emissibfa5at 870 n
mw/ éamt the sample position. Feldspar | umin:t
Corningb®opmpd 7Scho.fTtheBGaMiI hielstcems-gr alian i N2

mm di ameter) afligqoftelfcdd pamplarmd s uwdment s,
grains and foll owing a moMurrnay &mrR Wirrottloe,
203AppeBdRef er t oBfAgrp eandddixt i ouasledm@$lh ¢ dh@l o g

analperefsdorymeDdRI L L

Soi | geochronol ogy

The progressive devel ehponmmeinzto no fc |saoyisl sa neds

carbonat es, i ncreases with time and can be



di splaced alluvial surfaces and estimates

(Birkeland, 1991, 1999; Bachman and Machet
I n addition to geochronologic techniqgues,

idehying carbonateosgthaegetdenceldeprmramndte nandoi
summari zed in Harden, (1982); Harden and T.
(1991) and (1999), amdh dBamtbhmEh S(odil7 &) of Fi ¢
carbodeatéopment is a function of time, par
and other |l ocal or regi onraalnnfyarRetld® dn;es uecth aal

202Bi;r kel and et al . perl9®nal Bdarkmed minadat ildm,9 ;

For example, alluvial fans depossiotield fr om
carbonates at a much | ower rate than all uv
source | i ker samelstcoonremuni cati on, Steve Bacoc

rel ated carbonate stage devel opamedatpt ovi e
broad age ranges for various stages of <car
Redwine et al., 2020; Kurth et al., 2011,

et al ., 199 1Mc FMaadcdheeR et he® 8189;8e5t; a6, , R4M®OBKs aadd
Sawyer, 1997Tr e &dSwdelelt 992 d McFadbddenhi mR2Ag§Oof
carbonate stage devel opment i nil9oiklas iasxrdbru
to ~16 ka)i, 175t &kpe ,| IB1@AHEka) + $6580ekthage (17
| 11 +71 6530 @Gknad) ,St age |V (0500 ka, but Tyounger
200 ka) (Redwine et al ., 2020; Kurth et al

Machette 1985:anMc AdBd8hai 4982 1819 6; Rebd®2i ana



HY

Sawyer Ruleé@dnal Z0kb3eThe92aye bounds for wvar|

carbonate devel opment are summari zed in Ta

| desamddgbxilgi | stratigraphy and soil <cha
piitrscl uding grain size distribution, soil ¢
consistence, horizonatusnngastaondabdnmétehd

nomencl ature (SchoenbergMdacldi9l8d,; , BROk2| a8
1991 anBdaclh9n®a9n a n &l 9 Fédncdh eRetdewi ng €etheal ., 202
characteristics of soils from soil pits ca
di stributed tahcarto sesx htihbei tr esgnidoicdh@inr lage @mao rsp h ic c

source materials and be used to infer br oa

Laser particle size analysis of sedi men
surfaces in the study area provides quant.
sizes with depth in the soil2@icm.f Somlt sa
pit walls based on textural and compositio
were removed from the pit wal/l using a scr
then sent to the Desertz Rteis®@uapared hasyi Petde
Laboratory where they were analyzed by the
using a Malvern Mastersizer 3000. Results

Chapter |
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Addi tional absolute geochronol ogi cal me

'Beand other isotopes accumulate in surf
exposed to cosmic Samplliiang onf atbowh'deessirffarce
found in the quartz fraction of the sampl e
radi ation at atnhde cearsttir@s ns urhfeaam™ ni mum age
| diydoul dempl tRleehat ysessshowtl eld ber ef erenti al
size (>50 cm diameter) and height relative
(Wenousky, 2015). Cnacne thoeceldl sesic tzeatdsl iy g mp | e s
standard methods of quartz isolation, diss
preparation of BeO (Kohl and Nishiizume, 1

the r'®BteBd sefasur ed andakseurcfaalcceu laagteesd usi ng

'BeAl exposure age calculator (Balco et al
I n this study, | arge stable quartz rich
surfaces in the study area. These include

sampl ecso Iweflaied mdo ps todbbd Leswxeirng a chi sel and s
and placed into sample bags. The | ocations
| ogged usAvregr zGRD™Meaeiprs o budget constraints, b
col |l ffaeat edosmogeni c anaHpyswesewer ehposampbes:
at the Quaternary Geology and Geol ogic Haz

anal yses.

The analysis of radiometric carbon from

geochronol ogi cal met hod f or cdoautlidn g rroevliea ttiov



useful for producing an approximation of s
cal cuTlaits omet hod i s dependent on the prese
be difficult to preserve in the region. Ad

useful for samples up to ~80.,66 Wf@x@als, due
2022). The appl i dapeohnd styh eo fp rtehsiesn cnee tonfodd et r

preserved ihnthédiseddmelyt gitt s mmas nwad rueg al

examined fordetherei palesemarecodl fragments wi:
however, none were found, and thus this me
Di f fusi omnno dseclairmpg prof il e anal ysis

lusdé he mor pholeovgeynto fe asritrhgglueak e scarps to
earthquake t&aaairnssoedwecreddd rtohdr md il omesalr pt i on
profiles using differential GPS. Foll owing
foll owing earthquakes can be described wit
and Andrews 1989; Hanks and Wall ace, 1985;

1979b; Wesn@Eugkhye 2005

du/ dtu#+9k(d

u is the relative elevation of a point on
perpendicular to th&iscarpgi (kpbsamdtyi mencect
ofky. The equation states that el evation
(Hanks; 2000, Hanks and Wall ace, 1985) . Mo |

change of elevation (du/ du/)Ax (SsHpmlop;orz2d dh)a.



curvature i s positive (concave up), such a
increase with t. I f the curvature i s negat
will decrease with t (Hanks, 28000mb®i féus
associated uncertainties including the det
an estimated age, and the pertinence of Kk
and Wesnousky, 2011). The valwa&r mdn&t e€ean Vv:
accumul ation, rainfall, vegetation, and ot
Therefore, it is important to use a k valu
Val ues of k forprnéwei dasliy daeatde Rminmged in dif
scarps in unconsolidated alluvi al materi al
and Lake rBaomgiee vhdtlvwe e d k0 .(9Haanrkds ,1.220 0rd ; Han
Wal | ace, 1985). Because the validi#ly of Kk
ky is poor{(Weswmosskwiatedal ., 2005,] Koehl er

applied dif buosilary omadeisncraghpiss st udy.

To promdeceéi mensi ondi f mos ipbualrmoddbmr tfear
singyent fault BaemagpidsDt warues eidn tMaet Lab devel
Arrowsmith (Hilleyl andedArsowsmbt hpcaoed) on
(Qy and Qi) al s$mabhésstusf aods marphol ogi es
were | i kely produced from .ae.silnadleHicdunr b eaceel
resolution scarp profiles were produced us
conjunction wNaphs Aprcdsd rSatroi ol cbatn anPdadst or e t

terms of the Reéercecked& Ddismé h sviao e a l means el e



function of di st,anacned alroamngs pad rpmmeoaf nisl et h(axt) t h
sufficient transportable materi al necessar
mass continuity equation, i.e. the transpo
( Arr ows miTthhe, t2rOa2n3s)p.ort capacity is scaled b
constant k t ol ipk @ dh{eeariiwdsifmu Ig ihp $1e2d0 2a3 )v al ue
mY ky for k for (Haek8asPooOandH&akkgsaomdl Wal I
correspondence with RRenome Aulrosvsimi oim,t R& 2di
of sewngmte fault scarps from this study are

and RWEF.

SingVvent fault scaprmpo «iildef slessito nmantoedde |aigneg
earthquake t hat persosdeuncteida Itlhye tfhaeu Itti nsicnagr po,f
on individual f.aullhess @ nd athaes sdalmemllye iaamdeeagp att & ¢
oft hnheost r ecentess urnf atlchees erdepgbimornt he assumpti on
mor phol ogy of the initial sbcaasrepd doeng rtahdee si nsi
scarp(Becgmam and Andersen, 1979; Wall ace
Additionally, the ages of the mostnrecent
opemdmaxi mum sl ip r atehdwev ear ,sihmagdau seer etniti s
rate represents a maximum rate, (tPee stomwme s
communication with Richard2R@dhdoemp aarnidn gStteh
maxi mum slip rates to slip rates calcul ate
stage deovedlopmemdvi denidmesis g larredt uorg aetniticeel t vy

along individual faul t s.
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t hd

ds estimating slip rates and recurren

Vertical slip ratesd uddgera rvea rciablycsud faeatuetdt 8 g i

s ol

pre

ute or relative bagdsdseofveaftdirkatl aslelpuawia

s s edl hiersemm/ajtres represent minimum sl ip

rfaawmeseadge: sl i p rat e ncaap peciunl ga trieolnast iwoenrseh ib

| uv

i a,Jjcofmprarurmsiotns of,ekam amordcHlaatt iEved sd g &€s

tcthearr a cftaenr isguerdf @alc®t i ve age datiisnagnadsased o]

rbo

| at

her

tin

d d

nate stage devel opmeméet h(@B8ksaondut e geoc
i vef ra@gmamdmatdinfgf usi oafk e gagvwdentonf anoldte | 3§ M a
ent error associatesdnwitthle sleispluat ®nd
g methods used for surface age cal cul

egradation of fault scarp morphol ogy.

