Department of Energy
Washington, DC 20585

NOV 30 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
Assegsment 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,

Dw1ght E Shelor

Associate D1rector

Office of Systems and Compliance
Office of Civilian Radioactive

°‘é?{z/é;{j?ste Management
Enclosures: 6””

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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Los Alamos National Laborat
Los Alamos.New Mexico 8754

January 15, 1993
TWS-EES-13-01-93-023

Mr. Jim Beckett

GENISES Technical Datahase Administrator
RSL YMP Support Office

EG&G/Energy Measurements

P. O. Box 1912, MS V-02

Las Vegas, NM" 89125

Dear Jim,

SUBJECT: TECHNICAL DATABASE SUBMISSION FOR THE ERCSION TOPICAL
REPORT: LANL WORK ON ROCK VARNISH

Enclosed is the technical database submission and a ficppy disk for “Rock-Varnish Cation
Ratio Data” and “Rock-Varnish Dating Curve Calibration Sites.” Please enter the a*tached
information into the GENISES database:

1 Journa! article entitled “Scanning Eleciron Microscope Method for Rock-
Varnish Dating”;

2) Cation ratio data for calibration of rock-varnish dating curve for Yucea

oo . Mountain area

TR e e s I ey s« Crater Flat alluvial gurface, <~ 7 -, e=eem
b. Fortymile Wash lower a'luvial terrace (Q2B), and
¢ Fortymile Wash upper alluvial terrace (Q2C);

3) Table of disk VCRS to be used to calculate cation ratio for dzposit
{red cone lava flows); and

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

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

Sincerely,




Mr. Jim Beckett
January 11, 1993
TWS-EES-13-01-83023
Page 2

- Cy wiattach.:
. L. L. Lopez, EES-13, MS J521

Cy wh attach. -

J. A. Canepa, EES-13, MS J521

C. D. Harrington, EES-1, MS D462

A M. Simmons, DOE/YMP, Las Vegas, NV
H. Moomey, T&MSS, Las Vegas, NV
TWS-EES-13 File, MS J521
CRM-4, MS A150
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e
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Attachment 1

Scanning electron microscope method for rock-varnish dating

Charles D. Harrington
Earth anc Space Sciences Division, MS D462, Los Alamos Navonal Laboratory, Los Alamos. New Mexico B7545

John W. Whitney
U.S. Geological Survey. MS 913. Box 25046, Feceral Center, Denver, Colorado 80225

ABSTRACT

wmﬁmummwm-uwmhw
enviroaments are an effective medium for dating over 2 thne range of several thousand to g few
million years A aew analytical ssrthod for dating of rock varnish ks presented wherein the
varolsh cation ratio (VCR) Is determined by & scanning dectron microscope (SEM) equipped
with an energy diapersive X-ray amalyzer (EDAX).

The experimental SEM method ks 5 sondestructiv: technique thet has severa] potential
advantages over e original method of acalysis, described ty R L Dora, Gt wees particie-
induced X-ray ensission (PIXE) of varnish scraped from rock sirfsces. The SEM method can
potentialy eliminste analytical errors due 10 contaninstion from rock subatretc Secamie veria-
tons in varnish thickness and irregriaritics o the substrate sarface sre examined before eation
ratics are dctermined. Because varnist. surfaces remsnin Intact, varnish sit. § that yicid anomsl-
ous results msy be reacalyzed or verified In sddition, the genersl accessibilicy of coanning
electron microscopes will make rock.varnish dating more widely svaiiable for use in Quater-

nxry studies.

Cation ratios were calculstad for rock varaish from Espafiobs Pesin, New Mexico. and the
Yaxs Mountsin region, Nevada, aod were wed 0 constrect rock-varnish dating carves for

these gress.

INTRODUCTION )

Rock varnish & & thin (umally <100 um
thick) coating of ferro-mangenese exides, clay
minerals, and @minor exnounrs of dologic mate-
rial derived primanly from airborne material
that scoretes oo rocks (Pooer and Romsmas,
1977, 1979; Dom and Obertander, 1952). Var-
aish is abundant in semisrid aad arid regions
and is typically foand os exposes of bedrock
and oo gravel clasts tha: mask stable peomor-
phic surfaces. For these ressoas, peologists and
archaeologists bave beey interested in establish-
g age-dependent charscrerissics of rock var-
aish A review of early woig 00 .ock varoish &
found in Dorn and Oberiander (1981, 1982).

Dorn (1983) ucveloped the first eation-ratin
fating metbod for rock varzish by using the rels-
dvs abundance ¢f minor elements 10 establish
Lifferential leaching rates of several canouns in
the varmish. The ratia of mobile to immobide
asons ([K+CakTi) was found 10 decrease with
3me and provides s relative-age indicator for
sock varoish from s given region.

By Dorn's mathod, bulk samples of varaish
are scraped from rock susfaces psing & tungateo-
arbide needle under 10x to 45x gereo magnifi-
3tion; these sampiles are aaalyzad by particle-
aduced X-ray emission (PIXE). Cation ratics of
varnishes were determined for K-Ar dated vol-
anic rcks from the Coso volcanic Geld of east-

nwwm-u:wbyoaaamm :

coestruct 8 catioo-ieaching curve (the relztion of
casion rauos 10 log age) Recrotly, & catioo-
hdmmbhm“qnnm

al, 1986). The curves were wed to calcelace
chrooometric apes of vamish samples of uo-
known age ia these regions and 10 establish the
stable. (See Dorn (1923] and Dorn and Whitley
[1984] for & discustion of the scraping-PIXE
techaique. and methodological assumpdons.)
Toe slternative method of catioo-rasio daring
presented bere refies 0o & scaaning electron mi-
coscope (SEM) equipped with an esergy
dispersive X-rzy analyzer (EDAX). This meth-
od was used W coustruct empirical catoo-
lesching curves for the Espadols Basin, New
Mexico, and the Yucca Moustain region in
southers Nevada (Fig. 1) Tbe Deparmment of
Energy's Nevada Nudiear Waste Storage laves-
tpatons (NNWSI) Project is studying the
Yucca Moustain area as & candidate site for 3
bigh-level nnciear waste repository. Because of
varistions in climate, sates of dust depasition,
and differences in dust chemisty, 2ew catioo-
leaching curves must be constrocted for each
sructed by determining varpish cation ratios
(VCR) oo surfaces that kad been previously
dazed by coaventiona] botopic techaiques. Az

imporant asumpton i3 the curve casbratioc s
tat the vamish age 8 the same &s the dated
andertying deposit. Cabibrated VCR curves can
be used for the calibrzted time ioterval 10 esu-
m:uvcnmdmdepmu
Tlathe g | adudic;  cysefS
mmnmwmuebym»
topic teckaiques.

SAMPLING METHOD

Rock samples with dark, well-developed var-
aish formed uzder subaeria! conditions are s
lected for azalysis A suite of eight to w8 rock
specimens is collscted and analyzed for each iso-
topscally dated geomorpbic surface used in con-
structing the calibrason curve. To reduce
poteotiaf vanability in varsish thickness
{1) sable, welldrained geomorphic surfaces,
{2) similar Ethologic substrates, and (3) arcas
baving similsr environmenta! conditions. Saz-
ples are sot collected in close proximity 10 U-
chens and other vegeration, 1o varish formed
aloag cracks, or 0 rock surfaces in cootact with
sl Wind-abraded and spalied rocks sre abo
avoided. We collect the best developed (ie,
thickest and darkzat) varnish from the smoothess
brating s curve, samples are collected from, or as
close a3 pomsible t0, isotopically dated localities.
Clasts examined in this study are of volaanic




origin. Volasic rocks genenally have porous
surface textures oq which vamish coatings are
readily accreted.

SAMPLE PREPARATION
mmmmam ized waer o
remove surface detritus and then sir dried. Twe
different areas on each sample are selectad
where the varnish is darkest, thickest, and/or
smootbest. A circular core of the varnish and
rock sobatrate (2 0 2.5 cm in diameter) is drilied
from each ares. A fat 0.5-an-thick disk is then
made fom the core by grading the rock sub-
srate paraliel 10 the varaish surface. The disk &

muu_amwmmmh .

SEM analysis.
ANALYSIS
Samples are aralyzed by weing 8 ISI (Model

DS-130) SEM equipped with & Tracor North-
era (TN-2000) EDAX. This SEM abo ks
magniication 30a for voltagr changes.
For exch aaals & koo auge of 40° 14 &
coupting time of 100 s & tied, apd counting
dead time is beld berween 15% sod 20%. A des-
ignated mmple disk i reamalyzed at the
begianing of each dsy of machine wse for pur-
poses of standard comperisor: before acw azal-
”mmvmdhmlﬁm
original VCR values are peoessary. Al daua are

obtained wsing & standardiew program wherein
X-ay pak iowsita ae ZAF (facon for
stomic somber, absorption, and fluorescence)
correcied before elemental weight percentages
are calculsted. Elemental abundance is recorded
in weight perceatage for four major (SL AL Fe,
and Ma) aad six minor (Ca, K, Mg, Ti. P, aad
s)mmmnma
dements are besed on relstive X-fay peak
intensities. Hence, razios of elements bave & bigh
degree of accuracy, aitbough absolute coocen-
tratioos of individual clements may Bot be

Toe SEM i commoaly used for bigh-
sesolution study of small, diacrete poinss. In our
method, bowever, the bulk chemistry of the var-
maaﬁﬁhmmlmﬁamd
abow 4 cm?, is obained by using the EDAX.
hﬁﬂyﬂlmmm»
teotial (10 k) and then progressively increasing
the voltage in -V increments while analyzing
the same sample ares. successively lasger sample
volumes and greaier depth peoewation k) pro-
demenns in the varmish may be significandy
more or less abandant than in the rock substrae.
Famph.unkamjamdm-
gish, and & very minor coastitent of substrate,
wheress Mg commonly exhibizs the oppasite re-
lasoa. Amounts of other elements may increse
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or decyesse with varnish depth and then exhibit
a reverse trend whes the rock substrate i in-
cluded in the analysis. la this study, quastities of
Ti and Ma gradually incresse as vamish is pene-
trated, resch & muximum when older vamish &
included, and decrease as volcanic substrates are
mmmduﬁnwﬂup
ussium may decresse with depth in the near-
surface varnisk. gradually incresse with grester
vanish depth. and rapidly incresse a3 significant
substrate penetration occurs. Thus, for varnish

developed ca volcazic rocks the VCR decreases -
1o & minimum value at some depd in the var -

mmmm:muajmm.
the voltage st which Ma and F¢ maxima are
obtained: these are the values we seiect 10 calcu-
faze 8 VCR for each rock. In addition. oo Mg-
besring substrates these minimum VCR values
occur st voltage levels low enough w exclude
Mg from the analysis. Microprobe asalyss o
basalts used a8 substrase Ethologics in this study
,.ddgdmpwm with approximately 3.4%
Mg. VCR minims for varnish oa these basalt
substrates occur in chemical analyses where My
conceatmations are <0.01% (e lowest EDAX
concentratios ™t B recorded). We caloulate
that the volume of basak substrate (ie., subserate
contaminatioo) that could Ue included in the
volume of material snatyzed without yielding st
teast 0.01% Mg in the SEM analysis 6 <C.5%
Thus, we &ctcraoe @t «Segive accxicratiog
volge required 1w analyz: the 231 thicknes o
vargish but do act include sigaiicant quantitic
of undertying rock subsrate in the analysis.

in this study, vamish from Espedols Basir
was found to be thinner than varnish of compar-
able sge from Yuca Mountin. VCR minims
for Basin varnish were obxtined 3

feveis of 15-20 V. For rock vamist

older than 40 ka, higher voltage was needed &
peactratc aaples from Yacca Moustain. VCR
tinima were typrally obtained at 1S &V for
vargish from the Crater Fixt sarface, 20-25 kY

for the Forty Mile Wash terraces, a0 30KV €. |

udmﬂﬁwwmumm
Mwmmm (Cax
Fatsurface) 0402 (Black Cone).

SEM magnification in order ® include the max
immuudm.aishindluﬂy:isﬁxa‘za
each about | em* is ares. are analyzed oo exct
disk to produce sa integrated acalyss of &

e B e WL Lt PV Al e T




esch sampied geomorphic surface or depotit &
determioed by discarding the bighest rock VCR
value and sveraging the semasining values. We
currently analyze eight 10 ten rock samples per
geomorphic surface or depait. Thiss, the Gnal
cation ralio represcats the avenge of 70 10 90
sitt SEM/EDAX gnalyses. Future statistical
work may iodicate ihat fewer rock mmples
and/or analyses will produce & VCR of com-
parable confidence.

Sevennl (aciors may cause the chemistry of
varmish 0 vary atker acvom individual sock
sampics or wmocg 8 group of mmples from &
geomorphic surface and resuh in an snomalous
YCR (Dom and Oberlander, 19810, 1982;
Dorn, 1983). These factons inctude (1) retards-
tioa of iaitia! varnsh formetios due o
unfsvonable rock (substrate) lithology, surface
smoothness, or the presence of lichens: (2) re-
woval of isitial varmish by organic acids derived
from organic materishs or microorganisms, of by
eolian sbranoo, with mubsequent revarishing:
and (3 incorporation of dewrital minerals with
high Cs or K cooceatration in the varnish. The
mejocity of varnishes that result from these
varnish-varianon procesws have higher casion
ratios, which produce 2a apparent younger age
thas the initial unaltered VCR. As snomalously
old age can result when tanomagnetites with
aboormally high Ti coacentrations are presen. «
the rock varnsh, thereby causing low VCR
values (Dorn, 1933). These esomtlous concen-
trabons can ofien be recogaized during the SEM
varnish surface examination or by EDAX chem-
ice! -nalysis, and thus can be svoided for the
VCn walculanons. oomalously Ligh values of
VCR are more difficult to recognize, and this
may resolt in their inclosion i@ VCR calculs-
uons. Therefore, in our caiculation of & rock-
vamish age, we exclude the highest VCP. site oo
each disk (1 out of 6) and the kighest rock VCR
for each deposit or surface.

To determine tbe reprodicibility of YCR
values, we analyzed 22 samples from four de-
posits an two separate occasions and calculated
separate ratios for individual samples and for
each deposit. The second set of cation ratios for
the 22 samples Ciffered by sbout 43 from the
onginal values. For the four deposits, the aver-
age variation of the duplicate analyses was less
than 3%. VCR variation across & disk and be-
tween disks from the same rock is Jess than hat*
the varistion obser7ed among rock samples
fros the same geomorphic surface. Thus, we
believe that sample selection, not analytical ac-
curacy, is at present the major limiting factor for
varaish ape determinstions. Futwe snslytical
work will include refinement of substrate identi-
ficauon by the SEM-EDAX, 2ad comparisoa of
VCR values obtaioed by the SEM method with
those cbuined by other laboratory sechniques.

ADVANTAGES OF THE SEM.EDAX
TECHNIQUE

Use of the SEM-EDAX 10 determsine VCR
values has sevesal advanages over the scrapiog-
PIXE method. Semple purnity is the scraping-
I'D(E nahod & kosted by ooe’s nh‘hy

rocks. With use of the SEM. varnish depth can
be identified, - and this easbles snalysis of the
cootaminatios from the sudstrate Chasges in
analysis determine ar what poiat the substrate is
first penetrated: most, if oot all, of this conami-
sstioa can be excluded from the snslysis by
reducing voltage penetranos.

Varnish is not removed from i subsmawm for
SEM analyss, as & must be for PIXE analysis If
81 SEM-EDAY analysis yiekhs an snomalous
result, then the specific giee oo the disk may be
recxamined (o determine the cause of the anom-
aly. Funthermore, chemica! inhomogeneities can
be examined across an eatire disk. If 5 PIXE
anafysis is apomalous, then the original vamish
surface canpot be recxamined, and 8 substitute
sample must be studied.

In SEM azalysis, VCR valucs show oo signif-
icant vaniation when the analysis is performed
over minor irregularines ia the vamish surface;
significant topograpbic ivegulanivies cn be
svoided during SEM examigatioo of the varnish
wrfaice under high magmficancs Thus, a
graater variety a3d sumber of specimens can be

TABLE 1.

evaluated 8t & field locality where smooth-
surfaced rocks are oot sbundant.

CALIBRATION OF CATION-
LEACHING CURVES

VCR values for geomorphic surfaces pre-
seated bere (Table 1) are the average of cight or
soore individual rock cation ratios per field Jo-
cality. The sandard deviatioa (1 ¢) of VCR
values for as individual surface (shown as veru.
¢al error bars for sampie poiass i Fig 1) varies
from less thas 4% for the oldest deposit W 23%
for the youngest. Anslyses on individual depos-
uudgmph:ubeawﬁlwohblyhn

will lerd 0 imyrovement in sclecuon of sites
and metnods of sxmpting. g4 this will minimiee
v-siztioas ia QB o for & singh )
phic surface or deposit

ESPAROLA BASIN

Azt coatrol for the Espafiola Buiin « esud.
lisbed from a sequeace of four gravel-capped
erations! surfaces slocg the sorbeast fiank of
the Jemex Mouctsins. Dense innes layers of cal-
cumm carbooate coatings were exinced from
pebbles in near-surface sol! X borizons and
uranium-series dated a1 22 =3 ka, 31 =4 ka. 103
217 ka, a2 144 215 kz (Harricgon sod Al
drich, 1984; M. J. Aldrich, Jr. 1984, unpud-
lished daza) Samples of black, well-deveioped,
suriace rock varnish were collected fom bessht

SURFACES OR DEPOSITS USED TO CALIBRATE CATION LEACHING CURYVES

Deposit®

Radiometric age  Method of datimg Cation rattd”
(ka) {KeCa:T1)

Q1 surface
Q2 surface
QS scarp

Q4 serface

Yucca Mourtain Region

Crater Flat dasale flews
8lack Cone (8C)
Reg Cone (RC)
Terraces along Forty Nile Wash
Q2c terrace
Q2b terrace
Crater Fiat surface (CF) *

1090 «300°°
1120 «20

255 15"
160 #20
40 10

uraatum series
Urantum series
Uraniom series
Uranium series

K=Ar
K-Ar

Urantem trend
Ursniwm trend
Urentum trend

. Smols wsed in Figure 1.

¢ Standard errors for vernfsh cnien ratioy listed are 1 standard deviation.

arrt and Addrich (1984): M
*oyanimsn ¢t a). (1982): Carr (lm).
TTRosholt ¢t &Y. (1985); B. R

. Jo Alrich, Jr. (1988, wnpublished data).
. Muhs (1386, wnpudlished dats),
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and andesite gravel ca these surfaces. Cation
tated for these surtaces and ploaed aginst their
(Fig. 1) 0 genenate & catico-leaching curve (s
leasi-squares regrestion Koe of cation ratio 1o log
of time base 10). This line bas 2 correlztion
coeflicient (7) of -0.98S and i described by the
functioa MCRg = 6.093 - 1.529 Jog 01, whese ¢
is in thounand years before presest (k) and
VCR is the varnish catios ratio ([K+Cs}Ti)

The catico-leaching curve for the Espadols
Basin @ similar 0 that for the Coso volcasic
field of eustern Califorsia (Dorn, 1983), both in
werms of y intercept and slope, for the time inter-
val of 10.5 © 150 ka. However, t0 explain the
Caoso datas, Dorn used three kine segments for his
cauoo-leaching curve with changes in sgope &t
spproximately 10 and 150 ks More dats sug-
gest that the brypothestzed slope chaage a1 10 ka
s oot subastiased for the Mojrve Desert (Do
et al., 1986). I *he regrexsion Ene for the Coso
dats «s iezaiculated without the change in slope
2t !0 ka, it similarity (0 the EspaBols Basin
curve i esharced Such similarity suggests that
the Espaiiola and Ccso regions bad similar es-
viroamestal cooditions during the late Pleisto-
ceoe. These coaditions muy include type and
amoust of rinfall temperature, and loog-term
raies of dust deposinon.

YUCCA MOUNTAIN

Five dated peomorphic surfaces in the area of
Yuaca Mountain were used o calibrate a extion-
leaching corve. Sampies of black rock varmish
were collecied from (1) ootcrops and bouldens
of two basalt flows K/Ar-dated at 1. Ma (Vao-
iman et al. 1982 Cuy, 1984% (2) dasts of
welded 1uff ca rwo alluvial terraces aloog Forty
Mile Wash, which are dated by uranium wead
at 160 and 250 kx; and (3) clasts of welded udf
oa an alluvial surface in Crater Flat, dated by
uranium trend st 40 k2 (Rosholt et b, 1985;
D. R. Mubhs, 1986, unpublisbed data). Vamaish
sampies were colieed from the most sable part
of cach surface. The uranium-trend metbod
dates the time of sediment deposition, wheress
rock varmish dates the time of surface stability.
We sssume that the time between surface suabil-
12ation and the beginning of varnisa formation
on surface clasts is oegligible compared w0 the
age of e Pleistoorne deposits.

The Yuccs Mountaie cation-eaching curve
between 40 and 1500 ka has & conelation coef-
ficient of -0.992 (s near linear trend) and
described by the functioa VCRg = 10.466 -
2.667 logyg t. The appareat reduction i leach-
ing rate for viraiholder than 15058 originally
noted by Dorn (1983) does ace appear in data
for the Yucca Mouotain ares.

The Yucca Mountain catioo-leaching curve is
significantly different from curves for both the
Espafiols Basis and the Cosc vokanic field
Yucca Moustaia has both higher VCR valuas
for similar varsish ages and & higher leaching
nate. Higher cation mtics for the varaish frem
Yucca Mountain suggest that greater alkaline
ceoe than in the Coso or EspaBols regions.
Higher accumalation mtes ead more allaline
composition of dust probadly resulted from de-
fatios of ¢ry pizyss that persisted over great
serial extent aod for loog time periods. The
Yuces Mountain area did aot expericace sigifi-
did oot become plavial lakes, during late Pleis-
wocene glacial epoodes (Miffin and Wheat,
1979. Spanidieg. 1983).

APPLICATIONS OF THE
TECHNIQUE
Casioo-ratio dating can be used to determine
the tme of varnish initisrion ou clasts fom ¢
variety of erosional end depasitional surfaces,
and, this, 10 determine the minimum time since
a surface stabilized. I the Y ucca Moustain srea
and the Espadiola Basin we are c-ing the SEM-
EDAX method 10 obtsin VCR ages oa pedi-
men surfaces, aflovial Gn susfaces, Guvial
surfaces, and surfaces of eolias deposits. Toese
dated surfaces and deposits iz tb- Yucea Moue-
mmmbaumdnahlhubalmd

mulmbymmsmd
surfaces whose origins were coatrolled by cf-
matic changes and geomorphic processes pot
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Attachment 25

CATION RATIO DATA FOR CALIBRATION OF ROCK VARNISH DATING CURVE

FOR YUCCA HOUNTAIN AREA
FIELD SITE:CRATER FLAT ALLUVIAL SURFACE

FIELD ID NUMBER: 23068503-A ~ LAB ID NUMBER:
: DISK 1
KEV 10 15 20 10
VCR
SITE 1 8.576*0M 8.690 7.106%
2 7.152¢ 17.269
3 €.408* 8.750 7.439%
4 7.518 6.141¢ 7.333¢
€ 5.639+* 8.196 8.250*
6 S5.806* 8.510*

DISK 1 MEAN VCR 6.229

* = ANALYSIS USED IN CALCULATING MEAN VCR

CF3A

DISK 2
1s 20

9.588 10.577
10.221*0M 12.518
11.133

$.720
12.900

DISK 2 MEAN VCR 7.728

OM = OMIT = HISHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN

VCRS

FIELD SITE: CRATER FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-B

~y —-
DISK 1
KEV 10 15 20 10
VCR NSRSy - -
SITF 1 7.070- 6.891» 17..72¢4
2 6.672*
3 10.117 8.691%0M 9.216
4 6.254%
S 5.460* 9.355
6 5.536* .

DISK 1 MEAN VCR 6.1613 »
auagiior

* = ANALYSIS USED IN CALCUTATING MEAN VCR

TAEB ID NUMBER:

CFB

DISK 2
15 20

[ — o S

L
T.802"
9.588* . -
6.293¢
10.781+0M
8.923% -
8.109%

DISK 2 MEAN VCR 8.143

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

VCRS

M — g

FIELD SITE:CRATER FLAT ALLUVIAL SURFACE
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FIELD ID NUMBER: 23068503-C LAB ID NUMBER: CF3C

DISK 1 DISK 2
KEV 10 15 20 ‘ 20 25

VCR
SITE 1 3.886 3.564* 3.891 $.803 5.732+*
2 3.218¢ €.378*0M
3 3.668*0M S.408* 6.503
4 3.172+ $.023*
S J.621¢ $.276*
6 2.834»* 2.894 3.995+

DISK 1 MEAN VCR 3J.282 DISK 2 MEAN VCR 5.087

* = 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-D LAB ID NUMBER: CF3D

: DISK 1 DISK 2
KEV 15 20 25 20 25

VCR
SITE 1 12.351 6.835%* 7.550 6.125% 6.712
2 6.180u* 6.982 6.441*
3 7.369« 6.543* 7.813
4 9.419 8.902*0M11.250 5.055%
7.278%* 5.255¢
6 8.300* 13.027 $.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




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

DISK 1 DISK 2

KEV 15 20 2% 15 20 25
VCR
SITE 1 &.728 8§.229* 10.581 $.813* 7.114

2 8.434+ 12.802 11.753 6.098*

3 €.433* 5.149*

4 9.077*0M 6.185*0M

5 -6.888* - $.479*

€ 7.640* $.115¢+
DISK 1 MEAN VCR 7.52S DISK 2 MEAN VCR 5.531

* = 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-F LAB ID NUMBER: CF3F
DISK 1 DISK 2
KEV 15 20 10 15 20 25
VCR —~ o -
SITE 1 “3.189* 3.540 9.580 7.935%
2 3.387* 9.738 8.940%*0M 13.792
3 3.012* 7. 79% 117,011
4 3.565%0M 8.765 6.859*
S 2.968* 6.949*
6 2.£85% 6.775* 8 ~3S 11.563
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
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F1ELD SITE:CRATER FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-G LAB ID NUMBER: CF1G

- DISK 1 DISK 2 =z

KEV 10 1S 20 10 15 20 3
VCR
SITE 1 3.422¢ 4.167 7.554 6.126* 9,220 -
2 3.469+ 6.200¢ o
. 3 3.971*  4.010 €.713¢ -
4 4.340%0M 4.161 6.621* 7.630 -
s 3.796+ 12.591 8.411*0M16.407 .
6 3.962+ 8.295 .
DISK 1 MEAN VCR 3.724 " . DISK 2 MEAN VCR 6.791 .
4 *+ = VCRS USED IN CALCULATING MEAN VCR o
OM = OMIT = HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN g
VCRS .. . . e

~ FIELD SITE:CRATER FLAT ALLUVIAL SURFACE e

__ FIELD ID NUMBER: 23068503-H LAB TD NUMBER: CF3H -
o<

- DISK 1- DISK 2
: KEV 10 15 20 0 15 20 m ]
o - - VCR » "TT-
B .. SITE 1 10.970 7.104% 7,159 3.070%0M10.623 11.762 L
: 2 8.614 6.991%* 9.169 7.195* L.
| — 3 8.989 8.657*0M 9.081 6.438% ol
8 4 8.330¢ 6.777% ge
o - 5 6.664* B8.979 7.114* 7,982 ) .
: 6 6.972+ 4.644* 9.368 R
DISK 1 MEAN VCR 7.212 DISK 2 MEAN VCR 6.434 -

j * = VCRS USFD IN ZALCULATING MEAN VCR e
i OM = OMIT = HIGHEST VCR OF * VCRS; OMITTED WHEM CALCULATING MEAN .
s VCRS

a w» -
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FIELD SITE:€RATER FLAT ALLUVIAL SURFACE
FIELD ID NUMBER: 23068503-I

LAB ID NUMBER: CF3I

DISK 1 DISK 2
KEV 15 20 10 15
VCR
SITE 1 5.471¢ $.881 7.903% 9.467
2 5.875*0M 10.028 9.640
3 4.794%
4 5.053+ 8.892
5 S5.179¢% 8.467 8§.229«
6 5.065* 6.723»

DISK 1 MEAN VCR 5.112
* = VCRS USED IN CALCULATING MEAN VCR

20

11.083
8.374»
8.674%
8.724*0M

11.410

DISK 2 MEAN VCR 7.981

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

VCRS




TABLE- OF DISK VCRS. USED TO CALCULATE CATION RATIO FOR DEPOSIT:
CRATER FLAT ALLUVIAL SURFACE (CFJ) CALIBRATION POINT
(PUBLISHED IN TABLE 1, HARRINGTON AND WHITNEY, 1987,SCANNING

ELECTRON MICROSCOPE METHOD FOR ROCK-VARNISH DATING: GEOLOGY, V. 15, o
p. 967-970). -
DEPOSIT DISK 1 VCR DISK 2 VCR - A
CF3A 6.229 7.728 -G
CF3B 6.163 8.143 )
CF3C 3.282 5.087 .
CF3D 7.192 $.884 ..
CFIE = 7.825 5.531 :
CF3F 3.088 7.239 S
CF3G 3.724 6.791 .
CF3H 4 7.212 , : 6.434 -
CF3I 5.112 7.981 S
MEAN VCR FOR CRATER FLAT ALLUVIAL SURFACE (CF3) 6.00+/=1.00 o
Q. Il-" - .:‘
— e @
. - - -- pun——l - __'_ -
- e e ' -‘ .
. - E
pov-* :

- - -

1 -




Attachment 2b

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

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

DISK 1 DISK 2 -
KEV 10 1s 20 28 10 15 20 25
VeR -
SITE -
1 8.330*0M11.384 9.494 8.171* 9,196 :
2 7.483% 9.962 9.306 8.698+% 9,223 3 .
8.204» 34.217 10.868 10.247+0M 10.990 4 -
6.325% 9.421 11.494 11.0574+0M SR
5 5.336% §.152 9.488%10.671 11.152 10.491 6 :
7.478%* 9.304 8.905+* 7 -
8.009+* .

DISK 1 MEAN VCR 6.965 DISK 2 MEAN VCR 8.964 : T
* = VCRS USED IN CALCULATING MEAN VCR SRS

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

-— -

FIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERRACE (Q2B) -

1 FIELD ID NUMBER: 2-968501-B LAB ID NUMBER: 40LB . b
J DISK 1 DISK 2 --
—  KEV 20 25 3o 20 25 e

l‘ e
§ — VCR — .

SITE 1 6.744 6.392*0M 6.478 4.953%* 5,789 B

2 5.890% 6.252 5.728% L

3 5.565# 5.741*  6.411 R

4 5.932% 5.937*  6.289 - S

5 5.469% 5.427% I

+ 6 6.097 6.041% 8.000 6.919%0M T

DIGK 1 MEAN VCR 65.779 DISK 2 MEAN VCR 5.557

*+ = VCRS USED IN CALCULATING MEAN VCR RN

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

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

DISK 1 DISK 2
KEV 15 20 25 20 25 -
VCR ' .
SITE 1 4.419  4.349% 4.423¢  4.717 -,
2 4.578+ 5.465  4.872%0M L
3  4.150% 4.570 . 5.043 4.466% - .
4 4.823  4.630  4.500% 4.803¢  4.960 -
S 5.016%0M 5.087  5.226 4.582+ '
6 4.724  4.956  4.579% 4.752  4.370%
DISK 1 MEAN VCR 4.431 DISK 2 MEAN VCR 4.529 L
* = VCRS USED IN CALCULATING MEAN VCR T
OM = OMIT = HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN =
VCRS CT
TIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERRACE (Q2B) S

FIELD ID NUMEBER: 22068501-D LAB ID NUMBER: 40LD ]

DISK 1 — DISK 2

KEV 15 20 15 20 25 30 -
VCR T Ty -~
SITE 1 4.660* 5.189 11.177 10.911 9.342* T

2 4.179%* — Lz 29T860 . 9.757% 127744 ERE

3 4.932+0M 14.379 15.015 10.714 9.946* -

4 4.393* 11.710*0OM13.596

5 4.096% 19.792 12.382 10.972¢ e

6 4.°38%* 5.180* T -
DISK 1 MEAN -VER 4.334 : DISK 2 MEAN VCR 9.839

%+ = VCRS USED IN CALCULATING MEAN VCR . .
oM = OMIT = HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN SR

VCES

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




DISK-1 -
15 20 15

5.752« 7.197 6.009*
4.468% 6.307 6.748 6.287 5.341¢
6.400 4.944» 6.339+0M 8.068
3.671* 6.274 6.688 4.909*
4.890* 4.0821*

$.957+0M6.452 5.231+

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

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

VCRS

FIELD SITE: FORTYMILE WAS{{ LOWER ALLUVIAL TERRACE (Q2B)
FIELD ID NUMBER: 22068501-F LAB ID NUMBER: 40LF

=-=DISK 1 DISK 2
20 10 13 20

2.721* . 5.794« 6.880

4.947* 6.319

4.377+0M 6.466*0M 6.695 6.543

3.678* 6.886 5.950*

3.734* 6.464 5.690*
3.187% 6.431%*

DISK 1 MEAN VCR 3.473 DISK 2 MEAN VCR 5.651

* = 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: 22068501-G LAE ID NUMBER: 40LG




20 25 3o

4.933*0M . S.056+*0OM 5.311
4.913 4.766% . $.207

4.565* . 4.683*

4.595¢ 4.541%
4.589* 5,061 . 5.039* 5.070
4.856 4.500* $.133 4.768*

DISK 1 MEAN VCR 4.603 DISK 2 MEAN VCR 4.728

*+ = VCRS USED IN CALCULATING MEAN VCR
OM = CMIT = HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN
VCRS .

FIELD SITE: FORTYMILE WASH LOWER ALLUVIAL TERFACE (Q2B)
FIELD ID NUMBER: H100285-14 LAB ID NUMBER: 40LM

DISK 1 DISK 2
15 20 25 10 15 20

4.756* 5.140 6.416 9.143* 10.628 11.256
4.598+* 11.694 10.841+*

4.903 4.644* 7.713* 11.64S5

4.48%% S5.771 7.041 14.982 13.104 12.013*0M
4.640* 10.644% 19,885 13.85%
4.871*0M 6.243 6.659¢*

DISY 1 MFAN 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 (QZB)
FIELD 1D NUMBER: H100285-15 LAB ID NUMBER: 40LN




DISK 1
15 20 25 10 15

3.784 3.674% 4.065 9.790 6.557¢
3.926% 4.221 4.474 6.220%
3.576+ 6.83140M 8.755
4.23140M

4.160% 4.433 o 6.624%
3.768+ 6.493%

DISK 1 MEAN VCR 1l.821 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: K100285-16 LAB ID NUMBER: 40LO

DISK 1 DISK 2
20 25 i0 15 20

5.632 5.391* l10.862 §.296*
4.237% 5.412 5.609 8.007*
6.118 $.743* 6.336® 13.368 10.427
7.071 5.908*0M $5.987 8.750*0M
£.583 $.471+ 17.277 T 8.5663%

€6 5.362 5.103¢ 7.584¢

DISK 1 MEAN VCR 5.32% DISK 2 MEAN VCR 7.757

* = VCRS USED IN CALCULATING MEAN VCR
OM = OMIT = HIGHEST VCR OF * VCR3; OMITTED WHEN CALCULATING MEAN

VCRS

Ll

FIELD SITE: FORTYMILE WASH LOﬁE&_&LLUVIAL TERRACE (Q2B)
FIELD ID NUMBER: H100285-17 LAB ID"NUMBER: 40OLP
N gt juSm———_ |




DISK 1 DISK 2

KEV 10 1s 20 20 2s A
VCR p
SITE 1 11.16740K12.989 4.445¢% 5.397 .

2 €.087° 12.371° 3.696* -_

3 12.520 10.624* 13.371 4.566+ .

4 8.488+ 4.822+0M 5.735

5 7.795¢ 4.737+ -

6 6.738% 4.280% .
DISK 1 MEAN VCR 8.346 DISK 2 MEAN VCR 4.344

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

VCRS Sl
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TABLE OF DISK VCRS TO BE USED TO CALCULATE CATION RATIO FOR DEPOSIT: :?_.

- FORTYMILE~ WASH LOWER ALLUVIAL TERRACE (Q2B) CALIBRATION POINT -— o
- (PUBLISHED IN TABLE-wl, HARRINGTON AND WHITNEY, 1987, SCANNING. . BRI

ELECTRON MICROSCOPE METHOD FOR ROCK-VARNISH DATING: GZOLOGY, V. 15,




p. 967-970).

