
Department of Energy
Washington, DC 20585

NOV 3 0 1993

Mr. Joseph J. Holonich, Director
Repository Licensing & Quality Assurance

Project Directorate
Division of High-Level Waste Management
Office of Nuclear Material Safety
and Safeguards

U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Reference: Ltr, Holonich to Shelor, dtd 10/15/93

Dear Mr. Holonich:

A letter dated October 15, 1993 (Reference), requested materials
for the U.S. Nuclear Regulatory Commission's (NRC) review of the
U.S. Department of Energy's (DOE) topical report titled,
"Evidence of Extreme Erosion During the Quaternary Period." NRC
requested four items prior to initiating their review: (1)
additional original copies; (2) data packages from the Yucca
Mountain Site Characterization Project Office (YMPO) Technical
Data Base; (3) resumes of the data qualification Technical
Assessment Team; and (4) a copy of an "in press" reference cited
in the report. With respect to Item 1, two additional original
copies of the subject topical report are enclosed (enclosure 1).
The data packages requested are included in Enclosure 2.

With respect to resumes, this request cannot be fulfilled
directly. The record package for the data qualification
technical assessment was audited as part of YMPO's April 5-9,
1993, audit (YMP-93-09). William Belke observed the audit of the
technical assessment documentation and made no request to view
the assessment team's qualifications at that time. A future
audit is the appropriate opportunity for an NRC staff member(s)
to view the qualification records of the assessment team. As you
know, these records are privileged information under the Privacy
Act of 1974 and are not available for external dissemination.

Enclosure 3 consists of a pre-publication copy of work listed as
"in press" in the topical report. Although this U.S. Geological
Survey (USGS) Open-File Report (OFR) by Partick Glancy is stamped
"Preliminary Draft", it is approved by the USGS, and DOE. The
designation only pertains to the fact that the report is not yet
published in the final OFR format. The figures in the plates
contain some handwritten notations and require final drafting,
but the text of the report will not change. We trust that the
version herein is adequate to begin the NRC's review. The
published version will be distributed to the usual recipients of
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YMPO technical reports when it is available.

If you have any questions, please contact Chris Einberg of my
staff at (202) 586-8869.

Sincerely,

Dwight E. Shelor PAi
Associate Director
Office of Systems and Compliance
Office of Civilian Radioactive
Waste Management

Enclosures:
1. Topical Reports (2)
2. Data Packages
3. "In-Press" Reference

cc: w/ enclosures
T. J. Hickey, Nevada Legislative Committee

cc: w/enclosure 2 & 3 only
(enclosure 1 previously transmitted)
R. Loux, State of Nevada
D. Bechtel, Las Vegas, NV
Eureka County, NV
Lander County, Battle Mountain, NV
L. Bradshaw, Nye County, NV
P. Niedzielski-Eichner, Nye County, NV
W. Offutt, Nye County, NV
C. Schank, Churchill County, NV
F. Mariani, White Pine County, NV
V. Poe, Mineral County, NV
J. Pitts, Lincoln County, NV
J. Hayes, Esmeralda County, NV
B. Mettam, Inyo County, CA

cc: w/o enclosures
R. Nelson, YMPO
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RECORD PACKAGE TRAVELER
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DAIE T0YS NUMBER w5as NuU E
..1-15-93 TWS-EES-13-01-93-028 ....

TITLE On SUBJECT Technical Oatabase Submission for the el QUALU1Y-RELATED PACKAGE
Erosion Topical Report: LANUL ork on Rock Varnish
Calibration Sites. ( RECOROSTURNOVER PACKAGE

TOtAL NUMBER OF PAGES (INCLUDlNG THIS FORM)
Q QA C NIA ' LL,

TABLE OF CONTENTS
(USE AODDITONAL PAGE. AS NECESSARY)

DATE DOCUMENT NUMBER TIlWSUSJECT PAGE COUNT

1/15/93 TWS-EES-13-01-93-023 lechnical Uatabase Subrtiss7on For Mne
Erosion Topical Report: LAHL Work un
Rock Varnish Calibration Sites. 2

11/24/92 TDIF * 300807 Scanning Electron Microscope Method for 4
Rock-Varnish Dating (RoLk Varnish
Calibration Cation-Ratio Data)

n/a attachment 1 Scanning Electron Microscone Method for
Rock-Varnish dating

1,15I93 j TDIF F 300933 Rock-Varnish Cation Ratio Data and

Rock-Varnish Dating Curve Calibration 3
Sites Data. /

n/a __attachment 2a F _fieldSite: Crter Fiat Alluvial Surface 6f
-~~~~~~~~ -- ~~~~~~ Dr

n/a attachment 2b Field Site: Fortymile Wash Lower Alluvia
Terrace (02B) 7

n/a attachment 2c Field Sitc: Fortymile Hash Upper Al1uv al
(Q2C) i1

n/a I attachment 3 Table of disk VCRS to be used to calcul te
* cation ratio for deposit (red cone lava flo;;s) 1

n/a 2ttachment 4 Table of disk VCRS to be used to calcul te
attachment cation ratio for deposit (black cone la a f1lw) 1

t7-

I114AVE RCVIEWED 11UG rACXACAE. AN0~ 10 IMS ES1 OF MY INOWLEOG6 AND UNDERSTANDING. WHE CONICIMO FMISPACKAGE ARE
ACCURAME COMPLE ff. ANO APPROPRIATERECORO 10 tUfE WORK ACCOMMIS14O. ALL RECORDS IN 11 mG PACKArGE AMt THE BEV
A VAN AMP C fIrlV Af* III £A1V9 ABiChI?1J*

AUrHENTJC6E0 BY MauG RE:C1 DT1E 0

02 < Itnv ,r L dob t S..Z pe ,di n Yucca Mountain Site
LANL-YMP.OP.17.4 c.A. -a iJ) haractefization ProJect
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LosAlamos Nal onal LaborataY
os Aanos.New Meumo8?4

January 16, 1993

TWS-EES.13-01-93-3

Mr. Jim Backett
GENISES Tchnical Detas Administror
RSL YMP Support Ofoe
EG&GMNer Mammurment
P. O. Box 1912, S.V- -2
Las Vegas, NM' 8912

Dear Jim,

SUBJECfl TECDWJICAL DATABASE SUBMOSSIN FOR THE ERCSION TOPICAL
- REPORT: LANL WORK ON ROCK VARNISH

Encioses the technical dabae iseion anda llcppy disk for ock-Varnis Cation
Ratio Dat and 'ock.Varnisl Dating Curve Calibration Site." Please enter tbP attached
information into the GENISES database

1) Journal article entitled Scanning Eleccron W ope Method for Rock.
Varnish Datinge,

2) Cation iatio dAta for calibration of rock-varnish dating curve for Yuam
Mountain arena

MOCOMML'i.&P:- Crater Flar alhuvial anfec*e _
b. Fortymile Wash lower alluvial tera (Q2B), and
c. Fortymile Wash upper alluvial terracm (Q2C)Q

3) Table of disk VCRS to be used to calculate cation ratio tor dcpo.t
(red cone lava flo-s), and

4) Table of disk VCRS to be used to calculate cation ratio for deposit
(black cone lava fnow).

If you have any questions regarding this transtnittal, please call me at (505) 665-1033.

Sincerely,

LLU-dfflelm

Enclosure: aM

gow - b- - -



Mr. JIM Deckaft
JanUazy 11. 199
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IL Moomeay. T&MSS, LAS Vegps, NV
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YMP.023-RI YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT I
3i20/92 TECHNICAL DATA INFORMATION FORM Page 2 at

PART II Data Acquishlon and Delmoot Info Ionna

AoquisxiriDeve.opmit m Mg O.Iinfp

Number of Tes: SanI. Nuiter:

Acqu _Developmera Location: JL

Period of Data AcquisiVDevebopment: A 4,130/
mmloolv~f LO) I 00 I YY

PART III Source Data

A. If ALL data identfied by a previous TDIF(s) was tansferred or used to generate devebped data identify the
DTN(s) assigned to the TDIF(s):

v. 1$g-
I

- - - _ _

._ _

...

^

_ _ _ _ _ _ _ _

B. It only a potmon of the data identified by a previous TDIF(s) were transferred or used to generae deveoped
data. identify the DTN(s) assigned to to the TDIF(s):

-- y L 9 -'" I
If

_

-

._

-

-

.
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AP.1G4



YMP.023-Ri YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
3/2O92 TECHNICAL DATA INFORMATION FORM Page30o

\_ART IV Transfer of Data (Use this page only I data were &ransfered4

Dat~ot Transfer:
&\umoolvy

A. Copete one of the folowing:

TDB Component:

Other _ _ _ _ _ __:R e w _ _ __ _

*-* Mm
Reciprent Or

EL Tochnical Data Submittal Suppkwnentary Information:

FTnt M wnew4

1. Format of document eontaining subTd data (e.g., magnet tape, floppy disc. etc.).
regarding speil storage format or data organization that might be requwired

Attach any remarkt

._,

2. Number of attached pages containig data:

3. Identifcztion number(s) (other than D14)an each submitted document:

N

4. Are submitted data publshed? 0 Yes , C No

Publisled reference:

5. If submittal irckdes a modification (addition, correction, etc.) to a previous subnittal, indicate reference
to previous submittaL Also kidicate whch data is to be removed or superceded. the data and irdormation
as it should be in the TD8. and the reason for the modification (include attachments if necassary).

6. The atached data was coleed bor the Yucca Mourntain Site Characterization Project and it is hereby
authorized for inclusion in the TD8. Al appropnate reviews and quality assurance requirements have been
me!.
'nTh S"U* bebw anafuJ Pw.xn WiWWm I hw.' Ma. widwwd. wNi4 . i D&

RPv___ _cS. 0 IC g my * P.ih iq jMW r_ ho* .

TPO SignaturelOrganizatioi I
mmloolyy% =

l;L
-

7. For TDB Admuinzisator Use:

Acceptance Oate:

Reiection Date:
L*JIOOJW

muloolyy

.MI
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DATA SUPPLEMENT ?" t 4 A
..

Tn* fom used to rovide traceao d ofhe data to us sppohting documentation
Date1Lk45L DTNI Ii0o - a L. (;

I A ~~~~- (lote aw by kcefto~ dam COOKiOW

Prepared by, itL . 19 YWA -

11ffe1sLtAeCt 1PAJ4 'A~diW (2JL/LA&U - kauzlQ e/htc
The fo60wn Dens contahi vuppoft docUwen.aton for Me attached data subijttd. FE hI the
bonks with ci much normation cis possUsbe. ad E I does not appWy to a pauliculor submissbn mark
*N/.s

, _ _,

Notebook

*Id W61(

Log Book

Photographs

Mops

Computer
Files

Other
Comments -

MWS V1D a Page

1'ws #1O I Page

-nx-ges-I'd- -S-i

M 811D I ~~Page

TWS 9/10N Page

rvWS 1/10 Page

IDENTIICATION (it APPICakbIe)

_ _

TW5 81lD I

TWS 81ID R

Poge

Page

.WS #/ID 8 Page

TWS N# D Page

TWS X11D N Page

TWS *1ID 1- Page
. _

IDENTFICATION (If APPOiCOtle)

IDENIFICATION (it APPIctle) -

FIL. NAME FLE NAME

Pl0 DESIGNEE SIGNATI IRE DATE

' te used onty by #. TChdol Coordinator _ ,.

Comments:

Los Alamos,
Yucca Mountioln Slte

LANL-YMP*QP.08.3 Characterization Project

V



HOS. 986-5/7-.2-703
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Attachment I

scanning electron microscope method for rock-varnish dating

Charles, D. Hamrngton
Earth ma Space Scierces Omvsion. MS D462 Los AMamos National ILatwoatory. Los Alamos. Now Mexico 57545

John W. Wh"te
U.S. Geological Survey. MS 913. Box 25046. Federal Center. Denver, C~otoado 80225

A3SrRACFr
Reck-witr.endpeatapcsahlM fom v mmauw plio and ,zod m hi ari

milon yin.. A new mlydei fod r ditle Oro tac ab h rIme whardck the
M cdo mdc (VCR) b Ianu by a scnlg Iou.~ana (KM) wpipp

Wit Wc U divr palw I X~y iyw(IDAX)
The apermea 5KM Iso haadea 1I-FI- ldqeil Sab meanta! poesid

adv am n w ~ , IS'nod dr ainlym doirbad by L L Dom do an pda.
fia~ced X-ray en. (PDCE) Orwwgo wife frmm "xik F Te MK I PIo can
pounmilly efinlo ahly avwon doe emalano bam rock tunauft Itcmm vwh*-
do" hi VWu ddeka.s and' -fp as do. ah o un ccmned belkon mdcc
adca a I, d 4 socattea m f I~r 1 '~*. ay a
an rnaf my he tocad oret In 269cc. the pat! A ft) at ~

ekeuo ndaenawEl makg rock-mobb doeti morv widdy awab he UK h Quawnt
-,y Mod

Cidoe tada wen clrnhsefor rock v fim Empaloh 11*4. New Mexk-c wbd dhe
U=a Moondi regin. 14evd and werewed lo commuc rock-virlb m tn cwvw fo

IETRODUCntON
Rod nrnh s a dim (6iafly clOO wm

thick) axiq of oxides day
ai"2b ad .zn amcsof O CIa

ial dmved pimarily fro a, or -- W
tht acees oa rocks (Pow and Rom=
1977. ]9. Dorn and Oba1 2der, 192) Var-
nish is abidat in -nd and aid reions
and ai ypically band an cWn-u of bedrock
and c gnival dam dt mu k am e genor-
phic sdao For dsew goolo and
achologi have ban in aa
Log age-dependent chatictritmie of fock v..
2istL A redw tuly was on .. Avnis fis
found in Dorn an Obekladct (19S1a. 191)

Dom r1983) ucvdoped the f macanioa
:aurq meod hfo rad vanih by ang tbte fel
iva abundance ef minor decm t

1feal -A;nres do seveal acuu in
the mca The mda o obao to immobie
atioc ((K#a ~Ti) was hand to with
ime vad provides a rlaivee Indicar br
arck vainish fircn a given regon.

By Dorns method, balk suples or vanish
me sape from rock sUrfaces vsng a
meow weder lOx to 45 naero mapniS
ab he; eseIm umplet as mai by pmde-
Odal X-ryemWa(FDCEd a Or
anies wa. determined hr KAr dad vol,
iinc : frhM the Cm Volcanic id ag.
:x Caliora d Wws me by D=n (1983) io

coasna ano&-cing cave (dte rdatica of
cuion mumca to it a eently. a *uxia-
lacin cums fr tbe cumn Mojave mqpoo
was caLiban using isopizaly daued voz
rocks aud rdwarboodzed varish (Do r a
aL 1916. The caives were wd to aicdaz
dmomeaic ases d vvisb d-pleO uon.
known age in these mwo and to establishi the
mi o dine ama v-uitbcl snrla bcas
Uab&. (See Darn 11913 and Darn Wand
119U] br a disus Or d c 9apiqPDCE-d q and Mes0hodeOg Wipdons.)

The acraistive mOWhodfration-MWn datin
presented hat relies an a tanning I o n mi-

.rwenp (SEM) equippe with an encrzy
dispersive X-ray antalyze (EDAX) Tbis metb-
ad wts used to couet empirical! cuato.

lechg vave for the Emspall Batn. New
Mexico. AM the Yu=m Mountan regin in
southern Nevada MC. 1). The Deptrunewof O
Energys Nevada Nudeu, Wast StorWg loves-
vpistias (NNWSI) 'toem is Bunying the
Ymc= Mountain sar as a -anddat she for
high-lve andaz w= repository. Dane at
variatin in dmnat. wam of dun deposition.
and denaros in dua cbsiiny. 2cw caion-

lecigcavs mW be -w oI hrx cut
-eo W6 Ourctibmwarema Wert ron.

aramud by ~a i varnish anon antic
(VCR) on szimfc dat had bumn previctmly
daze by conventional Wusotodic utique An

important -ripun ia the curve atabratioc a
tha the OaWils age a te ama as the daz
wnyint dcpxiL Cshlmted VCR crves ca
be me Eor th ciband imie inal so eis-
mb.e the VCR ae or unkwwn-a depcsilm

.. dhe ¢:^~ . lad ,- .:y sw:£f ' :
a r that am Met atble by avendional no.

topic "&kpc

SAMPLING MCETHOD
Rod mple with dark. wdeloed var.

aish fored ndr wboaW cri l a itioam are i.
lated for azay= A suite of eg to an rock
V=i d a cnflced ad walyzed fcac b-
talictiy dared jeomcorphic snrac used in co-
srcins the calbretion cave. To rduce
potenti vwrability in varnish thicka
an eaponum -aps re colletd frm
(1) able. weD-dained Scomorpk mdi
(2) vicsibt lithologic subsmes and (3) ar-s
having dauntr mnviomenul Conditkon S=z_
on are amt coflaed mn cloe proximity ao Ii.
cbens an other qelpation. to varnish formed
along cracks, or to rock arfam in coarscr with
mol Wind-abrade and spalled roeks an dbo
avoided. We wlct~ th es kdevlped (Le.,
16&a~ and darka) vu 6=fo the 8:o0thel
Vans~hed tock miFa evabbe. Wbes ah.
baing a mve. mples am con-eeted ban. or a
doe as _ e baaply dt localitD f.
Cm rin dh d a re a o vokanic
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each sampled geomorphic surbce o depqa s
docrouded by dsarding th bigest rod VCR
vajae aW aaging se ,mainq valud. We
carready aMaly=e ekkh to an tock -anl per
gcomorphic surfaor depask. Thuo. Ilse final
cation ratio repeaat the avage Of70O 90
we SEM/EDAX walpm Futur sadia
work my indicate am ler auk -moo
and/or anayse will producs a VCR of con.
parable wn5&

Seve faes may am the cbmsry ct
vansb w vwy athr wom aindiduad #o*
sample or m a poop of anol bom a
geomorpbic surac and reash iloasalous
VCR (Dorn an Obeulander. 1911h . 1"9
Dorn 1913) Tbee &cors incude (1) reada-
wo of ittal vUnnsh lrnutioe dae to
unfvombl rock (sbscate) litholly. sura

_,mo ss. or the preence of e (2) e-
movifinitial vanh by orpscadds derived
fro ornmatis or mi orpn- morby
eolian abrado. with subsquen revmrishin
and (3' inrporation of devits! inelk witb
hih Ca or K coicntratoa in the varish. The
majorty of va4nis5 ta resu ltom dick,

iarnb-vaaribon I 1 w 1hige r caton
=f. which produce An aparee younger ag

than tbc initial unathemd VCR An anoaslowly
old age can esult whn anomapetites with
aboormally hih Ti aconsu p ar p
thc rod varnah tereby t mq low VCR
value (Dor. 19S93). Thee anomalmm moe-
trzoom can ofte be rdgn- ed uIring the SEM
varnish surfac iammaxion or by EDAX eem-
t -nitlysts. and dth can be avoided br Ile
VC. dculAtiocs. ,%oalaioly 4 valtues of
VCR am more dafcitk to rwom And this
may eslt i thir indeis VCR clkala-
tim. Tberofore. in our calcaion of a rockd
nmaris. aeC, we eadude te bhc VCQ site on
ach disk ( out of 6) and Ilse hihats c VCR
for cub deposit or surt

To determine the fa prcdvaility of VCR
values. we analyzed 22 sample amr fiur de
posits An two separat: ocsoU ansd calculati
separate ratcos for individual samples and k
eCu dcposiL The od s catioa rc for
tbh 22 samples GleA d by abtn 4* km the
orgina value. For the bour deposits th aver-
ag va riton of the duplica allyse was css
han 3%. VCR vaiatoon a- a disk and be-
twn disks from the sa ro ks thai ha!
the variation obsereed uao rod saple
from the same geomorphic srue. Thus. we
believe that sampte elcticat not analytical ac-
curacy. is at preent the MAor limidag fbor for
vurnish age 4irmiaions. Fuare anlytical
work will indude demet omsubmrate identi-
6icauoo by the SEM-EDAX. and compariso of
VCR value obained by the SA method with
those obtained by at laraoy adnikue.

ADVANTAGES OF THE SEMWEDAX
TECHNQUE

Use of lhe SEM-EDAX o dei e VCR
valu has seve:a advaniaga ocm the leapin
PIXE oedhod Sample pucy in the =xpiw
FM mtod s hanged by *Ws ability w
dderfamt" ase k viathacd and varnish-
cowedcda a - km punvaailk cm
when sulistr amfn e-pained, dark volcanic
rocks. With we of the SEL varn d&pth oa

be ideaifed. and ft mables d lyib t he
maviru- wanisdne witbow sigca-
motaminasioo om te stbals C111 in
chedical aornicino domed during EDAX
analyIs * u at whait point she MAbstate is
first penetratedt mo.am ai. f = Aisf atmi-
asood an be excluded kmow thr an=yI by
reducing Volwaepataaa

Vaadis i kox reoedom it sulimi hr
SEM 9a9ysrL AS it MMbahr11W MAml~It&I
an SEM.EDAX anallysi yiglds an soornaious
wau. then the specic a tlih disk may he
reez~amiced to determine the caus. dof sheaom-
aly. Furtbermort. chaemi- inhmollneneitd. can
be emamned acros an etie dit if a tasP
analysis i anomalous te the arnl vanisb
suaEM cannot be rcs itui. and a asisztute
sap mstE be yadied

In SEliid aayan VCR valu show No sipi.
can vauiaion when the anulyss a pfmi=

over munorregulaftnes in th varnisL UrPfXE
swrcam opopaphic bc unlarits can be
avoided durmn SlM examinasos of the va
urce under I&h moviand Thu. a
grear vriety and utimbr op tecnsm be

ivaluad at a field loclty wbere sod
uraced mcks are no abundum

CAUDRATION OF CATION-
LEACHING CURVES

VCR valuel r gom aphic swfam pre-
saued berc (Tabli 1)a them average of eight or
moe iddal reck mon atios1 Perld H1-
cality. The aard deiazio (I a) or VCR
valho hr a individ suace (sown a vti-
al amor bn Ar sample PM i fi 1) val
om less ta 4S hr th oldes deposit so 231

hr theyoungct Anallys) on individual dqpms
in and gomorplic mafacc wolt probably have
smalkr sandad devao when we better an
daelad the aaur and significance or varsos
enVIronmMntal ts that sUltie spItd4Xn-
rodvw=A varatns. lacsed undestanding
ul rd he'dste in caove in selm sita
and mt u C8plint VA thWm wil
vAanos in tion Utica hr a single gcmr-
phic surfa or deposit

ESPAROLA RAI
AP tnctrd hr hec IspAolota &Lin aesab

wished hom a seque or ofr piavd-apped
ansiona sura along tbe nonbhau fank of
the Jm Moucai.s Dense iner layes oacl-
cum arbonatmea were extmoed from
pdebs in aar~urfacC soi K horizns and
wastium-ciesdatedain2l3kaJl 24kL 103
217 ha. aid 144 t15 ha (Harripmo and Al-
drich. 194;1 . Aldrich. Jr. 1984 rpub.
lsh d4a). Samples of blacit. w-dvl
suricced varnish were coflend koem basgh

TABLE 1. SURFACES OR DEPOSITS USEM TO CALIBRAIC CATION LEMMIING CURVES

M osit, Radicetric ag Nethod of datt. Cattom *atiJ
(ha) (K.Ca:1t)

Espanol. Basin

01 surface 144 .1S Ura3niu series 2.tl .0.24
02 surface 10) *It Uranlm series 3.14 .0.43
os scar 31 .4 Uranim series .n o.039
Q4 turface 22 .3 Urantus series 4.10 .0.94

YuCca Nouitain Reat"

Crater Flat bsals tIIts
BlaCk Cone (BC) 19 .3*O K-Ar 2.18 .0.21
Iled Cone (R2C 1120 .70 K-Ar Z.33 .0.11

terraces along forty mlile Wals
02c terrace 255 *15 Uraniu tried 4.34 *1.04
02o terrace 160 .20 Uranim trend 4.88 *.eS2

Crater Flat surface (CF) 40 .10 Urantin trwiw,__ LO s .1o.

Symols used In Figure 1.
* Stndard errors for Waotsk cation ratios listed arm I standard deviation.

marriagt d a Aldrich 119U): N. J. Aldrtch. Jr. (1986 unpublished data).
vanian et al. (1982): Carr (1814).

"Nosholt et al. H1as): . R. L uis (198. wIIshed data).
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YMP.023-RI YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
3W0/92 TECHNICAL DATA INFORMATION FORM Page 1 of

(Chca Oe or moeJ:

O DATA RESULTING FROM DATA ACQUISITION (complete Pans I an 11)
Data Tradding Numbr (DTN):

8§/ODEVELOPED DATA (conpbe Parts I. I and IJi)
Data Tracdk Numbe: Lo *

O DATA TRANSFER (cwp.e Pai s and IV7

PART I Identification of Data an Source

Submittal Date: / .. w
_ 0 -0,-.

Pi Org.: -9*9�Prncipal Inestigatow. , Z4M /,7153Ldt., Ld,'1UA"L
LA NS" a

P3rticipating Organzatlon Generat Data: iLsL2?

Automated Recor&V System Data Source: AJ h,

Pararneter: A/

Parameter Category: tJ

Report Number 44/

. m Keb-./œ4

Parameter No.: _ 1A
Parameter Categoty No.:

/3ffjft, kTtik I", -12Xd- -

Activity Number: ~3/ ,./AGovemirg Plan:L

Comments: .44Aa)1

=
--- lig"

. _ . .

] IAr�.I
Ar.]



YMP-23-RI YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
Y2092 TECHNICAL DATA INFORMATION FORM Page 2of3

PART nl Data Acqutslibon and Development Information

Idetification | l/
Number of Test: . Sample Ntwberw __._J

AcquitonorVDeveloprent Locati Lkn/_

Period of Data Acqu Dion/evekpment
,tlOolYY ,.lOOIYY

PART IU Source Data

A. It ALL data identified by a previous TDIF(s) wa; transferred or used to generate developed data. identiy the
DTN(s) assDgned to the TDIF(s): -

L 4(yy"P. r) /. .....

B. It onty a portion of the data identifed by a previous TDIF(s) were transferred or used to generate devebped
data. identity the DTN(s) assigned lo to the TOIF(s):

A

.11

V.-
40 -.among,

_ _ .

-

__

MR
i,

-

- . 11119110,
- - 10- .

. .- ..- - VW41W.,



YlP.023-RI YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
3/2092 TECHNICAL DATA INFORMATION FORM Pge 3 of 1

. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
PART IV Tmansfer ~ja(Use this page on4y N dats were transferred)

Date of Transfer. L4l1A J , 1/9 ,'?P

A. Complete one of the bfowing:

.pablty

ma1 Coiponen't:AA-r

Ah 0-
%.~ A.

Recipient Organization:
id"

B. Tocthuical Data Base Submittal Sq emntay knlomation
1.- Format of documot containig subited data (e.g. magne tape. floppy disc, etc.). Attac my remarks

regarding specil sorage brmt or data organution that might be required

-4jrd ,iAmi -O/^IV C . *L'SL- (4&'rWTY

2. Number of attached pages contaiftng data: I

3. Identifacation number(s) (aher than DTNs) on each submitted document:

-us -Ees -5-0/-1 3 - 602
4. Are submitted data published? O Yes I?1iO

Published reference:

S. It submittal incksdes a modification (add~ion correction. etc.) to a previous submittaL indicate reference
:.evious submmdaL Alsoh kfatawhichd=- 'obc -....vedc -,)e=C.e ..hedata...dirfo.. . an
as 4 should be in the TDe. and the reason for the modification (include attachments it necessary).

- I.

6. The atached data was colLeaed for tha Yucca Mountain Sk Characteization Proect and iis hereby
authorized for iclusio in the TDB. All appropriate reviews and qual;:y assurance requirements have bee
met. AP s.t I 1 9 1

bd/ E Wwi_ pmm{z 1 ( t, /S.p / .3

%IVu

, . . . ,

TPOS SgnatU
7. For T01 Admuiistrator Use:

rv~anizat3k1 W! 0OI yy

-__ _

Acceptance Date:
hJIooIyy

Rejection Date:
muloovyy
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Attacbmgt is

CATION RATIO DATA FOR CALIBRATION OF ROCK VARNISH DATING CURVE
FOR YUCCA MOUNTAIN AREA

FIELD SITE:CRATER FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-A ` LAB ID NUMBER: CF3A

DISK 1
is

DISK 2
15KEV 10 20 10 20

VCR
SITE 1

2
3 6.408*

4 7.518
5 5.639*
6 5.806*

8.576*0M
7.152*
8.750
6.141*
9.196

8.690 7.106*
17.269
7.439*
7.333*
8. 250*
8.510*

9.588 10.577
10.221*0O 12.518
11.133

9.720
12.900

DISK 1 MEAN VCR 6.229 DISK 2 MEAN VCR 7.728

* - ANALYSIS USED IN CALCULATING MEAN VCR
*- OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN

VCRS

FIELD SITE: CRATER FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-B T.AB ID NUMBER: CF3B

20
DISK 1

15
DISK 2

15KEV 10 20 10

-
VCR
SITF 1 7.070-

2
3 10.117

4
5 5.460*
6 5.536*

DISK 1 MEAN VCR

6.891a
6.672*
8.691*OM 9.216
6.254*
9.355

11 .24 -. 802-
9.588*
6.293*

10.781*OM
8.923*
8.109*

DISK 2 MEAN VCR E

I
6.163 8.143

* = ANALYSIS USED IN CALCUTATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN

VCRS

FIELD SITE:CRATER FLAT ALLUVIAL SURFACE



FIELD ID NUMBER: 23068503-C LAB ID NUMBER: CF3C

DISK 1 DISK 2
KEV 10 1S 20 1S 20 25

VCR
SITE 1 3.886 3.564* 3.891 6.039 5.803 5.732*

2 3.218* 6.378*0M
3 3.668*0H 5.408* 6.503

4 3.172* 5.023*
5 3.621* 5.276*
6 2.834* 2.894 3.995*

DISK 1 MEAN VCR 3.282 DISK 2 MEAN VCR 5.087

* ANALYSIS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN

VCRS

U

FIELD SITE:CRATER FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-D LAB ID NUMBER: CF3D

DISK 1 DISK 2
KEV 15 20 25 1S 20 25

VCR
_ SITE 1 12.351 6.835* 7.550 6.901 6.125* 6.712

2 6.181* 6.982 6.441*
-- 3 7.369* 6.543* 7.813

4 9.419 8.902*OM11.250 5.055*
5 7.278* 5.255*
6 8.300* 13.027 9.553 ONLY 5 SITES ANALYZED

DISK 1 MEAN VCR 7.192 DISK 2 MEAN VCR 5.884

* VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

._-d..



FIELD SITE":-CRATER-FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-E LAB ID NUMBER: CF3E

DISK 1
20

DISK 2
20KEV is 25 15 25

VCR
SITE 1 8.728 1

2 8.434* 1
3 6.433*
4 9.077*0M
5- 6.888 -
6 7.640*

8.229* 10.581
2.802 11.753

5.813*
6.098*
5.149*
6.185*0M
5.479*
5.115*

7.114

I DISK 1 MEAN VCR 7.525 DISK 2 MEAN VCR 5.531

* - VCRS USED IN CALCULATING MEAN VCR
OK - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS -

FIELD SITE:CRATER FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-F LAB ID NUMBER: CF3F

DISK 1
15

DISK 2
20KEV

- VCR
SITE

-

20 10 15 25

1 '3.189*
2 3.387*

3 3.012*
4 3.565*0K
5 2.968*
6 2.C85*

3.540 9.580 7.935*
9.738 8.940*0M 13.792
7. 79* 1'.011
8.765 6.859*

6.949*
6.775* 8 -35 71.563 U

DISK 1 MEAN VCR 3.088 DISK 2 MEAN VCR 7.239

* = VCRS USED IN CALCULATING MEAN VCR
OM = OMIT = HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS



FIELD SITE:CRATER-FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-G LAB ID NUMBER: CF3G

DISK 1
15

DISK 2
15KEV 10 20 10 20

VCR
SITE 1 3.422* 4.167

2 3.469*
3 3.971* 4.010

4 4.340*0K 4.161
5 3.796*
6 3.962*

DISK 1 MEAN VCR 3.724

7.554 6.126* 9.220
6.200*
6.713*
6.621* 7.630

12.591 8.411*0M16.407
8.295

I DISK 2 MEAN VCR 6.791

* = VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS -

- FIELD SITE:CRATER FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-H LAB TD NUMBER: CF3H

DISK 1**
15

DISK 2
15KEV 10 20 10 20

- VCR
-- SITE 1 10.970 7.104*

2 8.614
3 8.989

7.159
6.991*
8.657*0O
8.330*
8.979

3.070*0M10.623
9.169 7.195*

9.081

7.114*
4.644* 9.368

11.762

6.438*
6.777*
7.982

4
5
6

6. 664*
6.972*

DISK 1 MEAN VCR 7.212 DISK 2 MEAN VCR 6.434

* = VCRS 'USED IN CALCULATING MEAN VCR
OM = OMIT - HIGHEST VCR OF * VCRS; OMITTED WHENI CALCULATING MEAN
VCRS



FIELD SITE-CRATER FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-I LAB ID NUMBER: CF3I

DISK 1 DISK 2
KEV 15 20 10 15 20

VCR
SITE 1 5.471* 5.881 7.903* 9.467 11.083

2 5.875*OM 10.028 9.640 8.374*
3 4.794' 8.674*

4 5.053* 8.892 8.724*OM
5 5.179* - 8.467 8.229* 11.410
6 5.065* 6.723*

DISK 1 MEAN VCR 5.112 DISK 2 MEAN VCR 7.981

* VCRS USED IN CALCULATING MEAN VCR
OM OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN

IVCRS

II



TABLE- OF DISK VCRS. USED TO CALCULATE CATION RATIO FOR DEPOSIT:
CRATER FLAT ALLUVIAL SURFACE (CF3) CALIBRATION POINT
(PUBLISHED IN TABLE 1, HARRINGTON AND WHITNEY, 1987,SChNNING
ELECTRON MICROSCOPE METHOD FOR ROCK-VARNISH DATING: GEOLOGY, V. 15,
p. 967-970).

DEPOSIT DISK 1 VCR DISK 2 VCR

CF3A
CF3B
CF3C
CF3D
CF3E.
CF3F
CF3G
CF3H
CF31

6.229
6.163
3.282
7.192
7.S25
3.088
3.724
7.212
5. 112

7.728
8.143
5.087
S.884
5.531
7.239
6.791
6.434

.981

MEAN VCR FOR CRATER FLAT ALLUVIAL SURFACE (CF3) 6.00+/-1.00

-

-
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Attaesmeat lb

CATION RATIO DATA FOR CALIBRATION OF ROCK VARNISH DATING CURVE
FOR YUCCA MOUNTAIN AREA

FIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERRACE (Q2B)
FIELD ID NUMBER: 22068501-A LAB ID NUMBER: 40LA

DISK 1
15 20

DISK 2
25 10 15 20KEV 10 25

*VCR
SITE
1
2

6.325*
5 5.336*

7.478*

7.483*
8.204*
9.421
8.152

8.330*OM11.384
9.962 9.306

11.494

9.494 8.171* 9.196
8.698* 9.223

34.217 10.868 10.247*OM 10.990
11.057*OM

9.488*10.671 11.152 10.491
9.304 8.905*
8.009*

3
4

6
7

DISK 1 MEAN VCR 6.965 DISK 2 MEAN VCR 8.964

-- * = VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN4 VCRS

FIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERRACE
FIELD ID NbMBER: 2:368501-B LAB ID NUMBER: 40LB

(Q2B)

DISK 1
25KEV

VCR
SITE 1

2
3

4
5
6

20

6.744

6.097

30

6.392*OM 6.478
5.890*
5.565*
5.932*
5.469*
6.041*

20

- S

4.953*
6.252
5.741*
5.937*
5.427*
8.000

DISK 2
25

5.789
5.728*
6.411
6.289

6.919*OM

DISK 1 MEAN VCR 5.779 DISK 2 MEAN VCR 5.557

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILEtWASH LOWER ALLUVIAL TERRACE (Q2B)

__S 'w.- - 0moa ft
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FIELD IQ NUMBER: -22068501-C LAS ID NUMBER: 40LC

KEV

VCR
SITE 1

2
3
4
5
6

D]
15

4.150*
4.823
S.QL6*OM
4.724

ISK 1
20 25

DISK 2
25

4.419 4.349*
4.578*

4.570 - 5.043
4.630 4.500*
5.087 5.226

4.956 4.579*

4.423* 4.717
5.465 4.872*OM

4.466*
4.803* 4.960

20

4.582*
4.752 4.370*

DISK 1 MEAN VCR 4.431 DISK 2 MEAN VCR 4.529

* a VCRS USED IN CALCULATING MEAN VCR
OM - OMiT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

-IELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERRACE (Q2B)
FIELD ID NUMBER: 22068501-D LAB ID NUMBER: 40W

KEV

VCR
SITE

D'
15

1 4.660*
2 4.179*

3 4.932*0M
4 4.393*
5 4.096*
6 4. '38*

ISK 1
20

-- DISK 2
15 20 25 30

5.189 11.177

14. 379

10.911 9.342*
9.757* 12.744.

15.015 10.714 9.946*
11.710*0M13.596

19.792 12.382 10.972*
9.180*

DISK 1 MEAN-VCR 4*.334 DISK 2 MEAN VCR 9.839

* = VCRS USED IN CALCULATING MEAN VCR
OM a OMIT = HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERRACE (Q2B)
FIELD ID NUMBER: 22068501-E LAB ID NUMBER: 40LE

_ .



DISK -I1
10 15

DISK 2
15 20 25KEV 20 25

VCR
SITE 1

2
3
4
S
6

5.752*
4.468* 6.307
6.400 4.944*
3.671* 6.274
4.890*
5.957*0H6.452

7.197
6.748

6.688

6.815 6.009*
6.287 5.341*
6.339*OM 8.068

4.909*
4.082*
5.231*

6 . 6 6 1
5.871

DISK 1 HEAN VCR- 4.745- DISK 2 MEAN VCR 5.114

* - VCRS USED IN CALCULATING MEAN VCR
OH - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WAS.1 LOWER ALLUVIAL TERRACE (Q2B)
.- FIELD ID NUMBER: 22068501-F LAB ID NUMBER: 4OLF

-DISK 1 DISK 2
10- KEV 20 20 25

VCR
SITE 1 2.721*

2 4.-j47*
3 4.377*OM
4 3.676*
5 3.734*
6 3.187*

DISK 1 MEAN VCR 3.473

5.794*
4.392* 6.319
7.155 6.466*OM

6.886
6.464

6.880

6.695
5.950*

6.549

5. 690*
6.431*

DISK 2 MEAN VCR 5.651

* = VCRS USED IN CALCULATING MEAN VCR
OM - OMIT -- KIGHES? VCR OF * VCRS; OMITTED WHEN
VCRS

CALCULATING MEAN

FIELD SITE:. FORTYHILE WASH LOWER ALLUVIAL TERRACE (Q2B)
FIELD ID NUMBER: 22068501-C LAB ID NUMBER: 40LG



DISK 1
15

DISK 2
25* EV 20 25 20 30

VCR
SITE 1

2
3
4
5 -
6

5.543 4.933*OM
4.913 4.766*

4.S65*
4.595*

4.589* 5.061
4.856 4.500*

5.052
4.37g*
5.321

5.536

5.056*OM 5.311
5.207
4.683*
4.541*
5.039* 5.070
5.133 4.768*

DISK 1 MEAN VCR 4.603 DISK 2 MEAN VCR 4.728

* w VCRS USED IN CALCULATING MEAN VCR
OM - CMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS I

FIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERrACE (Q2B)
FIELD ID NUMBER: H100285-14 LAB ID NUMBER: 4OLM

DISK 1
15 20 25 10

DISK 2
15KEV 20

VCR
SITE

'4bilagar-

1
2

3
4
5
5

4.-56*
4.598*
4.903
4.489*
4.640*
4.871*0k

5.140

4.644*
5.771

6.416 9.143*
11.694
7.713*

7.041 14.982
10.644*

6.243 6.659*

10.628
10.841*
11.645
13.104
19.885

11.256

12.013*OM
13.859

DISV ' MEAN VCR 4.625 DISK 2 MEAN VCR 9.000

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT --- HIGHEST- VCR uF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERRACE (Q2B)-
FIELD ID NUMBER: H100285-15 LAB ID NUMBER: 4OLN

V .



DISK 1
15

DISK 2
15KEV 20 25 10 20

VCR
SITE 1 3.784 3.674*

2 3.926* 4.221
3 3.576*
4 4.231*0H
5 4.160* 4.433
6 3.768*

DISK 1 MEAN VCR 3.821

4.065
4.474

9.790 6.557*
6.220*

6.831*0M 8.755

8.008

7.541
6.259*

6.624*
6.493*

DISK 2 MEAN VCR 6.430

& - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TEkRACE (Q2B)
FIELD ID NUMBER: H100285-16 LAB ID NUMBEI: 40LO

DISK 1
20

DISK 2
15- KEV 25 30 i1 20

VCR
SITE 1

.2
3
4
5
6

5. 625.632
4 337*
6.118
7.071
5.583

5.362 5.103*

5.391*
5.412 5.609
5.743*
5.908*0M
5.471*

6.336*
5.987

17.277
7.584*

10.862 8.296*
8.007*

13.368 10.427
8.750*0M
8.5663*

DISK 1 MEAN VCR 5.329 DISK 2 MEAN VCR 7.757

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERRACE (Q2B)
FIELD ID NUMBER: H10028-17 LAB INUMBER: 4OLP

_ _ .o



KEV

VCR
SITE

DISK 1
10 is

1 11.167*0M12.989
2 8-.O7-- I.3I7
3 12.520 10.624*

4 8.488*
5 7.795*
6 6.738*

20

13.371

DISK 2
2520

4.445*
3.696*
4.566*
4.822*0M
4.737*
4.280*

5.397

5.735

DISK 1 MEAN VCR 8.346 DISK 2 MEAN VCR 4.344

* 1 VCRS USED IN CALCULATING MEAN VCR
Oh - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

TABLE OF DISK VCRS TO BE USED TO CALCULATE CATION RATIO FOR DEPOSIT:
FORTYMILE, WASH LOWER ALLUVIAL TERRACE (Q2B) CALIBRATION POINT
(PUBLISHED IN TABLEaP, HARRINGTON AND WHITNEY, 1987, SCANNING
ELECTRON MICROSCOPE METHOD FOR ROCK-VARNISH DATING: GEOLOGY, V. 15,

O-rv- -. ~F'~ - -YV _



p. 967-970).

DEPOSIT DISK 1 VCR DISK 2 VCR

4OLA
40LB
4OLC
4 OLD
4 OLE
4O01
40WG

40LM
4 0 LN
4 OLD
4OLP

6.965**
5.779
4.431
4.334
4.745
3.473
4.603

8.964**
5.557
9.839**
5.114
5.114
5.651
4.782

4.625
3.821
5.329
8.346**

9.000*"
6.430**
7.757**
4.344

MEAN VCR FOR FORTYMILE WASH
LOWER ALLUVIAL JrERRACE (Q2B) 4.68+/-0.53

In the samples collected from the Fortymile >'ash lower alluvial
terrace NQ2M), several of the samples appeared to show abrasion of
the varnish and revarnishing (40LA and disk 2 from 4OLC). A second
collection of clasts were made that clearly possessed a stripped
varnish from part of the clast with what appeared to be unmodified
varnish on the opposite side of the clast (40LM-40LP).
In calculating the mean VCR for the terrace CQ25), neither 40LA, nor
disk 2 from 4OLC, nor the stripped and revarnished disks from 4OLM-
4OLP were used (all disks omitted from the VCR calculation are noted
by **).



Altlohment to

CATION-RATIO DATA FOR CALIBRATION OF ROCK VARNISH
FOR YUCCA MOUNTAIN AREA

DATING CURVE

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-A LAB ID NUMBER: 40MA

DISK 1
25

DISK 2
25KEV 20 30 20 30

VCR
SITE 1 3.932

2
3
4
5
6

1.854 3.833*
3.692 3.656*
3.921 3.719*

3.534*
4.238 3.915*OM
3.612* 3.785

3.936 3.580*
3.969 3.732*OM

3.672*
3.493*
3.678*
3.593*

DISK 1 MEAN VCR 3.671 DISK 2 MEAN VCR 3.603

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR O} * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID UUMBER: 22068502-B LAB ID NUMBER: 40MB

DISK 1
20 25

DISK 2
15 20- KEV 30 25 30

- VCR
SITE 1

2
3
4
5
6

5.978w
5.430*

6.358*0M7.231
4.612*
5.046*
5.521*

6.72F

7.532

.'. 792*
6.627*
5.120*
7.375
5.015*
4 .556*

5.1- 5.885
6.73X
7.600 7.557 8.207
6.805*0M7. 0V8
6.295 6.611

DISK 1 MEAN VCR 5.318 DISK 2 MEAN VCR 5.222

* * VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS



I

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-C LAB ID NUMBER: 40MC

DISK 1
isKEV

VCR
SITE

10 20

9.8671 6.422*
2 5.933*
3 6.036*
4 6.939*
5 7'.407*0Fr
6 7.042*

7.526
8.746
7.983
9.416
7.597
8.168

10

6.972*
7.769*
7.807*

14.361

9.400
8.569
9.031
8.026*
6.543*
6.008*

DISK 2
15 20

DISK 1 MEAN VCR 6.474 DISK 2 MEAN VCR 7.020

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING-MEAN
VCRS

_ FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-D LAB ID NUMBER: 4OMD

'MSK 1
20

DISK 2
20.- KEV 15

1.987*

1o 25

5.030
a - VCR

SITE 1
2
3
4
5
f6

1.973
1.921*
1.6.;..'
1.688*
2.070*OM
1.720*

2.995*OM 4.159
1.771*
1.67-t
1.685*
1.739*
2.211* 2.776

DISK 1 MEAN VCR 1.783

* = VCRS USED IN CALCULATING
OM = OMIT - HIGHEST VCR OF *
VCRS

DISK 2 MEAN VCR 1.816

MEAN VCR
VCRS; OMITTED WHEN CALCULATING MEAN

At



FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-E LAB ID NUMBER: 40HE

DISK 1
20

DISK 2
15KEV 15 25 10 20

VCR
SITE 1

2
3
4
5
6

3.949*
6.621
5.860*
4.656*
4.044*
3.902*

4.907
6.065*OM
7.302

5.826 4.238*
3.803*
3.826*
4.681*
4.006*
5.078*OM

6.239 7.347

6.288
6.689

DISK 1 MEAN VCR 4.482 DISK 2 MEAN VCR 4.111

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE
- FIELD ID NUMBER: 22068502-F LAB ID NUMBER: 4OMF

(Q2C)

DISK 1
15

DISK 2
20KFV 10 20 15 25

VCR
- SiTE 1

2
3

5
6

2.973 2.815* 3.050
3.063*
3 .111*
3.061*
2.881*
3. 181*0M

4.645*0M 4.9uC
3.904*
3.561*
4.184*
3.519*
3.059*

5.330

-I

DISK 1 MEAN VCR 2.986 DISK 2 MEAN VCR 3.645

* = VCRS USED IN CALCULATING MEAN VCR
Om = OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS



-FIELD SITE: PORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-G LAB ID NUMBER: 40MG

DISK 1
10 15 20

DISK 2
25 15 20KEV 25

VCR
SITE 1

2
3
4
5
6

9.439 6.718*016.873 7.058
6.827 6.504 6.378*

5.864*
5.462

6.812 5.738* 6.520
5.865* 5.923

7.257 6.176* 6.271
5.852* 6.015
5.923 5.886*

5.144*
5.141*

5.407* 6.158

DISK 1 MEAN VCR 5.861 DISK 2 MEAN VCR 5.486

* a VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

_ FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-H LAB ID NUMBER: 40MH

DISK 1
15 20 25

DISK 2
20 25KEV 30 30

- VCR
SITE 1

2
3
4
5
6

6.110 5.214 5.148*
5.159* 5.300

S.815
5.896

5.259
5.208*
5.381*
5.178*

7.179 6.269 6.230*OM
5.767* 5.911

6.237 6.052 5.575*
5.866*

6.406 6.512 6.187*
5.770* 5.7905.760 5.375*

DISK i MEAN'VCR 5.214

* = VCRS USED IN CALCULATING MEAN VCR
OM = OMIT - HIGHEST CR-OF * VCRS; OMITTED
VCRS --

|' _ A _~~~~~~~~~~.

DISK 2 MEAN VCR 5.833

WHEN CALCULATING MEAN



FIELD-SITE. FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-I LAB ID NUMBER: 40MI

KEV

VCR
SITE 2

2

4
5
6

DISK I
10 15 20

5.529* 9.011 9.860
6.470* 9.975

11.013*OM11.064
5.783* 9.824
5.955*-.
8.913* 10.617

DISK 2
1S 20 25

5.281' 5.948
6.350 6.198* 7.947

7.356*OM 7.781
5.436* 6.658

5.217* 6.134
5.991* 6.536

I DISK 1 MEAN VCR 6.530 DISK '2 MEAN VCR 5.625

* * VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF I VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

.

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELV ID NUMBER: 22068502-J LAB ID NUMBER: 40MJ

DISK 1
20 25

DISK 2
30 15 20 25KEV

VCR
SITE 1

2
3
4
5
6

5; 555
6.418

6.058
5.949

5.396*
5.933
5.289*
5.922
5. 693*
5.781*

5.603 5.295
5.453* 5.808

4.895*
5.901*0M

4.885*
5. 122*

5.893
5.048*
5. 186*

5.363

5.272*0M

DISK 1 MEAN VCR 5.522 DISK 2 MEAN VCR 5.027

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - I:ICHES. VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SI'E:. FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)



FIELD ID- HUMBER: H100285-20 LAB ID NUMBER: 40MM

DISK 1
20 25KEV

VCR
SITE

30

1 3.624
2
3
4
5
6

3.365 3.217*
3.408* 7.1

3.588 3.558*OM
3.411 3.279*

3.347*
3.428*

DISK 2
is 20 25

5.676* 6.009
699 6.483*0M6.491

6.687 6.286*
5.281
5.696
4.904*

30

5.892
6.671
6.312
5.174*
5.066*
5.379

DISK 1 MEAN VCR 3.336 DISK 2 MEAN VCR 5.421

* a VCRS USED IN CA7. ULATING MEAN VCR'
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

'- FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: H100285-21 LAB ID NUMBER: 4OMN

DISK 1 DISK 2
20 25 30 20 25 30KEV

VCR
SITE

IF
1
2
3
4
5
6

7.317*--
7.280*

12.651

7.7665 7.464
7.378
9.435*OM
6.790*
7.096*
6.623*

'.090* 5.866
6.754 S.454*OM

5.500* 5.808
5.006*
5.019*
6.014*

DISK 1 MEAN VCR 7.021 DISK 2 MEAN VCR 5.326

* = VCRS USED IN CALCULATING MEAN VCR
OM - oMrT - HRGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS -

FIELD SITE: FORTYM:LE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: H100285-22 LAB ID NUMBER: 40MO

,_



KEV
VCR
-SITE 1

2
3
4
5
6

DISK 1
20 25

4."3 4.326*
4.593* 4.829

5.113*
4.671*
4.601*

5.342*0M6.371

30

4.686
5.236

6.374

DISK 2
15 20 25

4.082*
5.122 4.867*

5.966
5.313 5.133*

5.150

4.764
5.066
5.889*OM 6.829
5.646
4.915*
4.430*

30

DISK 1 MEAN VCR 4.661 DISK 2 MEAN VCR 4.685

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (02C)
FIELD ID NUMBER: H100285-23 LAB ID NUMBEr: '.OmP

DISK 1 DISK 2
KEV

VCR
SITE

20 25 20 25

1
2
3
4
5
6

3.702* 3.812
3.840.. 3.753*

3.787*
3.701*
3.844*OM
3.372*

3.904
3.373*
4.031

3.786*

3.780*
3.856*OM
3.818*
3.482*

DISK 1 MEAN VCR 3.663 DISK 2 MEAN VCR 3.649

* = VCRS USED IN CALCULATING MEAN VCR
OM = OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: H100285-24 LAB ID NUMBER: 40MR

DISK 1 DISK 2

wk
-. - %r



XEV 25- 30 25 30

VCR
SITE 1

2
3
4
5
6

4.439 4.122*
4.583*0M4.596

4.218*
4.803 4.536*
4.747 4.524*

4.431'

3.496
3.799*
3.901*
4.553

3.300*
3.856
4.055
4.467*0O
3.445
3.459*

DISK 1 MEAN VCR 4.366 DISK 2 MEAN VCR 3.581

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCF -

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TEPFACt: (Q2C)
FIELD ID NUMBER: H100285-25 LAB ID NUMBER: 4OMS

DISK 1
15 20

DISK 2
20 25 30_ KEV 25 15

VCR
SITE 1

2
3
4
5
6
7

3.744*
3.883*
4.381*
5.509*
4.942
7.111

4_027-
4.087
4.749 4.569
5.678 6.331
4.525*
6.072*0M6.082

8.974 7.576*0M8.792
5.469 5.46S
4.616*

5.066* 5.267
8.135 7.451*017.877
7.374 5.530* 5.786

6.297* '-461

9.372

6.701

- DISK 1 MEAN VCR 4.408 DISK 2 MEAN VCR 5.395

* = VCRS '-ZED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: H100285-26 JAB ID NUMBER: 4OMT

DISK I DISK 2



KEV 15 20 25 5s 20 25

VCR
SITE I

2
3
4
5
6

3.185*
3.261*
4.579
3.447

3.210 3.312
3.286
3.691*0f
3.279*
2.941*
3. 164*

3.820* 3.831
3.513*

3.758* 3.821
4.233
4.184
3.933*

3.914*
4.091*
4.341

DISK 1 MEAN VCR 3.166 DISK 2 MEAN VCR 3.788

* - VCRS USED IN CALCULATING MEAN VCR
OM - OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS

- FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NJUMBER: H100285-.7 LAB ID NUMBER: 401U

Nx

DISK 1
20 25

DISK 2
25 30_ KEV 30 15 20

VCR
SITE 1

2
3
4
5
6
7

4.264
4.008
4.395
4.248
4.557

4.248*OM
3.826*
4.186*
3.937*
4.327 4.153*
3.989 3.858*

3.130*
3. 856
3.904

3.644* 3.759
3.436
3.759 3.740*0M
3.719*0M3.746

3.454* 3.580
4.023 3.702 3.656*

3.791 3.686*

DISK 1 MEAN VCR 3.992 DISK 2 MEAN VCR 3.514

* = VCRS USED IN CALCULATING MEAN VCR
OM = OMIT - HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
'JCRS

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: H100285-28 LAS ID NUMBER: 40MV

DISK 1 DISK 2



10. 15 20 25 15 20 25

VCR
SITE 1

2
3
4
S
6

J3.411
3.481*
3.987

3.821 3.795*
3.419
3.594*

4.147
3.575
3.948*0M
3.857
3.316*
3.932

3.890 3.610
3.993 3.923

3.524*
3.828 3.531*

3.5940M
3.265*

3.557 3.512
3.452*

DISK 1 MEAN VCR 3.519 DISK 2 MMAN VCR 3.457

* - VCRS USED IN CALCULATING
OM - OMIT - HIGHES'r VCR OF *
VCRS

MEAN VCR
VCsiS; OMITTED WY _I CALCULATING MEAN

��1.

ii I

TABLE OF DISK VCRS TO BE USED TO CALCULATE CATION RATIO FOR DEPOSIT:
FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C) CALIBRATION POINT
(PUBLISHED INl TABLE '1. HARRINGTON- AND WHITNEY, 2987, SCANNING
ELECTRON MICROSCOPE METHOD FOR ROCK-VARNISH DATING: GEOLOGY, V. 15,
p. 967-970).



DEPOSIT DISK I VCR DISK 2 VCR

40MA 3.671 3.603
40MB 5.318 5.222
40MC 6.474** 7.020**
4OMD 1.783 1.816
apt 40?M 4.482 4.111
4OMF 2.986 3.645
40MG 5.861 5.486
40MH 5.214 5.833
40MI 6.530** 5.625
40HJ 5.522 5.027

40?M 3.336 - 5.421
4OMN 7.021** 5.326
40M0 4.661 4.685
OHP 3.663 3.649
40MR 4.366 3.581
40MS 4.408 5.395
40MT 3.166 3.788
40MU 3.992 3.514
40KV 3.519 3.457

MEAN VCR FOR FORTYMILE WASH
UPPER ALLUVIAL TERRACE (Q2C) 4.34+/-1.04

In the samples collected from the Q2C terrace, several samples
appeared to show abrasion of the varnish and revarnishing. A larger
group of samples. were collected to provide a calibration VCR of

* greater reliability. Samples showing anomalous VCRs (high) ard
evidence of partial or total stripping of varnish from the clast by

_~ 5abrasion (Samples marked **;-.40MC and disk I from 40MI and 4OMN)
_ _ were not used to calculate the mean VCR for the Q2C terrace.

.
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Atlashment 3

TABLE OF DISK VCRS TO BE USED TO CALCULATE CATION RATIO FOR
DEPOSIT: RED CONE LAVA FLOWS (RC) CALIBRATION POINT (PUBLISHED IN
TABLE 1, HARRINGTON AND WHITNEY, 1987, SCANNING ELECTRON MICROSCOPE
METHOD FOR ROCK-VARNISH DATING: GEOLOGY, V. 15, p. 967-970).

DEPOSIT
FIELD IDI
H100385-20 I
H100385-21 I
H100385-22
1100365-23
H100385-24
h100385-25
23068505-Z

LAB IDI
tCH
tCN

RCO
RCP'
RCT.
RCU
RCZ

DISK 1 VCR

3.0564*
2.331
2.247
3.101**
2.236
2.497
2.466

DISK 2 VCR

3.211"*
2.210
2.127
2.266
2.426
2.435
2.404

MEAN *:CR FOR RED C:!E LAv'; FLOW (RC) 2.33+/-0.11
i I

I- -

ALL SAMPLES WERE RUN
CALCULATED FOR A SINGLE
REPRESENTS THE MEAN VCR

AT 30KEV, THEREFORE ONLY ONE VC-: WAS
ANALYTIC SITE. THE DISK VCR IN THE TABLE
FOR SIX ANALYTIC SITES ON THAT DISK.

SAMPLE RCM AND DISK 1 FROM SAMPLE RCP WERE NOT usrD TO CALCULATE
THE MEAN VCR BECAUSE OF THE SIGNIFICANTLY HIGHER CATION RATIOS
OBTAINED FOR THESE DISKS.

.0,0 46Q.~q~
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Allaebmeat 4

TABLE OF DISK VCRS TO BE USED TO CALCULATE CATION RATIO FOR
DEPOSIT: BLACK CONE LAVA FLOW (BC) CALIBRATION POINT (PUBLISHED IN
TABLE 1, HARRINGTON AND WHITNEY, 1987, SCANNING ELECTRON MICROSCOPE
METHOD FOR ROCK-VARNISH DATING: GEOLOGY, V. 15, p. 967-970).

DEPOSIT
FIELD IDI
23068501-A
23068501-B
23068501-C
23068501-D
23068501-El

23068501-E2
230685Clt-F
230686 -H
23068501-J

LAB IDJ
BCA

BCB
BCC -
BCD
BCE1

BCE2
BCF
BCH
BCJ

DISK I VCR

1 977
2.012
2.018
2.561
2.435

2.238.
- 935

_. .40

DISK 2 VCR

2.033
2.304
1.493
2.433
2.169

2.448
1.662

1.6..

I -

MEAN VCR FOR BLACK CONE LAVA FLOW (BC) 2.: 3+/-0.27

ALL SAMPLES WERE RUN AT 30KEV, THERrFORE ONLY ONE VCR WAS
CALCULATED FOR A SINGLE ANALYTIC SITE. THE DISK V'R IN THE TABLE
REPRESENTS THE MEAN VCR FOR SIX ANALY-IC :ITES ON THAT DISK.

ib
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Volumetric analysis and interpretation of debris eroded from a hillslope
during convective rainstorms near Yucca Mountain, Nevada

Jeffrey A. Coe US Geological Survey, MS 425, Box 25046, Denver Federal Center,
Denver, CO 8022S

Patrick A. Glancy US Geological Survey, 333 W. Nye Lane, Carson City, Nevada
89706

John W. Whitney US Geological Survey, MS 425, Box 25046, Denver Federal Center,
Denver, CO 80225

ABSTRACr

On July 21 or 22, 1984, debris flows occurred on the south hillslope of Jake Ridge, about 6

km cast of the crest of Yucca Mountain. Precipitation gages near Jake Ridge recorded 65

mm and 69 mm on July 21, and 20 mm and 17 mm on July 22, respectively. Rainfall rates

ranged up to 73 mm/hour on the 21st and 15 mm/hour on the 22nd. Digital elevation

models (DEMs) with 2.0 m spatial resolution, measured from pre-storm and post-storm

aerial stereo photographs using an analytical stereo plotter, were used to map hillslope

erosion and the downslope distribution of debris. Volumes were calculated by numerical

integration of a difference DEM created by subtracting the pre-storm DEM from the post-

storm DEM. Volumetric calculations show that about 3640 m3 (5 percent) of the available

hillslope debris was eroded during the two-day storm period. The maximum and mean

depths of erosion were 1.2 m and 0.092 m, respectively. Modern debris flows such as these

are infrequent events at Yucca Mountain, as evidenced by the preservation of middle-

Pleistocene hillslope deposits and the lack of erosional scars on hillslopes.

INTRODUCIION

Yucca Mountain, Nevada (fig.1) is the site the U.S. Congress selected for characterization

as a potential underground, high-level, nuclear-waste repository (U.S. Department of

Energy, 1988). Two elements of the site characterization plan are: 1) determination of



flood and debris-flow hazards to surface facilities and transportation routes that would be

built in support of the repository, and 2) analysis of modem hilislope erosion. Glancy (in

press) has documented multiple debris-flow deposits of Quaternary age exposed by

trenches excavated near the location for two exploratory shafts (DOE, 1988; fig. 6-59) that

were planned prior to the relocation and reconfiguration of the underground exploratory

studies facility for ramp access. These paleoflood deposits indicate that debris flows have

occurred in the general area of the site in the past and should therefore be expected in the

future. As part of the site characterization process, our study examines modem debris

flows that occurred on July 21 or 22, 1984, following intense rainfall on the south-facing

hillslope of Jake Ridge (geographic name from Scott and Bonk, 1984), a flat-topped ridge

about 6 km east of the crest of Yucca Mountain (fig. 1). These debris flows stripped a

portion of the upper hillslope of colluvium, deepened and widened existing hillslope

channels, created new channels on the lower hillslope, and deposited debris up to 1.2 m

deep on a dirt road at the base of the hillslope. Our investigation provides the first known

data for the Yucca Mountain area that documents the occurrence of modem debris flows,

and gives a sense of the amount and intensity of precipitation that triggered the flows.

An important aspect of analyzing modem hillslope erosion, as well as potential flood and

debris-flow hazards, is correlating individual storm events with the corresponding volumes

of sediment eroded by runoff. Field measurements of sediment eroded from hillslopes by

runoff in arid-to-semiarid climates are difficult because precipitation events capable of

causing noticeable erosion are infrequent and geographically localized. Measurement

techniques range from repeated measurements of painted surface clasts or lines of stakes.

to sediment traps on slopes or in channels (Goudie, 1981, p. 156-180). Measurements of

debris eroded during single large storms are uncommon, and the above-mentioned

traditional techniques of measurement are not well suited for recording large volumes of

sediment eroded during sudden events. Typically, after large storms, the volume of eroded
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sediment is calculated by estimating or surveying the thickness and areal extent of debris

deposited at the base of slopes or in channels (Beaty, 1970, Williams and Costa, 1988,

Wobl and Pearthree, 1991). In this report we use a photogramnmetric method to quantify

the volume and redistribution of unconsolidated colluvium eroded from Jake Ridge during

an unusually large storm. This volumetric analysis, combined with an understanding of the

geologic and climatic setting, and a hydrologic analysis of the precipitation event that

caused the hillslope erosion, help to establish the bases to characterize potential debris

flow hazards and modern hillslope erosion in the Yucca Mountain area

SElTING

Geology

The Yucca Mountain area is underlain by a thick, volcanic sequence of silicic ash-flow and

air-fall tuffs, rhyolite lava flows, and tuffaceous sedimentary rocks of Tertiary age. Yucca

Mountain itself is made up of the Topopah Spring, Pah Canyon, Yucca Mountain, and Tiva

Canyon Members of the Paintbrush Tuff (Scott and Bonk, 1989). The Topopah Spring

member also caps Jake Ridge. The Jake Ridge hillslope, however, is underlain by light

colored, interlayered rhyolite flows and non-welded tuffaceous beds that outcrop in the

Calico Hills area (Christiansen and Lipman, 1965, Frizzell and Shulters, 1990). The

volcanic rocks of Calico Hills are part of a sequence of rocks of Tertiary age that form a

regional tuff aquitard. Whereas, the Paintbrush Tuff, and the volcanic sequence above it,

form aquifers with coefficients of transmissibility ranging from 100 to 100,000 gallons per

day per ft. (Winograd and Thordarson, 1975, p. 10). Jake Ridge, therefore, is capped by a

member of the aquifer, but underlain by a member of the aquitard.
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Hillslopes in the Yucca Mountain area are mantled by coarse-grained bouldery colluvium

and fine-grained colian deposits that are generally less than 2.5 m thick. Cation-ratio age

estimates of varnished relict colluvial-boulder deposits in the Yucca Mountain area range

from about 150 ka to 12 Ma (Whitney and Harrington. in press). The presence of these

relict deposits indicates a condition of long-term slope stability during multiple climatic

cycles of Quaternary age. Slope degradation marginal to these dated deposits ranges from

0.2 to 7 mm/ka (Harrington and Whitney, 1991; Coe et al, 1993). These long-term erosion

rates are similar to those calculated in the nearby western Mojave Desert (Oberlander,

1974).