Verticalcasllcdwl atagdesin thte Bomuwidyomwteale €x

t es

i s

ner

tes

cau

mmo

foll owi ng met houdssi nigm tRaeeri oni us et al

E = Vd&./tan

extension, Vsdiiss tvleeg tdicm!| asglpa rlaft i tome
al, regional geodebi beekt ghsronhhanat gs
; however, i ndi vidual faults may have
se of the tempoeard -tveamm arta toens b(ek ewneneenr

ns, 2005) . S| it pneo att erse aenrdt tfhaeu ltti imn g ga ¢

establishing which fault zones may be mor e



Comparison of extension rates Ttangbedetsid

estimate how much slip is being accommodat

The relationsevpnbetweemuttitmhmapdlet scarps
i mportant tool in understandi ng -dwaant i fngulbt

scarps or compound/ composite fault scarps

(MCal pin, 2009) . I n a compound fault scarp
breaks in slope, or older beveled scarps t
produced them (McCalpin, 2009). McrCtad pam (
compound scarps are sharp and the profile

it may be possibéeenbdb dispiagemeht siogl & c
Howevealllangé fsabhdantkenooovaar g o be produced from
di spl acements exhibit multiple dhasernabl e
understanding the distribution of compound

earthquake recurrence.

Il n thisrsdedgsta matfioon voafr wagsaswrdraeunt o es
through analyses of detailed mapping and m
wher e rwletnitplsecar pPer tsirleapp rreasteerste.hbmasnelanpgée
measurements of aret upcrecteidddiastl tar e qaesmrtnegn c e
the empirical relationship ®ofy d$lhiep frodt ewi m

relationship:

SR sl i p rRateec)urrenceDdnsplaaeiment)



op

wher e SRa@mm/syrRipedwr r en(ceasi)nanedd vimli s di spl a

(' rm).

Study aokesaer vaantdi ons

General Quaternary stratigraphy for the en
Quatedhavy aa surfaces in the study area
agef wnisted on physical characteristics obs

in the field. The strati glrepmpisgiptiisss elietfe ned
alluvium and is the youngest Thttygamer abhyc
whitish to lingkateadiiitd@onalgeaapyrcgeseen due
to the amoumtmppésergetati water. The Qa i s
mai n -noutth trending river drainadespofsoudrnsd i
represent younaldldhaimailmmmamyycamsgs Qa and
contemporaneous.Tih@yadrggeoser al bgakreageicted t
near the mountain front and distributed de
Thdaynd tolbaghdrydays ht bramimlavenaoabbbmosi ng ac
c hamredlwear kB s ha.r pl maargmendsi at e aged all uvi a
into thrd®i Bhistu®ifrnmhadkees up t he nrmajceersi tiyn dfheQi
mappi ngndreaerae € xaprrgees sherdo ad@lx h ialiemiwil dqe ean d
swal e mowipthlnd owtglyed mar gins. Theseasdrfaces
incised by Qy suhhdycleaverl| idght nlagewmitseHl [ 3 ur
i magemQy 2 surfaces are more deeply incised

browni sh i nQisurduwrcfeaced ogener al |l yahraoes hi gt



faul as eamded reewratiimon when compared to adjace
surfacebatareel y osni minmaamc riym , ¢ doleobfeima || dar

mor phpllbgwever, are diefxftaurreant idatfdd rbeansceed di
i magtelrey rel ative, degdedefodrrienciesiaocm ovsesr t i C :
fault Leodmardtisuvi al surfaces are the ol dest
area.arTehetyexturally differ,enhadfeicmpgart hecQisi &
along chaxnhnehd t bag sdursftaadnecsesr ulpuv éde for m |
rounded surfaces. goehteusdaf aowautnegcakr bsesp ahe
faults that cut them. There are |likely mul
degree ofeldatfédtti ont heir relatively old ag:¢
surface were | umped into lagesnienrbauls,ast udyt a
focuses on the relatiohsbBup$abeswaed QWweah

di spl ace them.

Bedrock in the study area was not diffe
| abel l gdn éreadlr,otchke imma p giomgoifa tveaar i ous Terti ar
rocks especially in the wothéd®mhnt eecShosaho

Mount ai ns and SThtoeiwaarbte aRmadn geanr It hen nokX I h&) n ¢

Mountains along the Ravenswoodanhdult, a se
met asedr meckosnasriyst i ng of | ameséeppeshdd quart
mount aiDesrital clasts fromthéeauhuvsabctan

shedding from the east emRmavemaossdo@Iew avrotu na nad

Carl son, 1978)



| one taaullltey

The 1l one Va6 |llemnib enhotir it heast -bobunBing, ra
downd hwee st-sldiigpp nor mal fault that bounds the
Ran@ki gur8,s gdlnd PHhe sl i p rate of the | VF has
0.2 mm/yr (Sawyer and Lidke, 1998a). I con
the lone Valley fault to develop informati.
t he faul tti ormse iombhdiecatae t he presence of f at
ages and wi thheivgahrtysi,n gs uspcpaorrpp i ng a hi story o
def ormation. The northern section of the 1|
Mo untwhienrse i s characterized by weak range f
uplifted Qua(tkRirgnee t&)of f abesnorthern sectdi
Creek Valley is a dry | akebed called Smith
palsehoor IFiimauy §h8) shorelines do not exhibit

the I VF and cannot be used to bracket geoc

Mapping of the | VF was focusied loonne he s
Val |l ey pwheneutl mediydywlotm sthleaysange front an
of -eecrhel on f&uburer8casdu?) adTlmevsealt rfaacne ss u |
various ages on the piedmowitt handgdi n gl e oanee rct
scarps. The (@espgpecfaluly tskkaseswith greater
separtatatongut t hese surfaces replrhehseent mul t
soetrm sedthieorf ault i s expressed as a series

di splace relativdhyey ebdt hlkruvisahresrtactepi



oy

i nf er rmeidd dloePdtemi dtacd®eene i n agén hThd saandr fhsa
rounded crests with s moo tdhe vdeel borpiesd avnedg ew aast hi
fault scarps cut the ol dest, mdst( Kiidlreect e
T1LPNorth of aMy,pheohaClt i s expressed as a p
and up to 8 m high woi ed rhidiretrteand meaqgicadae r @lsls u:
(Qi anyd ©@xBibiting a |l esser degree &f 1incis
sur f(arciegsuirles) $darps across young alluvial f

suggesting that the most recent event pred

The southern lone Vall ey ffarudnt (tirvdEqge i ®i
rightpping fault t Hatondelddaywsdstifam(RC aslBye@nr an g
9 alnyd. Heretrema&lrsaslpll@aly t o t he s anogfexs@arnodnt a
Qi SBur ftahaetep | 1 ft ed and aleanm@bishuer ds.artAsr & ma lolf ,
adjacenlti2a2t mgtand ledowd@ani bhe Jienstdarhabisut he Qi
oMi ssCaonnyonlag $&4panches to the west from t hi
Qdsur face whesreep arhatciveera s e s atir amatically ne.
(Fi guirlex$olut h of Coeekimwosdrfacegognagdual |y
and the vertical separation decreases prog
becomes relatively |l ow aMdnifyaobbutuhbhfeawlats di
strahds are included arne tnhoet rmagphpte ds toenp pti hneg
Quaternary fault and fohmapdatnmpasct eaad oar e

study.
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col or
rocks

S o0ome

chann
we |l |

( Fiegsu

o

elwr $ aice | one Vall ey between Cottonwo
ompiogeaismdéld ment s oloanys,i sstiilntg, oafnd sand,
, and is mantled with angular to suba
with dominantly rhyolitic compositio

boul dielr.s7 5u pmettoBrOgwbrnes 0 &5 Thred sL6lf ace of

eply incised by Cottonwood Crsealk and
el s that extend all the way to the ra
vegetated and has an abundance of mod

ril)and 12

e Qissu@Qf aceQi 2, and Qi 3) imnldome eVal I

i sh tan containing fine grained silts

gul ar to angul ar <cl asts gafredo@Pnattdd
i onal cobble sized clasts are present

smal | er 1clua $AeMeert rhiatnt, t @&y mhace i s si mi

t he Mission Canyon surface e x coevpetr awilt ha ngde nl

cobbl

chann

chann

eslsuffrHeac@o i s smooth and rounded and n
el s do not deeply inclsseftibe,sanflatée
el s do not extend up the Qi surface.

ated with sage brush and contains a f

ificantly |l ess than t he yQol istciac pbsa u ITdcheer

di ameter that pr @dtr udé ef mptoheesdedn ebecs uolif d ear

e Qi is likely related to the close p



ange front as compar eMertra tttd caPpyddtnoinavioald|

at I VF Site B, the Qi 2 surface adjacent to
does not which is |likely attributed to Qi 2
north of Mission Canyon | eaacvel ndgu rtihnogs et hbeo ud e
of that surface that postdates the wuplift

by about 2 meters.

Cr eaetk | VHFiSgst €leOA3)a.ndT hlese scarps show a | oncg

Twoopogpaphi tseusr vweayreenydss uar hea@€et t onwood

<

def ormation indicated by the significant h

t

f

O preodace aith over 20 met ¥FsPobfveetilcah
acing scarp witshe RaOr(FategsanieddB . ovfF vPerrotfiicl ael 2
ocat 8@ m IswWRIthr, sdifs BRBetler s &fe pwe ratTiheaal

i ffervemrae cian b esteweaePrn ifMHAaen ¢ 2 i kel y rel ated
ncreased surface deflsaurifoah¢ eodtemreh et edapd ggi n s
nci sed Cot {TheweaondErreeseeknits tab rl prnggr essi ve
eformation and are the | argest of the pie

aWldtd.i ti onal by ,asdé62vPanfoleesteapackedr basd

bevel and change | rupspleap @ aas oosf g ghedeadisctaa pt.

t

he base of the scar ppbuwa sl irkeeflrye ssheevde rbayl antor

with a total vaebrotui7c abl s epar ati on of

ProfliVIFe sPr ofl iVIFe P3Iwedmsd revagreafsasul t spl ay nc

of MissiahVFEaS8whoetr el diiasupdQia2 eaBsdi r $§(aFciegur es



1519 L VF Profile 3 shows up to 8 meters of
shows about 6 m ©hevecaipal acmpbeFiapli eae Be n
based on t he daeidghtheofprteltse ncearogd two di ffe
surfaces exhibiting diOvfeerad iRg @ st fhies emeot i c a
ver tsiepalrwantiilen ¢ threha@@ e8m of sepatlaltaloQi 2 sur f ac
occaleng uan nlaadregde nage north of Mission Cany
younger pulse of alluvi al mat erial that ©po
abandoned the Qi 3 surface adjacent to it |
of f Aelds teiaorntahl g u Bhkabvge cont i nued to wuplift bo
surfaces as younger Qibhsfean osxuntthac easnowerrt e o
separation across the fault omdpinhasasi ongos
t hmeodern drhaaitmaame®ewteisallohe iWasthhe center of