DEPOSIT DISK 1 VCR DISK 2 VCR
40LA cese 6.965%% 8.964*
40LB $.779 $.557
40LC 4.43) 9.839%¢
40LD 4.334 $.114
40LE 4.745 $.114
40LF 3.472 5.651
401G 4.603 4.782
40LM 4.625 : 9.000%#
40LN 3.g21 ’ §.430%%
40LO 5.329 7.757%*
40LP 8.346*¢ 4.344

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

In the samples collected frcem the Fortymile Vash lower alluvial
terrace (Q2B), several of the samples appeared to show abrasion of
the varnish and revarnishing (40LA and disk 2 from 40LC). A second
collection of clasts were made that clearly possessed a stripped
varnish from part of the clast with what apreared to be unmodified
varnish on the opposite side of the clast (40LM-4OLP).

In calculating the mean VCR for the terrace (Q2B), neither 40LA, nor
disk 2 from 40LC, nor the stripped and revarnished disks from 40LM-
40LP were used (al) disks omitted from the VCR calculation are noted
by ii) W

I Saceman— S




FOR YUCCA MOUNTAIN AREA

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-A LAB ID NUMBER: 4OMA

DISK 1 DISK 2

KEV 20 25 30 20 25 30
VCR
SITE 1 3.932  3.854  3.833# 3.936 3.580%

2 3.692 3.6564 3.969 3.732+0M

3 3.921 3.719% 4 3.672+

4 3.534 ' 3.493

s 4.238 3.915%0M 3.678+

6 3.612* 3,785 3.593+
DISK 1 MEAN VCR 3.671 DISK 2 MEAN VCR 3.603

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

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-B LAB ID NUMBER: 4OMB

DISK 1 DISK 2
KEV 20 25 30 1$ 20 28
VCR
SITE 1 $5.978~ €6.72% 2,792 5.1° 5.885
2 5.430%* - 6.627% 6.731
3 €.358*0M7.231 7.532 5.120* 7.600 7.557 8.207
4 4.612* 7.375 6.805*0M7.008
5 S.04€% 5.015+ 6.295 6.611
€ 5.521* 4.556*
DISK 1 MEAN VCR 5.318 CISK 2 MEAN VCR 5.222

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

Attachment 2

CATION-RATIO DATA FOR CALIBRATION OF ROCK VARNISH DATING CURVE




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

DISK 1 . DISK 2

KEV 10 15 20 10 15 20
VCR
SITE 1 6.422%* 7.526 9.867 €.972¢  9.400

2 5.933* 8.746 7.769%  8.569

3 6.036* 7.983 7.807+  9.031

4 6.939% 9.416 14.361 8.026%

S 7.407+0H 7.597 6.543%

6 7.042% 8.168 6.008%
DISK 1 MEAN VCR 6.474 DISK 2 MEAN VCR 7.020 -
» = VCRS USED IN CALCULATING MEAN VCR 3
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: 40MD i
nSK 1 DISK 2 PR
KEV 15 20 15 20 28 -
VCR e
SITE 1 1.987* 1.973 2.995%0M 4.159  5.030 -
2 1.921# 1.771#
3 1.62:.% 1.67.¢ =
4 1.688+ 1.685% L
5 2.070*0M 1.739+ s
6 1.720% 2.211%  2.776 _ -~
e -
DISK 1 MEAN VCR 1.783 DISK 2 MEAN VCR 1.816

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

VCRS T




FIELD SITE:

FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)

FIELD ID NUMBER: 22068502-E LAB ID NUMBER: 4OME
DISK 1 DISK 2 L
KEV 15 20 25 10 15 20 E
VCR )
SITE 1 3.949% 4.907 5.826 4.238¢  6.239 7.347
2 6.621 6.06540M 3.803%
3 5.860% 7.302 3.826* -l
4 4.656* 4.681*  6.288 oo
5 4.044* 4.006* 6.689 -
6 3.902+ 5.078*0M P
DISK 1 MEAN VCR 4.482 DISK 2 MEAN VCR 4.111 i
+ = VCRS USED IN CALCULATING MEAN VCR o
OM = OMIT = HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN e ]
VCRS =
FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C) L
FIELD ID NUMBER: 22068502-F LAB ID NUMBER: 40MF s
- . t— .:.;
DISK 1 DISK 2 =
KEV 10 15 20 15 20 25 e
VCR 17 -
SITC 1 2.973 2.815%*  3.050 4.645%0M 4.90¢€ 5.330 =
2 3.063* 3.904% oo
3 3.111¢ 3.561¢% "
4 3.061% 4.184% F
5 2.881% 3.519% .
6 3.181%0M  3.059% s

DISK 1 MEAN VCR 2.986 DISK 2 MEAN VCR 3.645

*+ = VCRS USTD IN CALCULATING MEAN VCR
oM = OMIT = HIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN

VCRS

-




SITE: PORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
1D NUMBER: 22068502-G LAB ID NUMBER: 40MG

DISK 1 DISK 2
15 20 20

6.718+*0M6.873 7.058 7.257 6.176* 6.271
6.827 6.504 6.378¢% 5.852* 6.015
S.864¢ 5.923 5.886*
-- $.462 S.144¢
6.812 5.738* 6.520 5.141¢+
5.865« §.923 5.407* 6.158

DISK 1 MEAN VCR 5.861 DISK 2 MEAN VCR 5.486

= = 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 DISK 2
15 20 25 25 3o

6.110 5.214 6.26% 6.2304*0M
5.159% $.767* 5.911
6.052 5.575*
5.866%
6.512 €.187%*
$.770%* 5.790

DISK i MEAN'VCR 6§.214 DISK 2 MEAN VCR 5.833

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

VCRS - ———

~—




FIELD "SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: 22068502-1 LAB ID NUMBER: 40MI

DISK 1 DISK 2
KEV 10 15 20 18 20 25
VCR
SITE 1 5.529* 9.011 9.860 5.281% 5,948
2 6.470% $.975 6.350 6.198¢ 7.947
2 11.013*0M11.064 7.356%*0M 7.781
4 5.783* 9.824 S.436¢ 6.658
S 5.955+° $.217* 6.134
6 B8.913* 10.617 5.991* 6.536
DISK 1 MEAN VCR 6.530 DISK 2 MEAN VCR S$.625

¢ = 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 1D NUMBER: 22068502-J LAB ID NUMBER: 40MJ

DISK 1 DISK 2
KEV 20 25 30 15 20 25
VCR
SITE 1 5.555 5.396* 5.603 5.295 4.885* 5,363
2 6.418 5.933 5.453* 5.808 5.122*
3 5.289* 4£.8957*
4 6.058 5.922 5.901+*0M 5.893 5.272*0M
S 5.949 5.693* 5.048*
6 5.781* 5.186%
DISK 1 MEAN VCR 5.522 DISKk 2 MEAN VCR 5.027

* = VCRS USEC IN CALCULATING MEAN VCR
OM = OMIT = LIGHEST VCR OF * VCRS; OMITTED WHEN CALCULATING MEAN

VCRS

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




DISK 1
KEV 20 25 30 15
VCR
. SITE 1 3.624 3.365 J.217»
2 J.«08% 7.699
k | 3.588 3.558+*0M
4 3.411 3,279+
. S 3.347»
6 3.‘28.

DISK 1 MEAN VCR 1J3.336
*+ = VCRS USED IN CAI.TULATING MEAN VCh'

VCRS

DISK 1

KEV 20 25 30 20
VCR
SITE 1 7.317% 7.7665 7.464

2 7.280% 7.378

3 12.651 9.435*0M

4 €.790*

5 7.096*

6 6.622¢

DISK 1 MEAN VCR 7.021
* = VCRS USED IN CALCULATING MEAN VCR

VCRS

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

DISK 2
20 25 30

5.676* 6.009 5.892
6.483*0M6.491 6.671
6€.687 6.286* 6.J312
5.281 5.174+
5.696 5.066%*
4.904% 5,379

DISK 2 MEAN VCR 5.421

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

F1ELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C)
FIELD ID NUMBER: H100285-21 LAB ID NUMBER: 40MN

DISK 2
25 30

€.090* 5.866€

6.754 f.454*0M
5.500* 5.808

S.006*

5.019*

6.014*

DISK 2 MEAN VCR 5.326

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

—aam——-

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C) __

% FIELD ID NUMBER: H100285-22 LAB ID NUMBER: 40MO

1




DISK 1
25 30 15

4.326* 4.686
4.829 5.236 5.122 5.066
S.113# 5.889*0M 6.829

4.671¢ $.313 S.646
4.601* 4.915+*

S$.342%0M6.371 6.374 4.430¢

DISK 1 MEAN VCR 4.661 DISK 2 MEAN VCR 4.68BS5

* = 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
25 20 25

3.812 3.904 3.786*
3.753* 3.378»

3.787+ 4.031 3.780*
3.701+* 3.856*0M
3.844+0M 3.818*
3.372¢ 3.482+

DISK 1 MEAN VCR 3.663 DISK 2 MEAN VCR 21.649%

* = VCRS USED 1IN 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 LB ID NUMBER: 40MR

DISK 1 DISK 2




25 30 . 30

4.439 4.122+ 3.300+
4.583+0M4.596 3.85¢
4.218% 4.055
4.803 4.536* 4.467+0M
4.747 4.524* 3.445
4.431¢ , 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
VCR™ - ‘

FIELD SITE: FORTYMILE WASH UPPER ALLUVIAL TEFRAC:. (Q2C)
FIELD ID NUMBER: H100285-25 LAB ID NUMBER: 40MS

DISK 1 DISK 2
15 20 15 20 25

3.744% 4,027 8.974 7.576*0M8.792
3.883% 4.087 5.469 $.4635
4.381* 4.748 4.569 4.616*

4.942 4.525¢ 8.135 7.451%*0M7.877
7.111 6.072+*0M6.082 7.374 5.530%* 5.786 6.701

1
2
3
4 5.509* 5.678 6.331 5.066* 5.267
5
6
7 6.297+ £ 461

DISK 1 MEAN VCR 4.408 ; DISK 2 MEAN VCR 5.385
* = VCRS _JZED 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: 40MT

DISK 1 DISK 2




20 28 15 20 25
SITE 1 3.185* 1.210 3.312 3.820%« 3.821
2 J.261* 13.286 3.513
3 4.579 3.691+0M 3.758+ 3.821
4 J.447 3.279* 3.914* 4.233
5 2.941* 4.091* 4.184
6 3.164+* 4.341 3.913¢
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

F1ELD SITE: FORTYMILE WASH UPPER ALLUVIAL TERRACL (Q2C)
FIELD ID HUMBER: H100285-27 LAB ID NUMBER: 40MU

DISK 1 DISK 2

KEV 20 25 30 15 20 25 30
VZR
SITE 1 4.264 4.248*0M J.644* 3.759

2 4,008 J.826* J.130* J.4236

3 4.395 £.186* 3.85¢ 3.75% 3.740*0M

4 4.248 3.837¢= 3.904 3.719*0M3.746

5 4.557 4.327 4.153» 3.454* 3.580

6 3.989 J.g58 4.023 3.702 3.656*

7 3.781 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

YCRS

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

DISK 1 DISK 2 N,




15 20 25 20

VCR
SITE 2 3.411* 4.147 3.890 3.610 3.524*
2 3.481* 3.575 3.993 3.3923 J3.828 3.531*
3 3.987 3.948*0M 3.5940M
4 3.821 3.795* 3.857 : 3.265*
s 3.419 3.216* 3.557 3.512
6 3.594+ 3.932 3.452+
DISK 1 MEAN VCR 3.519 ) DISK 2 MEAN VCR 3.4S7

" a2 = VCRS USED IN CALCULATING MEAN VCR

OM = OMIT = HIGHEST VCR OF * VCKS; OMITTED WI' .1 CALCULATING MEAN
VCRS ’ _

TABLE OF DISK VCRS TO BE USED TO CALCULATE CATION RATIO FOR DEPOSIT:
FORTYMILE WASH UPPER ALLUVIAL TERRACE (Q2C) CALIBRATION POINT
(PUBLISHED IN TABLE "1, HARRINGTON AND WHITNEY, 1987, SCANNING
ELECTRON MICROSCOPE METHOD FOR ROCK-VARNISH DATING: GEOLOGY, V. 15,
p. 967-970).




40MA
40MB
40MC
40MD

40ME"

40MF
40MG
40MH
40MI
40MJ

40MM
40MN
40MO

oMP
40MR
40MsS
40MT
40MU
40MV

DEPOSIT

DISK 1 VCR

3.671
5.318
6.474*»%
1.783
4.482
2.986
5.861
5.214
6.530%%
5.522

3.336
7.021e%
4.661
3.663
4.366
4.408
J.166
3.992
3.519

MEAN VCR FOR FORTYMILE WASH

UPPER ALLUVIAL TERRACE (Q2C)

In the samples collected from the Q2C terrace,
appeared to show abrasion of the varnish and revarnishing. A larger
group of sample. were collected to provide a calibration VCR of
Samples showing anomalous VCRs (high) anrd
evidence of partijal or total stripping of varnish f{rom the clast by .
abrasion (Samples marked ##;_40MC and disk 1 from 40MI and 40MN) 5
were not used to calculate the mean VCR for the Q2C terrace.

greater reliability.

4.34+/-1.04

DISK 2 VCR

3.603
$.222
7.020%%
l1.816
4.111
J.645
5.486
5.833 g
$.625 . R
5.027

5.421 .
5.326 b d

4.685 .

3.649
3.581 Ny
5.395
3.788 3
3.514 -
3.457

several samples ﬁﬁ




Attsshment 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 DISK 1 VCR DISK 2 VCR
FIELD ID# LAB ID#
H100385-20 RCM . 3.0569 : 3.2114
H100385-21 RCN 2.331 2.210
H100385-22 RCO 2.247 2.127
H100385-23 RCP' = 3.101#: 2.266
H100385-24 RCT. 2.236 2.426
H100385-25 RCU 2.457 2.435
23068505-2 RCZ 2.466 : 2.404

MEAN “'CR FOR RED C~E LAV FLOW (RC) 2.33+/-0.11

ALL SAMPLES WERE RUN AT 2J0XEV, THEREFORE ONLY ONE VCI. WAS
CALCULATED FOR A SINGLE ANALYTIC SITE. THE DISK VCR IN THE TABLE
REPRESENTS THE MEAN VCR FOR SIX ANALYTIC SITES ON THAT DISK.

EAMPLE RCM AND DISK 1 FROM SAMPLE RCP WERE NOT USID TO CALCULATE

THE MEAN VCR BECAUSE OF THE SIGNIFICANTLY HIGHER CATION RATIOS
OBTAINED FOR THESE DISKS.

P g
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’ TABLE OF DISK VCRS TO BE USED TO CALCULATE CATION RATIO FOR 3
DEPOSIT: BLACK CONE LAVA FLOW (BC) CALIBRATION POINT (PUBLISHED IN Y
TABLE 1, HARRINGTON AND WHITNEY, 1987, SCANNING ELECTRON MICROSCOPE i
: METHOD FOR ROCK-VARNISH DATING: GEOLOGY, V. 1§, p. 967-970). .
DEPOSIT DISK i1 VCR DISK 2 VCR -
. FIELD IDf  LAB ID/ -
N - 23068501-A BCA 1.977 2.033
23068501-8 BCB 2.012 2.304 3
23068501-C BCC © 2.018 1.493 2§
. 23068501-D BCD 2.561 2.433 :
] 23068501-E1 BCE1 2.435 2.169 \
23068501-E2 BCE2 2.238 - 2.448 =
23068501-F BCF - 935 1.662 :
230685 -H BCH . 00 2.101 -
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ABSTRACT

On July 21 or 22, 1984, debris flows oocurr&! on the south hillslope of Jake Ridge, about 6
km east 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 (S 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.
INTRODUCTION

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 modern hillslope erosion. Glancy (in
press) has documented multiplc. 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 fadﬁ;y for ramp access. These paleoflood deposits indicate that debris flows have
occurred in the general areé of the site in the past and should therefore be expected in the
future. As part of the site characterization process, our study examines modern debris
flows that occurred on July 21 or 22, 1954, following intense rainfall on the south-facing
hilislope 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 widcnch 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 modern debris flows,

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

An important aspect of analyzing modern 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



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,
Wohl and Pearthree, 1991). In this report we use a photogrammetric 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.
SETTING
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
fcgional 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.



Hillslopes in the Yucca Mountain area are mantled by coarse-grained bouldery colluvium
and fine-grained eolian 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 1.2 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 ('Obcrlandcr,
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 31° 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 (4°) to the southeast and is covered by a thin mantle of cobbly
colluvium. The hillslope drains into a tributary of Fortymile 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-



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. Analysm of two years of temperature
records (1988-1989) shows mean-monthly temperatures that range from 3.9°C in January to
28.9°C in July (Whitney and Harrington, in press). Extreme temperatures from the same

time period range from -3.9°C in January to 40.6°C 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).



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 lérgc 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 streamflow 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



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 128 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 2 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 7.5 km southwest of Jake Ridge,

registered 0.25 mm and 4.8 mm, respectively, on July 19 (Hugh Church, Sandia National



Laboratory, 1985, written communication). 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 Jake Ridge were localized
convective storms that occurred during th; early part of the summer’s monsoonal storm
period.. Daily satellite image‘s 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 hrs.) 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 m3/sec. within about 1 1/2
hours and then began to rapidly recede. The flow receded to less than 1 m3/sec. by 2200
hours (total flow-time of about 3 hrs.) whiciz 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 m3/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
runbff-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 tfxc

middle of August indicated no other discoveries of debris flows or mass-movement failures



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 manﬁe on the hilltop into the underlying fractured
céprock 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) 2
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 5° (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

Photogrammetry 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 photogrammetry 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-qliadranglc 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, et. 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 geomorphology 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-stand#rd 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) thah 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 hilislope 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.., elevation difference x 4.0 m2), and
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summing. Elevation-difference values that fell within the 2d-photogrammetric-orientation-
error value (+£028m, rounded to +03 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 hillslope 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. Infer-channel polygons occur between
channeis and were not affected by the debris flows. These inter-channel areas were
identified from 1984-ground-bésed 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 rca#onably 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 polvgons 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 240.3 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 1a lists raw volumes
for polygons 1-3. These values show a negative volume change of 4,370 m3 and a positive
volume change of 2,367 m3 within a total area of 39,752 m2. Tables 1b and 1c 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 1b would be zero.
The results in table 1b, however, indicate that our volumetric error for individual polygons
ranges from -0.009 m3/m2 to +0.039 m3/m2 (see volume-change column in table 1b).
When all of the volumes from polygons 4-11 are summed, however, the result (+4 m3) 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/m2. 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 1a (-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 1b are too high and
too low, respectively (i.e., 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 m3), raw-volume sums in table 1a must also be
too high and too low, respectively. To correct for this error, a volumetric cqrrection 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.c., -160 m3/8638 m2 and +157
m3/8638 m2). The mean-fesulting value of + 0.0183 m3/m2 was used as the volumetric-
correction factor. Multiplying this correction factor by the total area of polygons 1-3
(39752 m2) yields a +727 m3 volume correction. Applying this correction to the positive
and negative raw volumes yields corrected-volume sums of +1639 m3 and -3642 m3 (table
1c). Dividing the total-negative-corrected volume (-3642 m3) by the total area for polygons
1-3 (39752 m2) gives a gross, mean depth of erosion of -0.092 m 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 photogrammetric 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 resol\_n'ng 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. Duﬁng 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 km). Jake Ridge may have
received substantially more or less rainfall (total accumnulation 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 accumnulation 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 S0 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. Durﬁxg other years, however, the region, and even specific areas (ie.,
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 d&posits 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 Filpov, 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 m3) 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 hillslope 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
duﬁng 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



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 m3 (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. The mean
depth of erosion for areas of known-elevation-change on the hillslope was about 0.092 m
(0.092 m3/m2). 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, S5 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 + 0.3 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 ﬁot 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 1 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-
cast 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. Fortymile 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



road prior to regrading. View is to the north. Maximum depth of the lobe is about 1 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 § 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 N90E 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 ¢
(+£0.3m) 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  Area Positive " Negative Volume Sum Volume Change
Number (m2)  Volume (m3) Volume (m3) (m3) (m3/m2)
1 33323 +984 4233 - <3249 -0.098
2 2569 +790 -13 +777 +0.302
3 3860 +593 -124 +469 +0.122
39752 +2367 <4370 -2003

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

4 3716 +100 44 +56 +0.015
5 5&3 +26 3 +23 +0.039
6 886 +6 25 -19 -0.021
7 255 0 3 3 -0.012
8 639 +3 25 22 -0.034
9 2355 +22 49 27 -0.011
10 1i0 43 4 -1 -0.009
11 94 +1 4 3 -0.032
8638 +161 -157 +4

(c) Corrected volumes for polygons 1-3. Corrections were made based on data from table
1b (see text for explanation).

33323 +374 -3623 -3249 -0.098

1
2 2569 +743 +34 +777 +0.302
3 3860 +522 -53 +469 +0.122

39752 +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 1a and 1c. The tributary and
Fortymile Wash are outside the photogrammetric study area.

Polygon Raw Volumes Corrected Volumes
Number Percent of 4370 m3 Percent of 3642 m3
1 23 _ : 10

2 18 21

3 14 14

In Tributary and .

Fortymile Wash 45 55
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/

1.50 }me
\ Discharge <1 m3/sec.

Peck Discharge about 1 m3/sec.

2 L

e [ 3 r
1.00 feee Tota! Flow ~ Tota! Flow ~
142,000 m3 20,200 m3

| 1 1 1 1 | | | |
1200 1800 0000 0600 1200 1800 0000 0600 1200
July 23

July 21 July 22

Time (hours, Pacific Standard Time)

F-'ﬁug 9



Sa

54

wie

£






'

6

i
A

i

e







1 3 4.




4
L
R
C
-
(Ve ]
L4
J
1
\\




L X )
+ 4
+4

236775.00 +

236700.00 +

236625.00 +

236550.00 +

236475.00 +

W‘r,ﬁ "u—
Fave %+

176773.00 +
176650.00 +
176923.00



1236.
1232.
1228.
1224.
1220.
1216.
1212.
1208.
1204.
1200.
1196.
1192.
1188.
1184.
1180.
1176.
1172.
1168.
1164.
1160.
d1156.
1152.
§1148.
1144.
1140.
1136.
1132.
1128.
1124.
1120.

i1 T 1.1 1 111 linkkian

F Coantn q“.



F'%m qb



Fgwre 10



—teevoves-

236700.00 +

236625.00 +

236550.00 +

236475.00 +

OVGF ’17 -cr-
-szu., 0,

476775.00 +
1766%0.00 +
176925.00

AFIAAA AN »



Attachmant # 1

Attachment # 2

»
NOMPUNMNABRPUNNAUPWNNGIRARPRNHNRARRYNEIABRREUNMABE WY i;

DISK 1

18  (Wote) 28 (Wote)

4.010

3.9%0

3.0%¢
00001
3.462 00092

({11}
3.029 edee1

(L1}

00001
00001
86601
4.999 00002
3.108 0000l
3.198 00002
00001

pISKR 1

1% (Wote) 20 (Wote)
yoR
NITE
1
2
3
4
)
[ ]

(Note)

(Rote)

Report for DTH: LA0G00000000011.001

ROCK VARNISE CATIOW-RATIO DATA

DISK 2
30 (Note) 10  (Note) 13  (wote) 20 (wWotas) 23 (Wote) 3 (Mote)
3.8961 s0001  4.091
3.097 3.619 oe002
3.514 00001
2.990
3.391 o000
3.018
3.317 sooe2
3.046 8000}
2.798 ee001
3.007
2.974 80001
3.49¢
3.9851
3.396
3.59) 3.163 o001
3.29% oeo0L
3.302
3.881
3.648
3.908
3.076 0g001 3.094 3,499
3.457 <067 00001 3.094
3.963 2.683 00001 3.194
4.129 4.003 00003
369 sRe01
3.133 00001 3.204
2.540 eo0n
3.924
3.944
2.8504 00001
3.29%¢6
3.964
3.060
3.262 s0001
4.102 3.77¢
4.409
s.630
DPISK 2
39 (Wote) 10 (Mote) 13 (Bote) 20 (Wote) 28  (wote) 3¢ (Bota)
4.733 00002 .12
4.287 00001 3.2¢62
4.897 60002 3.000
4.361 00001 3.112
4.3279 00001 3.260
4.584 00001 3.368 60001

riaia 18

CIN992007-101
COno92897-101
CPN092907-101
CONe93807-3101
CrNe920987-101
CoNe92007-101
COR092087-102
cuon:u-ua

7
CIRo92407-104
CONe92887-104
CORe92807-104
CTN092897-104
CONe92097-108
CONe92087-103
CDRe92007-103
CoNe2087-108
Coue92087-10%
CONE92007-108
CIRo92887-103
CONe92897-10¢
CON092897-10¢
CORe92887-108
CIRe92887-104

924

CoNe924487-107
CDRE92087-107
CORE93487-107
CTHe28e7-107
CrNes3897-108
COue92007-108
CDNe92007-100
CIN092887-300
CINe92047-100
Cono932897-1080
CrRe92907-100

field 14
6118401
(3}

s118401
6110401
4110401
6110401

wSS: 1.2.5.3.6
QA: OA
XR93080922

Brosion
Repoxt
Lab Id Susmbar
ET®-A YHNR-)
ETN-A Y¥R-}
ETN-A TiR-1
ErE-A THE-1
RYN-A THE-}
ETE-A TMR-}
ETN-B YMR-)
ETH-B YNE-1
XTH-% YHE-1
IYN-B  YMR-}
EYN-8 YNEB-1
ETN-B YHNER-1
EYR-B  YHNR-]
EYN-D  YHNR-%
ETN-D YMR-1
ETH-D YMER-1
EYN-D  THE-}
£re-p YMR-}
IYN-D YNR-1
STH-D TYuR-1
ZYN-R YHR-l
ZYN-8 TMR-1
ETN-R YNR-1
SYN-8 YNB-1
EYN-R  YMR-1
me-g  YEm-1
ETH-R YMR-1
re-F TES-1
EYN-P  YHR-%
s-F  YNR-}
ETN-F THER-)
EYN-F TNR-}
g-F YER-1
EYR-0 TYMR-)
N-8 TWR-}l
EYN-Q YNR-}
rN-0 YER-1
EYN-G YNE-}
YN-@ THE-1
EYN-R  YNE-}
EYN-8  YNE-1
-8 ne-1
ETH-R  THR-1
-1 THE-1
ETH-R  YNR-}
EYN-E  TER-1
. Exosion
Reporxt
Lab I4 Mumbar
™M-01 YMR-2
-1 YMR-2
™-01 TYNR-2
yi-01 Mm-2
™m-01 YwE-3
™-01 TYNR-3




wes: 1.2.5.3.6
QAs OA
MM3I000922
Attachment § 2

DISK 1 DISK 3
XXV 13 (wote) 20 (Wote) 23 (Mote) 30 (Wotm) 10 (Mote) 15 (Mote) 20 (Note) 33 (Mote) 30 (Wote) eost
on
Repoxt
rield x4 Labh 34 Mumber
$118402 ™-02 THR-2
61310402 H-02 YMR-2
6110402 ™-02 YMR-2
$110402 ™02 ™R-2
#110402 ™-02 YMR-2
6110402 ™-02 YME-2
6118403 ™-03 TNER-2
6118403 H-0) YNR-2
6110403 -3 TME-2
$118403 -0 YWR-2
6119403 ™-03 nE-2
6110403 ™m-03 ™™se-3
6110403 ™-03 YMR-2
6110403 ™-03 YNE-2
6110404 ™M-04 YNR-2
6110404 ™-04 YWR-2
6118404 TH-04 YNR-2
6110404 TH-04 YNE-2
61310404 ™-04 YNR-2
5110404 n-04 YNR-2
6110404 ™-04 ™™R-2
6110404 H-04 YNB-2
6118404 TH-04 YNE-2
s130408 -0 YER-2
6110408 -9 THE-2

»
QVEONEEIRAPRAUNMEASOUNMABAYRN M IRARIUNEIAROUNEDPOINRARRRNHNBIRAISONERARNEW DM aa

$1104072 TH-07A YNR-2
61104072 TH-07A YHR-2
61104072 YH-0TA  YHR-23
£110407A YHR-2
$1184078 HR-2
61188870 ™es-3
§1184078 ™ER-2
61104078 ™s-3
$1184078 YHR-2

nm-2

nE-3
$1184000 ™R-2
61184009 ™e-3
s13104000 ™™E-2
6110400 ™HR-2
1184080 ™ER-2
61184009 THER-2
6118409 ™e-3
6110409 ™R-2
6110409 ™E-2
110409 YoR-2
d110409 ™E-2
6110409 nm-2
§110409 uR-3
6118409 ™E-2
6118418 ™E-3
$110410 em-2
#110410 ™MR-2
6118410 n-32
6110430 ™R-3
6110410 ™™E-2




wesS: 1.2.5.3.6
Oh: QA
WRSI00922

Attachment # 3
DISK 1 DISK 3

K=V 18 (wote) 2¢  (Note) 23  (Wote) 30  (Wote) 10 (Mote) 13  (Mote) 20 (Note) 28 (dota) 30 (Wote)

rield 14 tah Y4 Mumber

4.243 00002 4.333 4.503

3.906 60001 4.160 4.501 4.260 00002
4.199 te001 38.929

S.667

6128401 WrN-01 YHW-1
6128401 Wr-01  YMN-1
61328401 wrN-01 Yww-1

[ L[ }}

3.02% eo0001
3.277 s0001 3.221 3.033 3.174 00001
3.500 3.793 00001
3.559 3.409 00001
3.920 00002 3.427 00001 3.979
3.633 o000l 3.3903 3.280 00001

3.3%
6.162

3.000 00001 4.131 3.6€7 00002

5.7%¢ 5.609 5.537 o000 4.133 00001 §8.316 5.087

4.508 00001 6£.220 $.719 4.529 00001 4.3%¢ 6.083

$.618 00001 £.439 3.593 4.900 S.0%9 4.063 00002

7.139 4.647 00001 3.946 00001 4.54% 4.434

3.789
9

4.938 4.108 o080l

4.732 4.9201 4.566 00001
3.7 3.174
3.589

2.759 00001
3.150 ¢0001
3.910 #0002 6120404 wrN-64 YMNN-3
3.210 e0001 3.677 $1328404 wre-04 TNW-1
3.933 eoe01 4.273 $120408 wTN-05 WM.l
4.817 4.600 00002 5.19¢ $3120403 =03 Yuw-1
4,311 00001  4.238 5128403 wre-03 Ymw-1
3.061 00001 4.109
3.897 00001
4.930 4.140 00001

3.29 2.002 00001

3.33e 00002

»
BRPUNEARPYNSIARIUNEARSBNEAVNRUNEARLUNNARLWNM ia

12 §1204068
2.976 0080l 41204040 wTH-060 YNN-1

Attachment § 4
DISK 1 DISK 2

KBV 15 (Wote) 20 (Mote) 23 (Wots) 30 (Wote) 18  (Wote) 13  (Wote) 20 (Mote) 23  (mote) 30 (More)

risla z4 Lab I4 Mumber

3.932 e0001 2.003 ooe0]l 6120411 LNYM-A YiN-2
3.074 08001 6120411 LMNTN-A YWN-2
2.949 0001 6128411 LAYN-A  TMW-2
3.009 ot00l 6120411 LMYN-A YMW-2
3.320 00002 6130411 LYN-A  YEN-2
3.008 00002 §120411 LMYM-A YMN-3
3.736 8d0012 6120411 LWYTN-A YMN-2
3.206 00002 6120411 LMNYN-A YWwW-2

6120411 MTM-A  TWN-2
4.638 00001 6120412 LNYN-B  TIN-2
4.318 00001 4.%21 eeoo0} €129412 LaYe-8 YEM-3
4.132 s0001 5.294 00002 £120412 LNYN-B  YEWN-2

»




34

BABUWNHFALUAGLAYNHODIERARPUNHOEIANLUNHYBIIYANBWYNEOIRIARAWNEIRE S

18

(Wote)

DISK 1
(Rote)

(Note)

(Note)

10

(Mote)

13

(Mote)

DISE 3
20

(Mote)

(Wote)

3 {Note)

4.952 60081
00001
00001
00002
00002
00003

0001

00002
80001
o8eel

01
se001

00001
(L1130
20001
9 00002
o1
0002

3.86€3 00001
L4

3.971 o000l

4.012 00001
3.622 00001
4.233 00002
3.92%0 00001
4.011 80001
3.706 00001

riela x4

6129412
6120412
6120412
6120412
6120413
$128413
6120413
6120413
6126413
6120413
6120413
6120413
6128413
6129414
6128414
6120414
6120414
6120414
6120414
$120414
6120414
6120414
6120418
$120418
6128433
6120413
6120413
6128418
6120418
6128418
6128418
6128416
§12041¢
6128416
$13841¢
6120416
6138416
6120418
6138416
6120416
6120417
6128417
6120417
$128417
6128417
€120417
6120417
612

8410
§128410
6128418

wags 1.2.5.3.6
s A
MR$3080922



Attachment # 5

»
NBPWNMNARPUGNEABROYNFEARRWNEIAROWU NS AR YNEYIARAWNHEAGRWNELIRES WM ai

135

{Bote)

DIsK 1

2.601
2.550 se001

3.49%

3.1%2

3 001
3.9288 0000y

3.510

3.293
4.110

2.492
a.3588
3.126

(Mote)

(L3}

(1113}

6 80001

s0001
00001
00001
0001
00081

30 (Wota)

3.321 e0001
2.741 00001
3.173 90001
3.143 so0e01
3.762 90003
3.037 00001

3.847
3.578

3.153
3.193 00002

2.920
3.409
3.019
3.9%%

4.4711

10 (mote)

13

3.191
3.000

20 (Mote)

3.776
2.973 oooey
3.302
3.328 #0002
2.912 06001
3.074
3.658

3.008
3.238

3.423

2.8982 00001
2.968
3.140
3.196
3.000 o000y
2.0%4 s0001

3.220 0000}
1

3.910

3.097
3.82¢
3.999
3.040
3.300
3.1%7
2.65%
3.79%
2.602

3.56¢0
3.409
3.707
3.144
3.126
3.400

(Note)

00002
00001

[ L1 1}

[J112)
oo
00002

ooeel
20002
s0003

00001
20001

3% (Wote)

3.340 00002

00001

3.261
3.513 00002

3.176 00001

3.103 eo0m1

3.793

2.808

2.562 qo00
2.467 doe0L
2.630 s0001

3.39¢ fee0L
3.433 00003

3.408 00001

wag: 1.2.5.3.6

rield 14

COEe92887-101
cme2ee7-101
CEme92907-101
Coue929087-101
CDHe92087-101
CrEe92897-101
CTEe92807-101
CTN092007-102
COWe$2887-102
CONe92007-102
COE992897-102
CoNe924907-102
CIme92947-102
CTNe92097-10%
CDNE92087-10%
CONe93087-103
Como92007-10%
COR092087-103
CDES2007-103
CORe92297-103
Crme92887-104
CDR052887-104
CINS92887-104
Come2097-164

CDHe92887-103
CONe92007-108
L

CON092087-3103
CORO92897-103
CONe2997-108
CIm092807-106

COEe92007-106
CPRO92097-106
CTEe2887-187
crRe920987-107
coRe92487-187
CDE92997-107
CPES92907-107
Crme91807-107
CORe93887-108
CoNe92087-100

CONe?2897-109
CDR092807-109
CPH092807-109
CDRO92807-109

QA: QA
RR93080922
Erosiocn
Report
Lab 34 Mumber
-1 YHN-3
el ve-3
-1 -3
-1 Hw-3
-1  YMW-3
nee-1 nne-3
-1 -3
-2  YER-3
-3 -3
-2 -3
-3 -3
ne-2 I3
e-3 ™a-3
noe-3 ne-3
-3 HN-3
net-3)  YEw-3
THN-2 Y-
THN-3 -3
-3 Tuw-3
-3  TEN-3
raN-4 -3
-4 ™ -3
-4  YEW-3
YEN-4 YNN-3
ne-4 YEN-3
ner-4 -3
-4 YEN-d
TN-5  TEN-3
nHe-3  e-3
ne-5  ew-)
-9  YIN-3
-3 -3
-9 -3
-3  TIN-)
T R-& e N-3
net-¢ ™N-3
N-§ -3
-6 YNW-3
-6  ywe-3
-4 -3
™-7 noe-3
"e-7  YEW-3
ne-7 noe-3
-7 Y N-3
-7 -3
Yohe-7 -3
-9 T N-3
-0  Yw.3
Yume-3
-3
-3
HW-3
™ne-3
-3
-9  YNN-3
ne- -3
TUN-9 -3
-9 ™N-3



Attachmant # #

Attachment # 7

»
POAVNGWNMEABEWN ia

PISK 1
13 (Wote) 30 (Wwote) 23 (Note)

4.044
00001
80001
00001
00001

3.794 00801

3.070 e008}

3.901 00001

4. 80061

00003
3 081

20001
4.010
4.270

5.440
00001
2.857 00001 2.869 3.160
3.4m 3.340 ooee1
3.017 ses01
2.507 es001 3.127
2.694 00001
4.408 :
2.978
so00i
[ 111}
s0001
3.650 00002 3.932 a.008
3.638 3.310 o000
3.098
3.426 3.578 3.419 00001

3.049 00001

DISK 1
18 (Wote) 20 (Wote) 23 (Wote)

(Mote)

3.00€ 00001

3.097
4.020

a.97%
2.821
2.674
3.99%0
2.8713
3.639
a2.126
2.489
a.309

1.067

(Wote)

10

{Mote)

(mots)

13

13

(Wote)

(Wote)

DISK 2
20

(Note)

[ {113}

(wore)

3.087
a.97¢

(Wote)

(Note)

rield 14

041008
041003
041003
041008
041009
041008
041008-C
041003-C
041003-C
s41083-C
041008-C
941093-C
513041
613041
£13941
613841
§13841
613041
613842
613842
613043
613642
613842
613042
613043
413843
€13043
613943
$13043
613843
613044
$11844
613844
413044
13844
613844
61304€
613046
613048
613046
613046€
$13046

rield 14

699410
690410
90410
98410
690410
690419
28411
6904112
498411
698411
§90411
490411
6904111

WaS; 1.2.5.