Jake Ridge, the southern end of Joey Ridge (geographic name from Scott and Bonk, 1984)

directly to the west, and the northwest-facing side of Skull Mountain about 20 km east of

Yucca Mountain, are anomalous to the Yucca Mountain area because fresh erosional scars

are visible on their hillslopes. The most prominent of these scars are found at Jake Ridge

and Skull Mountain, both of which resulted from debris flows caused by rainstorms in the

summer of 1984. The hillslope at Jake Ridge is mantled by less than 2 m of bouldery

colluvium and has a gradient that ranges from about 310 just below the caprock, to about 5°

at the base of the slope (fig. 2). The top surface of the ridge, a dip slope on the resistant

caprock, grades slightly (40) to the southeast and is covered by a thin mantle of cobbly

colluvium. The hillslope drains into a tributary of Fortyrnile Wash; the main drainage

channel on the east side of Yucca Mountain.

Vegetation

Vegetation consists of a mixture of desert shrubs that prominently include creosote bush. a

variety of saltbushes (atriplex genus), and several species of cacti and Yuccas; grasses are

scarce, and trees (pinon-juniper forest assemblage) are found only in neighboring high-
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altitude areas. This vegetation assemblage provides only weak land-surface protection

during intense precipitation events.

Climate

The Yucca Mountain area is in a transitional climatic zone between the mid-latitude,

southern-Great-Basin desert, and the low-latitude, northern-Mojave desert (Houghton, et

al, 1975). As such, the area has a dry, semi-arid, continental climate that is characterized

by cool-to-cold winters and hot-to-very-hot summers. Analysis of two years of temperature

records (1988-1989) shows mean-monthly temperatures that range from 3.90C in January to

28.90C in July (Whitney and Harrington, in press). Extreme temperatures from the same

time period range from -3.90C in January to 40.60C in July.

Mean-annual precipitation at and near Yucca Mountain ranges from about 125 to 150 mm

(Quiring, 1983). Annual precipitation data from 13 U.S. Weather Service stations (Water

Years 1965-81) indicate a bimodal distribution of precipitation, with one maxima in the

cool season (Oct.-April) and the other in the warm season (May-Sept.). About 70 percent

of the annual precipitation falls during the cool season and 30 percent during the warm

season (Quiring, 1983).

Severe Weather Systems That Affect The Region

There are four predominant types of severe weather systems that affect the Yucca

Mountain area; cold-winter storms, warm-winter storms, tropical cyclones, and convective

summer storms. All of these systems have the potential to produce precipitation at a rate

that exceeds the infiltration rate of the land surface, and therefore cause flooding. The

Pacific ocean is the source of nearly all moisture for these storms (Hirschboeck, 1991).
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Cold-winter storms typically bring polar maritime moisture from the northwest These

storms usually bring snowfall and rarely cause flooding Occasional warm-winter storms

from the west and southwest can cause persistent heavy rainfall that results in major

streamflows and flooding throughout the region. These warm-winter storms can also spawn

localized cells of intense precipitation that cause severe runoff within localized areas.

Tropical cyclones during late summer and early autumn occasionally bring large amounts

of moist, warm air over southern Nevada (Hirschboeck, 1991). These cyclones can also

affect large or localized areas with heavy rainfall amounts and intensities. Tropical

cyclones and warm-winter storms are relatively infrequent but probably generate the

largest volumes of streamnflow and floodwater throughout southern Nevada.

A monsoonal flow of atmospheric moisture usually occurs each summer in southern

Nevada for at least several days, although some years it is recurrent and quite persistent.

This moisture is important to the formation of summer convective storms. Severe-localized

convective, summer storms, or thunderstorms, are the major cause of flash floods in small

drainages throughout the region. These local thunderstorms can yield rainfall in excess of

the expected seasonal amount (about 50 mm) in less than an hour. Precipitation from

these storms can be compounded when convection occurs in conjunction with frontal

convergence and orographic uplifting (Hirschboeck, 1991). The largest of these storms in

regard to areal coverage and storm-yield potential are characterized as mesoscale.

convective-complex storms (Hirschboeck, 1991). These major convective storms can be

especially intense and violent when warm, moist air masses are intercepted by through-

moving frontal systems. A particularly devastating example of this type of storm in

southern Nevada during 1981 was described by Randerson (1986).

Precipitation during 1984
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The 1984 Water Year (Oct. 83 - Sept. 84) was one of anomalous precipitation conditions

throughout southern Nevada. The temporal distribution of precipitation in 1984 was out of

phase with the normal long-term annual average of about 70 percent falling during the cool

season and 30 percent falling during the warm season. Precipitation averaged about 1.3

times normal during the early cool season (Oct.-Dec.) and less than 10 percent of normal

during the late cool season (Jan.-Apr.) and early warm season (May-June). July and

August were extremely wet with overall rainfall on the order of 600 percent of normal (U.S.

National Weather Service, unpublished Nevada Test Site data). On an annual basis, 1984

precipitation averaged about 12B percent of normal.

Reasons for these unusual precipitation conditions during 1984 are not clearly understood,

but one possible cause could be the temporal proximity of the summer of 1984 to the

recessional phase of the 1982-83 El Nino. The 1982-83 El Nino has been rated as the

largest in a century (Keen, 1987). This El Nino caused abnormally heavy precipitation

across broad areas of the western U.S. during both the 1981-82 and 1982-83 winters. The

weather related effects of this El Nino seem to have peaked during the winter of 1983-83.

During the winter of 1983-84, effects of the El Nino lingered (Keen, 1987), but were not as

areally extensive as the previous winter. The subsequent, exceptional-wet period of July

and August, 1984, follows too closely to the three previous wet winters to not be suspected

as the waning gasp of this El Nino.

July, 1984 rainfall near Yucca Mountain and Jake Ridge prior to July 19 was minimal (U.S.

National Weather Service, unpublished data). Two precipitation gages, one at the east

base of Yucca Mountain, about 5.4 km southwest of Jake Ridge (gage YA, fig. 1), and the

other (gage YR, fig. 1) near the crest of Yucca Mountain 75 km southwest of Jake Ridge,

registered 0.25 mm and 4.8 mm, respectively, on July 19 (Hugh Church, Sandia National
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Laboratory, 1985, written comnmunication). Neither these gages, or National Weather

Service gage (gage 4JA, fig. 1) registered any precipitation on July 20. Therefore, rainfall

antecedent to July 21 at Jake Ridge appears to have been minimal, and a dry-colluvial

mantle probably prevailed throughout the Yucca Mountain area.

THE JULY 21 AND 22, 1984 STORMS

The storms that caused the July 21 or 22, 1984, debris flows at lake Ridge were localized

convective storms that occurred during the early part of the summer's monsoonal storm

period.. Daily satellite images from mid-June thru August, 1984, show that this storm

system was part of a regional atmospheric flow system that brought moisture over a large

area of the southern Great Basin.

Rainfall at Yucca Mountain began during the early-morning hours of July 21 (fig. 3).

About 4 mm of rain fell at the eastern base of the mountain between 0544 hours (Pacific

Standard Time) and 0644 hours. About 11 mm fell at the crest between 0519 and 0719

hours. The next ten hours were dry. Heavy rainfall commenced during the late afternoon

(about 1739 hrs.) and continued until about 1959 hours. Rainfall intensities reached 73

mm/hr. at gage YA and 46 mm/hr. at gage YR. Cumulative precipitation amounts for the

afternoon-evening storm were about 60 mm and 58 mm at the YA and YR gages.

respectively. The heavy rainfall was apparently fairly localized because gage 4JA (fig. 1),

about 14 km east-southeast of the Yucca Mountain gages, only recorded about 8 mm of

rain during the entire day (U.S. National Weather Service Nuclear Support Office, written

communication, 1984).

Rainfall began again on July 22 during the early-morning (0624-0644 hrs.) at gage YA and

during mid-morning (1019-1039 hrs.) at gage YR (fig. 3). Rain continued until the mid-
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afternoon (1424 hrs.) at gage YA and until late-afternoon (1659 hirs.) at gage YR.

Cumulative rainfall amounts and maximum intensities for the day were 20 mm and 15

mm/hr. at gage YA, and 17 mm and 12 mm/hr. at gage YR.

Some of the runoff from the storms was recorded by a stream gage (SG, fig 1) in Fortymile

Wash, about 1.2 km east and slightly upstream of Jake Ridge. Flow began at this gage on

July 21 at about 1900 hours (fig. 4). This flow peaked at 21 m 3/sec. within about 1 1/2

hours and then began to rapidly recede: The flow receded to less than 1 m 3/sec. by 2200

hours (total flow-time of about 3 hrs.) which further substantiates that this storm was quite

areally localized (total drainage basin area upstream from gage SG is about 650 km2). A

second smaller runoff pulse (peakflow of about 15 m 3 /sec.), recorded by the gage at about

2230 hours, indicates more storm activity upstream. The precise location, timing, and

magnitude of the rainfall that caused the second runoff pulse at the stream gage is

uncertain. The second pulse may have been the result of a different storm cell, or from the

same storm cell as it moved further upstream along Fortymile Wash; in either case, the

runoff-pulse arrival could have been delayed by its greater distance of origin from the gage.

A third major streamflow pulse began on July 22 about 1130 hours and peaked at about 1

m3 /sec. at 1300 hours; this flow continued for 13 hours, ending about 0030 hours on July

23.

THE DEBRIS FLOWS - FIELD OBSERVATIONS

We discovered fresh debris-flow scars and deposits at Jake Ridge on August 16, 1984.

Later inspection of July and early August precipitation data from gages YA and YR

revealed the July 21 and 22 rainfall as the sole candidate for initiating the debris flows.

Visual examination of other hillslopes to the southwest at Yucca Mountain during the

middle of August indicated no other discoveries of debris flows or mass-movement failures
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attributable to the July 21 and 22 rainfall, although there was abundant evidence of water-

dominated sediment transport in many ephemeral stream channels. The anomalous

occurrence of debris flows at Jake Ridge implies that (1) Jake Ridge received greater or

more intensive rainfall than to the southwest at Yucca Mountain, and/or (2) the hillslope

characteristics at Jake Ridge made it more susceptible to debris flows.

Post-storm field observations revealed no evidence for intense runoff from the Jake Ridge

hilltop, which is thinly mantled by unconsolidated sediment Some water may have

percolated down through the cobble mantle on the hilltop into the underlying fractured

caprock and then exited the fractures at the cliff above the colluvial mantled hillslope. This

mechanism may have been an initiating or contributing factor to debris movement by

helping to saturate the colluvium on the upper slope or by acting as a point source for

water flow. Debris movement was probably triggered by soil-slip failures (Campbell, 1975,

Ellen and Fleming, 1987) and channel scour.

The source area for much of the eroded debris at Jake Ridge was between 25 and 80 m

below the top of the ridge. Water and debris widened and deepened existing channels on

the upper and middle slope (fig. Sa), and cut new channels predominantly on the lower

slope (fig. 5b). Boulder-laced levees formed marginally to channels on the middle and

lower hillslope. These levees, as well as bouldery lobe deposits that contained a fine-

grained matrix (described in the next paragraph), were the criteria (from Costa, 1984) used

to classify the runoff as debris flows, rather than Newtonian, or water-dominated flows.

Three main deposits from the debris flows were noted: (1) a debris lobe located about

halfway down the large tributary channel that feeds into Fortymile Wash (fig. 6), (2) a

debris lobe on the road at the base of the main hillslope channel (fig. 7a and 7b), and (3)

an elongated area of debris deposits along the southern most, east-west trending channel
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that drains the hillslope (fig. 7a). Debris in the tributary depositional lobe is poorly sorted

and contains boulders (up to 0.5 m in diameter) from the Jake Ridge hillslope as well as

from Fortymile Wash terrace gravels. The terrace gravels are cut by the tributary channel

downstream from the base of the Jake Ridge hillslope. The lobe occurs as a fan where the

tributary widens (fig. 6). The depositional lobe on the road is poorly sorted and contains a

fine-grained matrix. It was deposited as a fan where the hillslope flattens to about 50 (fig.

7a). Debris deposits on the road and along the east-west tributary both contain boulders

up to about 1 m in diameter (fig. 7b). At the intersection of the tributary and Fortymile

Wash no debris larger than cobble size was observed.

PHOTOGRAMMETRY

Photograrnmetry is the science of obtaining reliable measurements from photographic

images (Slama, et al., 1980). The most common use of photogrammetric techniques is the

production of topographic maps from stereographic aerial photographs. Photogrammetric

techniques and multiple sets of stereo photographs taken during successive time increments

(multi-temporal) provide an ideal means of recording topographic change caused by active

processes. Examples of processes that have been studied using photogramnetry include,

mass movements (Chandler and Moore, 1989; Baum and Fleming, 1991), volcanic activity

(Jordan and Kieffer, 1981; Thompson et al., 1992), glacier mass balance and dynamics

(Lundstrom et al., in press), tectonism (Bucknam, 1987; Fairer et al., 1989), and erosion

(Mills and Keating, 1992; Mills, 1992; Coe et al., 1993).

Digital elevation models (DEMs), often derived directly from photogrammetric

measurements, provide a three-dimensional representation of the earth's surface.

Commonly available DEM data, such as USGS-7.5-minute-quadrangle DEM data with 30

m resolution, are often used as a base on which to overlay and geometrically rectify
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thematic-image data (eg. Toutin, Ce al, 1991). Perspective-view and shaded-relief maps

are often created from DEMs for landform analysis (eg. Thelin and Pike, 1991). DEMs

have been used for geomorphologic applications but their spatial resolution is typically not

adequate for large-scale studies of small individual landforms (eg. Band, 1986, Tribe,

1991).

Volumetric analyses using photogrammetrically-derived, elevation measurements from

multi-temporal sets of stereo photographs are common in civil engineering, cut-and-fill

problems and stock-pile inventory applications (eg. Massa, 1958, Huberty and Anderson,

1990). Typically, such volumetric analyses involve the calculation of elevation differences

between successive sets of cross-section or DEM measurements, and then numerically

integrating these differences to calculate volumes of material lost or gained. This approach

can also be applied to geornorphology studies that examine recent modifications of the land

surface.

Our study uses DEMs with 2.0 m spatial resolution, measured from multi-temporal, aerial

photographs, to examine changes in the land-surface at Jake Ridge. Pre-storm

photographs were obtained from the extensive photographic inventory that is available for

the Yucca Mountain area and post-storm photographs were taken in 1991.

Stereo Pair Orientation and DEM Measurement

DEMs were measured from pre-storm (1982, 1:8000 scale) and post-storm (1991, 1:3000

scale, fig. 8) stereographic pairs. The 1982 photographs contained a previously identified

set of easting, northing, and elevation (xyz) ground-control points. The 1982 stereo pair

was oriented (see Hunter and Smart, 1988, Ghosh, 1988) to these ground-control points in

a Kern DSR15, analytical-stereo plotter (Chapuis and van den Berg, 1988). After the
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1982 stereo pair was oriented in the plotter, the xyz coordinates of points that were photo-

identifiable in the 1982 and 1991 photography were recorded and transferred to the 1991

stereo pair. These photo-identified points were then used as ground-control points to

orient the 1991 stereo pair in the plotter. Using this orientation procedure, the 1982 and

1991 photographs tied together to within an overall xy-standard deviation of 0.14 m and an

overall z-standard deviation of 0.14 m. If the 1982 photographs were of a larger scale (e.g.,

1:3000), the orientation error would have been significantly lower.

Each DEM, which consisted of an xyz grid with 2.0-m-xy-spatial resolution, was measured

from within a 48,390 m2-polygonal-study area of each stereo pair (fig. 8). The boundaries

of the grid window and the 2.0-m grid spacing were defined digitally. Kern grid

measurement software moved the measuring mark of the plotter to each xy grid node along

2.0 m spaced lines trending south to north. After the software locked the xy location of the

measuring mark on each grid node, the plotter operator moved the measuring mark to the

surface of the ground and recorded the elevation (z value). The same xy-grid-node

locations were occupied and measured in each stereo pair. About 12,000 elevation points

were measured in each stereo pair. Because the elevation data were measured on the

regularly spaced xy grid, no grid interpolation was necessary to create the DEMs. As a

final step, these DEM data sets were imported into potential-field-geophysical software

(Cordell et al., 1992) to create and plot color-shaded-relief DEM maps (fig. 9a and 9b).

These maps have color-contour intervals of 4 m and show changing elevations and slopes

within the study area. The maps are shaded from an azimuth of N.90"E. with a sun angle of

80° above horizontal. These shading parameters were selected to highlight the hillslope

channels that trend north-south to northwest-southeast.

* Use of trade names is for descriptive purposes only and does not imply endorsement by

the USGS.
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Comparison of 1982 and 1991 DEM maps

Differences between the 1982 and 1991 DEM maps are visually striking. The 1982 map

contains more noise (pock marks) than the 1991 map because of the poorer resolution of

the 1:8000-scale, 1982 photography, a condition which adversely affected the operator's

ability to see and measure ground-surface elevations in some areas. Channels are well

defined and occur on the upper, middle, and lower hillslope in the 1991 DEM map, but are

generally limited to upper hillslope areas in the 1982 DEM map. The faint, northeast-

southwest trending lines in the southeast corner of the 1991 map are the sides of a dirt road

that runs through the study area. The road is visible because it was graded and debris was

piled along both sides of the road during cleanup after the 1984 storm. When selecting the

limits of the study area, areas of both positive and negative debris volumes caused by road

grading were included so that the volumetric results would not be skewed by the artificially

added or removed debris. Because the N.90"E.-shading azimuth is also normal to the

original north-south-trending-data-collection lines, slight traces of these lines are

highlighted in the lower central and eastern parts of the 1982 map. Data-collection lines do

not appear in the 1991 map.

VOLUMETRIC ANALYSIS

In order to perform a volumetric analysis, an elevation-difference DEM was created by

subtracting the 1982 DEM from the 1991 DEM (i.e., each 1982 grid node elevation was

subtracted from the elevation at the identical 1991 grid node). This elevation-difference

DEM and potential-fields software (Cordell et al, 1992) were used to plot an elevation-

difference map (fig. 10). Debris volumes were calculated by multiplying the elevation

difference at each node by the area of the cell (i.e., elevation difference x 4.0 m2), and
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summing. Elevation-difference values that fell within the 26.photogrammetric-orientadon-

error value (02&n, rounded to -tO03 m) were not used in the volume calculations.

Eleven polygons were chosen within the study area (fig. 10) to itemize volumetric results in

terms of depositional and erosional volumes, and to evaluate the error of calculated

volumes. Polygon 1 contains the overall hillislope area that was affected by the debris flows,

excluding the depositional (polygons 2 and 3) and inter-channel (polygons 4-11) areas.

Polygon 2 includes the depositional area on the road and polygon 3 includes the

depositional area along the southern channel. Inter-channel polygons occur between

channels and were not affected by the debris flows. These inter-channel areas were

identified from 1984-ground-based photography, taken about 1 month after the storm, and

from comparisons of 1982 and 1991 aerial photography. These areas are characterized by

mature, undisturbed vegetation, channel (debris-flow) levees at their outer edges, and lack

of erosional scarring and evidence of fresh deposition within their interiors. Selecting these

areas was a reasonably objective process, although we could not identify minor stripping of

colluvium or deposition of errant boulders (rockfalls) from the cliff that may have occurred

within the areas. Because the volume change in these polygons is theoretically zero, they

were used as control polygons to evaluate the error of volumes calculated for polygons 1-3.

RESULTS

Elevation-Difference Map

The elevation-difference map (fig. 10) shows areas of deposition (positive elevation-

difference DEM values) in red colors and areas of erosion (negative elevation-difference

DEM values) in purple colors. The yellow color on the map indicates areas that fall

between +03 m. Thus, the map reveals the distribution and relative amounts of erosion

and deposition that occurred during the 1984 storm. Note that the main depositional areas
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are near the road and along the east-west-trending southern channel, whereas the main

erosional areas are along channels and on the upper hillslope. Two areas of maximum

erosion occur on the upper hillslope (darkest purple) where large pieces of bedrock were

removed. The maximum depth of erosion caused by the 1984 flows, excluding the two

dark-purple areas, is about 1.2 m. This also constitutes the maximum thickness of

deposition at the base of the hillslope and in the tributary. Small areas within the main

depositional lobe at the road that show more than 1.2 m of deposition are the result of road

grading after the storm. The major patterns of erosion and deposition revealed by the

elevation-difference map, were verified by visual inspection in the field.

Volumetric Budget

Volumetric results for each polygon are summarized in table 1. Table la lists raw volumes

for polygons 1-3. These values show a negative volume change of 4,370 m 3 and a positive

volume change of 2,367 m3 within a total area of 39,7S2 m2. Tables lb and Ic contain the

volumetric results of inter-channel polygons 4-11, and corrected volumes for polygons 1-3,

respectively. If all of the photogrammetric-elevation measurements were perfectly

accurate, the sum of the volumes within each of the polygons in table lb would be zero.

The results in table lb, however, indicate that our volumetric error for individual polygons

ranges from -0.009 m 3 /m 2 to +0.039 m 3/m 2 (see volume-change column in table lb).

When all of the volumes from polygons 4-11 are summed, however, the result (+4 m 3) is

very close to zero. This indicates that our measurement error is random when all inter-

channel polygons are evaluated. The overall volumetric error for all of the inter-channel

polygons, which is calculated by dividing +4 m3 by the total area of the inter-channel

polygons (8638 m2), is less than 0.0005 m3 /m 2 . Because the inter-channel polygons are

distributed throughout the study area (fig. 10), we conclude that the random-measurement

error in the inter-channel polygons is representative of the measurement error in polygons
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1-3. Thus, the total volume sum in table la (-2003 m3) is accepted as a valid estimate of

the amount of material removed from the study area. However, the total positive (+ 160

m3) and negative (-157 m3) inter-channel-volume sums, given in table lb are too high and

too low, respectively (ie, they should both be zero). Because measurement error in these

inter-channel areas is representative of the areas of real change (polygons 1-3), the total

positive (+2367 m3), and negative (4370 m 3), raw-volume sums in table la must also be

too high and too low, respectively. To correct for this error, a volumetric correction factor

was calculated by dividing the positive and negative volume sums from the inter-channel

polygons by the total area of the inter-channel polygons (i.e, -160 m3 /8638 m2 and + 157

m 3/8638 m2). The mean-resulting value of + 0.0183 m 3 /m 2 was used as the volumetric-

correction factor. Multiplying this correction factor by the total area of polygons 1-3

(39752 m 2) yields a +727 m 3 volume correction. Applying this correction to the positive

and negative raw volumes yields corrected-volume sums of + 1639 m3 and -3642 m 3 (table

Ic). Dividing the total-negative-corrected volume (-3642 m3) by the total area for polygons

1-3 (39752 m 2) gives a gross, mean depth of erosion of -0.092 rn for the areas of known

elevation change on the hillslope. Of the total volume of sediment eroded, 45 percent

(1639 m3) was deposited within the study area and the remaining 55 percent (2003 m3) was

deposited in the tributary to Fortymile Wash, and within the main wash itself; both of

which are located outside the photograninnetric study area. This overall depositional

budget, as well as the budget for individual polygons, is summarized in table 2.

Possible Sources of Error

There are several possible sources of error (in addition to the random-photogrammetric-

measurement error mentioned in the previous section) that are inherent in our elevation-

difference map and volumetric results. The first is caused by the inherent assumption that

the pre-storm, and post-storm, sediment densities have not changed. In reality, this is not
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true. For example, some of the 1984-debris-flow levees consist of boulder-sized clasts and

lack the fine-grained matrix present in the original bouldery colluvium. This would

therefore tend to skew depositional volumes in a positive direction. Another factor that

would similarly skew the results is the fact that some areas on the hillslope were first cut by

erosion and then refilled by deposition. Where refilling occurred, the elevation difference

used to calculate the volume at these nodes would not account for the actual amount of

erosion that had taken place.

A factor related to the method's limit of resolving surface-elevation change would tend to

offset the errors stated above. As previously stated, any elevation change between +03 m

is shown as no change on the elevation-difference map, and was not included in our

volumetric calculations. In general, deposits from the debris flows tend to be flatter and

more laterally extensive than the eroded source areas on the upper hillslope. This would

tend to skew depositional volumes in a negative direction because more elevation changes

in depositional areas would occur between + 0.3 m than in erosional areas.

DISCUSSION

The preceding meteorologic, hydrologic, and volumetric analyses of the July 1984 storm

and debris flows provide an opportunity to expand upon what is now known about debris-

flow potential and modern hillslope erosion at Yucca Mountain. The following discussion

addresses these issues.

Local Hydrogeologic Controls and Debris-Flow Triggering Conditions

The July 1984 occurrence of debris flows at Jake Ridge, but not to the southwest at Yucca

Mountain where rain gages YA and YR were located, seems to indicate a variable
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susceptibility of Yucca Mountain area hillslopes to debris flows. Although slope gradients

and colluvial-cover thicknesses at Yucca Mountain and Jake Ridge are similar, Jake Ridge

may be more susceptible to the occurrence of debris flows because of differences in

underlying bedrock geology. Jake Ridge is underlain by the relatively impermeable

volcanic rocks of Calico Hills. Yucca Mountain is mostly underlain by fractured members

of the Paintbrush Tuff (Scott and Bonk, 1989). The fractured Paintbrush Tuff may allow

more infiltration of rainfall and runoff than the Calico Hills volcanic rocks. Although

multiple debris flows have occurred on- Yucca Mountain hillslopes underlain by the

Paintbrush Tuff (Glancy, in press), the amount and intensity of rainfall that triggered these

flows is unknown. During the July 1984 storm, the infiltration capability of the Paintbrush

Tuff may have reduced the cumulative colluvial saturation and hillslope runoff to a degree

that prevented debris-flows at Yucca Mountain.

The distribution of rainfall in the Yucca Mountain area on July 21 and 22 is uncertain.

Rainfall records from gages YR and YA, compared to records from gage 4JA, indicate that

rainfall was highly variable over a short distance (about 14 kmn). Jake Ridge may have

received substantially more or less rainfall (total accumulation and intensity) than at gages

YA and YR because of this localized rainfall variability. Because the bedrock at Jake

Ridge may be less permeable than that at Yucca Mountain (ie, more susceptible to

promoting debris flows) Jake Ridge could have received lower rainfall accumulation and

intensities than Yucca Mountain and still experienced debris flows.

The precise time of debris-flow occurrence at Jake Ridge is also uncertain. On the basis of

total accumulation and intensity records from gages YR and YA (fig. 3), debris flows most

likely occurred during the afternoon of July 21. The large runoff recorded on July 21 at

stream gage SG near Jake Ridge (fig. 4) supports a hypothesis of general similarity in

rainfall characteristics between Yucca Mountain and Jake Ridge, which further supports
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the occurrence of debris flows on July 21. However, because there was little antecedent

moisture in the colluvial mantle prior to the morning of July 21 when rainfall began,

rainfall on that day may have done little more than saturate the colluvium so that it was

more easily mobilized by less and lower-intensity rainfall on July 22. Thus, the exact time

of slope failure remains uncertain. Consequently, more data are needed before any type of

rainfall-intensity and duration limiting threshold can be developed for predicting debris

flows in the Yucca Mountain area.

Colluvium Removed by the 1984 Debris Flows

Our volumetric results indicate that about 3640 m3 of sediment was eroded from the south-

facing hillslope of Jake Ridge. The entire south-facing hillslope area is about 77,100 m2

and the area of known elevation change on the hillslope caused by the 1984 debris-flows

(polygon 1, fig. 10) is about 39,800 m2 (about 50 percent). Field observations indicate that

non-channelized areas of the south-facing hillslope are generally mantled by 0-2 m of

colluvium. If a mean value of 1 m is used for the amount of unconsolidated colluvium

cover, then approximately 77,000 m3 of debris would have existed on the south-facing

hillslope prior to the 1984 storm. Therefore, about 5 percent of the available colluvium

was eroded during the two-day storm.

Recurrence Interval

The recurrence interval of debris flows at a specific site is largely determined by two

factors: the frequency of storms with the potential to initiate debris flows, and the

susceptibility of the land's surface to debris mobilization. The determination of storm

frequency in the southern Greast Basin poses a formidable challenge because of the lack of

meteorological and climatic data for severe storms. Gaging sites where precipitation data
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have been recorded are widely scattered and generally have not been in operation for long-

periods of time. Also, multiple, large-magnitude storms have rarely been recorded at the

same locality. This study provides the first known data for the Yucca Mountain area that

gives a sense of the amount and intensity of precipitation necessary to trigger debris flows.

Available meteorologic, hydrologic, and historical data indicate that storms similar to that

witnessed at Jake Ridge occur almost annually in the region encompassed within about a

400 km radius around Yucca Mountain. However, the short-term recurrence interval and

areal distributions of these storms is erratic. Several years may pass, for example, with

little or no flooding. During other years, however, the region, and even specific areas (ic.,

the Yucca Mountain area), can experience multiple severe-storm events. The summer of

1984 is the best known period of intensive, wide-spread, and recurrent storm activity in the

region. During July, August, and September, 1984, the region experienced at least a dozen

localized severe storms comparable to the July 21 storm at Yucca Mountain.

Thus, recurrence intervals for severe storms within the region are short, on the order of

only a few years at the longest. However, storm recurrence intervals for a specific area or

drainage within the region are significantly longer; the length of these intervals is

disappointingly uncertain. On the basis of current knowledge, we believe that a frequency

of 50-100 years is a reasonable-minimum estimate for severe (ie, July 1984 magnitude)

storms revisiting a specific area within the region.

Yucca Mountain and surrounding areas exhibit numerous examples of debris-flow scars

and deposits of Quaternary age. There are multiple debris-flow deposits, believed to be of

late Quaternary age, within a small drainage on the east-facing side of Yucca Mountain

(Glancy, in press). In spite of the abundant debris-flow deposits, recurrence intervals of

debris flows on individual hillslopes are difficult to determine because of the lack of
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dateable materials within deposits. Based on a compilation of data from extreme-erosional

events in various regions of the world, Wolman and Gerson (1978, fig&7) list regional

recurrence intervals in arid climates that range from 50 to over 900 years. About 200 km

west of Yucca Mountain, recurrence intervals of 300-350 years have been documented for

debris flows on the west and east flanks of the White Mountains (Beaty, 1970, 1990; Hubert

and Filipov, 1989). Although the White Mountains have more relief, greater vegetation

variability, and receive 2 to 3 times the average-annual precipitation of Yucca Mountain

(Hubert and Fllpov, 1989), they are affected by many of the same regional flows of

atmospheric moisture. The regional influence of atmospheric-moisture circulation

prevailed during July 1984. This is evidenced by satellite images and by the Oct. 1985 cover

of Geology which pictures deposition from a July 18, 1984, debris-charged flow in Busher

Creek on the east flank of the White Mountains (Beaty, 1985).

In terms of debris-flow recurrence interval at Jake Ridge, if storms of similar magnitude

and intensity as the July 1984 storm were to revisit Jake Ridge every 100 years, for

example, and the hillslope responded to such a storm with similar debris flows, then most

of the pre-July 1984 colluvium (about 77,000 m 3) would be stripped in a few thousand

years. A 300-year storm interval would strip the available colluvium in about 6,000 years.

These scenarios assume that no new hilislope colluvium is weathered from the underlying

bedrock during that time. Whitney and Harrington (1988) suggest that most of the coarse

hillslope colluvium that mantles hillslopes in the Yucca Mountain area was weathered

during cooler, pluvial climates. Additionally, they observe that hillslope processes

operating under the present dry, interpluvial climate are not capable of producing coarse

hillslope colluvium. Some of the colluvium on Jake Ridge appears to have been stable for

at least tens of thousands of years, as evidenced by its very existence and by accumulations

of rock varnish on the surface of boulders in the colluvium. We therefore conclude that
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the recurrence interval of debris-flow erosion at Jake Ridge (on a scale comparable to that

of 1984) is probably greater than 100 years, and may be greater than 300 years

CONCLUSIONS

This study shows that about 3640 m 3 (5 percent) of the available colluvium was eroded

from the Jake Ridge hillslope during a two-day period of convective rainstorms. Nearby

raingages recorded up to 69 mm of rain at intensities that reached 73 mm/hour. Tle mean

depth of erosion for areas of known-elevation-change on the hillslope was about 0.092 m

(0.092 m 3/m 2). The maximum depth of erosion and deposition was about 1.2 m. About 10

percent of the eroded colluvium was deposited on the slope as channel levees and small

lobes, 35 percent was deposited near the base of the slope, and the remainder, 55 percent,

is presumed to have been deposited in a tributary channel to Fortymile Wash and in the

wash itself. Thus, this study demonstrates that hillslope erosion at Yucca Mountain in the

present dry, semi-arid climate is characterized by severe, but infrequent storms that cause

localized hillslope stripping which results in aggradation on lower hillslopes and adjacent

channels. Based on the percentage of available colluvium eroded during the storms. and

the stable nature of the remaining colluvium, the recurrence interval for large-scale, debris-

flow erosion at Jake Ridge is estimated to be greater than 100 years, and possibly greater

than 300 years. Jake Ridge may be more susceptible to the occurrence of debris flows than

Yucca Mountain because of differences in the underlying bedrock geology.

The photogrammetric approach used in this study is heavily dependent upon the

availability, scale, and resolution quality of pre-event stereographic photographs. The

accuracy of the method is principally controlled by the scale of the pre-event photographs

because post-event photography can be flown at any desired scale. Elevation changes

between + 03 m could not be confidently detected using the pre-storm 1:8000 scale
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photography. There are many possible geologic/hydrologic applications of the

photogrammetric methods presented in this paper. The availability of large-scale

stereographic photographs, however, is critical to the success of such studies. This is

especially true for areas of known historical changes to the land's surface and in specific

study areas such as Yucca Mountain. Possible future studies at Yucca Mountain that might

benefit from such photogrammetric applications are: estimating long-term Quaternary

erosion rates by measuring the volume of material eroded from preserved hillslope

deposits, logging of trench and natural fault exposures, and development of area-wide,

debris-flow hazard maps.
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Figures and Tables

Figure 1. Index map showing Yucca Mountain and Jake Ridge. SG is a stream gage in

Fortymile Wash, elevation - 3675 ft. (1120 m). YR and YA are tipping-bucket rain gages

(0.01 in./tip) operated by Sandia National Laboratories in 1984. Gage YR is at the crest of

Yucca Mountain, elevation - 4818 ft. (1469 m). Gage YA is at the east base of Yucca

Mountain, elevation - 3751 ft. (1143 m). 4JA is a rain gage operated by the U.S National

Weather Service, elevation -3440 ft. (1049 m).

Figure 2. Jake Ridge viewed from the south. Light-colored scars are the tracks of the 1984

flows. The top of the butte is about 350 m away from the photographer. Topographic
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relief from the base of the hillslope to the top of the butte is approximately 130 m.

Photograph taken 8/16/84.

Figure 3. Cumulative rainfall records for July 21 and 22, 1984 storm events at gages YA

and YR. Total accumulation at gage YR was 69.3 mm on July 21 and 16.5 mm on July 22

(0.8 mm of rain fell between 1504 and 1659 on July 22 that is not shown on the graph).

Total accumulation at gage YA was 64.4 mm on July 21 and 20.4 mm on July 22 (0.5 mm

fell between 0624 and 0644 hours on July 22 that is not shown on the graph).

Figure 4. Streamflow record from gage SG in Fortymile Wash.

Figure 5. (a) View to north of a single channel at mid-hillslope level. Channel depth

(about 1.7 m) is indicated by the tube held at eye-level by the geologist in the middle of the

channel. Photograph taken 3/21/92. (b) Lower hillslope channel cut by the 1984 flows.

Channel depth is about I m. Photograph taken 3/21/92.

Figure 6. Depositional lobe in tributary of Forty-mile wash. Lobe thickness is about 1 m

(see geologist with hammer). Coarse debris in foreground is from another tributary of

Fortymile Wash and was not from the 1984 Jake Ridge debris flows. Photograph taken

3/21/92.

Figure 7. (a) Deposits at the base of the main and southern channels. View is to south-

east from about half-way up the slope. The main lobe on the road is about 30 m wide and

75 m long at the widest and longest points. Fortyrnile Wash is visible in the distance. A

second depositional lobe occurs in the tributary to Fortymile Wash. See pickup truck for

scale. Photograph taken 8/16/84. (b) Close-up view of main depositional lobe on the
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road prior to regrading. View is to the north. Maximum depth of the lobe is about I m.

See pickup truck for scale. Photograph taken 8/16/84.

Figure 8. Stereographic pair of aerial photographs (1991) used for DEM measurements.

Approximate boundary of the study area is outlined. Original photo scale approximately

1:3000. The road is about S m wide. Photograph frame numbers 326 and 327 taken by

EG + G on 9/30/91 with Wild aerial camera 7167 (213.78 mm lens).

Figure 9. Color-shaded relief maps. illumination is from an azimuth of N9OE and a sun

angle of 80' above the horizontal. Grid and elevation units are meters. Color contour

interval is 4 m. (a) Color-shaded relief map of the 1982 DEM. (b) Color-shaded relief map

of the 1991 DEM.

Figure 10. Elevation-difference map. Red and purple colors indicate areas of positive and

negative elevation change, respectively. Yellow shows areas that fall within the 2 6

(_ 03m) photogrammetric orientation error. The road is indicated by dashed lines.

Numbered polygons are used to itemize volume changes and calculate measurement error

(see table 1 and Volumetric Budget text). Grid and elevation difference units are meters.

Locations of photographs shown in figures 2, 5a, 5b, 7a and 7b are denoted by dots and

labels F2, F5a, F5b, F7a, and F7b, respectively (arrows on dots indicate camera directions).
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Table 1. Volumetric results calculated for each polygon in figure 10. A bar is used when

the number of significant figures justified is different than the number shown.

(a) Raw volumes for polygons 1-3 (areas of visible elevation change) without any

correction applied.

Polygon
Number

Area
(m2)

1
2
3

33323
2569
3860

Positive
Volume (i 3 )

+984
+790
+593

+2367

Negative
Volume (m 3)

-4233
-13

-124

-4370

Volume Sum
(m3)

-3249
+777
+469

Volume Change
(m3/m2)

-0.098
+0302
+0.122

39752 -2003

(b) Raw volumes for polygons 4-11 (areas of no visible elevation change).

4
5
6
7
8
9
10
11

3716
593
886
25
639

2355
1io

94

8638

+100
+26

+6
0

+3
+22

+3
+1

+161

-44
-3

-25
-3
-25
-49
-4
-4

-157

+56
+23
-19
-3

-22
-27

-1
-3

+0.015
+0.039
-0.021
-0.012
-0.034

-0.011
-0.009
-0.032

+4

(c) Corrected volumes for polygons 1-3.
lb (see text for explanation).

Corrections were made based on data from table

1
2
3

33323
2569
3860

39752

+374
+743
+522

-3623
+34
-53

-3249
+777
+469

-0.098
+0.302
+0.122

+1639 -3642 -2003
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Table 2. Depositional budget expressed as percentages of the total amount eroded from

the hillslope. Percentages were calculated from data in tables la and Ic. The tributary and

Fortymile Wash are outside the photogrammetric study area.

Polygon
Number

Raw Volumes
Percent of 4370 m3

23
18
14

1
2
3
In Tributary and
Fortymile Wash

Corrected Volumes
Percent of 3642 m3

10
21
14

5545
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6120414
61L20414
6120414

6120414
6120414
6120413
612U413
6129413
6120415
6120413,
6120413
6129410
6120413
6123413
6120416
6120416
6120416
6120416
6129416
6120416
6120416
6120416
6120416
6120417
6126417
6120417
6123017
6129417
6120417
6120417
6120410
61L20410
6120416
3120413
6120410
6120413

WOPIN-15
1111.-c
WIN-C

LWIN-C

WIN -C

WIN-C
1111-3
1vm.-n
zWIN-n

LW1N-D

ZUN-ID

UJM11N-1
WINT-11
WINW-U

WAIN-10

1i1P1IM-1

WIVN-v

LWIN-V

11113-v

LWIN-u
WIN-u
WIN-U

UXIIN-2
11I13-I
11(1-I
WIN -I

13-2
13-2
133F-2
133-2
TION-2
133-2

133-2
133-2
13-2
133-2

133-2
1I3N-2
133-3
133-2

133N-2
133-2
133-2w3-2
TI3-2
13-2
133-2
133-2

133-2
111-2
133-2
133-2
133-2
133-2
r_-2rw-3

13-2
133-2
13-2
133-2
13-2
1W-2

133-2
I3-2
133-2

133-2
133-2
1I3N-2
133-2
133-2
133-2
133-2rM-313-2

1110-213-2
13-2



""a 1.2.5.3.6
ah0, 09

PINK 1

Kw 15 (UNkt) 20 Imak.) 23 (Note) 30 (Note)

VCR
NMt.

DINW 2

10 Wtk) 15 (note) 20 (oW 2S (Doe) 30 (Wek)
Egeelo

3-aec
Lob la mumow

3.990 3. S1G

3.292
4.110

3.21 000:1
2.741 0001
3.175 00001
3.12 0001
3.762 000021
3.037 00001

2.601 2.492 00001 2.047
2.150 0s001 2.100 2.570

2.301 00001
3.126 2.933 00002
2.604 2.452 00001
2.030 00001 2.359
2.902 2.017 00001
3.760 0001 4.000

4.08S 00002
4.060 4.056 00002

3.100 2.219 00*01 3.043
4.70 3.312 000l1
3.369 00001 3.595

S.323 3.211 00001 3.707
3.410 3.042 00001
3.604 3.002 00002
3.237 3.064
3.397 00001 3.349

3.000 00001
3.293 00002 3.510
2.030 90001 2.066
3.404 00002 3.400

2.431 3.191 00001 3.907
4.422 3.300 00002

2.701 *0001
2.606 00001
3.010 00001

2.002
3.776 3.762 00002
2.373 00001 3.398
3.302 2.003 40001
2.320 00001 2.040
2.912 00001 3.221
2.074 3.146 00001
3.630 3.347

3. zZ .a4X

3.909
Mae0 00001

3.631
3.163 00s01
2.100 00003
2.636 00001
3.141 00s01
2.056 00001
2.091 00001
3.037 00001

3.052 00001
3.9333

3.8a5 3.7238 00002
3.230 3.113 00001

2.940 90001
3.472 00001

3.422 3.734
4.075
3.049 00001
4.*337
2.229 00001
3.770 00002
3.103 e0001
3.760
2.730 00001
2.802 00001
3.009 00001
3.036 00001
2.740 00001
2.230

2.002 00001 3.037
2.963 2.026 s0000
3.140 2.909 00001
2.196 2.040 00002
3.000 0000 3.300
2.094 09001 3.157

2.651 00001
2.795 00002
2.602 00001

Fie1d 34

3.340 00002 in092307-i01
3.796 Pn092007-101

COM002907-101
3.495 CMr092007-101

C0092007-101

3.336 emot 37-101
2.174 00001 P.m0020-0
2.020 00002 09230:7-102:2
2.011 00001 CO 092087-102
2.069 C M 92337-102
2.473 00001 0P92007-103
3.603 F092007-102
3.315 Ci0192007-105

in092087-103
0 92007-102

CO092007-103
C0U092007-103
c1E0920017-103

0Z92307-103
.3.21 CR092807-104,

3.513 00002 UU092007-104
4.306 F 092807-104
4.*000 C=092007-104

F092007-10A
C092007-104

3.233 00001 092087-104
3.167 00001 U=092607-100
3.529 Cin092007-109
3.088 00002 C=992087-109
2.905 in92007-105
2.076 COM092907-10S
3.527 cin092887-105
3.170 00001 0M92907-105
2.130 in092287-106
2.102 c n092807-106
3.73S c=093607-106
3.109 p c02007-106
3.994 =092997-106
3.103 0000 03U092007-106

COu092867-107
0m92607-107

CM 32607-107
Ci0062097-107

C0192087-107
2.733~CM092607-1*0
2.793 ~ Cin092007-100

2.605 C0U032067_10
2.560 00001 m in907-i00
2.46? 00001 cuuOOzogy-les
2.630 00001 Cin092807-100

3.394 f0001 Cn207-10
3.433 00002 ei0937-0

c=092907-100
Cin092307-109

3.400 D0001 CONG92907-109

1W6.tm-i
DOP-1tm-i

VOW1

tm-i

tm-a
Tm-2

tm-atm-21101-2Tm-2'_-3
Tm-3

tm-atm-a
tm-a
TOM-3
TM-I
TW-4
Tm-4

tm-4
tW-4

I-4
'U.-.
tm-rs
'-S
71MP9-

t-nzIN-s
Tm-5

tm-I
m-6tin-?'M-'Tm-,

WN-4

tm-7

1W-7tmP-7tm-97Tm-8TM-Itm-P

tm-9
TOO-9

'-3

'w-3

tm-s
tw-2

TMR-3
'W-3

vw-3tm-atM-a

tm-at-a

TN-3
Tw-3tmW-3

'M-3
'-3
tm-atm-a

Vw-2
tWm-
tm-a
tM-atm-3tm-3

tW-Stm-atm-a

tIM-3

nmlstm-2Tm-a

T-STM-3tmO-2tEM-3

tm-atm-s

tm-3
TM-2

nm-a
Tow-3

3.152

3.064 00001
4.010 00001
4.220 00002
3.53 00e01
S.849 00001
3.090 00001

3.060 00001 3.1 51
3.452 3.193 00002

2.600 00001
2.113 00001

3.026 00001
2.447 00001

2.673 00001
3.247 2.920 0000

2.609 00001
3.019 00001
2.036 00001

3.191
.*000

4.269
4.359
4.24S
2. *033
2.621
4.000

4. 471

3.220 00001 3.560
3.701 3.409

3.707
3.919 3.144 00001

3.126 00001
3.600



VW$ 1.2.S.3.4
a%$ oh

attcmt 6 6
DISK 1

Kw 15 (Note) 2 t(Note) 21 Note ) 30 (Note)

VCR3
at"~~~~~~~~~~360 

00

DT3M 2

10 (Note) 1S (Noto) 20 4Not.) 21 Inot.) 30 (note)

Lob Id mombo

4*644

3.7,4
.676 600691

5.901 6000
4.277
4.469

4.010 5. 013 00001
4.276 4.60 6 s0e61
1.440 00602 6.313

4*162
3.260 00001
3.664 66061

2.057 00661 2.065
5.47) 3.140 00001

3.017 06601
2.567 00061 3.127
2.664 00 01 .
4.404 0 .719 06402
2.97 5 2.64 6 00001

2.663 00601
2.506 00002

4.043
3.0se 00001
1.065 60001
3.533 60061
3.373 60001
3.700 00001
4 . 600
4.725
3.5sa 00001
4.326 0000)
3.633 a0001
3.708 00001
3* 64
4. 199

3.034 00001
3.631

3.166

4 *0204 G2 .897
4. Ze

4.405 00001

3.216 66001

2.347 I0001
2.s57 0001
3.350 600621

4.104 4.139 60001
4.230 60001 4.747
4.630 4.219 60203
3.#)7 60001
4.243 000a1
4.152 00061
4.417 00001 4.410
4.430 4.200 0*001
3.0S2 00001
4.078 66662 5.462
4.601
4.606
2.322 00001 3.463
3.144 3.701

3. sss
3.153 60601 3.116
$.490 3.160 00061
4.471 4.343 06662
3.130 60001
3.13) 06001
3.000 06661
3.673 2.027 00601

3.24$ 66001
3.751 3.691 06002
3.206 3.671 00601
5.031 60001 3.6s1
3.40s 2.9 01 00661
3.122 3.657 66061
3.202 00001 3.355

viola 4X

041605
041663
041605
641665

641065
041005
641001-C

041661-C

613641

613041
613041
613041
613424
613042
613063
613042
613042
613642

613643
613043
613643

613043

613044
613044
613044
613644
613044

6130|4

613646
613666
613046

3. 6 07 60062 61 30 46
2.076 00661 61 3046

W~-^
mu-a

W _s

CN-a

INYUc
muei1M0mu-cmu-cm-c1

mu-el

Nm-el

MIu-02
mu-Os

NYU-Os

mu-~es

muT-04-Za"Mu-04

MuTI-64
mu-66nyuso

mu-06

mu-asmu-eau-ad-4U-4

XMI*4

Y1-1

7-i

uI-

'me-i
nW-l

7J_1
YOUI-Imu-

I-I
ym-i

M-I1
YM-1

mu-
mu-I

-M-1
lOU-T=_1

mu-I
u-i

mu-
mu-

IO1-TVWI

1-I

-II1,
n_-1I'm-iYT-I,mu-i

2.716 Se66l
_. 4 _ __ __

4.704

s.11i 2. 60
2.51s 00001 2.640
2.774 00662 2.789
2.140 0001
2.71 06001
2.317 00001
2.496 06601

3. 5 66602 3.532 4.C ase
3.SS 3.310 00001

3.178 06061
*.171 00601 3.605

3.426 3.570 3.419
3.649

06001

00001
0660

3.116 6001
3.203 00001
3 .36SS . sot

Attaet 0 7
DISK 1

Kw 11 (note) 20 (Note) 25 (Note)

simI
2
3
S
5
6
I
2
3
4
5
6
1

D3102

16 (Note) is (note) 320 (ote) 26 (note) 30 (note)36 (Note)

2.579 00001
2.521 00661
2.674 04662
2.196 60061
2.173 00061
2.659 06001
2.126 66061
2.460 00601
2.309 66601
2.596 00061
2.140 *6e0
2.740 00002
1.067 00001

3.504
2.2)1
2.*73
3 .134
2 .123
2. 54
2 . 645
2.66*
2.406
2.413

2. 13
2.400
2 .14

60061

600901

eSoooi

0000100001~*&*I
*@@@1

viola 14

606416
6410

690410
606416
699410
609410
653611
696411
699411
690411
699411
600411
6504111

Ntoxion

Lob IA Uambew

LM-O1 LOU1-
ZAI-016 MN-I

MN-016 LUN1-
LOU-010 g&mil
L O U-Ole L O UIW

ta 11 u-1

MU1-S1 LOU-1MU-Ill gSIM-i

-@-11 -M1
LM-11 Z411

-M-011 Lou-
1s0m-11 zow1



VMS. 1.2.5.3.6
OKI an
in3)080022

Attachmet 0 7
set-c_ t O t ~~~~~~DSI 1

MIT 11 (3".1) 20 (1ote) 21 (3ot.) 30 (note)

VCR
mmE

DISK 2

10 (Mate) IS (3.1.) 20 (Not*) 25 (It31) 30 (note)

2.226 00001
2.067 00001
2.043 @000t
2.231 00001
2.310 00002
2.357 00001
2.197 00001
2.716 00001
2.340 00001
2.100 00001
2.813 60002
2.030 00001
2.317 00001
2.320 00001
2.600 00001
3.007 30002
2.735 00001

2.479 00001
2.103 00001
2.322 00001
2.240 00001
2.841 00001
3.1SAS 0000

2.001 00001
2.403 @0o00
2.436 00001
2.437 00001
2.31S 0s001
2.620 00002
2.004 00001
2.363 00002
2.007 00001
1.943 0ss01
2.074 00001
1.306 00001
3.5S6 00002
2.079 00001
2.75S 00001
3.163 00001
3.223 00001
3.361 00001
2.722 00001
2.376 00001
2.330 00001
3.231 00*00
2.102 00001
2.313 00001
2.244 00001
2.547 00002
2.376 00001
2.019 00001
1.037 00001
2.236 00001
2.719 00001
2.309 00001
2.733 00001
1.014 0001
2.112 00002
2.141 00001
3.04S 00001
2.43S 00001
3.321 00001
2.970 90001

2.246 00001
2.644 00001
2.261 00002
2.241 00001

2.2300 00001
2.407 60001
2.260 0000
2.300 00002
2.2239 00001
2.302 00001
2.167 800001
2.013 00001

a.&00 00001
2.037 *0000
2.431 00001
2.239 00001
2.312 0000
2.541 00001
2.143 00001
2.12s 00001
2.631 00001
3.043 00002
3.446 0*000
2.44.2 00061
2.411 00001
2.133 a0001
2.112 00001
2.702 300032
2.879 00001
2.535 00001
1.303 *0000
2.1%0 *0000
2.104 00001
2.406 00001
2.311 *0001
2.357 00001
3.163 00002
1.033 00001
2.960 00001
2.901 00001
2.947 00001
2.902 00001
2.130 00001
2.430 00001
2.301 00001
2.476 00001
2.506 00001
3.241 00002
2.2)1 00001
2.463 00002
2.2$4 00001
2.273 00001
2.233 00001
2.121 *0001
2.006 00001
3.103 00001
2.612 00001
2.71 040001
2.701 00001
3.023 00001
2.715 00001
2.931 00002
2.$32 00001
2.951 00001

11.14 Ii

6394111
6394111
6334111
6304111
6304111
630412
630412
630412.
630412
630412
630412
630411
630413
633413
630413
636413
630413
609413
630416
633416
630416
633416
600416
600416
633416
600416
633417
630417
633417

693417

630417
630410

600413

630410
633416
630413
633413

630410

3100201-1
K3ssa261-
steeas1-1
3100201-1
3100623-1

X100201-2
3e20020-2
3100201-2
51100201-2
3130231-2

3100235-3
3100231-3

310020019-
01100289-3

31002315-4
31002G1-4
3100231-4
3100)01-4

tob id 3dmbo

263-111 1.03-1
xLm-11. Sm-i.
&.6-111 gm-1

&Am-Ill rn-I

tM-h13 10-1
1M-012 Im-1

1.6-012 1.113-

111-012 &As-I
1.11-013 1.6-1

.6-013 r-i1.03-013 1.6-1

1.-6312 tm1-ItM-013 tm-116-016 16-1

&A-12 L-1
L-19 ZA-1

1mI-old 1.63-I

tm-Ole rnm-&

W1.-016 zM-1

1 m-old M-1
Wiff-ol S-1

1.6-017 rn-I
Im-017 IMA-1

103-017 ZA63-i

MR-17 L-1
tm-ole tm-1

94-141 1M-

Sm-Ole 13-1
MA-Ole rn-1

tmsi 1.6-
1.63-023 rnM-2
rn-013 1.63-i
1.0310 SAn-1

LA1-01 1.63-1
Lrn-ft rn-i
rn-el rn-I

rnl-el Irn-igm-1 &M-1
U-;1 &-1

1113-02 rn-i
Srn-a rn-1
tM-02 rn-1
1.6-02 1.6-1
ZAm-ex rn-I

2.6-03 1,mm-i
1.63-01 rAN-I

rn-SI 1.03-I
111-04 rn-1
tM-04 LM-iUN-6 U-1
tm-Cl rn-11.63-4 r-1



"WeS 1.2.3.3.1

in53000922

Attachmet 0 7
DVIE I

Eww 1S (Note) 20 (Note) 25 Imote) 30 (Woto)

Vei
or"

DXI a

10 (note) 15 (Sote) 20 (Wote) 35 41et.) 30 (ntet)
Ugoeto,

Lob 14 3wwdw

S
6
I
2
3
a
0
6
7
2
2
3
4
S
6
1
2
3
4
S
6

2.036 00001
3.431 @0002
2.721 00001
2.71S 00001
2.303 00001
2.632 00001
2.431 00001
3.114 002ea
3.160 00002
2.939 00001
2.012 00001
3 .21
2.930 00001
3.414 00002
2.121 00001
2.223 00001
2.061 00002
2.700 @0001
2.155 00001
2.9#7 asse1
2.512 00001

2.667 00001
2.353 00001
3.401 00002
2.064 00001
3.60 00001
2.933 05001
2.310 00001
2.392 00001

2.325 00001
2.457 00001
2.710 00001
2.044 00002
2.403 00001
2.206 00001
3.050 00001
3.163 0*002
2.691 00001
2.757 00001
2.669 Safe1
3.120 00001

Wiel la

310020S-4
0164025-4
31002*5-S
3102032-5
1109280-_
3102992-U
3020es-S
310902-5
3100205-3
3190203-4
3100203-6
3100205-6
3100s2as-
3100203-6
3102395-1
310025-7
3100205-7

310025-7
310020S-7
3102395-?
W100203-7

.MR-04
gAm-os
gam-os
gim-es
W10-os

g~m-o$

Lm-06gal-asUwm-OLMu-9S

7A-0Law-0i
g4m-siLME-si

gm-i
Lug-I

R-I
1M-i

tJ1-I
Wn-1
1..i
g-1

gm_1,
zS1-i
iAS-1
rN-1
g.m-1
Lug-1
16-I
'au-1
gam-I
g1m-i
g&M-I
rn-1
rn-1

Attachen 0 I
DTXI 1

mm 13 (Note) 20 (Mot.) 25 2 I(ot) 30 (Moto)

'VC
at"

DXMX a

10 (sote) 15 (Note) 30 (note) 25 (Wat.) 30 (Note)

1
2
a
4
S
a
1
2
3
4
S
6
7
0
1
2
3
4
S
a
7

2.547 00001
3.500 60001
3.109 00002
2.706 00001
2.*97 00001
2.530 0061
2.706 00501
3.779 00002
4.517 00023
2.011 00001

2.000 0001
2.910 00001
2.043 00002
2.045 00001
2.521 00001
2.03 066001
2.511 00001
2.613 00001
2.703 00001
2.049 00002

2.682 00001

2.933 0000
2.595 asee1
2.0593 60001
2.474 60001
2.000 000S2
2.044 *0001
2.622 00001
3.130 00o00
2.747 00001
2.941 b0001
2.060 06001

FIeld rd

6106431
6106431
61o0043

6100631
6160431
6100431
0100432
6109432
6160432
6100432
6100432
6100422
6100432
6100432
6100433
6100433
6100433
6100433
6166433
6166433
6100433

mrosion

LAb td Embow

1.06 - 01 3 5 3-2

gWMI-Oi, 35X-2LOm-01 35S-2
uO--*1 moi-
LOm-*1 3I3-2
LAUIO-02 3 3-2

LOME-02 0100-3
LOug-02 653-2

LaM-02 653M-2
gOug-o3 353-2
.O m-02 55-2
WSSI-02 35-2
u-nS omm-2
LASM-03 353-2

t~oSS-WI 353-2
Lum-Gs rr5-2
La m1-SI m 53-2
gau-0u 3M-2
LaO-03 35M-2

2.294 00001
2.37S 00001
2.352 00601
2.701 00002
2. Cos @0002

2.420 00001
2.9S3 00001

Att~og .t 0 9
102f 1

KEW 13 (note) 20 (Wot. 23 (Note) 30 (Wt*)

SITU

DISI 2

10 (note) 15 (Note) 20 (Sot.) as (W et.) 30 (Wot.)

a
2
3
4
0

3.033 @0001
3.471 00002
2.00e 00001
2.767 50001
3.187 00001

2.603 00001
2.431 @0001
2.062 00001
2.971 00002
2.s35 00001

11.l1 ld

616041-62
610041-02
610641-02
610041-62
610041-02

gab 14 3km.g

5033-02 AW-1

9065-02 353-1
TO6U-02 3m-i

20S-02 35m-1
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Abstract latroduetlou

Cation-ratio dating of rock vuanis Is a recsanty divet
aped technique for obtaining surface eiposur sa s of a wide
variety of gemomrphlc suetfsct. At origilly propoted. iti
technique utlizes a ratio among minor ctions IK*CaY)Tij in
rock vaais1h. Although this varnish cauio ratio Is related to the
Ti concentration. It can Also be effected by tgm presence of B&

that my be partially included in thc analysed coaccattatlon of
Tn. Barium Is a minor constituent found Is virtually all roct
varaishes sampled from the Lake bled ers. Las Vegas Valley.
and the Crater Flat regtoi of outhem Nevadas. Barium is hcuas-
Ol!h11iM1Y 1t1nMhuL11 ih rash varnisk h i L 1AW PreAMnImNuaty
with Mtn and secondartly with si.4ta (4JtulIl lt). Basiuma
;_.hU%46cim& 0*0 i5.. Sma1 $g..eL m m,64..i1." Nieul wit
young surfaces ( tO0 ka) than in varnishes found ea older sur-
(Aces (> 300 kg), and they use appaently resitr In varnishes
en low elevaton aurfacia than In varnish oan hill-slope or

WIgC deposits.
In enatry dispersive apectroscopy (DS). Ba LI andl

peak overlap with TI and Kt g peae . Unless decomposad.
lte overlippog peaks may yield erroaeously large values hor T1.

We have compared the affect of Be euncenuacion oa calculated
varnish cation ratios using: (I) riuatltatIv EDS with the
scanning electron microscope (SEll) that decomposes TI and Is
peaks: (2) 4vuitsaive waveliogthdisperaive spectroscopy
(Wt)$) with to electran probe mslcroanayser (EPM); O) semI-
quanituive MDS with the SEM that deut mpaes Ti and St
peaks; and (4) semlqualuitatlve EDS with the SuI that does
rnt derAmpmot T anld RA 1are. Resuits sggest small amounts
of a relative to Tl will at significantly chkage de value of he
calculated varioll catIon ratio with or wishout decomposittoe.
wnrwver. it n a mncrutratnm artm hmfli roettv to 1I. th 'Wurt

oan cation ratios Is pronounced. tesultil In anomalouly low
cation traies. As younger valtsha and varnish.a on topag.
rapbicstly lower surfaces Apparently km WIgher Ba concentrrs
stons, the affect of It an cuain ratio: calculated for younger

tock varnihes and lower surfaces wll be gruter.

-

look varnish is a Ma. andor re-rich coaijg
commonly found on rock exposures in and and semsarid
regiosl. DorA (1962) vVW a Ilinuidtu fUr Using
rock varnish to estimate the age of geomorphic surfaces
utilizing & ratio of minor elements in the varnish
((Ca+IK)/Til calculated for specific geographic arus.
This ratio is thought to decrease with varnish age and
has been calibrated using iotopically dated surfaces to
construct rock varnish dating curves (plots of cation
rAtin vertint Ina time). The impottance of the trlk vU
nish dating teohnique lies In the widc variety of young
( < I 1t() geemrplie surlku that Pisebt as " * .*.u4ala
on surface clasts And thus could potentiaily yild ,sufavc
exposure ages derived from rock varnish analysis.

It is now commonly accepted that rock varnish
components are of detrital origin. with 30% to 70% of
the varnish composed of colian transported clay minerals
(e g . Pnrer snai Rnstmen 1979). Manganese sod Fe
are markedly enhanced in the varnish over levels within
eolias detritus. Barium has been reported to be a minor

constituent of rock varnishes (Engie &ad Sharp, 1951,
Potter and Rotsman, 1979), but the prevalence and dis-
tribution of Ba In rock varnish, either geographically or
within a single sampl, has not been previously des.
cribed. Purtharmoart the relationship of BS
Incorporated In rock varnish to th regional dust
composition and prulailmy to la ses has not been
addressed. In this paper we discuss two aspects of B4 I
a enAStiulagt Af rsk vaUlsuhs (1) the diJltbuti6A 6f 1.
in rock vanishu trom southern Nevada: and (2) the
effect that this occurreace of B& has on measuring Ti
concentrations and therefore on calculated cation ratios
used in rock varnish datiA curves.