Val hayet Hef®i surfaces abandoned above the

Pr ofliVIFe sPr o fl iVIFe PF odved evayreads s stoluda hf aad | t
Mi ssi onaRamiyo@Q@ VFolgwhermr@mQirtur f aceest ed
along theQambiungfi&c @@dir2d)s. 21l VF Profile 5 shows
verticalacsragisesr aiizomdFf cef il e 7 shows at |
verticalacsrdgiseesr aatdijoarc ent Qo RPHB&uefiBdt es u(rHiaguwer e
repr asegmtumnger pulse of alluvi al deposition
abandonment of the Qol sRemac€aanyVomn gPrtohfel |se

shows similar although slightly | ess offse



Profile 7 shows the Qol surface hasm)at | ea

as the Qol surfaces to the soutiR6almdjng Cot

Souafh Cott onwoodf oCrmese ka krheeadQoclonti nuous
| VFr efndrst her to the soutfhwlldag ea wafy tfhreo nmaltl hue
sur ftarcaenssi t i am Madend Qod a dropur haekewnat weh
a change in texture andTdegpeefbfesnweseos
across the fault scarp at Merritt Qanyon (
31). Along the north side of the canyon, |
across a Qi 3 surface. Il VF Profile 4 survey
the canyon shows 1.5 m of WvVéi tsihsagslar pepar at
mor phol ogic char-aceéretr i sstnaaclgl (dfi.sep. | saicnegrieent a
unbevel edasdarp O@iaed)in dif f.usTihben Meadeltitn gC
drainage just to toaetaons$haofuhdvVEpdParetdii Qde ye
|l ack of Hol ocene. rTulptdi cad ety @ mipiocilh ettilmMeF has
el apsed since the ruptureThihaati rfewrttetde t hsel

results from the diffusion modeling addres

| VBeochron@$lagyMi ssi ®Pnt CAIBSANn 1)

A so(Mipston Canwaes &rchvted#Ld the no
Cany(dwF ®9intea K 3 surface sméddr th¥YFpPtobilkar
incredibly difficult to excavate after abo
devel opment. The tpotie psahs oFfk e/abs acine.d descai pt

shown | M hleaBBoge n.of the pit was oiarhacteri z



sandy clay |l oam texturendeswbdmg wmlbdre klomskys

containing few very fineFnmidm@t&G madept dmmbe

was characteri wedhaslayBWohamritzabhure, suba
andery friable consistence, containing few
poresrdo&0lem depth the soil wawsi tchhasrialcttye rcil
|l oam texture, subangul ar Blmeky | agolrcelsms e ,

and generally | acked ca4®onmtce gplitelv etl oo meait |
characterizedwashas2aBkKY bobayzoexture, angu
consi sdeacsjgnificant degree of carbonate
This horizon was mostly c¢clast supported co
carbonate rinds. The bott oinY 5hto rcinz odne pitnh tahned
characterizedwashal Bm2 bBandzoamartduhad haok
coherent .cdnsigethema@ad |y contained more grav
horizon and had a higher degree of <carbona
to 2 mm ptlheitcekl yyocmoati ng clasts on all sides
cemented but scThe@arbd ®@navtid haac kmulfat.son i n
consistent with car bondatceats tnaggiea Olflalk gdee voef | ol
(Tabl esResahtds3jrom the soihighaperséentaga
gravels in tamed 2aBkd2 chrceeraiszzon n c | ay( Fpiegrucreent a

21) .

An OSL (slawwplLehlsol | @ct 258 oevmit hbe2pBtth hor i zon

i n Mission Calnhyeo ns aSnapidlle!l FRwatts e2dB t.f rhoomr itzhoen b e c



of its | ow percentage of carbonate. Bel ow
devel opment posed issues for s&a@@ndg beca
woul d have been extremely theé ftiwoa lgllett tao clhham
sample. Additionally, ploepedlt egrht ip&lr cies1s a@e
remove the bul k catrtheo naart el f 2z edn arhde ista mpd $n
woul d contai nt s uldd ian alnytlz\@Sda frifseynit dal\gded dp .fa

13.72 N 1.45 ka (Table 1).

The relatively young ®©&¢ dbiagi hedconoma
geomorphic expression of the Qi 3 surface a
channel . Several i ssues could beerleasgp orediyb
s h aldleqgetthh e scaomplfde e ct ttloe pagie & dumlidoxaitni go no f

partially bekeéaobkeddoguabasi on or particle i

materi al because of surface waters percol a
al ., A2a@,dugh minor carbonate devel opment w
2Bt horizon, it is entirely possible that

susceptible to the-eixmptorsedlugtriao mso ft or ¢ hents a
mobi lda ttyo dduust accumul ation,alrnoangedes ¢at s
percolation and translocation during rain
Neudor fANn QtORR2edr) .pot entainalovies etsit e cmaad desl wotbed do
rate used for the age meddli maliec h nwd thled rlee
(Personal communication with Christina Neu

underl ying carsbdmavtee ,r iidh wonuiltd affect the



np

' i kel y ma&r @ htolhusBrald edle ams t he devel opment of
t hewhoiclh generally takesmlaxmeaoat emdmt bé 4a4Jdge
significantthileg. @ | Oreels.lullinte®m expected a much ol
onhe size of the fault scarp (8 m) cutting
Additionally,ths rtihe Lawmtylobnnelarai nage a dif
singhent scarp displacing a Qi lswuniecgmntl de
evemtee next Assuming)the€asgognaarsp paatr tMiosfs itohne |
earthquake along the | VF, an ag&hd$nfl8r 7 k
that the sample was taken too close to the
bl eacheyd egledaiiangse 1 3. 7t hNatl .uwdn ckear e st i mat es t he
soil /.&Wartacéuminescence dating is an effec
all uvsf al htanr e do eadfofteuathsat dinfa maeg el VoFf Mi s si on C
OSl1 sample Obdgsampltimgt shoul d be @dnduct e

cm.

| Ve oc hr onbil fofgysi on model i ng

One scamrp omhge flid ree wNaasl luesyedi afpolrd i f f usi on
mo deilngl VF Profifiael tcuseéiinge Qicad ossmfdacert &&rsd
1.5 m of vertical separation. Ge,onfecamguh, c al
baaed is not beveled consi ste.ntDiwfiftils ifomr ma
model ing was peeheckd®d wasengnt Mat Lab devel
Arrowsmith (Hilleyl andedr ko W skinyikéflwoof 2 @6 ) .

Basin and Range (Hanks, 2000; Hanks and Wa!



Ramon Arrowsmith, 2024). Results of the IV
v a |l ule To fl&39 nt. These data yield an age for the formation of the sobapout
16.7 ka for an offset of 0.9 (Figure 32). Models fokT=10m?, 18 m? (best fit), and 30

m’wer e admsd aruem shown in the bottom plot of

| VF slsip rate

A sl i p r a faalt whsocalculatdd dy dividlikg the vertical separation
measurement of 8 m from IVF Profile 3 by estimates of the age of the surface from the
OSL burial age and soil carbonate stage development in IVF Mission Canyon soil pit #1
(Table4)The resultingOSL i@fgelad.e7 2usN nlg. 4%heka i s
rate is much higher than other similar fau
estimate. This provides pa®3L al groendtilrynat i

underesti mates the age of the surface.

Usihg tarbonstiel staeagel dpment as a proxy
surface abandonment 1 gi659000e sktas aams Usi @pti feeal cdes aag e
bet weein0 0004 gnim/by reT Mi) s reasanabdedor faults in the central
Basin andRange but is considered a minimum rate becaugeslpossible that the soil is
slightly younger (~100 kaand 2) the offset of 8 m is a minimum due to burial of the

hanging wall by a younger deposit. These factaysld result in a slightly faster tex

An addsltrige ®ead li weast ec a | c uhe age ef the rhost oenent
event (16.7 ka, scarp diffusion model) and a range of offsets according to diffusion model

measurements (0.9 m) and a vertical separation measurement of 1.5 m from IVF Profile
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s in the central section of the faul
ce for at | east eonne aftaeu IPtlien gs teovceennte r(
ne in age. A lack of basal fault fac:

of slip during the Queatadalpgadr yg (@f dkle:

refining theulldcatriacre saakhat x Wdem#é g dfi efd.