3.8

Ohs
mR93000922

tab 34
r-a

wYN-A
wYE-A
-A

n-C

nrn-C

nYm-¢

nre-01
wrn-01
nye-01
nre-01
nYu-91
-3
nre-02
nYR-02

-2
nre-03
ne-02
BTR-03
nYn-03
orE-03
nYN-03
»YN-03
nyN-03%
wN-04

urn-04
nrn-04
wru-o4

nYN-04
nr-06
wYN-06€
"vu-06
nrn-06
wYu-0¢

tab 24

LAM-010
LEn-010
LEN-010
Lew-010
LoN-010
L8%-010
LN-01%
LaN-911
LAEm-811
L8-011
L88-011
Lo%-011
Lo%-111

Lo%n-1



Attactment § 7

DENMNARDUNMABLIGNHAOAVAVNLEARPUNSARSUNMNAVAYNEBIARBRYNENIANAENHERARAYRNERARLWN

18

(Wote)

DISK 1

(Note)

({Wote)

3.229
3.361
2.722
2.37¢
3.380
3.2%%
2.902
2.313%
2.244
3.547

(Wote)

10

(sote)

1s

{Note)

DISK 2
20

{%ote)

(Mote)

3.338
2.80¢8
3.108
3.6%53
3.71¢
2.702
3.029
2.718
2.9%1
2.502
2.9%8

(Waote)

00001
000061
00002
0001

00001

00001

rield x4

6984111
6904111
6984111
984111
6984111
698412
4964

1002058-1
n100208-1
N1090203-1
¥100205-1
W100383-1
W100288-1
=100208-2

00203-2
N100299-2
N100203-2
W100303-3
N100393-2
m1003988-3
H100203-3
2160395-3
M100303-3
#10020%9-3
H100288-3
$100283-4
N10030%-4
¥10028%-4
N100308-4

WES: 1.2.5.

OAs OB
RR93080922

Lab X4

LEN-111
aM-111
LEw-111
Lam-111
Lan-111
L8%N-012
L5N-012
Lin-012
LEN-012
LEN-012
L8%-012
L8N-013
LEN-013
Lam-013
LaM-013
LeN-613
LEw-013
-013
LEN-016
LEN-016
LEN-0164
LIn-016
1.58-016
LEN-016¢
LEN-016
LEN-016
LEN-017
L8M-017
-7
284017
LamW-017
LEN-017
LaN-018
LSN-018
LeN-018
LEN-016
La%-010
LSN-019

1.8%-019
LEN-019

Lem-31



wes: 1.2.8.3.6

BA: OA
WR93080922
Attachment # 7
PISK 1 PISK 2
KEV 18 (Nate) 20 (Wote) 2% (Mote) 30 (Wote) 10 (Mote) 15 {¥ote) 20 (wote) 33 (Wote) 30 (Wote) .
Excsion

33
!

rield xa tab 14 NMumber

LOSN-83 STM-2
LOSKN-02 sFm-3
LOSM-03 sxM-2
LOSKH-03 SXM-2

2.294 00001
2.978% o000l

] 2.836 2.667 00001 LEN-04 LEN-1
[ 3.431 2.399 eo00) LEN-04 LSH-1
1 3.7121 1L8M-08 LEm-1
] 2.71% LEN-0% Law-1
3 2.803 18M-0% t8M-1
4 2.652 m 1.8M-0% 1L8%-3%
s 2.431 [ n1002¢5-3 LEN-03 LEW-1
[ 3.114 2.393 s0001 N100205-3 18u-0% LEN-1
7 3.160 N10062098-8 LaN-0% LEw-31
2 2.9%9 2.33% #0001 LEN-08 LEN-3
2 2.2 3.49%7 e0001 LEN-0¢ LSM-1
3 3.216 LEN-06 LEM-1
4 3.93 LEN-0€ iEm-1
3 3.44 LeN-08 LEM-)
[} 3.121 LK-0¢ LEN-1
3 2.223 3,030 8000} LSN-07 18M-1
] 3.861 3.163 00002 m100208-7 LEN-07 LSw-1
3 2.708 2.69) 00001 100283-7 LeM-07 LEM-1
4 2.3%9 3.73%7 oe001 n100208-7 LSN~-97 raM-1
s a.667 2.6€3 60601 H100285-7 LEN-97 LSM-1
¢ 3.512 3.2328 0000} mi1602e8-7 L-97 3am-31
Attachment # 8
PISK 1 DISK 2
REV 13 (mote) 20 (Mote) 325 (Wote) 30 (Wote) 10  (Mote) 15 (Mote) 20 (Wote) 23 (Wote) 30 (Note)
Exosion

YCR Raport
SITR riela x4 Lah T4 Numberx
1 2.602 00001 100431 LOSN-01 sEM-3
3 2.52) o LOSN-01 STm-2
3 2.59% OSN-01 sRM-2
n 2.9%3 LOSE-01 FFM-2
[ 2.474 1088-0L FEN-2
s 2.800 6108421 LOSN~-01 SXM-2
1 2.044 $108432 LOSH-02 sxm-2
2 a.s22 6109432 LON-02 S¥M-2
3 3.158 $3100432 LO8¥-02 SEM-2
4 3.747 6108433 TOSH-02 AxM-2
s 2.941 £108432 LOSN-02 S¥m-2
' 2.808 00001 6108432 LOSN-02 STM-3
7

[

1

2

3

4

]

[

7

2.392 o000 ] 1LOSM-93 SYNM-2

2.701 00002 6100433 LOSN-03 FxXM-2

3.683 60062 6100433 1OSH-03 s¥M-3

3.849 00002 2.420 o000 6108433 LOSE-43 AaxN-2

2.599 s000) 6109433 LOSN-93 S3M-2

Attachment § 9
PISK 1 DISK 2
KXV 15 (Wote) 20 (Wote) 23  (Wote) 30  (Wote) 10  (Mote) 15 (Note) 20 (Note) 23 (Woke) b1 (Mota)

. Erosion

YCR Report

IR rield 24 Lab I4 Mumber

3 3.033 @0001 3.69) 00001 610841-02 T088-03 FEN-1

3 3.471 00003 2.631 00001 T08%-02 STN-1

) 2.908 oco001 3.062 00001 TON-02 FXM-1

[} 2.797 00001 2.971 #0002 [ ] TOIM-02 a¥N-}

] 3.187 00001 2.593 ¢000) 610041-02 TORN-02 sym-3)
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(Wote)

(Wote)

DPISK 1
(Wote)

(Wote)

(Note)

30

4.661
4.61)

(Wote)

{%ate)

10

(Mote)

(Wote)

18

13

(Bote)

(Wote)

(Mote)

(Wote)

s

(Wote)

(Wote)

3

3.062
2.0%7
2.232
2.172
2.32%
2.113
3.492
3.462
3.49¢
2.476
2.6
2.662

(Mote)

(wota)

Pielda x4

6109410
€10841-0
L

610041-6
6108410
610841-6
§16941-6
610841-0
$10841-0
s10841-0
610041-9

630041-0
6108416
61084120
610841-0
6108410
610041-0
§10841-0

[ ]
$10841-0
$10841-9
$10041-0
4109410
4100410
f10842-0

rield x4

21116515
31110818
2111051a
21110514
21118314
2111083a
2111631a
21110912
2111031
21118315
2111081
2111091
21130512
2111091
2111031A
21118315
21118%51A
2111051
2111691a
21110%1A
21110315
21110912
a111e91a
2111881a
2111031A
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Attachment 811

DISK L DISK 2
xRV 18 (Wote) 20 (Mote) 23 (Wote) 30 (Wote) 10 (wote) 13 (Mota) 20 (Wote) 2% (Mote) 30 (Mote) .
Brosion
VCR Raport
I7TR rield x4 - Lab X4 Numbex
1 23.339% o000 2111891-01 nEN-01 STM-IA
2 3.650 21118%1-01 nNU-01 S¥N-IA
3 2.700 2121051-01 . NSN-01 SEN-IA
4 2.47% oe001 2111891-01 nrN-01 S¥N-3A
] 2.347 60001 3111053-01 nsN-01 S¥M-IA
[ 2111031-01 NEN-81 S¥R-3A
1 2111831-02 NEN-02 A¥N-3A
2 2111051-02 NEN-82  SXN-3A
3 2111091-92 NEN-02 SXN-3A
e 2311031-02 mu-02 S¥M-IA
S 2111081-02 NEN-02 SXN-3A
[ 2111091-92 nN-03 SEN-IA
1 2111691-93 NSN-03 SEN-IA
a2 3.200 60001 2111891-03 NEN-0) SEN-3A
3 2.009 60003 2111091-03 mEN-03 SXN-3A
4 1.003 d0001 2111081-03 NEN-03 S¥M-IA
s 2.464 00001 3111051-03 NIN-03 S¥M-3A
L] 2.794 0s001 211105103 HEN-03 S¥M-3IA
1 2.634 00001 2121051-04 uEN-04 AXN-3
a 2,013 60002 2111881-04 NEN-84 AxN-3
3 2.512 2113051-04 -84 SyN-3
) a.5e¢ 2111091-04 nE-04 SXN-3
s 3.642 213110%1-04 nuN-04 S¥N-3
[ 2.012 2111091-04 NEM-04 S¥M-3
1 2.621 2111851-08 NEN-0S  S¥N-3A
a2 3.27% 2111091-09 -0  S¥M-IA
3 ' 3.529 2111991-03 nMN-09  S¥M-IA
4 2.56) 31311051-03 NEN-03 EEN-IA
s 2.409 2111891-09 NEN-09 S¥M-IA
[] 3.2 2111051-09 N-03 S¥M-3A
1 2.7%2 2111051-06 nrN-06 SXM-3IA
2 2.211 211393106 nEN-06 SuN-33
3 2.3t 2111091-06 nN-06 S¥M-3A
4 3.418% 2111891-06 neu-06 S¥N-3A
[ ] 2.01% 3111091-06 NEN-06 S¥M-IA
[ 2.693 00001 2111051-0¢ nEN-04 S¥N-3IA
Acttachmant #12
DISK 1 DISK 2
xxv 1S (Wote) a9 (wote) 2% (wote) 30 (wote) 10 (mote) 13  (Wote) 20 (wote) 23 (wote) 30 (Mote)
Brosion
VCR Repert
SITR riald 14 tabk X4 Number
3 2.048 2.01¢ 2.07¢ 1.740 #0001  1.75% CPEO727008-11 -1
3 1.913 00001 1.0 CTR072788-11 -1
3 2.022 --1
. 1.097 00001 m-1
1 1.017 00001 3.041 me-1
] 1.937 00001 1.79% 00001 m-1
3 1.914 00001 1.746 s0001 , -1
1 2.232 1.897 00001 3.177 -1
a 2.274 2.228 2.192 so00) -1
3 2.29 1.96) 00001 --1
3 1.864 00001 1.976 00001 -1
2 1.860 00001 2.299 ooom -1
3 1.97¢ -1
4 -1
3 3.12¢ 3.014 -3
2 -1
3 -1
e COEG72708-13 -1
b 1.000 00001 1.910 04001 COue72788<26 -1
2 1.992 00001 1.969 COuOT2780-14 m-1
3 2.090 00001 2.430 00002 cPE073794-16 -3
[ ] a2.148 CDHOT72T8R-4¢ -1
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én close ages for e carace of srolian shrason. frem U
lemumm
Three rediocarven (R) and § caues ratie (CR) Sums ary evmiladie & Ui ke Al
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Based oa Uus prelumnary vesafect 4aia 3. 080 & the evidence of duar Duiding
spusodet in e Croaene Batis and wamty, & Sppeary LA Beokias OCL VWY Was mane
active 1a e Mojave Desert ia e mid-Holocear The astere of seoliss shranen
COMAIAY UIME 084 IPICE-WUARITIRVE HEMEnls. Wik AT KPS CYPENEAARG 8
cesiauon of shranocs wiaie sther: CoBUAWE 16 (PR BA oCL Ve

Thew remvis dumonnrae A 8 OrDegh mspring and Siting of mud Helocene
venulacts nd‘;vw«-uqn regional recard of aear swrfece woag wiaé
paleocwcuisiion 1S e porod Befare show 3000 prary ago was o ume of grester
global warmin. (s regional paieocrTuiause recend Could frove (0 Be ¢ velvable
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BARIUM CONCENTRATION IN ROCK VARNISH. IMPLICATIONS FOR CALIBRAATED ROCK
VASNMISH DATING CLUAVES
RAARDNGTON, CD., RAYMOND, &, k., KRTER, DJ., Genitgy and Cuschrnusy Granp, MS
D242, Lot Alames Netional . Lot Alamas, N3 87349, WHITNEY, LW, V.S,
Gasiogueal $urvey, Podwal Contar, MS 913, Danesr, CO 00223
Cation r30 Gaiing it 88 offacuve asans of denng ¢ venety of guormrpha notaces, wtiimag & mas of
Sy cavons ((KeCayTi & mack vermdh. Aduough S A & Garectly relaad © o T\ eoncrarusea,
1t can aisa be slTecicd By the prescace of Ba thas may de ssalyucslly wacinded m the recorded
conceairauon of Ti.

B2 18 8 mance fownd i y 8l nal 4 frum msihern Nevads
including 1he Lake Mead srea. .80 Vegon Valley, snd the Yucco Muuaisn tegion. Ba
beicrogencously dininbuied 1 ock varmah, SUR wilh depih o the varmosh ol laserally ecress W
varmeh arisce. Bo COMARMMUONS GPPe Rl W YouRgts varnashes (<100 he) dun = obder varnuhes
{3500 ha), and Mhey are greates 10 varnishes on wpogrephu ally Wow purfeces than s vornishes on
Sillalopr or ndg” depouss.

The presence of Sa (0 rach varsuh is pradicmat ohen e mslyms &¢ 0y energy Gispersive
mmﬁbix"ﬁhlﬁn-‘lmmm*htdm“bhﬂl.

Wpping s ot 8 gt of e B4 L-oipha pouk & rcerded o
lmdu'hl*nm-mywm-hh W arder @ evelusis O
ofTact of Ba concontraines on Sur Yores Moustas 10 « mmmumu&mﬂﬂo
wulﬂ:m(uﬂm)mu wis g

" = donvee T\ veluis Gt e wnafTorwd by Ba Seat
mdba-nﬂohbﬁn forge ensugh 1 chings ngmiiconty Y vehus of the
calculated varsush coucs reiie (VCX) mmau-wmu—mu
TouAgT varmsk maples, whare Ba s hagh, fang » ok vartush duilng
twrves wuh W e & shipe b B young purt of W Curve
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ROCK VARNISH, ALLUVIAL FANS, AMD TECTONISH IN TRE
SOQUTHERN OWENS VALLIY, CALIFORNIA

SITRMAN, Paul R, and CILLESPIR, Alen, Gedlogical

sciences, University ef Mashington, Ssattle, WA 91183
e sre using genlogic sapping, resots sensing, velative
datd tachniquas, and rock varnish analyses to constrein
the history eof fan aggradation and tectonism in the
southern Ovens Vslley.

CBGIcAL Sociary oF AMERICA
ABSTRACTS W] PLosms v, 4, N. €

Souléery depoaita adjacent te Lans Pinme Creek, s
perennial ctm- &raining & ferwerly qlaciated u-un in
the Slerrs Neveds, extend castvard uwp ts 10km from the
range front. An umisusl sequence &f strean eaptnre
events has isclsted and preserved sliluvial fan surfaces
of four distiact ages. Comparison with noes
studlied en othsr Slerran fans cwggests thst the cnrneu
a2 lone Pine range in age from Mol te perd

The younger fana sre composed mlutalr ot poorly
stratifjed, poorly sorted, matrim-supported disalctens
probadly depositad by dedbris flows. Lisited mum in
oldar fans suggest that & grestsr percantage of thess
deposits are clastesupparted &nd are liksly of nwuz
eriqin. All deposits contaln a predosinance of
grancdiorits and aplitic clasts €arived froa the Mount
whitnay pluton.

A scarp of the Lone Pins Pault of the Ovens Valley
Fault Sones sffeets &t lesst tvo ef the fan eurfacss
(LubetRin and Clark, 1983). In addition to ualrg eur age
estinates for offset fan units, wve are weing
thersoluninescence, varnish radiocardon, and varnish
eation~ratiocs ta constraln tha tising of movemant on thie
tault scarp.

Ne 24418

PALEOCLISATIC IRPLICATIONS OF CRIORIBE PROFILEIS aPPLICATIONS POR TOXIC
WASTE OISFOIAL AXD LONG TIRR GROUND RATER PROTECTION, WRISKY PLAY AWD
RLATTY. NEVADA

POUTY, Surenae. BID/UST, 1190 St Prencis Br . Seats P, MM 47303
Chiaride sass Baleace (CRE) was weed ot Whioky Tlot sad Sealty. Neveds
te értersine the (opact of lwdg-ters clinatic change oA growed wster
rechargs rates ond percelation deptha  Avellablility of palesclisstic
iafersation pernitted reconstruciion of gualitetive changes ia offective
preclipitation which could B¢ cusparsd with o and duplhe deternined
fren the CRE orthad CHA reouits suppert riter {laterpretations eof
increased effective precigitation fu the Pleiotecons. la sddition,
subsartece satsture stedles ot Beatly dree siallar concluslons regardieg
prreslatisn drpthe.

2N sites ot Whishy Flat and sne ot Beatlly wore tered and amalyted
fer distribuiion of chleride with Septh  Nigh, Intorardinte, ond low
ehlntine concontrat ion sears appeared I coch chloride profile Rocharge
retes fo¢ Whisty Flat. Sased on the low reacontration soar, are © 64-0.8
O 6 an/yr is interpreied oo ropreceating the S41BUS Frcharge o

i hreugh the gllvvial sedinrnts wnker conditioss of (ncresee
ellective precigitetion. Recharge 18 Liatted 1o the upper € 0 at Brotty.

High rhloride coaceatfutions eccur at ths Beatly oite at §} 73-4.3 8
and 8t Whishy Plal 1a 1he apprr T T 0 Thie yone prededly recerds the
ssninus depth of raut influcnce during the Plelstecens. Interaediote
chioride concontrntions occur frwe ¢ 37 7 8 at Beotiy and fres 7 7-0.6
8 8t Whisky Plat  This s Iaterpreted as recording 1he anet [requent
drpih of drep prrcolation prier 1o the rhange In vegetatiea which
proceeded o concentrate ehleride highee ta Ihe profile. The tun somes
tadicote o jag tine Grtwren (he changes Thes, sedinrate absve $.4 8 ot
Whishy Fiat and 7.7 @ at featty occur withia the jong-ters, Aydrelegic-
aily sctive tons. Sedioenta boisu ore withia u hpdrejogically sest-stable
sone ta beth arvas, rechargr apprara ta have been ainisal to
RAarzistont, sven under the writer Ploletarsas ¢linete.
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LATE QUATLRMARY ACOLIAN CLOMOKIMROGY 0 *ot T21§ LANE MAND Si(T,
MOJAVL DESIRT, CALITFCRNTA

TCHARIR1AX, Vatche P, (roqraphy Departrent, Teass AN University,

Callege Station, YA 278}

The Bale Lake Sand Sheet consisty of & serves of clinbing duney
deposiled gqainst the southwert Clant & the Sheephole Mountatng tn
the southern Nojeve Oetert. Several ephemers! stresmt Bave dissected
the send sheet expasiag the wnderiyleg sadiments, The latter eaRibit
significent paleosaly and ather weathering horr2ons, The largest of
the “dune wadis® 1% adovt 2 4m Yong, %0 te 100 m wide ot 113 comtact
with the bedrock, and vo 10 00 m deep, The surface of the sand sheet
11 sastly submn‘ Sy vegetation and vensered with roct talvy from
the sdjoining mountaing,

Geomorphic and sedimentolegical analysis of seolion tediments,
combined with scanning electron microscopy (SIM) of quarti-grain
charscteristics, suggest 6 to § dune-buliding epivodes during late
Qusternary time, [C 1y Tihely that at least & seclfan epizodes Mave
accurred since the last Nisconstnan glactsl asntmm ground 18 ke,
with pesk deposition during esrller Molocene time, followed by
reduction of secllen activity and the formation of rock varnish
around 5 k3. One major episode, with severa) depositiona) pulses,
probadly occurred between 8 and S ba,

The duu-iulum) epitodes mast probadly follow sigmificant
climatic transitions, such 2t Ide Pletstocene-nolocene trantition
during which atmospheric conditions Chomged from conl and wat to hot
and artd. The various seciten sedtarnts accumylated largely ta
retponte to the lowering of water levels fu late Basing and &
contequent Increase fn fine sediment avatiladility, ond to stranger
ond more persistent winds,
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BARIUM CONCENTRATION IN ROCK VARNISH:
IMPLICATIONS FOR CALIBRATED ROCK VARNISH DATING CURVES

Abstract

Catlon-ratio dating of rock varaish is & recently devel
oped techmque for obualning surface exposure 83ss of 3 wids
virlety of genmorphle tuefscer. At eriglaly propoced, the
technique utilizes & eatio among minve cations {(K+ Ca¥/Ti] in
rock varaigh, Although this vanish cation eatio Is related 10 the
Ti concentration, It can al10 be affected by the presencs of Ba
that may be pertially included in the analyzed coacentration of
Ti. Barium is & minor constituent found {n virtuaily sil rock
varaishes sampled from the Laks Mead ares, Las Vegas Valley,
3od tas Crater Flat eeglon of southsrn Neveds. Barium is hetee-
aganonualy distrihutsd in pagk varniak, puiagiarad predaminaany
with Ma 3ad secondarsty with sulfus (Jetiltal baiite). Batisw
Sousdilidbivin sie sppersully grosin in vamishien Qi un
young surfaces (< 100 ka) thet in varalshas found on older sur-
faces (> 500 ks), and they ars sppasently greater In varsighes
on low eslevetion surfaces than i varnlshes oa hill-slope or
cidge depusits.

In ensegy dispersive spectroscopy (BDS), Bs L, and
pesks overtap with Tl K 0 Ky pusks. Usless dtcnmgl .
e overlapping peaks may yield erconeausly lazge values for T,
We have corapared the etfect of Ba conceatration on caleulated
vatnish cation eatios ustag: (1) quantitative EDS with the
scanning slectron microscops (SEM) thar decomposss Ti and Be
peaks: (2) quaatistive wavsleagth-dispsraive speciroscopy
(WDS) with 1 electron prode microsnalyzer (EPM); () semi-
quantitaiive EDS with the SEM that decomposes T1 and Bs
peaks; and (4) ssmi-quastitative EDS with the SEM that does
nat derampasa T and Ra tined. Rasults suggest small smounts
of Ba celative to Tl will aot significanuy change the valus of the
culculsted varalel cation ratic with or without decomposition,
Mawever, If fa CRRCANITATIRS B2A RIGA PAlatvn tn T, tha rftert
oa cation fatios is proseunced, resuiting Ia anomslously low
cation ratios. A4 younger varzlibes 3od varnishes @3 topoge
raphicslly lower surfaces sppireatly have higher Bi concentrs-
tions, the effect of Bs on cation ratios calcufated for yousger
rock varnishes and lower gurfaces will D graater,

KEY WORDS: Rock varalsh, catlon~catlo dating, barlom,
barium-titanium decomposition, Southern Nevads, scaaning
slectron micro1Lopy.
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Iatroduction

Rock vamish Is & Ma- and/er Pe-rich coatiog
commonly found on rock exposures ia arid ené semarid
eegions. Doea (1983) prvpveed o techaulyue for usleg
rock varnish (o estimate the age of geomorphic susfaces
utilizing & ratic of minor clements in the varnish
((Ca+K)/Ti] calculated for specific geographic areas.
This ratlo is thought 1o decrease with varnish zge and
has been calidrated using isotopically dated surfaces to
construct rock varaish dating curves (plots of cation
ratin et lag time), The importance of the rock var
nish dating techaique lies in the widc varicty of youag
(< 1 Ma) geamarphic surfaces that poisess svnd suruiale
o surface elasts and thus could poteatlally yield suilave
exposure ages derived {rom rock vamnish analysis.

It is now commonly sccepied that rock vamish
components sre of detrital origin, with 30% 1o 70% of
the varnish composed of eolian transported clay minesals
(e g, Panee and Rastman, 1879), Manganese and Fo
are markedly enhanced in the vamish over levels within
eoliss detritus. Barium has been reported to be s minor
constituent of rock vamishes (Eagle and Shaep, 1958,
Pottes aad Rotaman, 1979), but tho prevaleace and dis-
tribution of Ba in rock vamish, either geographically or
within & single sampls, Bas not been previously des-
cribed, Putthermore, the relationship of Ba
incorporated in rock varnith o the regional dust
composition end proximity ta Ba sources has not deen
tddressed. In this paper we discuss two aspects of Ba 35
€ 6oasttuant of reak varnishes: {1) the dissribution of Da
in rock varnishes from southerm Nevada: and (2) the
effect that this occurrence of Ba has on measuring Ti
concentrations sad therefore on calculated cation ratios
used in tock varnish dating curves.

Low concentrations (< 1 wt%) of Ba (n the pres-
ence of Ti ars difficult 1o detect when the analysis 1s by
enerpy-dispersive spectroscopy (EDS). The K, and K,
lines for Ti oceur at nearly the same eaergies (within =
50 eV) as the L, and L, lines for Ba, resulting in the
overiap of thase peaka ia an BDS analysls (Fig. 1). The
prodlem of peak overfap of Bs sad T occurs in tny
analysls that uses EDS, whether in conjunction with o
scanning slectron microscope (SEM), an electron prode
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Figure 1. SEM EDS specirs of material containing both
Tt aad Ba illustrating the overlsp of T1 K, and Ky and
Ba L, acd Ly praks.

uiiesvanalyecs (CPM), vt & pivivn prvbe wlilising yrutun
induced x-ray emisgion (PIXE). If the peak overlaps are
not decomposed following analysis, thea s portion of the
Ba concentration will be misidentified a3 Ti. This will
result in an erronecusty high Ti concentration, and ¢on-
sequently, a cation ratio that is erroneously low,

In parlier aaalyws nf tnck varaishes fenm smthe
ern Nevada, Harrington and Whitney (1987) used 2
Tracor Northem standardiess semi-quantitative EDS pro-
gram (SSQ) that performed ac decamposition of peak
overlaps during SEM analysis. Based on our present
wnddadtanding O BDd SeSucidncd ol oLk sd00ithdS i Lhad
region, we believe the T concentrations that were calcu-
lated during these earller analyses esred towards overess
timstion, yielding cation ratios that were lower than
would be calcylated using Ti conceatrations unaffected
by Ba occureence.

Dom (1989%, p. 575) has stated that *Energy-dis-
persive X-rays anslyzed with ¢ SEM eennct separste bas-
ivm from tanium when they ate in similar concentra-
tions at levels sround 1% °. In this paper we document
that, ia faot, tuch separation of Be from Ti Is pottidle
using both quaatitative (MICRO Q) and semi-quantita-
tive ($Q) Tracor Northern EDS analytical programs,
esch of which decomposs overlapping T1 and Ba peaks.
We tlso document that SBM EDS snalyses yleld similar
results to wavelength dispersive spectrometer (WDS)
analyses of the same varaish using an EPM. Compatison
of aur SEM and BPM results with reporied proton probe
PIXE analyses of rock varnish on the same geomorphic
features (Dorn, 19891), indicates & sysiematie difference
in Ba values for similar aged rock varalsh snd suggests
the lack of adequate separation of Ba {rom Tl during the
reported PIXE analyses.

Materials and Msthods

The dat dlscutsed in this paper weze acquired on
an ISI-DS 130 SEM and s Cameca MBX EPM, Both
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PP AR T AN RS NON GULIOr D] S

36

were equipped with Tracor Norihern $500 EDS sysiems.
EDS analyses utilized theee programs of which one way
quasttative (MICRO Q), and twe were semi-quantitative
(SQ snd $5Q). WDS analyses on the BPM provides
quanitative dsws. SEM and FPM analyses were made
both on rock varnish surfaces and cross-sections of rock
varnish, SEM cation ratio analyses of varnlsh surfaces
follow the procedura descrided In Harriagton and
Whitney (1987) and Harrington and Raymond (1989).
We antlyze (he varnish on 2 em dismeter, 0.5 em thick
dhaks uade from ures deitled thruugh the varnish and
rock substrate on esch varnished clast. A low magnifi.
cation (= 30x) is used o obtain & relatively large
surface area (~ 12 mm3) In esch analysis. The SEM
wralysis is performed using & working distance of 30
mm, & takeoff angle of 40 degrees, and 2 counting time
of 100 w 130 5 whh 2368 w 308 dexd tme. We use
progressively lacressing accelersting voltages to odtain
decper penctration Into the varnish. SEM analyses of
cross-section transects utilized the same working dis-
wnce aad take off angle, But didisthingd « spul sice avs
quisition mode, and accelerating voltage of 15 kV, 1nd
an acquisition tims of 100 3.

EPM analyses of varaish surfices and crossesec-
tlons utilizing Beacs Albee corrections are based on
standards and use 8 preset counting precision of 1 % with
a defanls maximum time af 40 seconds for each elemen
anslyzed. Analyses of Tl and Ba in rock varnish seldom
achieve the ! % countng precision and, instead, are ter.
minated a1 the 40 sscond dafault ime. Counting preci-
sion for these elements Is generally < 7%. Analyses
&rs alse fraquantly defauliad at 40 seeonds in the ansly.
sis of C1 and K with a counting precision genenally <
3%. EBach EPM analysis of Bs for surface samples rep.
resents the averags conceatration for three 400 pm?
rastered area analyses os & varnlshed disk. Cross.
scction snalyses ware aequired in & spot mode.

Using the EDS program MICRO Q, alf x-ray peak
intensitles are ¢(sZ) (PRZ) cotrected before elemental
weight percents are calculated for varnish constituents.
MICRO Q utilizes sets of elementsl reference standards
to perform Quantitative analyses. This program allows
these reference standards to be input &t cach of the ac-
celerauing voltages at which analyses will be run, Addi-
tionally, MICRO Q performs & decomposition of peak
overleps resultlng 1a Tl values unaffested by the pres-
ence of Ba withia the varnish (Tabls 1), In standards
that contain either Ba of Ti, but not doth, generally enly
the element present was recorded In the gnalyses at eon-
ceatrations above detection limits,

In addltion to MICRO Q, 2 second SEM program,
$Q, has beea used 1o decompose overlapping Ba-Ti
peaks. SQ analyzes x-ray spectra using a Ubrary of rel-
erences stored on disk. Since standard dats are retrieved
from storage rather than scquired prior 10 analysis, the
$Q program is considered sami-quantitative, The pro-
gram uses multiple least squares analysis snd 2 PRZ ma-
trix cotrection procedure Lo caleulate elemental concens

teations.
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Table 1. MICRO Q and SQ analyses of stundards

Concentration Concentration MICRO Q $Q
in Standarg {wt%h) Anslyses Anslyses
Standard {wi%) WDS-Microprabe (wik) (wig)
Barite New§ Na$
BaO 63.43 €5.17£0.03 $5.34£0.6)
TiO, £0.00 0.6020.38 L }1 8
Auglte Ne|0 N=10
210 £0.00 BDLe= 0.02+0.06
TIO, 0.74 0.8240.06 0.83+0.05
Bealtolts Nei2 Nei2
Ba0 37.08 37.3821.60 373114
TIO, 19.38 19.29£3.16 18.5122.59
Synthetic Varaishe . . Nw§ N=$ N=lS
B0 0.62 0.6040.13 0.80+0.0 0.62+0.12
TiOy 1.54 1.73+0.08 1.7720.03 1.73+0.06

* Synthesic varnish is sample FV-1 from Blerman ané Kuehner (to be published).
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Figure 2« (at left). Replicate line transects of BaO snd TiO,y cbtained by SEM EDS anslysis using the program SQ and
by EPM WDS anslysis. Transect J on rock varnish sample PW3.25, from Petroglyph Wash, AZ, nesr Lake Mead, NV,
Anglytics! uncsrtainty for each ZPM analysis is generally about 9-11% for Ba and 10-20% for Ti. Analytical yncertainty
for each SEM snalysis it generally about 6-20% for Da and 7-28% for TI.

Figure 2D (st right). SEM EDS line transscus of Ba, S, and Mo In rock vernish cross-sections. Transect 3 on sample
PW-29, fram Petrngiynh Wash, A7, near [aks Msead, NY. Transear acquired at 1S Y whih 100 tarnnd rannt times, and
reduced using SQ program. Asnslytical unceriainty for ssch snalysis Is ganeraily about 1% for Ma, 6-20% for Ba, and

13.37% for S.

A third SEM program, §SQ, uses a standardless
technique that spplies peak integration with Krome's
Law bdackground modelling to calculsie elemental con-
ceniratons. SSQ does aot decompose Tl and Ba peaks.
The SEM it conflgured ia the same manner for MICRO
Q, 5Q, and $8Q.

Results

One method of chesking the abllity of §Q 10 we-
cessfully decompose overlapping Ba-Ti peaks is by com-
paring SEM SQ line transects through varalsh cross-tec-
dons with 2 WS snalysis wansects at approximaiely
the samg locations. Altbough comparisons are limited
by the sbsvlulo siting of anstysical puints in the EPM
due to poorer image reyolution and larger electron beam
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dlameter, general trends in By and Tl along transects
may be compared. In Figure 28, TiO; values obusined
on the SEM using SQ and on the EPM using WDS ansly-
sis are simlilar, and both show decrease in TiO, concen
tration with deptd. Ia gdditon, B30 valuos from ke twe
{nstruments arc generally similas, including & brosd peak
in BaO at & depth of adout 13 to 18 um. A msjer BaO
paak recorded on the SEM st 7 xm, dut not measured on
the EPM apparendy raprayangs § misron-gized detrital
barite grain, evidenced by & peak ia sulphur at the same
spot in the SEM transect (Fig. 2b), that ¢id not fall with.
L e vuluwe vf zesuy excludon of the E¥FM ransect.
Other than the correlation ef Ba with § due (o occrsional
buzile gsuing, the primary corrslatoo of Ba In enalyzed
rock varnish eress-ssctions is with Ma (Fig 2b, Pig. J).
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Figura 3. SEM EDS line transects of Ba, §, and Mn in
rock varnish croggesections. Transect 4 on sample
LB10-3, from Lava Butte nesr Las Vegas, NV, Transect
acquired &t 15 kV with 100 teconds count times, and
reduced using SQ program. Asalytical unceridinty fue
each analysis is typically sbout 1% for Ma, §-20% lor
Ba, and 40-60% for S.
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Figure 4. Comparison of $SQ derived Tl concentrations
with SQ derived Ti concentrations. Rock vamish sam-
ples LBI10-3 and LB1l-2, from Lava Butte acar Las
Vegas, NV. Replicate $SQ and §Q asalyses sequired &t
10, 18, 20, 25, and 30 &V for nine 0.2-12 mm?® spots,
with 20Q seconds eounting times. Analytical uncertainty
for cach analysis Is 1-3% for the reponad $SQ Ti
values, 5-15% for the SQ Ti values, sad 4-24 % for the
SQ Ba values.