Low conceatrations (c 2 wt%) of B tn the pres-
cnee of Ti ar difficult to detect when the analysis is by
energylrpersalve spectroscopy (EDS). The K, and Kg
lines for TS occur at nerLy the game energies (within -
50 eV) na the L, and La lines for Ba. resulting In the
overlap of these peaks In an DS analysis (Fig. 1). The
problem of peak overlap of BDa ad TI occurs In any
analysis that uses EDS. whether In conjunction with a
scanning electron microscope (SEM). an electron probe

KEY WORDS: Rock vanish, cation-ratlo dating, barium.
barium-titanium decomposition Souther Nevada. scanning
electron mlcroscopy.
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Figure 1. SEM !LS spectra of material containing both
Ti *ad Bi illustrating the overlap of Ti Ka and Ka and
BD L, and Li peaks.

_ ... ... _._* ........ _

-N.

.9 .

UAS" tV4UEWilbSI (rP M). via vs't l. *t D u ,vw us Y%'lW
induced .:ay emisalon (PIXE). If the peak ovetlaps are
not decomposed following analysis. then a portion of the
Si concentration will be misidentified as Ti. This Will
result In an erroneously high Ti concentration, and con-
sequently, a cation ratio that is erroneously low.

In earilex xnulyva nt mnrk varaishei fnm %mith.
er Nevada, Harrington and Whitney (1957) used a
Tracor Northern standirdless semlquantitative EDS pro-
granm (SSQ) that performed no decomposition of peak
overlaps during SEM analysis. Based on our present
u.ndia tih d;eat %if BA 4 .4.e. .IA,: W.%1 u4L .4,14d: 41 iA th
region, we believe the T1 concentrations that were calcu-
lated during these earlier analyses erred towards overes-
timation. yielding cation ratios that were lower than
would be calculated using Tl concentrations unaffected
by Ba occurrence.

Dorn (1919b, p. 575) has stated that lnergy-dis.
persive X-rays analyzed with a SEM cannot separate bar-
ium from titanium when they are In similar concentra-
tions at levels around 1%. In this paper we document
that, in fCot, such separation of DA from TI Is possible
using both quantitative (Q.CRO Q) nad semi.quantita-
tiv (SQ) Tracor Northern EDS analytical programs,
ceah f which decompose overlapping TI and Di peaks.
We also document that SEM EDS analyses ykeld similar
reuls to 0 w avlength dspersive sPeCtom eter (W DS)
analyss of the same varnish "as an EPM. Comparison
of our SEX and WPM molts with reported proton probe
PIXE analyses of rock varnish on the same geomorphic
features (Dorn. 1989a), indicates a systematic difference
in Ba values for similar aged rock varnish and suggests
the lACk of adequate separation of Ba from TI during the
reported PIXE analyses

were equipped with Traceor tortherfn 5500 EDS systems.
IDS analyses utilized three programs of wbheh one was
quantitative (MICRO Q), and two were semi quantitative
(SQ and SSQ). WDS analyses on the EIhj provides
evalniftirc das. SF.M ad F.PM Anlyuj wIrarr mnadr.
both on rock varnish surfaces and cross sections of rock
varnish. SEM cation ratio Analyses of varnish surfaces
follow the procedure described In Harington and
Whitney (197) and Harrington and Raymond (1919).
We analyze the varnish on 2 cm diameter. 0.5 cm thick
11ia vile trnt wvrcs *drilltcd through the varnish and
rock substrate on each varnished clast. A low magnii.
cation (- 30x) is used to obtain a relatively large
surface area (- 12 mm) In each analysis. The SEM
analysis is performed using a working distance of 30
mm, a takeoff angle of 40 degrees, and a counting time
of 100 w 110 & with 210 to 305 dead tIme. We uvi
progressively increasing accelerating voltages to obtain
deeper penetration Into the varnish. SEM analyses of
eroasssection transects utilled the same working dis-
sAaU And take off &Ail,, but .nai.ALI.n * .. .VW *&...
quisiion mode. and accelerating voltage of 13 kV. and
an acquisition time of 100 S.

RPM analyses of varnish surfaces and tross sec-
ions utilIzing Bence Albee corrections are based on
standards and use a preset counting precision of I S with
A tefilit mMAXmIUm time nf 4 .scnnils Mnr Mrjh elremnt
analyzed. Analyses of Ti and BS in rock varnish seldom
achieve the 1I counting precision and, instead, are ter-
minated at the 40 second default time. Counting preci.
sion for these elements Is generally < 7%. Analyses
art also frsqualdy dafaultl at 40 seacods is the aitaly.
sis of Ca and K with a counting precision generally <
3%. Each EPM analysis of BS for surface samples rep.
resents the avenge concentration for three 400 pml
rastcred ara analysts on a varnished disk. Cross.
section analyaes were acquired in a spot mode.

Using the EDS program NICRO Q, all x-ray peak
intensities are 4CZ) (PRZ) corrected before elemental
weight percents are calculated for varnish constituents.
MICRO Q utilizes sets of elemental reference standards
to perform quantitative analyses. This program allows
thee reference standards to be Input at each of the ac-
celeratng voltages at which analyses will be run. Addi-
tionally, MICRO Q perforas a decomposition of peak
overlaps resulting in Ti values atffeoctd by the pres.
eAce of Bt within the Varnish (Table 1). In tandards
that contain either Ba ort Ti but not both, generally only
the element present was recorded In the analyses at con.
centalou above detection limits.

itn addition to MICRO Q, a second SLM program.
SQ. has been used to decompose overlapping Ba-TJ
peasw. SQ analyzes x-ray spectra using a library of refc
crencts stored on disk. Since standard dat arc retrieved
from storage rather thn acquired prior to analysis, the
SQ program Ia considered semi-quAtItative. The pro-
gram uses multiple least squares analystis and a PRZ ma-
trix comection procedure to calculate elemental concen.
tradlons.

Materials and Methods

The dai discussed In thie paper were acquired on
an ISI-bS 130 SEM and a Cameca MIX 8PM. Both
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Table 1.
Concentration

in Standart
lwtS)

MICRO Q and SQ analyses ot standards
Concentration MICRO Q

twtS) Analyses
WDS-Microprobe (wtS)

SQ
Analysts
lwts)

Brite N0 - 1t*
RaO 65.43 65.17±0 .03 3.34±t0.63
TiO S 0.00 0.60C0.31 ODL

Augite NlO N-1O
Rao s0.00 DLes 0.02±0.06
T11O 0.74 0.5 o Q.06 0.13±0.05

Snitoilts N a 12 N a 12
stO 3.0S 37.38*1.60 37.31t1 14
T102 19.35 19.29±3.16 13.51t2.59

Synthetic Varnie N.5 - N N-IS
9.80 062 0.60t0.13 0.80±.O05 0.62±0.12
T10 2 1.14 1.73±001 1.770.03 1.73±0.06

* Synthetic varnish It saxple FV-1 from Blernn and Kuehner (to be published).
O BDL below detection limit (detection limit for Bs and TI Is 0.1 wt$).
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Figure la (at left). Replicate line transects of laO and TiO2 obtained by SbEM EDS analysis using the program SO and
by EPM WDS analysis. Transect 3 on rock varnish sample PW3-25, from Petroglyph With. AZ. near Lae Me d. NV.
Analytical uncertainty tar each HIM analysis Is generally about 9-11% for Da and 10-20S tor TI. Analytical uncerunty
hfr each SIM analysis It generally about 6-20% for S and 7-231 for Ti.
Figure 2b (At right). SEM RDS lIne traUects of Da. S. and Ma in rock varnish crost seetions. Transact 3 on sample
FW3.125, from PatwrhlyIt Wash. AZ. near iJks MWad, NY. Traaar0 aripilro- Ax II kVY with 111 sirnnd rnnnr t nims And
redmcad using SQ program. Analytical vncartalnty for each analysis Is generally about I S for Mn, 6-20% for Bas and
13-37S for S.

-

.............. . ... .. ...... . ....... . ..........

A third SEM program, SSQ, uses a standardless
technique that applies peak integration with Xrome's
Law background modelling to calculat elemernal con-
centradona. SSQ does not decompose Ti and Ba peaks.
The SEM it configured in th stme manner for UICRO
Q, SQ, and SSQ.

Resus

diameter, general trends in Ba and TI along Innsects
may be compared. In Figure 2a, T1O2 values obtained
on the SEM using SQ and on the EPM using WDS analy-
sls en similar, and both show decrease in TiO2 concen-
tradon with dtept. In addition, R40 VolOu (fornt te twA'
instruments ire generally similur, Including a broad pcak
in B&O at a depth of about 13 to 11 aim. A major A1O
peak recorded on the SEM at 7Im, but not measured on
the EPM apparently reprnltr4 5 m$r¢naii2@4 clriMUl
barite grain, evidenced by l peak in sulphur at the Same
spot in the S3W( trnsect (Fig. 2b), that did not fail with.
In dig vwluwu ut x-ray iuaitadon of the M transect.
Other than the cortelitton of h& with S due to occasional
t .si 111a;1. fiIe primary Correlstlio of la In analyzed
rock varnish cress-secteons is with Mn (FIS 2b, P;S. 3).

On# m094 gQ eg otimf 1wt ability of IQ to In-
cessfuily decompose overlapping B&TI peaks is by com.
paring SEM SQ lIne tnansets through varnish cross-sec-
done with !PM WDS analysts tannsects at approxamataly
th. same locations. Although comparisons are limited
by thi abwlut. asiing uf analytical points in the RPM
due to poorer image resolution and larger electron beam
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Figure 3. SEM EDS line transeAtS of a, S. and Mn in
rock varnlsh crous-tsecons. Tansect 4 on sample
LB 103. from Lava Butte nar Las Vegas, NV. Transact
acquired at 15 It.with 100 second% count times, and
reduced using SQ program. Analytical u tnc tyit ut
each analysis is typically about S% for MA, 4-20% for
BS. &Ad 40-60% for S.

Figure 5. Cation ratios rotm Hfolocene surtaces in
southern Nevada. Points H-1 and H-2 are from Las
Vtgta Valley, NV. (a) are man cation ratios calculated
with 3a-TI decomposition performed using stM kLs
MICRO Q analyses. (03 are mean cation ratios cal-
eulated using SIM EDS SSQ analyses with no Bt-Ti
decomposition. (X) Ire mein cation ratios of Dorn
(1939*) by PIXE analysis...
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Fgurc 4. Comparison of SSQ derived TI concentrntions
with SQ derived Tl concentralions. Rock varnish Sam-
Ples LB10-3 and LBII-2. from Lava Dutte near Las
Velg, NV. Replicate SSQ and SQ Wlyses acqvired at
10, IS, 20, 25, and 30 kV for alma 0.2.12 mm Spots,
wit 200 """S coeunting times. Analytical vncenainty
hir eau. analysis Ir 1-35 for the reponhd SSQ TI
values. 5-151 for the SQ TI vles. and 4.24% fa thes
SQ Ba values.

0.1 J 1.0 1.5 2.0 2.5 3.0 +
tlARIUM CONCENTRATION (Wt %)

.......... _ .__ . ... ._ ............... _

The Inadequacy of SSQ, the EDS program without
Ti and Bs dtimmposidon, to provide reliable T1 concen.
tratlons In the presence of D& can be Illustrated by com-
paring Spot analyses replicated with SQ and SSQ. Tlta-
ilum concentrations Obtained with SSQ are consistenzly

greater than TI values frous SQ (Fig. 4) doe to oveflap
of the Ba L, peak wish the Ti K, pc&. The Ti values
sing SSQ an highest where fa conentnatons are

highest.

Figure S. la concentrations in tock varnish samples
from southern Nevada. Dasa obtained by EPM analyscs
using 400 Imo spot sizes and SEM analyses of 12 mm
areas. Minimum detection limits (or Ba .re 0.1 wts.

.... ... .. .....................

The effect of BS on calculation of rock varnish ca-
tlon ratios It Ba and Ti peaks ua aot decomposed can be
Alultrate4 by companng cauon rt03os calculated from
SSM analyses of varnish disks using SSQ (non-decom-
posed) with cation ratios calculated from SEM analyses
of the same disks using MICRO Q (decomposed). Far
rock varnish collected from two Holocene surfaces in
LUs Vegu Valley, cation atios using SSQ are more than
30 S lower ttan cation ratios calculated using MICRO
Q (Fig. 5).
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Barium Concnztrnion is Rock Varnish

Tible 2. Barium concentrations in rock vornish for selected deposits from the Crater Flat artea Nevada

Site Estimated
AWW"a)

Averate Ba
CoacDIFSltion (wtr)

Number and Type
nft Aalyws

Black Cone (lava now)

Red Cone (Lva flow)

Lathrop Wells Cone
(lava flows)

1100:200

llO00t l2S

uncertain

0.55 ±0.09
0.34 :0.26

0.00

0.51±0.17
0.00

0.41 40.20
0.00

9(p)
R(M)
WIP)
10(P)
UKP)

S(MQ)
15(PI)

Alluvial Surfaces (Crater Flat and Forty mile Wash)
02C 255 15
IWB.20 190±t45
f12R l5f(l±7f
CFF.29 137±25
CF.3 40410

0.971 ±.24
0.00

I nl7*o.53
0.00

1.74i±0.67
I.75 ±0.S5

0.00

13(P)
WIf)
I I(P)
l0(P!)
IlI(?)

15(MQ)
3(PI)CFP-32 30±O.5

* (P) - Microprobe (This Paper): (MQ) - SEM using MICRO Q (This Piper); (Pt) u PIXE (Dorn, 1919a).
Ajt es3tmates are EdUU104 n 1 rnngton Ind Wititney (IV%'I) and Darn (IYa)

. .... ................. .......n . ..........

_'I

Based on over 250 SEM and EPM spot analyses
and numerous elemental line scans on varnish cross-tec-
tions, the following observations can be made concern-
ing Ba occurrence in rock varnish samples from southern
Nevada and adjacent reast:

(1) Barium was detected in 98% of rock var.
nishes analyzed from the Lake Mead area, from Las
Vegas Valley, NV, and from the Crater Flat area In Nye
County, NV (Fig. 6). Sampled varnished surfaces range
in age from < 10 ka to over I MA; topographic posi.
tions of varnish collection sites range fom the lowest
pans of ltnrmonhane bauins, at or just above local base
levels. to > 300 meters above the basin floors. Rock
varnlshes fromn the Clota volcanic leld, Cailfarat
(RAY1mnd rJ Itl hi11 thil itsur.) indt fm Nlew )alrlrn
yielded similar percentages of Ba.

(2) Barium concentrations recorded for south-
cm Nevada varnishes were as high As 3. wtl% for a vii
nish surface spot analysis and average > 1.5 wt for all
varnish surface Analyses. Concentrations art commonly
12 tiesit that of TI.

(3) Barum concentntions can vary by more
than a factor of two both literally and vertically within
rook vanish on a s lals AWL Avenge Da "6 Ws
lions among a suits of clam taken (gum a single pco
morpluc surJace a0so commoaly vry by More than A
factor of Iwo.

(4) Barium apparently occurs io higher concetn-
trations in youngcr varnishes than In significantly older
varnishes in the Crater Flat ara of swuthema Nevada.
Average Da concentrations of 0.55 and 0.58 wt% were
measured In varnishes on 1. I Ma lava flow surfaces at

Black and Red Conet, whereas average Ba concentra.
tions of 0.97 to 1.75 wtS were Measured on nearby allu-
vial surfaces with estimated aget of25S.40 ba (Table 2).

(S) Barium occurs in higher concentrauions in
varnishes formed on srfacers at lower elevations in ba.
Sins than in varnishes on surfaces high on hillSlopC3 or
ridges. For example, tock varnish on a hillslopc boulder
deposit on Little Skull Mountain. NV, his lower Ba val.
uts (avenge concentration 0.23 wt%) than rock varnish
occurring 170 meters lower in Om basin at Black Coat
(0.55 wI%, Table 2). Both varnishes have similar esti-
m'ted ages. about I Mg. Similarly, rock varnish on a
boulder deposit on the cret of Yucca Mountain yields
lower Ba concentrations (0.47 wt%) than rock varnish
with t limiltr aurlmired ile dM m lnuer nni nn nllanl
surface in Crater Fiat (1.26 wt%).

Discusson

The ubiquity of Ba within investigated rock var.
niishes from Nevada and adjacent regions suggests the

possibility that Ba may be universally present in rock
varnishes of the, Southwestrn U.S. Thus, most TI values
measured using EDS, if uncorrected for the presence of
Di. WMl bf cmOQtIIsly Ith and CalsCoat cation tatin
will be too low. Slce Ba eoaneetrations ae heterotene.
*us As all aealas,aati rmdot fare &A an&, Ffra44
obtained with programs performing no BaTI decomposi-
tion. an not be satIsfactorily adjusted for Ba occurrence
by applying a singli correction factor. Instead. In con-
structing rock varnish dating curves. cation ratios should
be used for which Individual analyses Incorporate A Bl-
TI decomposition. The apparent relationshIp of Ba con-
ctatranon to varnish age may partially reflect appatent

i
I
I

I
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topogtaphic relationships ln that younger Surfaces gener-
ally lit closer to the local base level tAd therefore iovicr
in fthe hatin tan ginM nldir. gteerally hither mtrfarm.
Therefore, Da concentrations an rock varnish may most
influence cation ratos calculated for younger varnishes
formtng in low-lygtg basin environments in close prox-
imity to sources of DA.

Rrwk varnish diatilg Werves a&Z bUnA 41srsuct
for the Crater Flat aria by iHarngton and Whitney
(1917), and by DorA (19g99). Barium conceutratlons rc-
ported from PIXE analyses of rock varnish by Dorn
(9195L. Table 6) differ markedly from our analyses (Fig.
6). Of 117 FIXE analyses of varnish reported by Dorn
tl I914* Willy $A lnsladc dlis Flaensat: uV asy aiow44aMW e
Ba. For the other I 11 samples. representing 95 S of the
toteal atalysts, o Al greater tiu .01 proaat is tGlo
ted. In addinion. we have found Ba In rock vanish OA
all geomorphic surfaces axamtand in the Crater Flat ar-
ca. These sites Include several lava flows and coliuvial
boulder deposits in addition to sites on more than a dos-
en alluvial surfaces. Dorn (1989.). In contrast, reported
Be In samples from only two of 17 gcomorphic surfaces
in Crater Flat, and for these two surfaces only half of
the total samples were reported to contaIn any Ba. Sites
reported by Dorn (1989a) to contain no Ea Include three
lava flows where we found avecrae Ba concentrations of
approximately 0.5 wt% and three alluvial surfaces of
similar estimated age to surfaces where we found penr-
sive BA (Table 2).

The lack of reported Ba in the varnish analyses of
Dorn (19t9a) from the same region where we show an
almost universal presence of Rs strongly suggests that
Sa was not quantified and that decomposition of Ba-Ti
peak overlaps wuz not adequately performed for hit
PIXE analysts. Therefore, we believe that the Dorn
(1959a) data are biased by erroneously high T1 values In
much the same 1manner a were our earlier SSQ analyses.

Barium in rock varnish suems to be generally as-
sociated with Mn, shown by strong positive correlations
of Ba and Mn In line transects through varish cross-sec-
tions (Figs. lb tnd 3; se also Raymond et Al., 1991,
this issue). Although In some analyses barite (B&SO4)
grain% are evidesnted by a enincidenA f dliitfact Rs and
S peak (FI. 2b), Da and S concentations commonly
have no distinct correlation In liUe transects (Fig. 3).
Thus. Na eoncsntrattons ^. n not be correlated directly
with barite occurrence. Rather, ba content is typically
correlative with Mn concentration.

Concluslons

In environments such as southen Nevada, Is oc-
eurrence in rock varnish is apparently ubiquitous. If Da
and TI peak overlaps Are not Adequately decomposed
during chemical analyses of rock varnish, any rock var-
ntsh dating curve calibrated using such erroneously high
Tl values will be lower than curves developed using Tn
values dtcUmpused *rum BB. ThcrenC, WC emphulus
the need to re-eveuata All rock varnish dating curves

and to refia them as appropriate
The inadequacy of SSQ to provide reliable Ti eon-

r-trJ11rinn1 in tht. pter.Vuu. ntf PA sttg-tM the. nunt1 far
re-anaJysis, using either MICRO Q or SQ, of the rock
varnish samples used In the calibration of the rock var.
nish dating curve of Harrington and Whitney (1987).
Similarly, the asece of Ba in PIXE analyses reported
Ur Dv.,, (1909a), 4d10t4 the w;,Jals.ewJ W4Ia.i* u(

Ba In rock vanishes of this teglon and In other parts of
the Southwest, suggests the need for a reevaluatlon of
his rock varnish chemIcal data. In Particular, we suggest
that the rock varnish dating curves generated from these
reponted PIX data are tuspect, as are any rock varnish
aletlng v;uesvl dglvle hulls olginlca diii usiAilnral 1il 4
similar fashion.

"Filly, aveilable data suggest a corralation ot Da
concentration With Varnish age. This In Ctun suggests
the possibility that Ba might be useful As a standard ele-
mental component In cation ratio calculations for tock
varnish dating.
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Dlscussion with Reviewers

J.A. 51okin: In PIXE analysis the penetration of the
beam into the target is much greater than for SEM or
1PMf (probably up to 20 times as great), and thus the
volume sampled in each analysis is much greate! In
PIXE. Do you think this can accouns f.r 0o
discrepancies iAc the amount of Ba detected by cie
different methods7
Authors: I should be noted that the PIXE analyses of
Doma (1989a) ire made of powdered rock varnuis that
has been scraped off the substrate on which It was aecre-
tetd, whereas our varnish analystes are made of In situ
rock varnish obtained by coring through ft varnish into
the substrate (set Materials and Method section). Al-
though we find te concentration of Ma to be variable in
AnslywA nf hith varnish xtrfarwa and criss Mntinns, It
is consistently present at higher concentrations than re-
ported in Dorn (199a). Therefore, we believe that the
lower Da concentrations reported by Dorm are not due to
analyzing a luger volume of rock varnislh.

J. A. Makin: Arc the cation ratios for Dorn's PIXE a-
nalyses in Fig. S determined for the same samples as
those represented by your SEM analyses? If so, can you
suggest what significance there mlay be to the fact that
the two FIXE analyses lie between your SUM data cor-
rected and uncorrected for Ba?
Authors: The samples used for Dorm's PIXE analyses
are not the same u those used for out SEM analyses.
However, the samples used for the PIXE analyses were
obtained from similar types and ages of surfaces within
the samg geographic area (Crater Flat) of southetrn
Nevada as were the bulk of the samples we analyzed by
SEM. We suggest that the discrepancies between our
cation ratios. calculated using Tl and lba values where
decomposition has been performed, Ad the PXZ
analyses. may Indicate that evea It a-TI decomposition
is being performed with the reported PIX! analyses, ths
decomposition Is not adequate and the reported TI
concentrations ar still erroneously high.

R.L. Dorn: There Is a mlizunderstadling of how to rad
Table 6 in DoSr (19T9ab, Tio I a direct outvput of
my computer data le. 0.00 wu enteued If the element
is below the limit of detection or If elements were not
specifically requcsted by the user. I forgot to specifical-
ly request Da and many other elements In the output re.
potted In Table 6. Even though Bs was not specifically
requested, the laboratory analysing the samples reported
anomalously high levels of Ba In lix samples; only

eMIletaSly Migl Iesults Weve vaetstel ia the kard espy

output sent to me and these were included in Dorn,
l9gga. Morc typical values were not sent and therefore
wert not included. I apologize for a confusion that is
my fault.
Authors: Indeed It is difficult to CoMpare data when
values reported as 0.00 In fact represent values that ue
Aythig less than aROMaLOUStY hgh' (C 0.51 wIS,
minimum concentration of Da reported in Table . Dora
1919a). We note that the average Ba concentration for
out 250 aunIlse wU > 1.5 wtS (see text Fig. 6),
higher by a factor of three than the values reported as
*anomalously high' by Dora. In addition. the average
Ti concentration within our temples is 0.31 wt% comn
pared to an avenge Value of 1.66 wt% for the samples
of Dorn (1919a). Thus, our Tl concentrations are lower
by a factor of > 4. We feel, therefore, that until at has
bees demonstrated that the tIXE analysts Incorporate a
reliable Ba-Ti decomposition that any curves derived
from such data should still be considered suspect.

R.I. Dorn: The authors stress I significant diffteenc
between the amount of Ba found by Dora (1939a) and
their results. Because I agree this Is an issue that needs
in ha rrmalvrA, it Is imlarstlvA that thra amifin tarrly
present their criteria for (a) how they selct varnish to
be sampled in the field and (b) whether they analyse
every sample collected In the field; If not, how they se-
lect the field samples to analyze. Selection critena that
I use are detailed IA Dom (1989a), KrInaley et *L.
(1990) and Dom ct aI. (1990). The authors do Aot
specify in this paper how the 10 to 12 clsts measured
from each site are selected. I suspect that different
types of samples atr being compared, because I get
anomalously high barium results if samples are collected
differently (Dorn et a1., 1990) and because comparisons
of FIXE with ICP-AES and wavelength dispersive micro-
probe on the same samples yield similar (K+CCa)M ra-
tios (Dorn. 1919b; Dora at L., 1990). Their claims can
not be assessed property unless the authors are as expli-
cit as possible on how they decide which varnishes to
analyze.
Authors: We note that the impliedt igh accuracy otls
masurements by PIXE analyses has never been demon-
strated. Before fth role of sampling protocol can be
considered s a factor In producing variations in the
chemical constituents of rock varnish, the accuracy of
measurements by analytical systems and procedures eced
to be established.

The ubiquitous presence of Be in our rock varnish
temples that were collected over a period of three years
aruers strongly tat out chemical data a not simply an
artifact of a sampling bias. Anslysed samples were
collected from ailuvial surfaces, lava fows. hillside
boulder deposits, and debris flow lobes from soutat4
Nevada, southern Cailiformia northern Arizona, and New
Mexico, and from a variety of orientations and topog-
raphic positions on sampled surfaces. In addition to
crteriu outlined in Harrington and Whitney (1917), the
8aMp143 wars eColletd seasiateau With M6St #f tht

-
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critriA disCussed by Dorn (1983). Thus. we suggest
stit CM nefar Universal presence Of e wAithis wll WA: M14

implies a widespread nd common occurrence of at in
rock vanishes of the southwesteW U.S.

J.A. Minkin: I think decoavolutloa Is A "ore suitable
word than decomposition. as used numerous times in this
paper. Decomposition has a strong chemical connota-
tlion whereas deconvolution is. I believe, more generally
nurA with rrJrxrnrz. in nirve rinppint (which Is Indud
what you are doing)
Authors: It previous versions of this paper we used
deconvolution instead .4 *decompositloag until a col-

league pointed out to us that. by a strict mathematical
definition. elemental peak stripping routines used In en.
cgy diSpersive anAiysu ar not deconvolutions. Stan-
dard pe stripping routines use a multiple least-squaes
curve filting procedure. In contrastl a Convolution Is the
product of Fourier trAnsforms of two functions and true
deconvolutions consist of a more involved mathematical
procedure. We have chosen to use decomposition as a
more generic term for any peak stripping routine. We
see Rn problem with the chOmical Implicatlon associated
with the term decomposition. for Indeed we are deter-
mining the chemistry of the Analytical point.

J.A. Minklin: Whit are the minimum detection limits
(MDLs) for your SEM &aysc&7 Are the weight per-
cents of Tl02 (Fig. 2a) and S (Fig. 2b) reatly above the
MDL's?
Authors: MDL's for our SEM analyses were Calculated
as three standard deviations above the Intensity, (meas-
ured As count rate) of the background. MDL's for ele-
ments in our rock varnish analyses vary between 0.13
wt% and 0.08 wdl as counting dead tdma varies between
15% and 40%. Thus. the trends detfI by TI0 1 and S
in Pigj. 2s and 2b reflect analyses above MDL's.

P.R. Bierman: Are there peak overlaps other than TI-
Ba which could result In poor accuracy when using an
EDS to gather *-ray spectra?

Authors: In An EDS analysis of rock varnish there is
all n vrlAV vt Sl K X0 109" with lb. CAe X Ptak.

The effect of this overlap, If not deoCmpoed during
analysis, would be to I .crl the concantration of Ca
talative to Is t"ue "sIle ns us u ti ma lt la sea tatis
that wes erroneously high. The Tracor Nortean pro-
grams MICRO Q and SQ perform a decomposition of the
Ca-K ovrlap during anays il the same manner as the
Ba-Tl peak overlap and yield slightly different values for
x and r( thn Irc bouind c si lWSt Tracar I312 pro-
gram In whio an dnmpatlfnn Is prtnrmred

P.R. Blerman: What physical or chemical factors could
change the concentration of BA In varnish with age and
with topographic position7
Authors: Although little is yet known regarding the fac-
tors that control Ba concentradons ia rock varnish, It is
logical to assume that la Is brought to the rock varnish
as pat of the eoliA detrital contribution. As such,
factors that Control or affect the nature and supply of eo-
i&an detritus (e.g., Climatic changes within the source re-
gion for the colian detritus) likely play An Important role
in controlling la supply to varnish surfaces through
time. In addition, as Ba is apparntly associated with
the Mn component of varnish, As yet undetermined fac-
tors that affect Mn concentration MAy also affect Ba
concentration.

Additional eftrencest

Don RI, Cahill TA, Eldred RA. Gill TE, Kusko
B3. Bach AJ, E2llott-Fisk DL (1990). Dating rock
varnishes by the cation ratio method with PIXE, IC?,
and the electron microprobe. International Journal of
PIXE, L 1-14.

Kriosley DH, Dorn RI, Anderson SW (1990).
Factors that Interfere with the ate determination of rock
varnish. PhysIcal Geography U. 97-l19.
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PRELIMINARY DESCRIPTION OF QUATERNARY AND LATE PLIOCENE
SURFICIAL DEPOSITS AT YUCCA MOUNTAIN AND VICINITY.

-_ NtYE COUNTY. NEVADA

by

D.L. Hoover

ABSTRACT

-^t The"Vucca Mountain area, in the south-central part ofathe Great Basin,
is !n the drainage basin of the Amargosa River. The mountain consists of
several fault blocks of volcanic rocks that are typical of the Basin and Range
province. Yucca Mountain is dissected by steep-sided valleys of consequent
drainage sysz;ins that are tributary on the aast side to Fortynile Wash and on
the west side to an unnamed wash that drains Crater Flat M-Host of the major
wa Yes near Yucca Mountain are not integrated with the Anargosa River. but
have distributary channels on the piedmont above the river.

Landforms in the Yucca Mountain area include rock pedinents, ballenas,
alluvial pediments, alluvial fans, stream terraces, and playas. Early
Holocene and older alluvial fan deposits have been smoothed by
pecimentation. The semiconical shape nf alluvial fans is apparent at the
junction of tributaries with major washes and where washes cross fault and
terrace scarps. Playas are present in the eastern and southertrends ofwehew _.
Anargosa Desert. - l&-- '-*'" - -

The stratigrapnic units described in this report rarge from Pliocene
maersh.sedlrents-to modern alluvium. The oldest unit,.the waterlaid sediments
of Anargosa marsh, were depoSted mostly in shallow water in an area that
c; ers approximately 1,25U km of the,4margosa Desert. The lower unit o the
wdLerlaid sediments consists of clay, -imestone, and ninor amounts ot_
sandstone, which were deposited in lacustrine, playa?-and paludal

-ronnents, and sheet limestones. Two ash beds in the lower unit have
_....onetric ages of approximate', 3.1 ar... 7.1 Ma. -e upper unit of tne
waterlaid sediment-rwas-deposittedin channels eroded in the lower unit. _The
upper unit consists of, in ascending order, sandstones and gravels, chemical
and clastic deposits of clay interbedded with limestone, and a tufa-caprock.
Vertebrate and invertebrate fossils Indicate that the upper unit may be as
yoftg as early Pleistocene. River gravels of ancestral Rock Valley Wash were
deposited in a channel that parallels modern Rock Valley Wash for at least 10
km. Those gravels ray be equivalent to the upper unit of the waterlaid -

*ediments - .:

Unit QTa was deposited throughout the Yucca Mountain area, probably soon
after deposition of the upper unit of the waterlaid sediments of Amargosa
marsh. Unit QTa consists mostly of debris flow deposits ana small amounts of
alluvial gravel. After deposition, pedimentation removed as such as SO m of
the unit. A soil on the pediment contains a thick calcic horizon. Residual
boulders as much as 10 m in diameter protrude above the Pediment. After soil
development, the unit was d1ssecfed'by subparallel drainage systems._ Ridges
between drainages form ballenas that are typical of unit QTa. A regional f

1



unconformity between units QTa and Qz is defined by the dissected surface of
unit QTa, pediment remnants, and the soil on the pediment remnants.

Fossils in a sag pond deposit within unit QTa in Yucca Flat suggest that
much of the unit is Quaternary. Terrace deposits, intermediate-in age between
units QTa and Q2. in the Kyle Canyon area of the Spring Mountains have not
been found in the Yucca Mountain area. The sequence of events following
deposition of unit OTa and prior to deposition of unit 02 suggest that unit
QTa was-deposited significantly before the Bishop ash, 738 ka, was deposited
near the base of unit 02.

Unit 02 is present throughout the Yucca Mountain area and consists of
five subunits: subunit Q2c, alluvial sand and gravel and lesser amounts of
debris flow deposits; subunit 02e, enlian sand; subunit 02s, alluvial sand;
subunit Q2b, alluvial gravel and debris flow deposits; and subunit 02a, debris
flow deposits. Subunits 02e and 02s are lithofacies of subunit Q2c.
Slopewash deposits in the Yucca Mcuntain area have a stratigraphic pnsition
like that of subunit Q2a, but differ fron 02a in several characteristics and
are designated subunit Q2a(?) in this report.

The presence of the Bisnop ash at or near the base of subunits QUe and
U2c at several locations in the Yucca Mountain area indicates that deposition
of unit Q2 began before 73J ka. Radiorptric agts indicate that a soil within
subunit Q~c began development about 425 ka. Surface soils began development
on subunit Q2c about 27U ka; on Subunit 02b. about 175 ka; and on subunit
Q2a(?), about 40 ka.

Unit QI was deposited mostly in washes throughout the Yucca Mountain
area. The unit consists of subunit QIc. alluvial gravel; subunit QIs,
alluvial sand that is a lithofacies of subunit Qic; subunit Ql, eolian sands;
subunit Qlb, webris flow deposits and minor anounts of alluvial gravels; and
subunit QIa, alluvial sand and gravel. Charcoal within subunit Qlc has been
dated at 8.3 ka. Charcoal, fossil seeds, and archaeological material have
established three periods of deposition for subunit Qle: 5,300 to 3,000; 2,000
to 1,000 or less; and 200 yr B.P. to the present. Deposition of subunit Qla
:robabl -egan about 1840.

Basalts in Crater Flat have ages of 3.75 Ma, 1.1 Ma, and less than 345
ka. Most of the spring deposits in the Amargosa Oesert range in age from
pre-QTa to pre-Q2 in age. Spring deposits that are Q2 and 01 ir age are
probably restricted to the vicin'ty of modern springs.

INTRODUCTION

The U.S. Geological Survey began geological, geophysical, and -

hydrological investigations of Yucca Mountain, Nevada, in 1978. The purpose
of these investigations is to provide data for the evaluation of Yucca
Mountain as a potential nuclear-waste repository site. This report describes
Late Pliocene and Quaternary deposits in the vicinity of Yucca Mountain. Age
determinations for these deposits are suwimarized. The report provides a basis
.rom which the approximate age of taults;thaX displace.surficial deposits in
the Yucca Mountain area can be determined.

2



Physiography

Yucca Mountain (fig. 1) is in the South-central part of the Great Basin
subprovince of the Basin and Range physiographic province. In the Yucca
Mountain area, elevations range from approximately 610 m on the Amargosa River
at the southern end of the Amargosa Desert to approximately 2,345 m on Pahute
Mesa. Within 100 km of Yuccaciountain (fig. 2). elevations range from -8U m
in Death Valley to 3,368 m on Telescope Peak in the Panamint Range on the west
(Just southwest of fig. 2) and 3,633 m on Charleston Peak in the Spring
Mountains (just southeast of fig. 2). The elevation of the piedmont angle (at
the junction of the piedmont Slope with the bedrock hills) at Yucca Mountain
ranges from 665 m at the southernmost ridge to approximately 1,550 m at the
head of Yucca Wash. Maximum elevation of Yucca Mountain is 1,783 n at the
northern end.

A geologic map of the ncnential repository site at Yucca Mountain (Scott
and Bonk, 1984), a report on the Ouaternary faults at ana near Yucca Mountain
(Swadley and others, 1984), and a report on the structural features and
tectonic history of part of the southern Great Basin (Carr, 1984) describe thle
structural features of.Yucca Mountain and the surrounding area. The reader is
referred to these reports for descriptions of the structural features
mentioned in this report. Landforr terminology in this report i in
accordance with Peterson's 1981) classification for the Basin and Range
province.

.111p The Yucca Mountain area is in the drainage basin of the Anargosa River.
which has its healwaters in the western part of Pahute Mesa anddrains through
the Amargosa Desert and Tecopa Basin into Death Valley (fig. 1). Yucca
mountain consists of one main and several subsidiary, tilted fault blocks of
Tertiary volcanic rocks that are typical of the Basin and Range province.
West-factn fF4t-t-carus-on the main fault olock have maximum slopes of 6U

peRwe on - and Bonk 19l4). A deneritic drditiage
system was deeply eroded before Quaternary time into V-e east-facing dip
slopes and along faults in the main fault block. Slopes on the main faulf
block are 10-1 percent near the crests and 20-5O percent on the sides. Small
valleys :ary from V-shaped w.ith rer-"nts-of s-ficial deposits along the tower
valley sides and as thin, narrow deposits in the valley bottoms to flat-
bottomed valleys underlain by surficial deposits. The largest valleys, Dune.
Drill Hole, and Sever Washes (fig. 3), have sand ramps and alluvial deposits

....on_;the..valley sides that have slopes of 10 percent and are bordered by . -=
terraces underlain by surficial deposits. These terraces are 50 to 300 m wide
and have downstream slopes of 3-8 percent.

The sides of ridges that are formed by subsidiary fault blocks have lower
slope angles than the sides of ridges formed by the main fault block on both
fault scarps and dip slopes. The drainage systems of the subsidiary fault
blocks are-short, first- and second-order washes that are V-shaped and
shallower than washes on themaiin fault block. The lower slope angles and the
lesser development of tributaries in these drainage systems, when compared to
those of the main fault block, are the result of lower relief and shorter dip
slopeLon the subsidiarysfatilt blocks. South of the Dune Wash drainage basin,
a ewdeep V-shaped drainages are present along north-south treVTng faults,
-and7a. otnave tributqaries. _

3
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14~t of the washes that drain east-southeast to east on Yucca Mountain
and adjacent fault blocks are consequent washes developed on dip slopes.
Valleys that drain to the north or South and valleys at the north end of Yucca
Mountain that drain southeast were developed along faults (Scott and Bonk,
1984; Carr, 1914). Although faults are not exposed in Yucca Wash, a
geomagnetic anomaly suggests that a probable Miocene structural boundary may
have influenced the distribution of older rocks, and thus the location of
Yucca Wash (Carr. 1984). -a _

The drainage basin of the Amargosa River above Beatty (fig. 2) is deeply
incised in volcanic rocks. Fortymile Wash, Topopah Wash. Rock Valley Wash,
Carson Slough, and the unnamed wash that drains Crater Flat are the major
tributaries of the Amargosa River between Beatty and the southern end of the
Amargosa Desert. East of Rock Valley Wash and Carson Slough, drainage is into
the playa at the eastern end of the Amargosa Desert. South and west of the
Amargosa sliver and north of Eagle Mountain, tributaries originating in thr
Funes~aL ountains are ouch smaller than tributaries no -h of the river.
Although Crater Flat, Fortymile Wash, Topopah Wash, and the unnamed wash thia
drains Crater Flat are deeply incised on middle to upper piedront slopes,
these washes are not integrated with the Apargosa River. On the lower
piedmont slopes South of U.S. highway 95, these weshes are distributary and
their runoff reaches tho Amargosa River only curing times of flooding. Rock
Valley Wash and the drainage basin of Carson SVough are integrated with the
Amargosa River.

Major landforms in the Yucca Mountain area include rock pedimenws,

ballenas. fan and alluvial pediment rerinantsl alluvial fans, stream terraces,
and playas. The only rock pediment near Yucca Mountain is on argillite or the
Eleana Formation in the center of the Calico Hills. Rounded. subparallel
ridges, called ballenas, are common on the oldest surficial deposits near
bedrocikhills. On piedmont slopes betweer bedrock hills and on the basin---
floor of the Amargosa Desert. deposits of coalescing alluvial fans of
different aces form nearly flat remnants between wasnes. Most of these fan
Deposits have been modified by-creep-and slopewash into smooth alluvia!
pediments. Because of fan coalescence and-alluvial-pedimentation, the
amicon- . ) topographic e:r;::ssion C alluvi ' fan con-: is a' -t on r -

pieamont slopes. Small, semiconical fans are present at the junction of
tributaries and larger washes in valleys in the Yucca Mountain area. Just
west of Fran Ridge, Drill.Hole Wash has a large, low semiconical fan just
above the junction with Sever Wash. Steep semiconical fans are present below
fault scarps along the east front of Bare Mountain and ajong terrace scarps
east of Beatty. Major washes have stream terraces that extend from near the
head of the wash dofsto where the washes become distributary on the lower
part of the piedmon t lope. A playa defines the end of a closed drainage -

system at the eastern end of the Amargosa Desert. Alkali Flat, at the south

.~~~~~~~~~~~~~~~

1 Pe'rson (1981) uses tIe term pediment for a surface eroded on
unconsolidated material on the piedmont slope. In this report, the adjective.
alluvial, is added to avoid confusion with rock pediments by readers
unfamiliar with Peterson's terminology.
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end of the Amargosa Desert, is a late Pleistocene playa that has been breached
by the Amargosa River (fig. 2).

Although calderas north of Yucca Mountain and northwest-:rending faults
alter the north-south pattern of ranges and valleys that are typical of the
Great Basin, the general physiography and types of landforms in the Yucca
Mountain area are similar to other areas of the Great Basin. The dimensions
and topographic relationships of the landforms in Quaternary deposits in the
Yucca Mountain area and in the Amargosa Desert do not differ greatly fron
those of similar landfor.s-in-the closed basins of Frenchman and Yucca Flats
and appear to be relatively unaffected by the presence of the Amargosa River.-

Previous Work

The bedrock geology of the NTS area has been published in a series of
geologic maps at a scale of 1:24,000 (fig. 4). In the Yucca Mountain area,
these maps include Topopah Spring 04W (Chris:;insen ar2 Lipman, 1965). T,.- pah
Spring SW (Lipman and McKay, 196b), Topopah Spring (Orkild and O'Connor,
1970), Jackass Flats (McKay and Williams, 1964) and Lathrop Wells (McKay and
Sargent, 17U). The geology of the Bare Mountain IS-minute quadrangle was
mapped by Cornwall and Kleinhampl (1961). The Quaternary deposits as shown on
these quadrangles were simplified and based mostly on clast sizo and
geomorpnic oosition.

Fernald and others (1968) mapped the surficial deposits of Yucca Flat for
engineering purposes on the basis of depositional processes and fragment
size. Units QTa, Q2, and QI were first des.ribed in the Syncline Ridge area
of western Yucca Flat (Hoover and Morrison, 1980), which has Quaternary
deposits similar to those in the Yucca Mountain area. Correlation
characteristics and the stratigraphy of Quaternary surficial deposits in the
NTS area were Jescribed by Hoover and others (1981). Swadley (1983) napped
the Quaternary deposits in the Lathrop Wells quadrangle and Swadley and Carr
(1987) mapped Quaternary deposits in tne Big Dune quadrangle. Field mapping
of the Quaternary deposits in most of the Topopah Spring 15-minute quadrangle
by the author was incluled in a map of the Quaternary geology of the Yucca
Mountain aree :orpiled bey Swadle- ind others '1964).

Waterlaid sediments in the Amargosa Desert were first mapoed in a
reconnaissance investigation of the hydrology of the Anargosa Desert (Walker
and Eakin, 1963). Denny and Orewes (1965) mapped these sediments as playa a d
spr i)g deposits in the Ash Meadows quadrangle. Swadley (1983) mapped the
recrystallized chali caprocks and claybeds separately in the Lathrop Wells
quadrangle. The waterlaid sediments have also been mapped in the Big Dune

.~ ~quadranigle (Swadley and Carr. 1987). Mapping of the NEI/4 of-the Ash Aeadvws
IS-minute quadrangle by Pexton (1985) established the stratigraphy of the
waterlaid sediments and tne relationship of these deposits to younger
surficial deposits. Studies of the basalts in Crater Flat (Crowe and Carr,
198U) provided the stratigraphic relationships of these basalts to Quaternary
and older surficial deposits.
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IDENTIFICATION OF QUATERIIARY SURFICIAL DEPOSITS

Multiple criteria. called correlation characteristics (Hoover and others,
1981) are used for Identification and correlation of surficial deposits in the
nTS area. Correlation characteristics are used because Pliocene and

Quaternary sediments in nearby areas could not be identified in the NTS
area. The detailed Pliocene and Quaternary section of the Searles Lake area
in California (Smith, 1979; Smith and others. 1983) was not comparable.
because it was deposited in a different environment than the XTS deposits.
The Quatern4ry deposits of the Yule Springs area near Las Vegas (Haynes, 1967)
were deposited in a different environment, and over a much shorter time
span. The correlation characteristics (see Hoover and others. 1981 for
definitions) are:

1. Topography
A acrotopography

S. Microrelief

11. Drainage Z
A. Pattern and development direction
B. Cross-sectional shape
C. Depth

_ II. Soils
A. A and B-horizons

1. Color
2. Secondary clay, carbonate. and silica content
3. Thickness

B. Catcic horizon
.~ anus _ 1. Stage (Gile and others, 1966)

- ~ 2. Thickness

IV. Topographic relationships to other depositional units

V. Desert pavement
A. Pack rig and s mng
B. Maximum fragment size
C. Rockvarnish color and luster

~~~~~VI. Lithology
A. Sand and clay content
B. Color
C. Maximr' fragment size and frequency
0. Ratio of clast lithologies

The order of these characteristics reflects their decreasing importance in the

identification of a stratigraphic unit. Except for the order of listing,

these characteristics are the same as described by Hoover and others (1981).

The use of soil properties to identify stratigraphic units was limited to

macroscopic differences) n the A, B, and calcic horizons that are easily
identtfiable by geologists unfamiliar with the descriptions and techniques of

soil science. These differences Include the presence of vesicular A and

cambic B horizons, and the presence and the degree of development of argillic

10
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B and calcic horizons. The sotl-horizon designations used in this report
differ somewhat from those defined by the Soil Conservation Service (Soil
Survey Staff, 197b), and are defined in the following paragraphs.

Vesicular A (Av) horizons are surface horizons that contain numerous
vesicles that are 1-10 mm in diameter. Av horizons are formed in a layer of
silty sand that underlies a desert pavement. Most Av horizons overlie an
unconformity at the top of the underlying 8 or calcic horizon. Thi-
unconformity is indicated by: (1) the presence of similar Av horizons on
either 8 or calcic horizons of a single stratigraphic unit, and (2) an abrupt
decrease in secondary carbonate in some soils between the Av and the
underlying B horizon.

Cambic and argillic B horizons are present on most Pleistocene and older
ficial deposits. Cambic B horirons are distinguished on the basis of
:ter developed structure and (or) stronger colors than theanderlying---

horizon. Cambic B horizons lack significant clay accumulation, hut a few,
thin clay coatings on sand grains and larger fragments are present in some
cambic B horizons. Most cambic 8 horizons are yellowish brown. Argillic B
horizons have significant clay accumulations as indicated by abundant clay
films. Most argillic B horizons are reddish brown, znd contain more clay than
the underlying horizon. Some argillic 8 horizons are indurated ij abundant
secondary calcium carbonate and 1ocally-by-seconoary-silica. Most cambic and
argillic 8 horizons are less than 50 cm thick.

Calcic horizons are characterized by the deposition of abundant calcium
carbonate and locally by some secondary silica. The calcic horizons referred
to in this report include the Cca, calcic, and petrocalcic horizons of the
Soil Survey Staff (197J) and the K horizon of Gile and others (1966).
Thicknesses of calcic horizons in this report include the entire thickness of
visible secondary carbonate which ranges from less than J.I to greater than'
1.5 m. The morphological characteristics of secondary-carbonate in calcic
horizons were used to assign stages as defined by-G-leland others (1966).
Calcic horizons range from stage I films and coatings on the bottoms of clasts
in early Holocene and late Pleistocene deposits to thick, plugged, stage IV
horizons in early Pl _.;ocen2 -eposits. The carbonate stages that are
-eportee are the maximum stage developed in the entire calcic horizon (Gile

ad others, 166). Carbonate-rich laminae. characteristic of strongly
developed stage IV horizons, are coruon in early Pleistocene and older
deposits, but they occur only locally in some middle Pleistocene .eposits.
Pisolites and brecciated and recercented laminae occur in a few locations in
early Pleistocene and older deposits.-

STRATIGRAPHIY

Stratigraphic units in the Yucca Mountain area range from Precambrian to
Holocene. - Metamorphic and sedimentary rocks from Precambrian to Mississippian
in age and volcanic rocks of Miocene and Pliocene age form the hills and
ranges of the Yucca Mountain area. Sedimentary rocks of Miocene and early
Pliocene age are present in the Funeral Mountains, at the southern and eastern
ends of the Amargosa Desert, and in Crater Flat. All of these rocks are
highly deformed and densely faulted. In contrast, the waterlaid sediments in
the Amargosa Desert and younger surficial deposits are relatively undeformed
and are faulted in only a few Places. Late Pliocene and Quaternary deposits
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in the Yucca Mountain area include the waterlaid sediments of Amargosa marsh,
unit QTa, unit Q2, which has five subunits, and unit 01, which also has five
subunits (fig. b).

Pliocene and quaternary(?) Deposits

Waterlaid Sediments of Amargosa Marsh

That waterlaid sediments of Amargosa marsh consist of clays, limestores,
and tufAs hat crop out In ruch of the Amargosa Desert south of lit 363U and
west of long 116'10 . Scattered outcrops are present along the Anargosa River
northwest to lat 3684U , between U.S. Hignway Vb and the hills that form the
southern edge of Crater Flat. And at the southern end of Crater Flat along the
unnamed wash that drains Crater Fiat. Driller's logs (Walker and Eakin, 1963)
indicate tit the waterliid sediments underlie most of the Quaternary
surficial .:posits between the Skeleton Hills and the Amargosa Ri -:r South or
U.S. Highway 95. The sediments were deposited in an area called Anargosa
marsh in this report (fig. 6). These sediments are referred to as the
waterlaid sediments of Amargosa marsh. Amargosa marsh had an area of
approximately 1,250 kmi.

Pexton (1985) divided the waterlaid sediments of Amargosa marsh into a
lower and 3n upper unit separated by a disconformity. The lower unit was
further divided and napped as four lithofacies: three units that are mostly

-arg1,jaceous and a fourthvunit Of-sheet limestones that overlies and
interfingers with two of the argillceous lithofacies; the alake dep sits and
the paludal deposits. The lower unit, as described by Pexton (1985).-consists
of:

Undifferentiated Pliocene 'lake" deposits _unit Tl):

Mostly brown to green, illitic and montmorillonitic claystones with
soft to hard limestone beds, pods, and nodules that contain minor
dolomite. Thin sandstone beds are sparse. Clay beds pinch and swell
noticeaoly over short distances and grade into limestone with
Inclusion a' irregular clay masses. Claystones contain only.small
.mounts of magnesium silicate clays. Evaporites were not observed,
,; masses of selenite and tnenardite oloorm are found at the

surface. Abundant rootmarkings. Contains two ash-fall tuffs.
Deposited in floodplains, swarps, ponds, and playas.

Pliocene playa deposits (unit Tpl):

Mostly buff to brown, hard, blocky claystones that are predominantly
magnesium silicate clays with some authigenic potassium feldspar.
Some claystones have pelletal textures. Minor, hard, white dolomite
sheets grade into soft, white limestone. Calcium carbonate breccia

' >Z-u-masses (calche-breccia) found near Carson Slough contain
interstitial magnesium silicate clays. Contains one ash-fall tuff.

* Probably deposited in a seasonally flooded playa.
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Pliocene paludal deposits (unit Tpa):

Mostly white, chalky limestones with minor amounts of sandstone and
claystones. Claystone occurs as irregular masses of illitic to
montmorillonitic clay within chalky limestones. Limesrone contains
gastropods, bivalves, and ostracodes. Probably deposited in spring-
fed marshes and ponds.

Pliocene sheet limestones (unit 711):

Whi& S lght grA4,~-J4QPa%&z stM llt * UZOAM-Apo l Ca-ias-tone
sheets. Contains rootmarks and occasional planit casts that resemble
plants growing in runoff from springs. Probahly deposited in
isolated ponds.

The disconformity that separates the lower and upper units has been
- -gnized in the Carson Slough and Rock Valley Wash drainage basins and in
t_ area southwest of Devils Hole. The disconformity is marked by channels
that are 3 to 10 m deep and a few meters to a few tens of meters wide.
Between Carson Slough and Rock Valley Wash. the channels have a low gradient
to the south. South of Carson Slough along the west side of the ridge of
r aozoic rocks that-eontains Devils Hole, the channels have a slightly
steeper gradient to the west. At the South end of this ridge, the channels
nave a gentle gradient to the southwest.

The upper unit fills the channelsoeet int; the lower unit. The base of
t upper unit is marked by coarse sands or gravels. In the Carson Slough and
Rock Valley Wash drainage basins, basal sands contain sparse pebbles as much
as 2 cm iMr-hMeter. Along-tllwest side of the ridge south of Carson Slough,
s ilar sands ai" local gravels are present in lenses at the base of the upper
unit. West of Devils Hole ano south of the Paleozoic ridge, the base ot the
upper unit contains beds of limestone gravel aS much as a meter thick. Clasts
of the grtvels are A lVT' e~ssthan 20 cm in diameter.

Above the basal clastic deoosits, tho upper unit is mevely white. soft
i.a cstone that contains minor amounts of siltstone and claystone. Clay
minerals are mostly illite and montmorillonite, but magnesium silicate

.:rals are also present (Pexton. 1985). Beds are mostly less than 1 a
;ck.

The deposits of the 6pper unit are capped by tufa. The tufa is brown to
orangish brown in outcrop and medium gray to pale yellowish gray on a fresh

-face. The tufa consists of limestone ano sandy limestone that preserves
-;ts and moulds of plants-and algal structures. Where the plant casts and

mn'ilds are well preserved, they contain a triangular reed and two broad-leafed
its that closely resemble plants that grow in the runoff from modern

springs. The tufa is usually 1-2 x thick near the head of the channels and
thins down~lope. In sec. 26, T. 17 S., R. 50 E., the tufa coverslan area

a ut I km and is 2-4 i thick. Although Pexton (1985) mapped the tufas
separately from the underlying sediments of the upper unit, the association of

-tf -tufas with they sediments and the channels of the-disconformnty indicate
that the tufas are a lithofacies of the upper unit.

is
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The upper unit is not continuous. The association of the channels of the
disconformity and the upper unit, similar lithologies throughout the upper
unit, and a similar elevation of the disconformity noted by Pexton (198b) from
Carson Slough and Rock Valley Wash to the area southwest of Devils Hole
ildicates that these deposits were probably deposited at the same time by the
same processes.

West of the area mapped by Pexton (1985). a large outcrop of seciments
imilar to the upper unit may also be the upper unit. The outcrop covers an

area about 6 by 3.5 km in the Ash Headows quadrangle in T. 17 and 18 S., R. 49
E. in Nevada and T. 26 and 27 N., R. 5 E. in California between Nevada State
Highway 373 and the Amargosa River. Diatomite and white, soft limestone and ~
laystone are capped by tufa. Sand less than 20 cm thick occurs at the base

of the deposit. The sand contains very sparse pebbles that are less than 10
mm in diameter. At the southern end, a lobate shape of the deposit suggests
filled channels like the channels filled by the upper unit about 10 km to the
east.

Cutcrops in the Big Dune quadrangle resemble both the lower and upper
units. Along the Amargosa River, claystones and limestones resemble sediments
of the lower unit. In the Big Dune quadrangle in secs. 22 and 23 (estimated).
T. 14 S., R. 48 E., peobly tuffaceous sands underlie claystone and diatomite
that resemble similar sediments in the upper unit. These sediments are capped
by tufa in which mammalian fossils occur. Tufas on the south and west sides
of this outcrop appear to occur in channels that slope to the south. In sec.
19, T. 14 S., R. 49 E., Claystone end remnants of tufa are exposed south of
tne hills that bound Crater Flat on a terrace or pediment along the unnamed
wash that drains Crater Flat.

In southern Crater Flat in the Big Dune quadrangle in secs.i$2 and 13, T.
14 S., R. 4b t. and secs. 7 and lb, 1. 14 S., R. 49 E., tufas are i-terbedded
with sand and gravel. Tufas and limestone also form erosional mounds. Along
the unnamed wash, where it drains east-southeast, gravel beds dip 5°-lb' South
to suth-east-, ana are int~rbedded-witlhtufas. In a trench exposu*re, tIe -

-ravel on the nortn edye of the wash grade vertically from poorly sorted at
the base ,. a bed tz ell-so. .d at t.;.. top an_ 'ateral, from pon-,y sorted
,n the north to well sorted to the south. The gravelsz1n the trench are
fterbeddeo with pebbly sands. A yellowish to orangish, iron-oxide stained

band from 5 to 16 cm thick, which slopes slightly tothe south, cuts across
bedding of the sands and gravels that hav2 a slightly greater dip to the
south. South of the wash, tufa and white, soft limestone form eroded mounds
that appear to have been deposited along a north-south line of springs.

In the southern part of the Lathrop Wells quadrangle, Swadley (1983)
mapped calcareous clays and Silts and dense limestones that are continuous
with outcrops mapped by Pexton (1965) as the lower unit of the sediments of
Amargosa marsh. Swadley's (1983) unit QTld is..Mlivalent to Pexton's (1985)
units Tld, Tpl, and Tpa; Swadley's unit QTll is equivalent to Pexton's sheet
limestones, unit Tll. The upper unit was not recognized by Swadley (1983),
but areas of calcified vegetal mats in sec. 19 and 30, T. 16 S., R. 5U E. may
be the upper unit.

The deposits needed to interpret the early history of Amargosa marsh are
concealed by the waterlaid sediments and by younger deposits, but some -r
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evidence suggests that at least part of Amargosa marsh may have been occupied
by a lake early in its history. The evidence consists of a possible dam at
Eagle Mountain and possible beach terraces near the dan, near Devils Hole, and
at the north end of the limestone ridge that contains Devils Hole.

The possible dam at Eagle Mountain was formed by older, deformed gravels.
alluvial fans, and basalt that May have provided barriers on either side of
Eagle Mountain to runoff from Amargosa marsh. Between Eagle Mountdin and the
Resting Springs Range to the east, older, deformed gravels and alluvial fans
provided a barrier that still exists. West of Eagle mountain, alluvial fans.
and faulted younger basalts formed a similar barrier. The basalts are
probably the sa.e basalts as in the Greenwater Range, less than 5 km from
these basalts. The barrier west of Eagle Mountain has been breached by the
.Amargosa River. When this breaching occurred is uncertain, but the breaching
was probably early in the history of Amargosa marsh.

Faint traces of possible beach terraces are present on the basalt at the
possible dam, on Paleozoic carbonate rocks near Devils Hole, and at the north
end of the limestone ridge that contains Devils Hole. In the Ryan quadrangle,
in sec. 30. T. 24 N., R. 6 E., a bench that Is 3-5 m wide is cut in basalt
almost completely around a knob that is about ! m higher than the bench. The
bench does not coincide wit h any apparent lithologic changes and is overlain
by U.3-O.b m of fine-grained material. The fine-grained material could be
eolian in origin, but it is not present on other nearby outcrops of basalt.
The bench is about 45 m above the waterlaid sediments at an altitude of
approximately bb2 m.

In the Ash Meadows quadrangle, in sec. 36, T. 17 S., R. SU E., about 1/2
km west of Devils Hole, a bencn is cut across the bedding of Cambrian
limestone at an altitude of approximately 73 m. This bench may be an old
terrace at the junction of washes in adjacent drainage basins, but s imlar
aenches are not present adjacent to other nearby, similar junctions of washes
in the limestone. In sec. 23, T. 17 S., R. SO E. and sec. 19, T. 17 S., R. V1
E., benches about 15 m wide are cut in the lirestone at elevations of 72b-74b
-. and are partly covered by waterlaid sediments of Amargosa marsh. The
oenches cut across bedding and appear to be u -elated to litholoMTZ
differences or faults. The topographic setting and location of the benches
make differential weathering or stream erosion unlikely. A few limestone
clasts on these benches are-highly rounded, but are too deeply pitted by
weathering to determine their origin.

River Gravels of Ancestral Rock Valley Wash

The river gravels of ancestral Rocky Valley Wash consist of coarsely
crossbedded pebbly sands and sandy gravels that underlie a north-south ridge
just west of Rock Valley Wash in the Ash Meadows and Lathrop Wells
quadrangles. The outcrops can be traced from sec. 30, T. 17 S., R. SO E.
north for approximately 10 km to the SE 1/4 sec. 19, T. 16 S., R. 50 E. The
best exposures are in the SW 1/4 NE 1/4 sec. 19, T. 17 S., R. 50 E., where
crossbedding and the relationship to the lower unit of the sediments of
Amargosa marsh are well exposed.

Crossbeds are 5-20 cm thick in beds that are 0.3-0.6 m thick. Clasts of
volcanic rock as large as 10 cm are scattered in a sandy matrix that is
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cemented by calcite. A few beds are sandy gravel. Clasts are mostly silicic
volcanic rocks, but minor amounts of basalt are present.

The crossbedded sand and gravel fill a channel 1.5 km wide and as much as
5 n deep. Remnants of sheet linestones of the lower unit of the sediments of
Amargosa marsh form part of the east bank of the channel. The parallelism of

the channel with Rock Valley Wash for at least 10 km indicates that the
channel is probably an ancestral Rock Valley Wash.

Slopes and ridgetopS above the crossbedded sands are covered by deposits
that contain boulders of basalt and other volcanic rocks as wuch as 0.5 m in
diameter. These boulders are probably from the next younger unit, unit QTa.

Pliocene(?) and Quaternary Deposits

Unit QTg

Unit QTg consists of thin-bedded gravels that till shallow valleys of a

dissected pediment between the Eleana Range and Syncline Ridge in western
Yucca Flat (fig. 2). The gravels are cofVosed of quartzite, conglomerate, and
siliceous argillite derived from the Eleana Range. Clasts are angular, platy,
and prismatic, have a maximun dimension 0.7 m, and have thicknesses that are
2U to bU percent of the maximun dimension. In contrast, the overlying unit
UTa contains numerous boulders of Tertiary welded tuff that have diameters of
I to 10 m, are subangular to subrounded, and are roughly equidinensional. Tne
gravels of unit OTg are as much as 6 n thick near the Eleana Range and 22 a
thick near Syncline Ridge beneath units QTa and Q2 (Hoover and Morrison.

_.

The pediment beneath the g avels is defined by a nearly planar surface
that covers approximately 17 km between the Eleana Range and SynclirT
Ridge. The pediment is cut on gently to steeply dipping quartzite and clayey
argillite of the Eleana Fornation (Mississippian and DevoniAn) and on Tippipah
Limestone (Permian(?) and Pennsylvanian). Where unit QTg is present on ridges
near the Eleana Range, it is overlain in most places by unit QTa. These --
ridges a.< lu to 2U n wide ;ad have rounded to flat top;. The :_< tact b_..%en-
the Eleana Formation and the gravels dips into the ridges. The upper part of
the gravels is thoroughly cemented by dense calcium carbonate. At the base of
the gravels on one ridge, a trench exposes soft, pulverent to nodular calciur.
carbonate. The soft carbonate forms bU percent or more of the matrix in both
the gravels and the we:tthered rock of- the underlying Eleana Formation in a
zone approximately U.7 m thick.

Plates of calcium carbonate occur as residual deposits at the edge of the
gravel and on the Eleana Fcrmation along the ridges upslope from the edge or
the gravel. The carbonate plates can be traced to a thrust fault in the
EleanqLat the east foot of the Eleana Range. The plates are siliceous near
the thrust fault. The carbonate and silica plates and the carbonate in the
gravel appear to have been deposited by ground water seeping out of the thrust
fault and into the gravel.



-

Unit QTa

Unit QTa consists of predominantly debris flow deposits and small amounts
of alluvium. Unit QTa is present at the periphery of all basins in the NTS
area, around isolated bedrock hills in the Amargosa Desert, and as erosional
rennants In valleys In the hills and ranges. Unit QTa lies unconformably on
Precambrian to Paleozoic sedimentary rocks, on Tertiary volcanic and
sedimentary rocks, and on the waterlaid sediments of Amargosa marsh. In the
Calic- Hills and betweei Syncline Ridge and the Eleana Range in Yucca Flat,
unit i:Ta was deposlfed on unit Q7g and pediments that were cut on argillite of
unit J oLfthL leana Frtion.- In most areas, exposures of unit QTa are less
than 2 km from the hills and ranges. In a few places, such as Rock Valley---
Wash near the Skeleton Hills and in Crater Flat, exposures are 10 km or more
from the ranges. The maxinum observed thickness of unit QTa is approximately
bb m.

,.atural exposures of unit QT. are sparse. The best aeveloped soils and
landforms that are typical of unit Q~a occur between Yucca Mountain and Alice
Ridge, just south of Yucca Wash (fig. 3). Debris flow deposits and poorly
sorted alluvial gravel that may have been reworked from debris flows are
exposed in Crater Flat trenches I (lit 36148'14', long 11629'50U) and 2 (lat
36'46'b9", long llb'W03W) and in sone of the deper washes near these
trenches.

Unit UO crops out as elongate, well-rounded ridoes called ballenas. The
ballenas are separated by washes that rorm parallel to subpartllel drainage

*-g. systems. The washes; where not filled by unit 02 or dissected by Holocene
erosion, have rounded cross sections. Relief on the ridges ranges from I to
25 m; the macrotopography is rounuen. Microrelief is flat except where
erosion during he pedinentation of unit OTd has left residual cobbles and
boulders protruding above the desert pavement. Within 1-2 km of bedrck

_ -x-- hills, residual boulders are as ruch as 10 m in diameter. At distances of
b km, residual boulders are less than I m in diameter. Along Rock Valley Wash
south of U.S. Highway 9b, basalt bouldersjLom Skull Mountain, more than 30 km
away Nre corronly U.S t- I m in in Ameter k_ Resiual boulders are rarelY
present on deposits younger than unit (Ta.

'oils on unit QTa typically consist of an Av horizon and a calcic
horizon. The Av horizon on unit QTa overlies the calcic horizon or, where
present, an argillic B horizon. The Av horizon is formed in material that is
probably much younger t:.an the underlying deposits. Thickness of the AvW_
horizon ranges from 1U to 40 cm. The B horizon has been eroded from most QTa
soils. Only onte area, just south of Yucca Wasn and west of Alice Ridge, has
been found with an argillic B horizon intact in a Qra soil. At this location,
the *~rgillic B harizon is dark reddish brown, contains abundant clay, and is
approximately SU cm thick. Secondary silica increases downward in the B
horizon. Where the arcillic B horizon is preserved, the calcic horizon has
engulfed the lower part of the 8 horizon and consists of laminar layers that
enclose lenses of pale-brown opaline silica that are as iuch as 5 cm thick.
The laminar layers that enclose these silica lenses are dense, hard, and
probably contain secondary silica. Calcic horizons_o unit QTa are stage.L__,.
to III at elevations of about 7U1 m iithe AsiMeados irea and stage IV-above-w==
900 m in the Yucca Mountain area. Stage IV calcic horizons are 2 to 3 in
thick. Laminar layers are present in most stage IV calcic horizons.
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Pisolites and brecciated and recemented laminar layers occur in a few
locations.

On the uppermost part of piedmont slopes, interfluves of unit QTa between
washes that head in the bedrock hills, are topographically above units Q2 and
Il. Deposits of QTa are also present at drainage junctions within bedrock
hills, as erosional remnants on pediments, and as the highest erosional
terrace along major washes within bedrock hills. On Yucca Mountain, remnants
of unit QTa are present on steep slopes 20-50 m above the bottoms of some
-i:ies. Terraces and dissected hills of unit QTa are present on lower
picdmont slopes along Rock Valley Wash from U.S. Highway 95 south to about lat
3b*3u'. At distances of b km or more from bedrock hills, unit QTa is buried
b)y younger surficial deposits On most piednont slopes.

Desert pavement on unit QTa is very densely packed and poorly to
rately sorted. Maximum fragment size inr the pavement is about 20 cm, but

bioual boulders, which range from 0.5 to as much as 10 n in diameter.
commonly protrude above the pavement. Varnish on pavements and residual
P_;'lers is shiny brownish black to black, U.S to 2 mm thick, and continuous
i, areas undisturbed by soil creep.

Trenches and a few natural exposures reveal unsorted, nonbcdoed layers
.'.t are 1 to 2 m thick. Each layer contains coarse fragments ranging fron
pebbles to boulders that are supported by a matrix of clay- to sand-size
a.. aerial. Clay and silica coat larger fragments below the calcir horizon.
Natural exposures of untt QTa are light brown with a pinkish to reddish
cast.Boulders of welded tuff, limestone, or quartzite are commonly I to 4 m
in diameter on the uppermost piedmont slopes and in QTa deposits in bedrock
rPlls. Boulders at the base of unit QT3. deposited on pg rent cut on the

~ana Formation in the Calico Hills and in Yucca Flat, are as-ruch as 10 l in
diameter.

At the foot of the Eleana Range in the west-central part of Yucca Flat,
-ises of calcium carbonate that contain ostracodes, gastropods, and small

mammal remains are interbedded with debris flow deposits of unit QTa. Two

es, exposed in trenches cut at right angles, are as nucn as 2 m thick,
'tend dt least bU nm downslope, and are at least 3u. n wide along the slope

- 'tour. The upper part of both lenses contains greenish-gray clay and clasts
Such as 2U cm in diameter. The location of the calcium carbonate lenses,

aujacent to faults that displace the uphill side of the faults down against
quartzite of the Eleana Formation. indicate that the fossiliferous carbonate
lenses are sag pond deposits.

--- w
Alluvial pediments were cut on unit UTa throughout the NTS area. The

pediments are defined by the concordant tops of the ridges that characterize
nit QTa. Concordancy of the ridges extends across small washes that

originate in bedrock hills and across some major washes. The concordant
lJges extend into bedrock in a few locations in the Calico Hills, east of

%ckass Flats, and on the southwest side of Bare Mountain. Benches cut on
'.drock and "lines' of calcium carbonate that stain steep bedrock slopes nay

ord the orivinal surface of unit QTa. These features occur as scattered
remnants in the ranges east of Yucca and Jackass Flats, in the Calico Hills,

nPl on the southwest side of Bare Mountain. The bencheT7and carboiiatrTtnes
;:ggest that 25 to Su m of unit QTa may have been eroded where the ranges have
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the greatest relief and highest slopes. hear hills that are low in relief,
erosion may have been much less then 25 m.

On hillslopes that have 10-26 m of relief, QTa deposits lack any evidence
of asdding. The few exposures along washes and In trenches are predominantly
layers of unsorted cobbles and boulders. In Crater Flat trenches I and 2 and
in some exposures in washes, coarse, poorly to moderately sorted a1luvial
gravel is present in the upper 1-3 m of unit QTa. In a few wash exposures,
alluvial gravel occurs as thin beds between unsorted layers of cobbles and
boulders. Numerous large boulders are present in almost all exposures of unit
QTa, regardless of relief or litholoqy of the bedrock above the outcrops.

Subunit QTc.--Colluviun that consists of unsorted fine to coarse angular
rubble was mapped separately as a subunit of unit QTa on steep slopes of
Little Skull Mountain in the Lathrop Wells quadrangle (Swadley, 19031 and in
the northeast corner of the Big Dune quadrangle (Swadley and Carr, 1987).
Colluviun of subunit QTc is included in map unit QTa at other locations. The
col'uvium includes rock falls and debris flow deposits that grade dgsnslope
into unit UTa. Slightly dissected smooth slopes of subunit QTc are underlain
by stage III to IV calcic horizons that are several meters thick. A and B
horizons are not present.

Regional Unconformity

Wnere subunit U2c overlies unit QTa in the Yucca Mountain area, a
regional unconformity..ts present. This unconformity is defined by the soil-
aevclopea on unit QTa and the dissecteo pediments of unit QTa, and represents
a long period of erosion and nondeposition. The pediments were dissected by
subparallel drainage systems throughout the Yucca Mountain area after
pedimentation of unit QTa and development of a soil on the pediments. This
dissection otiunit QTa formed long. narrow, rounded ballenas, usually less _
tan 21 n wide. At the upslope end of ballenas, thp ridge crests merge into
the pediments and ridges wider than 20 m usually have flat tops that are
remnants of the pediments on unit VTa. Slopes of the valleys between ballenas
are convexo-concave in contrast to steep, straight slopes of washes in younger
dep-sits. Whcre not c j;.red be junger --posits, valleys between ballenas
are rounded.

No deposits are present between unit QTa and unit Q2c near Yucca .
Mountain, but near the head of the Kyle Canyon (just southeast of fig. 2)
alluvial fan, alluvial gravels form terraces-that are intermediate-in'
elevation between the ballenas of unit QTa and the terraces of unit Q2. The
litolo0gy, pedimentatior., soils, landforms, and dissection of unit Qt: are
sin lar at both Kyle Canyon and in the Yucca Mounttin area. Except for
thicker soil horizons, the same aspects of unit QZ are also similar in both
areas. These similarities and the proximity of Kyle Canyon to Yucca Mountain
indicate that deposits of intermediate age should also be present in the Yucca
Mountain area. Deposits of intermediate age may be buried in Yucca and
Frenchman Flats or removed by erosion in Mercury Valley, Crater Flat, Rock
Valley. Jackass Flats, and the Amargosa Desert.

Pedimentation, soil developmentrand dissection of unit QTa represent a
long period of erosion and nondeposition. The absence at the surface of the
Yucca Mountain area of the intermediate-age deposits that are present at Kyle
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Canyon suggests that intermediate-age deposits are not present in the Yucca
Mountain area. The probable absence of the intermediate-age deposits in the
Yucca Mountain area extends the period of erosion and nondeposition after
apposition of unit QTc. and requires a regional unconformity between unit OTa
and subunit V2c.

QuaternarY Surf1c1al Deposits

Quaternary surficial deposits of the Yucca Mountain area include unite 01
and 02, both of which have five subunits. Both units consist of alluvial sano
and gravel, debris flow deposits, and eolian sand. The major differences
between the two units are that t1ee older unit, unit Q2, has moderately to well
developed soils and desert paveme ts, whereas unit Q1 has incipiently
developed soils and desert pavements are absent. Except for topographic
-,;tion, all other characteristics of the two units and their subuTnits are
:.71 lar.

___ Unit Q2

Unit j2 consists of alluvial deposits, debris flow deposits, and eolian
sand. Unit QZ contains five subunits: 02c, 02b. are Q2a and Q2a'?), alluvial
and debris flow deposits; 42e, eolian sand ramps and sand sheets: and Q2s,
alluvial sand sheets. These subunits range in age from middle to late
Pleistocene. Soils in unit Q0, except for the youngest deposits, are
moderately to well developed. Desert pavements are well developed except on
the youngest deposits. The youngest deposits and eolian sand have a limited
extent, but alluvial deposits of oldest and intermediate ages are present
throughout the Yucca Mountain area. The topography, drainage, and desert
pavements of all subunits are similar, but soils, litholcgy, ant topographic
position differ.

Alluvial deposits of subunits Q2c and Q2b are fornd-1n-alI the valleys of
the NTS area and in washes in the hills and ranges. rhe debris flow deposits
of unit Q2a have been identified only in the Calico Hills and in the Syncline
Ridge area of Yucca Flat. Thin slopewash deposits with similar radiometric

ages at se2eral loc .:cas in -'a Yucci "ountain -,ea ar" ,alle ?2s(?)*1n this
report, and may be equivalent in age to subunit Q2a, which has'notwbeen datcu
radiometrica.ly. Subunits Q2e and Q2s have been identified only in the
northern part of the Amargosa Desert, Jackass Flats, and Crater Flat.

Subunit Q2c.--Subunit Q2c Consists of alluvial deposits and equal to
lesser amounts of debris flow deposits. The alluvial deposits vary from
pebbly sands to coarse gravels. Debris flow deposits that are exposed in
trenches and in wasnes vary from snall lenses to layers longer than lU m.

Subunit Q2c is present throughout the NTS area. The subunit occurs as
terrace deposits in larger washes within the bedrock and unit QTa, as fan
deposits in a few intramontane valleys, as slopewash and talus deposits on the
sides of most of the valleys on Yucca Mountain, and as fan deposits on upper
to lower piedmont slopes in all valleys.- Subunit Q2c forn5 the highest
terrace along major washes on tne piedmont slope and along most of the washes
in the Amargosa Desert. Orill-hole data in Jackass Flats indicate a maximum
thickness of bb m, but beneath some-valley floors the thickness may be
greater.
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Terraces that are typical of subunit Q2c are present between Sever Wash
and Fortymile Wash and at and below the mouth of Topopah Wash west of
Fortymile Wash. The best exposure of the youngest Q2c soil is in a trench
(lat 36051 580, long 116113'19").

Subunit Q2c has a flat macrotopography even on steeply sloping
deposits. Along much of Fortymile, Topopah, and Rock Valley Washes, overbank
flood deposits and debris flow deposits form low levees. Microrelief is less
than 0.2 m, except where residual boulders of unit QTa protrude through 02C
ceposi;;. Drainage patterns on QZc are parallel, have few or no tributaries
on middle to upper piedmont slopes. and are distributary on middle to lower
piedmont slopes. Most washes cut into subunit Q2C have very steep to vertical
bants that have been steepened bfYHolocene erosion. Where banks below the
terraces are undisturbed by Holocene erosion, these banks are also steep.

The Av horizon of 02c soils is younger than the underlying soil
horizons. The Av horizon is 10 to 50 cm thick, consists of clay-size to very
coarse sand-size material, and is pale yellowish brown. The Av horizon has a
sharp contact with the B horizon, or where the B horizon has been stripped,
with the calcic horizon.

Soils of two different ages are present on subunit Q2c ano can be
differentieted only by uranium-trend age dating or by detaiied soil
investigations. Above 1,OUO m elevation, both soils have a moderate- to dark-
reddisn-brown, argillic B horizon, that is partly silicified. and stage III to
IV calcic horizons. The calcic horizons rarely have a laminated lake.. Some
calcic horizons locally may engulf the lower part of the argillic B horizon.
At elevations below 8UU m in the Amargosa Desert, both soils in Q~c have
cambic 8 horizons and stage I to 1I calcic horizons.

The older soil is present at a depth of a few meters within subunit Q2c
or at the surface in some locations. The older, buried soil has been
identified by uranium-trend dating of samples from some trenches in the Yucca
Mountain area. The older soil is probably the buried-solf exposed-in the west
wall of Fortymile Wash just south of the road to Yucca O-Untain. At the
surface locally in the Yucca Mountain area, the older soil also has been
identified by uranium-trend dating locally in the Yucca Mountain area. The
maximum depth of burial of the older soil is approximately 7 m in Fortymile
Wash. The younger soil has been identified at the surface or beneath less
than I m of younger subunits in northeastern Jackass Flats, on lucca Mountain,
and in Crater Flat.

Subunit 02c is present beneath terraces along washes that are inc sed in
bedrock and unit QTa, and is also present on much o. the upper piedmont
slopes. Q2c is the highest surficial deposit on middle piedMont slopes, on
some lower piedmont slopes and valley floors, and along most major washes
incised in lower piedmont slopes and valley floors.

Desert pavements on subunit Q2c are densely packed, moderately to well
sorted, and have a maximum clast size that is commonly less than 0.2 m in most
places. Near hedrock hills or where unit QTa underlies Q2c at depths of less
than 2 m, larger clasts may be present at the surface of subunit Q2c. Varnish
ranges from very dark brown to blackish brown and from dull to shiny; it fabs
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a thin film that usually covers most or all of the upper surfaces of desert
pavement clasts.

Sand content of Q2c deposits ranges fron less than 20 percent in coarse
gravels to more thanb percent in the Jackass Flats and Yucca Mountain areas,
where the subunit contains sand that is reworked from subunit Q2e. Clay
content is probably very low. Except in debris flow deposits, clay coatings
on clasts below the soils are rare. The color in outcrop ranges t-on a light
yellowish brown to grayish brown. Clasts in alluvial deposits are rarely pore
than U.2 m in diameter. In most debris flow deposits, clasts are as much as
U.b m in diameter, but on the two highest terraces of Fortymile Wash, debris
flow deposits contain numerous clasts as auch as 1 m in diameter.

Subunit Q2c consists of mostly alluvial deposits that range fron pebbly
-inds, comnon east of Yucca Mountain and south of Jackass Flats, to sandy,
-jarse gravels. The volume of debris flow deposits may equal the volume of
.lluvial deposits on upper piedmont slopes and in intramontane valleys, but is
Usually less than the volume of alluvial deposits on and below middle piedmont
slopes. Much of the alluvial material was deposited along shallow
distributary Washes. Along major washes, the alluvial deposits appear to be
the result of channel aggradation. On steeper sloper, particularly within the
ranges, slopewash deposits are abundant and may grade into debri- flow -
deposits.

Along Fortymile Wash, debris flow deposits of subunit Q2c cap most of the
three uppermost terraces (fig. 7).. On the highest terraCe. discontinuous
patches of cobbles and boulders from debris flows overlie mostly pebbly sands
and a few sandy pebole ano couble beds that are typical of subunit 02c. The
cobbles and boulders of tne debris flow range from 0.1 to I m in diamoeter. At
some locations on the east bank of the wash, WFW debris flow deposits form a
levee that is 20 to bU m wide and less than I m high., Remnants of the debris
flows are sparse on the west bank, but are almost continuous for 10 km below
tne Calico hills along the east bank. About 7 m below the highest terrace, a
soil that is probably the older soil of subunit U2c is exposed ajpng the west
hank. The soil has a stage IV carbonate horizon about I i thick and remnants

a rec argillic 2 horIzon. The s'1 on the highest terrace is the younger
soil of subunit Q2c and has a stage III carbonate horizon less than a meter
thick beneath the debris flow deposits.

Fortymile Wash is the only wash in the NTS area that is known to contain
three terraces of Q2 age. In other washes, where only two terraces are
present, Q2b is the lowermost terrace. Therefore, the lowest Q2 terrace in
Fortvr.ile Wash is considered to be Q2b and the middle terrace to be the
youngest 02c deposits (fig. 7). The middle terrace consists of cobbles and
boulders that range from 0.1 to 1 m in diameter in a sandy matrix. The
deposit on the middle terrace is 2-4 n thick and overlies sandy deposits
similar to those that underlie the upper terrace. The upper meter of the
debris flows of the middle terrace are cemented by a stage III calcic horizon.

Subunit Q2e.--Subunit Q2e is a lithofacies of subunit Q2c (fig. 8), and
consists of eolian sand and reworked eolian sand that was deposited as sand
ramps and sand sheets on the hillslopes that border the Amargosa Desert from
the south end of Bare Mountain to Little Skull Mountain and from Ash Meadows
to Yucca Wash and the center of the Calico Hills (fig. 9). The sand ramps
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were deposited by prevailing winds from the south to southwest on any or all
sides of topographic obstructions. At the southern end of Yucca Mountain,
dissected ramps are present on both sides of north-south ridges. Busted Butte
is surrounded by Q2e ramps. On Yucca Mountain, ramps appear to be thicker on
the v;!t faces than on the east faces of north-south ridges except for Yucca
Crest. On the west side of Yucca Crest and the ridges to the west, Q2e is
absent or present only as small patches and thin sheets. In the Calico Mills,
Q2e was deposited as sand sheets on unit QTa and on bedrock on scoith-facing
slopes. In the center of the Calico Hills, sheets of Q2e less than I m thick
were deposited on pediments cut on the Eleana Formation and unit QTa. East of
Topf- i Wash, most sand ramps are on south- or west-facing slopes. Small, low
hills of Paleozoic rocks in the central and western part of the northern
Amargosa Desert are completely surrounded by ramps or may have isolated ramps
on all faces. The maximum stratigraphic thickness of subunit Q2e is about 50
m. In the Striped Hills, ramps were built as much as 80 n above the piedront
slope. The best exposures of subunit Q2e are on the lower slopes of Busted
Butte where washe; have dissected these deposits. -- - - =

subunit Q2e is a lithofacies of subunit Q2c (fig. 8). Where subunit Q2e
is underlain by subunit Q2c, the contact is less than b m above bedrock.
Subunit I2c also overlies subunit Q2e and occurs as tongues within Q2e. The
Bishop ash (738 ka) occurs at or near the base of subunit Q2e a: several
locations in Jackass Flats and around the northern edge of the Amargosa Desert
(Swadley, 1983; Swadley and Carr, 1I87). The Bishop ash also occurs within 3
m of the base of subunit Q2c in the Calico Hills.

Macrotopography on subunit Q2e is flat oetween washes. Microrelief is
less than 0.2 a. Drainage on subunit Q2e is poorly developed. Washes that
dissect Q2e originate almost wholly from preexisting washes in bedrock. Small
washes are V-shaped with steep banks in their upper parts. The lower parts of
smalI washes an.d most of the larger washes have flat bottoms with steep _
banks. A few tributary washes South of Dune Wash and some washes on Little
Skull Mountain have Q2c, QZb, and (or) QIc-terraces lr.set into subunit Q2e.

soils on subunit Q2e are typically eroded down to the calcic horizon.
The A horizons vary frcm typical Av horizons to eolian silt and clay mixed
with the underlying sand. Most 02e soils consist of -an Av. horizon less than
20 cm thick that overlies a stage 1l to IV calcic horlizlgithat is 0.5 to 1.0 m
thick. Cambic B horizons, less than 0.5 m thick, occur locally. The
variations in the development of calcic horizons suggest that som.e of the
soils are of different ages. Dissection of the sand raips around Busted Butte
has exposed several calcic horizons with-in subunit Q2e. Alternating periods
of eqlian deposition, reworking by sheetwash, and nondeposition and soil
development may account for the multiple calcicvhorizons in Q2e.

;:alciut carbonate has also been deposited in and below the calcic horizon
as root casts and as fracture fillings. Root casts vary from sing D roots
that penetrate as deep as 2 m below the surface to dense mats less than lb cm
thick that are less than 2 a below the surface. Fracture fillings are
commonly b-lU cm thick and extend to depths of more than 4 m even though the
sand next to the fracture fillings Is very friable.
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The topographic relationship of subunit Q2e to other deposits differs
from place to place. At some locations, Q2e overlies subunit Q2c, but most of
the sand ranps of Q2e at the southern end of Yucca Mountain and sand sheets of
Q2e south of the Calico Hills are covered by subunit Q2c. On some ranps,
subunit Q2c Is inset into Q2e as terrace deposits, occurs as slopewash
deposits at the foot of Q2e sand ramps, or Is deposited along washes that
transect the lower end of a sand rawp. Thus, subunit Q2c is both older .nd
younger than subunit Q2e, and subunit Q2e Is a lithofacies of subunit Q2c.

- Desert pavementon Q2e varies from scattered and poorly packed to
continuous and densely packed. Packing appears to increase with decreasing
slope. The paucity of pebble- to cobble-sized clasts within most Q2e deposits
indicates that pavements on Q2e are formed by coarser clasts that migrated
down rarp surfaces. These clasts were derived from slope wash from be ock or
surfisjal-deposits above the raqps. On one sand ramp south of Dune Wash,
pavement clasts have migrated,,downslope 0.6 kn from volJanic cliffs above the

'"ramp. Clasts have maximum dimensions less than 0.2 m. Varnish is a dull.
patchy film that ranges from very dark brown to brown.

woo -A~ -

The areal distribution of subuni Qe((fig.9.)Jindicates-that ldnds from
the south and southwest deposited sand where air flow'was perturbed b9~Z.
topoyraphic obstructions. Much of the sand probably came from tne Amargosa--
Desert, but dunes neartbe..Funeral'Rtnge (W C Swacley. U.S. Geological Survey,
oral commun., 1983) indicate that some of the sand may have come from Death

-- Valley. Beds range from 0.1 to 1 m in thickness, and usually lack-- --
crossbedding. In some sand raips, a single tongue of coarse slopewash
material is present near the middle of the sand deposit. The tongues of
coarse debris have a maximum thickness of 1 m and thinwitthitia few hundred
meters downslope to less than 0.S M. Sand in the upper 0.5 to 1 m of Q2e
contains scattered pebbles, cobbles, and boulcers below sume bedrock cliffs in
the Yucca Mountain area. The coarse clasts are probably gravity-tran:ported

YL__- - debt4se - q%

Subunit Q2s.--Subunft Q2s consists of alluvial sands and-pkbkly sands and
is a lithofacies of subunits Q2c and Q2e (fig. 8). It is topographically
lower thai. subunit Q2e on mibale to ,;.er pieci...nt slops., from c~c Calico
Hills to the floor of the Amargosa Desert and from Yucca Mountain to the
-nIstern edge of Jackass Flats. Subunit Q2s was derived mostly from deposits
-.f subunit Q2e thdt blocked washes in the Yucca Mountain area..-The maxirum
thickness seen in subunit.Q2s is about 5 m. ____

The best exposures of subunit Q2s are on the upper piedmont slopes south
of the Calico Hills. On the southwest side of the Calico Hills, washes that
drain into Fortymile Wash expose 3-5 e of Q2s intertongued with subunit Q2c.

Most of the topographic characteristics of Q2s are like those of subunit
Q2c. Where washes have dissected Q2s and the underlying deposits, the banks
of these washes have shallow, rounded 'rills in Q2s that a a few meters
apart.

iL, - _ Soi1s in subunit Q2s have an Av horizon likewthat of Q2c.1Bhhorizons are
I ar ej c,.brownish red, have thin clay films1 on the sand grains, and are

usually SbUto 8U cm thick. The argillic B horizon grades downward into'a ".'mms'.---
sta iekfto IV calcic horizon. '"W
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Subunit QJs occurs on the lower slopes and on piedmonts downslope from
UWe, the main source for QZs. On middle and upper piednont slopes, Q2s is at
the surface, but on the south and southwest piednont slopes of the Calico
Hills, subunit Q2s Is overlain by a few meters of Q2c. On lower piedmont
slopes of Jackass Flats and on the floor of the Amargosa Desert; either
subunit QZc or QZb may overlie subunit Q2s.

Desert pavement ranges from loosely to densely packed and from well
.orted to poorly sorted. Densely packed and poorly to moderately sorted
pavements are present on middle to upper pieamont slopes. Loosely to
moderately packed and moderately to well sorted pavements are present on
middle piedmont slopes down to the floor of the Amargosa Desert. In some
-reas of the Amargosa Desert, the pavement Is denser In surface lows that are
less than a meter deep and less than 2u m across. The lows and the pavement
appear to be the result of deflation. Maximum fragment sizes range from about
20 cm on upper piedmont slopes to less than 10 cm on the floor of the Amargosa
_tsert. Varnish is usually a very dark brown to blackish brown, dull to shiny
;ilm that covers part to all of the upper surface of pavement fragments.

Subunit Q2s is predominantly fine to medium sand. Clasts of volcanic and
sedimentary rocks are usually less than lo mn and are rarely as ml oh as SU rn
in diameter. The larger clasts comprise less than 1 to about 5 percent of
less than hall the beds. Clay- or silt-size material is rarely present in
sandy beds, but beds of-clay or silt a few centimeters thick are locally

,present. braded beds are locally present and indicate an alluvial origin for
subunit Q2s. Color in fresh exposures is very light gray to very pale
brownish gray. In outcrop, subunit J2s is pale brownish gray. -

Subunit Q2b.--Subunit 02b consists of terrace deposits and thin sheets of
alluvi fan-deposits. The terrresent on strath terraces in
most washes that are incised to depths greatiethairis-5i R' the Yucca
Mountain area. Alluvrarfan deposits of subunit Q2b are present as irregular,
thin sheets on piedmont slopes downslope from the mouths of incised washes and
nn the lower piedmont slopes of the Amargosa Cesert. These sheets cannot be
distinguished from Q2c except by comparison of soils. Subunit Q2b was
included with subunit Q2c as subunit Q2bc on most lower piedmont slopes and
-ne floor of the Amargosa Desert (Swadley, 1983). In major washes such as
artymile and Topopah Washes, subunit Q2b forms the lowest terrace that has a

desert pavement and an Av horizon. Terrace deposits are less than 4 m
thick. Alluvial fan deposits on lower slopes probably have a similar
thickness. Although much of surface is covered, the best exposures of subunit
QZb are along Fortymile Wash south of the road to Yucca Mountain. Typical
terrace surfacesbon Q2b deposits can be seen on the west side of Fortymile
lash Just nortlhoif the road to Yucca Mountain.

Macrotopography is flat; microrelief is less than 0.2 m on lower piedmont
slopes and basin floors. Terrace-deposits of subunit Q2b in and near bedrock

-have a low slope toward the washes; on middle to lower piedmont slopes, they
are nearly horizontal across the terraces. Drainage patterns on thin sheets
on lower piedmont slopes are like those on subunit Q2c.

The soil on subunijt Q2b has-an Av horizon like that on older-deposits.
The B horizon is cambicand yellowish to grayish brown below elevations of
about 1,200 m and argillic and light browntto pale reddish brown at higher
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elevations. Calcic horizons range from stage I to 11 at elevations below
about 1,2UU m to 11 and III at higher elevations. Desert pavement is similar
to that of subunit Q2c, but is commonly less densely packed and has a duller.
less complete varnish than pavements on adjacent Q2c.

Terrace deposits of subunit Q2b are topographically lower than all other
Q2 subunits. Thin, alluvial fan deposits of Q2b on lower piedmont slopes dnd
basin floors are at the same level as or overlie older deposits.

Subunit Q2b is mostly coarse alluvial gravel deposited on strath
terraces or as thin sheets of alluvium in the distributary part of washes that
originate In bedrock hills. Clast sizes and clay content of Q2b are like
those of Q2c. In some washes just downslope fron bedrock on the south side of
the Calico Hills, subunit Q2b consists of scattered clasts from 10 to 50 cm in
lameter that lie on strath terraces.

T erraces'of,02b are eroded only along the edges, but on piedmont slopes,
Q2b may be eroded by anastanosing channels for a short distance downslope from
the end of the wash responsible for deposition of the material. On lower
piedmont slopes and on valley floors, Q2b is eroded only by washes that
originate in bedrock or unit OTa.

Subunit 02a.--Subunit Q2a, as originally defined (Hoover and Morrison,
1981), consists of debris flow deposits that have been identified only in the
Calico Hills and between Syncline Ridge and the Eleana Range in western Yucca
Flat. At these locations, subunit Q2a occurs along the washes as terrace
deposits in bedrock and as sheets that overlie subunit Q2c on the uppermost
piedmont slopes. Deposis at both locations are similar: (1) below drainage
basins of less than b km that originate in argillite of unit J of the Eleana
Formatton, (2) along washes that lack subunit Q~b, and (3) overlying subunit
Q2c. The maximum thicknesswof subunit Q2a is 2 m.

Macrotopography is flat, but microrelief that ranges from less than 0.5 m
to I m gives the subunit a hummocky appearance. Except for incision along
:)re-Q2a washes, no drainage has been developed in the subunit. The soil
consists of an Av horizon, d weakly Wevelopeu cambic U.0 norizoa, and z;;.;ge I
calcic horizon. Desert pavement is poorly developed and very loosely

Acked. Varnish on pavement fragments is a patchy, dull, brown to dark-brown
ilm.

In addition to micrcrelief, lithology is the major difference between Q2a
and older Q2 subunits. Clasts of volcanic rock or quartzite from 0.5 to I m
in diametzr are scattered through a matrix of pebbles, sand, and silt. ;n the
Calico Hills, most of the matrix grains are argillite; in Yucca Flat, the
matrix grains are volcanic rock and argillite. Lack of bedding and the large
clasts supported by a silt- to pebble-size matrix indicate a debris flow
origin of subunit 02a. -

Subunit Q2a(?) occurs as slopewash deposits and local debris flows at the
foot of steep slopes on Yucca Mointain and below fault scarps in Rock Valley
and Crater Flat. Subunit Q2a(?) overlies subunits Q2b and Q2c at these

X ocations. The subunit has also been recognized where it overlies older Q2
terrace deposits along Yucca and Drill Hole Washes. In mapping, subunit""
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Q2a(?) has been included with underlying units, because of its patchy
distribution and thinness.

Deposits of Q2a(?) are similar to Q2a deposits in macrotopography,
mlcrorelief, lack of drainage development, and desert pavement. At most
locations, the sand-sized matrix has a reddish-brown color that may be
inherited partly from B horizons of older deposits from which it wjs
derl!ed. An Av horizon is present on all Q2a(?) deposits. A camibtc B horizon
may oe present, but is not readily apparent. Calcic horizons are stage t.
Deposits of subunit Q2a(?) that overlie older terrace deposits contain fewer
clasts than the slopewash deposits and have a crude bedding or layering.

Subunit Q2aU?) differs from subunit Q2a in that:

1. Deposits of QZa(?) are reddish brown, whereas those of Q2a are shades
of gray to brown.

2. Ueposits of Q2a(?) appear to have originated on steep slopes rather
than in a single drainage basin as did deposits of Q2a.

3. Crude bedCing is apparent in deposits of Q2a(?) that ovE.-lie older Q2
terrace deposits, whereas, the few exposares of Q2a seem to be a

- - single. unbedded layer.
_

-. 4. Deposits Uf Q2a(?) were derived mostly from volcanic rocks, 'eh reas.
Q2a was derived mostly from argillite of the Eleana Formation.

5. The volume of clasts larger tharIODwmm is greater in Q2a(?) than in
Q2a, but maximum sizes are greater in Q2a.

Although Q2a(?) and Q2a differ, the similarity of their stratigraphic position
and topographic location, just downslope from bedrock, suggests that they are
probably equivalent in age. Deposits of Q2a(?) have been dated
radionetrically, but Q2a has not been dated.

Unit QI

Unit QI consists of alluvial deposits, debris flow deposits, and eolian
- sand that are mapped in five subunits: QUc and Qla, predominantly alluvial

gravels and sands; QIb, debris flows and alluvial gravels; QIs, alluvial sand
sheets; and QIe, eolian dunes and sand sheets. In conpar son to units QTa and
Q2. unit QI has been only slightly modified since it was deposited. Soils are
wea' ly dtvelopeo. desert pavements are not present, and only the oldest
sui;-aces have been smoothed by creep and sheetwash.

Subunit QIc.--Subunit QIc occurs as terrace deposits, as alluvial fans
and sheetwash deposits on middle to lower piedmont slopes, and as alluvial
fans at the junction of tributaries with larger washes and across a few fault
and terrace scarps. Terrace deposits of subunit Qic occur in all washes thdt
oriqinate in bedrock or unit Qa. Alluvial fans and sheetwash deposits
overlie units Q2 and QTa on middle to lower piedmont slopes. Alluvial fans of
QIc occur at the junction of tributaries with major washes and across some
terrace scarps and Quaternary fault scarps. Thickness of subunit QIc is
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usually less than 6 m. The best exposures of subunit QIc are along the banks
of terrace deposits in major washes, Such as Fortynile Wash and Topopah Wash.

Subunit QIc has a flat to slightly convex macrotopography. Microrelief
is usually less than 0.2 m, but dissection of terraces of QIc i1 larger washes
can result in a greater relief. Drainage development In QIc occurs along pre-
existing washes and as short distributory channelSIbelow these washes.

In gravelly deposits, the only noticeable soil horizon Is a stage I
exlcic horizon that consists of calcium carbonate coatings on clasts. In
Ady deposits, an A horizon can be detected by a slight darkening of the sand

-and, locally, a slight increase in calcium carbonate at a depth of 2-5 cm.
Desert pavement is lacking on subunit QIc.

Subunit QIc varies from pebbly sands to gravels that contain boulders as
much as U.S in in diameter. Individual beds are commonly well sorted, but
clasts may vary from sand to cobbles in adjacent beds. Debris flow deposits
make up less than 2b percent of the volume of subunit QIc, but in alluvial
fans at the junction of tributaries to larger washes, debris flow deposits may
coqprise about half of subunit QIc. In fresh exposures, subunit QIc is light
gray; the surface is light brownish gray.

Subunit Qls.--Subunit QIs occurs as alluvial sands on middle to lower
piedmont slopes and on the floor of the Amargosa Desert. The subunit is a
lithofacles of subunit QIc that was produced primarily by erosion of subunits
Q2e and Q2s. The subunit overlies all 12 subunits except Q2a and Q2(7?) and
is overlain by subunit QIb. Subunit Qls is limited to middle and lower
piedmont slopes below Q2e and Q2s and to the floor of the Amargosa Desert.
Maximum thickness of subunit Qls 's 5 m. The best exposures of Qls are on the
piedmont slopes between Little Skull Mountain and Fortymile Wash.

Topography, drainage, soils, topographic relationships, and depositional
process in Qls dtiplicate these characteristics in subunit QIc. In subunit
Qls, the deposits range from 90 to 100 percent sand. Clasts larger than sand

e commonly less than 10 cm in diameter and a nave a maximum diameter of
aoout 20 c.... A deflation pa-.ment is usually present on subunit QIs; pebbles
and larger clasts cover 20-bu percent of the surface.

Subunit Qlb.--Subunit Qlb occurs as debris flow deposits and small
amounts of alluvial gravels in all washes. The best exposures ot QIb are
along Fortymile Wash, north of the road to Yucca Mountain. In small washes
that contain remnants of QIc terraces, QIb is preserved as long, convex
tongues that are b to 10 m wide or as long, flat-topped tongues with cozvex
sides that are 1u to 20. wide. Maximum thickness of subunit QIb is 3 X, but
.ost deposits are less than 1.6 m thick... In major washes,.such as Dune,
Sever, Yucca, Fortymile, and Topopah Washes, subunit QIb occurs as scattered,
elongate patches of cobbles and boulders between individual channels of
braided sections of these washes. The patches of cobbles and boulders usually
range from Ix2 to lUx5U m, but they may be longer at the edge of a braided

channel pattern. Small patches are convex across both the long and short
dimensions; larger patches are convex to flat toppea"icross the short
dimension6 Relief on these patches ranges from 0.3'T11 m.
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Soil development in Qlb deposits is usually weak because of the
youthfulness of these deposits and because most of the upper 0.5 m is
comprIsed of pebble- to boulder-sized clasts. Spaces between the larger
clasts are empty at the surface and are partly to completely filled by sand-
to clay-sized material below the surface. In some exposures, a stage I calcic
horizon is present. Subunit Qlb overlies QIc in small washes, in the upper to
middle reaches of major washes, and on middle to lower piedmont slopes. In
.major washes and the Amargosa River, subunit Qlb locally occurs as terrace
remnants less than 0.5 X below QIc terraces.

The debris flow origin of QOb is indicated by the lack of bedding, the
predominance of cobble- to boulder-sized clasts, and by its occurrence as
undissected tongues on Qlc terraces. Small tongues have noses and short
levees trailing back from the noses that consist of only boulders fron 0.3 to
1 m in diameter. Longer and wider tongues of QIb have levees that trail back
from the noses for most of the length of the tongues. Elongated patches I to
6 m wide and 6 to 50 m long of boulders occur on the surface within the larger
tongues.

Subunit QOe.--Subunit Qle occurs as eolian sand that forms dunes and
sandsheets in toe Big Dune quadrangle and on tiae basalt cone and flows
northwest of Amargosa Valley. Wie also forms sand sheets in the southern
Yucca Mounrain area and near bedrock outcrops on the east side of Jackass
Flats. Big Uune is the largest outcrop of subunit Qle; it is about 6 km long,
as ouch as 2 km wide, and approximately IUO m high. Deposits older than Qle
are not exposed on Big Dune, but to the northwest and southeast of aig Dune.
outcrops of Paleozoic rocks are partly covered by Q2e and Qle dunes. Sand
sheets around Big Dune are less than 3 m thick. Sand dunes on lava flows of
the Lathrop Wells basalt cone ate 2 to 5 m high and lie on a sand sheet 2 to 3
m thUick.- Sar.! on the south side of the bdsalt.cone-has a maxinun thickness of
about 2 m. In the Ash Meadows quadrangle, layers of peat are interbeoded in
sand dunes (Mehringer and Warren, 1976) that are probably equivalent to
subunit Qle.

Soil horizons arn iot adherent in 'nost out'-ops of subunit fne. In the
Ash Meadows area, weakly developed soiis of miedle Holocene age are present
within dunes of subunit Qle (Mehringer and Warren, 1976). Radioretric ages,
archaeological material in Holocene dunes, and soil morphology (Mehringer and
Warren, 1976; Haynes, 1967) indicate that subunit Qle includes three separate
periods of Holocene eolian deposition. The volume and areal distribution of
Qle deposits are much smaller than for subunit QZe. Except for a small dune
on the north side of the Skeleton Hills and the sand on the Lathrop Wells
basalt cone, most of subunit Qle was deposited on the basin floor of the
Amargosa Desert or in areas of little"topographic relief. Along Fortymile and
Tupopah Washes and at the mouth of the unnamed wash that drains Crater Flat,
subunit Ole is deposited on Qlb and older units as small patches of rippled
sand that are less than U.5 m thick. Near sources of silt- and clay;sized
materials, these particles form laminations between sand beds or are mixed
into sand beds.

Subunit Qla.--Subunit Qlaoccurs as alluvial deposits in the bottom of
active channels. In braided:channe.is, the subunit was deposited as small
elongated patches that are a few centimeters thick. In major washes, subunit
Qla was deposited as channel fill, a few centimeters to 1.5 m below Qic or QOb
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terraces. About 1 km south of the road 
to Yucca Mountain in Fortymile 

Wash,

subunit Qla is less than 1 a thick, and fills a channel approximately 30 m

wide. Along single channels, subunit 
Qla usually has a relatively smooth

surface for 1U0 to 200 m along the wash 
with ripples 2 to 5 cm high. 

Across

single channels, 1 to 3U m wide. subunit Qla may have U.5 to lm of relief.

Subunit Qla lacks soil development. 
Within the hills and on upper 

piedmont

slopes, Qla consists of well-sorted 
gravels that are mostly pebbles 

with small

amounts of sand. On middle to lower piedmont slopes and on the basin floors,

Qla consists mostly of sand that contains minor amounts of pebbles.

Pliocene and Quaternary Basalts

Remnants of basalt flows form part of the possible dam west of Eagle

fountain. The basalt flows overlie debris 
flow deposits and alluvial gravels

t;at were derived partly from 
Eagle Mountain and partly from 

the Greenwater

Range. The basalts are less than 4 
km from basalts in the Greenwater Range

that are 4.03-7.16 m.y. old 
(Luedke and Smith, 1981).

Basalts that are 3.7: ano 1.1 m.y. old crop out in Crater 
Flat (Carr.

1982). The older group of basalts in 
southeastern Crater flat is 

highly

dissected. Unit QTa overlies the older 
basalts that in turn overlie 

older

alluvium (Carr, 198Z). Thc younger group of basilts 
consists of flows and

cones from four eruptive centers that form a gently curved line extending

north-northeast across central Crater Flat. The cones and lava flows of 
the

younger group of basalts are dissected, 
but dissection is limitec to ejecta

layers on the cones, the brecciated 
tops of flows, and flow edges.

Basalt flows and a cinder cone 
occur about 10 km northwest of Amargosa

Valley. The flows and the cone are undissected. Basalt ash is interbedded

- with subunit I:: less than 1 km north of the cone. Stalactitic calcite on

welded tuff cobbles that imnediately 
underlie the basalt flow has 

been dated

at 34h ka (Szabo and others, 1981).

Pliocene and Quaternary Spring Deposits

Spring deposits that consist of 
tufas and calcite veins and 

spring vents

occur in deposits that range 
in age from pre-QTa to the present. 

The spring

deposits occur in the Aiargosa 
Desert and near outcrops of 

Paleozoic carbonate

rocks east of Nevada State Highway 
373.

Spring deposits occurred between deposition of 
the waterlaid sediments

and deposition of unit QTa, during 
deposition of unit QTa. and 

between

deposition of unit QTa and post-QTa 
pedimentation. Some outcrops of tufa that

overlie the waterlaid sediments 
of Amargosa marsh in the headwaters of Carson

Slough differ from tufas in 
the upper unit of the sediments. The tufas occur

as single outcrops or a few scattered outcrops that are a few meters to 50 m

in their maxiuum dimension and are not related to channels. Calcite veins and

vents cut across the tufas. 
At'one-locationT-tufa-that lies 

on-the waterlaid

sediments is overlain by unit QTa? Ati&ve4al locations, from Devils Hole 
to

the north side of the Amargosa Desert 
(Winograd and Doty, 1980), calcite veins

and vents in unit QTa are truncated 
by the pediment cut on unit 

QTa. At

Devils Hole (Cave) ho. 2, a 
sinkhole approximately 300 

m north of Devils Hole,

a small spring mound that contains 
tufa is enclosed within unit QTa.
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Spring deposits have not been found in units Q2 and Q1. but probably
occur locally in these units near modern springs. At Point of Rock Springs in
the Ash Meadows area, tufas form a spring mound that covers ar. area of at
least 10,000 N. Rounded ridges that are characteristic of unit QTa extend
from the tufa upslope into unit QTa. The relationship of the spring deposits
to Qi and 02 deposits in the wash below the springs is not clear.

Spring deposits are not recognizable in the lower unit of the waterlaid
sediments, but the large volume of chalk and magnesium silicates in the lower
nit required a large volume of spring discharge during deposition (R.L. Kay,

Univ. of Southern Illinois, oral commun., 1980). Evidence of springs was
probably not preserved because the waterlaid sediments were not indurated.
Induration of the lower unit probably formed an aquitard above the Paleozoic
aquifer that underlies most of the Amargosa Desert (Winograd and Thordarson,
1975). This aquitard would restrict the location of most of the upper unit
and younger spring deposits to outcrops of Paleozoic carbonate rocks at the
edge of the aquitard.

Age of Late Pliocene and Quaternary Deposits

Ages of the waterlaid sediments of Amargosa Marsh and young-r surficial
deposits have been dete 1n2e4 mosly by radionetric dating methods. Most of

_. .-._ -.. these'methodsi;such as C, 0K eA, and-fIssion-track dating,. are standard..
methods, but-the uranium-trend eithod used'extensively on fifddle totlate -
Pleistocene deposits, is relatively new. The uranium-trend method is an
empirical method. This method assumes vertiLal migration of isotopes in a
continuously open system, has a variable accuracy that is dependent on the
isotopic quantities originally in the sediments, and may require calibration
by other dating methods at new locations (Rosholt, 1980, 1985). The
consistent determinations of similar ages for deposits and soils considered to
be stratigraphically equivalent have clearly demonstrated the usefulness of
this fethod. or determining the age of surficial deposits in the Yucca
Mountain area.

In this report the Plfocene-Pl'itocene oundary s ccn- ered tV'?, 1.7
Ma (Obradovich and others. 1982). the boundary between early and middle
Pleistocene is considered to be at the Brunhes-Matuyama magnetic boundary at
788 ka (Johnson, 1982);-2The boundary between the middle and late Pleistocene
is considered to be the boundary between oceanic 10 isotope stages 5 and 6 at
132 ka (Johnson, 1982). Ihe Pleistocene-Holocene boundary is considered to be
at the boundary between stages 1 and 2 at 11 ka (Kom nz and others. 1979).

Basalt flows at the possible dam near Eagle Mountain have not been dated,
but basalts in the Greenwater Range, less than 4 km to the west, have K-Ar
ages between 4.03±0.12 and 7.16±0.22 Ma (Luedke and Smith, 1981). Both the
basalt at the possible dam and in Greenwater Range are faulted. The proximity
of the faulted basalts at the two locations suggests that the basalts are
probably the same age, and that impoundment of a lake probably began less than
4-7 Ma ago.

Deposition of the lower unit of the waterlaid sediments of Amargosa marsh
began prior to deposition of an included ash ved dated at 3.22±o.12 Ma by the
K-Ar method (R.F. Marvin and others, U.S. Geological Survey, written commun.,
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1983) and 2.95±0.42 Ha by the fission-track method (C.W. Naeser, U.S.
Geological Survey, written commun., 1980). An ash bed in the lower unit,
where it is unconformably overlain by the river gravels of ancestral Rock
Valley Wash in SE1/4 NEI/4 sec. 19, T. 16 S., R. 50 E., has been dated at
2.110.4 Ma by the fission-track method (C.W. Naeser, U.S. Geological Survey.
written commun., 1982). The ash bed underlies recrystallized chalk at the
edge of the river gravels and is probably just below the top of the lower -
unit.

Fossils in the upper unit of the waterlaid sediments indicate that
jaw..ft"N.- Amargos'lloiash may have persisted Into the Quaternary period. In secs. 22 and

23, T. 14 S. R. 49 E., just north of U.S. Highway 95, a small outcrop of the
upper unit consists of tuffaceous sands and clays overlain by diatomacecus
marl, which in turn is overlain by tufa. Richard H. Forester (U.S. Geological
Survey, written conmun., 1979) identified several species of ostracodes from
the diatomaceous marl. CYpridopsis vidua (Muller), also identified by
Forester from a sag-podt-deposit in unit QTa in Yucca Flat, is known from the
Pliocene and Quaternary. but is much aore common in the Quaternary. Charles
A. Repenning (U.S. Geological Survey, written commun., 1982) identified
vertebrate fragments from the tufa and the underlying diatomaceous marls as

-~-being less than 2 m.y. old. Tooth fragments of Hawmuthus sp. cf. H. columbi
(F e q ut $p., and a large camelid were identified. Poorly preserved
fragments of atusk and limb bones occur in the diatomtceous marl. Repenning
states that Hammuthus is not known to be older than 2 Ha in North America.
He states that the thickness of the enamel plates from the Mamruthus teeth
suggest an age considerably less than 2 Ha. Thus, deposition of tht waterlaid
sediments of Amargosa marsh probably ended in early Pleistocene tim

- The fossils in the upper unit verify the stratigraphic position of the
2.1 Ma-old ash bed in the lower unit. Although the recrystallized chalk above
the ash bed is known only in the lower unit, the topographic position of the
chalk, when compared to that of the tufas of the upper unit, which are exposed
2 km to the east, suggest that the chalk might be in the upper unit. If the
ash is in the upper unit, then either a long hiatus occurred shortly after
lepositionLof the ash and before deposition of the fossils in the upper unit, -
-*r the chronologic range of Mamnuthus is incorrect. Because neither
alternative seems reasonable, the 2.1 Ma-old ash is assumed to be in the lower
unit of the waterlaid sediments of Amargosa marsh.

Unit QTa overlies the upper unit of the waterlaid sediments of Amargosa
_..a marsh on the west side of the Paleozoic ridge that contains Devil Hole. It.

also overlies the river gravels of ancestral Rock Valley Wash. Unit QTa is,
therefore, younger than the 2.1 Ha-old ash in the lower unit of the waterla d
sediments and the Mammuthus remains in the upper unit, and is probably
uaternary in age.

Delicate leaves are preserved on plant casts in the tufa of the upper
unit west of Devils Hole. The preservation of the leaves occurs only near the
eroded edge of overlying deposits of unit QTa. Further from the edge of QTa
deposits, exposed plant casts are partially dissolved and leaves are not
discernible. The preservation near the edge of unit QTa and dissolution
further away suggests that unit QTi was deposited shortly after the deposition
of the tufa and thus preserved the leaves of the plant casts that otherwise
would not have been preserved.
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Unit QTa is designated as both Pliocene(?) and Pleistocene, but the
faunal evidence indicates that it is probably only Pleistocene in age. In
addition to the probable Pleistocene age of the upper unit of the waterlaid
sediuients of Amargosa marsh at the Hamnuthus locality, fossils in sag-pond
deposits within unit QTa in Yucca Flat also indicate a Quaternary age.
Richard M. Forester (U.S. Geological Survey, written commzn., 1979) reports
that Cypridopsis vidua (Mulier) in the sag-pond deposits in western Yucca Flat
has not been found In sediments believed to be Miocene or older, but is far
more co ion in the Quaternary than in the Pliocene._ Scottia n. sp. (sensu
strizto), also found in the sag-pond deposits is trojn1y..truc e
sediments in North America, and therefore, the saig-pond deposits and the
overlying partdf unit QTa are probably Quaternary.

The Bishop ash, 738 ka (Izett, 1982), has been found at several locations
in Yucca Mountain area at or within S m of the base of subunit Q2e and
les. 4han 3 n above the base of subunit QUc in the Calico Hills just west of
Fortymile Wash. The pedimentation, development of a soil, and dissection of
unit QTa prior to deposition of unit Q2 and the presence of an alluvial unit
between units QTa and Q2 strongly suggest that deposition of unit QTa took
place significantly before 738 ka.

Although the Bishop ash (738 ka) occurs at op near the base of subunitsA
Q2e and Q2c at all locations where the ash has been found, deposition of---
subunit Q2c could have begun significantly before the ash was deposited. All
locations of the ash are topographicallyhigh and on or just above bedrock.
These locations suggest thateolder deposits ef subunit Q2c may be concealed at'
lower elevations. -

Radionetric ages determined for units 02 and QI are shown in table 1
(Poshelt and others, 1985; Szabo and others, 1981). The uranium-trend.i.thod
determines when deposition or erosion ended, and thus, when soil formationas

b began. Uranium-trend plots of data are linear for sarples of unit Q2 that
include both the B and calcic horizons. Disturbance of the vertical, open
system, on which the empiricaluranium-trend method is based, by biotic or
tectonic processes can affect tbe, systep aand 6 ayreitj..younqer than
the~actual age (J.JsRosholt, V.;. Geological Survey, oral comcun., 191
the ETS trench in Jackass Flats, the soil that was sampled appears to
undisturbed, but the age of 160 k.y. is much younger than the stratigraphic
position of Q2s warrants. About 20 m south of the sample site the beds from
which the sample was taken are eroded at a typographic scarp. The sarple age,
therefore, probably indi:ates the end of erosion, rather than the end of
deposition.

- The repetition of ages determined for multiple samples of subunits
Q2a(?), Q2b, and Q2c for both buried and surface deposits at different
locations demonstrates the precision of the uranium-trend method.
Coincidental agreement of ages at two or three locations for a single
stratigraphic unit may be possible, but coincidental agreement of five or six
ages in widelrseparated locations that varypin geomorphic position, soil
development, and soil parent material seems unlikely. Similarly, the
hypothesis that numerous ages of four stratigraphic units could be displaced
equally by some unknown mechanism also seems unlikely.
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Table I.--Radiometric ages of Quaternary stratigraphic units in the
Yucca Mountain area

Stratigraphic Material Age (ka)l Method Sarpl e
unit locality

So!unit Qlc
,.-A¢w,

Charcoal In
sa uvi

O&sand 9 i

$_ om- .1c 2 Aia rgosa-Ri v*l'bank
-!w Mwf2ki'w-f'ett-'-

Av horizon

Av horizon3

Subunit
Q2a(?)

Do-----

Do--.

Do-----

Do----

£ follan silt
and sand

Carbonate in
eolian silt
and sand

Slopewastir
gravel

B horizon

B horizon in
S 1opewash
gravel

8 horizon in
slopewash
gravel

8 horizon in
slopewash
gravel

30)33J

25ilu

31±10

3btZU

U-trend4

U-seriesb

U-T-enU4

U-trend4

SW Frenchman Flat
trench

Basalt cone 11 km
WNW of Anargosa
Valley

RV-1 trench. Rock
Valley

RY-2 trench, Rock
Valley

37?t24 Y -re R -trench. Rock
-- Valley --r-

38.1 -t
3WO1 U-trend4 RY-2 trench. Rock =:=

Valley

Trench 14, Yucca
. i n

3dtlU
* 4

,4ft.. -

ww Do---

Do-----

Do-----

Do-----

Do_..__

' WP .: .1

Alluvial
gravel

Slopewash
gravel

Alluvial
gravel

- 4Qt1U

41±1U

47t18

U-trend4 CF-3 trench. east-
central Crater Flat

U-trend4

U-trend4

U-trend4

Trench 13, Yucca
Mountain

Trench 2, Yucca
Mountain

Trench 14, Yucca
Mountain

8 horizon in
slopewash
Sand
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Table l.--Radiometric ages of Quaternary stratigraphic units In the
Yucca Mountain area--Continued

Strati graphic~- -
St rati graphic

unit

Subunit Q2b

Do-__

Do-__Uo -----

Do -----

Do-----

Subunit Q2s

Subunit (J2c
(younger
soil and
underlying
deposits)

Do-----

Do -

Do-----

Do…----

Do---

Material Age (ka)l

_

Alluvial 145t25
gravel

Alluvial 160±25
gravel

Calcareous 1BU±4U
B horizon

Alluvial 19UtbJ
gravel-* -

Alluvial 190yU±
gravel

Alluvial 200±80
gravel

B and calcic 160±90
horizons -

Alluvial 240tS0,
gravel

K horizon 27U030

Alluvial 27O±30
grave.

Alluvial 270±36
gravel

K horizon 27U±Y9u

Alluvial 310±4U
gravel

4000

Method Sample
locality

U-trend4 4Wrench 2, Yucca
Mountain

U-trend4 Charlie Brown gravel
pit. Shoshone,
California

U-trend4 RV-1 trench, Rock
Valley

U-trend4 CF-3 trench, east-
central Upter Flat

,U-trend4 SW Frenchnan Flat -t4

- trench

U-trend4 SW Frenchman Flat
trench

U-trend4 ETS trench, Jackass
Flats

U-trend4 Trench 13, Yucca
Mountain

U-trend4 RV-1 trench. Rock

U-trend4 F-3 trench, east-
central Crater Flat

U-trend4 Jackass Divice trench

U-trend4 Trench 14, Yucca
Mountain

U-trend4 RV-1 trench, Rock
Valley

. . ..kI
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Table l.--Radiometric ages of Quaternary stratigraphic units in the
Yucca Mountain area--Continued

Stratigraphic Material Age (ka)1 Method saiple
unit locality

Subunit Q2c
(older
soil and
underlying
deQoSits)

Alluvial
gravel

390t100 -U-trend4 RV-1 trench, Rock
Valley

Do…---- Alluvial
sand

4001b0 U-trend4 Western SCF trench
southern Crater
Flat

Do-----

Uo-----

Slopewash
sand

Alluvial
gravel

Alluvial
gravel

42U±6tJ

430±4U

U-trend4

U-trend4

Trench 14, Yucca
Mountain

Jackass Divide
trench

Do-----

Do…----

48U_6U U-trend4 Western SCF trench
southern Crater
Flat

U-trend4 Trenc
Mountain

K horizon 480±9u
in gravel

1 ne standard deviation.

2 Analyzed by ,.W. Robinson, U.S. Geological Survey, Menlo Park, California.

3 Correlated to Av horizon by appearance.

4 Rosholt and others, 1985.
S Szabo and others, 198l. --
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The age of subunit U in the YuccA Mountain area has not been
determined, but numerous C dates for charcoal and fossil seeds from Sand
d'jne in two nearby areas indicate the probable times of accumulation. In the
sh ;-eadows area, three dates for charcoal in dunes and 10 dates for fossil

seeus in peat interbedded with Sand that is probably equivalent to QIe range
frow 2,940±IU0 to 5,320±70 yr B.P. (Mehringer and Warren, 1976). In the Corn
Creek Springs area, about 3b km northwest of Las Vegas, seven ciareoal samples
at and near the base of dunes ranged from 4.0301100 to 5,200±100 yr B.P.
(li3ynes, 1967). A weakly developed soil occurs above this older material in
both areas (Mehringer and Warren, 1976; Haynes. 1967). Three charcoal samples
in lian sand above the soil in the Ash Meadows area were dated between

+,9kl~u and 440±280 yr B.P. These intermediate-age deposits are overlain by
e :..j weakly developed soil, which in turn, is locally overlain by Paiute
p.:s-y shards. Virgin Branch pottery shards that occur locally below the
sn' provides a maximum age of about 1,O0O yr 8.P. for the soil. Charcoal

: -1iated with the shards above the soil was dated at 220±100 yr B.P.
".- inger and Warren. 1976). -

On the basis of the stratigraphy in several trenches in the dunes at Ash
Meadows, archaeological artifacts, and similar age dates in both the Ash

F-ws and Corn Creek Springs areas, Mehringer and Warren (1976) concluded
t , there were three periods of eolian sand deposition during Holocene time:

to 3,0UU, 2,UUO to 1.000 or less, and 20U yr B.P. to the present. The-
p- ods of sand deposition were separated by intervals of nondeposition and
soil development from 3,0UU to 2,UUU and about I,OUu to 400 yr or less B.P.

lar periods of deposition and soil development in subunit Qle in the Yucca
* -. ain area are likely, because of the proximity of the Ash Meadows and Corn

--- Creek Springs areas to Yucca Mountainz 1pF

At the ..jmerous locations where subunits QIc or QIs and QWe occur
t.yether, Qle always overlies UIc or QIs. The minimum age of QIc and QIs is,
therefore, probably greater than b,3uu yr B.P. Whtre subunits QIe and Qlb

-- tir together, sand sheets of Ule less than 0.5 i thick overlie QIb. The
- igraphic position of QIb above QIc and QIs and the thinness of QIe
.ying Qlb suggest thatrQlb may be younger than the oldest period of Qle

depsis~tion, 5,3UU to 3,0UO yr S.P., and older than the youngest period of Qle
;it1on, or older than 1.000 yr B.P.

Subunit Qla probably corresponds to a period of arroyo erosion that began
about 184U throughout the southwestern United States (Antevs, 1955). In the
e-ncline Ridge area, a juniper tree, dated by dendrochronology, began growing

.858 on a QIc terrace. Erosion of the terrace by a Qla wash to a depth of
-n exposed and killed a large root of the juniper tree in 1928.
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Ifter csrefully revieing yo= umuicript on the wurficlal deposits of the
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revision and re-revire before It vili be suitable for publication as a Smfv&7

open--file reprt.
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the manuscript and on the attached pages.

o The canuscript contaAnss
* nucercus statments regading the genesis, stratigra#p, paleoocllate,

and bist=zyof the rfical deposits that are umsubatantia'.e by
data in the CanscrUCIpt or in pablished repoats-. Se of these

statements axe incorrect

C little if any discussion of (1) key asumnptiona ar (2) alterate ,-

inter;=tations

* mch speculation, particularily in tha section on climatic Inferences

* numerous interpretatiocs and inferences that are oversltp nified and

tuadequately qualified

* a=* obvious contradictions

osae!rous ambiguous phrases and sentence

* several out-of-date oral communications that do not accurately reflect

the current inter=.etatians and findings of those cited.

a The namuscript lacks:

* figures that illustrate key stratigraphic relationships discussed in

the text
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* reference to, and discussion of, several recent reports and oral

cc=mnicatLona vith other IS investigators that clearly pertain

to the Interpretttat s peented Ln the manuscript

* explarati cm of terms, especially soil terminoloff, that ar not

used as defined in standard references

.4.-- _Xw~wm

o r £ catement in the Introduction ta the effect that the findinge and

- - -ntusetations In the mancipt e. ideveloped i2or-to-l9%6(?) -

and do not reflect those of recent reports and disi1ea with

other WTS investigators.

O In general, it vas difficult to deternine if .arn of the statements In

the m ucript wvre based chief2y on observations, Inte etaticna

and inferences, cr nore speculation.

O Man of the interpretatloni and inferenc:s, particulaiLly those pertaining

to past climatic coLAitlos, that are based on Lnftffitcint, equiGocal,

and (or) irrelevant data should be deleted or adequately qualified.
-

-.due,Refe: to the text and the attached pages for
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THE FOLLOWING YMP-USGS DOCUMENT 0x) HAVE BEEN

REVIEWED, AND RESEARCH WAS CONDUCTED TO

LOCATE AND PROVIDE THE BEST AVAILABLE COPIES

: UCTIONS: Place an "XI into each appropriate 0( 1) and/or provide
c-!ents which will explain why this is the Best Available Copy.

.p.. -�

A better copy could not be located.

The original record was generated outside the project.

The original record was of poor quality.

The original could not be located.

The original was sent to the addressee.l i

.. I i tional Coments:

.. .. /Rrcord Sourc4

p..- ..-. s

.ff
- .-
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United States Department of the Interior
GEOLOGICAL SURVEY

DunZ f=D L CeMi
DOMM OLCRADO 8=

Septmier 3, 1987

Memorandum

Tr. 1. J. Witkind

FP :x: W. C. Swadley

Subject: Description of Quaternary surficial deposits In the Yucca Mountain
area, Nye County. Nevada by D. L. Hoover

As requested, the subject manuscript has been reviewed. Several general
comments are listed below. More specific corrections or suggestions are shown
on tha manuscript in red or are Included on a list attached to the manuscript
and keyed by nuwer to the paragraph concerned.

General Cornents:

1. Twc questions raised by Shroba's review have not been resolved and, I
_. think, still require socme revision. The first involves describing an unburied

weathering surface as an unconformity. I have suggested changes where this
occurs but uj suggestions are essentially the changes proposed by Shroba that

* not accepted by Hoover before. The second Is the use of the term
,iofacies. Shroba's review questioned whetha? subunits can be lithofacies

of each other, or whether each subunit should be a lithofacies of the major
un't. No changes were made by the author, but should be.

2. The use of the symbol Q2a(?) for a subunit correlated with subunit
Q'e seems very questionable to me. I doubt if it will pass GNU.



.

LA

9h~15L re erb'.sd 0

At oacd su v

-W vvfc

a/Jev- Siad Ii"

Sdt" .. w 0 -t

-F.!,
.vg---"7It

ste***# Y .* # 5 ?/.q'( -,

Cm& /Ok r' vc , ./.

.Lo4 f/ #a.f4 4 Aeb Z all

It/l .4
;.I ore r

wefe El ~411

1.4 lh OM"& seJJ-A 77fr

SW- 0-1w" q=:;;-- I 17 .' 9 wzz�-' 4

QU i , Y s e&" Aor4 6, s b t

#it A'.' O CC LAlv7i'k buro'ed

BEST AVAILABLE
COPY

-- It

-. �7'-. I- .. -.0 .1.4.:

? 
I

A

- -1.11, . 1 .......... ........ 1

.' -

-.~t" I..

. . I

* -- - "OW



I

-7;,,,�-
p~~~~~~

to. 77;-

Is

do
. %B_ -',y wv.4, 0.0 el P -J.-A.A z W ,

( D-X
:P-4-

I Ol

I -

I

Z .(

P k . o) .-

WA"ek. .cahJr

erju, 1 04

yA ei, A-4;
*aJ4)." &At?. -I

lX

Pre - e;fj-b" _T i * , j w

4m4g1j., 4-0/E aJ

! 6) -17wr 1%,,., S.,.jA..nePr ropeft la ' o '1, ;Y . .4

i.

i

i

4 f

-, 57v~~~1~mo t IdL , d b'r



7L, cI4 kI

@L/s" 7/0 qej% / A7 Ai'
; .; <vi@-J*4P---A7f- carwoao34 M'C,&s4 %hv 77u 4 i-

sS 1f ;# e LULRA 7-f xov#S4§0

lee

i 0 Z 4CA0 - ) :h . C

Cilf r -- V ? W ?
JJ b/ A. o772er a Ctry

,3 ' VP., vu4 -- tee ! evp r7 #A ;'*rtf ? T, 12e ?

4. W~e, A. r< _

.1

'- ~ I* '^A e., 1tao yv *v 1

l .1

tJ o rY. VI UafJ .
-, ;f, JA; J e Ad

II

100 -A. .
H71-11

Is 3,4.

r 6.ba b)
/01P it ;pA .

&; /I.

C oiJOseCJ -A A),.,,

rf .Goscg , 11r i & t.de
.. v eV^> ,;{^4

.,RWf

t

9 5^w;S-;t of what t 4414 d,_ 5X11k A11 OJ7JN,,t
b;_ .~~~Irs

a. E7

. ... ... . "!- --



* ~ 4~ .@ ~ Xa 'Iv i< t &; C *b8d,q 4 -tz' _,L

W. I ; .- oate A,

J* 50.1 e*a,,t .D..,t JrJ4o d I

,-,.,rA" -7 9e4 Jb. -. tv

s W { tt~~~~~~r f tie -c od ;4 ~., a J/V}_ > ;@ .8.S

1brK-|>1jrt Y*-;6 J&*-L fe/.7. X.'~

W, j4 Jl t"; -I ,"J

{;-; I)-~ ?-tJ

art I ct Lif '4 f..r ), S. -

rawl .. 4su. L 1 V& - 2v c . s *; c.,

fl.6 -Ai er i, f ///,: - . -. f zlre tIr
cefX .Os . . \

wfl,,,wl 60_4 ^ f l, t i"O.- ':,f 'J' /S4 A.<

I .

_____I

tf O$, f
r.~

,!v , r.1
YliP705

! -I
PwoC! Vw v

4 ,', an

I~~~~~~~~~~~ivok'~o ;4i-l -- b / et! _;151;1 '} / . Ig * I CJr

f
#~~~~~ -f ,

,,,, _ ~~~~~~~~~~~~~~~~~~~~~* __, i

se~~~~~~~~~~~~~~ ..-. ......... ..-

:3) n ,S=,,, J~~~~f-} I~st ar4~o¢ n,

I W'. ..
.A _:.

< 17 1 ...-... .'

.. .. .. . .



A'z~v,- ' Jt~ocfws { 9 t '

c. 6 cL,. DT 
*.. I-',X-/, 

D<,c>tatss*3 '/* .24 /vr*a. 14 0N^.q,1J~v' 4 v o --
(ery vka f 4-e.0 WKgJ4o aVvr '

C ) T.) 0 2- sgo, ,,,,,L ; idI A fT ii7..._

1! ;:,i d^.,0 d. 
-; io~ic S/'^ 2h / 4t

<$C2/9 K prtSO,1l @+ }:tcte Mt.'lo_ _ _qM b e; ^. + -,,,'1ae A, ¢ %ws~f 0-a ^1zX}AV

Fv -", I^S ^1 td4 p,,,; f' A,

Fns,

%4 rcI c, -
, ., ..

-bll 1w / ,f &M0
tt~~A FLs-r., ,,f

J' 'd & J 7'y¶Pgc s-,,#rm_,,

&yoIS ye o 2 # e

7 ot, e,. 1D, I f-

-L>_ r4*4 e A- w I t 'e, ell 7L.

",x~~al Jo a/M &1

,,~~ x;C 78 * roe..,,. 7

"'f h,'/ 4I.Y-4,,
Sw, 2FL.Fre

Cd r t- ct '2-'!.~0%'(""i 5;__
__ _

CP %? Ci

.. -. .. *M --~. - * -S.'

-Am 
-



=WS6 i

I

MA

J,./~~~~~~~~~~~~~~~~~~~~~~~~~~~~-.

i~~~J ~~J ~ -q tt. at 'I eJ& r '/Ujs o, '

0 -7-77,/' ..) bo�--wwe. t3C C 'Ilp r4

I- /aIa(?) 4 ,( ~- 5/,/i .4;P

A" l1 j o, .o ul - :- i ,CI .;.

.

~~ I9 E~~f51h4.JI v C

O.: be:.

Pp.,

,; /~fb~aJ1 ~ *1 6 '

vi VI.. &aajP~ d

I ,~f~

76 r/

0

I

.?) VPC410. - at-0,00"i
Or X~ d O&V-%

'-
*. c 3 *.. "

.9alsm*;, .. lm� � -, .



7frm - =z= .

_~~~1 -Al .04F,.

. _ . . .. .. ... . ._. .Cori .O.v.._.

i3 <Avi. w Asrl. 4 a/- i.t,__ zPt .
<4ff~~~~ .e;t! SdbJ^J>:.> o

,}~~~~7, La., TSRwl sxS _ -,

d,.6.,,.,k Np fL <4 ]-f-z_.ws

2 % bots&- ~~~JJvJ 5Ar C b O, 0f4.psl

-*.w~ re a st 7 l P] !wt TLY-~ th

>8*J;_i t s/*re= ,_iIJOV

C-//-v_; 6,0_,

w_ . , ., ^~~~~~~~~- ...w ,,



,th : . .

9 .. .Si~~~ . r .. i..1.?_ J~.; - ^

J# . *

II* -

*at h¢ x( tJ;~.) J jS 6i.~ >; < ^

tN

_ ..;Z A j r . f_- / Pf -to-> . -te

il g 0 1 c J r"t

i 4: ~~~~-

bao it t -f /"' J/ a! Z GM~t 3. A i I

Iam It si .. . ..-

rAc ,v1 /di hk

I

I

"4- 5orc/ cowD/1, b)c %..IC s O. Ao e 51&'I of uk'g/u

,

i

7

i

I

S _,4; St 4 4-Q) p5.e t '9^ ,' bt, iki 1'Th.. &p

_ _ ~.PJ1±e 4 Lf'rstg -',Aet,, .
...... efg3 s#t~c nJ ¢I#* .As }t* 6



in:]A-fAdJ .sa lee

X-... . ..Cei II91.. ' ...... /... c o ..... . _

* .& MA+O ..; , 12,. w -D+a',^ 0l Ife E

.~~~~a . .. . -._. .___
GOV.# ~ ~ ~ ~ ~ ~ -

5 *.. ....... . .. ..aA... .i-

,_ _ :~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_~ ~ ~ ..



A

Il
I i

i

I

l

II

I
II
I

II

i

i

i

:

l l

liI

i I

I

I I

I
I

I I

I *1

II I

iI I

I !

I'
'i I

I'
II

I I
I

II

1 I

I

II I
i

II
i ,

l II I

I I

i t

II! 1
II 9

i I

I 5
. I

I I
II i

!

I

II

I

ij i

i
41

iII
I
I

II
I
II
II
I

III

I IN,
ki 1
I)

h1 t

1 0VIn
~i II I
I

i

I I

I

i II IIJI
* Iai

I
I

I I
i I
II
II

I

i
II
I

.,

I!;
I



A

Ii 
I I 

K
k�i 

I

4

K �
� I 

I.

¶ 

ii

�

'I L
I 

i�I

I 
I 

I I I

I 

I

I 

p.

I I I�?�' -

iA.



-J- -h - .- _

( -- n An --.i .~<_

-n dG4-~ •7,E- _

. ~ ~ ~ ~ ~ - ___ ___

-l , 9 /A~, < .

9 m* , .. .

* -- s -2 3-4-'.4 -- Z - - -u- -

s~~I -o -- -to

* -I * *, - - -



._~~~~~~~Q --

_. _ . , .~
44~~~~~~~~~~~~~~~~~~~~~~~~~~~~~P

.~ A.4.44 - S..A ~~ , v O f b 6~~~~~~~~~~~~~~OAI-

-. I _ - :-2-u

. .- _ . . . ~ _ _ . . .__ ._.

._ sr.. tA ______/4 /_676*-_ t- An___

-_A- Ah7~4*,.7f#,-e1e y1~%. -_

_ _ .............- *-... t.m -
In-~~ ~~ -- s.. __ _.*. ss_.4_|__. _a.. ............................................ Z~00t. ........ _ ___ __ _ t , _

_ sr. g~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'0o .op- _



g~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~O e| -- 4hA.-I 4v,4F%.4,o
- -- a n d . u s _ _ _ -

| -- -n - 2-

- * a~~~~~~~~-_ _ -i. 2ov4A' ~~~~~~~~' . __.. __

L ~~ -. Z~ 7 -'P* _4p _ -

-* / ,S Jf-°i4z.-v..IP3d7---. -- ____

w ~~- .* _ _. .. /- ve . .. 7 i: 2 _ ' z~~~~~~~~~~~~~~n C4
x e Q J, 7 ............................ _ _ __

Ma A.... An.~~~tz



- -* -- - ~ ~ ~ ~ 0 o -. - c -
* -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~00

* qq ~ ~g -- v. -

-,J0 mi 4'. 1- 6-

* ~ ~ ~ ~ ~ ~ ~ ~ - - --~~~~~O

~~ i'... ~~~ ~~ ~d& 20