er

i o

ences $bna saeld uovni afla nssunrof faptioed ridatsgtyieaasn d n
itEei Bageér ydamtgief hedpsd raoct pushin the

n of t hwee sRWFafnedc neteasitst@gaorsd upO,t met er s

ecuit ae Pypdle ds drafn&kc Guped numer ous scarps

ac

es
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Threor theadrffn Rahvee nswood f albuyl ta isse reixepsr ecsfs efda
t hat branch to t hd rmonrtdt hceuats ta cfrroosns tphi ee drnmaonngt
(Fig3drand BHe piedmotna (tf then bensstheaamca®@Ees fr o
surfacesstamde northeast acrosesbdarbQoadupf a
The splays begin as a single strand but ©br
expressed as both east and west fTalcea ng f au
faulttsatarpst t he grireddmyacmte ad efproagm threocirgthht t o
souwtlhong t he Ravemgwoddarfg@dd urcfaar cpess aicmr otshse
near Si lavnedr sQmael el ke, rv asr d aorupss agoardolsese S et h .
sout hern half ofextphreasRWH givanagre nfew iathltiaycakr a c e

opiedmont faud t33 namcdk s34 Figur e

An additi onmdc wrete adt famful Rese@oel Riuwdra canc
that form a broad westward sl oping piedmon
eas¢keastern si.dAetbbufhgthe BB)ati onship of
unclhreapeedmantts appear to haveinhtehd oargeeas t
basetdhenheifgyhheséar piment s (,ebei magbdy20mncm}pe
di ssgeomdr phic charaanerbedr ¢tblice xsgmspadcies
f acleusee t o t he psoeorf, aaklictessis |t dcdteebnemgbee r e

mappi nger ebuntot | nvestsitguaddyed further in this

Thel®QQwr faces along the Ravenswood fault
sagebr usdhe egorhdy uapreatl ob y2 0Simt vElh e Cdiesetkal ends of

surfaces are truncateldadyaivihal Reesar Rinemetr s
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20 met diFs ghhiB@hBp ndhles uQdhaacvees gentl e $hepes a\

range front except where incisiohswrnré$daalt
arbeuff to yellowish tanexmhmodktaer ackef tf ratm i
2023 winter. Surface segimemeéedcoinlst svedn @ as:

scatarguelda-angslmeadl pebbl ecltas tcso b(b3 mms muzpe dt c

in di ameatyed ) tokci mestctanecsquartz{FiedgRcbadert,

South of SQUvewuwh€&€mekkenaincised by a Qi
38) Whea8 subdwene el ehianhi bhe Qal onnygr ft hee Rered e
has an escar pnaebnotuth ehiaghft aosf h7 gnh, 38dOi t he Qol
surfaersenseyetl gyt ed wi & hbersoangne ibtmoustdid mm d( Fi gt
46) $Bear faarteeghd | modmamttlee ¢ wi th angul ar to
and cobble sizedlcmastenef guondrvel tanic fr

(with mud Qir asaaukd)aces al so csoonaeae as boul der

A series of scarp profiles werelsurveye
surfaces spanning zones of faultingone be
opi edmont fraylut2e s cdabr), B saan(dp s5 Fisru rtf haes a(dad a e d
and char arcotuenrdi ezde dc rbgysatcsk afsr,de e rafdaecaer e t ypi c al
associated with s.evAecrcaud musluabtpeadr acld lellu vsipu na ynse
s u r $§ RWFeProfile 1 was surveyed orthogonal and across the entire zone of scarps
cutting a Qol surface at RWF Site A (Figure 43). Therewtlees t er nmost scarp
facing and($Hrméti ¢es RNWFg P (Fa fgiulree 1B,9 Serdt mMen

eaat png profile RWBRB Rsotubhhetlendgeéeatwgi ooml B, f
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facing escarpment witHl Fa gwdrthiddgl.bsepdedt b
faults on both tnaeg gwesst, e rcra ndarbdk Keeanssttemurc hur e
(Fi gureThde3)eastern side of the horst struct

vertical( pregpfairlaeg i PWMF P (Fa fgiulree 13,9 section B)

Faul tt & a&ridpesptoasriet ssi mi loairh etso@ osf eaaccepsp t

with generabkpal a Siceaaemest isen@lot h with rounde
basleassc k fsramal faa®e he alvsiilnyi |VQdarg e toealthogeeneesr a |

t he & danQissuurtfaarcee se a SSte vifea @il ntpes were surveye
Qi s u(RWaPcreosf i b Elsgs@r3e, 644253, ab&),A5t RWF Site B
the matfmcaaggt scarp i & btohed. @ RMWBNBgehe f F F e m2  a
RWF Pr3gFi ¢ e6aens®d) 45 A pafatiey esaattphet omatihne e«
traheoews a smal (Fo@gfhaet RVF SobbamC( pWRf il e

Prof shewSm of ver taiccraols ss eap pstcaayrspo fitrhibamio b h e r
to the norb5HdBhFhi § Fi gwirtesappears to be one
piedmont splabvssaedoong the BWBuUuNnt of wvertic
Additionally, it is al wegteremdsantigptoj ea

exhi bt mhgamfameunti c@lFi glerpeas a43 oaand 57) .

RWFgeochr oh@Slagg RWF Soi l Pit #2

A so{ RWpi BoiwasPietx etad?2datdedrcra b@id2 surface
RWF Si(fFfegBres.Th® gnd 5Svla)s e x caadbvoautdentlBdd ¢ a de
grai dept heprofile is shown in Figure 50. T

bet wd@n50cm depth containing a thin silt ¢
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7.134 cm depth the s®iBwiawothasemaotdegerckeyg I

texture, subangahrdoaobhleosci kvye sttor wceetrwr €hr i abl e
common very fine roots, f eWwr Dimn2d24 rcono tdse, p tahn
t he soil waasaBwia rhawititezhoing@mddy | oam textur e,

struanfdrrieabl e ,consashengefew very fine root
trace coarse roots, Bawdd afnddw Biwwoync$ iwleg ep onr e
di fferentiated by subtle textural and comp
hi gherpegrrcaevnetl atghee Bw2 hioo45 zocom .d eprtohm t2R2e s oi |
char acaserd BEte dhiotrh zoinl ty clay | oam textur e,
anfdirm cooceshstenceg very few very fine root
very fin8omerearbonate accumul ation was ob
coating on the tops and bott omst ohforsioznen .cl
Carbonate devel opment is more pir80n+o ucnntc ed i
depfithe 2Bt k sharhiazaxcdredy zeldayylr oamat et tpbeail
bl ocky anfdiurcmutree,very,cbnt@ami ocomgi sra@abheevery

carbonate was expressed as rinds up to 1 m

well as uncemented carbonate fil aments and
able. This degree of carbonate alclcumul ati o
devel opment (Thaeeb Ideesv ed ogpmte n) .of stage I I + ¢

generally tdkKés kbgt weenfd»0®m and thus, the

the mini mum age of abandonment of the Qi 2
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An GCSamp R&WBSL wapsol | ected froabRWE mSoi | P
d e p tthh2ebktn o r i Rzeosnurl otinsh ef datailayWFOSLYy Rel ded an a
oB8. 2 kNT.Ri. s age is close to thildoukna)er en:;
inferred from the stage |IThecaamphatwasetveal
tdé2 kthor i zonwlbielceauiste did have some carbonate
possible to hammer the Addamhpluigmg thiepefif rtcd
p e dot u mixigtofipartrally bleached grains, and bioturbation are known to cause
underestimation of OSL ages in alluvial fans (Bateman et al., 2003), based on the general
agreement of the OSL and soil ages | infer that the depth of OSL samplisgfiicient

to minimize the effects of soil processes and produce a reliable minimum age for the Qi2

surfacel deal |l y, future sampling for OSL in all
sampled at greater depth especially if soi
ot her | arge digging equipment that can mor
cmbonate accumul ation that is prohibitive -

RWFgeoc hr ohbil fofgsne de hi ng

Scarp diffusion modewdsicag pwaas rogeea for me d
RavensfvwoRIWF. Profile 3 has up to 2.5 m of ve
4 has up to 1.5 @eomowlpphdDtbakcamip@asmbdDbdh.
crest amd bdboesewadaloggegtthat they are the res
eart hgesbklet RWHIfoftithlied f B3si on model WwTefl d a be
19.35m?. These data yield an age for the formation of the scarp at aBdika for an

offset of1.6 m (Figure47). Models forkT=1 m?, 20m? (best fit), 30m?, and 50m’w e r e



p o

al sof orrunt he di ffusi onamdaerle ofFh RWF iPm otfhd eb
fi gliResults of the RWF profile 4 KkWofffusi on
9.68m?. These data yield an age for the formation of the scarp at &gk for an

offset 0f0.8m (Figure 48). Models forkT=1 m?, 10m? (best fit), 20m?, 30m?, and 50

m’weraé socantrdumr e shown in t h®@i wern ttohmtplHdl ode
deposits are not displaced along the RWF,

inferred to be 17.6 ka.

RWF slip rates

Estimates of the slip rate for the Ravenswood fault were calculated based on the
OSL and soil carbonate stage estimates for the age of the surface and vertical separation
measurements from scarp profiles. The Qi2 surface in RWF Site B is displaced across
several parallel fault strands with a cumulative vertical separatio® sh4RWF
Profiles 2, 3, and 4). Dividing this value by the OSL burialfag¢he Qi2 surfacef
38.2 + 2.5 ka indicates a late Pleistocene slip ra@eldf 0.17 mm/yr (Table 4) Dividing
the cumulative vertical separationi(é m) bythe age of the surface inferred from the
carbonate stage I+ soil development (5075 ka) indicates a slip rate @027 0.12
mm/yr(Table 4) In RWF Site CRWF Pr ohidli @« a®erst i cal separat.
anad secondary splay indicataesrasasaddQt Rosal
for a tdthals off f&em. i s essentially equival e
RWF Site B and assumi n gbasados sinmiar jeamorphige f or

expressionresults ina slip rate oD.17 mm/yr(Table4) These sl i p rate est
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consiademiedi mum because an unknown amount of

accommodated across the range front trace.