The insdequacy of $5Q, the EDS program without
Ti and Bu devumposition, to provide rellable Tf concen-
tradons ir the presence of Ba ean be llustrated by com-
paring spot analyses replicated with SQ and $SQ. Tiua-
sium concentrations obtalned with $SQ are consistently
greacer than Ti values from SQ (Plig, €) due w overiap
of the Ba L, peak with the Ti X, pesk. The Ti values
vsing SSQ are highest where Ba concenirations sre

highest.
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Flgure S. Cation ratios from Holocene surfaces in
southern Nevada. Points H-1 and H-2 are from Las
Vagas Valley, NV, (4) are mean cation ratios calculated
with Ba-T! decomposition performed using StM LS
MICRO Q 2aalyses. (O) ste mean eation ratios cals
culated using SEM EDS $SQ analyses with no Ba.Ti
Gecomposition. (X) are mesn estion ratios of Dorn
{198%s) by PIXE analysis.
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Figure 6. Ba concentrations in tock varnish samples
from southern Nevada. Data obtained by BPM analyses
using 400 am? spot sizes and SEM snalyses of §2 mme
areas. Minimum detection l{mits for Ba are 0.1 wt§.

The effect of Ba on caleylation of rock varnish ca-
tton ratics 1£ Ba snd Tl peaks are not decomposed can be
stlustrated By companng cation ratios calculated [rom
SEM snalyses of varnish disks using SSQ (nen-decoms
poted) with cation ratios caleulated from SEM analyses
of the same disks ustlag MICRO Q (decomposed). For
rock varnish collectsd from two Holocene surfaces in
Las Vegts Valley, cation ratos using SSQ sre more thaa
30 % lower than catlon ratics caleulated uting MICRO

Q (Fig. 3).
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Table 3. Barium concentrutions in rock varnish for selected deposits from the Crater Flat area, Nevada

Site Estimated Average Ba Number and Type®
Ageika)e® Cancentration (wr%) af Analyres
Black Cone (lava flow) 11002200 0.55£0.09 9P
0.34£0.26 SIMQ)
0.00 (PN
Red Cone (lava flow) 11004138 0.53£0.17 1Py
0.00 S(P)
Latkrop Wells Cone uncertin 0.4320.20 $(MQ)
{lavs Rows) ¢.00 15(PI)
Alluvial Surfaces (Crater Flat and Forty mile Wash)
Q2C 255+15 0.97+0.24 13(P
- JWB-20 190 £4¢S 0.00 S(PI)
O2R 16020 Y N740.5) 1)
CFP-29 137245 0.00 10(P1)
CP-3 40+10 1.7420.67 11(P)
1.75£0.52 15(MQ)
CFP-32 3020.5 0.00 S(PD)
. (P) = Microprobe (This Paper); (MQ) = SEM using MICRO Q (This Paper); (PI) = PIXE (Dorn, 19892).

.- Age estimates are Gelalied 10 Harringion and waitney (1¥¥7) and Dom (1Yyva).

Based on over 250 SEM sod EPM spot analyses
snd numerous clemental line scans on varnish crossesec-
tions, the following observations can be made concern-
ing Ba occusrencs in rock varnish samples from southern
Nevada and adjacent areas:

(1)  Barium was detected in 98% of rock vare
rishes analyzed from the Lake Mead sres, from Las
Vegas Valley, NV, and from the Crater Flat ares In Nys
County, NV (Pig. 6). Sampled varnished surfaces range
in age from < 10 ka to over | Ma; topographic posi-
tions of varnish collection sites range from the lowest
parts of intermontane basing, at or just above local base
levels, 10 > 300 meters above the basin floors. Rock
varnishe: from the Clma volcanic fleld, Callforanis
(Raymand e al 1931 thisissue) snd fenm Naw Marlen
yielded similar percentages of Ba.

3)  Barium concentrations recorded for south.
ern Nevada varnishes weere a8 Blgh a5 3.8 wi% for a vas-
nish surface spot analytis and sverage > 1.5 wi% forsll
varaish surface analyses. Coaceatrutions are commonly

1-2 tmes that of TL.

()  Barium concentrations ean vary by more
than 2 factor of two both laterally and vertically within
rook varnish on & singls alasr, Aversge Da cosiintias
tions among & sulte of clasts taken from a single geo-
morphe suriace als0 commoaly vary by mors than &
factor of twe.

(4)  Bariumappareauy occurt ia higher concen-
trations in younger varnishes thas in cignificantly older
vernishes in the Crater Flat ares of southesa Nevada.
Avesage Ba concentrstions of 0.55 aad 0.58 wt% were
measused la varntsheson 1.1 Ms lave flow surfaces at
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Black and Red Cones, wheress average Ba concentrs-
tions 0 0.97 10 1,75 wt% were measured on nearby ally.
vial suzfaces with estimated ages of 25540 ka (Tabdle 2).

($)  Barium octurs in higher concentrations in
varnishes formed on surfaces at lower clevations in ba.
sins than in varnishes on surfaces high on hillslopes or
ridges. For example, rock varnish on a hillslope boulder
deposit on Little Skull Mouatais, NV, has lower Ba val-
ues (average concentration 0.23 wt%) than rock varaish
occurring 170 meters lower in the basin at Black Coce
(0.55 wt%, Table 2). Both varaishes have similar estis
mated ages, about | Ma, Similarly, rock vamish on 2
boulder depotit on the crest of Yucca Mountsia yields
lower Ba concentrations (0.47 wt%) than rock vamish
with ¢ tindler artimatad sgs A0 m lowar an an slncial
surface ia Crater Fist (1.26 wif).

Discusslon

The ubiquity of B within investigated rock var-
nishes from Nevads and adjacent tegions suggests the
possibility that Ba may be universaily present in rock
vamishes of the southwestsrn U.S, Thus, most Ti values
measured using EDS, if uncorrected for the preseace of
Ba. will be errencoualy high aad calculated catinn rating
will be too low, Slace Ba concentrations are hetarogens-
sus ot all sanlas,eatisn raties from 28 ANeA, Prévicuily
obtained with programs performing no Ba-T1 decomposi-
tlon, caa not be eatisfzctorily adjusied for Ba eccursence
by applying a single correction factor. Instead, in con-
structing rock varnish dating cugrves, cation retios should
be used for which Individual anglyses Incorporate 3 Bi-
Ti decomposition, The apparent relationship of B con-
centration to varnish age may perddally seflect apparent
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topographic relanionships in that younger surfaces geaer-
ally lie closer to the local base level and trerefore lower
in the Rasin shan dn nider, generally higher surfaces.
Therefore, Ba concenteations 1n rock varnish may most
influence cation ratios calculated for younger varnishes
forming i low-lyiag basin environments in close prox-
imity to soutces of Ba.

Reck varnish dating surves have Biga senstrusted
for the Crater Plat ares by Harrington and Whitney
(1987). and by Dora (19892). Barium concentrations re-
ported from PIXE analyses of rock varnish by Deorn
(19831, Tabdle 6) differ markedly from our ansiyses (Fig.
£). Of 117 PIXE analyses of varnish teported by Dom
1188347 valy sla Include e preseme v any deiciisble
Ba. For the other 111 samples, representing 95% of the
total enalyses, sa Be graatar than .01 parceat is ropor
ted. In sddition, we have found Ba Ia rock vacnish on
sil geomorphic surfsces examined in the Cruter Flat ar-
ea. These sites Include several lava flows and colluvial
boulder deposits in addition to sites on more than s doz-
en alluviad surfaces. Do (1989a), in contsast, reported
Ba in samples from enly two of 17 geomorphic surfaces
in Crater Flat, and for these two surfaces only half of
the total samples were reported to contaln any Ba. Sites
reported by Dorn (1989a) to contain no Ba Include three
lava flows where we found average Ba concentrations of
approximately 0.5 wi% and threc alluvial surfaces of
similar estimated age 1o surfaces whese we found perva-
sive Bs (Tsble 2).

The lack of reported Ba in the varnish anatyses of
Dorn (19893) from the sanie region where we show an
simost universal presence of Ba strongly suggests that

- Ba was not quantified and that decomposition of Ba-Ti

psak overlaps wat not adequataly performed foe hic
PIXE analyses. Therefore, we believe that ths Dosn
(1989a) data are biased by erroneously high Tl values in
much the same manner a3 were our earlier SSQ anslyses.

Barium in sock varnish seems to be generally as-
sociated with Mn, showa by strong positive correlations
of Bs sad Mn In line transects through varnlish cross-sec-
tions (Figs. 2b and 3; see aiso Raymond et al,, 1991,
this issue). Although in jome analyses darits (BaSO,)
graing are evideneed by & enincidenca af distinet Ra and
S peaks (Fig. 2b), Ba and § conceatrstions commonly
have no distinct correlation In lae transects (Fig. 3).
Thus, Ba concsatrstions 2an not be corrsiated directly
with barite occurrence. Rather, Ba content is typically
correlative with Mn concantration.

Conclusions

In environments such as southern Neovada, Ba oc-
curreace in rock varnish is apparently ubiquitous. If Ba
and Tl peax overlaps are aot sdequately decomposed
dusing chemical anslyses of rock vamish, any rock var-
nish dauag curve calibrated uting such erroneously high
Tl values will be lower than curves davsloped using Ti
values decumpused frum Be.  Thersfure, we cmphasize
the need to re-evalusts all rock varnish dating curves

and to refine them as appropriate.

The inadequacy of $SQ to provide reliable Ti con-
rentrationg in the. prewence. af Ra suggeus the need foe
re-snalysis, uting elither MICRO Q or $Q, of the rock
varnish samples used in the calibration of the rock var.
nith dating curve of Harrington and Whitney (1987).
Similarly, the sdbsence of Ba in PIXE analyses reporied
Uy Duea (19094), didpild the widdidiadd ciusiduie of
Ba in rock varnishes of this region and In other pants of
the Southwest, suggests the need for 3 re-evsluation of
his rock varnish chemical dats. In particular, we suggest
that the rock varnish dating curves generated from these
reported PIXE data are suspect, &s are any rock varnish
Jadug curves JYerlved frum vhiemlcal daa vbuslioed In ¢
similar fashion,

. Finally, svailable data suggest ¢ ecerclation of Ba
coacencration with varnish gge. This In tumn suggests
the possidility that Ba might de useful as ¢ standard ele-
mentai component ia catioa rado caiculations for rock
varnish dating.
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Discussion with Reviewers

J.A. Miakls: [a PIXE anslysis the penetration of the
deam into the target is much greater than for SEM or
EPM (prodably up o 20 times &3 great), and thus the
volume sampled in each tnalysis is much greater in
PIXE. Do you think this can account fur ne
discrepancies ia the smount of Ba detected by the
different methods?

Autbors: 1t should de noted that the PIXE analyses of
Dotn (1989a) ate made of powdered rock varmush that
has been scraped off the substrate on which it was accre-
ted, whereas our varnish snalyses are made of in situ
rock varnish odisined by coring through the varnish into
the substrate (see Materizls and Mathod section). Al-
though we find the concentration of Ba ta be variabie in
analysea nf hath varnish surfacea snd grnas sentinay, it
is consistently present a¢ higher concentratlons than re-
ported in Dorn (1989a). Therefors, we belleve that the
lower Ba concentrations reported by Dorn are not due to
analyzing s larger volums of rock varnish.

J. A, Miokin: Are the cation ratios for Dorn's PIXE a-
nalyses ia Fig. S determined for the same samples a3
those represented by your SEM analyses? 1f 30, ¢an you
suggest what significance ete may e to the fact that
the two PIXE analyses lie between your SEM data cot
rected and uncorrected for Ba?

Authors: The samples used for Dorn’s PIXE analyses
aze not the same as those uted for our SEM analyses.
However, the samples used for the PIXE analysss were
obtained from aimilsr types and sges of surfaces withia
the same geographic area (Crater Plat) of southern
Nevada a3 were the bulk of the samples we analyzsd by
SEM. We suggest that the discrepancles detween our
cation rvatios, calculated using Ti and Ba valuas whers
decompotition has deen porformed, and the PIXE
snslyses, may Indicate that even if Ba-Ti decomposition
it being performed with the reporied PIXE analyses, this
decomposition Is not adequate and the reported T
concentrations are still erroneously high,

R.1. Dora: Thers It & misunderstanding of how to read
Table € in Dorn (19892), Tabls € {5 & direct outpus of
my compuser data file. 0.00 was entersd if the element
is below the limlt of detection or If slemsents wets not
specifically requested by the user. 1 forgot to specifical-
ly request Ba and many other elemenats In the output re-
poried In Table 6. Bven though Ba was not specifically
requested, the laboratory anslyzing the samples reportad
anomsiously high levels of Ba in gix samples; only
anomnlously high vesults wese reported in tha hard copy

6!

output seat 10 me and these were included in Dom,
1989a. Moare typicaf vaiues were not sent and thetefore
were not included. 1 apologize for a coafusion that is
my fault.

Authors: Indeed {t is difficult to compare data when
values reported as 0.00 in fact represent values that are
snythiag less cthan *snomatously high*® (< 0.51 wiX,
minimum conceatration of Ba reported in Tadle 6, Dorn,
1939s). We note that the sverage Ba conceatcation for
out 25C analyses was > 1.5 wik (see text, Fig. 6),
highet by a factor of three than the values reported as
*znomalously high® by Dora. In sdditton, the aversge
Ti concentration within cur samples i3 0.38 wi1% com.
pared to an aversge value of 1.66 wi% for the samples
of Docn (198%2). Thus, qur Ti concentrations are lower

by a factor of > 4, We feel, therefore, that until st has

besa demonstrated that the PIXE analyses incorporate 2
telisdble Ba-Ti decomposition that any ecurves derived
from such data should sil] de consldered suspect.

R.L Dorn: The authors stress & significant difference
between the amount of Ba found by Dorn (19392) 2nd
their results. Because [ ayran this is an issus that aeeds
b rrsolyed, it is imparative that the. aninnes pleasty
present their eriteria for (¢) how they select varnish o
de sampled in the fleld and (O) whether they analyze
every sampls collected in the field; if not, how they se-
lect the fleld samples to analyze. Selection criterta that
1 uie are detulled ia Dom (1939a), Krinuley et al.
{1990), and Dorn et al, (19%0). The authors &o aot
specify in this paper how the 10 to 12 clasts messured
from each site are stlected. 1 suspect that different
types of samples are being compared, because I get
saomalously high dartum results if samples aze collected
differently (Dorn et al., 1990) and decsuse compansons
of PIXE with ICP-AES and wavelength dlspersive micro-
prode on the same sampies yleld similar (K +Ca)/Ti ra-
tios (Dorn, 1989b; Dorn et al., 1990). Thelr claims can
not be astessed propeely unlets the authors are as expli-
cit ag posiidble on how thay deside which varnishes to
analyze.

Autbors: Wa note that the implied high accuracy of Bs
measurements by PIXE anslyses has rever been demon-
siraied, Bafors the role of sampiing protocol can de
considered a3 & fsactor in producing varistions in the
chemical constituents of rock varaish, the sccuracy of
meaturements by analytical systems and procedures need
10 be sstablished,

Ths ubiquitous pressnes of Ba in our rock varnish
samples that were cotlected over a pesiod of theee years
argues strongly that out chemical data are not simply an
arifact of 2 sampling bias. Analyzed samples were
coltectod from aituvial surfsces, lava flows, hillside
boulder deposits, and dedris flow lobes from southesn
Nevada, southera Califomis, sorthern Atizons, snd New
Mexico, 1nd from & varicty of orientations and topog-
raphic positions on sampled surfaces. In addition to
erueris outlined in Harrington and Whitaey (1987), the
umples were eolleeted constatent with mast of wthe
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critéria discussed by Dora (198)). Thus, we suggest
chas the near untversal presence of Ba within vuz saunplea
implies & widespread and common occurreace of Ba in
rocXk varnishes of tha southwestern U.S.

J.A. Miokin: 1 think deconvolution is a more suitable
word than decomposition, a3 used aumerous times in this
paper. Decomposicion has & strong chemical connota.
tion, whereas deconvolution (s, I believe, more genetally
need with refrrence. 1n curve stripping (which Is indeed
what you re doing)

Authors: In previous versions of this paper we used
*deconvolulion® instead of *decomposition® until 2 col-
league pointed out to us that, by a strict mathematical
definition, elemental peak strippiag routines used in en-
ergy dispersive analyses are not deconvolutions. Stan.
dard peak stripping routines use a multiple least-squares
curve fitting procedura. In contrast, & convolution is the
product of Fourier transforms of two functions and true

. deconvolutions coatist of & more involved mathematical

procedure, We have chosen (0 use decomposition as &
more generic term for sny peak sitipping routine, We
see no prodlem with the chemical implication associated
with the term decomposition, fo ladeed we are deter-
mining the chemistry of the analytical point.

J.A. Minkin: What are the minimur detection limits
(MDL's) for your SEM analyses? Are the welght per-
cents of TIO; (Fig. 21) and § (Fig. 2b) really above the
MDL?

Authors: MDL's for our SEM analyses were calculated
13 three standard devisrions above the intensity (meas-
ured as count rate) of the background. MDL's for ele-
ments io our rock varnish analyses vary between 0.13
wt® and 0.08 wtk as counting dead tirus varies between
15% and 40%. Thus, the trends deflned by TIOs and §
in Figs, 23 and 2b reflect analyses above MDL's.

P.R. Blerman: Are there peak overleps other than Ti-
Ba which could result in poor sccuracy when using an
EDS to gathee x-ray specira?

L ¥]

Authors: In an EDS analysis of rock varnish there is
ahw a1t everlay vl dis K Kg peak with the Ca K, peak.
The effect of this overlsp, If not decomposed during
analysis, would be 0 Increase the concentration of Ca
relative to fts uo valus ard thus eesult {n eation ratiss
that were grroneously high, The Tracor Norbern pro-
grams MICRQ Q and $Q perform s decomposition of the
Ca-K overlap during analyses ia the same manner 23 the
Ba-T1 peak overlap and yield stighdy different vatues for
X and Ca than are ohuajned using the Tracnr S8Q pro-
gram In which an decampacitinn is perfarmed

P.R. Blermsn: Whst physical or chemical factors could
change the concentration of Ba in varnish with age and
with topograpbic pesition?

Authors: Although little is yet known regarding the fac-
tors that coatrol Ba concentrations ia rock varaish, it is
fogical to azsums that Ba is brought to the rock varnish
as part of the eolian detrital contridution. At such,
factors that control or affect the nature and supply of eo-
lian detritus (e.g., climatic ehanges within the soucce re-
gion for the eolian detritus) likely play an important rote
in controlling Ba supply to varnish surfaces through
time. [n addition, as Ba is spparently associated with
the Mn component of varnish, as yet undetermined fac-
tors that affect Ma coacentraion may also affect Ba
concentration.

Adaitlonsl References

Do RI, Cabill TA, Eldrad RA, Gil} TE, Kusko
BH, Bach AJ, Bitlott-Figk DL (1990). Dating rock
vamnishes by the cation ratio method with PIXE, ICP,
and the electron miczoprobe. Internationsl Journal of
PIXE, l, 1-14.

Kriosley DH, Dorn RI, Anderson SW (19990).
Factors that interfere with the sge determination of rock
varaish. Phytical Qeography L1, 97-11%.




LRC#: GS.90.M.000088

m: 1.2(.3.2.3.1 ) g
QAs IND (per GMP- 20/, R3 >
. PAGE L of 1 T 5nzles -
. &4 QA (pe P90 RELMP) .’JV) S
YHP - UUSGS PACKAGE TABLE OF CONTENTS E
4 . 'g L
OFR 89-"39 - Preliminsry Descripticn of Quatarnary and late Py .
Pliccans Surficial Deposits at Yucca Mountain and o
Vicinity,Nys County, Navada by D. L. Boovar : ’**
~~nB—- o a—— T '_'.’.:‘
iBC ¥
# Pgs USE ONLY -
A. Open File Report - 48
1 3. 2ublished Repnrt Packags 154 -
L. J0E Form 1132 1
2. =20E Lecter of Approval 1
) a 3. Manuscript Seviev and Approval Shesc i .
- 6,7 Technical Ravievers Appraisal Form . —enencumoreti — R
a. Ralph R. SHYeIR™ - 1 - ——
b. WC Svadley ~— 1 -
—— ¢. Earie Cressman 1
WMt 5. Reviev Cozments e —— - L -
- a. Ralph R. Shrobs 14 S i
b, WC Swadley 11
o~ = ¢, Zarle Cressoan .~ 8 -
«afls A.C. Matthusen RSN 3 ’2\ ——
6. Authors Responss to Reviev Comments
a. Ralph K. Shrobda 3
- bsWC"Svadley — JRRE T -
- c. Earle Cressaan === Dont 4
> 7. Jeneral Correspondence S
3  Tinali Zr-ft 95 —_—
b " ¢. Raw Data - 2 e
- 1. Scatement by the Author 1
% - 4
T el
* L ad
- -
BOX#:GS.M.26
3 DATE SENT: 9/5/90
25 i —co—— 3
& All docuzents centained in this package are the Best Available Ceoy : :
s | ananecy. 89 8 METoe of T LAC stifl, ik this ackage wall COTTind fOm o (OF IO DACKSGS SECTTINKE (Dubeshng
A 18CCST SN FEW GEZR) WTECT WG SANSMECIING 810 RIOMNRd © 18 LAC v s SIDENED ARCOrY SOLICES NS Wil TPV o
iy 19COraS MRCUIEMENES ONOr © SCTIR 13 e CRF. (CO0mS DI The SIgEWM BEDIFACINRS &S EEROSC)




GS.90. Mm.o00c §f,

USGS~0FR-89-359 USES-0FR-89-35¢ e .
UNITED STATES N

DEPARTMENT OF THE INTERIOR

GEOLOGSICAL SURYEY - .- 8

S -

PRELIMIN-RY DESCR _>TION OF QUATERNARY A.D LATE PLIOCENE

SURFICIAL OEPOSITS AT YUCCA MOUNTAIN AND VICINITY,
et

i NYE COUNTY, KEVADA ,
_ D e e

= A, . g
J N a’ T —— - ot
— ~
— ':‘M *‘J. = ---——.—T—-— ———
e ~ ™ g D.L. Hoover - . d
_q‘. . e .
. Open-File Report 89-359M :
' . . . -
.
RS - = g . R
Prepared in cooperation with the
= K2.ida Operatfons Of fice
: - U,S. Department of Energy
: {Interagency Agreement DE-AI08-78E744802)

- ,-

This report is pre.iminary and has not been reviewed for conformity with U.S.
Geological Survev editorial standards and stratigraphic nomenclature.-.Any use .
of trade names is for descriptive purposes only and does not imply endorserent

by the USGS,

Denver, Colorads
o ' ) 1989 )




USGS-OFR~89-359

——

UNITED STATES DEPARTMENT OF THE INTERIOR
it

GEOLOGICAL SURVEY
>

PRELIMINARY DESCRIPTION OF QUATERNARY AND LATE PLIOCENE
SUPFICIAL DEPOSITS AT YUCCA MOUNTAIN AND VICINITY,
NYE COUNTY, NEVADA

. By
- -
D.L. Hoover

——— ,______,A.‘-d:- -@a‘_‘—-’-‘\ o

he Y




CONTENTS
Page

Abstracttd..D.'..'.......I....C....I....l.l..........Q...'....."..... 1
lntroduction......Q..OI..ll..0l.l...l.........'.l.....................
Ph”’ogr‘ph,....l.....'0.0."..lll...I!__._.......l....'l.,......‘..“
Pre'iws wort........i...‘....II..........Il......'.........iﬂ...
‘centification of Quaternary surficial depositS..eevecarercaccascesaasll
S‘r‘tigr‘phyootojooo.o...OQ&.D.O.Q...-QU000'........0-0..oo.-...oo-oooll
Pliocene and Quaternary (?) 3epoSitS.esscccceccscascecsncoconseaal?
Waterlaid sediments Of Amargosd MarsSh....coeeeescoscecsscesell
River gra-:1s of Ancestral Rock Valley Washeececeeerccsneassl?
Pliocene(?) and Quarternary depesitSececcccccccasscscascsaacscsasld
Uﬂit QTg.llI...I.ll..l'l'.'........'..D.l.....ll’l.l..l...:‘B“—

1““ OT‘Q-oo-oo.-o'--Ono-..oo-.o.oo-ooo..o..o.o-o-co-ou-ooo-lg
"‘.Region‘l‘mccnforﬂ“ty-o-c.o.oo.ooo-ooooro??;?onomo-oooon'o'o".Zl
Uuaternary surficial depositSeecsesacoccncocsoccssssssnonneneasesdl

Uﬂit 020.‘000.vl!l.ot.oo‘co-tv.o..oc-...co-con-'-occootoo..-23

Uﬂit Ql..o..oolc..o0o.oo.o.-...-oo'ol-bi..ococ..o-...o.-oluiaz

Pliocens and Quaternary basSdltS.ceececasacases oseosncocoscssancsdd
Pliocene and Quaternary SPring depoSitScceccececsscccccanse.sanneedd
Age of late Pliccene and Quaternary deposSitSeeececceccccssscnansadbd

e m—— —
Refe'eﬂc‘i;s;;ig;iésgcccl..0.'::0.--0...07?&.-.::’%3...-o-oo.--oo.-.oo‘z
B

>

e
- " —amati—

o NP

ILLUSTRATI10AS

Figure 1. Index map showing location of Nevada Test Site
and ‘!‘ucs_.s_uountain....Ol.l...l’...........'..00.'l...-.
2, Becrock geologic map of Yucca Mountain CEgionT e .cueseeene
3. Pnysiographic features of Yucca Mountain and
':-mViCiﬂityooooooo.o-oooo-.-oﬂﬂ_v_oooo-ooo-oooou;n..so.aooq_o.o
2, Index map UIPYNUSYULCa Mountain area showing
outlines of quadrang‘e mps’..t..........l..l....‘...‘l
Correlation chart of Jate Pliocene a2-: Quaternary
stratigraphic units in the Yucca Mountain ared.........13
Approximate area Of Amargosa Marshe.ecsecececcscvoncoscsneald
Schematiz cross section showing relatienship of ememge -
stratigraphic units ang terraces in fortymile Wash.....25
Schematic diagram showing relationship of subumits
U2c, Q2e, and §2s in Yicca Mountain 23red.cececessscsseeslb
9- D‘str‘bﬂtion of oze deposits......‘...O..Q....I.‘..........27

> - - - ——p—
TABLE

A
e e, RS
Table 1, Radiometric ages of Quaternary stratigraphic units in
"3 the yucc‘ ”ountain area.....l...........I............l.sg

c.—-




PRELIMINARY DESCRIPTION OF QUATERNARY AND LATE PLIOCENE
SURFICIAL DEPOSITS AT YUCCA MOUNTAIN AND VICIKITY,
. - NYE COUNTY, XEVADA

by -
0.L. Hoover

ABSTRACY

TheYucca Mountain area, in the scuthecentral part of_ the Great Basin,

fs in the drainage basin of the Amargosa River, The mountain consists of
severa)l fault blocks of volcanic rocks that are typical of the Basin and Range T
province. Yusca Mouatain is gissected by steep-sided valleys of consequent T i
drainage sys::ms that are tributary on the 2ast side to Fortymile Wash and on TR
the west side to an unnamed wash that drains Crater Flaty= Most of the major )
wa:nes near Yuccad Mountain are not integrated with the Amargosa River, bu? . .
have distributary chanrels on the piedrmont above the river. - -

i

Landforms in the Yucca Mountain area include rc-k pedirments, ballenas,
alluvial pediments, alluvial fans, stream terraces, and playas. Early )
Holocene an¢ older alluvial fan deposits have been smoothed Ly K
- pegimentation. The semicontcal shape of allyvial fans is apparent at the E i
- Junction of tridutaries with major washes and where washes cross fault ang
terrace scarps. Playas are present in the eastern and southernends of*themmm, = B ;
"> Amargosa Desert. BT Ll emcceensggz v SR

The stratigrapnic units descrided in this report rarge from Pliocene
"marsh_sediments-to modern 3lluviumn. The oldest unit, the waterlaid sediments
of Amargosa marsh, were deposzted mostly 1n shallow water in an area that
cc.ors approximately 1,250 km® of the Amargosa Desert. The lower unit of the
waterlaid sediments consists of clay, 1imestone, and i A0 AMOURRS- Ofrmare e oy
sandstone, which were deposited in lacustrine, playa®™and paludal e
ironments, and sheet 1imestones. Two ash beds in the lower unit have
ie..ometric ages of a.proximate’, 3.1 an. 2.1 Ma. The upper unit of tne
waterlaid sedimentS was deposited™in channels ercded in the lower unileenlhe o
upver unit consists of, in ascending order, sandstones and gravels, chemical .
and clastic deposits of clay interbedded with limestone, and a tufa caprock. o
Vertebrate and invertebrate fossils indicats that the upper ynit may be as
yoling 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
3 km, These gravels may be equivalent to the unper unit of the waterlain - -
et - g c——

c~diments.
M"M

Unjt QTa was deposited throughout the Yucca Mountain area, probably soon

after deposition of the upper unit of the waterlaid sediments of Amargosa
3 marsh, Unit YTa consists mostly of debris flow deposits ana small amounts of
= alluvial gravel. After deposition, pedimentation removed as much as 50 m of

L the unit. A soi) on the pediment contains a thick calcic horizon. Residual

; boulders as much as 10 m in diameter protrude above the pediment. After soi)
development, the unit was dissected by subparallel drainage systems...Ridges ———
between drainages form ballenas that are typical of unit QTa. A regional ™

Jd




unconformity between units QTa and Q2 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 fn the Yucca Mountain area. The sequence of events following
deposition of unit QTa and prior to ceposition of unit Q2 suggest that unit
QTa was-deposited significantly before the Bishop ash, 738 ka, was deposited
near the hase of unit Q2.

Unit Q2 is present throughout the Yucca Mountain area and consists of
five subunits: subunit Q2c, 2a)luvia) sand and grave) and lesser amounts of
debris flow deposits; subunit Q2e, eclian sand; subunit Q2s, alluvial sand;
subunit Q2b, alluvial gravel and debris flow deposits; and subunit Q22, debris
flow deposits. Subunits Q2e and Q2s are lithofacies of subunit Q2¢.

Slopewash deposits in the Yucca Mcuntain area have a stratigraphic position

.1ike that of subunit Q2a, but differ fron Q22 in several characteristics and

are designated subunit Q2a(?) in this report.

The presence of the Bishop ash at or near the nase of subunits Qle and
U2c at several jucations in the Yucca Mountain area indicates t-at deposition
of unit (2 began before 733 ka. Radiometric aqgus indicate that 2 soil within
subunit QZc began development adout 425 ka. Surface soils began development
on subunit Y2c adbout 27U ka; on sudbumz Q2b, about 175 ka; and on subunit
Q2a{?), about 40 ka.

I e T -

— T ——

Unit Q1 was deposited mostly in washes throughout the Yucca Mountain
area, The unit consists of subunit Qlc, alluvial grave); sudbunit Qls,
allyvial sand that is a lithofacies of subunit Qlc; subunit Qle; eolian sands;
subunit Qlb, vebris flow deposits and minor amounts of alluvial gravels: and
subunit Qla, 2lluvial sand and gravel. Charcoa! within subunit Qlc has been
dated at 8.3 ka. Charcoal, fossil seeds, and archaeological material have
estadblished three periods of deposition for subunit Qle: 5,300 te 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. Mosi of the spring deposits in the Amargosa Desert range in age from
pre-QTa to pre-Q2 in age. Spring deposits that are Q2 and Q1 ir age are
probably restricted to the vicinity of modern springs.

INTRODUCTION Bt

. -~
The U.S. Geological Survey began geological, geophysical, and = -
hydralogical investigations of Yucca Mountain, Nevada, in 1978, The purpose
of these investigations fs to provide data for the evaluation of Yucca
Mountain ac 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 summarized. The report provides a basis

tmbosmfrom which the approximate 3ge of tavltsithatdisplace.surficial deposits in

the Yucca Mountain area can be determined. oo
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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 YuccazMountain (fig. 2), elevations range from -8U m
in Death Valley to 3,368 m on Telescope Peak in the Panamint Range on the wes:
(just southwest of fig. 2) and 3,633 m on Charleston Peak fn the Spring
Mountains (just southeast of fig. 2). The elevation of the piedmont angle (at
the junction of the ptedmont slope with the bedrock hills) at Yucca Mountain
ranges fron 865 m at the southernmost ridge to approximately 1,550 m at the
head of Yucca Wash. Maximum elevation of Yucca Mountain is 1,783 m at the
northern end,

A geologic map of the ncential repository site at Yucca Mountain {Scott
and Bonk, 19B4), a report on the Quaternary 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 the
structural features of.Yucca Mountain ang the surrounding area. The reader is
referred to these reports for descriptions of the structural features
mentioned in this report. L2ndform terminology in this report i< in
accordance with Peterson’s (1981) classification for the Sasin and Range
province, - -

The Yucca Mountain 2rea is in the arainage basin ¢f the Amargosa River,
wnich has its heaowaters in the western part of Pahute Mesa and_drains througn
the Amargosa Desert and Tecopa Basin into Death Valley (fig. 1). Yucca
Mountain consists of one main and several subsidiary, tilted fault tlocks of
Tertiary volcanic rocks that are typica)l of the Basin and Range province.
west-racfng fauit Scarps on the matn fault dlock have maximum slopes of 6V
percent §n Solitario Lanyon (SCOTY and Bonk, 1984). A genarizic drainage
system was cdeeply eroded before Quaternary time into ihe east-facing dip
slopes and along faults in the main fault block. Slopes on the main fault
block are lU-15 percent near the crests and 20-50 percent on the sides. Small
valleys ~ary from V-shajed “ith rem-nts.of s ~ficial deoosits along the iower
valley sides and as thin, narrow deposits in the valley bottoms to flat-
bottomed valleys underlain by surficial deposits. The largest valleys, Dune,
Dril) Hole, and Sever Washes (fig. 3), have sand rarps and alluvial deposit§~

~r—-0n_the valley sides that have slopes of 10 percent and are bordered by
~>~terraces underlain by surficial deposits. These terraces are S0 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 anc 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 nn the-main fault block. e lower slope angles and the
lesser development of tributartes in these draina§e systems, when compared to
those of the main fault block, are the result of lower relief and shorter 3ip
slopes.on the subsidfarysfault blocks. South of the Dune Wash drainage basin,
a few deep V-shaped drainages are present along north-south trefiding faults,
and.%o?. ot™have tridutaries. —
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Figuee 1.--Index map showing location of Nevada Test Site and Yucca Mountain.
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NoSt of the washes that drain east-southeast to east on Yucca Mountain
and adjacent fault blocks are consequent washes developed on dip slopes. o
Valleys that drain to the north or south and valleys at the north end of Yucca R
Mountain that drain southeast were developed along faults (Scott and Bonk, LA
1984; Carr, 1983), Although faults are not exposed in Yucca Wash, 2 R
geomagnetic anomaly suggests that a probable Miocene structural boundary may Ched
have tnfluenced the distribution of older rocks, and thus the locatfon of .
Yucca Wasn (Carr, 1984). —~o—

i brdy

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 Fiat are the major
tributaries or the Amargosa River between Beatty and the southern end of the
Amargosa Desert. East of Rock Yalley Wash and Carson Slough, drainage is into
the playa at the eastern end of the Amargosa Desert. South and west of the N
Amargosa River and north of Eagle Mountain, tributaries originating in the -
uneral iiountains are much smaller than tributaries nosih of the river, o5
Although Crater Flat, Fortymile Wash, Topopah Wash, and the unnamed wash tﬁ'f'
draing Crater Flat are deeply incised on middle to upper piedrmont slopes,
these washes are not integrated with the Amargosa River. On the lower
piegmont slopes south of U.S. Yighway 95, these weshes ere distributary and
their runoff reaches tho Amargosa River only curing times of f'ooding. Rock
Valley Wash anc the drainage basin of farson STough are integrated with the
Amargosa River.