~~~~~~~~~~~~~~~~~~~~~~~~-400 Its-7
___* e-A -n -

* .- ~~ _ -.- _ _

.-.. '..4 -

At s -I A

._ - e-a - I 44%( _ _ _-
_4 B ill~ .d. tA/- Jg _9S~--

* ye Ivn~ . ~

-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .

f -- -Z.-G .

- /- .- ~

.- ,,a 6 ?.~~~~~-



-4 , 7--- a -----.- -- _______

-- H~~~~~~~~~

-+ --

. ~~b-- - .-- - -. .- . - -- ..............................-.-



I I I
00CUMENTR~jjjFW GON~TD11UATItON SHIEIaT a

I

R(V91WER's COMMINSIS REC
._ - -I -----I - -.

g-

too"to no P" o I couu

I
ZC1

5,.

Section No. R.'0 E. does not appear
to be on Ohr I.~.n quad (ate least not on the
1952 verslon). ire the township and range
specificatlons' *frect, or should this be the
Eagle Mtn. (15 h nute) quad, or Is there a
newer map with a revised coordinate system?

The discussien of the rela linAlp of the
Ocarbonate and silica plat St A the QTg unit
near the Eleana Range does not seem clear.
Is there any evidence for ge of these ('.e.
overlain by Qte deposits I ke most of the Qrg
deposits)? Thelstatement aying that these'
appear to have been "depos ted by ground
water is lso unci r -- s there any
Indication whether this gr und water Is fro j
tho water tablefor from a erched-water zo2m?
As written, the'discUsslo stems to leave I
mor~ questjons unanswered han provide
In( ati on. It possible, sketch or photi?
of ;he deposits and addit nal discussion
may' help cl~rify.

PW%.Grlg

A

I Q. 3. F ^
Page 29. paragraph 3,
line . Ryan should be
ehangd td Eagle b
Mountain.

~1

$age 32, paragraph 2.
Insert sentences at end

oft"UN

(D -1 5
II

i

I

U
U-serles date shown way no be accurate.
Winograd et al. (1985: Sc nce. vol 227.
pages S141421. footnote 3) ndicete that to
sule out initial detri'al tjsorium-230
contaeinatio.i, the Th-230 t Th-232 ratio
must be greater than 20. This same problem
was noted In the presentation by D. Muhs
(USGS) at the Cal Ite-Silica Peer Review
meeting. Szabo et alo (1981) show that the
ratio for the sample listed In this report Is
1.99 'or the calcite portion and 1.13 for the
residual po-'!nn. 'hits. It oultd se" thxt
thl! date -4 ;ts -- are % -it i aba, as
Initial cor..inat,,.. cannot be ruled out.

of p ragraph.
"A f v residual boul ers
frol unit QTa are pr ent
onl dge crests near
carb ate plates. a
few r dges. unit QTa
overlies unit QTg do -

r!opelfromn ihere the
carbonate plates are
present at the edge
unit QTg. AIFIough o
clear telationshipb twee
the carbonate plates and
unit QTa was observ
the pojitiois cf the r-
nonate plates with r pec
to unit QTg and unit Ta
suggests that the car ana
plated are older tha un!
QTa. I
Q.5.
My purpose In reporti g
these data was to co ih
all available data ap 1it
abI- to the stratIdr y.
At ' ' e '~ e
c 1..d (19L o 4'
I was not aware of t S
U-scries date probl
The date should be pt
untillit can be.deter*n(

04
11

I .

LL LI
l-I .

whether it In val R1d. rither thnn rule it out simply on the basis of obsdrations on othW samples.



An argument might be made Chat the debris flow deposits might have been

deposited by meter floods or aud floodsp but the larger cleats supported by a

f£ a matrix arguss against these processes. She umerous instances of

transport of boulders from 4-10 a in dimter down 1-2 km of piedsont slope

and as much a I a In disaeter down 10-50 km of piedmont slope strongly

suggests transport by debris flow rather than a less viscous, 1 s dense

medium. The lack of sorting of larger clasts (except for boulders larger than

I a In dism-er) beyond 2-3 km downslopa from bedrock also suggests debris

flow rather than water or mud.

Finally, the preserystion of delicate leaf casts at the top of the upper

unit of the wacerlain ssd.amUntsSLJ^ rgosa marsh by unit Qa Indicates that

unit QTa was deposited very shomj fter depoeftio l'the upper unit.

Although I an forbidden to discuss tha subject Ia this repore- txe

disappearance of hmargoes marsh followed lindiately-by.deposition-of-unt qra--OW A. ..- d
indicates that the wet clImata that:aintfaied Amargosa marsh (and probably-

heavy vegetation ia the hills) rapidly became drWer which should have caused a

substantial decrease in vegetation in the hills thereby making large

quantities of material accumulated during the existence of Amargosa marsh

savailable for_tbe-abrls flow deposits of unit QTa.

Given the above I can only conclude that the majority of unit QTA is

debris flow deposits.

2. Incorrect use of unconformity--correatted _

3. ULtbofacles Is used correctly ("ae attached AC! definition)

CM states that either lithofacies or-depositliad facies (per Strac.

Cam. code) can be used. 02e and Q2s are mappable subdivisions of Q2c that

are distingeished by lithology and are enclosed withl CM boundaries of

Q2c. Thesme applies to Qlc and Qls. A

,so ; - @-h *PS|!-_~' . .4 b .. S... r~



I

ueplies to maubered questions on V C Swadley review

Abstract

1. Yes. All but Qlb, Qle. and Qis.

2. This La an abstract. The first sentence boa been rewritten.

3. Agree.

4. Statseent deleted. _

Sext

1. Rewritten

2. Agree

3. Agree

4. Paragraph rewritten

5. Rewritten

6. Rewritten

7. Rewritten

S. Sentence chaged--The alluvial barrier was present, but ubetber it Ms

breached by th4 M rgosa liver before a lake could be Impounded it

_~~~~~~ - . - .__

:ertain. -

9.. ox

10. Rewritten

II. fig. 4 and subunit QTc corrected

12. Rewritten

12. (As nuabered by VCS) Reritten

13. Rqrritten

| ........ 14. A plifi d

IS. Rewritten

a .- .-w.



6 V.

16. Vot certain about manirg of question, but obviously solution followed

by isediaste redeposition occurred together. Otherwise, solution alone

would have rmoved the carbonate from the area.

17. This is ay obserwution, but was brought to my attention by Jant vowrm

-reference deleted

P. 32-bottou (no no.) If a o all area was being discus*e, I vouldnat

bother, but absence of deposits between QTA and Q2 in such a large area

obould be discussed

16. Levritten

19. Revrittean

20. Rewritten

21. Corrected

22. Ravritten

23. Rewritten

24. Rewritten

25. it La a difference, but not in the "anLs of the other differences.

Sentence *oved to text.

26. levorded

27. S have not described tbese deposits as terrace deposits, but as deposits

that overlie older terrace deposits. I don't think that these Q2a(?)

deposits are terrace deposits, but an uncertain

28. In age. Stratigraphic posi'ion overlying Q2b and Q2c (sentence added)

justifies this conclusion

29. Done

30,31. Section on regional unconfornIty deleted. Age of Q2at) and possible

late Pleistocene age of some Qlc by others sakes this sectioo uncertaln

32. Chaned to alluvial gravels and debris flow deposits

- 4411 v Asq
E.101,,, 7 - .



w-. - q -. = -- = - -_ ____

to: Earle Creasman
from: D.L. soover
Subject: Your review of Quaternary stratigraphy report

Rlales to your numbered conence are attached. Where a ccsent in the
text vithout a number needed a reply, I added "a" after the numbered coosr-t
tmediately before the text comment. For the most part, I acceptbd your
suggestions. Vhere I did not, I have explained why. My revisions are In red
an a fresh copy of the report.

I have o-4disagreement with deleting figure 1. It was put In oat-Lay
readers. The quadrangle indes has been added as figure 3. Addition of land
nets to the figures Is not possible for two reasons: (1) the figures will be

.page-size and are already crowded and (2) time available. Co figure 4, the
problem Is which age to use for each unit. For ash-beds, this Is not such of
a problem, but for U-serles and U-trend ages, do you use ranges, all the ages.
average the ages, or average some aget after discarding "unreasonable" ages?
By the time agreement was reached by those who have an Interest, the deadline
would be long past. These choices are the reason that I have compiled all the
ages In table 1. Readers will see a general ag'neeatt for each stratigraphic
unlt cad will be free to use their own choice.

The title on the schedule change request, "A prellminary descrlption of
Quaternary surficial deposits, etc." is incorrect for several reasons. When
this title was chosen, I was not consulted.

1. "Preliminary" ls Incorrect. The stratigraphy has been in use for S
ye ar and has been published or 3 quadrangles (1 in press) and was
used on two additional quadrangles that are completed. Although
some aspects of soils and depositional envirouments are questloned
by others, there has not been any question of the basic stratigraphy
or the general descriptions that I in aware of. Therefore, the work
Is hardly preliminary.

From the scOlu1 _ange request, I gather that Hayes used
"preliminary" to make room for changes caused by further work.
It is unlikely that changes in the basic stratigraphy will be made
and only details of description will be changed. Dropping
"preliminary" vill still leave roam for nev work.

In regard to my own work, "preliminary" is also incorrect. First, a
description of the stratigraphy vas made earlier by Hbover aon others
(1981). Second, because chi; vill be my last description, the use
of "preliminary" for my work Is not correct.

2. "Description" Is not totally correct. The report describes more than
the deposlts-It relates the deposits to each other, incorporates
and lnterpretes part of the depositIonal history, and summarites
evidence for the ages of the units. A description provides a mental
image of what the described object looks like--the report is more
than a description.
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3. "* t ernary" is lcorrect, Lalmuch Ss several pages are used to
describe late Pliocene deposits. Also the wholly tcernary age of
unit QTa Ls uncertain.

4. "Surflcl deposits" is Incorrect because the term does not apply to
the vewrlid sediments of Aargos, marsh. I used stratlgraphy ln ay
title to got around this problem.

r! imlly, the title on the schedule change request Is only Ink on paper, not
v -' chiseled il gr.t=2t*,_ In the Laterest of clarity and accuracy, I suggest
that the title be changed to Late Pliocene and Quaternary stratigrephy of
etc." so that the title will properly reflect vhat is Li the report.

-- O
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Rplies to numbered co ients
1. Sentence changed. I vast to emphasiae the smothing of alluvial f La in
tkb older deposits. Vedi ontation OK on p. 2. why nor bers with change to
alluvial fatn?
2. R written with lead sentence.
3. Rewritten
4. Change to lc
5. Deleted
6. Rewritten
7. Look under remp(anow). The torm, when separated Into two words, to "elf
descriptive. I first used dunes, but was told by Whitney that the proper ter
_ms send remps. Rest of sentence revritten.
*. Rewritten
9. Ravorded
* Figure A added

. tAdded because of previous review. Now deletad
12. Quotation form was suggested by Pat Poole. Changes made because of
previous review have been restored.
13. Rewrittn
14. Rewritten
iS. The illustrations will all be page size. No way to get land net on even
if therc was time. fig. 4 will show quadrangle locations.
If 17. Par&. completely rewritten
IL. Rewritten
19. First sentence rewritten to define unit.
20. Rewritten
20.. Next per&. Conglooerite, not conglomerate. The rock Ls metamorphosed to
the point that it breaks Zcros both the lrge clasts cad the matrix sende.
gv.Los. Therefore. coqglomerlte.
21. Reworded
22. Your concept is exactly what is ooant. Deposition of QTg quartzite
cleats in shallow troughs on the pediment cementation of Qg, deposition of
QTa, *ad tboundlssertIon has resulted in a small scale iaventedftopography.

Rewritten to sow relationahip of plates to QTg.
Ievritten

25 Dendritic deleted
26. You can call the layers "eds", but I want to call attention to the
concrast of thes "beds" with the alluval beds that are usually moderatcew to
wall sorted and a few cm to less than I a thick. I have used layer to
emphasize this cant-cat.
?77 Deleted
:8. awri~tten to conform with AGt definition of unconformity
29. Deodtitic deleted
s'). Rewritten-comments 28-30 art incorporated In complete rewrite of tiis

section.
31-2.Subject of this pera. is deli!ya
3?a. Pare. under NQueternary Surficlal Depositsc incorporated under NRegioual.
Unconformity" cad replaced by new psre.
33. Definition added
:;. Rawrit:en
35. Reworded to define udit.
36. Rewritten
Y7" Rewritten
38. "Ofch deleted

.__r+ �-



39. Iewitten
40. Rewritten
41. Rewritten
42. Rewritten
43. Pare. tevritten.
44. Rewritten. Above to the correct word SUgber thn maU not restrict
the location. Topograpbhcally hlgher or topographically above to also less
restrictive sad probably overdone.
45. lb ezplansclon-just recording observatIonsa-
44. Rewritten
47. tara. rewritten
48. 10 a deleted
49. 3wrljttsn

50. &didence added
51. Iuvritce
S2 nrwrItCen
53. Znd sontence of para. rewritten low
54. Typo corrected
55. Rewritten
56. Too small to map, but stracth terrace sad scattered clats are
recogaiseble by their topogSrappIc position a# *2b. In a few wasbh., the
scattered clasts grade into terrace deposits.
57. Maze deleted
58. ewritte-n
59. tergtten
60. Ql deflnad
60a._tp. 51) As written, litbofaclea is not relevant. __ntence added.
61. Rwrittan
62. Ptra. rewritten
63. R*wordIn( accepted -_ --

64. You are correct. Description of Ql. changed to add peat.:

i
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PRELIMINRY DESCRIPTION OF QUATERNAY AND LATE PLIOCENE

SURFICIAL DEPOSITS AT YUMA MO AIN AND VICINITY,

RYE COUNTY, NEVADA

by

D.L. Hoover

ABSTRACT

The Yucca Mountain area, in the south-central part of theCm eat Basin,

is in the drainage basin of the Amargosa River. The mountain con.sists of

several fault blocks of volcanic rocks that are typical of the Basin and Range

province. Yucca Mountain is dissected by steep-sided valleys of cons2quent

drainage systems that are tributary on the east side to Fortymile Wash and on

the west side to an unnamed wash that drains Crater Flat. Most of the major

washes near Yucca Mountain are not integrated with the Amargosa River, but

have distributary channels on the piedmont above the river.

Iforms - the Ytu-l Mount-- area include rock pediments, ballenas,

alluvial pediments, alluvial fans, stream terraces, and playas. Early

Holocene and older alluvial fan deposits have been smoothed by

sedimentation. The semiconical shape of alluvial fans is apparent at the

junction of tributaries with major washes and where washes cross fault and

terrace scarps. Playas are present in the eastern and southern ends of the

Amargosa Oesert.

..



Fossils in a sag pond deposit within unit OTa In Yucca Flat suggest that

much of the unit is Quaternary. Terrace deposits. intermediata in age between

units QTa and Q2, In the Kyle Canyon area of the Spring Mountains have not

been found in the Yucca Mountain area. The sequence of events following

deposition of unit QTa and prior to deposition of unit Q2 suggest that unit

QTa was deposited significantly before the Bishop ash, 738 ka, was deposited

near the base of unit Q2.

Unit Q2 is present throughout the Yucca Mountain area and consists of

five subunits: subunit Q2c, alluvial sand and gravel and lesserimountS-Of.=L~

debris flow deposits; Subunit Q2e, eolian sand; subunit Q2s, alluvial sand;

subunit Q2b, alluvial gravel and debris flow depusits; and subunit Q2a, debris

flow deposits. Subunits Q2e and 02s are lithofacies of subunit 02c.

Slopewash deposits in the Yucca Mountain area have a stratigraphic position

like that of subunit 02a, but differ frot OZa in several characteristics and

are designated subunit Q2a(?) in this report.

The presence of the Bishop ash at or near the base of subunits QZe and

Q2c at several locations in the Yucca Mountain area indicates that deposition

of unit 02 began before 738 ka. Radiometric ages indicate that a soil within

subunit 92c began development about 425 ka. Surface soils began dpveloprxent

on subunit Q2c about 270 ka; on subunit Q2b, about 175 ka; and on subunit

Q2a(?), about 40 ka.

-3
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Unit Ql was deposited mostly in washes throughout the Yucca Mountain

area. The unit consists of subunit Olc, alluvial gravel; subunit Q0s,

alluvial sand that is a 11thofacies of subunit Olc; subunit Ole, eollan sands;

subunit QIb, debris flow deposits and minor amounts of alluvial grzvels; and

subunit Qla, alluvial sand and gravel. Charcoal within subunit QIc has been

woodated at 8.3oal, fossi seel and-archaeological material have

established three periods of deposition for sub unit Ole: 5,300 to 3,000; 2.000

to 1,000 or less; and 200 yr B.P. to the present. Deposition of subunit Qla

probably began about 1840.

Basalts in Crater Flat have ages of 3.75 Ma, 1.1 Ma, and less than 345

ka. Most of the spring daposits in the Amargosa Desert range in age from

pre-QTa to pre-02 in age. Spring deposits that are 02 and 01 in age are

probably restricted to the vicinity of modern springs.

INTRODUCTION

The U.S. Geological Survey began geological, geophysical, and

hydrological investigations of Yucca Mountain. Nevada, in 1978. The purpose

of"'t;w.e inve: igation:lstod p !idedT1'- !or th^ -Yalu' m of Ye:--i

Mountatn-as a potential nuclear-waste repository site. This report describes

Late Pliocene and Quaternary deposits in the vicinity of Yucca Mcuntain. Age

determinations for these deposits are summarized. The roport provides a basis

from whtch the approximate age cf faults that displace surficlal deposits in

the Yucca Mountain area can be determined.

%saw. ~ ~ ~ ~ ~ ~ ~ ~ ~ %~-u-w
S ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -~ --_.
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PhYsloqraphv

yucca Mountain (fig. 1) is in the south-central part of the Great Rasin

subprovince of the Basin and Range physiographic province. In the Yucca

Mountain area. elevations range from approximately 610 m on the Aeargosa River

at the southern end of the Amargosa Desert to approximately 2,345 m on Pahute

Mesa. Within 100 km of Yucca Mountain (fig. 2). elevations range from -80 n

in Death Valley to 3,368 m on Telescope Peak in the Panamint Range on the west

(just southwest or fig. 2) and 3,633 m on Charleston Peak in the Spring

Mountains (just southeast of fig. 2). The elevation of the piedmont angle (at

the junction of the piedmont slope with the bedrock hills) at Yucca Mountain

rances from 865 r. at thc southernmost ridge to approximately 1,50 m at the

head of Yucca Wash. Maxinum elevation of Yucca Mountain is 1,783 m at-the

northern end.

FIGURE I.-N1EAR HERE

FIGURE 2.--AEAR HERE

A ;logic ? of thk potenti. -eposi j sit Yucc- nintai. :ott

and Bonk. 1954), a report on the Quaternary faults at and near Yucca Mountain

(Swadley and others. 1984), and a report on the structural features and

tectonic history of part of the southern Great Basin (Carr, 1984) describe the

structural features of Yucca Mountain and the surrounding area. The reader is

referred to these reports for descriptions of the structural features

mentioned in this report. Landform terminology In this report is In

accordance with Peterson's (1981) classification for the Basin and Range

province.

* .AtP6 _ .' ............... - m.- . . v
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Figure I.--Index map showing location of Nevada Test Site and Yucca Mountain.
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Figure 2.--Bedrock geologic map of Yucca Mountain region.
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The Yucca Mountain area is in the drainage basin of the Amargosa River,

which has its headwatets in the western part of Pahute Mesa and drains through

the Amargosa Desert and Tecopa Basin Into Death Valley (fig. 1). Yucca

Mountain consists of one main and several subsidiary, tilted fault blocks of

Tertiary volcanic rocks that are typical of the Basin and Range province.

West-facing fault scarps on the main fault block have maximau slopes of 60

percent in Solittaro Canyon (Scott and Bonk, 1984). A dendritic drainage

system was deeply eroded before Quaternary time into the east-facing dip

slopes and along faults in the main fault block. Slopes on the main fault

block are 10-15 percent near the crests and 20-50 percent on the sides. Small

valleys vary from V-shaped with remnants of surficial deposits along the lower

valley sides and as thin, narrow deposits in the valley bottoms to flat-

bottomed valleys underlain by surficial deposits. The largest valleys, Dune.

Drill Hole, and Sever Washes (fig. 3), have sand ramps and alluvial deposits

on the valley sides that have slopes of 10 percent and are bordered by

terraces underlain by surficia'. deposits. These terraces are SO to 300 m wide

and have downstream slopes of 3-8 percent.

FIGURE 3.--NEMaLHERE.
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Figure 3.--Pbysiographic features of Yucca Mountain and vicinity.
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The sides of ridges that are formed by subsidiary fault blocks have lower

slope angles than the sides of ridges formed by the main fault block on both

fault scarps and dip slopes. The drainage systems of the subsidiary fault

blocks are short, first- and second-order washes that are V-shaped and

shallower than washes-on the-main fault block. The lower slope angles and the

-- lessefdevelopment of tributaries in these 6rainagdeFimtems, when compared to

slopes on the subsidiary fault-blocks. South of the Dune Wash drainage basin,

a few deep.L-shaped drainages are present along north-South trending faults,

and do not have tributaries._... ._.-_

Most of the washes that drain east-southeast to east'on Yucca Mountain-

anda djacent fault blocks are consequent washes developed on dip slopes.

Valleys that drain to the north or south and valleys at the north end of Yucca

Mountain that drain southeast were developed along faults (Scott and Bonk,

1984; Carr, 1984). Although faults are not exposed in Yucca Wash, a

geomagnetic anomaly suggests that a probable Miocene structural boundary may

have influenced the distribution of older rocks, and thus the location of

Yucca Wash (Car-,d984).-W

S. .._ . - 4 L .- I
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The drainage basin of the Amargosa River above Beatty (fig. 2) is deeply

incised in volcanic rocks. Fortymile Wash, Topopah Wash, Rock Valley Wash,

Carson Slough, and the unnamed wash that drains Crater Flat are the major

tributaries of the Amargosa River between Beatty and the southern end of the

--Amargosa-Desert. East of Rock Valley Wash and Carson Slough,-drtinageris-into

the plays at the eastern end of the Amargosa Desert. South and west of the

Amargosa River and north of Eagle Mountain, tributaries originating in the

Funeral Mountains are much smaller than tributaries north of the river.

Although Crater Flat, Fortymile Wash, Topopah Wash, and the unnamed wash that

drains Crater Flat are deeply incised on middle to uoper piedmont slopes,

these washes are not integrated with AWh.Amargosp River. On the-lower-

piedmont slopes south of U.S. Highway 95, these washes are distributary and

their runoff reaches the Amargosa River only during times of flooding. Rock

Valley Wash and the drainage basin of Carson Slough are integrated wfitihe

* ._Z'a-Amargasa River- _ .sw

Wa
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Major landforms in the Yucca Mountain area include rock pediments,

ballenas, fan and alluvial pediment remnants1, alluvial fans, stream terraces,

and playas. The only rock pediment near Yucca Mountain Is on argillite of the

Eleana Formation in the center of the Calico Hills. Rounded, subparallel

ridges. called ballenas, are cormon on the oldest surficial deposits near -_ _

bedrock hills. On piedmont slopes between bedrock hills and on the basin

floor of the Amargosa Desert, deposits of coalescing alluvial fans of

different ages form nearly flat remnants between washes. Most of these fan

deposits have been modified by creep and slopewash into smooth alluvial

pediments. Because of fan coalescence and alluvial Pedimentatton, the

semiconical topographic expression of alluvial fan cones is absent on most

piedmont slopes. Small, semiconical fans are present at the junction of

tributaries and larger washes in valleys in the Yucca Mountain ared. Just

west of Fran Ridge, Drill Hole Wash has a large, low semiconical fan just

above the jufction with Sever Wash. Steep semiconical fans are present below

fault scarpsalongqthe east front of Bare Mountain and along terrace scarps

east of Beatty. Major washes have stream terraces that extend from near the

head of the was} don to where the washes cL.ome di;.ributary on thŽ ;jwer

part of the piedmont slope. A playa defines the end of a closed drainage

system at the eastern end of the Anargosa Desert. Alkali Flat, at the south

end of the Amargosa Desert, is a late Pleistocene playa that has been breached

by the Amargosa River (fig. 2). -

.___.___________________________- _ ----------------------------------------

IPeterson (1981) uses the term pediment for a surface eroded on

unconsolidated material on the picdmont slope. In this report, the adjective,

alluvial, is added to avoid confusion with rock pediments by readers

unfamiliar with Peterson's terminology.



Although calderas north of Yucca Mountain and northwest-trending faults

alter the north-south pattern of ranges and valleys that are typical of the

Great Basin, the general physiography and types of IeYu cca

mountain area are similar to other areas of the Great Basin. The dimensions

-' and topographic relationships of the landforms in Quaternary deposits in the

Yucciaountain area and in the Amargosa Desert do not differ greatly from

those of similar landforms in the closed basins of Frenchman and Yucca Flats

and appear to be relatively unaffected by the presence of the Amargosa River-ur-_

Previous Work

The bedrock geology of the NTS area has been published^in a series of-

geologic maps at a scale of 1:24,000 !fig. 4). In the Yucca Mountain area,

these maps include Topopah Spring NW (Christiansen and Lipman. 1965). 9opopah

-00o AdSpring SW (Lipman and-McKay. 1965), Top pring (Orkild and O'Connor,

197C), Jackass Flats (McKay and Williams, 1964) and Lathrop Wells (McKay.and

Sargent. 1970). The geology of the Bare mountain 15-minute quadrangle was

mapped by Cornwall and Kle1nhampl (1961). The Quaternary deposits as shown on

Rhese quadrangles were sird1ified anz based stly on clast size and

geomorphic position.

FIGURE 4.--KEAR HERE
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Figure 4.--!ndex map of the Yucca Mountain area showing outlines of quadrangle

maps.
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Fernald and others (1968) mapped the surficial deposits of Yucca Flat for

engineering purposes on the basis of depositional processes and fragment

size. Units QTa, Q2, and Ql were first described In the Syncline Ridge area

of western Yucca Flat (Hoover and Morrison. 1980). which has Quate;"ary

deposits similar to those In the Yucca Mountain area. Correlation

characteristics and the stratigraphy of Ouaternary surficial deposits in the

NTS area were described by Hoover and others (19RI). Swadley (1983) mapped

the Quaternary deposits In the Lathrop Wells quadrangle and Swadley and Carr

(1987) mapped Quaternary deposits in the Big Dune quadrangle. Field mapping

of the Quaternary deposits in most of the Topopah Spring IS-minute quadrangle

by the author was Included in a map of the Quaternary geology of :he Yucca

Mountain area compiled by Swadley and others (1984).

Waterlaid sediments in the Amargosa Desert were first mapped in %

reconnaissance investigation of the hydrology of the Amargosa Desert (Walker

and Eakin, 1963). Denny and Orewes.(1965) mapped these sediments as playa and

spring deposits in the Ash Meadows quadrangle. Swadley (1983) mappedtthe

recrystallized chalk caprocks and claybeds separately In the Lathrop Wells

quadrangle. Thelw: erlaid sediments have also been mapped in the Big Dune

quadrangle (Suadley and Carr. 1987). Mapping of the NEW/4 of the Ash Meadows

15-ininute quadrangle by Pexton (1985) established the stratigraphy of the

waterlald sediments and the relationship of these deposits to-younger

- s~uificial-deposits...Studies.of-the basalts-in-Crater-Fl at..rowe andZCa= . _

1960) provided tne stratigraphic celationships of these basalts to Quaternary

and older surficial deposits.
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IDENTIFICATION OF QUATERNARY S11RFICIAL DEPOSITS

Multiple criteria, called correlation characteristics (Hoover and others,

1981) are used for identification and correlation of surficial deposits in the

HTS area. Correlation characteristics are used because Pliocene and

Quaternary-sediments in nearby areas could not be identified in the NTS

area. The detailed Pliocene and Quaternary section of the Searles Lake area

in California (Smith, 1979; Smith and others, 1983) was not comparable,

bcause it was deposited in a different environment than the NTS deposits.

The Quaternary deposits of the Tule Springs area near Las Vegas (Haynes, 1967)

were deposited In a different environment, and over a much shorter time

span. The correlatinowcmgiacteristlcs (see Hoo er and others, 1981 for

definitions) are:

1. Topography

A. Macrotopography

B. Microrelief

I1. Drainage

A. Pattern and development direction

B. Cross-sectional shape

C. Depth

111. Soils

A. A and B horizons

1. Color

2. Secondary clay, carbonate,-and silica-content

3. Thickness

B. Calcic horizon

1. Stage (Gile and others, 1966)

2. Thickness

16
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IV. Topographic relationships to other depositional units

V. Desert pavement

A. Packing and sorting

B. Maxirum fragment size

C. Rack varnish color and luster

VI. Lithology

A. Sand and clay content

S. Color

C. Maximun fragment size and frequency

D. Ratio of clast lithologies

The order of these characteristics reflects their decreasing impotiance in the

identification of a stratigraphic unit. Except for the order of listing,

-. ~ these characteristics are the same as described by Hoover and others (193:).

The use of soil properties to identify stratigraphic units was limited to

macroscopic differences in the-A. Rand calcic horizons that are easily

identifiable by geologists unfamiliar with the descriptions and techniques of

soil science. These differences include the presence of vesicular A and

camt!c 8 horizons, anJ tle presence and the degree of fevelopmer of argillic

B and calciC hurizons. The soil-horizon designations used in this report

differ somewhat from those defined by the Soil Conservation Service (Soil

Survey Staff, 1975), and are defined in the following paragraphs.

I1



Vesicular A (Av) horizons are surface horizons that contain numerous

vesicles that are 1-10 mm In diameter. Ay horizons are formeo in a layer of

silty sand that underlies a desert pavement. Most Av horizons overlie an

unconformity at the top of the underlying 8 or calcic horizon. This

unconformity is Indicated by: (1) the presence of similar Av horizons on

either B or calcic horizons of a single stratigraphic unit, and (2) an abrupt

decrease in secondary carbonate in some soils between the Av and the

underlying e horizon.

Cambic and argillic B horizons are present on most Pleistocene and older

surficial deposits. Cambic B horizons are distinguished on the basis of

better developed structure and (or) stronger colors than the und rlying

horizon. Cambic 8 horizons lack significant clay accuiulation, but a few,

thin clay coatings on sand grains and larger fragments are present in sone

cambic 8 horizons. Most cambic B horizons are yellowish brown. Argillic B

horizons have significant clay accupulations as indicated by abundant clay

films. Most argillic e horizons are reddish brown, and contain more clay than

the underlying horizon. Some argillic B horizons are induriied"byabundantC

seco:z 3ry ca jm carborate and locally by secondary silica. Most cambic and

argillic. B horizons are less than 50 cm thick.

18" --S
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Calcic horizons are characterized by the deposition of abundant calcium

carbonate and locally by some secondary silica. The calcic horizons referred

to in this report include the Cca, calcic, and petrocalcic horizons of the

Soil Survey Staff (1975) and the K horizon of Gile and others (1965).

Thicknesses of calcic horizons In this report include the entire thickness of

visible secondary carbonate which ranges from less than 0.1 to greater than

1.5 m. The morphological characteristics of secondary carbonate in calcic

horizons were used to assign stages as defined by Gile and others (1966).

Calcic horizons range from stage I films and coatings on the bottoms of clasts

in early Holocene and late Pleistocene deposits to thick. plugged, stage IV

horizons in early °leistocene deposits. The carbonate stages that are

reported are the maximum stage developed in the entire calcic horizon (Gile

and others, 1966). Carbonate-rich laminae,.characteristic of strongly

developed stage IV horizons, are common in early Pleistocene and older

deposits, but they occur only locally in some middle Pleistocene deposits.

Pisolites and brecciated and recemented laminae occur in a few locations in

early Pleistocene and older deposits.

19
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STRATIGRAPHY

Stratigraphic units in the Yucca Mountain area range from Precambrian to

Holocene. Metamorphic and sedimentary rocks from Precambrian to Mississippian

in age and volcanic rocks of Miocene and Pliocene age form the hills and

ranges of the Yucca Mountain area. Sedimentary rocks of Miocene and early

Pliocene age are present in the Funeral Mountains. at the southern and eastern

ends of the Amargosa Desert, and in Crater Flat. All of these rocks are

highly deformed and densely-faulted. In contrast, the waterlaid sediments in

the Azargosa Desert and younger surficial deposits are relatively undeformed

and are faulted in only a few places. Late Pliocene and Quaternary deposits

in the Yucca Mountain area include the waterlaid sediments of Ansargosa marsh,

unit QTa, unit Q2, which has five subunits, and unit 01, which also has five

subunits (fig. 5).

FIGURE 5.-41EAR HERE

J-
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Figure 5.--Correlati0of chart of late Pliocene and Quaternary stratigra"tIc

units in the Yucca Mountain area. Query indicates that stratigraphic

position of base and (or) top is uncertain.
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Pliocene and Quaternary(?) Deposits

laterlaid Sediments of Amargosa Harsh

ThA waterlaid sediments of Aaargosa marsh consist of clays, limestones,

and tufts that crop out in much of the Amargosa Desert south of lat 36-30' and

west of long.116'10'. Scattered outcrops are present alcog the Amargosa River

northwest to lat 36140', between U.S. Highway 95 and the hills that form the

southern edge of Crater Flat, and at the southern end of Crater Flat along the

unnamed wash that drains Crater Flat. Driller's logs (Walker and Eakin, 1963)

indicate that the waterlaid sediments underlie most of the Quaternary

surficial deposits between the Skeleton Hills and the Arargosa River south of

U.S. Highway 95. The sediments were deposited in an area called Amargosa

marsh in this report (fig. 6). These sediments are referred to as the

waterlaid sediments of Amargosa marsh. Amargosa marsh had an area uf

approximately 1.250 km2.

FIGURE 6.--KEAR HERE

_.*.
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Pexton (1985) divided the waterlaid sediments of Amargosa marsh into a

lower and an upper unit separated by A .iisconformity. The lower unit was

further divided and mapped as four lithofacies: three units that are mostly

argillaceous and a fourth unit of sheet limestones that overlies and

interfingers with two of the argilo-:.us lithofacies; the "lake" deposits and

the paludal deposits. The lower unit, as described by Pexton (1985). consists

of:

Undifferentiated Pliocene 'lake' deposits (unit Tld):

Mostly brown to green. illitic and montmorillonitic claystones with

soft to hard limestone beds, pods, and nodules that contain rminor

dolomite. Thin sandstone b '- are sparse. Clay beds pinch and swell

noticeably over short distances and grade into limestone with

inclusions of irregular clay masses. Claystones contain only small

amounts of magnesiun silicate clays. Evaporites were not observed.

but masses of selenite and thenardite blooms are found at the

surface. Abundant rootmarkings. Contains two ash-fall tuffs.

Deposited in floodplains, swamps, ponds, and playas.

'Pliocene playa deposits (unit Tp.,.,

Mostly buff to brown, hard. hIncky claystones that are predominantly

magnesium silicate clays wir; some authigenic potassium feldspar.

Some claystones have pelletal textures. Minor. hard, white dolomite

sheets grade into soft, wh;- limestone. Calcium carbonate breccia

masses (caliche-breccia).found near Carson Slough contain

interstitial magnesium silicate clays. Contains one ash-fall tuff.

Probably deposited in a seasonally flooded playa.

.1 -. -
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Pliocene paludal deposits (unit Tpa):

Mostly white, chalky limestones with minor amounts of sandstone and

claystones. Claystone occurs as irregular masses of illitic to

montmorillonitic clay within chalky limestones. Limestone contains

gastropods, bivalves, and ostracodes. Probably deposited in spring-

fed mapshes and ponds.

Pliocene sheet limestones (unit Til):

White to light gray, dense, recrystallized, fenestral limestone

sheets. Contains rootmarks and occasional plant casts that resemble

plants growing in runoff from springs. Probably deposited in

isolated ponds.

The disconformity that separates the lever and upper units has oeen

recognized in the Carson Slough and Rock Valley Wash drainage basins and in

the area southwest of Devils Hole. The disconformity is marked by channels

that are 3 to la m deep and a few meters to a few teds of meters wide.

Retween Carson Slough and Rock Valley Wash, the channels have a low gradient

to the south. South of Carson Slough along the west side o the ridge of

Paleozoic rocks that contains nevils Hole, the channels have a slightly

steeper gradient to the west. At the south end of this ridge, the channels

have a gentle gradient to the southwest.

25
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The upper unit fills the channels cut into the lower unit. The base of

the upper unit is marked by coarse sands or gravel;. In the Carson Slough and

Rock Valley Wash drainage basins, basal sands contain sparse pebbles as much

as 2 cm in diameter. Along the west side of the rIige south of Carson Slough.