SI'ip rate estimates werdi aaf gsfirghdviiFmo d € kb ¢
Profile 3 an(dlam@rdPAFoQulresRIWF ®madf48e 3 pr
age estimate of the most recent event of 1
0. 0®. 14 .mnlilyirsbasedemanisdefr $s @ag mefarsount etnheen t s
di ffusi(oln. @Gnoidileel ver t i c alRWoe Pa rg &ti. iIbe mMPfFr o m
Profile 4 produced an estimate of the most
rangOe. 0a®. 17 .mmhyirs r ange i sofbfasseetd noeharsouornesm edn
the diffusion model (0.8 m) and thBheertic
geol ogic slip rates calculated from the OS
estimates are preferred for use Theltihpi s st
rates camcsudartp ddiffrfousi on model ages are cc
relative to the period between the most re
calculations theyhgsensetaldyy Whgirlke with sli
OSL burial ages and soil c¢cathenatéestageécs
di ffusion ages have so much uncertainty re

pal eoearthquake derived from di f.fusion mod

Western Toiyabe Range fault zone

The Western Toiyabe aRamge tfhaeulwte sz emer 4 Xt
Toi yabe Range, arned aitsi vae | 1ly3 let cknhiwed isotinogh & u | d 0 w I

(Sawyer and;, LHidgkuer,e sl 9)9Téha? , T Hi8y, a men drodmh@e e x h
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fault mor phol esdy eipremseldad pbeagss acegdrass canyons,
triangudlaondg atcled(lSsr gunges ) B8abaddobo9t he exi st e
scarps cutting Pleistocene and | ate Pl eist
the WTRFZ has experienced Quaternary faul't
WTRFZas previdowsldedbeen o four sections def.i
mappesagi mates of along st (iikle Ov eatdidgdnio di s
recent fault movementFqrSatwye rp wrhpkddrg ddkfe ,t hli
modi fied the sections of the fHhawsdend tdlreescr i b
di stribution of mapped fault traces, mor ph

| ocati ons of asspheocw nf iocn fH deglsidc bseibtéedsa n d

The nonmotshte rqneNotrit direr n Aeuxstteinnd ss etcot itohne) nor
Austin, NV, mgesrtomdlanyd tirse nddesf idroestht bwee sat d o mi
range front trace with spmeal bebhl hgethpied
Thei g Creek Section akotegdtshéroammdetsi waqnt N
of Big Creek Peak iThisheeToidwa kb endeRla fbgge f a u |
domi nannto rntohretahs t -t 4# édweals th gr allogver & roenrti & g accfe
brami ngc el on pi edmdatt ft ;asktled pasfcrmaagmst he r ang
The range front in the Big Creek section h
ValyTae Reese skRicweard eBhudtst  a wtmh weesstt of Bi g Cr
the Toiybe-sRande atsd eodstReonns i Ritwerof Bt tmeo sa
continudowdhveed ®twnr ange af rsoenrti-eetsh eoldtr reahneda st t o

eawest tresadepgi nggdhort br afnacuhlitnsg cawntdt iama ¢
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pi edmont sl opes of thé@&h®outhern Reese Rive
secisodafsi medet of -dtisgmpinit @ haesutrs rlaenfge

bounding fault sstaemglpiang emoretshedstr itgrhegndi ng
sout hernmost par tHeorfe Retehsee rRalhvgeerg fViab d te yr el |

southernmostddorgabes.Rangel evation

A surficial geol abongmape wws RiphZzeo fGEic @gdr e
sur faalcoensg t haerseWmRFZAZr t o ot heral @tinhges ulr¥R caersd o
RWF . Il n general, the surfaces contain fine
particles mantled with subangular to angul
compositions includihBgi g@i eadni®ip c sT haensde |siumefsa
| ack cobble sized clasts on the surface. T
tan, while older Qi fsuar fyadeé owteasmd ttamm havdr
surfaces in the Reese River Butte section

Creek surfaces have |l ess dense vegetation

Two sites that contain multiple clearly defined fault traces along the WTRFZ
were investigated in detail including WTRFZ Site A and WTRFZ Si(EB g uGaensd 6
64 WTRFZi t e A contfad wnilst as esgema retss odar al | el t o
that cut acr osnse apri eBdingp n@rheseukBif g cEseek sect i
( Fi gQ.These 8urfaces are cut off on their distal ends by Big Creek and have a
significant river escarpment. The surfaces are smooth and rounded with moderately to
deeply incised channels that extend far up the surface. These surfaces are mapped as Qi3

surfaces bsed on their character and texture relative to other surfaces in the region.
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Though the Qi3 surfaces here do look like they are relatively old surfaces, they are not as
deeply incised as other Qo1 surfaces seen along than¥RWF from satellite and

NAIP imagery and were mapped as older intermediate surfaces. Profile WTRFZ Profile 1
was surveyed near Big Creek where a rdinget parallel fault splay cuts relatively older

Qi surfaces producing4a5m high westfacing scarp (Figure® 61, and ). Near this
site,Koehler (2009ocumentedvidence for at least two late Pleistocene events based

on a beveled 4 m scarp cutting an intermediate alluvial surface west of the range front

near Big Creek.

To t heWTsRoFust the¢ B cwindteaiznosnea of di scontinu
t haut across piedmont sur f acmest hien Rseceuwsteh eRrinv
section o f( Fti lgd). ThESeRerlB are oriented northeasterly pirogect
towardsthe Southwest Reese River Valley fauggesting a possible kinematic link
between the two fauli$igure64). The expression of these faults is poorly defined in the
field and they generally lack vertical offset. They are strongly visible in satellite imagery
and NAIP imagery, and some of the traces are mapped in the USGS Quaternary fault and
fold database (207; however, they do not produce well defined vertical sdaaged on
field observationsThe scarps extend across Qil and Qi2 surfaces and possibly Qy
surfaces (Figuré4). The surfaces are smooth and flat lying and fan outward to the
northwest. They astain some minor incision from active channels and some slightly
ol der channels that dondédt appear to be act
sage brush. Some of the surfaces mapped as Qy could be younger Qi surfaces based on

the active channetbat cut themWTRFZ Profiles2, 3, and 4 were surveyed across
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several scarps that cut Qil and Qi2 surfaces in WTRFZ Site B (Ei§die66, and 6%
Analysis of the profile data indicates little to no vertical separation across the scarps. The
lack of vertical displacement across the scarps may reflect erosion and deposition on the
fan surfaces, a component of lateral motion, and/or deformatiomatadated by

tensional fracturing or fissuring. However, because the scarps extend oblique to the

primary drainage direction, | infer that they are tectonic in origin.

Sout hwest Reese River Valley faul't

The Southwest Reese River Valley fault
Shoshone Mountains and -titshesa sdi,n nousnail3 flaml
bounds the range front and i s -selxoppree sdseepdo shi yt
and gteangef dulotntf acets 1%a&yerFid@urddiddk.e, 2,
The timing of the most recent prehistoric
suggested by previous mappers to |likely ha
SWRF tihheat e Pl ei stocene based on a short sc
(1i@a30 ka) (Sawyer and Lidke, 1998b). I n th
recent prehistoric faulting event is sugge
Pl ei stocene (Sawyer and Lidke, 1998b). A s
t hatt mwiuedmoot cisnartfhaec ecsent er of s omrtdhdeume dRe e
a geol schioovnimgp refined fault tracesf and t he
al l uvi(aFli guwntiat sgener al, the SWRRBntstdatened
USGS Quaternary fold and fault database sh

as SWRRF | ocated east b hseot uhteh eRene sRee eRsi ev eRi vde
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section of Fbe WHRBRFAur pacssseosc i ohfta et | htilsse seet tuhd yt, F
WT RFIZe c alhskeoc at i onpriexiimi tcy otse tthrea cVeT ROF Z tahne
' i neacmetntasd l avs al sddrobacesvneswescern fl ank
Rangbeir relationship withaeaidt idhreitrhe eSWRR
i's umMmdleedre.atures are essenwupalweyl Il iinne aaneanit|
DEM6s due toRleomwtrese@elcominanssdmageandh Goo
profoblkes was aindc sruglgwesitvda hat iviertthiecaleat ur
separaatriosrs st hems .Fihelnd ar encedrerrai ssance was
| ocationki whaomenstsieaccesAs bsechj rthe omew. ma

pr ovri eiffeisne dd i dinihnee g mehmtwe ver , imveptwgmae emo tf L

Eastern Shoshone Range fault zone

The Eastern ShosH{&b&hkFRangeoffdulcti azdrye na
extends discontinuously southwest along th
andonsi sts of astrirkiemgofdowmthiRiathe, sd00808e
Figdr,&g, ahldn 73he USGS Quaternary fault and
shown as traces andlbhhehétasbut he nseo uatshd uoofa a
US Hi ghtwmgy f5&0ul t s juxtapose bedrock of the
piedmbope deposit sVadfl etyh essaRieneestemaiintge rs car p ¢
(Lidke,Noz0xOhOco)f. US HiaghwaywbO®hin t-Beopene o
deposits anfdacciommg asicnarwesst( Li dke, 2000¢c) . Li
for at | east one Quaternary faulting event

young as | ate Pleistocene.



| proatled edulrefd ci anlapge®d!| @« dhiec ESRFZ and es:
relative ages of alluvial surfacrfesThebased o
map and field observations indicate that the range front is sinuous with weak poorly
defined facets. The majority of the ESRFZ fault traces are discontinuous and generally
poorly defined. South of Highway 50 alluvial fan deposits along the rangectrosist of
Qi2 and Qi3 fans. Several discontinuous queried faults were mapped across Qi3 deposits
in this area. North of Highway 50, alluvial deposits transition to relatively older Qol
deposits characterized by deeply incisadaces with anastomosing channels éxatnd
totherangefronfhe northern section of the ESRFZ c
apparent displacement obser veldthigareaan hi gh r
relatively continuous fault scarp was mapped across the Qol deposits based on satellite
imagery observations, however these scarps were not clearly defined in the field. The
subtle expression of the scarps could reflect subsequent buriat arldng period of
scarp diffusion. Based on the lack of displaced late Pleistocensitieand
discontinuous poorly defined scarps, | infer that the ESRFZ has a low slip rate and
extremely long recurrence. The height of the range and weak tectonic geomorphology
along the Shoshone Mountains range front supports a low rate of activitytiadong

ESRFZ.