R

Hajor landforms in the Yucca Mountain area include rock pedimenrts,

ballenas, fan and alluvial pediment rennants.1 alluvial fans, stream terraces,

and playas. Tne only rock peciment near Yucca Mountain is on argillite ot the
tEleana Formation in the center of the Calico Hills., Rcunded, subparallel

rigges, called ballenas, are comnon on the oldest surficial deposits near

bedrocks hillcs., On pfedmont Slopes betweer bedrock hills and on the hasin
floor of the Amargosa Desert, deposits of coalescing alluvial fans of

different ages forn nearly flat remnants between wasnes. Most of these fan
aeposits have been modified by _creep-and slopewash into smooth alluvia®

pediments, Because of fan coalescence and-alluvial-pedimentation, the a8
.emiconi .1} topog-apnic ey rissien of 3lluvia® Fam con-: is 2¥ - st on . :
piegront slopes. Small, semiconical fans are present at the junction of TeE
trioutaries and larger washes in valleys in the Yucca Mountain area. Just e
west of Fran Riage, Drill Hole Wash has a large, low semiconical fan just ~ vl
above the junction with Sever Wash. Steen semiconical fans are present below :
fault scarps along the east front of Bare Mountain and along terrace scarps
east of Beatty., Major washes have Stream terraces that extend from near the
heac of the wash dowhi to where the washes bezome distritutary on the lower
part of the piedmonf'iiope. A playc defines the end of & closed drainage
system at the eastern end of the Amargosa Desert. Alkali Flat, at the souih

—— - ——

lPdET?son (1981) uses the term pediment for a2 surface eroded on :
unconsolidated material on the piecmont slope. In this report, the adjective,
alluvial, is added to avoid confusion with rock pedimenfs by readers
unfamilicr with Peterson's terminology.




end of the Amargosa Desert, is & late Pleistocene playa that has been breached
by the Amargosa River (fig. 2).

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 landforms in the Yucca
Mountain area are similar to other areas of the Great Basin. The dimensions
and topographic relatfonships of the landforms in Quaternary depusits in the
Yucca Mountain area and in the Amargosa Desert do not differ greatly fron
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,

~p— . -

Previous Nork

The bedrock geology of the NTS area has been published in a series of
geologic maps at a scale of 1:24,00U (fig. 4). In the Yucca Mountain area,
these maps incluce Topopah Spring NW (Chris:.insen ar: Lipman, 1965), T..opah
Spriny SK (Lipnan and McKay, 1965), Topopah Spring (Orkiid and 0'Connor,
1870), Jackass Flats {McKay and Williams, 1964) anc Lathrop Wells {McKay and o
Sargent, 197U). Tne gealogy of the Bare Mountain lS-minute quadrangle was TN
mapped by Cornwall and Kieinhamp!l (1961). The Quaternary deposits as shown on RS
these quadrangles were simplifieq anad based moscly on clast size and
geomorphic position,

- Fernald and others (1968) mapped the surficial deposits of Yucca Flat for
engineering purposes on the basis of depositional processes and Tragment ) ,
size. Units QTa, Q2, and Ql were first described in the Syncline Ridge area SR
of western Yucca Flat (Hoover and Morrison, 1980), which ras Quaternary IR
deposits similar to those in the Yucca Mountain area, Correlation g
characteristics and the stratigraphy of Quaternary surficial deposits in the D
NTS area were Jescribed by Hoover and others (1981). Swadley (1983) mapped = R
the Quaternary deposits in the Lathrop Wells quadrangle and Swadley and Carr IR
(1987) mapped Quaternary deposits in tne Big Oune quadrangle. Field mapping Rt 4
of the Quaternary deposits in most of the Topopah Spring 1S-minute guadrangle e
by the author was included in & map of the Quaternary geology of the Yucca &L
Mou=tain are> -ompilec¢ “v Swadlev and others {19a8), :

Waterleid sediments in the Amargosa Desert were first mapped in 2 .

reconnaissance investigation of the hydrology of the Amargosa Desert (Walker N
and Eakin, 1963), Oenny and Drewes (1965) mapped these sediments as plava aad :
sprig deposits in the Ash Meadows quadrangle., Swadley (1983) mapped the
recrystallized chals ceprocks and ctaybeds separately in the Lathrop Wells
quadrangle. The waterlaid sediments have alsoc been mapped in the Big Dune

- quadrangle (Swadley and Carr, 1987), Mapping of the NE1/4 of-the Ash deaduws

15-minute quadrangle by Pexton (1985) established the stratigraphy of the

waterlaid sediwents 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 basaits to Quaternary

and older surficial deposits. -
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I0ENTIFICATION OF QUATERNARY SURFICIAL OEPOSITS

Multiple criteria, called correlation characteristics (Hoover and others,
1981) are used for fdentification 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 ¢n the NTS
area. The detailed Pliocere and Quaternary section of the Searles Lake area
in California (Smith, 1$79; Smith and others, 198]) was not compa-adle,
because it was deposited 1n a different eavironment than the NTS deposits.
3 Tne 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 correlation characteristics (see Hoover and others, 1981 for

gefinitions) are:

1. Topography
He Macrotopography
B. MWicrorelief

. I1. Drainage 2
> A. Pattern and development direction
! 8. Cross-sectional shape i
C. Depth .- . - — -

i, Vet

- 1. Soils ..
- A. A and Bshorizons
z 1. Color
: 2. Secondary clay, carbona.e, and silica content

3. Thickness
B. Calcic horizon
. USRS 1. Stage (Gile and others, 1966)
— 2. Tnickness ~

. “

- 1v. Topographic relationships to other depositional units

"

V., Desert pavement
&, Packing and = -‘ing
~ B, _Maximum fragment size
2 ~ C. Rock varnish color and luster

Vi. Lithology
A. Sand and clay content
8. Color )
C. Maximun fragment size and frequency

v

f_ pD. Ratio of clast 1i*hologies

ﬁf The order of these characteristics reflects their decreasing importance in the
- identification of a stratigraphic unit. Except for the order of listing,

iz 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, 8, and calcic horizons that are easily
3 identtfiable by geologists unfamiliar with the descriptions ard techniques of
oo’ soi) science. These differences fnclude the presence of vesfcular A and
cambic B horizons, and the presence and the degree of development of argillic 7




8 and calcic horfzons, The soil-horizon designations used in this report
' differ somewhat from those defined by the Soil Conservation Service (Soil
‘ Survey Staff, 197%), and are defined in the following paragraphs.

i Vesicular A (Av) horizons are surface horizons that contain numerous
! vesicles that are 1-10 am in diameter. Av horizons are formed in a layer of
H silty sand that underlies a desert pavement. Most Av horizons overlie an
unconformity at the top of the underlying 8 or calcic horizoa. This
unconformity is indicated by: (1) the presence of similar Av horizons on
either 8 or calcic horizons of 2 single stratfgraphic 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

..rficial deposits. Campbic B horizons are distinguished on the basis of

.:ter developed struciure and (or) stroanger colers than theunderlying---
horizon., Cambic 8 horizons lack significant clay accumulation, hut a few,
thin clay coatings on sand grains and Yerger fragments are present in some
canmbic B horizons, Most cambic B horizons are yellowish brown, Argillic 8
horizons have significant clay accumylations as indicated by abundant clay .
films., Most argillic B horizons are reddish brown, cnd contain more clay than
_ the underlying horizon. Some argillic 8 horizons are indurated iy abundant
1': - - gecondary calcium carbonate and locally.by-secongary-silica. Most cambic and
argillic B horizons are less than SO cm thick.

Calcic horizors are characterized by the deposition of abundant calczium w BB
carborate and locally by some secondary silica. The calcic horizons referred B

to in this report include the Cca, calcic, and petrocalcic horizons of the

Soil Survey Staff (1973) and the K horizon of Gile and others (1966).

.. Thicknesses of calcic horfzons in this repart include the entire thickness of
visible secondary carboaate which ranges from less than U.] to greater than™

- 1.5 m. The morphological characteristics of secondary-carbonate in calcic
i norizons were used to assign stages as defined by~Giletand others (1966).

Calcic horizons range from stage ! films and coatings on the bottoms of clasts
in early Holocene and late Pleistocene deposits to thick, plugged, stage 1V
horizons in early Pl.isiocen leposits. The carbonate stages that are
~sported are the maximum stage developed in the entire calcic horizon (Gile
.nd others, 1766). Carbonate-rich Yaminae, characteristic of strongly
developed stage IV horizons, are common in early Pleistocene and older
deposits, but they occur only locally in some middle Pleistocane Jeposits.

) Pisolites and brecciated and recesanted laminae occur in 2 few locations in

g~ early Pleistocene and older deposits.-

STRATIGRAPHY ' -

Stratigrapnic 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 2 K 7
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 Pz
b - ends of the Amargosa Desert, and in Crater Flat, All of these rocks are [t re
: T~ nighly deformed and densely faulted. In contrast, the waterlzid sediments in :
A the Amargosa Desert and younger surficial deposits are relatively undeformed
. and are faulted in only a few places. Late Pliocene and Quaternary deposits P
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in the Yucca Mountain ared include the waterlafd sediments of Amargosa marsh,
unit QTa, unit Q2, which has five subunits, and unit Q1, which alsa has five
subunits (fig. 5)o—. gu

Pliocene and Quaternary(?) Deposits .
Waterlafd Sediments of Amargosa Marsh

That waterlaic sediments of Amargosa marsh consist of clays, Vimestunes, -
and tufas that crop out in ruch of the Amargosa Desert south of lat 36°3V° and
west of long 116°10°, Scattered outcrops are present along the Amargoss River
northwest ta l1at 36°4u', between U.S. Highway ¥5 and the hills that form the
southern edge of Crater Flat, and at the southern end of Crater Flat 2long the
unnamed wash that drains Crater Flat, Driller’s logs {Walker and Eakin, 1963)
indicate t-1t the waterlaid sediments underlie most of the Quaternary
surfictal .:posits between the Skeleton Hills and the Amargosa Ri-:r south =7
U.S. Highway 95. The sediments were deposited in an area called Amargosa
marsh in this report (fig. &). Thess sediments are referred to as the
waterlaid sediments of Amaryosa marsh, Amargosa marsh had an area of

approximately 1,250 tmz.

Pexton (1Y85) divided the waterlaid sediments of Amargosa marsh into a
lower and 3n upper ynit separatea by a2 disconformity. The lower unit was
further divided and mapped as four lithofacies: three units that are mostly
~argillaceaus and a fourtheunit of sheet limestones that overlies and
" interfingers with two of the argillaceous 1fthofacies; the “lake” deposits and
the paludal deposits. The lower ynit, as aescribed by Pexton (1985),_consists
of:

Undifferentiated Pliocene “lake” deposits (unit Tie¢):
-

Mostly brown to green, {11itic and montmorillonitic claystones with
soft to hard limestone beds, pods, 2nc noduies that contain minor
dolomite, Thin sandstone beds are sparse. Clay beds pinch and swell
noticeaoly over short distances and grade into limestone with
inclusion: of irregular clay masses. Claystones contain only,small
*mounts of magnesium silicate clays. Evaporites were not cbserved,
4¢ masses of selenite and thenardite dDlooms are found at the

-~ surfacc. Abundant rgotmarkings. Contains two ash-fall tuffs,
Deposited in floodplaing, swarps, ponds, and playas.

Fliocene playa deposits (unit Tp1):

Mostly buff to brown, hard, blocky claystanes 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 l1imestone. Calcium carbonate breccia

~epte.. masses - (caliche-breccia) found near Carson Slough contain 4
interstitial magnesium silicate clays. Contains one ash-fall tuff,
Probably deposited in a seasonally flooded playa.
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Figure 6,--Approximate area of Amargosa marsh. Boundary based on data from

the Lathrop Wells quadrangle (Swadley, 1983), the Big Dune quadrangle

(Swadley and Carr, 1987), drill-hole data (Walker and Eakin, 1963), and

reconnaissance mapping by the author.
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Pliocene paludal deposits {unft Tpa):

Mostly white, chalky limestones with minor amounts of sandstone and
claystones. Claystone occurs as frregular masses of 11litic to
montmorillonitic clay within chalky limestones. LimesCone contafins
gastropods, bivalves, and ostracodes. Probably deposited in spring-
fed marshes and ponds.

Pliocene sheet limestones (unit T11):

venmm—————t I L83 QL Nt §F Y mdenstaaLecrystallized mionestoalalinestone

sheets, Contains rootmarks and occasfonal plant casts that resemble
plants growing in runoff from springs. Probably deposited in
isolated ponds.

The disconformity that separates the lower and upper units has been

-sgnized in the Carson Slough and Rock Valley Wash drainage basins and in
te. area southwest of Devils Hole. The disconformity is marked by channels
that are 3 to 10U m deep and 2 few meters to & 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
I a2pzoic rocks that=contains Devils Mole, the charnels have a slightly
steeper gradient to the west. At the south end of this r’dge. the channels
nave a gentle gradient to the southwest,

The upper unit fills the channelseeut intc the lower unit. The base of
T upper unit is marked by coarse sands or gravels. In the Carson Slough anc
Rock Yalley Wash drainage basins, basal sands contain sparse pebbles as much
as 2 cm {Wgtdmeter. Along tN¥ wes. side of the ridce south of Carson Slough, o—-
s .ilar sands ar~ local gravels are present in lenses at the base of the upper
unit, West of Devils Hole ana south of the Paleozoic ridge, the base ot the
upper unit contains beds of limestone gravel as ruch as 2 meter thick. Clasts
sf the gravels are mOTLTY Tes than 20 cm in ciameter.

Above the basal clastic ceoosits, the upper unit is mc-*ly whit~. soft
i.-<Stone that contains minor 2mounts of siltstone and claystone. Clay -
nrnerals are mostly illite and montmorillonite, but magnesium silicate

:rals are also present (Pexton, 1985), Beds are mostly less than 1 m
Iu:Ck

The deposits of the .pper 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 ana sandy limestone that preserves
+~5ts and moulds of plants—and algal structures. Where the plant casts and
monlds are well preserved, they contain 2 triangular reed and two broad-leafed
. ats that closely resemble plants that grow in the runoff from modern
cprings. The tufz is usually 1-2 m thick near the head of the channels and
thing downélope. In sec. 26, T. 17 S., R, 50 E., the tufa covers_an area
yt 1 km© and 1s 2-4 m thick Although Pexton (198S5) mapped the tufas
. separately from the underlying sediments of the upper unit, the association of
~—tF.tufas with the sediments and the channels of the disconfnruﬂty indicate
tnat the tufas are a lithofacies of the upper unit,
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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 (198d) from
Carson Slough and Rock Valley Wash to the area southwest of Devils Hole -
indicates that these deposits were probably deposited at the same time by the o
same processes. T

West of the area mapped by Pexton (1985), a large outcrop of seciments
zimilar 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 oo
E. 1n Nevada and T. 26 and 27 N., R, 5 E. in Californfa between Nevada State .
Highway 373 and the Amargosa River, Diatomite and white, soft limestone and R
.laystone are capped by tufa. Sand less than 20 ¢m 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 1U km to the
east. -

Cutcrops in the Big Dune quadrangle resemble hoth the lower ana upper
units. Along the Amargosa River, claystones and limestones resemble sediments
of the lower unit. 1n the Big Dune quadrangle in secs. 22 and 23 (estimated), -
T. 14 §,, R. 48 E., peubly tuffaceous sands underlie -laystone and diatomite
that resemble similar sediments in the uypper 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, 7. 14 S., R, 45 E., claystone and remnants of tufa are exposed suvuth of
tne hills that boura Crater Flat on 2 terrace or pediment aleng the unnamed
wash that arains Crater Flat.

In southern Crater Flat in the Big Pune quadrangle in secs. ™2 anc 13, T,
14 S,, R. 46 £, and secs. 7 and 18, T, 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 arains east-southeast, gravel beds dip 5°-15° south
to southeast, and are intérdbedded wWith tufas. In a trench exposurs, the =
zravel on the nortn edye of the wash grade vertically from poorly sorted at
the base .. a bed to .ell-so..:dqgs ti- top an. .aterali, from po.-.y sorted
on the north to well sorted to the south. The gravels™in the trench are
‘aterbeddec with pebbly sands. A yellowish to orangish, tron-oxide stained
band from 5 to 15 cm thick, which slopes slightly to.the south, cuts across
bedding of the sands and gravels that -have 2 slightly greater aip 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 (1Y85) as the lower unit of the sediments of
Amargosa marsh. Swadley's (1983) unit QT1d is_gquivalent tc Pexton's (1985)
units Tlg, Tpl, and Tpa; Swadley's unit Q711 is equivalent to Pexton's sheet
limestones, unit T11. 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.

The deposits needed to interpret the early history of Amargosa marsh are
concealed by the waterlaid sediments and by younger deposits, but some - z




evidence Suggests that at least part of Amargosa marsh may have been occupied
by a lake early in its history. The evidence consists of & possidle 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, anc dasalt that may have provided barriers on efthar sige of
Eagle Mountain to runoff from Amargosa marsh, Between Eagle Mountain ang 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 & similar darrier. The dasalts are
probably the same basalts 2s 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 uncertzin, but the breaching
was probably early in the nistory of Amargosa marsh,

Faint traces of possible beach terraces are present on the basalt 2t the
possible dam, on Paleozoic carbonate rocks near Devils Hole, and at the north
end of the limestone ridye that containg Devils Hole. In the Ryan quadrangle,
in sec. 30, T. 28 N,, R, 6 E., a bench that is 3-5 m wicde is cut in hasalt
almost completely around a knob that is ahout 5 m higher than the bench, TYhe
bench does not coincide with any apparent lithologic changes ana is overlain
by 0.3-0.6 m of fine-grained material, The fine-grained material coulc be
eolian in origin, but it is not present on other nearby outcrops of basalt,
The berch is about 45 m above the waterlaid sediments at an altitude of
approximately 652 m,

In the Ash Meadows quadrangle, in sec. 36, T. 17 S., R, 50 €., adout 1/2
km west of Devils Hole, a bench is cut across the bedding of Cambrian
limestone at *~ altitude of approximately 737 m. Tnis bench may be an olg
terrace at the junction of washes in adjacent drainage basins, but similar
denches are not present adjacant to other neardby, similar junctions of washes
in the Yimestone. In sec. 23, T. 17 S., R, S0 E. and sec. 19, T. 17 5., R. 3l
E., benches about 1> m wide are cut in the limestone at elevations of 725-74%
, and are partly covered by waterlaid sediments of Amargosa marsh, The
oenches cut across bedding and appear o be u..~elated to 1ithologfc
gifferences or favlts. The topographic setting and Yocation 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 Nash

The river gravels of ancestral Rocky Valley Wash consist of coarsely
crosshedded pehbly 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, SOE.
north for approximately 10 km to the SE 1/4 sec. 19, T. 16 S., R, S0 E, The
best exposures are in the SW 1/4 NE 1/4 sec. 19, T, 17 S., R, SU E., where
crossbedding and the relationship tc the lower unit of the sediments of
Amargosa marsh are well exposed.

gy
Crossbeds are 5-20 cm thick in beds that are 0.3-0.6 m thick. Clasts of
volcanic rock as large 2s 10 cm are scattered in a sandy matrix that is




cemented by calcite. A few beds are sandy gravel. Clasts are mostly sflicic
volcanic rocks, but minor amounts of basalt are present.

The crossbedded sand and gravel fill a channel 1.5 km wide and as much 2s
% m deep. Kemnants of sheet 1imestones of the lower unit of the sediments of
Amargosa marsh form part of the east bank of the channel. The parailelism of
the channel with Rock Valley Wash for at least 10 km indicates that the
channel 1s probably an ancestral Rock Valley Wash.

Slopes and ridyetops above the crossbedded sands are covered by deposits
that contain boulders of basalt and other volcanic rocks as such as 0.5 m in
diameter. These boulders are probadly from the next younger unit, unit QTa.

Plifocene(?) and Quaternary Deposits

Unit QTg

Unit QTg consists of thin-bedded gravels that fill shallow valleys of 2
dissected pediment between the Eleana Range and Syncline Rigge in western
Yucca Flat (fig. 2). The gravels are corposed of quartzite, conglomerite, anc
siliceous argillite derived from the Eleana Ran,e. Clasts are angular, platy,
and prismatic, have a maximun dimension 0.7 m, and have thicknesses that are
2U to 5U percent of the maximun dimension. In contrast, the overlying unit
GTa contains numerous boulders of Tertiary welded tuff that have diameters cf
1 to 10 m, are subangular to subrounded, and are roughly equidimensional. Tne
gravels of unit QTg are as much as 5 n thick near the Eleana Range and 22 m
thick near Syncline Ridge benedth units QTa ana Q2 (Hoover and Morrison,
198“). g s e -~ S ——— -

= -

The pediment Deneath the giavels is defined by a nearly planar surface
that covers approximately 17 km® between the Eleana Range and Synclire
Ridge. Tne pediment is cut on gently to steeply cipring quartzite and clayey
argillite of the Eleana Formation (Mississinpian and Devontan) 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/c 1V to 2V m wide uad have roundec to /lat tops. The co.iact bo..cen—
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, 2 trench exposes soft, pulverent to nodular calciun
carbonate. The soft carbonate forms SU percent or more of the matrix in both
the gravels and the weithered rock of the underlying Eleana Formation in a
zone approximately 0.7 m thick,

Plates of calcium carbonate occur as residual aeposits at the edge of the
yrave) 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
€leana at the ezst foot of the Eleana Range. The plates are siliceous near
the thrust fault. The carbonate and silfca plates and the cartonate in the
gravel appear to have been deposited by ground water seeping out of the thrust

fault and into the gravel.
—
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Unit QTa

Unit QTa consists of predominantly debris flow deposits and smal) amounts
of alluvium, Unit QTa {s present at the periphery of all basins in the NTS
area, around isclated bedrock hills in the Amargosa Desert, and as erosional
remnants §n valleys in the hills and ranges. Unit QTa lies unconformadly 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 detween Syncline Ridye and the Eleana Range in Yucca Flat,
unit .72 was deposited on unit QTg and pediments that were cut on argillite of
unit J of_the Eleans Earmation, 1n most areas, exposures of unit QTa are less
than 2 km from the hills and ranges,” In a few places, such as Rock Yalley™ ™
Wash near the Skeleton Hills and in Crater Flat, exposures are 10 km or more
f-om the ranges. The maximum observed thickness of unit QTa is approximately
5% m,

i.atural exposures of unit YTa are sparse. The best ceveloped soils and
landforms that are typical of unit QTa occur between Yucca Mountain and Alice
Rigge, jus® south of Yucca Wash (fig, 3). Dedris flow deposits and poorly
sorted allyvial gravel that may have been reworked from detris flows are
exposed in Crater Flat treaches 1 (1a% 36°48°'14", long 116°29°50°) and 2 (lat
36°%46'59", long 116°30'38") ane in some of the dezxper washes near these
- trenches.

- Unit QT2 crops cut as elongate, well-rounded ridges called ballenas, The

ballenas are separated by washes that form parallel to subparazllel 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 1 to
25 m; the macrotopography i$ rounued. Microrelief is flat except. where
erosiun during *he pedimentation of unit QTa has left residual cobbles and
boulders protruding above the desert pavement. Within 1-2 km of bedreck

< ... == htlls, residual poulders are &s ruch as 10 m in diameter. At distances of ..
5 km, residual boulders are less than | m in diameter. Alonj Rock Valley Wash

’ south of U.S. Highway 95, basalt boulders_from Skull Mountain, more than 30 kn
away . e corronly U.5 tr 1 m in diameter.—Residual) boulders are rarely
present on depasits younyer than uynit QTa.

%0ils 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 tiian the underlying deposits. Thickness of the Aves”
horizon ranges from 10 to 40 cm. The B horizon has been eroded from most QTa
soils. Jnly one area, just south of Yucca Wasn and west of Alice Ridge, has
been found with an argillic B horizon intact in a QTa sofl, At this location,
the «rgillic B horizon is dark reddish brown, contains abundant clay, and is
approximately 5U cm thick. Secondary stlica increases downward in the B
horizon. Where the arcillic B hortzon s preserved, the calcic horizon has
engulfed the lower part of the B horizon and consists of laminar layers that
enclose lenses of pale-brown opaline silica that are as ruch as 5 cm thick.
The laminar layers that enclose these silica Yenses are dense, hard, and
probably contain secondary silica. Calcic horizons_ of unit QTa are stage.lla. s
to 111 at elevations of about 7U0 m {n the Ash Meadows“zrea and stage IVeabove~
900 m in the Yucca Mountain area, Stage IV calcic horfzons are 2to 3 m
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 uppérmost part of piedmont slopes, interfluves of unit QTa between
washes that head in the bedrock hills, are topographically above units Q2 and
Q1. Deposits of QTa are also present at drainage junctions within bedrock
hills, as erosional remnants on pediments, and as the highest ernsional
terrace along major washes within bedrock hills. On Yucca Mountaina, remnants
of unit QTa are present on steep slopes 20-50 m above the bottoms of some
. +127es., 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
g 36°30°. At distances of 5 km or more from bedrock hills, unit QTa §s buried
%y younger surficial deposits on most piedmont slopes. -

Desert pavement on unit QTa is very densely packed and poorly to
> rately sorted. Meximum fragmeént size in the pavement is about 20 cm, but
! :sicual boulders, which range from 0.5 to as much as 10 m in diameter,
i commonly protrude above the pavement. Yarnish on pavements and residual
b::lagers is shiny brownish black to black, U.5 to 2 mm thick, and continuous
1% areas undisturbed by soil creep,

Trenches anc a few natural exposures reveal unsorted, nonbcdded layers
..t are 1 to 2 m thick. tach layer cortains coarse fragmeniLs ranging from
- pebbles to boulders that are supported by a matrix of clay- to sang-size
- m..erial, Clay and silica coat larger fragments below the calcic horizon.
' Natural exposures of unit QTa_are light brown with a pinkish to redcish
cast.  Boulders of welded tuff, limestone, or quartzite are commonly 1 to 4 m
in diameter on the uppermost piedmont slopes and in QTa deposits in bedrock
r-11s, Boulders at tnhe base of unit Q7a, deposited on a _pegjment cut on the
. eana Formation in the Calico Hills and in Yucca Flat, are as ruch as 10 o in .
di amtero ° "’
.»“ '.
At the foot of the Eleana Range in the west-central part of Yucca Flat,
nses of calcium carbonate that contain ostracodes, gastropods, and small
mammal remains are interbedded with cebris flow deposits of unit QTa. Twe
es, exposed in treuches cut at right angles, are as much as 2 m thick,
‘*end at least SU m downslope, and are at least 3U n wide along the sliope .
. - atour, The upper part of both lenses contains greenish-gray clay and clasts ¥
: auch as 2V ¢m in diameter. The location of the calcium carbonate lenses, =
agjacent to faults that displace the uphill side of the faults down against
quartzite of the Eleana Formation, fndicate that the fossiliferous carbonate
lenses are sag pond deposits.

Altuvial pediments were cut on unit (Ta throuatout the NTS area. The

- pediments are defined by the concordant tops of the ridges that characterize
-ait YTa. Concordancy of the ridges extends across small washes that
originate in bedrock hills and across some major washes. The concordant
"‘dges 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

- t_drock and “lines® of calcium carbonate that stain steep bedrock slopes may -

M -~ .ord the orioinal surface of unit QTa. These festures occur as scattered

d remnants in the ranges east of Yucca and Jackass Flats, in the Calico Hills,

! 171 on the southwest side of Bare Mountain. The bencheS and carbonateTines

5:ggest that 25 to 5U m of unit QTa may have been eroded where the ranges have

e




the greatest relief and highest slopes. Near hills that are low in relief,
Le erosion may have been much less than 25 m.

On hillslopes that have 10-25 m of relief, QTa deposits lack any evidence
of c20ding. The few exposures along washes and in trenches are predominantly
layers of unsorted cobbles and boulders. In Crater Flat trenches ) and 2 and
{n some exposures in washes, coarse, poorly to moderately sorted alluvisl
gravel §s present in the upper 1-3 m of unit QTa, In a few wash exposures,

- alluvial gravel occurs as thin beds detween unsorted layers of cobbles and
<. e boulders. Numerous large boulders are preseat in almost al) exposures of unit
QTa, regardless of relief or litholcgy of the dedrock 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
e Little Sku)) Mountain in the Lathrop Wells quadrangle (Swadley, 1983} ang in
e the northeast corner of the Big Dune quaarangle (Swacley and Carr, 1987).
= Colluviun of subunit QTc s incluced in map unit QT2 at other locations. The
& col uviun includes rock falls andg dedris flow deposits that grade downslope
. into unit YTa. Slightly dissecte¢ smooth slopes of subunit QTc are Fe underlain
o by staye 111 ton IV calcic horiZons that are several meters thick. A ano B

= norizons are not present,
o~ . - e Nl
e - Regional Uaconformity
o - Wnere subunit Y2c overlies unit QTa in the Yucca Mountain area, 2
— regional unconformity.is present. This unconformity 1s defined by the scil—

aevclopea on unit QTa and the gissectes pediments of unit QTe, and represents

a long period of erosion and nondeposition. The pediments were dissected by

S subparallel grainage systems throughout the Yucca Mountain area after

ya . pedimentation_of unit QT2 and development of a soil on the pediments. This

e aissection ot “unit QTa formed long, narrow, rounded ballenas, usually less

- tran 20U m wide. At the upslope end of ballenas, the ridge crests merge into

X the pediments and rioges wider than 20 m usually have flat tops that are

oy -~ remnants of the pediments on unit QTa. Slopes of the valleys between ballenas

Lo are convexo-concave in contrast to steep, straicht slopes of washes in younger
! dep.3its. Where not ciicured by  Lunger . posits, valleys between ballenas

- are rounded,

-

No deposits are present between unit QTa 2nd unit Q2¢ near Yucca
Mountain, but near the head of the Kyle Canyon (just southeast of fig. 2)
alluvial fan, alluvial oravels form terraces-that are intermediate-{n™"
elevation between the ballenas of unit QTa and the terraces of unit Q2. The
litnulogy, pedimentation, soils, landforms, and dissection of unit QTS are
similar at both Kyle Canyon and in the Yucca Mountasin are3, Except for
thicker soil horfzons, the same aspects of unit QZ are also similar in both

= areas. These similarities and the proximity of Kyle Canyon to Yuccz Mountain
W - ingicate that deposits of intermeaiate age should 3)so be present in the Yucca
N - Mountain area. Deposits of intermediate age may be buried in Yucca and

Q;; Frenchman Flats or removed by erosion in Mercury Valley, Crater Flat. Rock
o - Yaliey, Jackass Flats, and the Amargosa Desert.
. -

Pedimentation, soi) developmentivand dissection of dkit QTa represent 2
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



i ion ‘.,'

Canyon suygests 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 extenas the period of erosion and nondeposition after
geposition of unit (Tc, and requires a regional unconformity between unit QTa
and subunit Q2c.

Quaternary Surficial Deposits

Quaternary surficial ceposits of the Yucca Mountain area include unite Ol
cad Q2, both of which have five subunits., Both units consist of alluvial sana
and gravel, debris flow deposits, and eolian sand. The major differences
between the two units are that tre older unit, unit Q2, has moderately to well
developed soils and desert pavemonts, whereas unit Q1 has incipiently
developed soils and desert pavements are absent. Except for topographic
-3ition, all other characteristics of the two units and their subinits are

. atlar, ~amme
>

Unit Q2

- Unit Y2 consists of alluvial deposits, debris flow deposits, and eolian
sand. Unit (2 contains five subunits: Q2c, Q2b. anr4 Q2a 2na Q2a!?), alluvial
ang cebris flow geposits; J2e, eolian sand ramps and sand sheets: and Q2s,
ailuvial sand sheets. These subunits range in age from middle to late

. Pleistocene. Soils in unit Q2, 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 2 }imited
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 ssils, litholcyy, ang topographic
position differ,

- -Alluvial deposits of subunits (Zc and Q2b are found-in-all_the valleys of

the NTS area and in washes in the hills and ranges. The debris flow deposits
- of unit Q23 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 sa2.2ral loc..icas in “"2 Yuccr ""guntain ~rea are ~211ed™2=(2)*1n this
report, and may be equivalent in age to subunit Q2a, which has*notewbeen dateu
radiometricatly. Subunits Q2e and Q2s have been identified only in the
northern part of the Amargosa Desert, Jackass Flats, ana Crater Flat.

Subunit Q2c.--Subunit Q2¢ consists of alluvial deposits and equal to
lesser amounts of aebris flow deposits. The alluvial deposits vary from
pebbly sands to_coarse gravels. Debris flow deposits that are exposed in
trenches and fn washes vary from small lenses to layers longer than 100 m.

R < e - ——

Subunit Q2c is present throughout the NT5 area. The subunit occurs as
terrace deposits in larger washes within the bedrock and unit QTa, as fan
deposits in 3 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 Q2¢ forms the highest
terrace along major washes on ine predmont slope and aleng most of the washes
in the Amargosa Desert. Orill-nole data in Jackass Flats indicate a maximum
thickness of 65 m, but beneath some-valley floors the thickness may be

greater, &
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Terraces that are typical of sudbunit (2c 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 Q2¢ sotl is in a trench
(Yat 36°51°58", long 116°13°19"),

Subunit Q2¢c has a flat macrotopography even on Steeply sloping
deposits. Along smuch of Fartymite, Topopah, and Rock Valley Washes, ovcrbank
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 0Q2¢
geposi:i. Drainage patterns on Q2c are parallel, have few or no tributaries
on middle to upper piedmont slopes, and are aisteibutary on middle to lower
piedmont slopes. Most washes cut into subunit Q2c have very steep to vertical
banxs that have been steepened by"Holocene erosion. Where banks below the
terraces are undisturbed by Holocene erosion, these banks are also steep.

The Av horizon of Q2¢ 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 ire present on sudunit Q2¢ ana can be
differentisted only by uranium-trend age dating or by detaiied soil
investigatfons. Above 1,000 m elevation, both sofls have a moderate- to dark-
redgisn-brown, argillic B horizon, that is partly silicified, and stage [II to
IV calecic horizons. The calcic horizons rarely have a laminated 1ae.. Some
calcic horizons locally may engulf the lower part of the argillic B horizon.
At elevations below 8UU m ¥n the Amargosa Desert, doth soils in QZc have -
cambic 8 horizons and stage 1 to Il calcic horizons.

The olger soil is present at a depth cf a few meters within subunit Q2c
or at the surface in some locations. The older, buried soil has been
identified by uranium-trend daling of samples from some trenches in the Yucca
Mountain area. The older soil is prodably 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
jdentified by uranium-trend cating locally in the Yucca Mountain area. The
maximum deptn of burial of the older soi) is approximately 7 m in Fortymile
Wash. The younger soil has been identified at the surface or beneath less
than 1 m of younger subunits in northeastern Jackass Flats, on Yucca Mountain,
and in Crater Flat. : ’

Subunit D2¢ is present beneath terraces along washes that are incised in
bedrock and unit QTa, and is also present on much o the upper piedmont
slopes. Q2c is the highest surficial deposit on middle pfedmont slopes, on
some lower pieamont 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 wel)
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 QZ2c 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 faths




S e rae - =

a thin film that usually covers most or 211 of the upper surfsces of desert
pavement clasts,

Sand content of Q2c¢ deposits ranges from less than 2U percent in coarse
gravels to more thangQQ percent in the Jackass Flats and Yucca Mountain areas,
where the subunit contains sand that is reworked from subunit Q2e. Clay
content is probadbly very low. Except in dedris flow deposits, clay coatings
on clasts below the soils are rare. The color in cutcrop ranges r-om a light
yellowish brown to grayish brown. Clasts in alluvial deposits are rarely more
than V.2 m in diameter. In most debris flow deposits, clasts are as much as
U.5 m in giameter, but on the two highest terraces of Fortymile Wash, debris
flow deposits contain numerous clasts as much as 1 m in diameter.

Subunit Q2¢c consists of mostly alluvial deposits that range fron pebddly
sands, common east of Yucca Mountatn and south of Jackass Flats, to sandy,
riarse gravels. The volume of debris flow deposits may equal the volume of
1luvial deposits on upper piedmont slopes and in intramontane valleys, but is
usually less than the volume of alluvial depssits on and below middle pieamont
slopes. Much of tne alluvial material was gJeposited along shallow
distributary washes, Along major washes, the alluvial deposite appear to be
the resul: of channel aggradation. On steeper slopes, particularly within the
ranges, slopewash deposits are abundant and may grade into dedri® flow B
geposits.