similar sands and local gravels are present in lena;, at the base of the upper

~~~^r unit. .-Vest of Devils Hole and south of the Paleo- . ridge, the base of the

upper unit contains beds of limestone gravel as r! . as a meter thick. Clasts

of the gravels are mostly less than 20 cm in d12

Above the basal Clastic deposits, the upper v:it is mostly white, soft

limestone that contains minor amounts of siltsto;;.Ž ind claystone. Clay

minerals are mostly Mlite and montaorillonite, bu. -idgnesiun s licate

minerals are also present (Pexton, 1985). Beds a .ostly less than 1 m

thick.

The deposits of the upper unit are cappe': b- sofa. The-tufa is brown to

orangish brown in outcrop and medium gray to pale " zwish gray on a fresh

surface. The tufa consists of limestone and sanc- -stone that preserves

casts and moulds of plants and algal structures. *-2 the plant casts and

moulds are well preserved, they contain a tr; ;, -c -d and two broad-leafed

plants that closely resemble plants that grr in --- Gioff from modern

springs. The tufa is usually 1-2 n thick near to! -,d of the channels and

thins downslope. In sec. 26, T. 17 S., R. 50 E., tufa covers an area

about I km2 and is 2-4 m thick. Although P.Mton ; mapped the tufas

separately from the underlying sediments of the u- tir unit. the association of

the tufas with the sediments and the channels of the disconformity indicate

that the tufas are a lithofacies of the upper unit.

26
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The upper unit is not continuous. The association of the channels of the

disconformity and the upper unit, similar lithologies throughout the upper

unit, and a similar elevation of the disconformity noted by Pexton (1985) from

Carson Slough and Rock Valley Wash to the area southwest of Devili Hole

indicates that these deposits were probably deposited at the same time by the

same processes.

West of the area mapped by Pexton (1985), a large outcrop of sediments

similar to the upper unit may also be the upper unit. The outcrop covers an

area about 6 by 3.5 km in the Ash Meadows quadrangle in T. 17 and 18 S., R. 49

E. in Nevada and T. 26 and 27 N., R. 5 E. in California between Nevada State

Highway 373 and tne Amargosa River. Diatomite and white, soft l;mestone and

claystone are capped by tufa. Sand less than 20 cm thick occurs at the base

of the deposit. The sand contains very sparse pebbles that are less than 10

mm in diameter. At the southern end, a lobate shape of the deposit suggests

filled channels like the channels filled bv the upper unit about 10 km to the

east.

Outcrops in the Big Dune quadrangle resemble both the lower and upper

units. Along the Amargosa River, claystones and limestones resemble sediments

of the lower unit. In the Big Dune quadrangle in secs. 22 and 23 (estimated).

T. 14 S., R. 48 E., pebbly tuffaceous sands underlie claystone and diatomite ___

that resemble similar sediments in the- upper unit. These sediments are capped

by tufa in which mammalian fossils occur. Tufas on the south and west sides

of this outcrop appear to occur io channels that slope to the south. In sec.

19, T. 14 S., R. 49 E., claystone and remnants of tufa are exposed south of

the hills that bound Crater Flat on a terrace or pediment along the unnamed

wash that drains Crater Flat.

27



In southern Crater Flat in the Big Dune quadrangle in secs. 12 and 13, T.

14 S., R. 48 E. and secs. 7 and 18, T. 14 S., R. 49 E., tufas are interbedded

with sand and gravel. Tufas and limestone also form erosional mounds. Along

the unnamed wash, where it drains east-southeast, gravel beds dip 5'-iS1 south

to southeast, and are interbedded with tufas. In a trench exposure, the

_ _.gravel on the north edge of the wash grade vertically from poorly sorted at

the base of a bed to well-sorted at the top and laterally from poorly sorted

on the north to well sorted to the south. The gravels in the trench are

interbedded with pebbly sands. A yellowish to orangish, iron-oxide stained

band from 5 to 15 cm thick, which slopes slightly to the south, cuts across

bedding of the sands ano gravels that have a slightly greater dip to the

south. South of the wash,-tufa and white, soft limestone form eroded mounds

that appear to have been deposited along a north-south line of springs.

In the southern part of the Lathrop Veils quadrangle. Swadleyf(19831

mapoed calcareous clays and silts and dense limestones that are continuous

with outcrops mapped by Pexton (1985) as the lower unit of the sediments of

Amargosa marsh. Swadley's (1983) unit QTld Is equivalent to Pexton's (1985)

units ld. Tpl, and Tpa; Swadley's unit QTll is equivalent to Pexton's sheet

limestones, unit TM. The upper unit was not recognized by Swadley (1983),

but areas of calcified vegetal mats in sec. 19 and 30, T. 16 S., R. 50 E. may

be the upper unit.

..
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The deposits needed to interpret the early history of Amargosa marsh are

concealed by the waterlaid sediments and by younger deposits, but some

evidence suggests that at least part of Amargosa marsh may have been occupied

by a lake early In Its history. The evidence consists of a possible dam at

Eagle Mountain and possible beach terraces near the dam, near Devils Hole, and

at the north end of the limestone ridge that contains Devils Hole.

The possible dam at Eagle Mountain was formed by older, deformed gravels,

alluvial fans, and basalt that may have provided barriers on either side of

Eagle Mountain to runoff from Amargosa marsh. Between Eagle Mountain and the

Resting Springs Range to the east, older, deformed gravels and alluvial fans

provided a barrier that still exists. West ofla gle Mountain, alluvial fans

and faulted younger basalts formed a similar barrier. The basalts are

probably the same basalts as in the Greenwater Range, less than S km from

these basalts. The barrier west of Eagle Mountain has been breached by the

Amargosa River. When this breaching occurred is uncertain, but the breaching

was probably early in the history of Amargosa marsh.

Faint traces of possible beach terraces are present on the basalt at the

possible dam, on Paleozoic carbonate rocks near Devils Hole, and at the north

end of the limestone ridge that contains Devils Hole. In the Ryan quadrangle,

in sec. 30, T. 24 N., R. 6 E., a bench that is 3-5 m wide is cut in basalt

3lmost confgletely around a knob that is about 5 m higher than the bench. The

bench does not coincide with any apparent lithologiC changes and is overlain

by 0.3-0.6 m of fine-grained material. The fine-gralned material could be

eolian in origin, but it is not present on other nearby outcrops of basalt.

The bench is about 45 m above the waterlaid sediments at an altitude of

approximately 652 m.
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In the Ash Meadows quadrangle, in sec. 36, T. 17 S., R. 50 E., about 112

km west of Devils Hole, a bench is cut across the bedding of Cambrian

limestone at an altitude of approximately 737 m. This bench may be.an old

terrace at the junction of washes In adjacent drainage bastns, but similar

benches are not present adjacent to other nearby, similar junctions of washes

in the limestone. In sec. 23, T. 17 S., R. So E. and sec. 19, T. 17 S., R. 51

E., benches about 15 m wide are cut in the limestone at elevations of 725-745

m, and are partly covered by waterlaid sediments of Amargosa marsh. The

benches cut across bedding and appear to be unrelated to lithologic

differences or faults. The topographic setting and location of the benches

make differential weathering or stream erosion unlikely. A few limestone

clasts on these benches are highly rounded, but are too deeply pitted by

weathering to determine their origin.

River Gravels of Ancestral Rock Valley Wash

The river gravels of ancestral Rocky Valley Wash consist of coarsely

crossbedded pebbly sands and sandy gravels that underlie a north-south ridge

just west nf Rock Valley Wash in the Ash M9edad ;t7 op Wells

quadrangles. The outcrops can be traced from sec. 30, T. 17 S., R. 50 E.

north for approximately 10 km to the SE 1/4 sec. 19, T. 16 S., f. SO E. The

best exposures are in the SW 1/4 NE 114 sec. 19, T. 17 S., R. 50 E., where

crossbedding and the relationship to the lower unit of the sediments of

Amargosa marsh are well exposed. .

Crossheds are 5-20 cm thick in beds that are 0.3-0.6 m thick. Clasts of

volcanic rock as large as 10 cm are scattered in a sandy matrix that is

cemented by calcite. A few beds are sandy gravel. Clasts are most Cic

volcanic rocks, but minor amounts of basalt are present.
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The crossbedded sand and gravel fill a channel 1.5 km wide and as much as

S m deep. Remnants of sheet limestones of the lower unit of the sediments *f

Amargosa marsh form part of the east bank of the channel. The parallelism of

the channel with Rock Valley Wash for at least 10 km indicates that the

channel is probably an ancestral Rock Valley Wash.

Slopes and ridgetops above the crossbedded sands are Covered by deposits

that contain boulders of basalt and other volcanic rocks as much as O.S m in

diameter. These-boulders are probably from the next younger unit. unit QTa.

Pliocene(?) and Quaternary Deposits

Unit QTg

Unit QTg consists of thin-bedded gravels that fill shallow valleys of a

dissected pediment between the Eleana Range and Syncline Ridge in western

Yucca Flat (fig. 2). The gravels are composed of quartzite, conglonerite, and

siliceous argillite derived from the Elean: Range. Clasti are angular, platy.

and prismatic, have a maximum dimension 0.7 m, and have thicknesses that are

20 to SO percent of the maximum dimension. In contrast, the overlying unit

;Ta contains numerous boulders of Tertiary welded tuff that have diameters of

1 to 10 m, are subangular to subrounded, and are roughly equidimensional. The

gravels of unit QTg are as much as 5 m thick near the Eleana Range and 22 Q

thick near Syncline Ridge beneath units QTa and Q2 (Hoover and Morrison,

1980). Z
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The pediment beneath the gravels is defined by a nearly planar surface

-. t covers approximately 17 km2 between the Eleana Range and Syncline

binge. The pediment is cut on gently to steeply dipping quartzite and clayey

argillite of the Eleana Formation (Mississippian and nevonian) and on Tippipah

Limestone (Permian(?) and Pennsylvanian). Where unit QTg is present on ridges

near the Eleana Range. it is overlain in most places by unit QTa. These

ridges are 10 to 20 m wide and have rounded to flat tops. The contact between

the Eleana Formation and the gravels dips into the ridges. The upper part of

0, gravels is thoroughly cemented by dense calcium carbonate. At the base of

the gravels on one ridge, a trench exposes soft, pulverent to nodular calcium

carbonate. The soft carbonate forms SO percent or more of the matrix in both

the gravels and the weathered rock of the underlying Eleana Formation in a

zone approximately 0.7 m thick.

Plates of calcium carbonate occur as residual deposits at the edge of the

gravel and on the Eleana Formation along the ridges upslcpe from the edge of

the gravel. The carbonate plates can be traced to a thrust fault in the

Eleana at the east foot of the Eleana Range. The plates are siliceous near

- :hrust fault. The carbonate and silica plates and the carbonate in the

Yel appear to have been deposited by ground water seeping out of the thrust

;.lt and into the gravel.
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Unit QTa

Unit QTa consists of predominantly debris flow deposits and small amounts

of alluvium. Unit QTaj$s present at the periphery of all basins in the NTS

area, around isolated bedrock hills in the Amargosa Desert, and a. erosional

remnants in valleys in the hills and ranges. Unit QTa lies unconformably on

Precambrian to Paleozoic sedimentary rocks, on Tertiary volcanic and

sedimentary rocks, and on the waterlald sediments of Amargosa marsh. In the

Calico Hills and between Syncline Ridge and the Eleana Range in Yucca Flat,

unit QTa was deposited on unit QTg and pediments that were cut on argillite of

unit J of the Eleana Formation. In most areas, exposures of unit QTa are less

than 2 km from the hills and ranges. In a few places, such as Kick Valley

Wash near the Skeleton Hills and In Crater Flat, exposures are 10 km or more

from the ranges. The maximum observed thickness of unit QTa is apprix mately

55 M.

Natural exposures of unit QTa are sparse. The best developed soils and

landforms that are typical of unit QTa occur between Yucca Mountain and Alice

Ridge, just south of Yucca Vash (fig. 3). Debris flow deposits and poorly

sorted alluvial gravel that may have been reworked from debris flows ar..

exposed in Crater Flat trenches 1 (lat 36-48 14, long 116'29'50) and 2 (lat

36&46'59", long. llf30'38') and in some of the deeper washes neat these

trenches.

33
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Unit QTa crops out as elongate, well-rounded ridges called ballenas. The

ballenas are separated by washes that form parallel to subparallel drainage

systems. The washes, where not filled by unit Q2 or dissected by Holocene

erosion, have rounded cross sections. Relief on the ridges ranges from I to

25 m; the macrotopography is rounded. Iicrorelief is flat except where

erosion during the pedimentation of unit QTa has left residual cobbles and

boulders protruding above the desert pavement. within 1-2 ki of bedrock

hills, residual boulders are as much as 10 m in diameter. At distances of

5 km. residual boulders are less than 1 m in diameter. Along Rock Valley Wash

south of U.S. Highway 95, basalt boulders from Skull Mountain, more than 3n km

away, are coimonly 0.5 to I m in diameter. Residual boulders are rarely

present on deposits younger than unit QTa. _

ISN-A
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Soils on unit OTa typically consist of an Av horizon and a calcic

horizon. The Av horizon on unit QTa overlies the calcic horizon or, where

present, an argillic B horizon. The Av horizon is formed in material that is

probably much younger than the underlying deposits. ThicknessTof the Av

horizon ranges from 10 to 40 cm. The 8 horizon has been eroded from most QTa

Oimsoi1s. Only-one area, just south of Yucca Wash-and west of Alice Ridge, has

been found with an argillic t horizon Intact in a OTa soil. At this location,

the argillic B horizon is dark reddish brown, contains abundant clay, and Is

approximately 50 cm thitk. Secondary silica increases downward in the B

horizon. Where the argillic B horizon is preserved, the calctc horizon has

engulfed the lower part of the 8 horizon and consists of laminar layers that -

enclose lenses of pale-brown opaline silica that are as much as 5 cm thick.

The laminar layers that enclose these silica lenses are dense, hard, and

probably contain secondary silica. Calcic horizons of unit QTa are stage 11

to ItT at elevations of about 700 m in the Ash Meadows ared and stage IV above

-_ 900 J m in thesYuca iMountain area.- Stage IV calcic horizons are 2 to 3 i

thick. Laminar layers are present in most stage IV calcic horizons.

Pisolites and brecciated and recemented laminar layers occur in a few

locations.

_. ~ ~ ~ ~ ~ ~ '
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On the uppermost part of piedmont slopes, interfluves of unit OTa between

washes that head in the bedrock hills, are topographically above units Q2 and

QI. Deposits of QTI are also present at drainage Junctions within bedrock

hills, as erosional remnants on pediments, and as the highest erosional

terrace along major~washes within bedrock hills. On Yucca Mountain, remnants,,-

of uni.tQTaire present on steep sloaes 20-50 m above the bottoms of some

washes. Terraces and dissected hills of unit QTa are present on lower

piedmont slopes along Rock Valley Wash from U.S. Highway 95 South to about lat

w"t36O30'. At distances of 5 kn or more from bedrock hills, unit QTa is buried

by younger surficial deposits on most piedmont slopes.

Desert pavement on unit QTa is very densely packed and poor;y to

moderately sorted. Maximum fragment size in the pavement is about 20 cm, hut

residual boulders, which range from 0.5 to as much as 10 m in diameter,
4P-

commonly protrude above the pavement. Varnish on pavements and residual

boulders Is shiny brownish black to black, 0.5 to 2 rm thick, and continuous

in areas undisturbed by soil creep.

Trenches and a few natural exposures reveal unsorted, nonbedded layers

that are I to 2 m thick. Eacn layer contains coarse fragments ranging fron

pebbles to boulders that are supported by a matrix of clay- to sano-size

material. Clay.and.&sica coat larger fragments below the calcic horizon.

Natural exposures of unit QTa are light brown with a pinkish to reddish

cast. Boulders of welded tuff, limestone. or quartzite are conmonly I to 4 n

in diameter on the uppermost piedapnt slopes and in VTa deposits in bedrock

hills. Boulders at the base of unit QTa, deposited on a pediment cut on the

Eleana Formation in the Calico Hills and in Yucca Flat, are as much as 10 r in

4iameter.

qI
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At the foot of the Eleana Range in the west-central part of Yucca Flat.

lenses af calcium carbonate that contain ostracodes, gastropods, and small

mammal remains are Interbedded with debris flow deposits of unit OTa. Two

lenses, exposed in trenches cut at right angles, are as much as 2 m thick.

extend at least 50 m downslope, and are at least 30 mwide aldfivth-I'p-e-

contour. The uoper part of both lenses contains greenish-gray clay and clasts

as much as 20 cm in diameter. The location of the calcium carbonate lenses.

adjacent to faults that displace the uphill side of the faults down against

quartzite of the Eleana Formation, indicate that the fossiliferous carbonate

lenses are sag pond deposits.

Alluvial pediments were cut on unit QTa throughout the NTS area. The

pediments are defined by the con the ridges that characterize

unit QTa. Concordancy of the ridges extends across small washes that

originate in bedrock hills and-across some major washes. -Thewconcowdant -

ridges extend into bedrock in a few locations in the CalicoHills, east of_

Jackass Flats, and on the southwest side of Bare Mouotain. Benches cut nn

bedrock and "lines of calcium carbonate that stain steep bedrock slopes may

record the original lurface of untt QTa. These features orcur as scattered

remnants.in the ranges east of Yucca and Jackass Flats. in the Calico Hills,

and on the southwest side of Bare Mountain. The benches and carbonate lines

suggest that 25 to 50 m of unit QTa may have been eroded where the ranges have

the greatest relief and highest slopes. Near hills that are low in relief,

-_- ~ 'eroson~may have.been much less-thaJ A. me

W.= I !
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On hillslopes. that have 10-25 m of relief, QTa deposits lack any evidence

of bedding. The few exposures along washes and in trenches are predominantly

layers of unsorted cobbles and boulders. In Crater Flat trenches I and 2 and

in some exposures in washes, coarse, poorly to moderately sorted a&luvial

gravel is present in the upper 1-3 m of unit QTa. In a few wash exposures,

alluvial gravel occurs as thin beds between unsorted layers of cobbles and

boulders. Numerous large boulders are present in almost all exposures of unit

QTa, regardless of relief or lithology of the bedrock above the outcrops.

Subunit OTc.--Colluvium that consists of unsorted fine to coarse angular

rubble was mapped separately as a subunit of unit QT& on steeposlopesof _ _

Little Skull Mountain in the Lathrop Wells quadrangle (Swadley, 1283) and in

the northeast corner of the Big Oune quadrangle (Swadley and Carr, 1987).

Colluvium of subunit QTc is included in map unit QTa at other locations. The

colTuvium includes rock falls and debris flow deposits that grade downslope

Into unit QTa. Slightly dissected smooth slopes of subunit QTc are underlain

by stage III to IV calcic horizons that are several meters thick. A and a

horizons are not present. -air

-~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~-N
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Regional Unconformity

Where subunit Q2c overlies unit QTa in the Yucca Mountain area. a

regional unconformity is present. This unconformity is defined by the soil

developed on unit QTa and the dissected pediments of unit OTa, and represents

a long period of erosion and nondeposition. The pediments were dissected by

subparallel drainage systems throughout the Yucca Mountain area after

pedimentation of unit OTa and development of a soil on the pediments. This

dissection of unit OTa formed long, narrow, rounded ballenas, usually less

than 20 m wide. At the upslope end of ballenas, the ridge crests merge into

the pediments and ridges wider than 20 m usually have flat tops that are _

remnants of the pediments on unit OTa. Slopes of the valleys between ballen t

are convexo-concave in contrast to steep, straight slopes of washes in younger

deposits. Where not obscured by younger depnsits, valleys between bellenas

are rounded.

No deposits are present between unit CTa and unit 02c near Yucca

Mountain, but near the head of the Kyle Canyon (just toutheast of fig. 2)

alluvial fan, alluvial gravels form terraces that are intermediatein

elevation between the ballenas of unit OTa and the terraces of unit 02. The

lithology, pedimentatton, soils, landforms, and dissection of unit OTa are

similar at both Kyle Canyon and in the Yucca Mcuntain area. Except for

thicker soil horizons, the same aspects of unit 02 are also similar in both

areas. These similarities and the proximity of Kyle Canyon to Yucca Mountain

indicate that deposits of intermediate age should also be present in the Yucca

Mountain are;. Deposits of intermediate age may be buried in Yucca and

Frenchman Flats or removed by erosion in Mercury Valley, Crater Flat, Rock

Valley, Jackass Flats, and the Amargosa Desert.
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Pedimentation, sofil development, and-dissection of unit OTa represent a

long period of erosion and nondeposition. The absence at the surface of the

Yucca Mountain area of the intermediate-age deposits that are present at Kyle

Canyon suggests that intermediate-age deposits are not present in the Yucca

Mountain area. The probable absence of the intermediate-age deposits in the

Yucca Mountain area extends the period of erosion and nondeposition after

deposition of unit QTc, and requires a regional unconformity between unit OTa

and subunit Q2c.

Quaternary Surfictal Deposits

Quaternary surficial deposits of the Yucca Mountain area include units 01

and 02, both of which have five subunits. Boti units consist of alluvial sand

and gravel. debris flow deposits, and tolian sand. The major differentces

between the two units are that the older unit, unit 02Q has moderately to well

developed soils and desert pavements; whereas unit Q1 has incipiently

developed soils and desert pavements are absent. Except for topographic

position, all other characteristics of the two units and their subunits are

similar.

._ _ - ~ _ _ -_ . .. 4

- H _ ~~~~~~~40



Unit Q2

Unit Q0 consists of alluvial deposits, debris flow deposits, and eolian

sand. Unit Q2 contains five subunits: Q2c, Q2b. and Q2a and Q2a(?). alluvial

and debris flow deposits; Q2e. eolian sand ramps and sand sheets; and 02s,

alluvial sand sheets. These subunits range in age from middle to late

Pleistocene. Soils In unit 02. except for the youngest deposits, are

moderately to well developed. Desert pavements are well developed except on

the youngest deposits. The youngest deposits and eolian sand have a-ijmited

extent. but alluvial deposits of oldest and intermediate ages are present

throughout the Yucca Mountain area. The topography, drainage, aqd desert

pavements of all subunits are similar, but soils, lithology, and topographic

position differ.

Alluvial deposits of subunits Q2c and 02b are found in all the valleys of

the NTS area and-4nowashes In the hills-and ranges. The debris flow deposits

of unit Q2a have been idtified only in the Calico Hills and in the Syncline

Ridge area of Yucca Flat. Thin slopewash deposits with similar radiometric

ages at several locations in the Yucca Mountain area are called Q2a(?) in this

report, and may be equivalent in age to subunit Q2a, which has not been dated

radiometrically. Subunits Q2e and Q2s have been identified only in the

northern part of the Amargosa Desert, Jackass Flats, and Crater Flat.

Subunit 02c.--Subunit 02c consists of alluvial deposits and eq'ial to

lesser amounts of debris flow deposits. The alluvial deposits vary from

pebbly sands to coarse gravels. Debris flow deposits that are exposed in

trenches and in washes vary from small lenses to layers longer than 100 m.
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Subunit Q2c is present throughout the NTS area. The subunit occurs as

terrace deposits in larger washes within the bedrock and unit QTa, as fan

deposits In a few intramontane valleys, as slopewash and talus deposits on the

sides of most of the valleys on Yucca Mountain, and as fan deposits on upper

to lower piedmont slopes in all valleys. Subunit Q2c forms the highest

terrace along major washes on the piedmont slope and along most of the washes

In the Amargosa Desert. Drill-hole data in Jackass Flats indicate a maximum

thickness of 65 m, but beneath some valley floors the thickness may he

greater.

Terraces that are typical of subunit Q2c are present between Sever Wash

and Fortymile Wash and dt and below the mouth of Topcpah Wash west of

Fortymile Wash. The best exposure of the youngest 02c soil is in a trench

(lat 36@51'58', long 116'13'19').

Subunit QZc has a flat macrotopography even on steeply sloping

deposits. Along much of Fortymile, Topopah, and Rock Valley Washes, overbank

flood deposits and debris flow deposits form low levees. Microrelief is less

than 0.2 m, except where residual boulders of unit QTa protrude through 02c

deposits. Orainage patterns on QZc are parallel, have few or no tributaries

on middle to upper piedmont slopes, and are distributary on middle to lower

piednont slopes. Most washes cut into subunit Q2c have very steep to vertical

banks that have been steepened by Holocene erosion. Where banks below the

terraces are undisturbed by HoloLene erosion, these banks are also steep.-

The Av horizon of Q2c soils is yvunger than the underlying soil

horizons. The Av horizon is 10 to 50 cm thick, consists of clay-size to very

coarse sand-size material, and is pale yellowish brown. The Av horizon has a

sharp contact with the 8 horizon, or where the 8 horizon has been stripped,

with the calcic horizon.

,- ~~~~42
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Soils of two different ages are present on subunit 02c and can be

differentiated only by uranium-trend age dating or by detailed soil

investigations. Above 1,000 m elevation, both soils have a moderate- to dark-

reddish-brown, argillic B horizon, that is partly silicified, ano stage III to

IV calcic horizons. The calcic horizons rarely have a laminated layer. Some

calcic horizons locally may engulf the lower part of the argillic B horizon.

At elevations below R00 m in the Amargnsa nesert, both soils in 02c have

cambic B horizons and stage I to 1I calcic horizons.

The older soil is present at a depth of a few meters within subunit 02c

or at the surface in some locations. The older, buried soil has been

identified by uranium-trend dating of samples from some trenches in the Yucca

Mountain area. The older soil is probably the buried soil exposed in the west

wall of Fortymile Wash just south of the road to Yucca Mountain. At the

surface locally in the Yucca Mountain area, the older soil also has been

identified by uranium-trend dating locally in the Yucca Mountain area. The

maximum depth of burial of the older soil is approximately 7 m in Fortyriile

Wash. The younger soil has been identified at the surface or beneath less

than I m of younger sutunits in northeast.-i Jackass Flats, on Yucca Mountain,

and in Crater Flat.

Subunit 02c is present beneath terraces along washes that are incised in

bedrock and unit OTa, and is also present on much of the upper piedmont

-slopes. Q2c is the highest sur'fs _ad t on middle piedmont slopes, on

scme lower piedriont slopes and valley floors, and along most major washes

incised in lower piedmont slopes and valley floors.
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Desert pavements T90bbbift9Q2 iaenseI-Y-Packed, moderiatelyto well -

sorted, and have a maximum clast size that is commonly less than 0.2 in in most

places. Near bedrock hills or where unit QTa underlies 02c at depths of less

than 2 m, larger clasts may be present at the surface of subunit QZ:. Varnish

ranges from very dark brown to blackish brown and from dull to shiny; it forms

a thin film that usually covers most or all of the upper surfaces of desert

pavement clasts.

Sand content of Q2c deposits ranges from less than 20 percent in coarse

gravels to more than 90 percent in the Jactass Flats and Yucca Fountain areas.

where the subunit contains sand that is reworked from subunit O2e. Clay

content is probably very low. Except in debris flow deposits. clay coatings

on clasts below the soils are rare. The color in outcrop ranges from a light

yellowisn brown to grayish brown. Clasts in alluvial deposits are raely mcre

than 0.2 m irr-diaieter. In most debris flow deposits, clasts are as much as

0.5 m in diameter, but on the two highest terraces of Fortymile Wash, debris

flow deposits contain numerous clasts as much as I m in diameter.

Subunit Q2c consists of mostly alluvial deposits that range from pebbly

sands; cowmon east of Yucca Mountain and south of Jackass Flats. to sandy.

coarse gravels. The volume of debris flow deposits may equal the volume of

alluvial deposits on upper piedmont slopes and in intramontane valleys, but is

usually less than the volume of alluvial deposits on and below middle piedmont

slopes. Much of the alluvial material was deposited along shallow

distributary washes. Along major rashes, the alluvial deposits appear to be

the result of channel aggradation. On steeper slopes, particularly within the

ranges, slopewash deposits are abundant and may grade into debris flow

deposits.-
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Along Fortymile Wash, debris flow deposits of subunit 02c cap most of the

three uppermost terraces (fig. 7). On the highest terrace, discontinuous

patches of cobbles and boulders from debris flows overlie mostly pebbly sands

and a few sandy pebble and cobble beds that are typical of Subunit 02c. The

cobbles and boulders of the debris flow range from 0.1 to I m in diameter. At

some locations on the east bank of the wash, the debris flow deposits form a

levee that is 20 to SO m wide and less than I m high. Remnants of the debris

flows are sparse on the west bank, but are almost continuous for 1O km below

the Calico Hills along the east bank. About 7 m below the highest terrace, a

soil that is probably the older soil of subunit 02c is exposed along the west

bank. The soil has a stage IV carbonate horizon about I n thick and remnants

of a red argillic 8 horizon. The soil on the highest terrace is the younger

soil of subunit 02c and has a stage tI carbonate horizon less that, a neter

thick beneath the debris flow deposits. _

FIGURE 7.--KEAR HERE

-4 Fortymile Wash is the only wash in the NTS areiathat is known to contain

three terraces of 02 age. In other washes, where only two terraces are

present, Q2b is the lowermost terrace., Therefore, the lowest 02 terrace in

Fortymile Wash is considered to be Q2b and the middle terrace to be the

youngest Q2c deposits (fig. 7). fhe middle terrace.consifts of cobbles and

boulders that range from 0.1 to I.m in diameter in a sandy matrix. The

deposit on the middle terrace is 2-4 m thick and overlies sandy deposits

similar to those that underlie the upper terrace. The upper meter of the

debris flows of the middle terrace are cemented by a stage III calcic horizon.
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Figure 7.--Schematic cross section showing relationship of stratigraphic units

and terraces in Fortymile Wash. Not to scale.
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*GS931008315215.030 CARBON AND OXYGEN ISOTOPE ANALYSES OF
CAVITY- AND FRACTURE-COATING CALCITE AND
SOIL CARBONATE FROM DRILL HOLES AND
OUTCROPS, MAY '89 - OCT. '93.

05/15/89-10/31/93 NWM-USGS GCP-16,R3, CARBONATE CARBON AND A Y P
OXYGEN ISOTOPE ANALYSES.

ACQN/DEVL LOCATION : USGS, DENVER, CO

*GS931108315215.031 STRONTIUM ISOTOPES IN CARBONATE DEPOSITS
AT CRATER FLAT, NV, BY B.D. MARSHALL, K.
FUTA, Z.E. PETERMAN, AND J.S. STUCKLESS.

01/01/90-12/31/90 TO HELP CHARACTERIZE THE ORIGINS AND
ESTIMATE THE AGES OF SOME HYDROGENIC
DEPOSITS, DATA FROM STRONTIUM ISOTOPE
ANALYSES OF CARBONATES ARE COMPARED.
SAMPLE DATA FROM SOILS, VEINS, EOLIAN
DUST, AND PALEOZOIC BASEMENT TAKEN SOUTH
AND WEST OF YM ARE COMPARED TO SIMILAR
SAMPLE DATA FROM EAST OF YM AND TO
TERTIARY AQUIFER WATER. SR ISOTOPE RATIOS
VS FREQUENCY ARE PRESENTED IN HISTOGRAMS.

D N P

ACQN/DEVL LOCATION : USGS, DENVER, CO.

*GS931108315215.033 FLUID INCLUSION TEMPERATURES FROM DRILL
HOLES USW G-1 AND G-2, OCT. 92 - SEPT.
93.

10/01/92-09/30/93 NWM-USGS GCP-27,RO, DETERMINATION OF
TEMPERATURE AND SALINITY FROM
MINERAL-HOSTED FLUID INCLUSIONS.

A Y P

ACQN/DEVL LOCATION : HARVARD UNIV., CAMBRIDGE, MA

*GS931108315215.034 CARBON 14 AGES FROM DRILL HOLES USW G-1,
G-2, GU-3, AND G-4, APRIL 92 - JAN. 93.

04/01/92-01/31/93 DATA WERE ACQUIRED BY DR. T. STAFFORD OF
THE UNIVERSITY OF COLORADO. CARBONATE
CARBON WAS EXTRACTED BY STANDARD 14C
PROCEDURES AND THE 14C CONTENT WAS
DETERMINED BY AMS AT LAWRENCE LIVERMORE
NATIONAL LABORATORIES.

A Y P

ACQN/DEVL LOCATION : LLNL, LIVERMORE, CA
UNIV. OF COLORADO, BOULDER, CO
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A Y P*GS931108315215.035 OXYGEN STABLE ISOTOPE ANALYSES OF OPAL
FROM DRILL HOLES AND OUTCROPS, JUNE 92 -
AUG. 92.

06/01/92-08/31/92 DATA WERE ACQUIRED BY DR. L. KNAUTH OF
ARIZONA STATE UNIV. DR. KNAUTH IS AN
APPROVED QA VENDOR. DATA ACQUIRED BY
STEPWISE FLUORINATION OF OPALINE SILICA TO
REMOVE EXTRANEOUS WATER PRIOR TO
EXTRACTION OF THE SILICATE OXYGEN.

ACQN/DEVL LOCATION : ASU, TEMPE, AZ

*GS931208315215.036 STABLE ISOTOPE COMPOSITION OF SOIL C02,
MARCH 93 - SEPT. 93.

03/01/93-09/30/93 NWM-USGS GCP-33,RO, EXTRACTION OF SOIL GAS A Y P
C02 FOR STABLE ISOTOPE ANALYSIS AND
GCP-16,R3, CARBONATE CARBON AND OXYGEN
STABLE ISOTOPE ANALYSES.

ACQN/DEVL LOCATION : USGS, DENVER, CO

*GS931208315215.037 ISOTOPIC STUDIES OF YUCCA MOUNTAIN SOIL
FLUIDS AND CARBONATE PEDOGENESIS, BY T.
MCCONNAUGHEY, K. WICKLAND, AND J.
WHELAN.

09/01/93-12/17/93 STUDY OF ISOTOPIC COMPOSITIONS OF
SECONDARY MINERALS PRECIPITATED FROM
FLUIDS PERCOLATING THROUGH SOILS,
FRACTURES, AND FAULTS, AND ORGANISMS
LIVING IN THOSE FLUIDS, TO INFER THE
ISOTOPIC COMPOSITIONS OF THE PARENT
FLUIDS. TO INCREASE ACCURACY OF THIS
PROCESS ISOTOPIC COMPOSITIONS OF MODERN
SOIL FLUIDS ARE COMPARED, WHERE POSSIBLE,
WITH MODERN CARBONATE PRECIPITATES.

D Y P

ACQN/DEVL LOCATION : USGS, DENVER, CO
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ACON/DEVL PERIOD

_________________

ACQN/DEVL METHOD
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Activity - 8.3.1.8.5.1.2

*GS931008318512 .009 4OAR/39AR AGE OF THE LATHROP WELLS
VOLCANIC CENTER, YUCCA MOUNTAIN, NEVADA,
BY BRENT D. TURRIN, DUANE CHAMPION, AND
ROBERT J. FLECK

01/01/88-10/31/89 PALEOMAGNETIC AND 40AR/39AR ANALYSES WERE
USED TO PRODUCE ISOCHRON AND
INVERSE-ISOCHRON PLOTS AND IDEOGRAMS
SHOWING INTEGRATED PROBABILITY
DISTRIBUTION OF 40AR/39AR.

D N P

ACQN/DEVL LOCATION : USGS, DENVER, CO

Activity - 8.3.1.9.2.1.1

*GS930908319211.001 NEW RADIOMETRIC AGES RELATED TO
ALTERATION AND MINERALIZATION IN THE
VICINITY OF YUCCA MOUNTAIN, NYE COUNTY,
NEVADA, BY EDWIN H. MCKEE AND JOEL R.
BERGQUIST.

01/01/86-12/31/90 AGE ANALYSIS OF K-AR AND 40AR/39AR DATA
AND DESCRIPTION OF THE GEOLOGIC SETTING.

D N P

ACQN/DEVL LOCATION : USGS, MENLO PARK, CA

Activity - 8.3.1.9.2.1.4

*GS931208319214.002 OIL AND GAS EXPLORATION NEAR YUCCA
MOUNTAIN, SOUTHERN NEVADA, BY J. GROW,
C. BARKER, AND A. HARRIS.

10/01/92-12/15/93 NON-YMP INFORMATION WAS REVIEWED INCLUDING D N P
INFORMATION OBTAINED FROM WILDCAT WELLS
DRILLED IN 1991 IN THE AMARGOSA VALLEY,
CONODONT ALTERATION INDICES, THERMAL
MATURITY, AND ORGANIC GEOCHEMICAL
ASSESSMENTS, TO COMPARE THE OIL AND GAS
POTENTIAL OF YUCCA MOUNTAIN WITH THE
PRODUCING AREA IN RAILROAD VALLEY.

ACQN/DEVL LOCATION : USGS, DENVER, CO
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Activity - 8.3.1.14.2.2.1

*SNL02030193001 .012 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES, 6
UNCONFINED STRENGTH) FOR DRILLHOLE UE25
NRG-5 SAMPLES FROM DEPTH 847.2 FT. TO
896.5 FT.

08/13/93-11/30/93 STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219: "UNCONFINED
COMPRESSION EXPERIMENTS AT 22 DEGREES C
AND A STRAIN RATE OF 10E-5 S-1.", ASTM STM
D2845-90: "LABORATORY DETERMINATION OF
PULSE VELOCITIES AND ULTRASONIC CONSTANTS
OF ROCK."

A Y P

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

*SNL02030193001.013 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES,
UNCONFINED STRENGTH, TENSILE STRENGTH, &
POROSITY) FOR DRILLHOLE UE25 NRG-2B
SAMPLES FROM DEPTH 2.7 FT. TO 87.6 FT.

09/23/93-11/30/93 STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219: "UNCONFINED
COMPRESSION EXPERIMENTS AT 22 DEGREES C
AND A STRAIN RATE OF 10E-5 S-1.", ASTM STM
D3967-92: "SPLITTING TENSILE STRENGTH OF
INTACT ROCK CORE SPECIMENS.", ASTM STM
D2845-90: "LABORATORY DETERMINATION OF
PULSE VELOCITIES AND ULTRASONIC ELASTIC
CONSTANTS OF ROCK.", & ASTM STM D854-92:
"TEST METHOD FOR SPECIFIC GRAVITY OF
SOILS."

A Y P

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - --
ACQN/DEVL PERIOD

_________________

Activity - 8.3.1.14.2.2.2

**SNL02030193001.001 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES, &
UNCONFINED STRENGTH) FOR DRILLHOLE USW
NRG-6 SAMPLES FROM DEPTH 22.2 FT. TO
328.7 FT.

04/01/93-05/14/93 STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219 "UNCONFINED
COMPRESSION EXPERIMENTS AT 22 DEGREES C
AND A STRAIN RATE OF 10E-5 S-1."

A Y C

ACQN/DEVL LOCATION : NER INC., WHITE RIVER JUNCTION, VERMONT

**SNL02030193001.002 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES,
UNCONFINED STRENGTH, TRIAXIAL STRENGTH,
TENSILE STRENGTH, & AVERAGE GRAIN
DENSITY) FOR DRILLHOLE USW NRG-6 SAMPLES
FROM DEPTH 22.2 FT TO 427.0 FT.

04/01/93-06/23/93 STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219 "UNCONFINED
COMPRESSION EXPERIMENTS AT 22 DEGREES C
AND A STRAIN RATE OF 10E-5 S-1.", ASTM STM
D3967-92 "SPLITTING TENSILE STRENGTH OF
INTACT ROCK CORE SPECIMENS", ASTM STM
D2845-90 "LABORATORY DETERMINATION OF
PULSE VELOCITIES AND ULTRASONIC ELASTIC
CONSTANTS OF ROCK".

A Y C

ACQN/DEVL LOCATION : NER INC., WHITE RIVER JUNCTION, VERMONT

**SNL02030193001.003 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES,
UNCONFINED STRENGTH, TENSILE STRENGTH, &
AVERAGE GRAIN DENSITY) FOR DRILLHOLE
UE-25NRG#2 SAMPLES FROM DEPTH 170.4 FT.
TO 200.0 FT.

04/01/93-07/07/93 STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219: "UNCONFINED
COMPRESSION EXPERIMENTS AT 22 DEGREES C
AND A STRAIN RATE OF 10E-5 S-1.", ASTM STM
D3967-92: "SPLITTING TENSILE STRENGTH OF
INTACT ROCK CORE SPECIMENS", ASTM STM
D2845-90: "LABORATORY DETERMINATION OF
PULSE VELOCITIES AND ULTRASONIC ELASTIC
CONSTANTS OF ROCK".

A Y C

ACQN/DEVL LOCATION : NER, INC.,WHITE RIVER JUNCTION, VERMONT
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_________________________________________
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ACQN/DEVL PERIOD ACQN/DEVL METHOD E

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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**SNL02030193001.005 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES,
UNCONFINED STRENGTH, TENSILE STRENGTH, &
AVERAGE GRAIN DENSITY) FOR DRILLHOLE
UE-25NRG#3 SAMPLES FROM DEPTH 15.4 FT.
TO 297.1 FT.

06/18/93-09/13/93 STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219: "UNCONFINED
COMPRESSION EXPERIMENTS AT 22 DEGREES C
AND A STRAIN RATE OF 10E-5 S-1.", ASTM
STM D3967-92: "SPLITTING TENSILE STRENGTH
OF INTACT ROCK CORE SPECIMENS", ASTM STM
D2845-90: "LABORATORY DETERMINATION OF
PULSE VELOCITIES AND ULTRASONIC ELASTIC
CONSTANTS OF ROCK."

A Y C

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

*SNL02030193001.006 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES,
UNCONFINED STRENGTH, TENSILE STRENGTH, &
AVERAGE GRAIN DENSITY) FOR DRILL HOLE
UE-25NRG#2A SAMPLES FROM DEPTH 90.0 FT.
TO 254.5 FT.

08/13/93-10/08/93 STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219: "UNCONFINED
EXPERIMENTS AT 22 DEGREES C AND A STRAIN
RATE OF 10E-5 S-1.", ASTM STM D3967-92:
"SPLITTING TENSILE STRENGTH OF INTACT ROCK
CORE SPECIMENS.", ASTM STM D2845-90:
"LABORATORY DETERMINATION OF PULSE
VELOCITIES AND ULTRASONIC ELASTIC
CONSTANTS OF ROCK."

A Y C

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

*SNL02030193001.007 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES,
TRIAXIAL STRENGTH, & AVERAGE GRAIN
DENSITY) FOR DRILL HOLE UE-25NRG#3
SAMPLES FROM DEPTH 263.3 FT. TO 265.7
FT.

06/18/93-09/20/93 ASTM STM D2845-90: "LABORATORY
DETERMINATION OF PULSE VELOCITIES AND
ULTRASONIC ELASTIC CONSTANTS OF ROCK.",
ISRM "SUGGESTED METHODS FOR DETERMINING
THE STRENGTH OF ROCK MATERIALS IN TRIAXIAL
COMPRESSION: REVISED VERSION", 1983

A Y C

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT



SITE CHARACTERIZATION PLAN BASELINE

DATA TRACKING NO.

*NL02030193001 .008

*SNL02030193001.009

*SNL02030193001.010

*SNL02030193001 .011

TITLE/DESCRIPTION ACQN/DEVL PERIOD ACQN/DEVL METHOD
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - ----__ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MECHANICAL PROPERTIES DATA (ULTRASONIC 04/01/93-06/18/93
VELOCITIES, STATIC ELASTIC PROPERTIES,
TRIAXIAL STRENGTH, & AVERAGE GRAIN
DENSITY) FOR DRILL HOLE USW NRG-6 SAMPLE
416.0 FT.

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

MECHANICAL PROPERTIES DATA (TENSILE 08/13/93-11/04/93
STRENGTH, AVERAGE GRAIN DENSITY, &
POROSITY) FOR DRILLHOLE UE25 NRG-5
SAMPLES FROM DEPTH 781.0 FT. TO 991.9
FT.

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

MECHANICAL PROPERTIES DATA (AVERAGE 09/23/93-11/02/93
GRAIN DENSITY) FOR DRILLHOLE UE25 NRG-2B
SAMPLES FROM DEPTH 2.7 FT. TO 87.6 FT.

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

MECHANICAL PROPERTIES DATA (POROSITY) 08/13/93-11/02/93
FOR DRILLHOLE UE25 NRG-2A SAMPLES FROM
DEPTH 135.3 FT. TO 166.5 FT.

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

ASTM STM D2845-90: "LABORATORY
DETERMINATION OF PULSE VELOCITIES AND
ULTRASONIC ELASTIC CONSTANTS OF ROCK.",
ISRM "SUGGESTED METHODS FOR DETERMINING
THE STRENGTH OF ROCK MATERIALS IN TRIAXIAL
COMPRESSION: REVISED VERSION", 1983

ASTM STM D3967-92: "SPLITTING TENSILE
STRENGTH OF INTACT ROCK CORE SPECIMENS.",
AND ASTM STM D854-92: "TEST METHOD FOR
SPECIFIC GRAVITY OF SOILS."

ASTM STM D854-92: "TEST METHOD FOR
SPECIFIC GRAVITY OF SOILS."

ASTM STM D854-92: "TEST METHOD FOR
SPECIFIC GRAVITY OF SOILS."
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A Y C

A Y P

A Y P

A Y P
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

*SNL02030193001.012 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES, &
UNCONFINED STRENGTH) FOR DRILLHOLE UE25
NRG-5 SAMPLES FROM DEPTH 847.2 FT. TO
896.5 FT.

08/13/93-11/30/93 STANQARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219: "UNCONFINED
COMPRESSION EXPERIMENTS AT 22 DEGREES C
AND A STRAIN RATE OF 10E-5 S-1.", ASTM 5TM
D2845-90: "LABORATORY DETERMINATION OF
PULSE VELOCITIES AND ULTRASONIC CONSTANTS
OF ROCK."

A Y P

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

*SNL02030193001.013 MECHANICAL PROPERTIES DATA (ULTRASONIC
VELOCITIES, STATIC ELASTIC PROPERTIES,
UNCONFINED STRENGTH; TENSILE STRENGTH, 6
POROSITY) FOR DRILLHOLE UE25 NRG-2B
SAMPLES FROM DEPTH 2.7 FT. TO 87.6 FT.

09/23/93-11/30/93 STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219: "UNCONFINED
COMPRESSION EXPERIMENTS AT 22 DEGREES C
AND A STRAIN RATE OF 10E-5 S-1.", ASTM STM
D3967-92: "SPLITTING TENSILE STRENGTH OF
INTACT ROCK CORE SPECIMENS.", ASTM STM
D2845-90: "LABORATORY DETERMINATION OF
PULSE VELOCITIES AND ULTRASONIC ELASTIC
CONSTANTS OF ROCK.", & ASTM STM D854-92:
"TEST METHOD FOR SPECIFIC GRAVITY OF
SOILS."

A Y P

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

I
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ACQN/DEVL METHOD
__________________________________________

Activity - 8.3.1.14.2.3

*SNF29041993002 .002 YUCCA MOUNTAIN SITE CHARACTERIZATION
PROJECT GEOLOGY AND ROCK STRUCTURE LOG
FOR DRILLHOLE RF #8.

06/01/93-06/30/93 SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL
LOGGING OF CORE BY EXAMINATION OF CORE AND
VIDEO RECORDS FROM NRG HOLES AND
INSTRUCTIONS FOR ESTABLISHING QA RECORDS
BASED UPON T&MSS ROCK STRUCTURE LOGS.

A N P

ACQN/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY

*SNF29041993002 .003 YUCCA MOUNTAIN SITE CHARACTERIZATION
PROJECT GEOLOGY AND ROCK STRUCTURE LOG
FOR DRILLHOLE UE25 NRG-1.

05/01/93-05/30/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-1.
SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL
LOGGING OF CORE BY EXAMINATION OF CORE AND
VIDEO RECORDS FROM NRG HOLES AND
INSTRUCTIONS FOR ESTABLISHING QA RECORDS
BASED UPON T&MSS ROCK STRUCTURAL LOGS.

A Y P

ACQN/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY

*SNF29041993002.004 YUCCA MOUNTAIN SITE CHARACTERIZATION
PROJECT GEOLOGY AND ROCK STRUCTURE LOG
FOR DRILLHOLE UE25 NRG-2A.

08/01/93-08/31/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-2A. A Y P
SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL CORE
LOGGING BY EXAMINATION OF CORE AND VIDEO
RECORDS FROM NRG HOLES AND INSTRUCTIONS
FOR ESTABLISHING QA RECORDS BASED UPON
T&MSS ROCK STRUCTURAL LOGS.

ACQN/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY

*SNE29041993002 .005 YUCCA MOUNTAIN SITE CHARACTERIZATION
PROJECT GEOLOGY AND ROCK STRUCTURE LOG
FOR DRILLHOLE UE25 NRG-3.

06/01/93-06/30/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-3.
SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL
LOGGING OF CORE BY EXAMINATION OF CORE AND
VIDEO RECORDS FROM NRG HOLES AND
INSTRUCTIONS FOR ESTABLISHING QA RECORDS
BASED UPON T&MSS ROCK STRUCTURAL LOGS.

A Y P

ACQN/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY
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TITLE/DESCRIPTION ACQN/DEVL PERIOD ACQN/DEVL METHOD
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

*SN'29041993002.006 YUCCA MOUNTAIN SITE CHARACTERIZATION
PROJECT GEOLOGY AND ROCK STRUCTURE LOG
FOR DRILLHOLE USW NRG-6.

05/01/93-05/30/93 GEOTECHNICAL CORE LOGGING OF USW NRG-6.
SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL
LOGGING OF CORE BY EXAMINATION OF CORE AND
VIDEO RECORDS FROM NRG HOLES AND
INSTRUCTIONS FOR ESTABLISHING QA RECORDS
BASED UPON T&MSS ROCK STRUCTURAL LOGS.

A Y P

ACQN/DEVL LOCATION: YMP SAMPLE MANAGEMENT FACILITY

*SNF29041993002.007 YUCCA MOUNTAIN SITE CHARACTERIZATION
PROJECT GEOLOGY AND ROCK STRUCTURE LOG
FOR DRILLHOLE UE25 NRG-5.

08/01/93-08/30/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-5. A Y P
PREPARED IN ACCORDANCE WITH SCIENTIFIC
NOTEBOOK FOR GEOTECHNICAL LOGGING OF CORE
BY EXAMINATION OF CORE AND VIDEO REOORDS
FROM NRG HOLES AND INSTRUCTIONS FOR
ESTABLISHING QA RECORDS BASED UPON T&MSS
ROCK STRUCTURE LOGS.

ACQN/DEVL LOCATION: YMP SAMPLE MANAGEMENT FACILITY AND JFT AGAPITO

*SNF29041993002 .008 YUCCA MOUNTAIN SITE CHARACTERIZATION
PROJECT GEOLOGY AND ROCK STRUCTURE LOG
FOR DRILLHOLE UE25 NRG-4.

10/01/93-10/29/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-4.
PREPARED IN ACCORDANCE WITH SCIENTIFIC
NOTEBOOK FOR GEOTECHNICAL LOGGING OF CORE
BY EXAMINATION OF CORE AND VIDEO RECORDS
FROM NRG HOLES AND INSTRUCTIONS FOR
ESTABLISHI4G QA RECORDS BASED UPON T&MSS
ROCK STRUCTURE LOGS.

A Y P

ACQN/DEVL LOCATION: YMP SAMPLE MANAGEMENT FACILITY AND JFT AGAPITO



SITE CHARACTERIZATION PLAN BASELINE

DATA TRACKING NO. TITLE/DESCRIPTION ACQN/DEVL PERIOD

*SNF29041993002.009 YUCCA MOUNTAIN SITE CHARACTERIZATION 11/01/93-11/30/93
PROJECT CORE HOLE ROCK STRUCTURAL DATA
SUMMARY FOR HOLE UE25 NRG-1, UE25 NRG-2,
UE25 NRG-2A, UE25 NRG-3, UE25 NRG-4,
UE25 NRG-5, USW NRG-6, & RF #8.

ACQN/DEVL LOCATION : J. F. T. AGAPITO

Activity - 8.3.1.15.1.1.3

*SNL01A05059301.001 THERMAL CONDUCTIVITY DATA FROM USW NRG-6 05/01/93-11/01/93
DRILLHOLE FROM DEPTH OF 28.8 FT. TO
416.0 FT.

ACQN/DEVL LOCATION : HOLOMETRIX, BEDFORD, MASS.

Activity - 8.3.1.15.1.2.1

*SNL01B05059301.002 THERMAL EXPANSION DATA FROM USW NRG-6 05/21/93-11/11/93
DRILLHOLE FROM DEPTH OF 28.8 FT. TO
416.0 FT.

ACQN/DEVL LOCATION : HOLOMETRIX, BEDFORD, MASS.
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ACQN/DEVL METHOD E D N

GEOTECHNICAL CORE LOGGING OF NRG-1, NRG-2, D Y P
NRG-2A, NRG-3, NRG-4, NRG-5 & NRG-6.
PREPARED IN ACCORDANCE WITH SCIENTIFIC
NOTEBOOK FOR GEOTECHNICAL LOGGING OF CORE
BY EXAMINATION OF CORE AND VIDEO RECORDS
FROM NRG HOLES AND INSTRUCTIONS FOR
ESTABLISHING QA RECORDS BASED UPON T&MSS
ROCK STRUCTURE LOGS.

GUARDED-HEAT-FLOW-METER METHOD. A Y P

SINGLE PUSH-ROD DILATOMETER. A Y P
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ACQN/DEVL PERIOD
_________________

ACQN/DEVL METHOD
__________________________________________

Activity - 8.3.1.15.1.3.1

**SNSAND80145300 .000 SAND80-1453: "ROCK MECHANICS PROPERTIES
OF VOLCANIC TUFFS FROM THE NEVADA TEST
SITE." NNA.870406.0497

11/01/78-07/01/80 UNIAXIAL AND TRIAXIAL COMPRESSION TEST AT
CONSTANT STRAIN-RATE WERE RUN ON SAMPLES
OF VOLCANIC TUFF FROM HOLE UE25A#1 AND
G-TUNNEL, BOTH LOCATED ON THE NEVADA TEST
SITE. TESTING IS ACCOMPLISHED IN A 1.8 GN
ULTRA-STIFF, ELECTRO-HYDRAULIC,
SERVO-CONTROLLED COMPRESSION TESTING
MACHINE. RAM DISPLACEMENT IS USED AS THE
PROGRAMMED FEEDBACK VARIABLE. (FOR MORE
DETAIL SEE SAND80-1453)

D N T

ACQN/DEVL LOCATION : SNL

Activity - 8.3.1.15.1.4.1

**SNSAND80145300.000 SAND80-1453: "ROCK MECHANICS PROPERTIES 11/01/78-07/01/80
OF VOLCANIC TUFFS FROM THE NEVADA TEST
SITE." NNA.870406.0497

UNIAXIAL AND TRIAXIAL COMPRESSION TEST AT D N T
CONSTANT STRAIN-RATE WERE RUN ON SAMPLES
OF VOLCANIC TUFF FROM HOLE UE25A#1 AND
G-TUNNEL, BOTH LOCATED ON THE NEVADA TEST
SITE. TESTING IS ACCOMPLISHED IN A 1.8 GN
ULTRA-STIFF, ELECTRO-HYDRAULIC,
SERVO-CONTROLLED COMPRESSION TESTING
MACHINE. RAM DISPLACEMENT IS USED AS THE
PROGRAMMED FEEDBACK VARIABLE. (FOR MORE
DETAIL SEE SAND80-1453)

ACQN/DEVL LOCATION : SNL
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Activity - 8.3.1.15.1.8.1

*SNF28021693001.001 SLTR93-7001, ESTIMATION OF ROCK MASS
QUALITY OF THE NORTH RAMP STARTER
TUNNEL. (ROCK MASS CLASSIFICATION USING
THE "Q" SYSTEM).

04/15/93-07/16/93 PRELIMINARY ROCK MASS QUALITY WAS ASSESSED A Y C
BASED ON EXAMINATION OF THE TUNNEL USING
THE "Q" SYSTEM. (SEE SNL WA-0065 FOR A
MORE DETAILED DESCRIPTION).

ACQN/DEVL LOCATION : TOP HEADING OF THE NORTH RAMP STARTER TUNNEL

Activity - 8.3.1.16.1.1.1

*GS931183116111.002 NEVADA TEST SITE FLOOD INUNDATION STUDY
- PART OF U.S. GEOLOGICAL SURVEY FLOOD
POTENTIAL AND DEBRIS HAZARD STUDY, YUCCA
MOUNTAIN SITE, BY JAMES 0. BLANTON III.

06/07/91-05/24/92 DEVELOPED USING PROBABLE MAXIMUM FLOOD
TECHNIQUE AND METHOD DEFINED IN
RECLAMATION TECHNICAL PROCEDURE YMP-USBR
HP-03,RO, SPECIAL PROCESS FOR DETERMINING
WATER SURFACE PROFILES AND FLOOD INUNDATED
SURFACE AREAS.

D N P

ACQN/DEVL LOCATION : USBR, DENVER, CO

*GS931183116111.003 NEVADA TEST SITE PROBABLE MAXIMUM FLOOD
STUDY - PART OF U.S. GEOLOGICAL SURVEY
FLOOD POTENTIAL AND DEBRIS HAZARD STUDY,
YUCCA MOUNTAIN SITE, BY KENNETH L.
BULLARD.

06/07/91-05/24/92 DEVELOPED USING PROBABLE MAXIMUM FLOOD
TECHNIQUE WHICH COMPLIES WITH ANSI
STANDARD FOR DETERMINING DESIGN BASIS
FLOODING AT POWER REACTOR SITES.

D N P

ACQN/DEVL LOCATION : USBR, DENVER, CO
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Activity - 8.3.1.17.4.1.2

*GS931083117412.002 SGB LOCAL EARTHQUAKE ARCHIVE TAPES 06/01/93-09/30/93
CONTAINING DATA FROM JUNE 1993 THROUGH
SEPTEMBER 1993, TAPES L1247 THROUGH
L1256.

ACQN/DEVL LOCATION : SOUTHERN GREAT BASIN SEISMIC NETWORK

SP-11,R3, OPERATION AND CALIBRATION OF
REMOTE TELEMETERED SEISMIC ARRAY

A Y P

*GS931083117412 .003 PRELIMINARY SEISMICITY AND FOCAL
MECHANISMS FOR THE SOUTHERN GREAT BASIN
OF NEVADA AND CALIFORNIA: JANUARY 1992
THROUGH SEPTEMBER 1992, BY S.C. HARMSEN

ACQN/DEVL LOCATION : USGS BELH, GOLDEN, CO

05/01/93-10/13/93 REDUCTION OF SEISMOGRAMS OBTAINED FROM THE D Y P
SGBSN USING COMPUTER MODEL HYPO71.

Activity - 8.3.1.17.4.2.1

*GS930883117421.002 MAPPING AND CHARACTERIZING THE SURFICIAL 02/01/90-09/13/93 PROCEDURE GP-17,R1, DESCRIBING AND
PROPERTIES OF THE QUATERNARY DEPOSITS OF SAMPLING SOILS IN THE FIELD, WAS FOLLOWED
MIDWAY VALLEY USING AIRPHOTOS AND FIELD DESCRIBING AND SAMPLING SOIL TEST PITS.
RECONNAISSANCE. SUBSURFACE SOIL DATA PROCEDURE GP-01,R2, GEOLOGIC MAPPING, WAS
WERE RECORDED FROM SOIL PITS MWV-P1 FOLLOWED FOR MAPPING GEOLOGICAL DEPOSITS
THROUGH MWV-P10, MWV-P12 THROUGH IN MIDWAY VALLEY.
MWV-P17, MWV-P19 THROUGH MWV-P26, AND
MWV-P28 THROUGH MWV-P31 ON THESE
DIFFERENT QUATERNARY DEPOSITS.

ACQN/DEVL LOCATION : N754750(N) E579000(N) ;N780250(N) E596000(N)

A Y P
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DATA TRACKING NO. TITLE/DESCRIPTION ACQN/DEVL PERIOD ACQN/DEVL METHOD E D N

Activity - 8.3.1.17.4.3.2

*GS930783117432.012 COMPILATION OF KNOWN AND SUSPECTED 10/01/92-06/01/93 COMPILATION OF PUBLISHED LITERATURE AND D N P
QUATERNARY FAULTS WITHIN 100 KM OF YUCCA READILY AVAILABLE DATA.
MOUNTAIN, BY L.A. PIETY.

ACQN/DEVL LOCATION : USBR, DENVER, COLORADO

*GS931083117432.001 TOPOGRAPHIC PROFILES OF THE BEATTY SCARP 06/17/93-06/19/93 GP-52,R0, TOPOGRAPHIC PROFILING OF A Y P
GEOMORPHIC FEATURES -- FIELD MEASUREMENT

ACQN/DEVL LOCATION : 36 48'00"N 116 45'00"W ;36 52'30"N 116 42'00"W

Activity - 8.3.1.17.4.5.2

*GS931283117452.005 GEOLOGIC MAPPING IN CRATER FLAT, IN AND 03/14/93-05/15/93 TECHNICAL PROCEDURE GP-01,R2, GEOLOdIC A Y P
AROUND FOUR 7.5 MINUTE QUADRANGLES: 1) MAPPING.
EAST OF BEATTY MOUNTAIN, 2) BEATTY
MOUNTAIN, 3) CRATER FLAT, 4) BIG DUNE.

ACQN/DEVL LOCATION : 36 52'30"N 116 37'30"W ;37 00'00"N 116 30'00"W

*GS931283117452.006 GEOLOGIC MAP OF THE EAST OF BEATTY 05/15/93-10/12/93 USGS GP-01,R2, GEOLOGIC MAPPING D Y P
MOUNTAIN 7.5 MINUTE QUADRANGLE, NYE
COUNTY, NEVADA, BY C.J. FRIDRICH, P.P.
ORKILD, M. MURRAY, J.R. PRICE, R.L.
CHRISTIANSEN, P.W. LIPMAN, W.J. CARR,
W.D. QUINLIVAN, AND R.B. SCOTT.

ACQN/DEVL LOCATION : USGS, DENVER, CO
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Y
P
E

I
E
DACQN/DEVL METHOD I

__________________________________________

Activity - 8.3.1.17.4.6.1

*GS931183117461.003 GEOLOGIC MAPPING AND FIELD OBSERVATIONS
PERTAINING TO QUATERNARY FAULTING

03/29/91-07/22/93 THE DATA WERE COLLECTED UNDER NWM-USGS
GP-01,Rl AND R2, GEOLOGIC MAPPING.

A Y P

ACQN/DEVL LOCATION : 36 41'15"N 116 33'45"W
36 5E'15"N 116 22'30"W -

*GS931183117461.004 PRELIMINARY QUATERNARY FAULT MAP OF THE
YUCCA MOUNTAIN REGION, BY F. SIMONDS, J.
WHITNEY, K. FOX, A. RAMELLI, J. YOUNT,
M. CARR, C. MENGES, R. DICKERSON AND R.
SCOTT.

07/01/93-08/31/93 MAP WAS PLOTTED FROM THE INFORMATION
OBTAINED THROUGH FIELD OBSERVATIONS.

D Y P

ACQN/DEVL LOCATION : USGS, DENVER; CO

Activity - 8.3.1.17.4.6.2

*GS931283117462.006 PRELIMINARY TRENCH LOG, AND ACCOMPANYING
DESCRIPTIONS AND DATA SHEETS FOR
LITHOLOGIC UNITS, SOILS, AND
DEFORMATION, FOR TRENCHES SCR-T1 AND
SCR-T3 (PARTS OF BOTH NORTH AND SOUTH
WALLS IN EACH TRENCH). LOGS AND DATA
PREPARED BY C. MENGES, J. OSWALD AND J.
COE. EACH LOG INCLUDES CEILING MAPPED
PHOTOGRANMETRICALLY AND MANUALLY (WITH
CONVENTIONAL METHOD).

ACQN/DEVL LOCATION : N718620(N) E556680(N)
N721790(N) E559700(N)

05/01/93-10/31/93 TECHNICAL PROCEDURE NWM-USGS GP-07,R1,
CONVENTIONAL GEOLOGIC MAPPING OF TRENCH
WALLS, AND TECHNICAL PROCEDURES NWM-USGS
GP-39,RO, GEOPHOTOGRAMMETRIC MAPPING OF
TRENCH WALLS: FIELDWORK, AND NWM-USGS
GP-40,RO, GEOPHOTOGRAMMETRIC MAPPING OF
TRENCH WALLS - LABORATORY METHODS.

A Y P
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NDATA TRACKING NO. TITLE/DESCRIPTION

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ACQN/DEVL PERIOD
_________________

ACQN/DEVL METHOD E
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

D

*GS931283117462.007 U-TH ISOTOPIC DATA FOR U-SERIES
DISEQUILIBRIUM DATING OF PEDOGENIC
CARBONATE ASSOCIATED WITH QUATERNARY
FAULTING ON THE EAST SIDE OF YUCCA
MOUNTAIN. DATA INCLUDE SAMPLE AND SPIKE
WEIGHTS, AND CUMULATIVE ALPHA DECAY
COUNTS FOR 238U, 236U, 232TH, 230TH, AND
229TH AS WELL AS CALCULATED U AND TH
CONCENTRATIONS, ACTIVITY RATIOS AND
CORRELATION COEFFICIENTS.

11/01/93-12/15/93 YMP-USGS GCP-03,R2, U-SERIES DATING A Y P

ACQN/DEVL LOCATION : USGS U-SERIES LABS, DENVER, CO

*GS931283117462.008 AGE CALCULATED FROM ACQUIRED U-TH
ISOTOPIC DATA.

11/01/93-12/15/93 230TH/238U CALCULATIONS DETERMINED BY
MIXING LINE REGRESSION USING MAXIMUM
LIKELIHOOD ESTIMATION ALGORITHMS (LUDWIG
AND TITTERINGTON, MAXIMUM LIKELIHOOD
ESTIMATION OF U-TH ERRORS, IN REVIEW FOR
PUB. IN GROCHEMICA ET COSMOCHEMICA ACTA)

D Y P

ACQN/DEVL LOCATION : USGS U-SERIES LABS, DENVER, CO

Activity - 8.3.1.17.4.7.1

**GS920283117471.004 COMPARISON OF VIBROSEIS AND EXPLOSIVE
SOURCE METHODS FOR DEEP CRUSTAL SEISMIC
REFLECTION PROFILING IN THE BASIN AND
RANGE PROVINCE, BY T.M. BROCHER AND P.E.
HART.

06/06/89-06/21/91 ANALYTICAL AND INTERPRETIVE METHODS BASED
ON THE AUTHORS' COMBINED EDUCATION AND
WORK EXPERIENCES WERE USED TO DEVELOP THIS
ARTICLE

D N P

ACQN/DEVL LOCATION : USGS, MENLO PARK, CA
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ACQN/DEVL METHOD E D N
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _T - - -

DATA TRACKING NO. TITLE/DESCRIPTION
__________________ -----------------------------------------

Activity - 8.3.1.17.4.10.2

*GS931031174102.001 STRAIN ACCUMULATION NEAR YUCCA MOUNTAIN,
NEVADA, 1983 - 1993, BY J.C. SAVAGE, M.
LISOWSKI, W.K. GROSS, N.E. KING, AND
J.L. SVARC.

ACQN/DEVL LOCATION : USGS, MENLO PARK, CA

*GS931031174102.002 SURVEY OF DEFORMATION OF 50-KM-APERTURE
TRILATERATION NETWORK USING A GEODOLITE,
CENTERED ON YUCCA MOUNTAIN, 1983-1984.

ACQN/DEVL PERIOD
_________________

07/01/93-07/30/93

06/01/83-06/30/83
06/01/84-07/31/84

DATA WERE DEVELOPED ACCORDING TO THE
AUTHORS' EDUCATIONAL AND TECHNICAL
EXPERIENCE.

THE PROCEDURES USED AND THE ACCURACY
ATTAINED FOR THESE SURVEYS ARE DESCRIBED
IN SAVAGE AND PRESCOTT (1973), PRECISION
OF GEODOLITE DISTANCE MEASUREMENTS FOR
DETERMINING FAULT MOVEMENTS, J. GEOPHYS.
RES., 78, 6001-6008.

D N P

A N P

*GS931031174102.003

ACQN/DEVL LOCATION : USGS, MENLO PARK, CA

SURVEY OF DEFORMATION OF 50-KM-APERTURE
TRILATERATION NETWORK USING GPS AND A
GEODOLITE, CENTERED ON YUCCA MOUNTAIN,
1993

ACQN/DEVL LOCATION : USGS, MENLO PARK, CA

04/01/93-05/30/93 TECHNICAL PROCEDURE NWM-USGS GP-43,RO,
GEODETIC TRILATERATION AND GLOBAL
POSITIONING SYSTEM (GPS) SURVEYS.

A Y P
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Activity - 8.3.2.4.1.1

*SNSAND92185300.000 SAND92-1853: "EFFECT OF BOUNDARY
CONDITIONS ON THE STRENGTH AND
DEFORMABILITY OF REPLICAS OF NATURAL
FRACTURES IN WELDED TUFF: DATA REPORT"

06/19/92-08/01/93 EP-44, "NORMAL COMPRESSION AND SHEAR TESTS D N C
ON ROCK JOINTS." FOUR SERIES OF CYCLIC
DIRECT-SHEAR EXPERIMENTS WERE CONDUCTED ON
SEVERAL REPLICAS OF THREE NATURAL
FRACTURES AND A TENSILE FRACTURE OF WELDED
TUFF FROM YUCCA MOUNTAIN. OBJECTIVE WAS
TO EXAMINE THE EFFECT OF CYCLIC LOADING ON
JOINT SHEAR BEHAVIOR UNDER DIFFERENT
BOUNDARY CONDITIONS. SHEAR TESTS WERE
PERFORMED UNDER EITHER DIFFERENT LEVELS OF
CONSTANT NORMAL LOAD RANGING BETWEEN 0.6
AND 25.6 KIPS OR CONSTANT NORMAL STIFFNESS
RANGING BETWEEN 14.8 AND 187.5 KIPS/IN.
(FOR MORE DETAIL SEE SAND92-1853)

ACQN/DEVL LOCATION : UNIVERSITY OF COLORADO AT BOULDER
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DATA TRACKING NO.
__________________

*SNF30050393001.002

*SNL12011393001.003

*SNL12072193001.001

TITLE/DESCRIPTION ACQN/DEVL PERIOD ACQN/DEVL METHOD E D N

SNL NORTH RAMP STARTER TUNNEL ROCK-MASS 06/01/93-09/30/93 MAKE DISPLACEMENT MEASUREMENTS USING A A N C
MONITORING DATA: PLOTS OF DRIFT TAPE EXTENSOMETER; CHECK ROCK BOLT LOAD
CONVERGENCE AND CONVERGENCE RATE FOR ESF CELL DATA BY READINGS WITH A VOLTMETER.
STARTER TUNNEL; AND PLOTS OF ROCK BOLT
LOAD CELLS.

ACQN/DEVL LOCATION : NEVADA TEST SITE-NORTH PORTAL/ESF STARTER TUNNEL

NICKEL SORPTION ONTO DIFFERENT 03/26/93-09/20/93 DATA OBTAINED BY BATCH SORPTION METHODS; A N P
SUBSTRATE. SUBSTRATES USED WERE WEDRON NICKEL ANAYLZED BY ATOMIC ABSORPTION; DATA
510 SAND, SYNTHETIC GOETHITE, AND REDUCED USING EXCEL SPREAD SHEET.
ACID-WASHED MIN-U-SIL QUARTZ.

ACQN/DEVL LOCATION : SNL, ALBUQUERQUE, NM

NOTEBOOK MIT-SAND-AC-6869-1 IN SUPPORT 12/01/92-10/01/93 UNSATURATED SORPTION MEASUREMENTS USING A N P
OF "DEVELOPMENT OF METHODS TO EVALUATE TURBULA MIXER, ANALYSIS BY ICP.
URANIUM DISTRIBUTION COEFFICIENTS IN
UNSATURATED MEDIA".

ACQN/DEVL LOCATION : MIT, CAMBRIDGE, MASS.



TQ
DU
IA
FL
I

TF
SOCIOECONOMIC PLAN

L
0
C
A
T
I
0
N

Y I
P E

ACQN/DEVL PERIOD ACQN/DEVL METHOD I E D
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DATA TRACKING NO. TITLE/DESCRIPTION
__________________ -----------------------------------------

*TMO012136lTlDB.005 YUCCA MOUNTAIN SITE CHARACTERIZATION
PROJECT SOCIOECONOMIC MONITORING PROGRAM
1993 EMPLOYEE SURVEY DATA REPORT, STATE
& COUNTY DATA, SEPTEMBER 1993

ACQN/DEVL LOCATION : T&MSS

01/01/93-09/30/93 MONITORING OF YUCCA MOUNTAIN SITE
CHARACTERIZATION PROJECT CHARACTERISTICS
AS DESCRIBED IN REVISION 0 OF THE
SOCIOECONOMIC PLAN

A Y C

*TMOO12136lTlEB. 001 YUCCA MOUNTAIN SITE CHARACTERIZATION
PROJECT SOCIOECONOMIC MONITORING PROGRAM
QUARTERLY EMPLOYMENT DATA REPORT, JULY
1993 THROUGH SEPTEMBER 19M3

07/01/93-09/30/93 MONITORING OF YUCCA MOUNTAIN SITE
CHARACTERIZATION PROJECT CHARACTERISTICS
AS DESCRIBED IN REVISION 0 OF THE
SOCIOECONOMIC PLAN

A Y P

ACQN/DEVL LOCATION : T&MSS
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Figure 8.--Schematic diagram showing relationship of subunits Q2c, Q2e, and

Q2s in Yucca Mountain area. Dashed lines are Inferred.
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Figure 9.--Distribution of Q2e deposits. Based on the Lathrop Wells

quadrangle (Swadley, 1983). the Dig Dune quadrangle (Swadley and Carr,

1987), the Bare Mountain quadrangle (Swadley and Parrish, In press).

author's mUpping in the Topopah Spring quadrangle, and reconr.aissance

mapping elsewhere.
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Subunit Q2s is predominantly fine to medium sand. Clasts of volcanic and

sedimentary rocks are usually less than 10 cm and are rarely as much as 50 mm

in diameter. The larger clasts comprise less than 1 to about 5 percent of

less than half the beds. Clay- or silt-size material is rarely present in

sandy beds, but beds of clay or silt a few centimeters thick are locally

present. Graded beds are locally present and indicate an alluvial origin for

subunit Q2s. Color in fresh exposures is very light gray to very pale

brownish gray. In outcrop, subunit 02s is pale brownish gray.

Subunit 02b.--Subunit 02b consists of terrace deposits and thin sheets of

alluvial fan deposits. The terrace deposits are present on strath terrAces in

most washes that are incised to depths greater than 3-5 m in the ;ucca

Mountain area. Alluvial fan deposits of subunit 02h are present as irregular,

thin sheets on piedmont slopes downslooe from the mouths of incised was'es and

on the lower piedmont slopes of the Amargosa Desert. These sheets cannot he

distinguished from Q2c except by comparison of soils. Subunit 02b was

included with subunit Q2c as subunit 02bc on most lower piedmont slopes and

the floor of the Amargosa Desert (Swadley, 1983). In major washes such as

rortymile and Topopah Washes. subunit 02b forms tna lowest terrace that has a

desert pavement and an Av horizon. Terrace deposits are less thdp 4 m

thick. Alluvial fan deposits on lower slopes probably have a similar

thickness. Although much of surface is covered, the best exposures of subunit

Q2b are along Fortymile Wash south o! the road to Yucca Mountain. Typical

terrace surfaces on Q2b deposits ran be seen on the west side of Fortymilp

Wash just north of the road to Yucca Mountain.
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Macrotopography is flat; iicrorellef is less than 0.2 m on lower piedmont

slopes and basin floors. Terrace deposits of subunit Q2b in and near bedrock

have a low slope toward the washes; on middle to lower piedmont slopes, they

are nearly horizontal across the terraces. Drainage patterns on thin sheets

on lower piedmont slopes are like those on subunit Q2c.

The soil on subunit Q2b has an Av horizon like that on older deposits.

The B horizon is cambic and yellowish to grayish brown below elevations of

about 1.200 m and argillic and light brown to pale reddish brown at higher

elevations. Calcic horizons range from stage I to 11 at elevations below

about 1,200 m to 11 and [II at higher elevations. Desert pavement is similar

to that of subunit Q2c, but is commonly less dentely packed and has a duller,

less complete varnish than pavements on adjacent 02c.

~ - Terrace deposits of subunit Q2b are topngraphicaily lower than all other

Q2 subunits. Thin, alluvial fan deposits of Q2b on lower piedmont slopes an-".

basin floors are at the same level as or overlie older deposits.

Subunit Q2b is mostly coarse alluvial gravel deposited on strath

terraces or as thin sheets of alluvium in the distributary part of washes that

originate in bedfock hills. Clast s _ s and .;ay cc..::nt of ; b ar: :ike

those of Q2c. In some washes just downslope from bedrock on the south side of

the Calico Hills, subunit Q2b con~sists of scattered clasts from 10 to 50 cm in,.

diameter that lie on strath terraces.

Terraces of Q2b are eroded only along the edges, but on piedmont slopeI. -

Q2b may be eroded by anastamosing channels foe a short distance downslwpe from

the end of the wash responsible for deposition of the material. On lower_

Piedmont slopes and on valley floors; Q2b is eroded only by washes that

originate in bedrock or unit QTa.
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9
Subunit 02a.--Subunit Q2a, as originally defined (Hoover and Morrison,

1981), consists of debris flow deposits that have been identified only In the

Calico Hills and between Syncline Ridge and the Eleana Range in western Yucca

Flat. At these locations, subunit Q2a occurs along the washes as terrace

deposits in bedrock and as-sheets-that overlie subunit Q2c on the uppermost

piedmont slopes. Deposits at both locations are similar: (1) below drainage

basins of less than 5 km2 that originate in argillite of unit J of the Eleana

Formation, (2) along washes that lack subunit Q2b, and (3) overlying subunit

QZc. The maxinum thickness of subunit Q2a is 2 n.

Macrotopography is flat, but microrelief that ranges from less than 0.5 i

to 1 m gives the subunit J hummocky appearance. Except for incision along

pre-Q2a washes, no drainage has been developed in the subunit. The soil

consists of an Av horizon, a weakly developed canbic B horizon, and , stage I

calcic horizon. Desert pavement is poorly developed and very loosely

packed. Varnish on pavement fragments is a patchy, dull, brown to dark-brown

film.

N.

In addition to microrelief, lithology is the major difference hetween Q2a

and older Q2 subunits. Clasts of-vol:anic rock or quartzte trom t

in diameter are scattered through a matrix of pebbles, sand, and silt. In the

Calico Hills, most of the matrix grains are 4rgillite; in Yucca Flat, the

matrix grains are volcanic rock and argillite. Lack of bedding and the large

clasts supported by a silt- to pebble-size matrix indicate a debris flow

origin of subunit QUa.

FM

_
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Subunit Q2a(?) occurs as slopewash deposits and local debris flows at the

foot of steep slopes on Yucta Mountain and below fault scarps in Rock Valley

and Crater Flat. Subunit 02a(?) overlies subunits 02b and Q2c at these

locations. The subunit has also been recognized where it overlies older 02

terrace deposits along Yucca and Drill Hole Washes. In mapping, subunit _-

Q2a(?) has been included with underlying units, because of its patchy

distribution and thinness.

Deposits of Q2a(?) are similar to Q2a deposits in macrotopography,

microrelief, lack of drainage development, and desert pavement. At most

locations, the sand-sized matrix has a reddish-brown color that may be

inhr d_p.ajrtly from B norizons of older deposits froa which it was

dei;ved. An Av horizon iijresent on all Q2a(?) deposits. A cambiclB horizon

may be present, but Is not readily apparent. Calcic horizons are stage 1.

Deposits of subunit 02a(?) that overlie older terrace deposits contain fewer

clasts than the slopewash deposits and have a crude bedding or layering.

Subunit Q2a(?) differsf"Ycm subunit Q2a in that:

1. Deposits of 02a(?) are reddish brown, whereas those of 02a are shades

of gray to brown. :.a

2. Deposits of 02a(?) appear to have originated on steep slopes rather

than in a single drainage basin as did deposits of Q2a.

3. Crude bedding is apparent in deposits of Q2a(?) that overlie older 02

terrace deposits, whereas, the few exposures of Q2a seem to be a

single, unbedded layer. .

4. Deposits Of Q2a(?) were derived mostly from volcanic rocks, whereas,

Q2a was derived mostlv from argillite of the Eleana Formation.

5. The volume of clasts larger than 10 -m is greater invQ2a(?)rthan in

Q2a, but maximum sizes are greater in Q2a.
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Although Q2a(?) and Q2a differ, the similarity of their stratigraphic position

and topographic location, just downslope from bedrock. suggests that they are

probably equivalent in age. Deposits of Q2a(?) have been dated

radiometrically, but Q2a has not been dated.

Unit Qi

Unit Qi consists of alluvial deposits, debris flow deposits, and eolian

--. .sand-that-are mapped in five subunits: Qic and Ola, predominantly alluvial T

gravels and sands; Qlb, debris flows and alluvial gravels; Qls, alluvial sand

sheets; and Qle, eolian dunes and sand sheets. In corparison to units QTa and

02, unit Q1 has been only slightly modified since it was deposited. Soils are.

weakly developed, desert pavements are not present, and only the-oldest

surfaces have been smoothed by creep and sheetwash.

Subunit Qlc..--Subunit QOc occurs as terrace deposits, as alluvial fans, A

"and sheetwasn deposits on middle to lower piednont slopes, and as alluvial

fans at the junction of tributaries with larger washes and across a few fault

and terrace scarps. Terrace deposits of subunit Qlc occur in all washes that

originate in bedrock or unit VTa. Alluvial fans and sheetwash deposits

overlie units Q2 and QTa on middle to lower piedmont slopes. Alluvial fans of

Qlc occur at the junction of tributaries with major washes and across somne- _

terrace scarps and Quaternary fault scarps. Thickness of subunit QIc is

usually ltsS than 5 m. The best exposures of subunit QIc are along the banks

of terrace deposits in major washes, such as Fortymile Wash and Topopah Wash.
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Subunit QIc has a flat to slightly tonvex macrotopography. 9Icrorelief

is usually less than 0.2 m, but dissection of terraces of QIc in larger washes

can result in a greater relief. Drainage development in 01c occurs along pre-

existing washes and as short distributary channels below these wasnes.

In gravelly deposits, the only noticeable soil horizon is a stage I

calcic horizon that consists of calcium carbonate coatings on clasts. In