Addi ti onal fault systems

l ron Mountain faul't

The I ron Mountain faul't zone i-s a rel at

striki#hg@hweadotwnr ange front fault that extenct



Shoshone Mo unMoau nntsajinmexaara glorscers bedrock of th
Mountains against @uladpea ndae pyo saigtesd (pl ieddkmeo,n tz
and 5). Lidke (2000a) suggests the | MF exh
t hat occurred bleattwee ePnl etihset oecaernley; ahnodwever , t
recent prehistoric faulting event is not w
| MF | i es between and along strmn&rtofandemad)
be an i mportant structure that kinemati cal
the I MF may rupture with the I VF and/or RW
events similar to tPhelhimthariyc mapPB nrgu ptf u nt
Google Earth satellite imagery |l ed to the
the northern section of the | MF; however,

ot her high resolntiaar satl digprivtoavenigevidemgdyfggr v a
active faulting across the piedmont. Despite the lack of piedmont faults, an over

steepened basal contact and the presence of triangular facets along the western flank of

the Shoshone Range indicate that the IMFiacive Quaternary structure.

Toi yRdrege fault zone

The Toiyabe Range fault zone extends al
Range, ldredl kamsg aand mostly cont i-thduleesass,t st eer
di-spl i p nor mal fault that bounds most of t he
features such assttad memmgaid alra falc edlsqgp esv,eranc
(Sawyer andbtbi &akgur28THe afnau l2t, zmome 5pl.aces

deposits against bedrock and-eivenexpraaddsedc



up to 12 m high on piedmont deposits near

Koehl er and Wesnousky (2011) indicate that
along the northwest strand of the $SRHBZ f ol
on evidence from a paleoseismic trench. Th
mi ddl e to | atiel OFOl ekias)t dbcaesreed (0N60st age |11 + ca
the B horizon (Koehler, 2009). A rsltitperate

TRFZ based on the total surface Wsfifnsget and

hill shades produced by SRTM 1/3 arc second
of the Toiyabe Range |l ooks similar in char
Mountains adjacent to Dixie Vall eyt uwhere t|

occuBaedd on this observation of range mor
range front features associaatmidnanthht dabklet T

study area and could possibly have the hig

Synthesis of slip rates and recurrence

Ver tsilciaplc aladt el$ ehti esd sitrudy provide updated
Quaternary fault activity in the study are
various slip rates were developed wutilizin
on OSL, soildewelbommaert stame t he age of t he
scarp diffusion modeling. The slip rates d
Thesti maréedcal slip rates T0.rO46 emnOh2&8 @aGnd |

TO0O.7thm/,yespectivel y.



The vertical sValphwgatRasv emosrwadchde flaowlet s v
to horizontal extension rates following me
horizont al wexdelnsuloamt ecatiesi ng a series of f

and 70e¢e) based on ranges of dips for histo

Wesnousky (2008); however, I favor the wuse
Ander soni an mecéduwintixcs( Amdemsoamal 1951). A s
extenstes i s sShHownh ziont @dblext ensamge rladtewe &

0.00.21 mm/yr with &da0po08f emmtéegd pbpata 6DAO0dO]
stage |11 soil car b.o nkRdR&VRdheoe li gpmd ratl a&tx t temn
range bDeDWetafm/ . fhe preferredr amges Owladt wehen R
0O.baAsea ®MA dip, stage ||+ sdiSlageca®Borat e

k &at the site.

The vertical wliitph obtses vaei engssed si ngl
to assess the rate of occurrence of sur f ac

foll owing the equation:

SR (slip rate) * RI displcacemact) i nter

A summary of the recurrenceresthiemaobaes V
faul t, a recurrence iprteefrevrarl s dwiaymefretfit@ati®t e d
0. 046 drem/iwred from t het &seiinglcearebvoennatt ed iasgpel aa
m measurle/dd fPAamhd Ile m based onThteh er edsiuflftuisn go |

recurrence I n2:krvada¥B6rnagres from



For the Ravenswood fault, sinBgléendevent
1.5 m based on single eventr sxcma.@t ipyhsilfryig etsh
OSL derived slip rate and these8d828pl| aceme
2®HO0Year s. Using the soil carbonate derive

recurrenc:2 bR 098élarast

Di scussi on

One of the opgi $rmatsydgooaelsst abl i sh ages for
di splaced alluvial fan surfaces along indi

l ong term sl i p.Trhdetoe s zloort atl hdeexwt eelinaspidodn sirna ttehsi

canc bmpdavi t h establi shed ext einrsitome riad gisorf r
general, regional geodebi beekt ghsronhhanat gs
rates; however, individual faults may have

because of the tempoearmd -tveamm arta toens b(ek ewneneenr
Si mmons, 2005). Comparoidseotni co fs |leixpt eancsci uormu | raat
regpromvi des a meawsmuohesil phit®e to be rel ec

earthgnakbse study area.

Geol ogic extension ratesiX¥.obhm/tyhre WINGSB r
indi vidual faults in the belt having net s
fault to0.mmn/tyo ®o02 the Cedar Mountain faul
indi vidual faults in the CNB®B. hamm/ wi i pBe lal
al ., 2004) . Bel | et al ., (2004) indicates

T1. Bhim/ yr are signifi ciadntll3y mm we a tgeetoadiect ti hce h ¢
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CNSB which is |ikely due to -fpaowsltts ed esfmo rcmastt i
Thatcher et al., (1999) suggests that on t
slip rate across the CNSB is ~tlednmt/ogrhawvéd e
slip rate of <0.2 mm/yr for all segments o
bet ween 6.9 and 15 ka (Andersodoarmkland eMachet
Vall ey fault is suggested tommayr Basedt om;
m of wvertical separation in the |l ast ~12 Kk
Rainbow Mountain fault yiileltdnéd g rveamtdi exlt esls
slip ratGsldfmm/.yirl ( Bel | et al ., 2004). The
horizontal extension rates are generally h
rates or extension rates for faultnmndin the
Range. The highledtorr dpher tweeds t lrinp Brasti n and
Genoa fault with an est8 mammedr HORamehlki séi

Bell et al., 2004).

East of t he CNSB and east of the field

from studies by KoehWeesrn oaunsdk yWeektre oasl ®.k,y u(6220e015

al .,agf1lMachettendctatdhg KOO®BAFrsr and Wesnol
(2011) infeweastsdriirectefd dagsti zont al extens
and ~60, 000 years for numerous if0adl2t snmé gst

and 00012 ,mmkypectively fWers nionudsikwi d w2adl0 5f)a uels
net ext enrdsi6dn orveetrelt@leaypsdass/y er t hed OPast 4

yearcsr oss a 400 kmN®Anan26esx tk mh ommindsSeect 4@GAOSsSs



northwestern Basin and Range yielded avera
rangingi0.o® mmam/dirt ot aling ~2 mm/yr (Personi
extension estimates figdr 9t manf yst wdychanongder
modern rate of 12648 mmeysomy Tk@IE&n aAl.p i n2ed 1f7:
i Nevddaes just to the east of the CNSB and
Al pine Mountains and ha$0a®8 emmiymgandd sa i p
recurrence inéeesv@WMaolietOR® 6K OO0 Oaly., 2005) .

Utah has sever al relatively activiea di scr et

mm/ yr and recurréhaceOineeryalaxcnaofvse@ @&@nbaslt |1y

Hol ocene segments with slip rates of <0.5
(Machette et al ., 1991).
The calcul ated vertical slip rates and

study genwirtah | gt mgr el | pheat essdf onoefrtéhdec arle g |
sl ip(+@it0edl gonefeeokdgi c ext0didDiI%om/ Wrranr es (
faults in the study area are reasonable fo
rates for other faults in the area describ
rates across the Basin and Rangea imealswdierdg
geodet{Haammoynwd and Thatcher, 208, mBeynel at

Pl ei stocene geol ogic extension (Koehler an

SIip rat e iatendlar thetwa fune@amental characteristicgadéo
earthquakéiming, and when combined wiftaleo earthquakeagnitude estimates form

the main engroducts of a paleoseismic study (McCalpin, 2009). Slip rate is defined by



the amount of accumulated strain that is released in a given period of time across a fault

(McCalpin, 2009).

The estimates of recurrence intervals f
indicate |l ong intervals between | arge even
of thousands of years. Fors ththet2weddr3 t he r e
93,y6BArs based on a carbon&tN®, D0DHgBaedadrds G
evidence for progressive deformation of Qu
relatively old age of the Qi 3 surface the
| ower end of this range. Thei llorwelrutensdl ioght
thahe diffusion model age of 16. 7Tha for t
di spl acement of 1.5 m at thesephe adagoae@eg lw
m) genehriastteodr iicn nor mal faul TheupresesceWesn
mul ttewdmret fault scarps al ong otcltarrir\éR 4 wg e s
those scarps basiegd mormft wWerapemens epfa WIkt Po o
3 hast®vmtafi calf csrepeadt aiye ant ph sesmeréyst angdet
to 8 m of vertical separation. Using the m
yeatrbsg surface di sipViFaowdd | ey 3t tweo ufl alulrte qauti r e
86,952 years to exhibiftc®rmect ,veéehiiscalmps e
of the Qi 3 surface age based on stage |11
the age of the surface and that the surfac

with other Qfi surfaces in the region.