Along Fortymile Wash, debris flow deposits of subunit Q2c cap most of the
three uppermost terraces (fig. 7).  On the nighest terrace, discontinuous
patches of cobbles and boulders from debris 1lows overlie mostly pebbly sands
and 2 few sandy pebble ana cobdle beds that are typical of subunit Q2¢. The
cobbles and boulders of the debris flow range from 0.1 to 1 m in diameter. At
some locations on the east bank of the wash, THe debris flow deposits form a
levee that is 2V to S0 m wide and less than 1 m high.. Remnants of the debris
flows are sparse on the west bank, but are almost continuous for 10 km below
the Calico Mills along the east bank. Adout 7 m below the highest terrace, 2
soil that is probably the older soil of subunit U2c is exposed alpng the west
hank, The soil has a stage IV carbonate horizon about 1| m thick and remnants

7 a rec argillic 2 norizon. The s~i1 on the highest terrace is the younyer
soil of subunit (2c and has a stage 11l carbonate horizon less than a meter
thick beneath the debris flow deposits.

Fortymile Nash is the only wash in the NTS area that is known to contain
three terraces of QZ age. In other washes, where only two terraces are
present, Q2b is the lowermost terrace, Therefore, the Vowest Q2 terrace ic
Fortvmile Wash is considered to be Q2b and the middle terrace to be the
youngest Q2c deposits {fig. 7). Tre 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 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 !11 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 Meacows
to Yucca Wash and the center of the Calico Hills (fig. §). The sand rarps
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were deposited by prevailing winds from the south to southwest on any or all
side- 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 w5t faces than on the east faces of northesouth ridges except for Yucca -
Crest. On the west side of Yucca Crest and the ridges to the west, Q2e is STy
absent or present only as small patches and thin sheets. In the Calico Mills, PO
Q2e was deposited as sand sheets on unit QTa and on bedrock on scuth-facing ,
slopes. In the center of the Calico Hills, sheets of Q2e less than 1 m thick LA
were reposited on pediments cut on the Eleana Formation and unit QTa. East of R
Topour -1 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 RE
. Amargosa Desert are completely surrounded by ramps or may have tsolated ramps
on all faces. The maximum stratigraphic thickness of subunit Q2e is about 50
m. [n the Stripe¢ Hills, ramps were buflt as much as 80 m above the piedmont
slope. The best exposures of subunit Q2e are on the lower sloges of Busted

- co———— - -

) Butte where washes have dissected these deposits. RS

Subunit Q2e is a lithofacies of subunit Q2¢c (fig. B). Where subunit Q2e T
g - is underlain by subunit QZc, the contact is less than 5 m above bedrock. S
0 Subunit Y2c also overlies subunit Q2e and occurs as tongues within Q2e. The ST

Bishop ash {738 ka) occurs 2t or near the base of subunit Q2e 2. several
locations in Jackass Flats ana around the northern edge of the Amargosa Desert
- {Swadley, 1983; Swadley an¢ Carr, 1987). The Bishop ash also occurs within 3
m of the base of subunit Q2c in the Calico Hills. -
o
Macrotopography on subunit Q2e is flat oetween washes. Microrelief is
» less than 0.2 m. Drainage on subunit Q2e is poorly developed. Washes that
: dissect Q2e originate almost wholly from preexisting washes in bedrock. Small
© washes are Y-shaped with steep banks in their upper parts. The lower parts of TR
smali washes aid most of the larger washes have flat bottoms with Steep sampm —mgpueen . KI5 ‘__-’
3 banks, A few tributary washes south of Dune Wash and some washes on Little S
Skull Mountain have Q2c, Q2b, ang (or) Qlc_terraces i1nset into subunit Q2e.

z Soils on subunit Q2e are typically eroded down to the calcic horizon,

. The A horizons vary frcm typica) Av horizens to eolian silt and clay mixed R
ke with the underlying sand. Most Q2e soils consist of ‘an Av. horizon less than e

R 20 cm thick that overlies a stage Il to 1V calcic horiZgn that is 0.5 to 1.0 m o
. thick, Cambic B horizons, less than 0.5 m thick, occur locally. The L

i variations in the development of calcic horizons suggest that some of the
= soils are of different ages. Dissection of the sand rarps around Busted Butte
- has exposed several calcic horizons within subunit Q2e. Alternating periods
.. of enlian deposition, reworking by sheetwash, and nondeposition and soil

— development may account for the multiple calcic horizons in QZe.

7 Jalcium carbonate has also been deposited in and below the calcic horizon

: as root casts and as fracture fillings. Root casts vary from siAgle;roots 00—
that penetrate as deep as Z m below the surface to dense mats less than 15 ¢m

: thick that are less than 2 m below the surface. Fracture fillings are

commonly 5-10 cm thick and extend to depths of more than 4 m even though the e

o sand next to the fracture fiilings 1s very friable. S




The topographic relationship of sudbunit Q2e to other deposits differs
from place to place. At some locations, Q2e overlies subunit Q2¢c, but most of
the sand ramps of QZe at the southern end of Yucca Mountain and sand sheets of
QZe south of the Calico Hills are covered by subunit Q2c. On some ramps,
subunit Q2¢c is inset into Q2e as terrace deposits, occurs as slopewash
deposits at the foot of Q2e sand ramps, or s deposited along washes that
transect the lower end of & sand ranmp, Thus, subunit QZ2c s both clder «nd
younger than subunit Q2e, and subunit Q2e 1s a Jithofacies of sudbunit Q2c¢.

- Desert pavement on 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 ramp surfaces. These clasts were derived from slope wash from bedrock or
surficial- deposits above the ramps. On one sand ramp south of Dune Wash,
pavement clasts have migrated downslope 0.6 km from volcanic cliffs above the

~gmramp. Clasts have maximum dimensions less than 0.2 m. Varnish is 3 dull,
patchy film that ranges from very dark brown to brown.

k- ST
The areal distributfon of subunit Q2€™(figs~9).indicates-thatvwinds from
the south and southwest deposited sand where ai- flow was perturbed by <35
topoyraphic obstructions. Much of the sand probably came from the Amargosa .-
Desert, but dunes near®the.Funera)”Range (W C Swadley, U.S. Geological Survey,
oral comrun., 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 Tatk——x
crossbedding. In some sand rarps, a single tonguez of coarse slopewash
_material is present near the middle of the sand deposit. The tongues of
coarse debris have 2 maximum thickness of 1 m and thin within a few hundred
meters downslope to less than 0.5 m, Sand in the upper 0.5 to 1 m of Qe
contains scattered pebbles, cobbles, and bculacers below sume bedrock cliffs in
the Yucca Mountain area. The coarse clasts are probably gravity-transported
debaiss - . . -

Subunit Q2s.--Subunit Q2s consists of alluvial sands and-pebbly Sands and z:d”'
is a Tithofacies of subunits (2c and Q2¢ (fig. 8). It is topographically
lower tha. subunit (2e on micdle to Juser piec.unt slopes from tie Calico
Hills to the floor of the Amargosa Desert and from Yucca Mountain to the -
~astern edge of Jackass Flats. Subunit Q2s was derived mostly from deposits
=f subunit Q2e that blocked washes in the Yucca Mountain area. .-The maximum

hadCN

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
drafn into Fortymile Wash expase 3-5 m of Q2s tntertongued with subunit Q2c.

Most of the topographic characteristics of Q2s are 1ike 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 aEa few meters
‘parto . - L

-~-@mScifs in subunit Q2s have an Av horizon likesthat of QZc.}B-.horizons are
argillic, brownish red, have thin clay filmsion the sand grains, and are ;
usually 80 to 80 cm thick. The argillic B_horizon grades downward into"a ¥~ . ~

sta“g'e‘!*}zto IV caleic horizon. R,




Subunit (s occurs on the lower slopes and on piedmonts downslope from
UZe, the main source for Q2s. OQn middle and upper piedmont slopes, Q2s 1s at
the surface, but on the south and scuthwest piedmont slopes of the Calico
Hills, subunit Y2s is overlain by a few meters of Q2¢c. On lower piedmont
slopes of Jackass Flats and on the floor of the Amargosa Desert, efther
subunit Q2¢ or Q2b may overlie subunit Q2s,

Desert pavement ranges from loosely to densely packed and from well
sorted to poorly sorted. Densely packed and poorly to moderately sorted
pavements are present on middle to upper piedmont 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 acress. 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
.3sert. VYarnish 1s usually 2 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 medfum sand. Clasts of volcanic and
sedimentary rocks are usually less thar lU mn and are rarely as m'ch as 50 mn
in diameter. The larger clasts comprise less than 1 to adbout 5 percent of
less than hali the beds. Clay- or silt-size material is rarely present in
sandy beds, but beds of-elay or silt a few centimeters thick are locally

oPresent. Graded beds are locally present and indicate an alluvial origin for
_ . - subunit Q2s. Color in fresh exposures {s very light gray to very pale
: brownish gray. In outcrop, subunit Q2s is pale brownish gray. -~

N}

Subunit Q2b.--Subunit Y20 consists of terrace deposits and thin sheets of
- alluvicl fan-deposits. The terrdCi deposits afe present on strath terraces in
most waches that are incised to depths greater thanv3=5 @ 1A the Yucca
Mountain area. A)luv¥ial fan deposits of subunit (2b are present as irreqular,
thin sheets on piedmont slopes downslope from the mouths of incised washes and
an the lower piedmont slopes of the Amargosa Cesert. These sheets cannot de
distinguiched from Q2c except Dy comparison of soils. Sudbunit (2b 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
“oriymile and Topopah Washes, subunit Q2b forms the lowest terrace that has 2
desert pavement and an Av harizon. 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
Q2b are along Fortymile Wash south of the road to Yucca Mountain. Typical
terrace serfacesyon Q2b deposits can be seen on the west side of Fortymile
‘1ash just north™of 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 a2 Tow Slope toward the washes; on middle to lower piedmont slopes, they
are nearly horizontal across the terraces. ODrainage patterns on thin sheets
on lower piedmont slopes are like those on subunit Q2c.

- x
The soil on subuift Q2b has an Av horizon like that on older -deposits.
. The B horizon is cambiceand yellowish to grayish brown below elevations of
T about 1,200 m and argillic and 1ight'brown“to pale reddish brown at higher

3v

~
* “nggeare * bl . - Trew

L e e &\-




elevations., Calcic horizons range from stage | to Il at elevations below
about 1,200 m to 11 and 111 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 Q2¢c.

Terrace deposits of subunit UZb are topographically lower than a)l other
Q2 sudunits. Thin, alluvial fan deposits of Q2b on lower piedmont slopes and
basin floors are at the same level as or overlie older deposits., :

Subunit Q2b is mostly coarse alluvial yravel deposited on strath
terraces or as thin sheets of alluvium in the distributary part of washes that
originate 1n bedrack hills., Clast sizes and clay content of Q2b are like
those of Q2c. 1In some washes just downslope from bedrock on the south side of
+he Calico Hills, subunit (Z2b consists of scattered clasts from 10 to 50 cm in
_i1ameter that lie on strath terraces, - -

e e < -
=  Terraces of'Q2b are eroded only 2long the edges, but on piedmont slopes,
Q2b may be eroded by anastamosing 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 dbedrock or unit QTa.

Subunit Q2a,--Subunit Q2a, as originally defined (Hoover and Morrison,

'1931), consists of dedbris flow deposits that have been identified only fn the

Calico Hills and between Syncline Ridge and the Eleana Range in western Yucca
Flat. At these locations, subunit Q2a sccurs 3long the washes 2s terrace
deposits in bedrock and as sheets that overiie sudunit Q2c on the uppermost
piedmont slopes. Deposi}s at both locations are similar: (1) below drainage
basins of less than 5 km® that originate in argillite of unit J of the Eleana
Formation, (2) along washes that lack subunit Q2b, and (3) overlying subunit
Q2¢c. The maxtrum thickaessvof subunit Q2a 1s 2 m.

EX S W.—

Macrotopography 1s flat, but microrelief that ranges from less than U.5 m
to 1 m gives the subunit a hummocky appearance. Except for incision along
asre-(2a washes, no drainage has been developed in the sudunit. The soil
consists of an Av horizon, ¢ weakly Javelopeu cambfc o norizoa, and 3" s:.ge |
calcic horizon. Desert pavement is poorly developed and very loosely
.acked. Varnish on pavement fragments §s a patchy, dull, brown to dark-brown
Silm. )

- -

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 1 m
in dizmetor are scattered through a matrix of pebbles, sand, and sflt. in the
Calico Hills, most of the matrix grains are argillite; tn 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 dedbris flow
origin of subunit Q2a. - = ——

Subunit 2a(?) occurs as slopewash deposits and local debris flows at the
foot of steep slopes on Yucca Mountain and below fault scarps in Rock Valley
and Crater Flat. Subunit Q2a(?) overlies subunits Q2b and Q2c at these

Biocations. The subunit has also been recognized where it overlies older Q2

terrace deposits along Yucca and Orill Hole Washes. In mapping, subunft™
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Q2a{?) has been included with underlying units, because of its patthy
distribution and thinness.

Deposits of Q2a(?) are stmilar to Q2a depostts tn macrotopography,
nicrorelief, lack of drainage development, and desert pavement, At most
locations, the sand-sized matrix has a reddish-brown color that may be
fnherited partly from B horizons of older deposits from which 1t was
derired, An Av horizon is present on all Q2a(?) deposits. A cambic B horizon
may be present, but is not readily apparent. Calcic horizons are stage 1.
Deposits of subunit (2a{(?) that overlie older terrace deposits contain fewer
clasts than the slopewash deposits and have a crude bedding or layering.

Subunit Q2al{?) differs from subunit Q23 in that:

1. Deposits of Q2a(?) are reddish brown, whersas 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 bedding is spparent in deposits of Q2a(?) that ove-lie older Q2
terrace deposits, whereas, the few exposures of Q22 seem to be a
single, unbedded layer.

4. Deposits Of Q2a(?) were derived mostly from volcanic rocks, whareas,
(J2a was derived mostly from argil[i;g of the Eleana Formation.

5. The volume of clasts larger thar®10”mm §s greater in Q2a(?) than in
Q2a, but maximum sizes are greater in Q2a.

Although Q2a{?) and Q2a'differ. the simjilarity of their stratigraphic position
and topographic location, just downslope from bedrock, suggests that they are

probadbly equivalent in age. Deposits of Q2a{?) have been dated
radiometrically, but Q2a has not been dated.

Unit Q1

Unit Q1 consists of alluvial deposits, debris flow deposits, and eolian

777 sanc that are mapped in five subunits: Qlc and Qla, predominantly alluvial

gravels and sands; Qlb, debris flows and alluvial gravels; Qls, alluvial sand
sheets; and Qle, eolian dunes and sand sheets. In comparison to units QTa and
Q2, unit Q1 has been only slightly modified since it was deposited. Soils are
weatly developea, desert pavements ¥re not.present, and only the oldest
su, . ices have been smoothed by creep and sheetwash.

Subunit Qlc.=-Subunit Qlc 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 Qlc occur in all washes that
originate in bedrock or unit QTa. Alluvial fans and sheetwash deposits
overlie units Y2 and QT2 on middle to lower piedmont slopes. Alluvial fans of
Qlc occur at the junction of tributaries with major washes and across some
terrace scarps and Quaternary fault scarps. Thigégess of subunit Qlc is
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usually less than 5 m. The best exposures of subunit Qlc are along the banks
of terrace deposits in major washes, such as Fortymile Wash and Topopah Wash.

Subunit Qlc has a flat to slightly convex macrotopography. Microrelfef
1s usually less than 0.2 m, but dissection of terraces of Qlc in larger washes
can result in a greater relfef. Orafnage development in Qlc occurs along pre-
exfsting washes and as short distributory channelsSbelow these washes.

In gravelly deposits, the only noticeable soil horizon 1s a stage I
czlecic horizon that consists of calctum carbonate coatings on clasts. In
ady depesits, 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 c¢m.
Desert pavement is lacking on subunit Qlc.

Subunit Qlc varies from pebbly sands to gravels that contain boulders as
much as U.5 m in diameter. Indivicual deds are commonly well scrted, but
clasts may vary from sand to cobbles in adjacent beds. ODebris flow deposits
make up less than 25 percent of the volume of subunit Qlc, but in 3alluvial
fans at the junction of tributaries to larger washes, debris flow deposits may
comprise about half of sudbunit Qlc. In fresh exposures, subunit Qlc ic light
gray; the surface is 1ight brownish gray.

Subunit Qls.--Subunit Qls occurs as alluvial sands on middle to lower
piedmont slopes and on the floor of the Amargosa Desert. The subunit is a
1ithofacies of subunit Qlc that was produced primarily by ercsfon of subunits
Q2e and Q2s. The subunit overlies all Y2 suhunits except QZ2a and Q2.(?) and
is overlain by subunit Q1b. Subunit Qls is limited to middle and lower
pieomont 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, topcgraphic relationships, and depositional
process in Qls dipifcate these characteristics in subunit Qlc. [n subunit
Qls, the deposits range from 90 to 100 percent sand. Clasts larger than sand

2 commonly less than.10 ¢m in diameter and a2 nave a maximum diameter of
aoout 20 c... A deflation pa..ment is usually present on subunit Qls; pebbles
and larger clasts cover 20-5U percent of the surface.

Subunit Qlb.--Subunit Qldb occurs as debris flow depasits and small
amounts of alluvial gravels in all washes. Thc best exposures ot Qlb are
along Fortymile Wash, nrrth of the road to Yucca Mountain. In small washes
that contain remnants of Qlc terraces, Qlb is preserved as long, convex
tongues that are b to 10 m wide or as long, flat-topped tongues with convex
sides that are 1U to 20 m wide. Maximum thickness of subunit Q1b ¥s 3 m, but
08t deposits are less than 1.5 m thick... In major washes, such as Dune,
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 beulders usually
-ange from 1x2 to 1UxS¢ 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 topped across the short
dimension, Relief on these patches ranges from 0.3*Tc"1 m.




Soil development in Qlb deposits is usually weak because of the
youthfulness of these deposits and decause most of the upper 0.5 m i
corprised of pebble- to boulder-sized clasts. Spaces between the larger
clasts are empty at the surface and are partly to completely filled by sand- R
to clay-sized material below the surface. In some exposures, 2 stage I calcic — s
horizon is present. Subunit Qlb overlies Qlc in small washes, in the upper to Lo
middle reaches of major washes, and on middle to Yower piedmont slopes. In R
major washes and the Amargosa River, subunit Qlb locally occurs as terrace o
remnants less than 0.5 m below Qlc terraces. R

The dedris flow origin of Qlb is indicated by the lack of bedding, the LA
predoninance of cobble- to boulder-sized clasts, and by its eccurrence as L
undissected tongues on Qlc terraces. Small tongues have noses and short -5
levees trailinyg back from the noses that consist of only boulders from 0.3 to RN
1 m in diameter. Llonger and wider tongues of Qlb have levees that trail back e
from the noses for most of the leagth of the tongues. Elongated patches 1 to ca
5 mwide and 5 to 50 m long of boulders occur on the surface within the larger :
longues.

Subunit Qie.~~Subunit Qle occurs as eolian sand that forms dunes and
sandsheets in the Bifg Dune quadrangle and on ti.e basalt cone and flows et
northwest of Amargosa Valley. (le alsc forms sind sheets in the southern S
Yucca Mountain area and near bedrock outcrops on the east side of Jackass A
Flats. Big Dune §s the largest outcrop of subunit Qle; it is about 5 km long, . L
as much as 2 km wide, ana approximately 1U0 m high., GCeposits older than Qle T
are not exposed on Big Dune, but to the northwest and southeast of 2ig Oune,
outcrops of Paleozoic rocks are partly covered by QZ2e and Qle dunes. Sand
sheets around Big Dune are less than 3 m thick. Sand dunes on lava flows of
the Lathrop Wells basait cone are 2 to 5 m high and lie on a sand sheet 2 to 3
m thick,— Sars on the south side of trhe basalt-cone has a maximum thickness of
about 2 m. In the Ash Meadows quadrangle, layers of peat are interbeaded in

_sand dunes (Mehringer and Warren, 1576) that are probably equivalent to
subunit Qle.

Soil horizons ar> not an~irent in most out~rops of subunit N'e. In the
Ash Meadows area, weakly deveioped soiis of miadle Holocene age are present .
within dunes of subunit Qle (Mehringer and Warren, 1976), Radiometric ages, X

archaeological material in Holocene dunes, and soil morphology (Mehringer and g
Warren, 1976; Haynes, 1967) indicate that subunit Qle includes three separate L

pericds of Molocene 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‘d‘_epositea 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 Qlb and older units as smal) patches of rippled -
sand that are less than U.5 m thick., Near sources of silt- and clayrsfized .
materials, these particles form laminations between sand beds or are*mixed

fnto sand beds.

Subunit Gla.--Subunit Qla occurs as alluvial deposits in the bottom of
active channels. In braidedchannels, the subunit was deposited as smal)
elongated patches that are a few centimeters thick. In major washes, subunit
Qla was deposited as channel fill, a few centimetars to 1.5 m below Qic or Qlb




terraces. About 1 km south of the road to Yucca Mountain in Fortymile Wash,
subunit Qla is less than 1 m thick, and fills 2 channel approximately 30 m
wide. Along single channels, subunit Qla usually has a relatively smooth
surface for 1U0 to 20U m along the wash with ripples 2 to 5 cm nigh., Across
single channels, 10 to U m wide, subunit Qla may have U.5 to 1°m of relief.
subunit Qla lacks soil gevelopment. Within the hills and on upper piedmont
slopes, Qla consists of well=sorted gravels that are nostly pebbles with small
amounts of sand. ©On niddle 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
Mountain. The basalt flows overlie debris flow deposits and alluvial gravels
¢:at were derived partly from Eagle Mountain and partly from the Greenwater
Range. The basalts are less than & km from basalts in the Greenwater Range
that are 4.03-7.16 m.y. old (Luedke and Smith, 1981).

5 ana 1.1 m,y. old crop out in Crater Flat (Carr,
1982). The older group of basalts in southeastern Crater Flat is hignhly
dissected. Unft QT2 overlies the clcer basalts that in turn overlie older
alluvium (Carr, 1982). The younger groub of basilts consists of flows and
cones from four eruptive centers that form 2 gently curved line extenging
aorthenortheast across central Crater rlat. The cones and lava flows of the
younger group of basalts are dissected, but dissection is limitea to ejecta

layers on the cones, the brecciated tops of flows, and flow edges.

Basalt flows and a cinaer cone occur about 1U km northwest of Amargosa
Valley. The flows and the cone are undissected. Basalt ash is interbedded
with subunit (22 less than 1 km north of the cone. Stalactitic caicite on
welded tuff cobbles that jmmediately underlie the basalt flow has been dated

at 345 ka (Szabo and others, 198l1).
——— Pliocene and Quaternary Spring Deposits

Basalts that are 3.7

sist of tufas and calcite veins and spring vents

e from pre-QTa to the present. The spring
f Paleozoic carbonate

Spring deposits that con

occur in deposits that range in ag
deposits occur in the Amargosa Desert and near outcrops 2

rocks east of Nevada State Highway 373.

s
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.
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 23 few scattered outcrops that are a few meters to S0 m
in their marximum dimension and are not related to channels.
vents cut across the tufas. At™one~location;- tufa-that lies on-the waterlaid
sediments. is overlain by unit QTa:"Af‘sEWéftl‘locétions.'from Devils Hole to
the north side of the Amargosa 9esert (Winograd and Doty, 1980), calcite veins
and vents in unit (T2 are truncated by the pediment cut on unit QTa. At

Devils Hole (Cave) Ko. 2, 2 sinkhole approximately

a small spring mound that contains tufa is enclosed within unit QTa.

Some outcrops of tufa that

Calcite veins and

300 m north of Devils Hole,




Spring deposits have not been found in units Q2 and Q1, but probadbly
occur locally fn these units near madern springs. At Pofnt of Rock Springs im
the Ash Meadows area, tufas form & spring mound that covers ar area of at
least 10,000 m“, Rounded ridges that are characteristic of unit QTa extend
from the tufa upslope §nto unit QTa. The relationship of the spring deposits
to Q1 and @2 deposits in the wash below the springs ts 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

—= _aft required & large volume of spring discharge during deposition (R.L. Hay,
Univ. of Southern 11linois, oral commun., 1980), Evidence of springs was
probadly 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 Cesert (Winograd and Thordarson,
1975). This aquitard would restrict the Tocation 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 waterlaic¢ sediments of Amargosa Marsh and younger surficfal

deposits have been dete{Tineg mgxsly by radiometric dating methods. Most of
Tl ._these methods;-such as *°C, OK.; A, and-fission-track dating,.are standard.. . - -«
methods, but the Uranium-trend method used extensively on middle to~late™ ==~ - emm=
Pleistocene deposits, is relatively new. The uranium-trend method is an
empirical method. This method assumes vertical migration of isotopes in a
continuocusly open system, has a variable accuracy that is dependent on the
fsotopic quantities originally in the sediments, and may require calibration
by other dating methods at new locations (Roskolt, 1980, 1985), The
- o CONsistent determinations of similar ages for deposits and soils considered to

be stratigraphically equivalent have clearly demonstrated the usefulness of

T """ this method_for, determining the age of surficial deposits in_the Yucca

Mountain area.” vt -aalinr
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- - In this report, the Plfocene-P1-':tocens " oundar: is cen~*'ared tn “2 1,7
Ma (Obradovich and others, 1982). The boundary between early and middle
Pleistocene is considered to be at the Brunhes-Matuyama magnetis baundary at
788 ka (Johnson, 1982):-aThe boundary between the middle and late Pleistocene
is considered to be the boundary between oceanic isotope stages 5 and 6 at
132 ka (Jonnson, 1982). 582 Pleistocene-Holocene boundary is considered to be
at the boundary between 1 stages ! and 2 at 11 ka (Kom!nz and others, 1979).

Basalt flows at the possible ¢am near Eagle Mountain have not been dated,
.~ but basalts in the Greemwater Range, less than & km to the west, have K-Ar
ages between 4,03:0,12 and 7.1620,22 Ma (Luedke and Smith, 1981), Both the
basalt at the possidble dam and in Greerwater Range are faulted. The proximity
- of the faultad basalts at the two locations suggests that the basalts are
Rr;bably the same age, and that impoundment of 2 lake probably began less than
- Ma IgO.

-

Deposition of the lower unit of the waterlaid sedimants of Amargosa marsh
began prior to deposition of an included ash ved dated at 3,22$0.12 Ma by the
K-Ar method (R.F. Marvin and others, U,S. Geological Survey, written commun.,




1983) and 2.95:0.42 Ma by the fission-track methoe (C.W. Naeser, U.S.
Geological Survey, written commun,, 1980). An ash bed in the lower unit,
where 1t is unconformadly overlain by the river gravels of ancestral Rock
Valley Wash in SE1/4 NE1/4 sec. 19, T, 16 S., R, 50 E., has been dated at
2.120.4 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
Amargosd 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 gutcrop of the
upper unit consists of tuffaceous sands and clays overlain by diatomacecus
marl, which in turn is overlain by tufa. Richard M. Forester (U.S. Geological
Survey, written commun,, 1979) identified several species of ostracodes from
the diatomaceous marl, - Cypridopsis vidua (Muller), also identified by
Forester from a sag-podHF§§BE§1%'Tﬁ'unTt QTa in Yucca Flat, §s known from the
Pliocene and Quaternary, but is much more common in the Quaternary. Charles
A. Repenning (U.S. Geoloaical Survey, written commun., 1982) identified
vertebrate fragments from the tufa and the underlying diatomaceous marls as

e -mommbeing less than 2 m.y. old. Tooth fragments of Mamiuthus sp. cf. M. columbi
: Equus sp., and a large camelid were identified. Poorly preserved
fragments cf a tusk and limb bones occur in the diatomaceous marl, Repenning
states that Mammuthus is not known to be older than 2 Ma in North America.
He states that the thickness of the enamel plates from the Mamruthus teeth
suggest an age considerably less than 2 Ma. Thus, deposition of the waterlaid
sediments of Amargosa marsh probably ended in_early Pleistocene timeo .-

- Th;‘fossi\s in the upper unit verify the stratigraphic position of the
2.1 Ma-0lg ash bed in the Yower unit, Although the recrystallized chalk above
the ash bed is known only in the lower unit, the topographié 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 upner unit. If the
ash is in the upper unit, then either a long hiatus occurred shortly after
‘eposition_of_the ash and before deposition of the fossils in the upper unit,
»r the chronologic range of Mammuthus 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. e

Unit QTa overiies the upper unit of the waterlaid sediments of Amargosa
marsh on the west side of the Paleozoic ridge that contains Devil Hole. It
aiso overlies the river gravels of ancestral Rock Valley Wash. Unit QTa is,
therefore, younger than the 2,1 Ma-old ash in the lower unit of the waterlaid
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 QTa 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.




Unit QTa fs designated as both Pliocene(?) and Pleistocene, but the S
faunal evidence indicates that it is probably only Pleistocene in age. In L
addition to the probable Plefstocene age of the upper unit of the waterlaid -t

sedinznts of Amargosa marsh at the Mammuthus locality, fossils in sag-pond .o
deposits within unit QTa in Yucca Flat also indicate a Quaternasy age. R
Richard M, Forester (U.S. Geological Survey, written commun,, 1979) reports . R
that Cypridopsis vidua (Mulier) in the sag-pond deposits in western Yucca Flat SR
has not been found 1n sediments believed to be Miocene or older, but s far e
nore common in the Quaternary than in the Pliccene._ Scottia n. sp. (sensu_ . R
stricto), also found in the sag-pond deposits is_;mn.oniy.fmn.?leisgo;ege S .
sediments in North America, and therefore, the sag-pond depcsits and the ) X
overlying part“ef unit QTa are probadly Quaternary. —— -

The Bishop ash, 738 ka (Izett, 1982), has been found at several locations
fn © - Yucca Mountain area at or within 5 m of the base of subunit Q2e and
les. chan 3 m above the base of subunit Q2c in the Calico Hills just west of
Fortymile Wash. The pedimentation, development of a soil, and dissection of
unit QTa prior to depasition of uait 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 o~ near the base of subunits - .. IB
Q2e and Q2c at a)) locations where the ash has been found, deposition Of semmer—smeme——— »os-By
- subunit Q2¢ could have begun significantly before the ash was deposited. Al
locations of the ash are topographically high and on or just above dedrock. ]
These locations suggest that™older depssits cf subunit Q2c may be concealed at™
lower elevations. - .
b - .

-
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Radiometric ages determined for units Q2 and Q1 are shown in table 1
(Poshclt and others, 1985; Szabo and others, 1981). The uranium-trend_method
determines when deposition or erosicn ended, and thus, when soil formations.
=== began. Uranium-trend plots of data are linear for sarples of unit Q2 that

include both the B and calcic horizons. ODisturbance of the vertical, open

- —~. System, on which the empirical urantum-trend method is based, by biotic or
tectonic processes can afféct the.systém'and may resultofn agéssycunger than

= the,actual age (J;ﬂ:;kosholt. V.5. Geological Survey, oral comun,, 1981). A:
the ETS trench in Jackass Flats, the soil that was sampled appears to b
undisturbed, but the age of 160 k.y. 1s much younger than the stratigraphic
position of Q2s warrants. About 2U m south of the sample site the beds from
which the sample was taken are eroded at a tupographic scarp. The sample age,
therefore, prodably indizates the end of erosion, rather than the end of
deposition, : ’ .

-

™ The repetition of ages determined for multiple samples of sudbunits
Q2a(?), U2b, and Q2¢c for both buried and surface deposits at different
1ocations demonstrates the precision of the uranium-trend method.
Coincidental agrcement of ages at two or three locations for a single
stratigraphic unit may be possitle, 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
hypothests that aumerous ages of four stratigraphic units could be displaced
equally by some unknown mechanism also seems unlikely,




Table l.--Radiometric ages of Quaternary stratigraphic units ta the
Yucca Hounta%n ares

Stratigraphic Material

unit

Age (ka)!

§aw1e
locality

Method

Charcoal in

Snubuait Qlc
: w— -ff'luvim _

B ’ ~& cand -

. Eolian silt
“~  and sand

Av horizon

3 Carbonate in

eolian silt
and sand

Slopewasie
gravel

Av horizon

Subunit
Q2a(?)

Do=wewe 8 horizon

Do=ve=" B horizon in
slopewash
gravel

£ Doeeen= 8 horizon in
slopewash
-grave)

Do==ve- 8 horizon in
slopewash
gravel

g,

. Doeeeena Alluvial

gravel

Doeceee- Slopewash

gravel

Alluvial
grave)

uo-.-o-

8 horizon ia
slopewash
sand

.n.

Do..---

G IM0ozsem 14 2 Acargosa”Ri vEP"bank

. N - G towiSt  rrems:
32 O ki SE-ofeBeatty—
30230 U-trend® SW Frenchman Flat
trench
2521y U-seriesb Basalt cone 11 km
WNW of Amargosa
Valley
31210 U-rrenct RV-1 trench, Rock
Valley
k12X U-trend4 RV-2 trench, Rock
Valley
37:24 W‘-ﬁv—-’l—'trench. Rock
Valley .
~ll
wa=sii‘r‘-'
38210 U-trend® RV-2 trench, Rock =T —=¥%
Valley
Jusly U-tr;.nd4 Trench 14, Yucca
@“ Movs:lin
-
“T40210 © u-trend® CF-3 trench, east-
- central Crater Flat
41+10 U-trenat Trench 13, Yucca
Mountain
47¢18 U-trend® Trench 2, Yucza
Mountain
55420 U-trend4 ‘Trench 14, Yucca
Mountain
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Table l.~-Radicmetric ages of Quaternary stratigraphic units in the
Yucca Mountain area--Continued
Stratigraphic Material Age (Iu)l Method Sample
unit locality
Subunit G2b  Alluvial 145325 U-trend® WFrench 2 Yucea —ewwr
gy = gravel ~~= Mountain '
Do=e==- Alluvial 16v225 U-trend? Charlie Brown gravel
gravel pit, Shoshone,
California
Doee=-- Calcareous 18uzd0 U-trend* RV-1 trench, Rock
B horizon ) Valley
Poeenen Alluvial 190250 U-trend® CF-3 trench, east-
- gravey e - central Cpater Flat
Doees=e___  Alluvial 19020 e y-trend? SW Frenchman Flat TR
waumme  gravel e ST === trench
Do==e== W Allyvial 200280 U-trend? S¥ Frenchman Flat
T gravel trench
Subunit Q2s B and calcic 16090 U-trend4 ETS trench, Jackass
horizons - Flats
4 v ("
- Subunit Q2¢c .. Alluvial 240250« U-trend® Trench 13, Yucca
— (younger gravel Mountain
soil and
- underlying - -
deposits)
A Dge=eee X horizon 270330 U-t.rendc RV-1 trench, Rock
- Vali
Ay
Doeevam Alluvial 270230 U-trend‘ CF-3 trench, east-
grave: . . central Crater Flat
. Do=~ve- Alluyvial 270435 U-trend? Jackass Oiviage trench
- gravel
17, P, X horizon 27U U-trend‘ Trench 14, Yucca
-~  Mountain
Do=ece- Alluvial 310+40 U-trenc® RV-1 trench, Rock
-~ gravel . ) Valley . _ .
 — -“m
.
‘o . V"&PM .
% Ay —~ Dbt | ,‘M”‘ g m :
==F2 =




Table ).--Radiometric ages of Quaternary stratigraphic units in the
Yucca Mountain area=--Continued

Stratigraphic  Material Age (ll)l Method Sample
unit locality
Subunit Q2c Alluvial 390£100 -l:l-trend4 RV-1 trench, Rock
{older gravel ‘ Valley
soil and
underlying
denqgsits)
Doeecoe Alluvial 40050 U—:rend‘ Western SCF treach
sand - southern Crater
— Flat
- Doem=e- Slopewash 420+50 U-trend‘ Trench 14, Yucca
sand Mountain
- ) ] P Alluvial 43u24u U-t.r-.nd4 Jackass Divide
- gravel trench
- Doe==e= Alluvial - A8Us6U U-trend® Western SCF trench
gravel southern crater—
Flat
Doee=en K horizon 423+90 U-trend? Trenc ™lcca

in gravel Mount&in

1 -ne standard deviation.