sandy deposits, on A horizon can be detected by a slight darkening of the sAnd

and, locally, a slight Increase in calcium carbonate at a depth of 2-5 cM.

Desert pavement is lacking on subunit nIc.

Subunit QIc varies from pebbly sands to gravels that contain boulders as

ruch as 0.5 m in diameter. Individual beds are commonly well sorted, but

clasts may vary from sand to cobbles in adjacent beds. Debris flow deposits

mate up iess than 25 percent of the volume of subunit Q1c, but in allivial

fans at thte junction of tributaries to larger washes, debris flow deposits may

comprise about half of subunit QIc. In fresh exposures, subunit QIc is light

gray; the surface is light brownishogray.

Subunit Qls.--Subunit Ols occurs as alluvial sands on middle to lower

piedmont slopes and on the floor of the Amargosa Desert. The subunit is a

lithofackes of subunit Qic that was produced primarily by erosion of suhunits

Q2e and Q2s. The subunit overlies all 02 subunits except 02a and 02a(?) and

4s overlain by subunit Qib. Subunit QIs is limited to middle and lower

piedmont slopes below Q2e and Q2s and to the floor of the Amargosa Desert.

Maxim=u thickness of subunit QIs is S m. The best exposures of Qls are on the

piedmont slopes between Little Skull Mountain and Fortymile Wash.
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Topography. drainage, soils, topographic relationships, and depositional

process in QIs duplicate these characteristics in subunit QIc. In subunit

Qls, the deposits range from 90 to 100 percent sand. Clasts larger than sand

are commonly less than 10 cm in diameter and a have a Maximum diameter of

about 20 cm. A deflation pavement is usually present on subunit O1s; pebbles

and larger clasts cover 20-50 percent of the surface.

Subunit Olb.--Subunit Olo occurs as debris flow deposits and small

amounts of alluvial gravels In all washes. The best exposures of 0lh are

along Fortymile Wash, north of the road to Yucca Mountain. In small washes

that contain remnants of Qic terraces, 01b is preserved as long, convex

tongues that are 5 to 10 in wide or as long, flat-t edex
Now_'CO ON A

sides that are 10 to 20 m wide. Maximum thickness of subunit 01h is 3 m, but

most deposits are less than 1.5 m thick. In major washes, such as DGne,

Sever, Yucca, Fortymile, and Topopah Washes, subunit Qlb occurs as scattered,

elongate patches of cobbles and boulders between individual channels of

braided sections of these washes. The patches of cobbles and boulders usually

range from 1x2 to IOx50 m, but they may be longer at the edge of a braided

channel pattern. S 1l patch:; are co.. . x across both the long and short

dimensions; ldrger patches are convex to flat topped across the short

dimension. Relief on these patches ranges from 0.3 to 1 m.
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Soil development in QIb deposits is usually weak because of the

youthfulness of these deposits and because most of the upper 0.5 m is

comprised of pebble- to boulder-sized clasts. Spaces between the larger

clasts are empty at the surface and are partly to completely filled by sand-

to clay-sized material below the surface. In some exposures, a stage I calcic

horizon is present. Subunit Qlb overlies QIc in small washes, in the upper to

middle reaches of major washes, and on middle to lower piedmont slopes. In

major washes and the Amargosa River, subunit Qlb locally occurs as terrace

remnants less than 0.5 n below Qic terraces.

The debris flow origin of 01b is indicated by the lack of bedding, the

predominance of cobble- to boulder-sized clasts, 3nd by its occurrence as

undissected tongues on Qic terraces. Small tongues have noses and short

levees trailing back from the noses that consist of only boulders from 0.3 to

I m in diameter. Longer and wider tongues of Qib have levees that trail back

from the noses for most of the length of the tongues. Elongated patches 1 to

5 m wide and 5 to 50 m long of boulders occur on the surface within the larger

tongues.
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Subunit Qle.--Subunit Ole occurs as colian sand that forms dunes and

sandsheets in the Big Dune quadrangle and on the basalt cone and flows

northwest of Amargosa Valley. Ole also forms sand sheets in the southern

Yucca Mountain area and near bedrock outcrops on the east side of Jackass

Flats. Big Dune is the largest outcrop of subunit Qle; it is about 5 km long.

as much as 2 km wide, and approximately-100 m high. Deposits older than Ole

are not exposed on Big Dune, but to the northwest and southeast of Big Dune,

outcrops of Paleozoic rocks are partly covered by 02e and Ole dunes. Sand

sheets around Big Dune are less than 3 m thick. Sand dunes on lava flows of

the Lathrop Wells basalt cone are 2 to 5 m high and lie on a sand sheet 2 to 3

m thick. Sand on the south side of the basalt cone" nas a maximum thickness of

about 2 m. In the Ash Meadows quadrangle, layers of peat are interoedded in

sand dunes (Mehringer and Warren, 1976) that are probably equivalent tu

subunit Ole.
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Soal horizons are not apparent in most outcrops of subunit QIe. In the

Ash Meadows area, weakly developed soils of middle Holocene age are present

within dunes of subunit Qle (Mehringer and Warren, 1976). Radiometric ages.

archaeological material in Holocene dunes, and soil morphology (Mehringer and

Warren, 1976; Haynes. 1967) Indicate that subunit Ole Includes three separate

periods of Holocene eolian deposition. The volume and areal distribution of

Ole deposits arE much smaller than for subunit 02e. Except for a small dune

on the north side of the Skeleton Hills and the sand on the Lathrop Wells

basalt cone, most of subunit Ole was deposited on the basin floor of the

Amargosa Desert or in areas of little topographic relief. Along Fortymile and

Topopah Washes and at the mouth of the unnamed wash that drains Crater Flat,

subunit Qle Is deposited on QIb and older units as small patches of rippled

sand that are less than 0.5 m thick. Near sources of silt- and clay-sized

materials, these particles form laminations between sand beds or are mixed

into sand beds.
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Subunit Ola.--Subunit Q01 occurs as alluvial deposits in the bottom of

active channels. In braided channels, the subunit was deposited as small

elongated patches that are a few centimeters thick. In major washes, subunit

Qia was deposited as channel fill, a few centimeters to 1.5 m below Qic or Qib

terraces. About I km south of the road to Yucca Mountain in Fortymile Wash,

subunit Qla is less than I m thick, and fills a channel approximately 30 m

wide. Along single channels, subunit Qla usually has a relatively smooth

surface for 100 to 200 m along the wash with ripples 2 to 5 cm high. Across

single channels, 10 to 30 m wide, subunit Qla may have 0.5 to I m of relief.

Subunit Qla lacks soil development. Within the hills and on upper piedmont

slopes, Qla consists of well-sorted gravels that are mostly pebbles with small

amounts of sand. On middle to lower piedmont slopes and on the basin floors,

Qla consists mostly of sand that contains minor amounts of pebbles.

Pliocene and Ovaternary Basalts

Remnants of basalt flows form part of the possible dam west of Eagle

Mountain. The basalt flows overlie debris flow deposits and alluvial gravels

t...: were derived partly from Eagle twuntain and partly from the Greenwater

R'nge. The basalts ire less than 4 km from basalts In the Greenwater Range-

that are 4.03-7.16 m.y. old (Luedke and Smith, 1981).
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Basalts that are 3.75 and 1.1 m.y. old crop out in Crater Flat (Carr,

1982). The older group of basalts in southeastern Crater Flat is highly

dissected. Unit QTa overlies the older basalts that in turn overlie oloer

alluvium (Carr. 1982). The younger group of basalts consists of flows and

cones from four eruptive centers that form a gently curved line extending

north-northeast across central Crater Flat. The cones and lava flows of the

younger group of basalts are dissected, but dissection is limited to ejecta

layers on the cones, the brecciated tops of flows. and flow edges.

Basalt flows and a cinder cone occur about 10 km northwest of Amargosa

Valley. The flows and the cone are undissected. Basalt ash is interbedded

with subunit Q2c less than 1 km north of the con-. Stalactitic calcite on

welded tuff cobbles that imnediately underlie the basalt flow has been dated

at 345 ka (Szabo and others, 1981).

Pliocene and QuaternarX Spring Deposits

Spring deposits that consist of tufas and calcite veins and spring vents

occur in deposits that range in age from pre-QTP to the present. The spring

;sits occur in thie Amargosa Desert and near outcrops of Paleozoic carbonate

rocks east of Nevada State Highway 373.
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Spring deposits occurred between deposition of the waterlaid sediments

and deposition of unit QTa, during deposition of unit QTa, and between

deposition of unit QTa and post-QTa pedimentation. Some outcrops of tufa that

overlie the waterlaid sediments of Amargosa marsh in the headwaters *f Carson

Slough differ from tufas in the upper unit of the sediments. The tufas occur _

as single outcrops or a few scattered outcrops that are a few meters to SO m

in their maximum dimension and are not related to channels. Calcite veins and

vents cut across the tufas. At one location, tufa that lies on the waterlaid _-

sediments Is overlain by unit QTa. At several locations, from Devils Hole to

the north side of the Amargosa Desert (Winograd and Doty..1980), calcite veins

and vents in unit QTa are truncated by the pediment cut on unit Qia. At

Oevils Hole (Cave) No. 2, a sinkhole approximately 300 m north of Devils Hole,

a small spring mound that contains tufa is enclosed within unit QTa.

Spring deposits have not been found in units Q2 and Qi, but probably

occur locally in these units near modern springs. At Point of Rock Springs in

the Ash Meadows area, tufas form a spring mound that covers an area of.at

least 10,000 i2. Rounded ridges that are characteristic of unit OTa extend

from the t±: upsloi.: into ur. : QTa. The relationship of the spring deposits

to 0Q and 02 deposits in the wash below the springs is not clear.
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Spring deposits are not recognizable in the lower unit of the waterlaid

sediments, but the large volume of chalk and magnesium silicates in the lower

unit required a large volume of spring discharge during deposition (R.L. Hay,

Univ. of Southern Illinois, oral comun., 1980). Evidence of springs was

probably not preserved because the waterlaid sediments were not indurated.

Induration of the lower unit probablv formed an aquitard above the Paleozoic

aquifer that underlies most of the Amargosa Desert (Winograd and Thordarson,

1975). This aquitard would restrict the location of most of the upper unit

and younger spring deposits to outcrops of Paleozoic carbonate rocks at the

edge of the aquitard.

Age of Late Pliocene and Quaternary Deposits

Ages of the waterlaid sediments of Amargosa Marsh and younger su ficial

deposits have been determined mostly by radiometric dating methods. Most of

these methods, such as 14C, 40K/40A, and fission-track dating, are standard

methods, but the uranium-trend method used extensively on middle to late

Pleistocene deposits, is relatively new. The uranium-trend method is an

empirical r..hod. Thl methoe _sumes :rtica' -igrati. of is- ::pes It-

continuously open system, has a variable accuracy that is dependent on the

isotopic quantities originally in the sediments, and may require calibration

3y other dating methods at new locations (Rosholt. 1980, 1985). The

consistent determinations of similat ages for deposits and soils considered to

be stratigraphically equivalent have clearly demonstrated the usefulness of

this method for determining the age of surficial deposits in the Yucca

Mountain area.
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In this report, the Pliocene-Pleistocene boundary Is considered to be 1.7

Ha (Obradovich and others, 1982). The boundary between early and middle

Pleistocene Is considered to be at the Brunhes-Katuyama magnetic boundary at

788 ka (Johnson, 1982). The boundary between the middle and late Pleistocene

is considered to be the boundary between oceanic 180 isotope stages 5 and 6 at

132 ka (Johnson, 1982). The Pleistocene-Holocene boundary is considered to be

at the boundary between 1I% stages 1 and 2 at 11 ka (Kominz and others, 1979).

Basalt flows at the possible dam near Eagle Mountain have not been dated,

but basalts in the Greenwater Range. less than 4 km to the west, have K-Ar

ages between 4.03±0.12 and 7.16t0.22 Ha (Luedke and Smith, 1981). Roth the

basalt at the possible dam and in Greenwater Range are faulted. The proximity

of the faulted basalts at the two locations suggests that the basalts are

probably the same age, and that impoundment of a lake probably began less than

4-7 Ma ago.

Deposition of the lower unit of the waterlaid sediments of Amargosa marsh

began prior to deposition of an included ash bed dated at 3.22±0.12 Ma by the

K-Ar method (R.F. Marvin and others, U.S. Geological Survey, written cormzn.,

1; ) and 2.95±0.42 Ma by tne fission-track method (C.W. Naeser, U.".

Geological Survey, written commun., 1980). An ash bed in the lower unit,

where it i% unconformably overlain by the river gravels of ancestral Rock

Valley Wash in SEI/4 NEI/4 sec. 19. T. 16 S., R. 50 E., has been dated at

2.1t0.4 Ma by the fission-track method (C.W. Naeser, U.S. Geological Survey,

written coom.mn., 1982). The ash bed underlies recrystallized chalk at the

edge of the river gravels and is probably just below the top of the lower

unit.
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Fossils in the upper unit of the waterlald sediments indicate that

Amargosa marsh may have persisted into the Quaternary period. In secs. 22 and

23, T. 14 S. R. 49 E., just north of U.S. Highway 95, a small outcrop of the

upper unit consists of tuffaceous sands and clays overlain by diatamaceous

marl, which in turn is overlain by tufa. Richard 14. Forester (U.S. Geological

Survey, written commun., 1979) identified several species of ostracodes from

the diatomaceous marl. Cypridopsis vidua (Muller), also identified hy

Forester from a sag-pond deposit in unit OTa In Yucca Flat, Is known from the

Pliocene and Ouaternary, but is much mwre corimon in the Ouaternary. Charles

A. Repenning (U.S. Geological Survey, written comrmun., 1982) identified

vertebrate fragments from the tufa ann the underlying diatomacen , marls as

being less than 2 m.y. old. Tooth fragments of Mammuthus sp. cf. M. columbi

(Falconer). Equus sp., and a large camelid were identified. Poorly rreerved

fragments of a tusk and limb bones occur in the diatomaceous marl. Repenning

states that Mavmuthus is not known to be older than 2 Ma in North America.

He states that the thickness of the enamel plates from the Mammuthus teeth

suggest an age considerably less than 2 Ma. Thus, deposition of the waterlaid

sediments of Amargosa marsh probably ended in early Pleistocene time.
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The fossils in the upper unit verify the stratigraphic position of the

2.1 Ma-old ash bed in the lower unit. Altheugh the recrystallized chalk above

the ash bed is known only in the lower unit, the topographic position of the

chalk, when compared to that of the tufas of the upper unit, which are exposed

2 km to the east, suggest that the chalk might be in the upper unit. If the

ash is in the upper unit, then either a long hiatus occurred shortly after

deposition of the ash and before deposition of the fossils in the upper unit.

or the -..ronologic range of Mamwuthus is in;:-rect. 3ecause neither

alternative seems reasonable, the 2.1 ma-old ash is assumed to he in the lowe-

unit of the waterlaid sediments of Amargosa marsh.

Ilnit OTa overlies the upper unit of the waterlaid sediments if Amargosa

marsh on the west side of the Paleozoic ridge that contains Devil Hole. It

also overlies the river gravels of ancestra! Rock Valley Wash. Unit 4Te is,

therefore, younger than the 2.1 Ha-old ash in the lower unit of the waterlaic

sediments and the Mammuthus remains in the upper unit, and is probably

Quaternary in age.

Delicate leaves are preserved on plant casts in the tufa of the upper

unit : of Dea:ls Hole. The preservation of the leaves occurs only near the

eroded edge of overlying deposits of unit QTa. Further from the edge of Ota

deposits, exposed plant casts are partially dissolved and leaves are not

discernible. The preservation near the edge of unit OTa and dissolution

further'away suggests that unit QTa was deposited shortly after the deposition

of the tufa and thus preserved the leaves of the plant casts that otherwise

would not hive been preserved.
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Unit QTa is designated as both Pliocene(?) and Pleistocene, hut the

faunal evidence indicates that it is probably only Pleistocene in age. In

addition to the probable Pleistocene age of the upper unit of the waterlaid

sediments of Amargosa marsh at the Mammuthus locality, fossils in Sag-pond

4eposits within unit QTa in Yucca Flat also indicate a Quaternary age.

Richard M. Forester (U.S. Geological Survey, written commun., 1979) reports

that Cypridopsis vidua (Huller) in the sag-pond deposits in western Yucca Flat

has not been found in sediments believed to be Miocene c- older, out is far

more common in the Quaternary than in the Pliocene. Scattia n. so. (sensu

stricto), also found in the sag-pond deposits is known only from Pleistocene

sediments in North Americavwand therefore, the sag-pond deposits and the

overlying part of unit QTa are probably Ouaternary.

The Bishop ash, 738 ka (Izett, 19M2), has been found at several lncations

in the Yucca Mountain area at or within 5 m of the base of subunit OWe and

less than 3 m above the base of subunit 02c in the Calico Hills just west of

Fortymile Wash. The pedimentation, development of a coil, and dissection of

unit QTa prior to deposition of unit 02 and the presence of an alluvial unit

-een u.. -., QTa an. Q; strongly suggest that deposition of unit OTa took

Place significantly before 738 ka.

Although the Bishop ash (738 ka) occurs at or near the hase of subunits

Q2e ano Q2c at all locations where the ash has been found, deposition of

-ibunit Q2: could have begun significantly before the ash was deposited. All

locations of the ash are topographically high and on or just above bedrock.

These locations suggest that older deposits of subunit 02c may be concealed at

lower elevations.
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Radiometric ages determined for units 02 and 01 are shown in table I

(Rosholt and others, 1985; Szabo and others, 19R1). The uranium-trend method

determines when deposition or erosion ended, and thus, when soil formation

began. Uranium-trend plots of data are linear for samples of unit 02 that

include both the B and calcic horizons. Disturbance of the vertical, open

system, on which the empirical uranium-trend method is based, by biotic or

tectonic processes can affect the system and may result in ages younger than

the actual age (J.N. Rosholt, U.S. Geological Survey, oral commun., 1981). At

the ETS trench in Jackass Flats, the soil that was sampled appears to he

undisturbed, but the age of 160 k.y. is much younger than the stratigraptric

position of 02s warrants. About 20 m south of the sample site the beds from

which the sample was taken are eroded at a topographic scarp. The sample age,

therefore, probably indicates the end of erosinn, rather than the end .f

deposition.

The repetition of ages determined for multiple samples of subunits

02a(?), 02b, and 02c for both buried and surface deposits at different

locations demonstrates the precision of the uranium-trend method.

Coir..dental agreement of ages at two or three locations for a single

stratigraphic unit may be possible, but coincidental agreement of five or six

ages in widely separated locations that vary in geomorphic position, soil

development, and soil parent material seems unlikely. Similarly, the

hy,;.hesis that numerous ages of four stratigraphic units could be displaced

equally by some unknown mechanism.also seems unlikely.
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Table I.--Radiometric aqes of Quaternary strat-iraphic units In the
Yucca-Mountain area

Stratigraphic Materlal Age (ka)l Method Samole

unit locality

Subunit Qlc Charcoal in
fluvial
sand

8.3±0.075 14C 2 Amargosa River bank
6 m below surface
2 kin SE of Beatty

A; .:-izon

Av horizon3

Eolian silt
and sand

Carbonate in
eolian silt
and sand

30±30

25±10

U-trend4

U-seriess

SW Frenchman Flat
trench

Basalt cone 11 km
WNW of Anargosa
Valley

Subunit
Q2a(?)

Do-----

Do…----

Do-----

Do----

Do-----

Do-----

Do-----

Do…----

Slopewash
gravel

8 horizon

B horizon in
slopewash
gravel

B horizon in
slopewash
gravel

B horizon in
slopewash
gravel

Alluvial.
gravel

Slopewash
gravel

Alluvial
gravel

B horizon in
slopewash
sand

31±10

36±20

37±24

38±10

38±1O

40+10

41±10

47+18

55±20

U-trend4 RV-1 trench, Rock
Valley

U-trend4

U-trend4

U-trend4

U-trend4

U-trend4

U-trend4

RV-2 trench, Rock
Valley

RV-1 trench, Rock
Valley

RV-' trench, Rock
Valley

Trench 14, Yucca
Mountain

CF-3 trench, east-
central Crater Flat

Trench 13, Yucca
Mountain

U-trend4 Trench 2, Yucca
Mountain

U-trend4 Trench 14, Yucca
Mountain
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Table l.--Radiometric ages of Ouaternary stratigraphic units in the
Yucca Mountain area--Continued

Stratigraphic Material Age (km)' Method Sample

unit locality

Subunit Q2b

Do-___

Do-----

Do-____

Do…----

Do -----

Subunit 02s

Subunit Q2c
(younger
soil and
underlying
deposits)

Do---

Do…---

Do-----

Do…____

Do…---

Alluvial
gravel

Alluvial
gravel

Calcareous
-T S horizon

Alluvial
gravel

Alluvial
gravel

Alluvial
gravel

8 and calcic
horizons

Alluvial
gravel

K horizon

Alluvial
gravel

Alluvial
gravel

K horizon

Alluvial
gravel

145t25

160±25

180±40

190±50

190±0

200±80

160±90

240±50

270±30

270±30

2Z0±35

27090

310t40

U-trend4

U-trend4

U-trend4

U-t -end4

U-trend4

U-trend4

U-trend4

U-trend4

U-trend4

U-trend4

U-trend4

U-trend4

U-trend4

Trench 2, Yucca
Mountain

Charlie Brown gravel
pit, Shoshone,
California

RV-I trench, Rock
Valley

Cf-3 trench, east-
central Crater Flat

SW Frenchman Flat
trench

SU Frenchman Flat
trench

ETS trench, Jackass
Flats

Trench 13, Yucca
Mountain

RV-1 trench, Rock
Valley

CF-3 trench, east-
central Crater Flat

Jactass Divide trench

Trench 14. Yucca
mountain

RV-1 trench, Rock
Valley

__. 74 -

-W. 'S



Table l.--Radiometric aqes of Quaternary stratiqraphic units in the
-

Yucca Mountain area--Continued

Stratigraphic Material Age (ka)l Method Sample

unit locality

Subunit 02c Alluvial 390±100 U-trend4 RV-1 trench, Rock
(older gravel Valley
soil and
underlying
deposits)

.Do- Alluvial 400t50 ff-trend4 Western SCF trench
sand southern Crater

Flat

Do_-_- Slopewasn 420±50 U-trend4 Trench 14. Yucca
sand Mountain

Do ----- Alluvial 430±40 U-trend4 Jackass Olvide
gravel trench

Do ---- Alluvial 480±60 U-trend4 Western SCF trench
gravel southern Crater

Flat

Do----- K horizon 480±90 U-trend4 Trench 14, Yucca
in gravel Kountai n

1
2
3
4
5

± one standard deviation.
Analyzed by S.W. Robinson, U.S. Geological Survey. Menlo Park, California.
Correlated to AY ho- zon by appeararice.
Rosholt and others, 1985. -
Szabo and others, 1981.
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The age of subunit Ole in the Yucca Mountain area has not been

determined, but numerous 14C dates for charcoal and fossil seeds from sand

dunes in two nearby areas indicate the probable times of accumulation. Ir the

Ash Meadows area, three dates for charcoal in dunes and 10 dates for fossil

seeds in peat interbedded with sand that is probably equivalent to Qle range

from 2,940±100 to 5.320±70 yr B.P. (Mehringer and Warren, 1976). In the Corn

Creek Springs area, about 35 km northwest of Las Vegas, seven charcoal samples

at and near the base of dunes ranged from 4,030±100 to 5,200100 yr B.P.

(Haynes, 1967). A weakly developed soil occurs above this older material in

both areas (lehringer and Warren, 1976; Haynes, 1967). Three charcoal samples

in eolian sand above the soil in the Ash Meadows a;ea were dated between

1.950±100 and 440±280 yr B.P. These intermediate-age deposits are nverlain by

a very weakly developed soil, which in turn, is locally overlain by Paiute

pottery shards. Virgin Branch pottery shards that occur locally below the

soil provides a maximum age of about 1,000 yr B.P. for the soil. Charcoal

associated with the shards above the soil was dated at <220100 yr R.P.

(Mehringer and Warren, 1976).

On the basis of the stratigrapny in several trenches in the dunes at Ash

Meadows, archaeological artifacts, and similar age dates in both the Ash

Meadows and Corn Creek Springs areas, Mehringer and Warren (1976) concluded

that there were three periods of eolian sand deposition during Holocene ti e:

5.300 to 3,000, 2,000 to 1,000 or less, and 200 yr B.P. to the present. The

periods of sand deposition were separated by intervals of nondeposition and

soil development from 3,000 to 2,000 and about 1,000 to 400 yr or less R.P.

Similar periods of deposition and Coil development in subunit Qle in the Yucca

Mountain area are likely, because of the proximity of the Ash Meadows and Corn

Creek Springs areas to Yucca Mountain.
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At the numerous locations where subunits QIc or Ols and Ole occur

together, Qle always overlies Qic or Qis. The minimum age of QIc and QIs is.

therefore, probably greater than 5,300 yr B.P. Where subunits 0le and Olb

occur together, sand sheets of Ole less than 0.5 a thick overlie Qlb. The

strati -phic position of QIb above QIc and QIs and the thinness of Ole

overlying Qlb suggest that QIb may be younger than the oldest period of Ole

deposition, 5,300 to 3,000 yr B.P., and older than the youngest period of O1e

deposition, or older than 1,000 yr 8.P.

Subunit Ola probably corresponds to a period of arroyo erosion that began

about 1840 throughout the southwestern United States (Antevs. 1955). In the

Syncline Ridge area, a juniper tree, dated by dendrochronology, began growing

in 1858 on a OIc terrace. Erosion of the terrace by a Ola wash to a depth of

0.7 m exposed and killed a large root of the juniper tree i1 19g8.
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potential for flooding and related fluvial-debris hazards was investigated with respect to the potential shaft
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PALEOFLOOD DEPOSITS PROVIDE
FLOOD-PREDICTION TOOLS IN

SOUTHERN NEVADA
Hydrologists of the U.S. Geological Survey, U.S. Department of the Interior, are

evaluating the potential for floods in southern Nevada by examining ancient flood

deposits, according to a report published in cooperation with the U.S. Department of

Energy. Trenches dug through unconsolidated stream deposits in the bottom of a small

drainage channel at Coyote Wash, Yucca Mountain, Nye County, near the Nevada Test

Site, provided substantial evidence of prehistoric flooding. This evidence indicates that

recurrent flooding has occurred on the eastern flank of Yucca Mountain during the past

10,000 years, and that at least one fluvial debris flow, may have surged down the

mountain face earlier than 10,000 years ago. The evidence further indicates that

flooding may have been less severe during the past few thousands of years than in

earlier times.

Debris deposits left behind by these ancient floods provide evidence of the
characteristics of water floods and viscous fluvial debris flows. Modem streamflow
deposits similar to these ancient deposits usually are the product of flash flooding in this
desert area. On the basis of the geologic principle that evidence of past geologic events
can be used to predict present and future events, the characteristics of these paleoflood
deposits probably are indicators of the types of flooding that could occur in the future.
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EVIDENCE OF PREHISTORIC FLOODING AND THE
POTENTIAL FOR FUTURE EXTREME FLOODING
AT COYOTE WASH, YUCCA MOUNTAIN,
NYE COUNTY, NEVADA

Abstract

Coyote Wash, an aproximately 0.3-square-mile
drainage on the eastern flank of Yucca Mountain, adja-
cent to the southwestern part of the Nevada Test Site, is
the potential location for an exploratory shaft to evalu-
ate the suitability of Yucca Mountain for construction
of an underground repository for the storage of high-
level radio-active wastes. An ongoing investigation is
addressing the potential for hazards to the site and sur-
rounding areas from flooding and related fluvial-debris
movement. Unconsolidated sediments in and adjacent
to the channel of North Fork Coyote Wash were exam-
ined for evidence of past floods. Trenches excavated
across and along the valley bottom exposed multiple
flood deposits, including debris-flow deposits contain-
ing boulders as large as 2 to 3 feet in diameter. Most of
the alluvial deposition probably occurred during the
late Quatemnary. Deposits at the base of the deepest
trench overlie bedrock and underlie stream terraces
adjacent to the channel; these sediments are moderately
indurated and probably were deposited during the late
Pleistocene (over 10,000 years ago). Overlying nonin-
durated deposits clearly are younger and may be of
Holocene age (less than 10,000 years old). This evi-
dence of intense flooding during the past indicates that
severe flooding and debris movement are possible in
the future. Boulders presently exposed in the active
channel probably were deposited by water-dominated
(Newtonian) fluids; their size indicates they were
deposited at a flow rate of about 2,400 cubic feet per
second.

Empirical estimates of large floods of the past
range from 900 to 2,600 cubic feet per second from the
0.094-square-mile drainage area of North Fork Coyote
Wash drainage at two proposed shaft sites. Current
knowledge indicates that mixtures of water and debris
are likely to flow from North Fork Coyote Wash at rates
up to 2,500 cubic feet per second. South Fork Coyote
Wash, which has similar basin area and hydraulic char-
acteristics, probably will have concurrent floods of
similar magnitudes. The peak flows of the two tributar-
ies probably would combine near the potential sites for
the exploratory shaft to produce future flows of water

and accompanying debris potentially as large as
5,000 cubic feet per second.

INTRODUCTION

The Nevada Test Site (NTS), an area about
1,350 mi2 in Nye County, southern Nevada, is in the
southern part of the Basin and Range physiographic
province (fig. 1). Since 1951, NTS has been the princi-
pal site in the United States for the testing of nuclear
weapons. Research is currently (1992) being con-
ducted at and adjacent to NTS as part of site-character-
ization activities for a potential high-level radioactive-
waste repository at Yucca Mountain, which abuts the
southwest part of NTS (fig. 1). The potential for geo-
hydrologic hazards at Yucca Mountain and in and near
NTS is one of the subjects of research; flood potential
is the particular focus of this report. Flood-hazard
potential is being investigated through a combination
of streamflow and paleoflood studies. Flood hazards
include those caused by the transport of debris by
streamfiow and flooding. This effort is part of the
Yucca Mountain Project (YMP) site-characterization
process to determine the suitability of the area for stor-
age of high-level nuclear wastes.

The current major flood hazard at and near NTS
probably is flash flooding. Flash floods are the result of
intense rainfalls and runoffs from localized convective
storms or fromhe high-intensity precipitation cells
within regional storm systems. Flash floods and asso-
ciated debris movement commonly result in degrada-
tion of mountainous terrain, development of alluvial
fans, and evolution of drainage-channel morphology.
Flood flows range in character from water-dominated
(Newtonian) fluids, which have widely varying con-
centrations of entrained sediments, to sediment-domi-
nated debris flows (non-Newtonian orBingham fluids),
which contain interstitial water. A debris flow is the
mass movement of loose, granular rock material mixed
with water and air, its hydraulic characteristics are
intermediary between those of landslides and water
floods, and thus it has flow characteristics different
from either of these processes (Johnson, 1970,
p. 433-492; Costa, 1984, p. 287-290).
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Figure 1. Location of the study area and the Nevada Test Site.
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Flood hazards are caused by the flow of water
and rock debris. Flowing water is destructive because
of its capacity to erode and inundate, and because of its
momentum. The associated process of debris transport
can cause wide-scale damage during the erosion,
movement, and deposition of the debris. Currently,
data and knowledge of the water component of floods
are more advanced than data and knowledge of the
debris-transport componerL However, in the semiarid
southwest, the damage potential of debris transport
commonly is greater than the damage potential of the
water carrying the debris. Therefore, effective flood-
hazard mitigation at Yucca Mountain depends on
understanding flowing water and debris but, particu-
larly, on increased knowledge of debris transpor

A typical flash flood can move massive quanti-
ties of entrained debris in a few hours or less; particle-
size distribution of the entrained debris can range from
clay-size particles to boulders that are several feet in
diameter. The quantity and character of the transported
debris depend on the available debris along the flood
path and on the hydraulic characteristics of the trans-
porting fluid. Transported debris generally causes
damage by: (1) Erosion of the stream channel along the
flow path, (2) impact with obstacles, (3) abrasion of
material swept into the flow, and (4) burial of objects
and ground surfaces; resulting landscape modifications
commonly are vivid. Erosion and deposition of sedi-
ment within and along the channel system also affect
the hydraulic characteristics of future flood flows by
changing the geometry of stream channels.

The nature and severity of hazards caused by
flooding and associated debris transport depend on sev-
eral factors: (1) Storm characteristics, (2) antecedent
soil-moisture conditions, (3) vegetation, (4) drainage
basin and channel characteristics, (5) quantity and
character of debris available fortransport, (6) types and
extent of erosion caused by the flooding, and (7) land
use.

An evaluation of flood and debris hazards
requires knowledge about the range of magnitudes and
the probable recurrence intervals of storms and flood
flows and knowledge about the potential of debris
transport. Traditionally, determinations of potential
flood magnitudes include quantitative estimates of flow
rates, associated velocities, depths, and the extent of
inundated areas. In areas where debris movement is
important, these determinations also can include sedi-
ment concentrations, particle-size distributions, and
volumes of sediment incorporated in the flood flows.
Recurrence intervals are the average time between sim-
ilarrmagnitudes of the above listed flow characteristics.

Background Regarding the Flood
Investigation

The U.S. Geological Survey initiated flood
investigations near Yucca Mountain in cooperation
with the U.S. Department of Energy in 1980 (Chris-
tensen and Spahr, 1980). These investigations were
initially part of the Nevada Nuclear-Waste Storage
Investigations, later renamed the Yucca Mountain
Project, under Interagency Agreement DE-A108-
78ET44802. Yucca Mountain was designated by the
U.S. Congress as a national candidate, repository site
for the potential storage of high-level nuclear wastes.
The investigations were refocused and intensified in
1982 (Squires and Young, 1984). A high priority was
assigned during 1983 to a specific phase of the flood
studies by directing specific attention to the small
(approximately 0.3 mi2 ) ephemeral drainage basin of
Coyote Wash, located on the east-facing slopes of
Yucca Mountain (figs. 1 and 2). This site-intensive
phase of the flood investigations developed because the
downstream part of the Coyote Wash basin was
selected as the proposed site of an exploratory shaft.
The shaft was planned to allow study of the subsurface
geohydrological environment as a part of the Site Char-
acterization Plan of the Yucca Mountain Project.

The exploratory shaft was originally sited near
the active channel of Coyote Wash, on unconsolidated
sedimentary deposits that seemed to have been
emplaced by flooding processes. The proposed shaft
location was also near the confluence of the Coyote
Wash basin's two major tributaries-North and South
Forks of Coyote Wash (figs. 2 and 3).

The urgent need for an assessment of flood-
hazard potential at and near the proposed site for the
exploratory shaft precluded a standard, long:term pro-
gram of hydrologic-data collection. An appropriate
streamflow-data collection effort would involve many
years of streamgaging; the resultant long-term records
would be essential to the development of an adequate
set of streamflow data that would allow a standard sta-
tistical analysis of floodifow characteristics, at a level
of confidence necessary to properly characterize flood-
hazard potential at the proposed shaft site. Also, long-
term records of streamflows in the numerous small
drainage basins of the region that could be used to geo-
graphically transfer or simulate an acceptable stream-
flow record for Coyote Wash were nonexistent. This
lack of both site-specific and regional long-term data
precluded any standard estimation of floodflows (flood
magnitudes and their recurrence intervals) for the
Coyote Wash basin at an acceptable level of confi-
dence. The pressing need to make immediate decisions

INTRODUCTlON 3



regarding the existence and nature of potential flood
hazards, and in tan the possible urgency to formulate
strategies to mitigate any potential hazards for the pro-
posed shaft, dictated that decisions on shaft-location
acceptability had to be made without the benefit of the
badly needed long-term data. These requirements
spawned the investigative strategy described in this
report. However, long-term data on precipitation and
runoff are still important for a variety of other site-
characteriztion activities in the Yucca Mountain area
and region.

Purpose and Scope-

This report describes the results of an investiga-
tion designed to hurriedly collect readily available,
site-specific data that could improve knowledge of the
flood-hazard potential of Coyote Wash. It was also
planned to make this information, and any other perti-
nent flood-hazard knowledge, available to evaluate the
siting of an exploratory shaft on, or near, the flood plain
of Coyote Wash in the vicinity of the confluence of its
two major tributaries. Detailed descriptions of the
investigation activities, results of the findings, and
interpretation of the results constitute the bulk of this
report

Approach

A dual strategy was formulated to meet the study
objectives listed above, as follows:

1. Examine available evidence of previous
flooding in Coyote Wash, and from an analysis of this
evidence, develop a history of prehistoric flooding in
the Wash. Attempt to translate the flood history into a
realistic awareness of potential flood hazards, both
present and future, at the general site of the proposed
exploratory shaft.

2. Compile, evaluate, and select several empiri-
cal techniques that allow "rule-of-thumb" estimates of
the potentially largest flood discharges that would log-
ically be expected in the vicinity of the proposed
exploratory shaft, and compare the results of the most
pertinent techniques.

Investigative results would (1) identify and char-
acterize the potential for flood hazards, and (2) attempt
to quantify the limit of severity of the potential hazards.

This dual strategy gives rise to different technical
approaches; the first is site specific and field oriented;
the second is regional in scope and office oriented.

Neither strategy, or their combination, was expected to
allow the preparation of a detailed flood-hazard map of
the vicinity of the proposed shaft location (such a map
would include a range of flood magnitudes and associ-
ated recurrence intervals, as well as the accompanying
areal zones and depths of inundation associated with
the varying flood discharges). Instead, because of the
lack of long-term streamfiow data that would allow
confident predictions of probable flood magnitudes,
their probable recurrence intervals, and their probable
areas and degrees of influence, the results of this study
would promote a preliminary awareness of the general
flood-hazard potential of Coyote Wash; this awareness
would include a sense of the magnitude of potential-
maximum flood discharges to be expected and a range
of hydraulic characteristics of the flows related to the
entrainment and transport of debris. Findings of the
study could be used to preliminarily evaluate the
absence, presence, and degree of flood hazards to
which the exploratory shaft might be subjected on the
basis of its proposed locations.

The field phase of this flood investigation of
Coyote Wash began with a hiking reconnaissance of
the drainage basin. This reconnaissance disclosed an
abundance of stream-channel and flood-plain deposits
just upstream from the proposed site of the exploratory
shaft, which had originally been near the confluence of
North and South Forks of Coyote Wash (fig. 2). The
land-surface configuration of the channel and flood-
plain deposits of North Fork Coyote Wash, just
upstream from the tributary confluence, exhibited char-
acteristics of debris-flow deposition. That made these
stream deposits especially interesting candidates for
more detailed study regarding a flood-hazard potential
to the originally proposed shaft site. Comparable sedi-
ment deposits near the mouth of South Fork Coyote
Wash, also upstream from the proposed shaft site, had
earlier been badly disturbed and largely removed by
clearing and leveling operations related to the drilling
of test hole USW G-4 (figs. 2 and 5), and were thus
unavailable for study.

The field work thus focused on North Fork Coy-
ote Wash to investigate available evidence of prehis-
toric flooding and thereby to develop a preliminary
understanding of the flood history of Coyote Wash.
The detailed field phase of the investigation of prehis-
tonc flooding was mainly accomplished by trenching
and exposing the stratigraphy of the channel and flood-
plain deposits of North Fork Coyote Wash just up-
stream from the originally proposed site of the explor-
atory shaft (figs. 2 and 5). Tbe trench exposures
allowed examinations, documentation, and interpreta-
tions of the deposits. The stratigraphic disclosures
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Figure 2. Coyote Wash drainage.
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helped in the assessment of the number of floods repre-
sented, allowed a formulation of some sense of the ages
of various floods, and allowed a characterization of
specific floods according to their hydraulic behavior.
Other pertinent data were assembled by surveying
cross-sectional and longitudinal profiles of the land
surface of the sediment deposits.

The resultant flood history, although only frag-
mentary, was translated downstream to the nearby site
onginally selected for the proposed exploratory shaft
Application of knowledge of the chronology and char-

acteristics of past floods indicated that on the basis of
this drainage-basin history, the proposed shaft could
probably experience numerous floods during the next
few thousand years, and that some of the floods could
be debris flows capable of moving hazardous debris
loads.

The fragmentary flood history was supplemented
by a quantitative estimate of the peak discharge of a
large flood that had previously occurred. This quanti-
tative determination of flood magnitude was based on
hydraulic factors related to the size of the largest boul-

Figure 3. Northwestward view of the site of the oriinal proposed exploratory shaft for the nuclear-waste storage
facility (photographed from Live Yucca Ridge on March 17,1984).
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ders remaining in the stream channel that assumedly
had moved during a single flood event

Results of the field studies of prehistoric flooding
were supplemented with office exercises to estimate
the potential maximum-size floods that could be
expected to impact the flood-plain area where the shaft
site had been tentatively sited. These potential maxi-
mum discharges were derived by two techniques:

1. The U.S. Bureau of Reclamation calculated
the Probable Maximum Flood discharge (Bullard,
1986) which was modified by the author of this report
to include a reasonable sediment-discharge component,
and the modified discharge was included in this report
for comparison with other estimates of potential-maxi-
mum flood discharges.

2. Several potential-peak flood discharges were
derived from different data-based regional and national
envelope curves. The envelope curves relate maximum
streamflow discharges that have been measured
throughout given geographic areas to their specific
drainage-basin areas; these sets of measured discharges
and their specific drainage areas define graphical
curves that can then serve as guides for making "rule-
of-thumb" estimates of the magnitudes of the poten-
tially largest flood discharges that could be expected at
a given site on the basis of the size of the upstream
drainage area.

Preliminary results of the prehistoric flood his-
tory, estimates of peak discharges of the potentially
largest floods possible, and modified results of the U.S.
Bureau of Reclamation's Probable Maximum Flood
calculations formed a basis for rejection of the origi-
nally proposed site for tlie exploratory shaft. A differ-
ent site was then proposed that was higher than, and a
short distance northeast of, the original site (fig. 2).
The relocated site is on a bedrock slope that is above
and beyond any readily discernible flood-plain deposits
of Coyote Wash.

Previous Work

Geology of the study area was mapped in the
early 1960's by Lipman and McKay (1965) and more
recently by Scott and Bonk (1984). Interest in geomor-
phology and geomorphic processes at NTS has
increased during recent years. The first results of a
surficial-geology mapping project at NTS have been
published by Hoover and others (1981) and Swadley
(1983); these results classify the relative ages of differ-
ent alluvial deposits near Yucca Mountain. Results of
a paleoclimatic study of the past 45,000 years in the

region also are available (Spaulding, 1983). Possibili-
ties of floods and flood hazards at NTS are discussed by
Christensen and Spahr (1980) and Squires and Young
(1984) and major floods in nearby areas have been doc-
umented by Glancy and Harmsen (1975) and Katzer
and others (1976). Precipitation at and near NTS, the
prime impetus for flooding, is the subject of reports by
Quiring (1965, 1983) and French (1983).
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PHYSIOGRAPHY OF THE STUDY SITE

Yucca Mountain is a generally north-trending
ridge along the western boundary of the Nevada Test
Site (fig. 1). Tbpographic prominence of Yucca Moun-
tain mainly results from a series of bounding, north-
south normal faults. Coyote Wash basin is a small
(approximately 0.3 mi2) ephemeral drainage on the
eastern flank of Yucca Mountain (figs. 1 and 2); it is
tributary to Drill Hole Wash, which is tributary to For-
tymile Wash. Fortymile Wash basin is a major drainage
basin of over 300 mi2 . Fortymile Wash and its numer-
ous tributaries, including Coyote Wash, flow only dur-
ing infrequent periods of intense precipitation or
snowmelt. Fluvial erosion and deposition of sediment
in this drainage system thus occur infrequently during
the short term (years or tens of years); however, during
the long term (hundreds or thousands of years), numer-
ous floods and associated erosion have occurred.

The North and South Forks subbasins of Coyote
Wash basin are separated by Middle Ridge. The ridges
bounding Coyote Wash basin are known as Dead Yucca
Ridge, which lies to the north, and Live Yucca Ridge,
which lies to the south. The physiographic setting of
the proposed shaft sites are shown photographically
(figs. 4-6).

The 1:24,000-scale topographic map of the area
[U.S. Geological Survey, (Busted Butte, formerly
lbpopah Springs SW quadrangle), 19611 indicates that
the total length of the oblong-shaped Coyote Wash
basin is about 1.25 mi and its average width is about
0.25 mi. Combined drainage area of the two tributary
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subbasins upstream from the potential shaft sites is
about 0.199 mi2, or about two-thirds of the total Coyote
Wash drainage of 0.294 mi2. The North Fork subbasin

is 0.094 mi2. and the South Fork subbasin is 0. 105 mi2

Thus, 0.095 mi2 of drainage area contributes to Coyote
Wash downstream from the proposed shaft site. Ibtal
basin relief is about 860 ft (between 3.980 and

Figure 4. West-northwestward view up Coyote Wash drainage just upstream from the potential shaft sites (photographed on
March 17,1984).
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Figure S. South-southwestward view of original potential shaft site from the south-facing slope of Dead Yuacca Ridge (Coyote
Wash tributaries flow from right to left; photographed on March 17, 1984).
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Figure 6. Southwestward view of Middle Ridge from south-facing slope of Dead Yucca Ridge (potential shaft sites are a short
distance to left and below photo scene; North and South Forks Coyote Wash flow from right to left; photographed on
March 17,1984).
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4,840 ft); the average basin slope is about 0.130, or
750. Bedrock exposed at the surface or underlying a
relatively thin alluvial cover on ridge slopes is the Tiva
Canyon Member of the Paintbrush Tuff, an ash-flow
tuff of Miocene age (Lipman and McKay, 1965; Scott
and Bonk, 1984). Most pf the alluvium that partly
mantles the drainage was derived from the Tiva Can-
yon Member, an undetermined part of the fine-grained
fraction of the unconsolidated deposits probably is of
eolian origin, derived largely from sources outside of
the drainage.

Average annual precipitation at Yucca Mountain
during 1964 to 1981 was about 6 in. (Quiring, 1983,
p. 15-16); of that average, about 70 percent probably
fell during the cool (October-April) season and about
30 percent fell during the warm (May-September) sea-
son (Quiring, 1983, p. 17-18). Vegetation is moder-
ately sparse, mainly consisting of a scattered cover of
desert shrubs, grasses, and a few cacti that do not
inhibit erosion or runrff effectively during episodes of
intense rainfall, especially on the drier south-facing
slopes.

The original proposed location of the exploratory
shaft was in the main channel of Coyote Wash (Nevada
State Coordinates N766, 081 and E563, 266), a short
distance downstream from the confluence of the North
and South Forks (figs. 2, 3, and 5). The proposed site
of the shaft was relocated about 400 ft northeast to
decrease its susceptibility to flooding hazards (Nevada
State Plane Coordinates N766,255 and E563,630). The
new site is underlain by volcanic bedrock, whereas the
land surface at the originally proposed shaft site is
underlain by stream-channel sediments. Both pro-
posed shaft sites are located about four-fifths of the dis-
tance from the basin crest to its terminus, which is at
the confluence with Drill Hole Wash. Upstream from
the junction of the North and South Forks, Coyote
Wash basin is about 0.9 mi in length and averages about
0.25 mi wide. The channel is underlain by alluvium and
colluvium of variable thickness upstream from the con-
fluence with Drill Hole Wash (the mouth of Coyote
Wash) to about 0.1 or 0.2 mi upstream from the junc-
tion of the North and South Forks. The thickness of
these unconsolidated sediment deposits downstream
from the trenches generally is unknown, but probably
is less than 50 ft at the originally proposed shaft site. In
places upstream from this contiguous zone of sediment
deposits, the tributary channels are incised within a
generally thin cover of alluvium and colluvium; the
channel bottom is on bedrock in some places. Near the
head of the drainage, for about the upper 0.15 mi of
drainage length, the topography flattens and an alluvial
and colluvial cover of unknown thickness again domi-

nats the landscape. Steeper billslopes below the
drainage crest, downstream to the North and South
Fork confluence, consist of bedrock (consolidated tuil)
or are thinly mantled with colluvium, alluvium, and
regolith (figs. 4 and 6).

Results of a reconnaissance of the Coyote Wash
basin, including the North and South Fork subbasins,
indicated that fluvial erosion, fluvial-sediment trns-
port, and fluvial-sediment deposition currently are the
dominant land-sculpturing processes in the drainage
basin. This reconnaissance also disclosed abundant
evidence of intensive erosion and land-slope failures
(rills and stripped slopes) and sediment deposition
associated with mass movement and fluvial processes.

The ages of the major movements of water and
sediment, indicated by erosion scars and sediment
deposits, are critical to an adequate understanding of
paleoflooding No evidence enabling age determina-
tions was discovered on the surfaces of hillslopes or
stream channels. Stream terraces are present in places,
but no evidence was found to establish their absolute
ages. The unconsolidated detritus in and along the
major drainage thalwegs was the most obvious source
of possible evidence noted. Stone stripes on the
hillslopes indicate the possibility of rapid movement of
large detritus down the slopes; however, the forma-
tional processes and ages of stone stripes in this region
are not well understood. Also, the ages of stone stripes
are not easily determined.

EVIDENCE OF PREHISTORIC FLOODING

Results of the reconnaissance of Coyote Wash
drainage indicated that the best evidence of past flood-
ing in the drainage would be determined by a strati-
graphic investigation of stream-channel deposits. The
lower reaches of the major tributary channels of Coyote
Wash (North and South Forks) contain substantial
deposits of fluvial sediment. The originally proposed
exploratory-shaft site location is on the surface of
unconsolidated Quaternary sediment deposits of
unknown thickness. However, test hole USW G04
(fig. 2), about 100 ft to the south, penetrated about 22 ft
of unconsolidated sediments before bedrock was
encountered (Bentley, 1984, p. 6); on the basis of that
information, thickness of unconsolidated deposits at
the original shaft site is estimated to be probably less
than 50 ft. The relocated shaft site is on a bedrock
drainage-divide shoulder a short distance northeast of
and higher than the alluvial flood plain (fig. 2). Unfor-
tunately, sediment deposits near the mouth of South
Fork Coyote Wash, just upstream from the shaft site,
were badly disturbed and largely removed by clearing
and leveling operations related to the earlier drilling of
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test hole USW G-4 (fig. 2); thus, investigation of sedi-
ment deposits of South Fork Coyote Wash was pre-
vented. Channel deposits in the lower Itaches of North
Fork Coyote Wash. also just upstream from the pro-
posed shaft sites, were almost undisturbed. The surface
configuration of some of these deposits is irregular,
locally, lobate concentrations of boulders and cobbles
are at the surface, indicating that these deposits were
probably emplaced by debris flows. Because the age of
these deposits was not known, tenches were excavated
through the deposits to examine internal stratigraphy,
to interpret modes of emplacement, and to possibly
determine depositional ages.

Stream-constructed terraces were discovered
throughout the general reach of North Fork Coyote
Wash where the trenches were excavated. T¶pographic
slopes of the terraces were profiled by using a survey-
ing level, and the resultant topographic profiles were
geomorphologically interpreted.

Trenching and Stratigraphic Data Collection

A bulldozer was used to excavate trenches
through sediment deposits in the channel of North Fork
Coyote Wash at two sites about 0.1 mi upstream from

the originally proposed shaft site (figs. 3 and 7). The
upstream cross-channel trench was excavated through
the channel sediments to the underlying bedrock
(fig. 8), about 120 ft in length and to a maximum depth
of about 8 ft (pl. 1). It was cut perpendicular to the
stream channel to expose a complete, vertical section
of the channel deposits. A second trench. T-shaped,
about 180 ft downstream from the cross-channel
trench, dissected sediments resembling debris-flow
deposits. Aligned with the T-leg parallel to the chan-
nel, this trench thus exposed the upper few feet of this
deposit both longitudinally and laterally (fig. 9).
Length of the T leg is about 40 ft T-bar width is about
70 fkt and maximum depth is about 4.5 ft (pl. 1 and
,figs. 10 and 11).

Generalized trench sketches, prepared from
onsite examinations and measurements, are shown on
plate 1. Photographs of the trenches, shown on plate 1
and in figures IO and 11, also were used to prepare the
sketches. These sketches depict the general stati-
graphic relations of the various textural units; large-
scale, detailed trench logs are beyond the scope of this
report

Fine-grained matrix sediment was sampled for
color comparisons from 10 stratigraphic units exposed

Table 1. Matrix-material colors from selected stratigraphic units of North Fork Coyote Wash trenches

stratlgrphic unit
(PL 1) Munsell color, (dry)

A (debris-flow component) 10 YR 6/4; light yellowish-brown
B 10 YR 6/4; light yellowish-brown
C 10 YR 6/3; pale brown
E 10 YR 6/2-613; light brownish-gray to pale brown

G 10 YR 6/3-713; pale brown to very pale brown
J (cross-channel trench) 10 YR 6/3; pale brown
J (T-bar component of T-shaped trench) 10 YR 6/3-6/4; pale brown to light yellowish-brown
K 10 YR 613; pale brown

L 10 YR 614-7/4; light yellowish-brown to very pale brown
R 10 YR 6/3-7/3; pale brown to very pale brown
S 10 YR 7/3; very pale brown

tMumsell colors are the color standards accepted for soil classification by the U.S. Department of Agriculture (U.S. Burean of
Plant hInustry. Soils, and Agricultural Engineering, 1951). The specific color names listed in this table are preceded by die core-
sponding Munsell notations of color to provide increased precision for characterig thie colors of sarmples collected. MIunsell color
notations consist of three variable components that collectively specify all colors in the system =cording to hue, value, and chroma.
For example: 10 YR 614 specifies a Munsell color with hue (relation to red, yellow. gree blue, or purple) of 10 YR (10 specifies
the yellow-red range as maximum yellow with minimum red; 5 would indicate a midrange of yellow to red). a value (degree of Ught-
ness) of 6, and a chroma (strength) of 4.
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Figure 7. Southwestward view of trenches excavated in North Fork Coyote Wash (downstream is down and to the left in photo;
photographed on March 17. 1984).
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Figure 8. Northward view of cross-channel trench excavated in North Fork Coyote Wash (bottom of trench is at contact of
alluvium with bedrock; photographed on August 17,1983).
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Figure 9. Northward view of T-shaped trench excavated in North Fork Coyote Wash (wash flows from left to right; photographed
on August 17, 1983).
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in the trench walls. Results are listed in table 1. Color
designations were assigned by visual comparisons of
the dry sediment with scientifically calibrated standard
color references known as Munsell Soil Color Charts.
Munsell colors are the color standards accepted for soil
classification by the U.S. Department of Agriculture
(U.S. Bureau of Plant Industry, Soils, and Agricultural
Engineering, 1951).

Samples were collected from the trench walls to
determine particle-size distribution in each strati-
graphic unit. These data are listed in tables 2 and 3 and
discussed in the next section of the report Because
individual stratigraphic units are nonhomogeneous and
the samples collected might not be statistically repre-
sentative of the respective particle populations, any sin-
gle sample might not portray precisely the particle-size
character of the unit; however, the data probably pro-
vide a general sense of the particle-size characteristics
of most units. Samples from all units did not include
cobbles and boulders when present; otherwise, they
probably represent adequately the particle-size distri-
bution of the matrix material contained in the deposits.

Trench Stratigraphy

Nineteen stratigraphic units were identified in
the trench walls that expose the sediment deposits of
North Fork Coyote Wash (pl. 1) on the basis of visual
differences in the textural characteristics of the depos-
its. Sediments exposed in the trenches have several
features in common. Rock fragments coarser than sand
are virtually monolithologic because all the particles
were derived from the Tiva Canyon Member of the
Paintbrush Thffthat underlies the entire drainage basin.
These fragments were transported a relatively short
distance after they were detached from bedrock; most
are angular or only slightly rounded. Weathering char-
acteristics of the bedrock produced many platy-shaped
lithic fragments that had a low degree of sphericity,
particularly among particles smaller than cobbles;
higher degrees of sphericity generally seem to be more
characteristic of rock fragments that are the size of cob-
bles and boulders.

A substantial, but undetermined, fraction of the
fine-grained sediments (sand size and finer) probably is
of eolian origin and was blown into North Fork Coyote
Wash drainage from other drainages; the dominant col-
ors of this windblown miterial are tan to brown. This
subtle color variability indicates the fine-grained frac-
tion of the deposits is not as monolithologic as the
coarse-grained fraction. Colors of the various strati-
graphic units are affected by the relative proportion of:
(1) Brown detritus among the fine-grained particles

(sand and finer) and (2) gray coarse-sized rock frag-
ments (coarser than sand). A color classification for
only the fine-grained fractions of several of the strati-
graphic units listed in table 1 indicates that only subtle
differences in the overall colors of the fines am percep-
tible.

The monolithologic character of the rock frag-
ments larger than sand size causes a generally mono-
chromatic grayish appearance to most of the sediment
deposits. However, color does vary between the mono-
lithologic tuff fragments. Tbnal variations in the gray
color of the coarse-grained fragments are affected by:
(1) The unweathered color of the Tiva Canyon Mem-
ber, and (2) the degree of chemical weathering of the
individual fragments. The weathering characteristic
that most strongly alters color of the tuff fragments is a
carbonate precipitate that differentially coats some par-
ticles. The degree to which fragments are coated
ranges from wholly uncoated clasts, which show the
fresh or weathered color of the newly fractured Tiva
Canyon Member, to totally coated fragments, which in
turn show the off-white color of the carbonate precipi-
tate. Specific shades of gray of the uncoated clasts are
variable, depending on the degree of chemical weather-
ing of the bedrock from which they were derived and
on the individual weathering and fracture histories of
the clasts after they detached from bedrock.

Ten samples were collected from the matrix
material of selected stratigraphic units of the trench
walls for particle-size analyses; analytical results are
listed in tables 2 and 3. The resultant particle-size data
of table 2 were transposed graphically into grain-size
accumulation curves for each of the 10 samples. Parti-
cle diameters for the I75 and D25 (particle diameters
for which 75 and 25 percent, by weight, are finer) frac-
tions were extracted from the grain-size accumulation
curves for use in determining the Trask sorting coeffi-
cient for each sample. The coefficient is calculated as

,D75/D25. According to Trask (1932, p. 71 and 72),
a coefficient smaller than 2.5 indicates a well-sorted
sediment; a coefficient of 3.0 is "normal"; a coefficient
larger than 4.5 indicates poorly sorted sediment. The
coefficients in table 2 indicate that only one sample is
"normally" sorted according to Trask's criteria; coef-
ficients for the remaining nine samples range from 4.6
to 10.3, indicating poorly sorted sediments for those
units.

Costa and Jarrett(1981, table 2, p. 315) compiled
data on Trask sorting coefficients for sediment deposits
emplaced by eight debris flows and three water-domi-
nated floods. From these data, they concluded that
average sorting coefficients for debris flows and mud-
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Tabb 2. Particle-size distribution of matrix material from selected trench deposits1

Sample Stratlgphlc Particle Size (mullmentera) Trask
number unit 0.001 O00 0.074 2.0 4.0 635eorting
(W.1) (p.1) (Percent fir by weght) coedlel nt2

1 A 3.1 8.0 20.8 43.2 58 100 10.3
2 B 0.9 2.5 5.9 22.4 26 100 3.2
3 E 0.7 2.0 8.2 29.2 41 100 4.6
4 C 0.5 2.1 8.1 34.8 40 93 6.8
5 G 0.7 2.1 9.4 26.8 28 68 6.3

6 S 0.7 1.9 13.8 30.8 31 67 8.9
7 S 0.9 1.9 9.1 23.7 25 52 5.2
8 R 04 1.1 5.9 28.9 36 94 4.8
9 K 0.2 0.6 45 13.0 16 95 6.5
10 N OA 1.1 9.8 31.3 33 85 4.9

'Particle-size distibutions determined by Holmes and Narve Inc.. Materials Testing Laboraxtry at the Nevada Test Site
using sieve and hydrometer techniques.

'Sorting coefficient (trask. 1932) for which a coefficient smaller than 2.5 is well-sorted sediment. 3.0 is normal, and larger
than 4.5 is poorly sorted.

Table 3. Particle-size distribution of matrix material from selected trench deposits according to size classes

[Particle-size distributions determined by Holmes and Narver, Inc., Materials Testing Laboratory at Nevada Test Site, using sieve
and hydrometer techniques; mm, millimeter; c, less than; >, greater than]

Sample
number

pt. 1)

1
2
3
4
5

6
7
8
9
in

Stratlgraphic
unit

WPl 1)

A
B
E
C
G

S
S
R
K
N

She class
Collolds Clay Slit Sand Pebbles LarWrtha

(40.01 mm) (<cO.06 mm (cO.074 mm (4 mm (.c63.5 mm pebble
>0.001 mm) 0.005 mm) ,0.074 mm) >2 mm) (.63.S mm)

(Percent, by weght)

3.1
09
0.7
0.5
0.7

0.7
0.9
OA
0.2
OA

4.9
1.6
1.3
1.6
1A

1.2
1.0
0.7
OA
0.7

12.8
3A
6.2
6.0
7.3

11.9
7.2
4.8
3.9
8.7

22.4
16.5
21.0
26.7
17.4

17.0
14.6
23.0

8.5
21.5

56.8
77.6
70.8
58.2
41.2

36.2
28.3
65.1
82.0
53.7

0
0
0
7

32

33
48
6
5

15
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flows range from 3.9 to 11.5 and that coefficients for
average sorting coefficients for debris flows and mud-
flows range from 3.9 to 11.5 and that coefficients for
sediments deposited by waterfloods in mountainous
regions range from 1.8 to 2.7 (Costa and Jarrett, 1981,
p. 313). According to these criteria, all 10 samples col-
lected from the trenches of North Fork Coyote Walsh
(colluvium) generally are poorly sorted, indicating all
or most units sampled could be of debris-flow origin.
Although other depositional criteria also must be met to
distinguish debris-flow deposits from water-dominated
flow deposits, principally the chaotic and heteroge-
neous admixing of all erodible-size particles and the
absence of stratification, results of the sorting criterion
applied to the North Fork Coyote Wash samples indi-
cates the sediments were deposited rapidly with inher-
ently poor sorting. The ephemeral and flash-flood
character of present-day (1992) runoff in the study area
would be expected to produce deposits that also would
be poorly sorted.

The deposits exposed by the cross-channel and
T-shaped trenches do not represent a continuous and
uninterrupted history of deposition at the sites where
the trenches were dug because some floods probably
did not deposit sediment at these sites and some depos-
its may have been eroded; rather, the deposits represent
an unknown fraction of the total geologic record from
the time of emplacement of the underlying bedrock of
the Tlva Canyon Member of the Paintbrush luff.
These sediment deposits, of late Quaternary age, over-
lying late Tertiary bedrock (OTva Canyon Member),
denote a deposition hiatus of several million years.
Thus, no record of flooding and debris movement
remains from that long period except the presence of
the steam channel incised in the bedrock; no evidence
of the magnitudes or frequencies of runoff remain.
Because runoff evidence clearly is incomplete, compe-
tent analyses and interpretations of the deposits
exposed by the trenches will at best yield fragmentary
records of the history of flooding and debris transport
in North Fork Coyote Wash. Although no sites are
known in the drainage basin where fluvial deposition
was continuous, those selected near the potential loca-
tions of exploratory shafts likely are representative
choices for trenching to investigate the paleoflood his-
tory.

CrossChannel Trench

The upstream cross-channel trench (figs. 3 and7)
exposes complex erosional and depositional evidence
within Quaternary deposits of North Fork Coyote
Wash. This trench was cut to Tlva Canyon Member
bedrock across the full channel width. The safety

requirements, which enabled only one wall of the
trench to remain vertcal restricted comparisons
between strata exposed in the upstream and down-
stream (west and east) walls. A diagrammatic cross-
sectional sketch of the upseam, vertical west wall of
the trench and a composite photograph of the vertical
trench wall, taken about 7 months after excavation, are
shown on plate 1.

Sediments in the upstream trench wall were sep-
arated into two general age groups on the basis of
weathering and induration: (1) Two older basal units
(units A and B of pl. 1) composed of slightly to moder-
ately indurated sediments, which overlie the iva Can-
yon Member of the Paintbrush Tuff, and (2) eight
younger, overlying unconsolidated and nonindurated
units (units C-1).

Unit A

Basal unit A (pl. 1) is a heterogeneous mixture of
cobbles, gravel, and fine-grained sediments that also
contain a few randomly distributed boulders. A parti-
cle-size analysis of a sample from this unit (sample 1 in
table 2; sampling location shown on pl. 1) consists of
about 57 percent pebbles, 22 percent sand, 13 percent
silt, and 8 percent clay and colloids. The sample did
not contain any boulders or cobbles that are common in
the deposit (photo of pl. 1), demonsrating that any sin-
gle, randomly collected sample of small volume does
not portray perfectly the particle-size makeup of this
deposit. The sample probably is a reasonable represen-
tation of the matrix of the deposit, as are other samples
from other deposits. However, one notable character-
istic is the proportionately large quantity of silt, clay,
and colloids in this sample compared with samples
from the other units. Whether all this fine-grained sed-
iment was part of the original deposit, or whether some
unknown fraction of the sediment is the result of post-
depositional pedogenesis or weathering, is uncertain.
The upper surface of unit A, along its contact with