cy

For theeRBRWKF mettlheal r enrcaen g es divey tdWDER 00 0
years based on carbonat@hetalgeet liaesn dloiokie |tye |
t ooolbde cdaitse greater than the age of the surf
oB, 82%,0868rs for the RWF 48&8s &d kan itshea 0@2la s
estimate; however, tmherbBikipdi®e d eond ioff st iami |
the diffusion modelling age of thRWHEost r e
Profile 2 and 4 have a combined vertical s
mi ni mum of 3 events to fletmebsnid®Pe dd#00DnNng a
year s. Because the surface age fbyr Qe Qi 2
be ~38n@ &Bwage ||l + soil ntarfbodmatkea s wgg easbtan
recurrence i nd ereadr reesrnt d enait 210 eai@®b4a 19 6eQsrtsi mat e

isnferred to bevahee most reasonabl e

The observations osugbgeptrahat anbderseus
faults in the st udWiassseisimoodnearad toa st d nicilguhdi ng
slip rate estimates for individual fault s
the |l ong recurremceoimptagmesladnt idwd lityhalt ®ersg per
since the most recent earthquak.e Tamed | ack
relatively high hazard bbsehwdsitewd wleaarceea i
progressive def or rfoavte rosnt @ enp et nhdee dQ ubaat searIn acroyn t
facet s, and wi coegnpaundc Jawudms ssappsert t he

multiple | ate to | atest Pleistocene earthgq



c o

Theri entation of faults within the stud)
character of faulbeldt depospt 6r s ulygleavison hm:
(Figures 1 and 76). Thesdi ptamidhb @thieon i onfi nayc
most recent faulting activity devel oped in
establishing which fault stonédemagdidg moea

framewor k t ol ipkeo ppasteh vaa yb eflar c(ofit@@rpeor aneotL

Th e E SSRFZ d dMdpl ods sfi cot iy n e madbiead wleiemk t he | VF
RWEF howehweesre, faults have weak expression su
domi nant active tectonic pathway ithethe | a
| VF and RWF. |l nstead, it appears that acti:
southern I VF and then ttaokdash eaasdraassgchto fstoeeqntti
north al ong Aheh oongobrhehheer ne X RViFb idto esdarmec e
previrapdg urids does not appear to be part of
thus not part of t-heke&ahbbhe dd ptait \vhevap/a tf towa yb
another right step toheée hwaRREhef RemmsehRi &
section ofuntitd gWtRFZ2 o t he | atitudeTbér eéhe
the dominant fault activity takes a |l eft s
the extent of6thd tRWE (iFMmppurteant to note th
ruptures along this pathwayr uwpotudrde bpgagnhow a yh
based upon patterns of faulting and morpho
and is also based on the assumption that I

fault splays indicate a younger phase of te



the range fronts are generally still actiywv
geomor pthive ogiye smmppebhé asbtommodati ng the maj
def or nmaehteircef.ore, the | MF and/ or ESRFZ do no
connection between the | VF and RWF and do
in the proposed pathway. The similarity of the age of the most recent event (based on

diffusion modelling) along the IVF (16.7 ka) and RWF (17.6 ka) provides partial support

for the propsed pathway. This as well as similar scarp morphology along piedmont fault

traces along all of the faults may indicate relatively contemporaneous rupture along

adjacent faults

The transfer of slip from the Walaker Lal
debate as to how much slip is being transf
faults in the southern Wal kéb m@aher Wwitdl Irel
by a significant reduction in slip rates t
higlagnitude historic ruptures in the CNSB,
western United States r elcatfe dcutpd attkhee tbbot hie
west of the Basin and Range suggest that s
and Range from the Wal ker LaedceFofuRQesat &r
ruptaunrdesa hi st ory of sphroowgnr easlsoinvge fdaeuflotrsmaitni o
t hroughout the study area suggests that sl
Observations on the patt egtrhtatifea uhhatysl beng i n
capaodl deké behavtihoer hsiisnidrairc t@WNSB Tt aptures

|l i kely being transferred from the Wal ker L



through sl apdpmahi f ensangendigtausd enirgunpt ures on f
relatively | ow slip rates and |l ong recurre

year s.

Conclusi ons

Newur ficialapgpe mlgogviacs conducted al ong th
Ravenswood, Southwest Reese Ramnlerst\alnl ey, l
Toiyabe R®bgertvauiobss from remote and fi el
of these éwautdéenscexbif bptogressi veAsdesoesmmat i
of scarp diifnfdusicik@aneamed olfs t he MRE is about
17. 6 okat hTeneRWHf. orrattehe | VF i s @Op OirDGx0idnbat el y
mm/ yr obnassedgrebonde eelsopre@t 3i surface with
appr oxi matodl 7abg el0aT.daeg e | i p RW& tbee tfwoeke Oit.7H e
mm/ gased on an OSL surface khgebodl dd HBd 2a s ull

as 00022 mm/yr based on stage 1175 ckaa)b.onat

Thegeol ogi ¢ afienpp orratsaenitd aifoar hazar d asses:s
mode hnidgt egral to mitigating and reducing t

i mportant infrastructure and |l oss of |ife

Threel at i vaen da cdtiisetifrtiybhuet i foanu & tceo nisn sttheen ts twu
sl ow extension in the wesupponri/tceatpatl e Btaisa l
relatively contemporaneous rluipke rhei stodreindal

ruptures i nhtkse i @GN SBacradiddiewm s t areedyii g a | tect c



rel at ed tNo rtthhe APmaecriifciacn pl ate tectonic boun
is distributed or transferred between the

Range.
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Tabl e oés ODISLs

Sampll Dept| N& |OD" Du( G¥) TotalUncorre Fadi-n
(cm) ( %) Dose H age (k correc
d( Gy / K age(ka
|l VE N 25 30| 29[62.22N/5.84N(¢ 10. 66N(13. 72N
OSL (34
R WF 55 0| 23| 17|171.34|4.49N( 38. 17N N/ A
OSL (24

Tabl #galhite of OSL results caowbggeonedrrraegens  tbed edrskp ar
separates. Table modified from official report of r
(DRI'LL), Luminescence dating of sediment from the |

(Appendi x A).

aogn6é refers to the number of aligqguots used in the a
measured is in brackets.

bThe OD (overdispersion) is the scatter in the De d
error, such as incomplete bleaching of grains,
heterogeneity in the dose rate field.

cDprefers to the burial dose calculated from De di st

iDose rates were calculated using measured sample w
content of 12.5 N 0.5 % following Huntley and B

eThe age olfVsamMp Ivi@ss dorrected for a measured fading
%/ decade using the model of HuRWFeYSan@ Lamot he
exhibited no fading.
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Tabl soicfaracteristics from IVF Mission Canyon Pit 1 and

Geomorphic Gravel Clay
Surface Horizon  Depth  Color Structure %o Texture  Consistence Films  Boundaries  Notes
cm Dry Moist Moist Wet
IVF Mission
Canyon Qi
Pit (#1) OSL sampled at 25 cm
Av 0-6 10YRS/3 10YR4/2 1/m/sbk <10 SCL vir ss/ps il c/w -few vf roots, common fine pores
Bw 6-12 10YRS/3 10YR3/3 1/m/sbk <10 CL vir ss/ps il aw -vfew vfroots, trace fine roots, few fine pores
ss- -OSL at 25 cm, few med roots, trace fine roots, few fine
2Bt 12-30  10YR6/4 10YRS5/4 2/c/sbk <10 SiCL fr s/p 2/br g/w(>2cm)  pores, some clay films
2Bkl 30-40 10YR6/4 10YRS/4 1/m/abk 75 SC fr s/p nil g/w (>2cm) -carbonate coats clasts
40- -mostly clast supported cobbles, boulder and gravel,
2Bk2 75+ 10YR7/4 10YRS/6  sg/nil/nil >75 LS lo so/po il carbonate cemented, clasts have carbonate rinds

up to 2 mm, coats all sides of clasts, <10% mtx, clasts
are commonly rotted and easily scapable
with a knife, almost 100% gravel, cemented but

knifeable
RWEF Qi Pit
(#2) OSL sampled at 55-60 cm
-thin silt cap on top of profile (maybe just pleistocene
A (Av?) 0-7.5 10YR4/3 10YR3/3 sgl/vi-f/sbk <10 SL lo-vfr so/po il c/s profile), common vf roots and vf pores
7.5-
Bwl 14 10YRS5/3 10YR4/3 sgl/vi-f/sbk 10 SCL lo-vfr ss/po il c/w -common vf roots, few fine roots, few vf pores
-few vfroots, vfew med roots, trace coarse roots, few
Bw2 14-22  10YR4/3 10YR3/4 1-2/m/sbk 25-50 SL fr s/po nil c/w vf pores
2Bt 2245 7.5YRS/3 7.5YR4/3 3/m/sbk 10 SiCL fi s/ps vi/po  g/w -vfew vf roots, common fine roots, trace med roots
45- -trace vfroots, CaCO3 coating top and bottom of clasts,
2Btk 80+ 10YR5/4 10YR4/4  3/m-c/pr+abk 10 SCL fi-vfi s/po 2/pf OSL sampled here 55-60 cm
some with rinds up to Imm thick, CaCO3 in filaments
not cemented
with a knife, almost 100% gravel, cemented but
knifeable
Tabl 8021 characteristics and descriptions from the | VF Missiowmndainny on

bold under the notes sectio



Tabl earofdonsabgescri ptiagres and
Car bor Description Age
St ag¢ Range
Stage | Few filaments or coating on sand grains CaCO3 0T 10 ka, and
up to ~16 ka
Stage I Il|Few to common nodul es; matr{10 175 Kk
whitened by S8dbbyatne e@)’ 34
occurs in veinlets and as f
noncal careotsH;% Lt whol e s
150% in nodul es
Stage | I|Common nod@a0%®Wsof 5Matrix is 50 175 ki
15% CaCOn whole sampl e
Stage | I|Manwyodul es, and carbonate c|175500 k
over 90% of horizomic¢ch wayte
common in upper pant; about
Stage I I|Most grains coated with car{25D0650 k
>40% CaCO
Stage | MUpper part of K horizon is |[O500 ka,
(7%50% C@C@nd has a weak plg~70200 k
the weakly expressed |l aminahnhas been
carbonate; the rest of the |reported
car bonartbe% (GapC O
Tabl g8aBl eoicddr konate stage ages. Descriptions of

car

adapted from Birkeland (RO®Wi)ne Agesaladap2@20frikumrth
Harden 1982; Harden and Taylor, 1983; Machette 1985
1995 and 1996; ReheiRaul ®&mdt nSaalwy,e r2,0 1139;9 7Sl at e 1992)