2 Analyzed by ..W. Robianscn, U.S. Geological Survey, Menlo Park, California.
3 Correlated Lo Av horizon by appearance.
4 Rosholt and others, 1985,

% szabo and others, 1981, - e
b - - . —~—
il o—
41
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;’.gui’i" =Hs -1,;-& ;:.ig_ \'_




The age of subunit Q}s in the Yucca Mountain area has not been
determined, but numerous °°C dates for charcoal and fossil seeds from sand
dunz’ in twd nearby areas indicate the probable times of accumulation. In the
7sh i-eadows a3rea, three dates for charcoal in dunes and 10 dates for fossil
seeds in peat interbedded with sand that is probably equivalent to Qle range
frowm 2,9402100 to 5,320:70 yr B.P. (Mehringer and Warren, 1976). In the Corn
Creek Springs area, about 3% km northwest of Las Vegas, seven crarcoal samples
at and near the base of dunes ranged from 4,030$100 to 5,200£100 yr B.P.
{Aaynes, 1967). A weakly developed soil occurs above this older matersa) in
both areas (Mehringer and Warren, 1976; Haynes, 1967). Three charcoal sarples
in .:1ian sand above the soil in the Ash Meadows area were dated between
“,5.+10u and 4402280 yr 8.P. These intermedfate-age deposits are overlain by
a .7 weakly developed soil, which in turn, {s locally overlain by Paiute
polip-y shards. Virgin Branch pottery shards that occur locally below the
g2’ urovides & maximum age of about 1,000 yr B.P. for the soil, Charcoal
~3: ~lated with the shards above the soil was dated at 220:100 yr B.P. -

M- inger and Warren, 1976). - e

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
#:- ims and Corn Creek Springs areas, Mehringer and Warren (1976} concluded
v, there were three periods of eolian sand dcposition during Holocene time:
Te- 4 to 3,000, 2,000 to 1,UU0 or less, and 20V yr B.P. to the present. The—
g ods of sand deposition were separated by intervals of nondeposition and
soil development from 3,000 to &,UUU ana about 1,0UU to 4UU yr or less B.P.
“.""lar periods of deposition and Soil devclopment in subunit Qle 1n the Yucca
ey " ---3in area are likely, because of the proximity of the Ash Meadows and Corn
-~ Creek Springs areas to Yucca Mountajpg -

At the ..umerous locations where subunits Qlc or Qls and Qle occur
together, Qle always overlies Ylc or Qls. The minimum age of Qlc and Qls is,
therefore, probably greater than 5,300 yr B.P. where subunits Qle and Qlb
~-ur together, sand sheets of Qle less than 0.5 m thick overlie Qlb. The

. igraphic position of Qlb above Qlc and Gls and the thinness of Qle
v .ying Qlb suggest that~(Qlb may be younger than the oldest period of Qle
depnsition, 5,300 to 3,000 yr B.P., and older than the youngest period of Qle
#: ition, or older than 1,000 yr B.P,

Subunit Qla probably corresponds to 3 periocd of arrcyo erosion that began
about 183U throughout the southwestern United States (Antevs, 1955). In the
S ncline Ridge area, 8 juniper tree, dated by dendrochronology, began growing
‘- 1358 on a Qlc terrace. Erosion of the terrace by a Qla wash to a depth of
©.. m exposed and killed a large root of the juniper tree in 1928,
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Publication cuclet and report cusber (1f known):0pen-file report -

. Technical Raviever:__ N _C Swadley bate:_9-2 L2

Ravisver’s title: Geologist

Recomnmendation (based on technical content):

B - - I o, e
T

o e

// Pblish as {3 g

: /X/ Pudlish wvith minor technical rsvisions (as noted below or in attached
8eno) - »

- /_/ Hhublish only with najor technical revisions (a3 notsd belov or ia
sctschad meno) and re-reviev

/_/ Bot suitable for publication in present forz (ressons sust be given
in attachsd mano)

Meno attached: /X7 Yas /_/ Ko

Comments:

?é
E
i
:

Signaturs
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Technical Reviever’s Appraisal Fora
for NNWSI Publications

Poclimivary aad Late Plrocere

Title o Taper: ‘Descrintion of @atemaq surficial deposits gn Yucca
AWE Vids®o

Hountain asen, gze'tountz, Nevadi

Authors(s):__ 0. L. Hoover

Publication cutlet and report mumber (1f knowm): Open-file report

Technical Reviever:__Earle Cressman e Dara:_/g éq{fz

Revisver’s titlse: Geologist

A ———

Rscoznendation (based on technical content):

/_/ Mdlish as is

I‘/ Pudlish vith alnor technical revisiens (as notad belov or in attached
: e80)

~--f/ Hhblish.only with sajor technical revisicns (as notad beiov or in
attached senc) and re-revisv

/_/ HNot suitable for publication in pressnt fora (reasons pust be given
in attached manc)

Memo attached: /{/ Vee /_/ Mo
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UNITED STATES GOVERNMENT

memorandum

ey July 14, 1987
I R
4 Ralph Sh:Obaﬁ'tolocut. Branch of Central Regional Ceclogy

smscts Reviev of zanuscript cn the surficial deposits of the Yucea lountain area and
vicinity

re« Dame Soover .
After carefully reviewing you= sanuaeript en the surficial deposits of the
Yucca kountain area and vicinity, 1 feel that 1t vill need extensive technical
revisicn snd re-reviev befare 1t will be suitadle for pudlicaticn as 2 Suxvey
open-file rep=xt.
The folloving is a bPrief su=—sry ef the major ccoments that I have cade on
tke manuscTipt and on the attached pages.
0 Thke manugeript contains:
e nuzercus statoents regarding the genesis, stratigraphy, paleoclizate,
and histary™of the suxficial Jepcsi®s that are unsubstantiaies by
data in the zamuscript or in pablisghed Treposts. 3Some of these
statesents are incorzect

® 1ittle if any disezsaicn of (1) key assunpticns o {2) altercate —mwenmes~
interyretations

s much speculaticn, particularily in ths secticn om clizatic inferences

d e nudercus interrretatiocns and inferences that are oversicplified and

e ede " N ke
PIRENA L s b

inadequately qualified
ol.om obvious cantradictioms -
spunerous asbigucus pirases and sentences

e geveral cuteof-date cral communications that do not accurately reflect
the current interrsetatiocns and findings of those cited.

2 - ———cy . Y. e -

¢ The saasuseript lacks:

-

KA s . . gt Nl -

¢ figures that {llustrate key stratigraphic relaticnships discussed in
the text




e refersnce t0, a3d discussion of, several recent reports and cral
ccommnications with other FIS {nvestigators that clearly pertain
to the interpzetations presentad in the manuscript

¢ explanaticns of tercs, especially scils terminology, that are not
used as defined in standard refersnces

o c siatesent in the introduction ta the effect that the findings and
- "‘inurxmuum in the manuscript dere developed pricr to- 1966(1) -
and do not reflest those of reeent ‘Teports and dlsciselons vith
other KI5 investigators.
© In general, it wvas difficult t0 determine {f —any of the statecents in
the manuscTipt vers based chiefly on observaticns, inteziretations n
and inferences, ¢r nere speculation.

o Many of the interrretationd and inferenc:s, particularily those pertaining
to past clizatic ceauditicns, that are bazed on infufficient, equivocal,
and (cr) irrelevant data should be deleted or adequately qualified.

Refez to the text and the attached pages for additicnal ccxents. ~ar

e

I€ I can be of help in the revisicn ard (or) the re-review of this.camseripty.
please contact ze. -

Cories to:
Co 4. Izatt
R. 3. Ranp
1. J. Witkind

.-
- gy
e m——e
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THE FoLLOWING YMP-USGS DOCUMENT(X) HAVE BEEN

REVIEWED, AND RESEARCH WAS CONDUCTED TO

LOCATE AND provIDE THE BEST AVAILABLE COPIES

i <UCTIONS: Place an "X" into each appropriate "[ ]° and/er prgvide
cz-ments which will explain why this is theh'Best Availadle Copy.

A better copy could not be ldcated.

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.

“.sitional Comments:




United States Department of the Interior

: CEOLOCICAL SURVEY Y
: sox psoes s 21) -
B DENVIR FIDERAL CENTIR g
g DENVIR, COLORADO 80235 -
3 Septesber 3, 1987 ey
Memorandum )
" Te: 1. J. Witkind .l
Z B A8 H W. C. Swadley S
Subject: Description of Quaternary surficial depnsits 1n the Yucca Mountain R~
= arez, Nye County, Nevada by D, L. Hoover
X
2 As requested, the subject manuscript has been reviewed, Several general
i comments are 1isted below. More specific corrections or suggestions are shown
o - on tha manuscript in red or are included on a 1ist attached to the manuscript
<3 and keyed by number to the paragraph concerned,
-.?\ General Comments:
1. Twc questions raised by Shroba's review have not been resclved and, I
be —— think, stil11 require some revision. The first involves descriding an unburied
weathering surface as an unconformity. 1 have suggested changes where this
N occurs but my suggestions are essentially the changes proposed by Shroba that
> + a not accepted by Hoover defore. The second is the use of the term
o i ~nofacies. Shrodba's review questioned whether subunits can be lithofacies

g of each dther, or whether each subunit should be a 11thofacies of the major R
Ex unit, No changes were mide by the author, but should bde, RN
2 . - -‘: ‘
t 2. The use of the symdol Q2a(?) for a subunit correlated with subunit NS
- Q7: seems very questionable to me. I doudbt 1f 1t will pass 6NU. fl
< .
:._
_.. -

e rar :—m

clieny, ,
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REVIEWER'S COMMENTS

nschwm;u {

@ |

| Comsiuis

Section *~ ~. ° N, R.'«E. does not appear
to be on the I .n quad (et Jeast not on the
1952 versfion). "Are the township and range
specifications £ rrect, or should this be the
Eagle Ntn, (15 minute) quad, or s there a
newer map with a revised coordinate system?

The discussien of the relatl nillp of the
“carhonate and silica plat sf in the Qg unit
near the EVesns Range does|not seem clear, *
Is there any evidence for 2e of these (1.e,,
overlain by QTs depostts 1{ke most of the Qig
deposits)? The) statement §aying that these!
appear to have been ["deposited by ground ol

water” {s also unclesr -- {s there any
fndication whether this grqund water g fr
the water table:ior from a gerched-water zon
As written, the discission |seems to leave ||
wore questions unanswered than provide
lnf&utlon. 11 possible, b sketch or phot ‘

of the deposits and additibnal discussion
may’ help clarify,

. \
U-series date shown may not] be accurate.
Winograd et al, (1985;: Scipnce, vol 227,
pages 519-521, footnote 1)) Nndicate that to
sule out Inftial detrital thorium«230
contaminaticn, the Th-230 tb Th-232 ratio
must be grester than 20, This same problem
was noted In the presentation by 0, Muhs
(USGS) at the Cal 1te-Silica Peer Review
meeting. Szabo et all, (1981) show that the
ratio for the sample Visted in this report i3
1.99 ‘or the celcite portion and 1.13 for the
residual pe=ttan, Thus, 1t would seen that
thit date "~ its -- are - stivnabie as
Inittal con.:+lnat,_.. cannot be ruled out.

'QCCI”

atxct
{

I

ALASOn 1]
Q.3. \ /
Page 29, paragraph 3,
line 3. Ryan should be'
chang.d td Eagle
Hountqln. d

o.c. |
Page 32, paragraph 2.

Insert sentences at end
of paragraph. q
"A f¢v residval boulfers
fromfunit QTa are pr:‘ent
on"t{dge crests near
carbopate plates. a

t!ope‘fron where the !
unic Q. Al;hough o
unit QTa was observ;

E
to unit QTg and unit
QTa.” I
these data was to comfiile
At e ime t e Dot
U-scries date probl

few ridges, unit QTa
carbonate plates are
clear [relationship b tvee1
the popition cf the
suage-kl that the carbona
qQ.5.
all avallable data applic
cc  sed (190 O
! The date should be keépt

overlies unit QTg doyh-
present at the edge

the carbonate platesjand
oonate plates with ¢

plated are older thanfun!
My purpose in reportifig
able to the stratigr

1 was not awvare of tle
until lit can be determindgd

~ "

whether it 1s valld, r?thor than rule {t out simply on the basis of obsdrvat fons on othsi samples.



AP ot PP vy
e

An argumsnt aight be made that the dedris flov deposits aight hsve been
deposited by ;l:or floods or mud floods, but the larger clasts supported by &
fine matrix arguss against these processas. The sumerous instances of
transport of boulders from 4-10 m in diameter down ‘.1-2 ka ¢f pledmont slope
and as auch as I m in du.’c:s down 10-50 ka of piedmont slope !.Eguly
suggests transport by dedris flows rather than & less viscous, 1ess dense
mediua. The lack of sorting of larger clasts (except for boulders lsrger than
1 m 4o diamc-er) beyond 2-3 kn downslopc from dedrock aleo suggests dedris
flow rather than water or mud,

Tically, the presarvation of delicate leaf casts at the top of t.h.-.u.ppc;
wmit of ths vaterlain sediments.gf Asargosa sarsh by___tgn: Qla 1odicates that
wit QTa vas deposited very shortly sfter deposit1o8¥0r the upper wnit. .

Although I am fordidden to discuss tha subject in this report; tae

disappearance of Asargoea sarsh followed immedfately.by.deposition-of-unit QTa=~
AR tfgges-

indicates that the wet climate that-maintained Asargosa marsh (and ptabably-:
heavy vegetation 1o the hills) rapidly decame drier vhich should have caused a
substantisl decreass in vegetation in the hills theredby making large
quastities of material asccumulated during the existence of Aargosa marsh
availabis for the debris flow deposits of unit QTa. —.

-

Given the sbove, I can only conclude that the majority °£ uwnit QTa is

dedbris flov deposits,

2. Incorrect use of unconformity-——corrected -

3. Lithofacies is used correctly (see attached AGI definition)
CET states that efther lithofacies or-depositional facies (per Strac.
. —

Comn., code) cao be used. 02s an? GQ2s are mappable subdivisions of Q2c¢ that

. '."- b
sre distinguished by lithology and sre enclosed within th!l?mda{%g of

Q2c. The~sams spplies to Qlc and Qls. —— m—

R R T L R T




Leplies to cumbered questions on ¥ C Swadley reviev

Adatract L
1. Yas. ALl but QId, Qle, and Qle. SRR
2. This 1e an ebstrect. The first sentence has been Tewritten, -
3. Agrse. B
4, Statement deleted, - <

Text
1. BRawrittea
2. Agres
3. Ngres
4, Parsgraph revritteo
S. Rswritten
6. BRavritten :

7. Rawritten
8. Sentence charged~-The alluvial barrier vas pressest, bdut vhethar it was S
breached by thc/‘atgou Rivar before a lake could be fzmpoundad {8 .' B
— .zertain. 7T T TR ,
9.. o B
10. Revrittes - =g
11. H;. 4 and subunic QTe corrected i
12. Ravritten | — S
- ———n IR
12. (A3 cuabered by WCS) Rewrittes HE
13, Rewrittes - -
14, Mmplified T
1S. Revritten - -




16.

17.

Not certain sbout seaning of question, but obviously solution followed
by iamediste redeposition occurred together. Otharvise, ooluugp alone
wuld hseve removed ‘:!u carbonate from the srea. "~

This 4{s my observation, but was brought to my attention by Janet yowers

==rgfarence daletad

P. 32--bottom (no no,) 1If & small area was being discussed, I woulda“’t

18.
19.
20.
21.
- 22.
23.
24,

28.

27.

28.

29.

bother, but absence of deposits between QTa and Q2 in such a larges area
stould be discussed

Revritten

Ravritten

__l:_cvritun

Corrected

Ravritten

Revritten : T

Revritten -

It 16 & diffarence, but pot in the sense of tha other differeaces.
Senteace moved to text.

evorded

.1 have not descrided these deposits as terrace deposits, dut as d:pou.u
that overiie older terrace deposits. I doa“t thiok that these Q2a(?)
daposits are terrace deposits, but am uncertain

In age. Sttlu(nphlc. folition ;werlyinz Q2b and Q2c (:ntence added)
Justifies this conclusion

Done

30,3). Section oo regiomal uncoaforamity deleted, Age of Q2a(?) and possidle

ja.

late Pleistocens age of sowme Qlc by othars makes this section uncertala

Changed to alluvial gravels snd dedris flov deposits




To: Earle Cresssan
From: ©D.lL. Hoover
Subject: Your reviev of Quatermary stratigraphy report

Raplies to your numbered comments are attached. VWhere & ccament in the
text vithout & nusder needed & reply, 1 added "a" after the numbered coarsant
tamedistely bafore the text comment. Yor the most part, I sccepted your
suggestions. Where I did not, I have explained vhy, My revisions are in red
on & fresh copy of the report. .

i

1 have novdisagreement vwith deleting figure l. It was put in for.lay
readers. The quadrangle index has bdeen added as figure 3. addition of land
nets to the figures 1is not possidle for two reasons: (1) the figures will be

.page-size and are slready crowvded end (2) time availadle. On figure &, the
prodlea is which age to use for esch unit. For ash~bdeds, this is not much of
s prodlem, but for U-series and U-trend sges, do you use ranges, all the ages,
aversge the ages, or aversge some agec sfter discarding “unreasonsble” ages?
By the tine agreenment wvas reached dy thoss who have an interest, the deadline
would be long past. These choices are the reason that 1 have coapiled all the
ages in table l. Readers will see a general agraemunt for each stratigraphic
unit and vill be free to use their own choice.

The title ca the schedule change request, "A preliminary descoiption of
- Quaternary surficial deposits, etc.” is incorrect for several reasons. When
this title vas chosen, 1 wvas not consulted.

1. "Preliminacy” 1is incorrect. The stratigraphy has been in use for ¢
years and has been published or 3 quadrangles (! 1n press) and vas
used on tvo sdditional qusdcangles that are completed. Although
some aspects of soils and depositicoal envicomments are questioned
by athers, there has not been any question of the basic stratigraphy
or the ganeral descripticns that 1 an avare of, Therefore, the work
is hatdly preliminary.

From the schedul: :hange request, I gather that Hayes used
"preliminazy” to make room for changes caused by further work,

It 1s unlikely that changes in the basic stratigraphy will be pade
and only details of description will be changed. Dropping
"preliminary” will scill leave roen for new work,

In regard to my own work, “preliainary” is also incorrect. First, a
description of the stretigraphy vas made earlier by Foover and others
(1981). Second, becsuse chis will be my laat description, the use

of "preliainary” for my vork is mot correct.

2. "Description” is not totally correct. The report descrides more than
the deposite-=1t relates the deposits to esch other, incorporaces
and interpretes part of the depositional history, and sunmsrizes
evidence for the ages of the units. A description provides a mental

faage of wvhat the described odject looks like--the report is more

thaa & description,
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3. "Quaternary” is incorrect, insssuch a&s several pages afe used to

desctibe late Plioccene deposics. Also the wholly Quaternary age of L

unit QTa is uncercain. . .. 38

&, "Surficlal deposits™ 1s incorrect because the term does not apply to .

the waterlsid sedinents of Asargoss marsh. 1 used stratigrsphy in ay R

title ¢o get around this prodles. o

F:12lly, the title on the scheduls change Tequest is only igk on paper, mot _'..' i

wols chiseled in gr:2lZe. In the intersst of clarity and sccuracy, 1 suggest TN

thac the title be changed to "late Pliocene and Quaternary stratigraphy of * S
etc.” so that the title vill propsrly reflect vhat 1is in the report. L




»":- i

Raplies to numbared comments
1. Sentence changed. 1 want to euphasite the smoothing of alluvial fans in
ths older deposits. Pedissstatfon OK o p. 2, why not bers with change to
allyvial fana? '
2. QRavritten with lead sentence.
3. Rewvricten
4, Change to lc
S« Deleted
6. Rewritten
7. Llook wnder ramp{snov). The ters, vhen sepatated f{ato two words, {s self
descriptive. I firat used dunes, but was told by Whitney that the proper temm
ws sand ramps. Rsat of sentence rewritten.
8. Rswritten
9. Ravorded
« . Mgowe & added
1i. Added decsuse of previous reviev., Nov deletad
12. Quotation form was suggested dy Pat Poola. Changes made because of
previous revievs have been Testored.
13. QRewrittan
14. BRavritten
i1S. The 1llustracfons will all be page size. Ko wmy to get land pat on even
1f therc vas tise. Pig. 4 will show quadrangle locations.
1€¢.17. Pare. completely revritten
1¢. Rawritten
19. Pizst santencs rawritten to define unit,
23. lRawvritten
20a. Next para. Conglamerite, ot corglomerate. The rock is utuo:-phoud to
the point that it breaks acroas both the large clasts and the matrix und,..
ge-ins, Therefore, conglomerite.
2" hw:‘d
22. Your conocept is exactly vhat &s mesat. Deaposition of QIg quartcite
clasts in shallowv troughs on the pediment, Cemantation of QYg, depositlon of
QTa, and thenTdissagtion has resulted io & ssall scale fovaerteditopography.
7*. Rewrittes to show telationship of plates to QIg.
..o BRavritten
2%. Dundritic deleted
26. You can call the laysrs "beds™, but 1 want to call attantion to the
contrast of these "deds™ with the alluvial beds that are usually soderately te
wall sorted and & fev cu to lass than 1 = thick. I have used layer to
eaphasize this coat=ast.
?7. Deleted )
28, Pavrizten to conform with ACI definition of unconformity
29. Dendzitic deleted
3), Rewritteo~—~coaments 28-30 a:c incorporated in coeplete rewrits of this
section,
31-2.Subject of this para. is dd"ﬁ" e
3%, Pars. under "Qusternary Surficial Deposits” lncotporltd under "Iutom.
Uoconforaity" and replaced by newv para.
‘.l:'. Definition added

Z4. Rawritlen
35. Revorded to define unit.
36, BRawritten
37, DBRawritten
38, "Much® daleted

-~




39.
1 40.

Al
42.
43
ad,
the

loeation.

Revritten

Rawritten

Revrittan

Rawritten

Para. tewrittea,

Ravritten., Above i{s the correct word. BRigher than would not restrict
Topographically bigher or topographically above fs alsc less

teatriccive and probadbly overdoos.

43.
46.
&7.
48.
49.
. 30,
sl.
2.
53.
34,
3.
36.

recognizable by thetr topographic position as 2b.

¥o explanation--~just recording observations..
Iavritcen
Pura. rawrittan
10 u delated
Rewrittan
Bridence added
Rewzitten
Zswricten

2nd sentence of pera. rewritten
Typo corrected

Ravritten

Too saall to wmap, but strath terrace and scattersd clasts are

In & fev washas, the

—

scattered clssta grade into terrace deposits,

57.
38.
- 59.
60.

60a._(p. S1) As written, lithofacies is not rdnan:.

61.
62,
63.
64.

_ You are corract. Description of Qle changad to add pu:.

Phrazes deleted
Rewzitten
Ravrittea

Ql definad

Sentcnce added.

" RewTitten
Paras., Tewritten
Rewording accepted

e e = -“ -
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PRELIMINARY DESCRIPTION OF QUATERNARY AND LATE PLIUCENE
SURFICIAL DEPOSITS AT YUCCA MOUNTAIN AMD VICINITY,
NYE COUNTY, NEVADA
by
D.L. Hoover

ABSTRACT

The Yucca Mountain area, in the south-central part of the~Great Basin,
is in 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 Mountatn is dissected by steep-sided valleys of contaquent
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 fntegrated with the Amargosa River, bu?
have distributary channels on the piedmont above the river,

. iforms *- the Yu<:: Mount:®: area fnclude rock pediments, ballenas,

alluvial pediments, alluvial fans, stream terraces, and playas. Early

Holocene and older alluvial fan deposits have been smoothed by
cedimentation. The semiconical shape of glluvial fans {s apparent at the
Junction of tributaries with majcr washes and where washes cross fault and -

terrace scarps. Playas are present in the eastern and scuthern ends of the

Amargosa Desart. ) .

. e —— it
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Fossils in a sag pond deposit within unit QTa in Yucca Flat suggest that
ruch of the unit is Quaternary, Terrace deposits, intermediat2 in age between It f’fs
units QTa and Q2, in the Xyle Canyon area of the Spring ﬁountains have not -; .
been found fn the Yucca Mountain area. The sequence of events-?iiiouing
depcsition of unit QTa and prior to deposition of unit Q2 suggest that unit

QTa was deposited significantly before the Bishop ash, 738 k3, was deposited

near the base of unit Q2. Lfl-i?k

Unit Q2 is present throughout the Yucca Mountain area and consists of

~ five subunits: subunit Q2c, alluvial sand and gravel and lesser amounts-of——mc.ck- A 3

debris flow deposits; subunit QZe, eolfan sand; subunit Q2s, alluvial sang; 1;?
subunit Q2b, alluvial gravel and debris flow depusits; and subunit Q2a, debris o - ;;
flow deposits. Subunits Q2e and Q2s are Vithafacies of subunit 02c. DO
Slopewash deposits in thg_Yucca Mountain area have 2 stratigraphifLPosition by
like that of subunit Q2a, but differ from Q22 in several characteristics and - B

are designated subunit Q2a(?) in this report.

The p;:;ence 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 Q2 began before 738 ka., Radiometric ages indicaie"that a2 soil within
subunit Q2c began development about 425 ka, Surface soils began development
on subunit Q2c about 270 ka; on subun1£~02b. about 175 ka; and on suﬁéait
Q2a(?), about 40 ka.

..
-
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Unit Q1 was deposited mostly in washes throughout the Yucca Mountain
area. The unit consists of subunit Qlc, alluvial gravel; sudunit Qls,
alluvial sand that is a lithofacies of subunit Olc; subunit Ole, eolian sands:
subunit Qlb, dedbris flow deposits and minor amounts of alluvial gravels; and
subunit Qla, alluvial sand and gravel, Charcoal within subunit Qlc has heen

—~amummeanddted at. 8.3 KAaufhaLcoal, 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 8.P. to the present. ODeposition of subunit Qla
probably began about 1840,
Basalts in Crater Flat have ages of 3.75 Ma, 1.1 Ma, and less than 34S
- ka., Most of the spring depogl;g‘in ;::'Zggfgosa Desert range in 3age from

pre-QTa to pre-Q2 in age. Spring deposits that are Q2 and Q1 in age are

probably restricted to the vicinity of modern springs.

<[ETTum
IXTRODUCTION

The U.S. Geological Survey began geological, geophysical, and

- hydrological investigations of Yucca Mountain, Nevada, in 1978, The purpose
of T. .:e invez*fgation: TS to™prewide @S~ for th: -valuas’:a of Yuima —

Mountain.as a potential nuclear-das;e repository site. This repor:”descrfbes
Late Ptiocene and Quaternary deposits in the vicinity of Yucca Mcuntain. Age
determinations for these deposits are summarized. The report provides a basis
from which the approximate age cf faults that displace surficial deposits in

vt
the Yucca Mountain arez can be determined.
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Physiography
Yucca Mountain (fig. 1) s in the south-central part of the Great Rasin RS

subprovince of the Basin and Range physiographic province. In the Yucca Ny ‘
Mountain area, elevations range from approximately 610 m on the /margosa River _
at the southern end of the Amargosa Desert to approximately 2,345 m on Pahute h
Mesa., Within 100 km of Yucca Mountain (fig. 2), elevations range from -80 m

in Death Valley to 3,368 m on Telescope Peak in the Panamint Range on the west

(just southwest o’ fig. 2) and 3,633 m on Charleston Peak in the Spring

. ——— e .

A o e e,

Mountains (just sou-theast 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 865 m at the southernmost ridge to approximately 1,350 B3t the
head of Yucca Wash, Maximum elevation of Yucca Mountain is 1,783 m at the

northern end.

~—. - -— —— ~—

FIGURE ff'."-a"zin HERE
FIGURE 2.--NEAR HERE ——
- - e —

A _ slogic = :p of th: potenti. .. -eposi:: -y sit> i Yucca "-untals  “iott
and Bonk, 1984), 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 soutp;rn Great Basin (Carr, 1984) describe the
structural features of Yuc;:a Mountain and the surrounding area.. The reader is
referred to these reports for descriptions of the structural features
mentioned ‘a this report. Landform terminology in this repcrt is 1n

accordance with Peterson's (1981) classification for the Basin and Range

province.




Figure 1.--lndex 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 1ts headwaters 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
Tertfary volcanic rocks that are typical of the Basin and Range province.
West-facing fault scarps on the main fault block have maximum slopes of 60
percent tn Solitario Canyon (Scott and Bonk, 1984). A dendritic drainage
system was deeply eroded cefore 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 fro;-;::;aped 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,
Dril) 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 terrzces are S0 to 300 m wide
and have downstream slopes of 3-8 percent.

-, - ” i
FIGURE 3,--MEAR MHERE. -




Figure 3.--Physiographic features of Yucca Mountain and vicinity.
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The sides of ridges that are formed by subsidiary fault dlocks 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 sudbsidiary fault

dblocks 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 ~—— =
o — lesserdevelopment of tributaries in these drainage™systems, when conpar;;.io
e St heTaa T3 i T BE KT re the S resuI 0

slopes on the subsidiary fault_blocks. South of the Dune Wash drainage basin,

P=towererelief~and shorter dip™

a few deep \Y=-shaped drainages are present along north-south trending faults,

and do not have tributaries.—.. !is.__., -

i
Host of the washes that drain east-southeast to east on Yucca Mountain-

ana adjacent fault blocks are consequcnt washes developed on dip slopes.
- Yalleys that drain to the north or scuth an# valleys at the north end of Yucca
o

S SRR R .
Mountain that drain southeast were developed along faults (Scott and Bonk,

19843 Carr, 1984).

Although faults are not exposed in Yucca Wash, a

geomagnetic anomaly suggests that a probable Miocene structuraT'boundary may

have influenced the distritution of qlger rocks, and thus the location of

>
Yucca Wash (Carr, 1984):

™



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
tridbutaries of the Amargosa River between Reatty and the southern end of the

~Amargosa~Desert. East of Rock Valley Wash and Carson Slough;~drainage~4s- into
the playa at the eastern end q(.iae Amergo;; Desert. South and west of the -
Amargosa River and north of Eagle Mountafin, tributaries originating in the
Funeral Mountains are much smaller than tributartes 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 voper piedmont slopes,
iy,

these washes are not integrated with the. Amargosa River. On the.lower-
-

piedmont slopes south of U.S. Highway $S, these washes are distqleutary and

their runoff reaches the Amargosa River only during times of flooding. Rock

Yalley Wash and the drainage basin of Carson Slough are integrated with the

—at® Amargasa River. s Soaai

>




Major landforms fn the Yucca Mountain ared include rock pediments,

baliensas, fan and alluvial pediment rewnantsl. alluvial fans, stream terraces, T';

and playas. The only rock pediment near Yucca Mountain 1s on argilifte of the -
Eleana Formation in the center of the Calico Hills. Rounded, subparallel
C- ridges, called ballenas, are common on the oldest surficial deposits near
.‘-Eidrock nills. On piedmont slopes between bedrock hills and on the basin

floor of the Amargosa Desert, deposits of coalescing alluvia) fans of

different ages form nearly flat remnants between washes. Most of these fan i
deposits have been modified by creep and slopewash into smooth alluvial ;fg}?
- pediments. Because of fan coalescence and alluvial pedimentation, the
semiconical topographic expression of alluvial fan cones is absent on most
piedmont slopes. 5Small, semiconical fans are present at the junction of

e ~
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

L above the ju~ction with Sever Wash. Steep semiconical fans are present below

o 0 fault scarps,along the east front of Bare Mountain and 2long terrace scarps I
alon ki o _

- east of Beatty. Major washes have stream terraces that extend from near the

: K : head of the wasa down to_where the washes c.come diliributary on the ower
part of the piedmont slope, A playa defines the end of a closed drainage e
iif» system at the eastern end of the Amargosa Desert. Alkali Flat, at the south s
3 T end of the Anargosa Desert, is a late Pleistocene playa that has been breached l;ff,

.-

~ by the Amargosa River (fig. 2).

-

-

F lpeterson (1981) uses the term pediment for a surface eraded on X f;;j
& unconsolidated material on the picdmont slope. In this report, the adjecE?ve. :
alluvial, 1s added to avoid confusion with rock pediments by readers

g )
unfamiliar with Peterson’s terminology.
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Although calderas north of Yucca Mountain and northwest-trending faults

alter the north-south pattern of ranges and valleys that are typical of the f{f.g}

Great Basin, the general physiography and types of 1andforms: in' the' Yucca a0k

Mountain area are similar to other areas of the Great Basin., The dimensions

e and topographic relationships of the landforms in_Quaternary deposits in the ’.55>3'

g ST -l
Yucca Mountain area and in the Amargosa Desert do not differ greatly from

P

those of similar landforms in the closed basins of Frenchman and Yucca Flats

AR

and appear to be relatively unaffected hy the presence of the Amargosa Riverww- = 51

—rz - 4
Previous Nork

- s

The bedrock gealogy of the NTS area has besn published in a series of-_
.

gsglogic maps at a scale of 1:24,000 !{fig. 4). Alp the Yucca Mountain area,

—— these maps include Topopah Spring NW (Christtans;ﬁ and Lipman, 1965), Topopah ;Jr,g
e Spring SW (Lipman and:McKay, 1965), Toﬁzﬁggrkpring (Orki)gmgpd 0'Connor, . %f
197C), Jackass Flats (McKay and Williams, 1964) and Lathrop wWells (McKay.and ‘fi

Sargent, 1970). The geology of the Es}e Mountain 15-minite quadrangle was ?;.7=

mapped by Cornwall and Kleinhampl (1661). The Quaternary deposits as shown on §_,i€

%i, these quadrangles were sirplififed aac based =:stly on clast size and E};ﬂ

geomorphic position. ;;5,

FIGURE 4.--NEAR HERE . ’
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Figure 4,--Index map of the Yucca Mountain area showing outlines of quadrangle

maps.
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Fernald and others (1968) mapped the surfictal deposits of Yucca Flat for
engineering purposes on the basis of depositional processes and fragment
size, Untts QTa, Q2, and Qi";;;i firsi.az;iribed in the Syncline Ridge area
of western Yucca Flat (Hoover and Morrison, 1980), which has Quate:nary
deposits similar to those in the Yucca Mountain area. Correlation
characteristics and the stratigraphy of OQuaternary surficial deposits tn the
NTS area were described by Hoover and others (1981). Swadley (1983) mapped
the Quaternary deposits in the Lathrop Mells gquadrangle 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 1S-minute quadrangle
by the author was includec¢ in a map of the Quaternary geology of lhe Yucca
Mountain area compiled by Swadley and others (1984).

Waterlaid sediments in the Amargosa Desert were first mapped in 3
reconnaissance investigation of the hydrology of the Amargosa Desert (Walker -
and Eakin, 1963). Denny and Drewes.{1965) mapped these sediments as playa and
spring deposits in the Ash Meadows ﬁuadrangle. Swadley (1983) mapped the
recrystallized chalk caprocks and claybeds separately in the Lathrop Wells
quadrangle. The w:terla{d sediments have also been mapped {n the Big Oune
quadrang)e {Swadley and Carr, 1987). Mapping of the NE1/4 of the Ash Meadows
15-ninute quadrangle by Pexton (1985) established the stratigraphy of the

waterlaic¢ sediments and the relationship of these deposits to-younger

il - A.— . ,A— 3 A
e curfici al- deposits.~- Studies- of-the basalts-in-Crater.Flat [(Lrowe andiCapr. i

e T

—

1960) provided tne stratigraphic celationships of these basalts to Quaternary

and older surficial deposits.

-

=



IDENTIFICATION OF QUATERMARY SURFICIAL DEPOSITS
Multiple criteria, called correlation characteristics (Hoover and others,
1981) are used for {dentification and correlation of surficial deposits in the
NTS area. Correlation characteristics are used hecause Pliocene and
Quaternary-sediments in nearby areas could not be fdentiffed in the NTS
ares. 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 NTS deposits.

!