overlying units C, D, and E, includes a concentrated
layer of coarse cobbles and small boulders typical of
the upper surface of many debris-flow deposits. This
zone of large clasts is dominated by fragments in the
3- to 10-in. size.

Texturally, most of unit A qualifies as a debris
flow. Costa and Jarrett (1981), Costa (1984), and J.E.
Costa, (U.S. Geological Survey, written commun.,
1985) characterize debris-flow deposits as: (1) Lack-
ing internal bedding, (2) comprising a heterogeneous
distribution of different sized detrital particles, and (3)
having a combined silt-clay content equal to or exceed-
ing 6 percent Unit A qualifies on all criteria. The
Thsk sorting coefficient of 10.3 for sample 1 is the
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largest coefficient of the 10 samples; it indicates very
poor sorting and is well within the range of coefficients
fordebris flows (Costa and Jarn, 1981, p. 313). How-
ever, debris-flow deposits can appear strikingly similar
texturally to slope-wash deposits. The wedge-shaped
southempartofunitA, textually simnilar to debris-flow
deposits (p. 1), seems to be indurated slope wash (col-
luvium) because of the lateral persistence of unit A up
the slope of Middle Ridge, southward and away from
the channel. However, the remaining thicker mass of
the deposits, at the north end of unit A near the bedrock
channel axis, seems to be a debris-flow deposit because
ovedand nmoff that is competent enough to transport
larger clasts (1- or 2-ft-diameter boulders) downslope
as unsorted slope wash probably would con=ntrate
adequate streamfiow in the wash channel to sweep the
accumulated slope wash downstream. Therefore, unit
A deposits probably are derived from two sources:
(1) Mostly debris-flow material that traveled some dis-
tance down the channel before coming to rest (massive
northern part of the unit); and (2) a lesser volume of
material, upslope and away from the flood plain of the
wash (southern part), which traveled down the north-
facing slope of Middle Ridge through the action of
gravity, assisted by water flow not concentrated in
channels. The stratigraphic evidence that supports a
dual genesis for unit A deposits, as shown on plates 1,
includes: (1) A concentrated layer of mixed cobbles
and boulders at the top of the northern part of unit A
tewminates abruptly at its southern limit and forms a
vertically stacked concentration of similar coarse frag-
ments at its northern limit, about midway beneath the
length of the contact with overlying unit D; the abrupt
lateral termination of coarse clasts southward along the
surface of unit A probably indicates a lithologic bound-
ary between the thinner slope-wash deposits of unit A
to the south and thicker debris-flow deposits of the unit
to the north; (2) the accumulation of coarse clasts at the
surface of the northern part of the unit is common to
deposits emplaced by debris flows; and (3) both the
slope-wash and debris-flow components of unit A con-
sist of unbedded, unsorted, mixed-size materials that
probably have a combined silt-clay fraction exceeding
6 percent (a sample of the debris-flow component has
about 20 percent combined silt, clay, and colloids).

An older age for unit A, relative to other deposits
of the cross-channel tach, is indicated by two lines of
evidence: (I) A lower stratigraphic position and (2) the
indurated character of the deposits. Induration is
absent in overlying units. Moderate induration of the
northern part of unit A (debris-flow deposits) probably
is caused by a weak carbonate cementation; minute
stringers of carbonate are visually present throughout
the matrix. The southern part (slope-wash deposits) is

moderately indurated near the top of the unit and is well
cemented near its contact with underlying bedrock.
Tbe presence of the incorporated carbonate stringers
and the degree of induration of the northern debris-flow
deposit indicates it is more mature pedogenically than
the overlying mass of nonindurated sediment deposits.
DL. Hoover, (U.S. Geological Survey, oral commun.,
1985) considers the deposits of unit A to be equivalent
in age (late Pleistocene) to subunit Q2a (Hoover and
others, 1981, p. 9). Subunit Q2a comprises mappable
geomorphic deposits of a specific stratigraphic charac-
ter that are present in the vicinity of Y1icca Mountain.
The nonuniform thickness of the unit and the absence
of unit A in the center and northern sections of the
channel of North Foik Coyote Wash indicate that some
of the unit might have been removed by postdeposi-
fional erosion.

Unit 8

Debris-flow deposits that comprise unit B, a het-
erogeneous mixture of particles of various size, mostly
overlie bedrock near the center of the cross- channel
trench (pl. 1). A few scattered large clasts have average
particle diameters ranging from 0.7 to 1.5 ft; most of
the coarse-grained fraction consists of cobbles in the
2.5- to 4-in. size range. Unit B seems to resemble other
units more than it resembles unit A in particle-size dis-
tribution. Particle-size sample 2 from this unit has the
smallest Trask sorting coefficient (3.2) of any sample
(table 2). That the sorting coefficient is approximately
3 indicates a nearly normal deposit with regard to sort-
ing; however, visually, the deposit appears to be poorly
sorted (photo, pl. 1). The sample was composed of
matrix material and thus did not contain fragments
larger than pebble size; however, particle-size charac-
teristics of the matrix should be comparable to size
characteristics of the matrix components of the other
units. The deposits of unit B have a matrix predomi-
nantly of sand and finer size particles, much of which
might be of eolian origin.

The southern end of unit B abuts the northern end
of unit A; however, except for some coarse fragments
along the upper part of the contact (photo, pl. 1) and an
abrupt decrease in induration north of the contact, the
boundary between the two units is diffuse and vague. It
is difficult to determine whether the two units were
deposited contemporaneously, or whether unit B was
deposited after earlier deposits of unit A had been
eroded to bedrock to form the channel bottom north of
the present extent of unit A. In contrast to unit A, unit
B is only differentially indurated. Both units are a sub-
tie yellowish to reddish color, visually distinctive from
overlying deposits. This yellowish-reddish color indi-
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cates that deposits of units A and B are more oxidized
than overlying units and that units A and B were depos-
ited appreciably earlier than overlying deposits.

The lower one-half of unit B is moderately indu-
rated, similar to the northern part of unit A; its upper
part is weakly indurated. A lenticular pod more inten-
sively indurated thanr surrounding material exists along
the basal and northern part of unit B (pl. 1); this pod
may be an erosional remnant of unit A deposits that
subsequently was buried by deposits of unit B. Cur-
rently (1992), reasons for the marked contrast in indu-
ration of this zone are not known.

Deposits of unit B generally are uniform in tex-
tural character laterally and vertically. They have only
very slight internal bedding and impart no visual sense
of particle orientation or fabric; this visual perception
of texture indicates that the deposit was rapidly
emplaced on the bedrock channel floor, as would occur
during debris-flow deposition. Because of the marked
differences between units A and B (principally, degree
of induration), unit B likely is somewhat younger than
unit A-tentatively Late Pleistocene or early
Holocene (?).

Carbonate deposits, seemingly equivalent to a
pedogenic stage-II precipitate, located at the north end
of the unit, near and beneath the present channel thal-
weg, are discussed under unit C.

Unit C

Deposits of unit C consist of a large-size range of
detrital fragments. It contains some cobbles up to 8 in.
in size. The fine-grained matrix consists mainly of peb-
bles and sand; the sand may be mostly reworked eolian
material. These deposits appear different from those of
unit B, mainly in textural contrast between units,
caused by a greater number of large clasts in unit C.
The large (6.8) Trask sorting coefficient for particle-
size sample 4 (pl 1 and table 2) indicates a probable
debris-flow origin for unit C deposits.

The contact between the northern part of unit B
and overlying unit C appears sharp because of the
abruptness of the perceived textural change between
the two units. An obvious (although subtle) color dif-
ference also exists between the two units (table 1), and
a discernible hint of fabric (preferred orientation of par-
ticles) is associated with the coarse clasts of unit C.
The contact between the two units is less obvious
toward the north. The deposits of unit C appear to have
been emplaced in a channel that was eroded into the
upper part of unit B.

Ther is a zone of carbonate-coated clasts
throughout the lower three-quarters of unit C.
Although some of the clasts have carbonate precipi-
tates on the sides and tops, almost all clasts are coated
on the undersides with a thin (generally less than
0.05 in. thick) carbonate precipitate. The thin coating
of carbonate on the undersides of the clasts indicates a
pedogenic, stage-I carbonate alteration of deposits of
unit C. Carbonate precipitate on the sides and tops of
some clasts indicates that those clasts also may have
undergone pedogenic alteration in an earlier deposit
and had a different particle orientation before they were
reworked, transported, and redeposited as part of
unit C.

At their northern extert, the clasts of unit C and
underlying unit B are coated with carbonate precipitate
to a degree equivalent to a pedogenic stage-II carbonate
deposit These carbonate coatings probably are not the
result of pedogenesis but probably are mainly the result
of repeated wetting and drying of the clasts by infiltra-
tion of occasional streamfiow from the wash that
deposited an accumulative carbonate residue.

Because of its overlying stratigraphic position,
unit C is youngerthan unit B. At its southern extremity,
it appears to be overlain by the northern extremity of
unit E. Thus, unit C probably is younger than units A
and B and probably is older than units D through J.

Units D, E, and F

Deposits of stratigraphic units D, E, and F appear
to be internally bedded. Although not well developed,
the slight evidence of weak bedding within these units
indicates that the sediments of each of the units proba-
bly were deposited by Newtonian fluids (water-domi-
nated flows) rather than by debris flows. A particle-
size sample was collected only from unit E (sample 3,
table 2). The Trask sorting coefficient for this sample
(4.6), although large enough to signify a debris-flow
origin according to Costa and Jarrett (1981, p. 313), is
small compared with that for most other samples of this
study. Stratification of unit E generally disqualifies a
debris-flow genesis for the deposit All three units are
unconsolidated and nonindurated.

Unit D deposits are a mixture of gravel in a
sandy matrix and have a generally characterless
appearance compared with deposits of most adjacent
units. Unit D seems dominantly composed of frag-
ments in the 3-inch-diameter size but contains some
randomly scattered clasts up to a 6-in. size. The deposit
has a moderately abundant fine-grained matrix much of
which is probably of eolian origin. Unit D overlies unit
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A and underlies unit F, indicating that unit D is younger
than unit A and older than unit F.

Unit E has a bulbous elliptical shape in cross sec-
tion (pl. 1); its deposits am composed mainly of pebble-
size chips (table 2). The interstices between chips ame
filled with a dominantly fine-grained sand-size matrix
Otat might be largely of eolian origin. The generally
fine-gramned particle composition of unit E deposits
contrasts visually with those of adjacent stratigraphic
units that appear more coarse grained. Deposits of unit
E contain a few randomly scattered clasts larger than
the dominantly pebble-size particle population; these
clasts are as large as about 2 in. in diameter. Few, if
any, of these larger clasts were found in sample 3 (table
2). The numerically dominant and smaller pebble-size
clasts appear to exhibit a slightly preferred depositional
orientation that imparts a visual impression of a weak
degree of internal bedding (discussed earlier). The
upper part of unit E seems to be mildly altered
pedogenically, resulting in clasts coated by stage-I car-
bonate precipitates. Unit E is younger than unit A.
Stratigraphic relations shown on plate I indicate unit E
was deposited after units C and B, possibly before unit
F, and probably before unit G. Its age relation to unit D
is uncertain.

In cross section, unit F is lens shaped and appears
dominated by pebble-size clasts that have average par-
ticle diameters ranging from about 1 to 2 in. Between
these larger particles is an abundant matrix of mainly
sand and finer size particles that could be reworked
eolian material. Clasts throughout the deposit are
coated by stage-I carbonate precipitates (pl. 1). Unit F
mainly overlies unit D, indicating that its age is
younger than D. Unit F also appears slightly to overlap
unit E, and it underlies unit G. which indicates a
younger age for unit G, the overlying unit. Visually, the
boundaries between unit F and adjacent units at its
northern and southern ends are indistinct (photo, pl.1),
although the overall texture of unit F contrasts mark-
edly with the adjacent units.

Although units D, E, and F seem to have been
deposited by water-dominated floods, and in spite of
stratigraphic relations tha indicate relatively different
ages of emplacement, whether these units were depos-
ited by the same or different floods is uncertain.
Units D, E, and F clearly were emplaced by a different
flood than the flood responsible for the debris flows of
units A and B, and the deposits of units D, E, and F
probably were emplaced by a different runoff than the
one that deposited unit G.

Unit G

Unit 0 deposits are an unsorted heterogeneous
mixture mainly of unconsolidated cobbles, gravel, and
sand but contain some scattered boulders that am as
laMe as 1.5 ft in diameter The finer-grained compo-
nent might be largely reworked colian material. The
orientations of individual particles indicate only very
slight internal bedding. The visually apparent lame
range in particle sizes, lack of pronounced internal bed-
ding, and absence of particle-size sorting indicate that
most of this deposit probably was emplaced as a debris
flow. The particle-size data of table 2 (sample 5) con-
firm the large range of particle sizes present The Trsk
sorting coefficient of 6.3 also is well within the range
of coefficients for debris-flow deposits described by
Costa and Jarret (1981, p. 313).

Visually prominent coatings of stage-I carbonate
precipitate envelop the larger individual clasts through-
out unit G. At its southern extremity, unit U overlies
the old slope-wash component of unit A. As discussed
before, unit G probably was emplaced by a different
flood than the flood, or floods, that deposited underly-
ing units D, E, and F.

Units H. 1, and J1

Deposits of unit H mantle the land surface of the
lower stream terraces along the main channel of the
wash. They consist of a heterogeneous mixture mainly
of cobbles, gravel, and fine-grained sediments but also
include a few small boulders ranging up to 1.5 ft in
average diameter. The fine-grained fraction of the
deposits mainly includes fine- to medium-size sand that
probably includes reworked eolian material. Unit H
does not appear to be altered pedogenically and it does
not exhibit any internal bedding. The unit is believed
to consist of fairly young flood deposits.

Deposits of unit I, a mixture of boulders, cobbles,
and gravel, mantle the land surface along and near the
channel thalweg. Interstices between these coarse
clasts are partly filled mainly with fine pebbles and
sand; remaining interstices are air-filed voids. These
unconsolidated and poorly bedded sediments are mod-
em (young) stream-channel deposits that are recur-
rently mobilized by streamflow. The clasts lining and
underlying the present channel thalweg commonly are
coated by stage-Il carbonate precipitates. As with units
B and C, this carbonate mainly is a precipitate that
accumulated from evaporation of infiltrating stream-
flow rather than as a result of pedogenic processes.

Thicknesses and textures of the deposits of units
H and I differ both laterally and longitudinally
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upstream and downstream from the cross-channel
trench; measured thicknesses arm as large as about
1.5 fI The lower contacts of units H and I are always
at, or higher tian the pedogenically altered, stage-I
carbonate zone. Because thicknesses of units H and I
do not exceed 1.5 ft in the tench wall, those units are
relatively thin compared with units B and C. The upper
surface of units H and I in the photograph on plate1 is
at the top of the dark zone that contains organic frag-
ments of grass and shrubs; the lighter colored debris
overlying that zone (as thick as about 1.5 ft) is material
cast aside by the bulldozer blade during trench excava-
tion and is not included in the sketch on plate 1.

Deposits of unit J mantle the land surface at the
northern and southern extremities of the trench wail
and are a mixture of mostly gravel and fine-grained
materials, but with some large cobbles and boulders
ranging in size to as much as about 0.5 ft in maximum
diameter. These deposits are unconsolidated and inter-
nally unbedded, and they do not appear to be pedogen-
ically altered, except for a possible trace of a cambic-B
soil horizon along the southern end of the trench wall,
near the contact of unit J with unit G. These are depos-
its of modem slope wash (colluvium) that were
emplaced by unchannelized runoff and soil creep from
the hillslopes bordering the channel. The matrix of
these sediments contain a substantial amount of eolian-
derived material. These deposits are younger than the
deposits they overlie (units A-H).

Units I and I continue to accumulate modem sed-
iment deposits. The extensive upper surfaces of units
H. I, and J and lesser exposed surfaces of units E and G
are the stratigraphic units most subject to future erosion
because of their location at the land surface.

Interpretations of Stratlgraphic-Age Relations of
the Cross-Channel Trench Deposits

The oldest sediments deposited on the Tiva Can-
yon Member of the Paintbrush Tuff (Miocene) bedrock
floor of the North Fork Coyote Wash channel at the site
of the cross-channel trench are sediments believed to
be of debris-flow origin; this deposit probably is of late
Pleistocene age (unit A). At this site, no evidence of
flooding and debris movement remains from the late
Tertiary or early Pleistocene time, a cumulative time
period of several millions of years. Undoubtedly,
intensive runoff occurred during that prolonged period
because the bedrock channel was eroded during that
time. Sediment deposits of unit B likely are younger
than those of unit A because they are clearly less indu-
rated; these deposits possibly are of late Pleistocene or
early Holocene (?) age. Unit B sediments also appear

to consist mainly of debris-flow deposits. Thus, the
differing induration of the deposits of units A and B
indicates that at least two episodes of debris flows
occurred at this site during late Pleistocene or early
Holocene time.

The oldest appearing nonindurated deposits,
based on stratigraphic position (pl. 1), are those of unit
C, also probably debris-flow deposits. By their strati-
graphic positions, units D, E, and F are the next young-
est deposits; all three of these units seem to have been
deposited by Newtonian (water-dominated) flows, but
whether each unit represents a separate runoff or
whether all, or most, were deposited by the same runoff
is not known. Debris-flow deposits of unit G seem to
be of younger age than the units they overlie (units A-
F); thus, evidence exists within the nonindurated
deposits of at least a second episode of late Quaternary
debris-flow activity following the episode recorded by
indurated deposits of unit A. Deposits of units C
through G currently (1992) are believed to be mainly of
Holocene age, as is discussed below.

Deposits of units H and I are evidence of rela-
tively recent floods believed to have been Newtonian
fluids. Modem slope-wash deposits of unit) likely are
products of hillslope-erosion processes and are approx-
imate time equivalents of the channel deposits of units
Hand I.

Pedogenic alteration (stage-I carbonate deposi-
tion), a time-dependent process, of units C through G
indicates that those deposits may be relatively old.
Also, the zone of carbonate deposition generally con-
forms to the land-surface topography. In general
appearance, the intensity of carbonate coatings on
clasts differs laterally and vertically throughout the
roughly 3-ft-thick zone of carbonate precipitation (p1.
1). The textural units that evidence the most prominent
whitish color as imparted by the particle coatings are
those containing the largest fragments or largest con-
centrations of coarse fragments. The fine-textured
units do not display the whitish-color coatings as viv-
idly as do the coarse-textured units. However, on
closer examination, although they seem less white in
gross appearance, the finer textured zones and units
also have stage-I carbonate coatings on individual par-
ticles, mainly on the undersides of the clasts. Machette
(1985, p. 8) discusses the apparent visual differences in
pedogenic carbonate accumulation within deposits of
variable texture: "The soil in coarse-grained material
appears stronger in outcrop, mainly because coarse
sands and gravels have less surface area to coat with
carbonate than do silts and clays."
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Gile (1975, p. 358), from onsite evidence in the
area near Las Cruces in southern New Mexico, believes
that carbonate accumulations in soil horizons are the
most common and best pedogenic indicators of the
ages of soils. He also notes that stage-I carbonate hori-
zons are a major feature of Holocene-age pedogenesis.
Gile discovered pebbles that had discontinuous carbon-
ate coatings younger than 1,130 years before present
and pebbles that had continuous carbonate coatings
younger than 2,120 to 2,850 years before present
Gile's conclusions, assuming they apply to southern
Nevada, indicate that the deposits containing the zone
of stage-I carbonate deposition could be on the order of
one thousand years old or older. Whether soil-forming
processes in New Mexico are equivalent or comparable
to those at NTS is uncertain. Therefore, an absolute
age of the land surface underlain by the pedogenically
altered deposits cannot be determined until more is
known about local carbonate deposition rates. If local
carbonate deposition rates are similar to those
described by Gile for New Mexico, the land surface
could be as young as a few thousand years.

Only a possible trace of a cambic-B soil horizon
is present at the top of the exposed upper surface of unit
G. This indicates that units C, E, and G might not be
very old. Thus, the age of the upper surface defined by
the tops of units C, E, and G could be from one to sev-
eral thousand years old. The apparent lack of any irre-
futable evidence of pedogenic alteration of deposits of
units H, I, and J, combined with their stratigraphic posi-
tions, indicates that they are quite modern; the deposits
of unit I probably are periodically reshuffled during
moderate runoffs that can occur approximately once a
decade on the average.

In summary, stratigraphic evidence exposed by
the cross-channel trench in North Fork Coyote Wash
indicates five probable major floods in North Fork Coy-
ote Wash during the late Quaternary: (I) An unknown
number (one or more) of intensive runoffs during late
Tertiary and Pleistocene times abrasive enough to
carve the bedrock channel into the Tiva Canyon Mem-
ber, (2) at least two severe floods, possibly during late
Pleistocene or early Holocene time, which emplaced
the debris-flow deposits of stratigraphic units A and B;
(3) at least two later severe floods, which emplaced the
debris-flow deposits of stratigraphic units C and 0.
Stratigraphic relations within the cross-channel trench
disclose an incomplete record of flooding in North Fork
Coyote Wash. The absence of a continuous record of
stamflow deposition indicates that some streamflows
did not leave a depositional record and some stream-
flows could have removed evidence of prior deposition.
Thus, an unknown number of severe floods could have

occurred at unkown times in the past that are not doc-
umented by deposits at this site. The water-dominated
(Newtonian fluids) late Quaternary flood, or floods,
which emplaced the deposits of units D, E, and F. and
an unknown number of modem floods that emplaced
the deposits of units H and I collectively indicate that
severe floods could have occurred frequently in Coyote
Wash during late Tertiary and Quaternary times.

T.Shapod Trench

A T-shaped trench was excavated in unconsoli-
dated sediment deposits about 180 ft downstream from
the previously described cross-channel trench of North
Fork Coyote Wash. The deposits trenched are adjacent
to the south side of the active channel of the wash. The
approximately 4-ft-deep trench exposed the statigra-
phy of deposits that are characterized by a convex lobe-
shaped surface. The surface is strewn with large cob-
bles and small boulders; it resembles the common surf-
icial configuration of the distal end of a debris-flow
deposit.

The leg part of the T-shaped trench (T-leg) is
aligned approximately parallel to the probable direc-
tion of flow that deposited the debris; thus, the crossbar
part of the T (T-bar) is roughly perpendicular to the
probable flow direction. Sediments exposed by the
T-bar part of the trench seem stratigraphically complex;
delineations and interpretations of different strati-
graphic units therein were uncertain. As in the instance
of the cross-channel trench, stratigraphic units or sub-
units, or both, were differentiated visually on the basis
of perceived textural differences within the deposits, as
exposed in the trench walls.

Stratigraphic complexity of the T-bar part con-
trasts with stratigraphic simplicity within the T-leg
pat Because of this wide variation in complexity, the
stratigraphic units for both parts of the T-shaped trench
are first described without interpretation of the origin or
ages of the deposits. Following these descriptions, the
various units of the T-trench are interpreted tentatively
by comparison and likely correlation of units between
the T-bar and T-leg parts and by attempts at correlations
of stratigraphic units in the T-shaped tench with units
in the upstream cross-channel trench. The common
features of trench sediments discussed earlier also
apply to sediments of the T-shaped trench.

Western Wall of the T-Bar Trench

Strarigraphic units exposed in the trench wall are
shown by a sketch on plate 1; a photograph of the
torech wall is shown in figure 10. All deposits of the
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T-bar part of the T-shaped trench have clasts coated
with a stage-I carbonate precipitate.

Units K, L, M, and N

Sediments of unit K dominantly are composed of
chip gravel; the majority of fragments have average
particle diameters of about 05 in.; some scattered par-
ticles are as large as 3.5 in. in diameter The mostly
sandy matrix includes a minor part of the deposit
(table 2). The Trask sorting coefficient for sample
9 from unit K is 6.5. Sediments of the unit have slight
internal bedding.

Sediments of unit L are a heterogeneous mixture
of unconsolidated particles of various size, most of
which average about 2.5 in. in diameter. Some scat-
tered clasts have major diameters as great as 9 in. The
abundant matrix consists of sand- and fine-size parti-
cles. The unit has a distorted lens shape (pl. 1), and
deposits show no evidence of internal bedding.

Unit M also is a distorted lens-shaped body con-
taining a heterogeneous mixture of fragments of vari-
able size; deposits are texturally similar to those of
unit L. Diameters of some particles are as large as
about 4.5 in. Interstices between the coarser fragments
are filled with an abundance of sand and finer grained
particles. No internal bedding is evident within the
unit.

Unit N is lens shaped and unconsolidated and its
deposits are texturally similar to those of units L and
M. The coarsest fragments in the unit average 2.5- to
3.5-in. in diameter, and the coarse-grained fraction is
supplemented by an abundant matrix of sand- and fine-
size particles (table 2). Sediments of the deposit have
no internal bedding. The Trask sorting coefficient of
sample 10 from unit N is 4.9.

Unit 0

Unit 0 is a lens-shaped deposit of unconsoli-
dated coarse-grained particles, most of which are 1- to
2.5-in. in diameter, some fragments are as large as 6 in.
Voids between the particles am empty (no matrix), and
structural strength of the deposit is the result of fric-
tional interlocking between the coarse-grained frag-
ments. No internal bedding is evident in the deposit.

Units P and 0

Unit P is also lens shaped and unconsolidated
and its sediments contain a heterogeneous mixture of
particles of various size, and some clasts are as large as

about 6 in. in average particle diameter. Most of the
coarse clasts are in the 1- to 3.5-in. average-diameter
range. The deposit is texturally similar to units L, M,
and N. It has an abundant matrix of sand and finer size
material. No internal bedding of sediments is evident.

Deposits of unit Q are a heterogeneous agglom-
eration of particles of mixed size, and some boulders
average about 1 ft in diameter The largest of these
boulders are about 15 ft along the major axis. The
boulders and smaller size coarse-grained fragments are
interspersed with an abundant matrix of sand and finer
size material. The surface of the deposits that comprise
this stratigraphic unit contains scattered concentrations
of large cobbles and small boulders. The sediments are
unconsolidated and unbedded.

Unit J

A small tongue of modem slope-wash deposits
(colluvium) is on the surface of the southern extent of
the trench wall. Lithologically and texturally, this unit
is similar to the slope-wash deposits of unit J in the
upstream cross- channel trench; therefore, it also was
labeled unit J in this trench, and it is considered to cor-
relate stratigraphically with modem slope-wash depos-
its upstream and downstream in North Fork. Coyote
Wash.

Southern Wall of the T-Leg Trench

Stratigraphic units exposed in the trench wall are
shown by a sketch on plate 1. They also are pictured in
the composite photograph, figure 11.

Unit R

Sediment deposits of unit R mainly are com-
posed of chip gravel having a dominant fragment size
of about 05-in. average diameter The deposits include
some scattered larger clasts of small cobble size as
large as about 5 in. in diameter. The matrix makes up
a minor part of the deposits; however, sand-size frag-
ments dominate the matrix (table 3). Sediments of unit
R seem to have very slight internal bedding, although
specific layers are rather obscure and cannot be traced
laterally. This visually slight horizontal layering is
shown in figure 11. A zone of carbonate-coated clasts
extends tdrough part of the unit (pl. 1). The carbonate
coatings appear to be a stage-I carbonate precipitate
resulting from pedogenic alteration of the deposits.
The Trask sorting coefficient for sample 8 of unit R is
4.8 (table 2); this is small compared with coefficients of
most of the other trench samples.
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Unit S

Unit S comprises a massive deposit containing a
heterogeneous mixture of particles of various sizes.
Most of the coarse-grained fraction consists of frag-
ments in the 1- to 3-in, average particle-size range; the
deposit includes some randomly scattered boulders as
large as about 1 ft in diameter. A sand and finer grained
matrix fills the interstices between the coarse-grained
fragments of the deposit. Two samples were collected
from unit S for particle-size analyses; sample 6 proba-
bly is representative of the bulk of the deposit, and sam-
ple 7 was collected near the downstream terminus (toe)
of the deposit Both samples verify the large range of
particle sizes present The Trask sorting coefficient of
8.9 for sample 6 is second only to sample 1 of unit A in
affirmation of poor sorting.

No evidence of internal bedding was detected
within the deposit of unit S, although a sense of particle
orientation, or fabric, is portrayed visually by the
coarse-grained clasts (fig. 11). The surface of the
deposit is mantled by a concentrated layer (I and 2 par-
ticles thick) of coarse fragments; many are the size of
small boulders (about 1 ft in average diameter) mixed
with some cobbles of medium and large size. The areal
density of coarse fragments that cover the land surface
of unit S is about 80 percent. Surface and near-surface
clasts commonly are not coated by carbonate precipi-
tate; however, clasts within the unit below an average
depth of about 1 ft beneath land surface (pl. 1) are
coated with a stage-I carbonate precipitate, similar to
unit R described previously.

Unit J

A thin, areally restricted deposit of modem slope
wash mantles the distal (east) end of the trench wall.
This deposit is lithologically and texturally like the
modem slope wash of unit J exposed by both the T-bar
component of the T-shaped trench and the upstream
cross-channel trench; therefore, this deposit is labeled
as unit J. and it is considered a downstream extension
of unit J described earlier for the cross-channel trench
and the T-bar component of the T-shaped trench.

Sedlmentologtcal Interpretations of T-Trench
Deposits

As stated earlier, sediments exposed in the T-bar
component of the T-trench appear stratigraphically
complex in contrast to sediments of the T-leg compo-
nent, which is just a few feet downslope. This interpre-
tation will begin with the simple stratigraphy and
progress to the more complex.

Because of their very slight internal bedding,
deposits of unit R of the T-Ieg trench are interpmeted to
have been deposited by a water-dominated flow (New-
tonian fluid). Also, the relatively low T*sk sorting
coefficient (4.8) indicates better particle sorting than
that indicated for most units of the treches and thereby
favors the interpretation of water-dominated deposi-
don. The statigraphic position of unit R, beneath
unit S. indicates that it is older than unit S. The sharp
contact between units R and S (fig. 11) indicates that
the two units were emplaced by separate flows. The
heterogeneity of particle-size distribution, large Trask
sorting coefficients (5.2-8.9), lack of internal bedding,
marked con tration of coarse clasts at the surface,
and the hummocky, convex, and lobelike surface form
of unit S are classic characteristics of debris-flow
deposits.

The zone of stage-I carbonate coated clasts that
transects units R and S attributes some degree of antiq-
uity to the deposits (units R and S), as described for car-
bonate coated deposits of the cross-channel trench.
Lack of induration or consolidation of these deposits
(units R and S) is interpreted as indicating that the
deposits probably are younger than the deposits of unit
A in the cross-channel trench. The deposits of units R
and S likely are of late Quaternary age, probably
Holocene. Because of the pedogenic indication of
antiquity (stage-I carbonate accumulation), sediments
are assumed to have been emplaced several thousands
of years ago.

Deposits exposed in the western wall of the T-bar
component of the T-shaped trench seem more strati-
graphically complex than those of the T-leg trench
described previously. Units Q and J resemble previ-
ously described stratigraphic units and therefore are
discussed first. Unit Q has many of the same lithologic
and textural characteristics of unit S of the T-leg wench
component; therefore, unit Q also is interpreted to be a
debris-flow deposit and tentatively is correlated as a
stratigraphic equivalent of unit S. The modem slope-
wash that comprises unit J also correlates well in all
respects with the modem slope-wash units of the T-leg
trench component and with those of the cross-channel
trench upstream: Therefore, the i-unit designation was
assigned to modem slope-wash (colluvial) deposits at
all trench sites.

Interpretations for the six units K through P are
more tenuous. Deposits of unit K visually resemble in
texture and lithologic character those of unit R of the
T-leg trench component, indicating that the deposits of
unit K probably were emplaced by a Newtonian fluid
(a hydraulically water-dominated mixture of water and
sediment) rather than by a debris flow. However, the
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large Trask sorting coefficient (6.5) for the sample from
this unit strongly indicates a debris-flow origin.
Deposits of unit K are complexly interbedded, or inter-
spersed, with lens-shaped units L through 0. Units L,
M, N. and P evidence the earlier described textural
characteristics that are diagnostic of debris-flow depos-
its, except that the sample of unit N has a relatively
small Trask sorting coefficient (4.9) compared with that
of most other trench samples. Unit 0 is an unusual
lens-shaped variant that will be discussed separately.
The stratigraphic configuration displayed by this
admixture of contrasting textural characteristics (unit K
compared with units L through 0; pl 1) indicates that
unit K stratigraphically is akin to a matrix that more or
less engulfs the lenrticular-shaped units L through 0. If
the textural evidence has been correctly interpreted,
and the sediments of unit K were deposited by a New-
tonian fluid (whereas units L, M, N, and P are debris-
flow deposits), a description of the depositional
sequence and processes responsible for the various
units is difficult, if not impossible, at present.

Another viable hypothesis, regarding the mass
of deposits exposed in the T-bar component of the
T-shaped trench, is that they are collectively part of a
single debris-flow deposit. The complex stratigraphic
relations exposed by the trench can represent complex
internal hydraulic processes active within the mass of
moving debris before it came to rest.

Unit 0 is unique among the stratigraphic units
exposed in all trenches in Coyote Wash, because the
interstices between the particles of the deposit (gravel-
size fragments) are air filled, rather than filled by sand
and finer grained sediments. In cross section, deposits
of the unit-0 lens resemble coarse-grained surficial
deposits scattered in channels and on slopes around the
Yucca Mountain area that similarly are devoid of inter-
stitial filling within about the first foot below land sur-
face. These types of surficial deposits have been noted
or examined by several other geomorphic investigators
at NTS, including DL. Hoover, W.J. Carr, and J.W
Whitney (U.S. Geological Survey, oral commun.,
1984), but no consensus on origin of these coarse-
grained, open-boxwork deposits yet exists. This author
believes they are fluvial bedload deposits emplaced by
Newtonian (water-dominated) fluids.

Unit 0 originally might have been a surficial
deposit of open-void coarse particles (like those just
discussed), which was overrun by the debris flow
carrying the sediments that were deposited as unit Q. If
the viscosity of the overriding debris flow was too large
to allow downward, gravity-induced percolation of the
fine-grained, debris-flow matrix into the interstices of
unit 0 deposits, the coarse-grained lens could have

been buried and preserved as the open-boxwork
deposit, now exposed by the trench. However, this
hypothesis is speculative.

In summary, the evidence revealed within depos-
its exposed by the T-shaped trench indicates that at
least major parts of these units resulted from debris-
flow activity. Uncertainty exists about the number of
debris flows involved in deposition of the total mass
and whether major stratigraphic components of the
mass were emplaced by Newtonian fluids during floods
not associated with those responsible for the debris-
flow deposits. The small apparent pedogenic alteration
of the mass of deposits exposed by the T-shaped trench
indicates the deposits possibly are several thousand
years old; however, their nonindurated character indi-
cates they were emplaced during late Quaternary time.
In addition to the correlations of unit I (modem slope
wash) among all trenches and trec h components, and
the probably logical correlation of debris-flow deposits
of units Q and S within the T-trench, a hypothesis
seems reasonable for tentative correlation of debris-
flow deposits of unit G in the cross-channel trench with
those of units Q and S of the T-shaped trench.

Channel-Surface Features In the Vicinity of
the Trenches

Topographic profiles of several stream-channel
features of North Fork Coyote Wash, upstream from
the proposed shaft site, were constructed (figs. 12-13).
The present channel thalweg, two right-bank (south)
and one left-bank (north) stream terraces, and one
channel cross section about 100 ft upgradient from the
upstream cross-channel trench were profiled. Eleva-
tions and distances were measured by using a survey-
ing level and stadia rod.

The profile of the active channel thalweg (fig. 12)
slopes fairly uniformly at nearly 10-percent grade for
about 0.2 mi, from a distance of about 500 ft upstream
from the upper cross-channel trench, downstream to
the proposed exploratory shaft sites. Several higher
terrace segments have been preserved on deposits
along the wash.

The following description and interpretation of
channel profiles (shown in fig. 12) were suggested by
John Bell, Nevada Bureau of Mines and Geology (writ-
ten commun., 1985).

According to John Bell, if the general slope of
the upstream left-bank (north) terrace is projected
downstream, it merges with the slope and vertical posi-
tion of the right-bank (south) terrace No. I [see dashed
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line projection in figure 12]. The simple merge of these
two terrace segments strongly suggests the segments
represent paired terraces and, as such, are evidence for
the location and slope of the bed of the wash at some
earlier time. The shorter segmented, right-bank terrace
No. 2, although of similar slope to the higher terrace
pair, clearly represents the position and slope of the bed
of the wash at some later time because of its lower posi-
tion. Still younger (lower) is the present-day channel
thalweg. Both the upper paired terraces and right-bank
terrace No. 2 appear to be vertically converging down-
stream with the present-day active channel thalweg of
the wash; at the upstream end, the left-bank terrace and
the thalweg profiles are about 15 feet apart vertically,
and at the downstream end right-bank terrace No. 1 and
the thalweg are only 3 feet apart.

The apparent downstream convergence of the
slope of the oldest terraces with the slope of the
present-day channel thalweg suggests some note-
worthy drainage system change between the present
time and the time that the oldest terraces were formed.
The precise cause of this slope convergence is not
known; one possible cause might be tectonic activity in
the area. Right-bank terrace No. 2, of intermediate rel-
ative age, is not long enough to determine a projected
average slope. Thus, its slope cannot be confidently
compared with the upper (older) terrace system or with
the present channel gradient. The three-tiered vertical
separation of the terraces and thalweg profiles suggests
at least two notable episodes of channel downcutting
during late Quaternary time.

The cross-channel and T-shaped trenches cut
through or into the right-bank terraces, which are
underlain by unconsolidated sediment deposits. These
terraces are younger than, or contemporaneous with,
the youngest of the underlying deposits, namely the
debris-flow deposit of unit G. which was previously
described as possibly not over a few thousand years
old. Thus, the formation of the terraces on the deposits
indicates that at least two major runoffs (those that
sculptured the terrace surfaces) might have occurred
during late Quaternary time after the emplacement of
the mass of unconsolidated deposits that is exposed by
the cross-channel trench. The deposits probably repre-
sent several floods, as was previously discussed; evi-
dence of additional floods probably is missing because
of erosion or nondeposition during the prolonged evo-
lution of the deposits and terraces. Thus, the deposits,
terraces, and general channel morphology are likely
products of at least one-half dozen or more major
floods during the late Quaternary. As noted earlier, two
deposits (units A and B, pl. 1) are likely the result of at
least two late Quaternary floods; the number of earlier

floods that carved the bedrock channel, prior to
emplacement of the earliest preserved deposits, is
unknown.

Magnitude of a Large Prehistoric Flood

The immediately foregoing sections of this
report describe geologic evidence of past floods and
debris flows in North Fork Coyote Wash. The data
verify the occurrenc but do not disclose the magni-
tudes of several notable floods. The evidence also ten-
tatively indicates a late Quatemnary age for the majority
of those floods, thus indirectly indicating a reasonable
probability that more floods of similar character can
occur during the next several thousand years. The
physical characteristics of some of the paleoflood
deposits indicate that they were emplaced as non-New-
tonian debris flows; other deposits resulted from New-
tonian (water-dominated) flows; still others are of an
uncertain hydraulic origin.

Surficial channel deposits near the trenches
include a number of boulders. A technique to recon-
struct peak-flow rates of flash floods that is based on
the size of boulders deposited by the peak flows of
Newtonian fluids was described by Costa (1983). The
technique relates the average size of the five largest
boulders, believed to have been transported in a single
flood, to the flow velocity required to transport them to
the site of deposition. The average boulder size is used
in conjunction with measured channel slope to empiri-
cally determine the average depth of the flow that trans-
ported the boulders. By use of cross-section profiles of
the present channel near the boulders (fig. 13), the
assessment of average depth enables subsequent deter-
minations of channel width and cross-sectional flow
area, as indicated by present channel conditions. The
values derived for average velocity (V) and cross-sec-
tional flow area (A) subsequently are inserted into the
flow equation, Q=VA, to determine a likely magnitude
of peak-flow discharge (Q) in the general locale of the
boulders.

Costa applied his method using the surficial
boulder deposits near the trenches at North Fork
Coyote Wash. Ihe boulders were all assumed to have
been deposited by the same flood and to be correlative
with stratigraphic unit I or possibly unit H of plate 1
(modem channel deposits). Average length of the
intermediate (b) axes of the five largest boulders was
3.2 ft. yielding an average velocity of 14.8 ftls; average
depth for the channel slope of 0.093 was determined to
be about 3.2 ft derived upstream cross-sectional area
was 161 ft2, and derived downstream cross-sectional
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area was 167 ft2. Peak discharge required for the boul-
der transport was calculated to be about 2,400 f&/s.
This estimate of flow was based on the present physical
character of the stream channel combined with the evi-
dence of sediment transport by some earlier flow. The
proximity of the boulders to the sites of the proposed
exploratory shaft indicates that concurrent flows from
North Fork Coyote Wash, of the same general magni-
tude, probably also occurred at the proposed shaft
sites.

The estimate of peak discharge (2,400 ft3Os) can
be used to estimate the expected magnitude of future
big floods in North Fork Coyote Wash. An assumption
critical to the validity of the results is that the boulders
were all emplaced by the peak discharge of a Newto-
nian fluid during one specific flood. This assumption
was made for the purpose of applying this technique,
even though onsite evidence is inadequate to verify the
assumption. The possibility exists that the boulders are
exhumed remnants of earlier non-Newtonian debris
flows; if that is true, the results reported here are
invalid. Regardless of the hydraulic mode of transport,
the boulders imply a debris-transport hazard. Assum-
ing the results are valid, however, they indicate that a
future flow of at least 2,400 ft3/s can be anticipated.
Also, as Costa suggests (1983, p. 986), application of
this technique could result in an underestimate of the
peak-flow rate if that rate was competent enough to
move boulders larger than those available.

locations at which floods were observed. As flood data
accumulate with the passage of time, the relation tends
to improve or be redefined. With the passage of time,
floods may occur that are larger than those shown for a
given size basin on the envelope curve. Those larger
floods then lie graphically outside of the envelope
curves; as the outliers accumulate, they tend to redefine
the envelope curve and better describe the relation
between drainage basin size and peak discharges of the
potentially largest floods to be expected for varying-
size basins.

A quantitative update of the flood envelope curve
for drainage areas smaller than 200 mi2 was presented
by Matrhai (1969, p. B6), in which he developed the
following equation:

I QL--l 1,000 A0 61

MAGNITUDES OF POTENTIAL FUTURE
FLOODS

Empirically derived calculations can also be
used to estimate the possible magnitudes of future
floods. These empirical techniques mainly are based
on data collected from historic floods or storms, or
both, that occurred during the last 100 years. Several
of the more widely used methods were applied to
Coyote Wash drainage; a discussion of these methods
follows.

Flood magnitudes are strongly related statisti-
cally to drainage-basin areas. Relations between the
observed peak discharges of the highest magnitude
floods from drainage basins of different sizes, within
specific geographical regions, can be depicted graphi-
cally. The resultant graphs are commonly known as
flood envelope curves. These curves can in turn be
used to make reasonable estimates of very large flood-
flows to be expected within the specific geographic
area of interest. The accuracy of the curves is limited
by the length of the flood records and the number of

where

Q = peak discharge in cubic feet per second; and

A = upstream contributing drainage area, in
square miles, for drainages that range from 1 to
200 mi2 .

If the equation is extrapolated to smaller drain-
ages, an estimated peak discharge for North Fork Coy-
ote Wash (drainage area = 0.094 mi2) is calculated to be
about 2,600 ft3/s.

Extrapolation of regression relations or the equa-
tions beyond the range of data used to define the rela-
tions is risky, because estimates do not represent real
data and are considered speculative. At least two
hydrologists advise against extrapolating Matthai's
relation for drainage basins smaller than I mi2 (B.N.
Aldridge and J.E. Costa, U.S. Geological Survey, oral
and written commun., 1984). They believe Matthai's
equation generally overestimates the magnitude of
peak flows that could be expected from drainage areas
of less than 1 mi2.

B.N. Aldridge (U.S. Geological Survey, written
commun., 1984) extended Matthai 's envelope curve for
drainage basins smaller than 1 mi2 by using numerous
peak-flow data from throughout the United States.
According to Aldridge's unpublished extension of Mat-
thai's curve, the maximum discharge to be expected
from North Fork Coyote Wash would be on the order of
about 1,000 ft3/s Costa (1987, fig. 2) recently devel-
oped a similar envelope curve relating peak discharge
to drainage-basin area for the largest rainfall-runoff
floods measured by indirect methods on small streams
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in the conterminous United States. Costa's curve indi-
cates that the largest expected discharge from a drain-
age area of about 0.094 mi2 area would be about
900 ft3/s.

Crippen and Bue (1977) also developed a set of
envelope curves that relate peak-streamflow discharges
of extreme floods to drainage-basin areas. The curves
are based on measurements of peak discharges made
prior to October 1974; as such, they define the upper
limit of streamflows to be expected ftom various size
drainage basins on the basis of date collected through
September 1974. Crippen and Bue divided the 48-con-
terminous-State area of the United States into 17 geo-
grapic regions and developed separate envelope
curves for each region. The curve for the region that
includes the Yucca Mountain area (Crippen and Bue,
1977, Region 16, fig. 18, p. 15) indicates that the peak
discharge of the potential-maximum floodflow for a
drainage basin area of 0.1 mi2 would be about
1,000 ft3/s. They state (p. 4) that with the continued
passage of time, floods more extreme than those used
to develop the curves may occur, and that these addi-
tional data should be used for the continuing evolution
and redefinition of the envelope curves. Crippen
(1982) reviews the earlier work of Crippen and Bue
(1977) and defines the regional envelope curves by
equations. Solving the equation for the region that
includes Yucca Mountain (Region 16), the peak dis-
charge of the potential-maximum floodflow for a drain-
age area of 0.094 mi2 (approximately 0.1 mi2 ) is
926 ft3/s. This discharge is consistent with the
1,000 ft3/s discharge extracted from the earlier curve of
Crippen and Bue (1977) for adrainage areaof 0.1 mi2.
Envelope curves depict the known upper limits of flood
discharges for different size drainages; as such, there
are no specific recurrence intervals associated with dis-
charges that are extracted from the curves.

A comparison of the results obtained from the
runoff-area relations described previously indicates
that estimates of potential maximum peak runoff from
North Fork Coyote Wash could range from 900 to
2,600 f03/s.

Other techniques probably are available to
increase the estimative range; however, research and
application of all available techniques are beyond the
scope of this investigation.

Another empirical method to estimate the poten-
tial maximum-peak runoff is the calculation of the
Probable Maximum Flood (PMF). The method is
based on an estimation of the probable maximum mag-
nitude of rainfall over a drainage basin for a specific

time interval; the technique then routes the resultant
excess precipitation as streamnfow to the site of interest.
This method is recommended by the American Nuclear
Society for determining design-basis flooding at nuclear
reactor sites (American Nuclear Society Standards Com-
mittee, 1981). Use of this technique is also a requirement
of the U.S. Nuclear Regulatory Commission for Federal
licensing of a nuclear facility. The U.S. Bureau of Rec-
lamation determined a clear-water, PMF, peak discharge
forNorth Fork Coyote Wash (Bullard, 1986, table 10) of
about 1,600 ft3s. This determination was made for the
original proposed shaft site, which is just upstream from
the confluence of the North and South Fork tributaries of
Coyote Wash (fig. 2).

Such an intensive runoff rate would mobilize and
transport a substantial quantity of sediment and debris.
Hypothetically, a 55-percent volume increase over that
of clear-water flow could result (I.E. Costa, U.S. Geolog-
ical Survey, written commun., 1985). On that basis, the
1,600 ft3/s peak discharge of the PMF would increase to
about 2,500 ft3/s.

Results of the statistically and graphically derived
peak-flow rates described previously, the flow rate
derived using the boulder-size paleohydraulic technique
of Costa, and results of the PMF calculation as described
previously, are:

Mothods now Mat
mla.

Costa's (1983) boulder technique 2,400, or more
Mauhai's (1969) runoff-area envelope 2,600

curve
Aldridge's (unpublished)unmoff-area 1,000

envelope curve
Costa's (1987) runoff-area envelope 900

curve
Crippen and Bue's (1977) runoff-area 1,000

envelope curve
U.S. Bureau of Reclarnation Probable 2,500

Maximum Flood for North Fork
Coyote Wash (Bullard, 1986)2

1B.N. Aldridge (U.S. Geological Survey, written comnurL,
1985).2Bullard's clean-water flow of 1.600 f/3ls was increased by
55-percent volume to accommodate anticipated entrained sedi-
ment load.

These techniques indicate results that differ sub-
stantially between the highest and the lowest estimates.
Thus, the estimate of flood peaks, with an acceptable
degree of confidence, is difficult when assessing small
drainage basins that are located in semiarid and ard envi-
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ronments. The critical and unresolved question is
which of the techniques, if any, adequately estimates
future flood-peak possibilities for Coyote Wash? The
answer is unknown at this time (1992). However,
because of the serious risks of flood hazards to the
transport, handling, and long-term storage of nuclear
materials, use of the more conservative estimates is
prudent; thus, a potential flood-peak discharge of com-
bined water and sediment as large as 2,500 f03/s for
North Fork Coyote Wash is indicated. Also, South
Fork Coyote Wash, the other major tributary to the
shaft site, has a similar drainage area (South Fork =
0.105 mi2; North Fork = 0.094 mi2) and similar terrain;
thus it would be expected to be capable of yielding sim-
ilar peak flows. Because of the nearly identical charac-
teristics of both tributary areas and their proximity (fig.
2), a storm capable of causing flooding in one tributary
is expected to similarly flood the other tributary, and
their peak-flow rates at the mouths, roughly at the sites
of the potential shaft, probably would be cumulative.
Thus, heavily laden debris flows that have discharges
as large as 5.000 ft3/s can be anticipated in Coyote
Wash.

SUMMARY AND CONCLUSIONS

An exploratory shaft, planned as a part of a pro-
gram to evaluate the suitability of Yucca Mountain for
construction of an underground repository for storage
of high-level nuclear wastes, was tentatively sited orig-
inally in the stream channel of Coyote Wash, Yucca
Mountain, Nye County, near the Nevada Test Site. The
original shaft site was within the flood plain of the
ephemeral channels at the junction of the north and
south forks of the wash. Because this site was vulner-
able to hazards of intense floods and the precise range
of potential flood magnitudes and their potential recur-
rence frequencies for Coyote Wash are unknown, the
shaft site was relocated on a bedrock terrace slightly
higher than, and a short distance northeast of, the allu-
vial flood plain to render it less susceptible to flooding
hazards. The drainage terrain is rugged and generally
steep; sparse vegetation and thin soil cover cause effli-
cient runoff from intense rainfall. The flooding history
of Coyote Wash was investigated by examining chan-
nel and flood-plain deposits upstream from the tenta-
tive exploratory shaft sites in North Fork Coyote Wash.
Trenches were excavated in unconsolidated deposits to
permit their examination to characterize and chronicle
past flood events. The stratigraphic evidence confirms
recurrent prehistoric flooding that was, in most
instances, accompanied by episodes of intense debris
movement. Although evidence of multiple floods was
discovered, the record of sediment deposition and,

hence, the flood record, is incomplete. Erosional
unconformites exist between some straigrphic units,
indicating a complex history of alterating deposition
and erosion in the stream channel and flood plain; the
extent to which older flood deposits were removed by
these episodes of erosion is unknown.

Some of the deposits exhibit textural features
commonly characteristic of sediments that have been
emplaced by debris flows-that is, the hydraulic char-
acteristics of the moving fluid mass were dominated by
debris rather than by water. Other deposits probably
were emplaced by water-dominated flows that had
hydraulic characteristics of Newtonian fluids. The
upper unconsolidated stratigraphic units, which are the
result of multiple flows, are tentatively dated as late
Quaternary. Some, and possibly all of the deposits
were emplaced during the Holocene (last
10,000 years).

A stage-I pedogenic carbonate zone, about 3 ft
thick, conforms to the land-surface profile and mantles
most of the nonindurated deposits at a depth slightly
below the land surface. The pedogenic carbonate indi-
cates some degree of antiquity for the underlying
deposits, but the rate of carbonate accumulation in the
vicinity of Yucca Mountain is unknown. The lack of
well-defined, B-horizon, soil development above the
carbonate zone indicates a young age; thus, a tentative
age range of several thousand years is assigned to the
uppermost deposits that contain pedogenic carbonate.
Deposits on presently active flood plains are younger
than 1,000 years.

Nonindurated deposits unconformably overlie
semi-indurated deposits of slightly less volume and lat-
eral extent. The semi-indurated deposits are tentatively
assigned a late Pleistocene or early Holocene (?) age on
the basis of their indurated character and color, which
contrast with the nonindurated, overlying deposits.

Stratigraphic analyses of the trenched deposits
confirm a history of recurrent flooding during at least
the last 10,000 years. It was not possible to evaluate
quantitatively the magnitudes of these recurrent floods
on the basis of stratigraphic evidence; qualitatively,
magnitudes vary from small to large. Stratigraphic and
geomorphic evidence indicate that at least one-half
dozen and, very likely, many more severe floods
occurred during the late Quatemary. Evidence of ear-
lier Quaternary flooding is sparse, but numerous floods
probably occurred during that much longer time span.
Eadier floods, possibly during late Tertiary time, cut
stream channels in the underlying tuffaceous bedrock.

A hydrologic technique that estimates peak-flood
discharge on the basis of sizes of larger boulders depos-
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ited in the channel was applied to North Fork Coyote
Wash. Application of this technique indicates peak dis-
chares of about 2,400 ft3/s might have occurred some-
time during the recent past (probably during the last
few thousand years).

Four estimates of potential maximum discharge,
based on drainage area, were made using empirical
techniques; the estimates range from 900 to 2,600 fO3As.
A probable maximum flood computation resulted in a
clear-water, peak-flow estimate of about 1,600 ft3/s.
Adjusting that rate for a reasonable volume increase
caused by entrained sediment indicates that the result-
ing peak flow might be on the order of 2,500 ft3/s.

On the basis of sparse present knowledge, con-
sidering the large range of the previously described
estimates (900 to 2,600 fOAs), a possible peak flow of
sediment-laden fluid of about 2,500 ft3/s can be antici-
pated in North Fork Coyote Wash (drainage area of
about 0.094 mi2). South Fork Coyote Wash (drainage
area of about 0.105 mi2) also can be expected to flow
as much as 2,500 OA3 s. The tributaries join near the
proposed shaft site; thus, a possible cumulative peak
flow as large as 5,000 fO/s can be anticipated at the site.
Any flood at the proposed shaft site on the order of sev-
eral thousand cubic feet per second would move sub-
stantial quantities of debris, including boulders up to
several feet in diameter. Stratigraphic evidence indi-
cates that very intense runoff also can occur as debris
flows.
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Figure 3.--Northwestward view of the site of the original potential

exploratory shaft for the nuclear-waste storage facility

(photographed from Live Yucca Ridge on March 17, 1984).
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from right to left; photographed on March 17, 1984).
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Coyote Wash (bottom of trench is at contact of alluvium with bedrock;

photographed on August 17, 1983).
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described on pl. IC; photographed on August 17, 1983).
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EXPLANATION XWORPJATUr-1

S DEBRIS-FLOW DEPOSIT'--Heterogeneous mass of particles of mixed size domi-

nated by small cobbles ranging in size from 1 to 3 in diameter with

some randomly scattered small boulders averaging about 1 Lt in diameter;

sandy matrix; unconsolidated and internally unbe da&, except for surface

layer of coarse fragments; fairly denseopacked surface layer of coarse

cla its (about 80 percent areal density) includes numerous particles averag-

in 17foottdiameter size-(small boulders) mixed with smaller, vast=E

ingIcobble sizes; surface and near-surface clasts not carbonate coated; clasts

below about 1 fr in depth have a stage-I coat of carbonate precipitate.

Lull WATER-DOMINATED FLOW DEPOSIT/--B'ominantly angular chips averaging about
0.54in. in diameter with . e coarser clasts of small cobble size

U_ & -- X4

(Uip-,t about 5 in. in diameter) randomly scattered throughout; matrix

la.vedy..sand; unconsolidated and weakly bedded internally; stage-I

carbonate coatings of some clasts in a zone continuous with the carbonate

zone of overlying unit.

| Q |DEBRIS-FLOW DEPOSIT/--Heterogeneous mixture of particles of variable size;

some mnlboulders as large as 1 ft in diameter; surface differentially

coated with large cobbles and small boulders; abundant matrix of sand and

finer size material; unconsolidated and internally unbsddedi stage-I

carbonate coating on most particles.

(-7- ''SISpv//, Sr I'm G
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P DEBRIS-FLOW DEPOSIT (?)j--Lens containing heterogeneous mixture of parti-

cles of variable size, with most clasts 1- to 3.5-inches in diameter;

texturally similar to units L, M, and N; most coarse fragments small cobble

size; some large cobbles present; abundant sand and finer grained matrix;

no perceptible internal bedding; unconsolidated; stage-I carbonate coating

on most clasts,'

O WATER-DOMINATED FLOW DEPOSIT (?)/--Lens containing mostly pebbles and some

cobbles, most 1 to 2.5 im. in diameter; voids empty (no matrix); no

perceptible internal bedding; unconsolidated; stage-I carbonate coating

on most clasts,

| ll DEBRIS-FLOW DEPOSIT (?)/--Lens of heterogeneous mixture of particles of
variable size; texturally similar to units L and M; coarse particles of

small cobble size; abundant sand and fine-grained matrix; no perceptible

internal bedding unconsolidated; stage-I carbonate coating on most particles/

ZI M |DEBRIS-FLOW DEPOSIT (?)f--Lens of heterogeneous mixture of particles of
%.W

variable size; diameter tp-do 4.5-in.; texturally very similar to

unit L; coarse particles of small cobble size; abundant fine-grained matrix;

no perceptible internal bedding; unconsolidated; stage-I carbonate coating

on most clasts/

-I',



L~ 1DEBRIS-FLOW DEPOSIT (?)/--Lens of heterogeneous mixture of particles of

variable size, most averaging about 2.5 in. in diameter; plentiful sand- and

finer size matrix; contains many small cobbles and occasional large

cobbles as large as 9 in-./in diameter; no perceptible internal bedding;

unconsolidated; stage-I carbonate coating on most clasts7-

K WATER-DOMINATED FLOW DEPOSIT/--Dominantly chip gravel with medium pebble-

size clasts; sand and finer grained matrix make up minor part of deposit;

unconsolidated with very slight internal bedding; stage-I carbonate coating

on most clasts,-

LI2IIISLOPEWASH DEPOSITi--Mixture of mostly gravel and fines with numerous
- owN, Vk_; ~'.

cobbles; occasional large cobbles and small boulders reryng p t;

abouit 6 in. in diameter; fine-grained component includes

substantial material of eolian origin; unconsolidated and unbedded

internally; moderne,

L IflCHANNEL DEPOSITS4--Mixture of fluvially reworked boulders, cobbles, and

gravel with voids partmlly filled mainly by fine pebbles and sand;

unconsolidated and poorly bedded internally; part of deposit adjacent

to and underlying current channel thalweg includes stage-II carbonate

precipitates; moderns

rain



L H |FLOOD DEPOSITSi--Heterogeneous mixture mainly of cobbles, gravel, and

fines; coarse fragments as large as 1.5 fr in average diameter; fines mainly

fine-to-medium sand including probable reworked eolian material;

unconsolidated and unbedded internally; fairly young(

|I GI|DEBRIS-FLOW DEPOSITi--Heterogeneous mixture of mainly cobbles, gravel,

and sand; contains some boulders as large as 1.5 ft in average diameter;

matrix largely fine sand, mue- of which probably is reworked eolian

material; unconsolidated with only a very slight internal bedding;

visibly prominent stage-I carbonate coating of coarse particles-

111111WATER-DOMINATED FLOW DEPOSIT/--Largely pebbles, 1 to 2 in. in average

diameter, with a plentiful sand matrix; much'ainCdfEat likely is

reworked eolian material; unconsolidated and very weakly bedded

internally; stage-I carbonate coating of clasts/

II E IWATER-DOMINATED FLOW DEPOSITI--Dominantly pebble-size chips with a
fine-grained sandy matrix; matrix m be largely of eolian origin; a

few scattered clasts rea _ up t about 2 in. in diameter; uncon-
A

solidated and weakly stratified internally; upper and northern part of

unit contains clasts coated with a stage-I carbonate precipitate/



| D |WATER-DOMINATED FLOW DEPOSIT,--Dominantly gravel averaging about 3 .i

in diameter; contains some scattered cobbles up-St 6 in. in diameter;
A

sandy matrix; much likely of eolian origin; unconsolidated and very weakly

bedded internallyX

LI C |DEBRIS-FLOW DEPOSITI--Dominantly cobbles averaging 2 to 4 in. in diameter
4 ., .

with a matrix of bles and sand; contains some cobbles ipnb8in";in

diameter; sand`eaerYe mostly reworked eolian material; unconsolidated and
upx--\-n

internally unbe-dded; generally appears to be coarser grained texture than

underlying unit B; clasts have stage-I carbonate coating. The northern

end of the deposit, near the active channel, contains stage-II carbonate

precipitate/

LIZ BDEBRIS-FLOW DEPOSIT/--Heterogeneous mixture of particles of various size;
* occasiona-l large particles averagwR in the 0.7- to 1.5-foot-diameter range;

coarse fraction is dominantly 2.5 to 4 in. in average diameter; dominantly

sand and finer-size particles matrix; muchrmayfe of eolian origin; slight

induration differentially present throughout deposit; lenticular mass at

base of northern one-half of deposit,-distinctively indurated; deposit shows

slight internal bedding; part of deposit adjacent to and comprising

present channel thalweg contains stage-II carbonate precipitate; overall

color more yellowish or reddish than units C-J/

I :�J r�Q



[3A]|PREDOMINANTLY DEBRIS-FLOW DEPOSIT/--Heterogenous mixture of coarse-size
tQWA

fragments and fines; contains some scattered boulders up-ca 1.5 ft in
A

maximum diameter; matrix contains higher percentage of clay than other

units; deposit noticeably indurated and -*nbedded internally; induration

largely result of carbonate cement; stringers of carbonate filament-like

precipitates throughout deposit;; upper part of deposit has large-size <

cobble layer coating surface, where cobbles vary in average-diameter from

about 3 to 10 in.. Overall color more reddish or yellowish than units C-J;

thin part at south is slopewash,.-

Stage-I carbonate developed on coarse (larger than sand-size) particles/

| :Stage-II carbonate precipitate on and around most particles of all sizes/

P~.ft4, K
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