Tabl gewmdhr onol slgiyptarsd

Location and Additional Age of Last
Methodology Information Rupture Surface Age Offset* Slip Rate (mm/yr)
IVF Mission Canyon Pit 1 13.7 +/- 1.4 ka 8 m (IVF Profile 3) 0.5 (maximum rate)
(OSL)
IVF Mission Canyon Pit1 | Carbonate stage Il 1757 500 ka 8 m (IVF Profile 3) 0.0167 0.046
(Sail carbonate stage)
IVF Profile 47 16.7 ka 1.5 m (IVF Profile 4) 0.08
(Diffusion model) 0.9 m (diffusion) 0.05
RWF Profile 3# 17.6 ka 2.5 m (RWF Profile 3) 0.14
(Diffusion model) 1.6 m (diffusion) 0.09
RWF Profile 4# 8.8 ka 1.5 m (RWF Prdfile 4) 0.17
(Diffusion model) 0.8 m (diffusion) 0.09
RWF Pit 2 38.2 +/-2.5ka 4.5 m (RFW Profile 2)
(OsL) 2.5 m (RFW Profile 3)
1.5 m (RFW Profile 4)
5 m (RWF Profile 5)
Cumulative offset 47 6 m 0.17 0.17
RWF Pit 2 Carbonate stage |1+ 507 175 ka 4.5 m (RWF Profile 2)
(Soil carbonate stage) 2.5 m (RWF Profile 3)
1.5 m (RWF Profile 4)
5 m (RWF Profile 5)
Cumulative offset 47 6 m 0.027 0.12

cal

eftsemat el BWFsumming

cul ated

*Cumul ati ve
Slip rates
maxi mum r at e.

Tabl SumMmmar yhef geochr oshopofggn atahle

from di

ffusion model

study

di spl acement s

across

ages that

ar ea.

mul tiple faul

contreoeprpoandltie amtest it hatti

t

strands

(



yy

Tabl @dorifzoernt eah sratoes
Verti ci

Separati |ExtensifoalExtensi dfO|Extensi 60|Extensi @&B|Extensi @&O|Extensi db

Fault (m) 6 0ci (opm) dip (mm/ dip (mm/ dip (mm/ dip (mm/ dip (mm/
I VF (0OSL) (

| VF Profi 8 4.62 0.08 0.12 0.15 0.18 0.21

I VF (Carbona
(172500 ka)

| VF Profi 8 4.62 0.00.02 0.00.03 0.60.03 0.G60.04 0.6R.05

RWF (OSL) (

RWF Prof4l g 47 6 2.33.46 0.008.06 0 .60 0.90 0.70011 0.9G 0 .31 01i 0.61
RWF Prof+ |sef 6 3.46 0.06 0.09 0.11 0.13 0.16
RWF (Car bona

Il +)-1750ka

RWF Prof4l g 47 6 2.3B8. 46 0.160. 04 0.00.07 0.200. 08 0.2600. 1 0.2060. 12
RWF Prof+ |seq 6 3.46 0.00.04 0.0R2.07 0.0R2.08 0.G68. 1 0.068.12

Tabl dabte of horizont al extension rates calculated using metheds
equation Edi=EpjVéy eémamni ca)l. skegpuilrtatdiom of 60e is preferred based on
extension rates were calculated for various other fault dips.

from F

Ander so



Tabl eecoufr r mmncea val s

y ®

Faul t SIlip Rate (m Di spl acement Recurrence eland)e
1 21, 7%2, 500
I VF (Carbonate 0.01671 0.046
iI500 ka)
1.5 32,6038, 750
1.5 12,506, 000
RWF (Carbonat e 002 012
1175 ka)
2.5 20,8325, 000
1.5 8, 82135, 000
RWF( OSL) (38. 017 017
2.5 14, 72%, 000

Tab7V#&able of
r a tuesseadr e
wi t h

and agree

from Tabl e

average

5. Displacements

singl e

r ecuersrteinncaetlecsnt at e d |

event
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di spl acements
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A. CONCEPT: B. WORK FLOW:
signal from related to @ sampling @ processing: purify to quartz, @ luminescence 4 equivalent dose (Dg)
previous burial environmental feldspar fine sand or silt measurement calculation
dose rate and @ @ | natural
/ duration of burial & ) small aliquot 2 c | signal “given
: g SaL ~doses
' | bleaching N a @ g equivalent
(resetting) of & p<natural single-grain E E dose (Dg)
3 luminescence &/ signal 3 2 v
E: g' signal during i ) “Tom stimulation time dose (Gy)
21 'zl tansport % uriaand
E ol \o-e:;;osure @ analysis of D results @ dose rate (Dg) @ age calculation
=2 1 | to ionizing PDF L Radial plot calculation
1 transport years of burial  radiation ) b st orlob el D (Gy)
} e :,ws analysis Age (ka) =
erosion deposition sampling - ] mo::xub '7111:::”:) DR (Gy/ka)
= 4 cosmic dose (related to
tme —~ e 2 buriol depth)
DE (Gy) Precision
FigurCarbt:oon schematic outlining the basics of how
the conceptual model for how a grain acquires a | un
pat hway for producing a |l uminescence ageabaStafeom
Lumi nescence Laboratory (2024).
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shown between two units with the same relative age

textur e, and/ or boundaries between individual fans
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Figur®raoabhe photographs of Quaternary surfaces (Qol,

surface trace of the | VF at Cottonwood Creek (I VF S
and (B, bottom) view to the northeasitse®@Qowi shrfaces
drainages that extend | ong distances up the fan sur
the scarp and along drainages. Qi1 surfaces are smo

I VF Profile 1 and 2 a.r eTlsenotwrnaova tchf yteHd olwWH iinesshow
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Fi gur2éi el d photograph of the displacement of the Qo
Cottonwoo(dl \CH eS€Cld tet Awood Creek is | ocated appr oxi mé
the photdhgesoetrh) cal separatila2ne onf. tThhee Qoelr tsiccaarlp sies
of the I VF in IVF Profile 2 is 26 m. Loachaet i ons of

surface trace of the | VF extends between the red ar
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Fi gur3e | VF Pr dfViFl P2odidadeyed across the displaced Qo
Cottonwood CreekTHhd ViFo sigaenel) shows | VF Profile 1.

20 m of vertical separation and a west dipping faul
I VF Profile 1 has 26 m of verBotchl psefpiaras i omownan i
at the base of the scarp with a Tn7e ans. urDeads hveedr thil caaclk s

indicate far field projectiomn ofn tbtod hs prrfoddd e.s Doh
and pl otéfled naticcorAcaees s owii tam mechanics for nor mal 1
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Figuré&ebbongic map of I VF Site B at Mission Canyon s
the |l ocations of | VF Profile 3 anany&dilPrRift |#1 6( Q0%
1) (green star), and the |l ocation®30fi npheoogdamplys bil

arr ows.
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Figur®rdo@ebotograph showing traces of the | VF, Quat
and profile |l ocations at Mission Canyon (I VF Site
incised with drainages that extend paret wayg eupattihen

along the scarp and along drainages. Qi l surfaces

E
f
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Locations of I VF Profile 3 and 6 are shownywnth yel
Pit #1 and OSL 1 nssshownTwethracgrek the | VF is sh

the east
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Fi gurrfPhot ograph showing the fault scarp and progres
surfaces at Mission Canyon (I VF Site B). Progressiyv
heights on the QITheanwderQii3c aslursfeapcaersati on of the Qi 2
separation of the Qi 3 surface li¥F8PfnobhiLbeahowmswiotfh
yel |l ow |duwrefsac éf htarae>et WA ds b ertewde eanr rtohwes .
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Figur adet8al photograph of I VF Site B. Traces of the
The | ocation of | VF Missionl Camg onxhdwn By tamel graengn
Profile 3 and | VF Profile 6 are showmn tblye tNev adkd | ow
Bureau of Mines and Geology (NBMG) historic aerial
of 1954 (Photo 15351).
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fault shown on both profiles by a red |Iine and pl ot

mechanics for nor mal faults.
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Figur&ed®d#ongic map of | VF Site C near Remi Canyon sh
the |l ocation of | VF Profile 5 and | VF Profile 7 (bl
Figure 25. | VF Profile 5 and | VHhiBRBr ¢dfoiclag i Dnarae Qs 20
is |l ocated adjacent to a Qol surface as seen in Fig

4 m of wvertical separation while the adjacent Qol s



Fi gwr5ei el d photograph of the displaced Qi 2 and Qol
SiteveO)t.i cal separation across the Qi 2 fault scarp
the Qol fault scarp exceeds 12 m sigacfygheg | &Fhisto
Location of | VF Profile Surifsacsehawmchkey otfha hye |l IVFw elxit
red arrows. View to the east.
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(I' VF Si tl & FC)Brhofdislne o5f vert iocfalt hsee paiath tsvemsnt adé ppi ng.
I VF Profil e b5usnarsg gemeArartoewd Gol d GNSS device and Ar
application on i Pad. I VF Profile 7 shows ~10 m of v
Profile 7 was created using Google Earth using meth
shownebdy | i nes and plotted at ~60A in accordance Wi

faul

t s.
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Fi gwr86&eol ogic map of | VF Site D near Merritt Canyon

ng, displacement of Qi 3 and Qi1 surfaces, and
ack |ines), and Figure 29 and 3¥2. wiheh olf.f5s et C
s of wvertical separatieornandaluikelsgarepr Meent ¢
ontain evidence of a rupture |likely due to ero

shown by black |l ines.






Fi gwroe | VF Rrndf illvde Prof il e 8 surveyed .aclrhesd aQillt su

|l VF Profile 4 has 1.5 m of wvertical separation and
separation of 1.5 m and the d&édmPrphol @egyl,oft htehai s¢
inferred to be related to one event. I VF Profile 8
the Qi 3 surface and has a west dipping fault. | VF F
Schematic faud tl isnrheowanndbyplroett ed at ~60A in accordan

for nor mal faul ts.