The Quaternary deposits of the Tule Springs are2 near Las Vegas (Maynes, 1967)

Ve b
4;"""-‘. '.';."

were deposited in a different environment, and over 3 much shorter time
span. The corre1atidﬁ'ﬁﬁi'acteristics (see Hoo' er and others, 1981 for
definitions) are:

I. Topography

A. Macrotopography

e A

B. Microrelief
Drainage
A. Pattern and development direction
8. Cross-sectional shape
C. Depth
Sofls
A. A and B horizons

1. Color

2. Secondary clay, carbonate,~and sil{ca™content
e UNERN.

3. Thickness

B. Calcic horizon
1. Stzge (Gile and others, 1366)
2. Thickness




1V. Tepographic relationships to other depositional units
V. Desert pavement

A. Packing and sorting __

8. Maximum fragment slzé )

€. Rock varnish color and luster
vl. Lithology

A. Sand and clay content

B. Color

C. Maximum fragment size and frequency

D. Ratio of clast lithologies

The order of these characteristics reflects thelir decreasing imporance in the
identification of a stratigraphic unit, Except for the order of listing,
these characte;;::ics are the same as described by Hoover and others (1931).
The use of soil properties to identify stratigraphic units was linitéd to
macrascopic differences in the A, B, and calcic horizons that are easily
identifiable by gealogists unfamiliar with the descriptions ana techniques of

s0il science. These differences include the presence of vesicular A and

SR, A et - - ot oY

camsic B horizons, and the presence and the degree of Bevelopmert of argillic
po— — p—
‘ B and calcic hurfzons. 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. j;

ey
—




VYesicular A (Av) horizons are surface horizons that contain numerous

vesicles that are 1-10 mm in diameter., Av horizons are formes in & layer of
silty sand that underlies a desert pavement. Most Av horizons overlfe 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

e -

efther 8 or calcic horfzons of a single stratfgraphic unit, and {2} an abrupt
decrease in secondary carbonate in some soils between the Av and the
underiying 8 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 an&.(or) stronger colars than the undcrlying

nhorizon. Cambic B horizons lack significant clay accurmulation, but 2 few,

'

thin clay coatings on sand grains and larger fragments are present ir same

PPN

cambic B horizons. Most cambic B horizons are yellowish brown, Argillic 8

horizons have significant clay accugulations as indicated by abundant clay

— -

films. Most argillic B horizons are reddish brown, and contain more clay than

the underlying horizon. Some argillic B horizons are indurated by abundaat™

-

seco- iiry cal. um carborate and locally by secondary silica. Most cambic and

argillic 8 horizons are Tess than 50 cm thick. _;7 *lf




Calcic horizons are characterized by the deposition of abdbundant calcium
carbonate and locally by some secondary siltca. The calcic horizons referred
to in this report include the Cca, calcic, and petrocalcic horizons of the
Sot) Survey Staff (1975) and the K hortzon of Gile and others (1963).
Thicknesses of calcic horizons in this report include the entire thickness of
vistble 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 [ films and conatings on the bottoms of clasts
in early Holocene and lateuPleistocene deposi&g_to thick, plugged, stage 1V
horizons in early Pleistocane deposits. The carbonate stages t;:;'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 clder deposits.




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 Pltocene age form the hills and

 ranges of the Yucca Mountain area. Sedimentary rocks of Miocene and early

Plfocene age are present in the Funeral Mountains, at the southern and eastern
ends of the Amargosa Desert, and in Crater Flat. A1l 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 }laées. Late Pliocene and Quaternary deposits e ..
in the Yucca Mountain area finclude the waterlaid sediments of Anargosa marsh,
unit QTa, unit Q2, which has five subunits, and unit 01, which also has five

-

subunits {fig. S).

FIGURE S.--MEAR HERE




e ' DAl AR LT TR EED S
Figure S.-<Correlation chart of late Pliocene and Quaternary stntigrawhié
units in the Yucca Mountain area. Query indicates that stratigraphic -
position of base and (or) top s uncertain. :‘-,:;‘
- .’.
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Pliocene and Quaternary(? sits .
Haterlaid Sediments of Amargosa Marsh

Thét waterlatd sediments of Amargosa marsh consist of clays, limestones,
and tufas that crop cut in much of the Amargosa Desert south of lat 36°30' and
west of long 116°10°. Scattered outcrops are present aleng the Amargosa River
northwest to lat 36°40', 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, Oriller's logs (Walker and Eakin, 1963)
fndicate that the waterlaid sediments uaderlie most of the Quaternary
surficial deposits between the Skeleton Hills and the Amargosa River south of
V.S. Highway 95. The sediments were deposited in an area callea Amargosa
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 kmz.

FIGURE 6.--NEAR HERE ' -
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Pexton (1985) divided the waterlaid sediments of Amargosa marsh into 2
lower and an upper unit separated by 1 disconformity. The lower unit was
further divided and mapped as four lithofacies: three units that are mostly
argillaceous and a fourth unit of shee: 1imestones that overlfes and
interfingers with two of the argiliu-:.us lithofacies; the “lake" deposits and
the paludal deposits. The lower unit, as described by Pexton (1985), consists
of:

Undifferentiated Pliocene “lake" dzposits (unit T1d):

Mostly brown to green, illitic and montmorillonitic claystones with
soft to hard limestone beds, pods, and nodules that contain minor
dolomite. Thin sandstone br.'- are sparse. Clay beds pinch and swell
noticeably over short distances and grade into limestone with
faclusions of irregular clay masses. Claystones contain only small
amounts of magnesium 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 T.. .

_Mostly buff to brown, hard, hincky claystones that are predominantly

magnesium silicate clays wicu some authigenic potassium féldspar.

Some claystones have pelletal textures. Minor, hard, white dslomite
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.




Pliocene paludal deposits (unit Tpa):
Mostly white, chalky limestones with minor amounts of sandstone and
claystones. Claystone occurs as irregular masses of f111tic to
montmorillonitic clay within chalky limestones. Limestone contains
gastropods, bivalves, and ostracodes. Prcbadly deposited in spring-
fed ma~shes and ponds,

Pliocene sheet limestones (unit T11):

White to light gray, dense, recrystallized, fenestral limestone

sheets. Coantains rootmarks and occasional plant casts that resemble

plants growing in runoff from springs. Probably deposited in

isolated ponds.

The disconformity that separates the lcwer and upper units has oeen
recognized in the Carson Slough and Rock Valley Wash drainage basins and in
the 2rea southwest of Devils Hole. The disconformity is marked by channels
that are 3 to 10 m deep and a few meters to 2 few ters of meters wide.
Retween Carson Slough and Rock Valley Wash, the channgls 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.




The upper unit fills the channels cut into the lower unit. The base of ..A_ESﬂ

the 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 in diameter. Along the west side of the -iage south of Carson Slough, RS

similar sands and local gravels are present in leri:: at the base of the upper

T unit, ~West of Devils Hole and south of the Paleo - . ridge, the hase of the
upper unit contains beds of limestone gravel a3 m::3 as 3 meter thick, Clasts
of the gravels are mastly less than 20 cm in diam: -

Above the basal clastie deposits, the upper v-it is mostly white, soft
1imestone that contains minor amounts of siltsto:: and claystone, Clay
minerals are mostly illite and montmorillonite, tu: niegnesium s.licate
minerals are also present (Pexton, 1985). Beds a : -iostly less than 1 m

- thick.
The deposits of the upper unit are cappe: b. <:fa. The tufa {s brown 1o
ocrangish brown in cutcrop and medium gray to pale . !cwish gray on a fresh

-i ) surface, The tufa consists of limestone and sanc- " -:stone that preserves

. casts and moulds of plants and algal structures. -~ - the plant casts and
;n - moulds are well preserved, they contain a tri::3: :- -C.d4 3nd two broad-leafed
plants that closely resemble plants that grr: in = . -unoff from modern

springs. The tufa is usually 1-2m thick mear t=: ->:d of the channels and

% thins downslope. In sec. 26, T. 17 S., R. 50 €., - tufa covers an area
v about 1 km® and is 2-8 m thick. Although P..xton ,.-%3) mapped the tufas

ki separately from the underlying sediments of the up =r unit, the association of

the tufas with the sediments and the channels of the disconformity indicate ;::*f

i that the tufas are a lithofacies of the upper unit.
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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 thg_ppper
unit, and a similar elevation of the disconformity noted by Pexton (1985) from R
Carson Slcugh and Rock Valley Wash to the area southwest of Devils 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 outcrgg covers an
area about 5§ by 3.5 km in the Ash Meadows quadrangle in 7. 17 andvla S., R, 49
E. in Nevada and T, 26 and 27 N,, R. 5 E. in California between Nevada State
Highway 373 and the Amargusa River. ODiatomite and white, soft limestone 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, 2 lobate shape of the deposit suggests
filled channels like the channels filled by the upper unit about 10 km to the
east,

Outcrops in the Big Dune quadrangle resemble both the lower and upper
units, Along the Amargasa River, claystones and limestones resemble cediments
of the lower unit. In the Big Dune quadrangle in secs. 22 and 23 (estimated),

T. 14 5., R. 48 E,, pebdbly 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 ig 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,




In southern Crater Flat in the Big Oune quadrangle in secs. 12 and 132, T.
14 5., 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. Aleng
the unnamed wash, where it drains east-southeast, gravel beds dip 5°-15° south

to southeast, and are interbedded with tufas. In a trench exposure, the

the dbase 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 pebdbly sands. A yellowish to orangish, iron-oxide stained

band from S to 15 cm thick, which slopes slightly to the south, cuts across

bedding of the sands anc gravels that have a2 slightly greater dip to the
m

south. South of the wash,-tufa and white, soft limestone form eroded mounds
that appear to have been deposited along a ;orth-south line of sprungs.

In the sbuthern part of the Lathrop N!ils quadrangle, Suadf:;:il983}
mapoed calcareous clays and silts and dernse limestones that are continuous
with outcrops mapped by Pexton (1985) as the lower unit of the sediments of
Amargosa marsh. Swadley's (1983) unit QT1d is equivalent to Pexton's (1985)
units 71d, Tpl, and Tpa; Swadley's unit QT11 is equivalent to Pexton's sheet
limestones, unit T11. 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,




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 & lake early in 1ts 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 3 barrier that still exists. West of'fzale Mcuntain, alluvialaklnf
and faulted younger basalts formed a similar barrier. The basalts are
probably the same basalts as in the Greenwater Rangz, 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 linestone ridge that contains Devils Hole. In the Ryan quadrangle,
in sec. 30, T. 24 K., R. 6 E., 2 bench that is 3-5 m wide is cut in basalt
3lmost conpletely around a knob that is about S m higher than the bench. The
bench does not coincide with any apparent 1ithologic changes and is overlain
by 0.3-0.6 m of fine-grained matecial. The fine-grained material could be
eolian in oriyin, but it is not present on other nearby outcrops of basalt.
The bench s about 45 m above the waterlaid sediments at an altitude of

approximately 652 m.




«

In the Ash Meadows quadrangle, in sec. 36, 7. 17 S., R, 50 E., about 1/2
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 b:;:ﬂ;ﬂ)d
terrace at the junction of washes in adjacent drainage basins, but similer
benches are not present adjacent to other nearby, similar junctions of washes
in the limestone. In sec, 23, T, 17 S., R. SO €. and sec. 19, T, 17 S,, R, §1
£., benches about 15 m wide are cut in the Yimestone at elevations of 725-74%
m, and are partly covered by waterlaid sediments of Amargosa marsh, The
benches cut across bedding and appear to be unrelated to 1ithologic
differences or faults, The topographic setting and location of the benches
make differential weathering or stream erosion unlikely. A few Iimestone
clasts on these benches are highly rounded, but are too deeply pitted by

weathering to determine thetr origin,

River Eravels of'Ancest;el_sock Yalley Wash . _ oy -

The river gravels of ancestral Rocky Valley Wash consist of coarsely

crossbedded pebbly sands and sandy gravels that underlie a north-snuth 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, S0 €.
north for agproximately 10 km to the SE 1/4 sec. i9, T. 16 §,, R. SO E. The
best exposures are in the SQ 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, .

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 s
cemented by calcite. A few beds are sgndy gravel. (Clasts are mostlyaiigicjc

volcanic rocks, but minor amounts of btasalt are present.

N

— g B



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 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 {s probably an ancestral Rock Valley Wash,

Slopes and ridgetops above the crossbedded sands are covered by deposits
that contain boulders of bdasalt and other volcanic rocks as much as 0.5 m in

diameter. These-@op!ders 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 Elean2 Range and Syncline Ridge in western
-

Yucca Flat (fig. 2). The gravels are composed of quartzite, conglormerite, and
siliceous argillite derived from the Eleanz Range., Clasts are angular, platy.
= . . el —
and prismatic, have a maximum dimension 0.7 m, and have thicknesses that are
20 to 50 percent of the maximum dimension. In contrast, the overlying unit
7Ta contains numerous boulders of Tertiary welded tuff that have diameters of

1 to 10 @, 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 m

thick near Syncline Ridge beneath units QTa and Q2 (Moover and Morrison,
w'
1980). ¢ -
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The pediment beneath the gravels is defined by a3 nearly planar surface
+1.% covers approximately 17 km® between the Eleans Range and Syncline
Riuge. The pediment 1s cut on gently to steeply dipping quartziie and clayey
argillite of the Eleana Formation (Mississippian and Devonian) and on Tippipah
Limestone (Permian{?) and Pennsylvanian). Where unit OTq is present on ridges
near the Eleana Range, 1t 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
tt  gravels is thoroughly cemented by dense calcium carbonate. At the base of
the gravels on one ridges, 2 trench exposes soft, pulverent to nodular_calcium
cartonate. The soft caroonate forms 50 percent or more of the wmatrix 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
gravef and on the Eleana Formation along the ridges upslicpe from the edga 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 rear
... thrust fault. The carbonate and silica plates and the carbonate in the

.vel appear to have bteen deposited by ground water seeping out of the thrust

7 .1t and into the gravel.




Unit QTa

Unit QTa consists of predominantly dedris flow deposits and small amounts
of alluvium. Unit QTa_js present at the pe;ipheny of all basins in the NTS
area, around isolated bedrock hills in the Amargosa Desert, and 3; erosional
remnants 1n valleys in the hills and ranges. Unit QTa lies unconformably on
Precambrian to Paleozoic sedimentary rocks, on Terttary volcanic and
sedimentary rocks, and on the water\itd 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 argiliite 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 Fack 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 approximately
5S m,

Natural exposures of unit QTa are sparse. The best developed 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 arc

-
exposed in Crater Flat trenches 1 (lat 36%°48°'14", long 116°29°50") and 2 (lat

36%46°59", long 116°30°38") and in some of the deeper washes nea; these

trenches.




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
eroston, have rounded cross sections. Relief on the ridges ranges from 1 to
2S m; the macrotopography 1svrounded. Microrelief is flat except where
erosion during the pedimentation of unit QTa has left res!du;T.zsssTis and
boulders protruding above the desert pavement., Within 1-2 km of bedrock
nills, residual boulders are as much as 10 m in diameter. At distances of
5 km, residua) boulders are less than 1 m in diameter. Along Rock Valley Wash

o south of U.S, Highway 95, basalt boulders from Skull Mountatn, more than 30 km
away, 3re commonly 0.5 to 1 m in diameter, Residual boulders are rarely

present on deposits younger than unit QTa. - =

el -




Soils on unit QTa typically consist of an Av horizon and a caleice

horizon. The Av horizon on unit QTa overlies the calcic horizon or, where
present, an argillic B horizon. The Av hortzon is formed in materia) that is C
prodably much younger than the underlying deposits. Thicknessraf the Av

harizon .ranges from 10 to 40 cm. The B horizon has been eroded from most (Ta —= . .
e . - . - 4

—ungym SO11S. 0nly~oﬁ; area, just south of Yucca Wash-and west of Alice Ridge, has

been found with an argillic B horfzon intact in a QTa soil. At this locatien,

the argillic B horizon is dark reddish brown, contains abundant clay, and is

approximately 50 cm thitk., Secondary siifica increases downward in the 8 Qii:iﬂ

horizon. Where the argillic B horizon is preserved, the calcic horizon has ?53;.?:

engulfed the lower part of the B horizon and consists of laminar layers that - ‘ 113:3
- e

enclose lenses of pale-brown opaline silica that are as much as S cm thick.
e mem, e R

The laminar layers that enclose these silica lenses are dense, hard, and

robably contain secondary silica.  Calcic horizons of unit QTa are stage I[I =
2 Sl
to [I7 at elevations of about 700 m in the Ash Meadows ares and stage IV above LT
‘.'.. bl
- ™00 m §n the*YucEi'Hountain‘area:=‘Stage 1V calcic horizons are 2 to I m j!.rti
" - thick. Laminar layers are present in most stage [V calcic horfzons. .
. -

- Pisolites and brecciated and recemented laminar layers occur in a few

.locations. - b




On the uppermost part of pledmont slopes, interfluves of unit (Ta between
washes that head in the bedrock hills, are topographically adove units Q2 and
Q1. Oeposits of QTa are also preseat at drainage junctions within bedrock

hills, as erosfonal remnants on pediments, and as the highest erosional

- - terrace along major washes within bedrock hills. On Yucca Mountain, remmants._

~ vl g

T ——

_;;r of 6;33:5?:‘:::’br§;§;t on steep slopes 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
;36'30‘. At distances of 5 km or more from bedrock hills, unit QTa is burjed
by"!ounger surficial deposits on most piedmont Slopes.

Desert pavemen€ on unit QTa is very dsgiely packed and poor.y to
moderately sorted. Maximum fragment size-;;‘;he pavement is about 20 ¢m, hut
residual boulders, which range from 0.5 to as much as 10 m in diameter,
commonly protrude above the pavement, Varnish on pavements and residual
toulders {s shiny bg:rnish black to black, 0.5 to 2 mm thick, and continucus

-l

in areas undisturbed by soil creep.

. Trenches and a few natural exposures reveal unsorted, nonbedded layers
b : - .4
I that are 1 to 2 m thick., Eacn layer contains coarse fragments ranging from

o I ~ e ermanr

pedbbles to boulders that are supported by a matrix of clay- to sang-size ?: £ 3
material. Clay andisilica 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, limcstone, or quartzite are commonly 1 to &4 n

in diameter on the Uppermost piedmont slopes and §n QTa deposits in bedrock .
hills. Boulders at tﬁe base of unit QTa, deposited on a pediment cut on the f;

?; €leans Formation in the Calico Hills and in Yucca Flat, are as much as 10 ¢ in '

k -‘.r.w
dfameter. ——




At the foot of the Eleana Range in the west-centra) part of Yucca Flat,
lenses of calcium carbonate that contain ostracedes, gastropods, and small
mamma) remains are interbedded with debris flow deposits of unit QTa. Two
lenses, exposed in trenches cut at right angles, are as much as 2 m thick,
exgsfd at lTeast 50 m downslope, and are at least 30 m"wide aldﬁi‘th§:§1333“
contour, The uoper part of both lenses contaiﬁs 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 depasits.

" Alluvia) pediments were cut on uzét OTéwihr;;ghout the NTS area., The
pediments are defined by the concordant tops of the ridges that characterize
unit QTa. Concordancy of the ridges éitends across small washes that'
originate in bedrock hills and.across some major washes. —-The*concordant
ridges extend into bedrock in a few locatians-in the_E&l}cngllls. east of
Jackass Flats, and on the scuthwest side of Bare Mou~t2in. BRenches cut on
bedrock and “lines” of calcium carbonate that stain steep bedrock slopes may
record the origtnal surface of unit QTa. These features oTCur as scattered
remnants. in the ranges east of Yucca and Jackass Flats, ¥n 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 lYow in relief,

T —wmserdsionmay have.been much less_thag25 m.
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On hilislopes. that have 10-25 m of relief, QTa deposits lack any evidence
of bedding. The few expasures along washes and in trenches are predominantly
layers of unsorted cobbles and boulders. In Crater Flat trenches 1 and 2 and
fn some exposures in washes, coarse, poorly to moderately sorted ailuvial
gravel 1s present in the upper 1-3 m of unit QTa. In a few wash exposures,
alluvial gravel occurs as thin beds b;iueen unsarted layers of cobbles and
boulders. HKumerous large boulders are preseat in almost all exposures of unit
QTa, regardless of relief 9{_}ithology of the bedrock above the outcrops.

Subunit 0Tc.--Colluv1T;;-§hat consists of unsorted fine to conarse angular
rubble was mapped separately as a subunit of unit QTa on steea—slgggi;Pf - —

e o " T
Little Skull Mountain {n the Lathrop Wells quadrangle (Swadley, 1383) and in
the northeast corner of the Big Dune quadrangle (Swadley and Carr, 1987),
Colluvium of subunit QTc is ¥ncluded in map unit QTa at other locations. The
colTuvium includes rock falls and debris flow depg&jts that grade downslope
into unit QTa. Slightl; dissected smooth slepes of subggit QTc are underlain
by stage IIl to IV calcic horizons that are several meteés thick. A ang @

- e ey a—— -

horizons are not present. Tttt -

~ i

-~ -



Regional Unconformity

Where subunit Q2c overlies unit QTa in the Yucca Mountain ares, a
regional unconformity is present. This unconformity is defined hy the soil

developed on unit QTa and the dissected pediments of unit QTa, and represents

3 long pertod of erosion and nondeposition. The pediments were dissected by
subparallel drainage systems throughout the Yucca Mountain area after )
pedimentation of unit QT2 and development of a sofl on the pediments., This
dissection of unit QTa formed long, narrow, rounded ballenas, usually less -

than 20 m wide. At the upslope end of dallenas, 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 QTa. Slopes of the valleys between ballenis
are convexo-concave in contrast to steep, straight slopes of washes in younger

deposits. Where not obscured by younger depnsits, vaileys between ballenas

are rounded.
No deposits are present between unit CTa and unit 02c near Yucca
Mountain, but near the head of the Xyle Canyon {just <outheast of fig, 2)

b d

alluvial fan, alluvial gravels form terraces that are 1nterned1até:§n

elevation between the ballenas of unit QTa and the terraces of unit Q2. The

lithology, peuimentation, 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 Q2 zre also similar in both
areas. These similarities and the proximity of Kyle Canyon to Yucca Mountain
indicate that deposits of intermeqiate age should also be present in the Yucca

Mountain ares. Oeposits of i{ntermediate age may be buried in Yuzca 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, Sofl development, and “dissection of unit QTa represent a -

SdelEatt e

Ll

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 {n the

ARG @ R T

Yucca Mountain area extends the period of erosion and nondeposition after
depasitton of unit QTc, and requires a regional unconformity between unit QTa

and subunit Q2c.

Fo P

3 Quaternary Surficial Deposits
£
% . Quaternary surficial deposits of the Yucca Mountain area {aclude units Q1
: and 02, both of which have five sudunits. Both units consist of alluvial sand
£ -
% and gravel, debris flow deposits, and eolian sand. The major differences
:ﬂ = between the two units are that the older unit, unit Q2, has moderately to well
s developed soils and desert pavements, whereas unit Ql has incipiently
§§ - developed soils and desert pavements are absent. Except for topographic
'ia position, all other characteristics of the two units and their subunits are
;j similar.
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Unit Q2

Unit Q2 consists of alluvial deposits, dedris 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 Q2s,

alluvial sand sheets. These subunits range 1n age from middle to late
Pleistocene. Sofls in unit Q2, except for the youngest deposits, are
moderately to well developed. ODesert paiements are well developed except on
the youngest deposits. The youngest deposits and eolian sand have a Qimited

- >

extent, but alluvial deposits of oldest and intermediate ages are present

throughout the Yucca Mountain area. The topography, drainage, and desert

pavements of all subunite are similar, but soils, 1ithology, and topographic

position differ.

Alluvial deposits of subunits Q2c and Q2b are found in 211 the valleys of

A the NTS area and -inewashes in the hills_and ranges. The debris flow deposits T
: ) . g i B
= of unit Q2a have been {dentified 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 egquivalent in age to subunit Q2a, which has not been dated

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 emounts of debris flow deposits. The alluvial deposits vary from
i

pebbly sands to coarse gravels, ODebris flow deposits that are exposed in

—en,

trenches and in washes vary from small lenses to layers longer than 100 m.



Subunit Q2c is present throughout the NTS area. The subunit occurs 1s
terrace deposits in larger washes within the bedrock and unit QFa, as fan
deéosits in a few intramontane valleys, as slopewash and talus deposits on the
sides of most of the valleys on Yucca Mountain, and as f3n deposits on upper
to lower piedmont slopes in 311 valleys. Subunit Q2c forms the highest
terrace along major washes on the piedmont slope and along most of the washes
fn the Amargosa Desert. Orill-hole data tn Jackass Flats indicate a maximum
thickness of 65 m, but beneath some valley flcors the thickness may he

© greater. =

Terraces that are typical of subunit Q2c are present between Sever Wash
-

and Fortymile wash and at and below the mouth of Topcpah Wash west of

Fortymile Wash, The best exposure of the youngest Q2¢ soil is in a trench

{1at 36°51'S8", long 116°13'19"),

Subunit Q2c has a flat macrotopography even on steeply sloping

Along much of Fortymile, Topopah, and Rock Valley Washes, overbank

deposits.

Microrelief is less

flood depasits and debris flow deposits form low levees.
than 0.2 m, except where residual boulders of unit QTa protrude through Q2c
Jenosits. Orainage patttrns on QZ2c are parallel, have few or no tributeries
on midd\g to upper piedmont slopes, and are distributary on middle to lower
piedmont slopes. Most washg; cut into suhunit Q2¢c have very steep to vertical

e

banks that have been steepened by Holocene erosion. Wnere banks below the
S~ SO -
- cem=—>~ tepraces are undisturbed by Holocene erosfon, these banks &re also steep.,—
The Av horizon of Q2c soils is ycunger 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 B horizon has been stripped,

with the calcic horizon,



Soils of two different ages are present on subunit Q2c and can be
differentiated only by uranium-trend age cating or by detailed sof)
investigations. Above 1,000 m elevation, both soils have a moderate- to dark-
reddish-brown, argillic B horizon, that is partly silicified, anu stage III to
IV calcic horizons. The calcic horizons rarely have 2 laminated layer. Some
calcic horizons locally may engulf the lower part of the argillic B horizon.
At elevations telow 800 m in the Amargnsa Nesert, both soils in Q2c have
cambic B horizons and stage I to Il calcic horizons.
The older soil is present at a depth of a few meters within subunfit 02¢
or at the surface in some locatfons. The older, buried sofl has been
identified by uranium-trend dating of samples from some trenche, in the Yucca

Mountain area. The older sofl fs prodably the buried soil expcosed in the west

wall of Fortymile Wash just south of the road to Yucca Mountain., Ar the

surface locatly in the Yucca Mountain area, the older soil also has been

fdentified by uranium-trend dating locally in the Yucca Miuntain arez. The
maximum depth of burial of the older sofl {s approximately 7 m in Fortymile
Wash, The younger sofl has been identified at the surface or beneath less

than 1 m of younger sutunits i{n northeaste. 1 Jackass flats, on Yucca Mountain,

and in Qrater Flat.

Subunit Q2¢c is present beneath terraces along washes that are incised in

bedrock and unit QTa, and is also present on much of the upper piedmont
N — - ‘--‘"M-’ .-

y e .. S1OpES. Q2c is the highest surficlal deposit cn micdle piedmont slopes, on
scme lower piedront slopes and va)ley floors, and along most major washes

incised in Yower piedmont slopes and valley floors.



Desert pavementSTBNTSDbUNTLRQ2cTaresdensely-packed, moderately to well-
sorted, and have a maximum clast size that is commonly less than 0,2 m in most
places. Near bedrock hills or where unit QTa underlies Q2c at depths of less
than 2 m, larger clasts may be present at the surface of subunit Q2z. Varnish
ranges from very dark brown to blackish drown and from dull to shiny; it forms
a2 thin film that usually covers most or 2ll 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 Jackass Flats and Yucca Mountain areas,
where the subunit contains sand that is reworked_zfom subunit Q2e., Clay
content is probably very low. Except in debris flow deposits, cley coatings
on clasts below the soils are rare. The color in ocutcrop ranges from a light
yellowish brown to grayish brown. Clasts in alluvial deposits are rareiy mcre
than 6.2 m in-diameter. 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 nunmerous clasts as much as 1 m in dfameter.

Subunit Q2c consists of mostly alluvial deposits that range from pebbly
sa;;;; comnon east of Yucca Mountain and sowth of Jackass Flats, to sandy,
coarse gravele, The volume of debris flow deposits may equal the volume of E :
alluvial deposits on upper piedmont slopes and in intramontane vaileys, but {s -
usually less than the volume of alluvial deposits on and below middle piedmont
slopes. Much of the alluvial materia) was depasited along shallow
distributary washes. Along major yashes, the alluvial deposits appear to de
the result of channel aggradation. On steeper slopes, particularly within the
randes. slopewash deposits are abundant and may grade into debris flow

deposits.-




Along Fortymile Wash, dedris flow deposits of subunit Q2¢ cap most of the

three uppermost terraces (fig. 7). On the highest terrace, discontinuous

patches of cobbles and boulders from debris flows overlie mostly pebbdly sands

and a3 few sandy pebble and cobble beds that are typical of subunit Q2c. The

cobbles and boulders of the debris flow range from 0.1 to 1 m in diameter. At

some locations on the east hank of the wash, the debris flow deposits form 2

levee that is 20 to SO m wide and less than 1| m high. Remnants of the debris

flows are sparse on the west bank, but are almost continuous for 10 km below

f)

the Calico Rills along the east dbank. About 7 m below the highest terrace, 3

soil that ts probably the older soil of subunit Q2c is exposed along the west

bank. The soil has a stage IV carbonate horizon about 1 m thick and remnants

of 2 red argillic B horizon. The soi) on the highest terrace is the younger

soi) of subunit Q2c and has a stage !11 carbonate horizon less than a meter

thick beneath the debris flow deposits.

FIGURE 7.--NEAR HERE

- - e

FoFty&ilé-bash is the only wash in the NTS ared“that fs known to contain

three terraces of 02 age. In other washes, where only two terraces are

present, Q2b is the lowermost terrace., Tharefore, the lowast Q2 terrace in

Fortymile Wash is considered to be N2b and the middle terrace to be the

i
youngest Q2c deposits (fig. 7). ihe middle terrace-consiSts of cobbles and

boulders that range from 0.1 to l.m in diameter in 2 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 lII calcic horizon.




Figure 7.--Schematic cross section showing relationship of stratigraphic units

and terraces in Fortymile Wash, Not to scale.
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SITE CHARACTERIZATION PLAN BASELINE IA
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DATA TRACKING NO, TITLE/DESCRIPTION ACQN/DEVL PERIOD ACQN/DEVL METHOD EDN
*GS931008315215.030 CARBON AND OXYGEN ISOTOPE ANALYSES OF 05/15/89-10/31/93 NWM-USGS GCP-16,R3, CARBONATE CARBON AND AYP
CAVITY- AND FRACTURE-COATING CALCITE AND OXYGEN ISOTOPE ANALYSES.
SOIL CARBONATE FROM DRILL HOLES AND
OUTCROPS, MAY ‘89 - OCT. ’9%3.
ACON/DEVL LOCATION : USGS, DENVER, CO
*GS5931108315215.031 STRONTIUM ISOTOPES IN CARBONATE DEPOSITS 01/01/90-12/31/90 TO HELP CHARACTERIZE THE ORIGINS AND DNP
AT CRATER FLAT, NV, BY B.D. MARSHALL, K. ESTIMATE THE AGES OF SOME HYDROGENIC
FOTA, Z.E. PETERMAN, AND J.S. STUCKLESS. 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 SIMIL@R
SAMPLE DATA FROM EAST OF YM AND TO
TERTIARY AQUIFER WATER. SR ISOTOPE RATIOS
VS FREQUENCY ARE PRESENTED IN HISTOGRAMS.
ACON/DEVL LOCATION : USGS, DENVER, CO.
*#35$931108315215.033 FLUID INCLUSION TEMPERATURES FROM DRILL 10/01/92-09/30/93 NWM-USGS GCP-27,R0, DETERMINATION OF AYP
HOLES USW G-1 AND G-2, OCT, 92 - SEPT. TEMPERATURE ANMD SALINITY FROM
93. MINERAL-HOSTED FLUID INCLUSIONS.
ACQN/DEVL LOCATION : HARVARD UNIV., CAMBRIDGE, MA
' ]
*3S931108315215.034 CARBON 14 AGES FROM DRILL HOLES USW G-1, 04/01/92-01/31/93 DATA WERE ACQUIRED BY DR. T. STAFFORD OF AYP

G-2, GU-3, AND G-4, APRIL 92 - JAN, 93.

CA
BOULDER, CO

ACON/DEVL LOCATION : LLNL, LIVERMORE,

UNIV. OF COLORADO,

35

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.



DATA TRACKING NO.

36

SITE CHARACTERIZATION PLAN BASELINE

TITLE/DESCRIPTION ACQN/DEVL PERIOD

ACQN/DEVL METHOD

*GS931108315215.035

*GS931208315215.036

*G8931208315215.037

OXYGEN STABLE ISOTOPE ANALYSES OF OPAL 06/01/92~08/31/92
FROM DRILL HOLES AND OUTCROPS, JUNE 92 -

AUG. 92.

ACON/DEVL LOCATION : ASU, TEMPE, AZ

STABLE ISOTOPE COMPOSITION OF SOIL €02, 03/01/93-09/30/93

MARCH 93 - SEPT. 93.

ACQN/DEVL LOCATION : USGS, DENVER, CO

ISOTOPIC STUDIES OF YUCCA MOUNTAIN SOIL 09/01/93-12/17/93

FLUIDS AND CARBONATE PEDOGENESIS, BY T.
MCCONNAUGHEY, K. WICKLAND, AND J.
WHELAN,

ACQN/DEVL LOCATION : USSS, DENVER, CO

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.

NWM-USGS GCP-33,R0, EXTRACTION OF SOIL GAS
C02 FOR STABLE ISOTOPE ANALYSIS AND
GCP-16,R3, CARBONATE CARBON AND OXYGEN
STABLE ISOTOPE ANALYSES.

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.
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SITE CHARACTERIZATION PLAN BASELINE

DATA TRACKING NO. TITLE/DESCRIPTION ACON/DEVL PERIOD

ACQN/DEVL METHOD

Activity - 8.3.1.8.5.1.2
*G$931008318512,009 40AR/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

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,

01/01/86~-12/31/90

NEVADA, BY EDWIN H, MCKEE AND JOEL R.
BERGQUIST.
ACON/DEVL LOCATION : USGS, MENLO PARK, CA

Activity - 8.3.1.9.2.1.4

*G5931208319214.002 OIL AND GAS EXPLORATION NEAR YUCCA 10/01/92-12/15/93

MOUNTAIN, SOUTHERN NEVADA, BY J. GROW,
C. BARKER, AND A. HARRIS.
ACQN/DEVL LOCATION : USGS, DENVER, CO

37

PALEOMAGNETIC AND 40AR/39AR ANALYSES WERE
USED TO PRODUCE ISOCHRON AND
INVERSE-ISOCHRON PLOTS AND IDEOGRAMS
SHOWING INTEGRATED PROBABILITY
DISTRIBUTION OF 40AR/39AR.

AGE ANALYSIS OF K-~AR AND 40AR/39AR DATA
AND DESCRIPTION OF THE GEOLOGIC SETTING.

NON-YMP INFORMATION WAS REVIEWED INCLUDING
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,
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DATA TRACKING NO.

38

SITE CHARACTERIZATION PLAN BASELINE

TITLE/DESCRIPTION ACQN/DEVL PERIOD

ACQN/DEVL METHOD

Activity ~ 8.3.1.14.2.2.1

*SNL02030193001.012

*5N1.02030193001.013

MECHANICAL PROPERTIES DATA (ULTRASONIC 08/13/93-11/30/93
VELOCITIES, STATIC ELASTIC PROPERTIES, &

UNCONFINED STRENGTH) FOR DRILLHOLE UE2S

NRG-5 SAMPLES FROM DEPTH 847.2 FT. TO

896.5 FT.

ACQON/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

MECHANICAL PROPERTIES DATA (ULTRASONIC 09/23/93-11/30/93
VELOCITIES, STATIC ELASTIC PROPERTIES,

UNCONFINED STRENGTH, TENSILE STRENGTH, &

POROSITY) FOR DRILLHOLE UE25 NRG-2B

SAMPLES FROM DEPTH 2.7 FT. TO 87.6 FT.

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

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.”

STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219: "“UNCONFINED
COMPRESSION EXPERIMENTS AT 22 DEGREES C
AND A STRAIN RATE OF 1l0E-S5 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.”
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DATA TRACKING NO.

SITE CHARACTERIZATION PLAN BASELINE

TITLE/DESCRIPTION ACQN/DEVL PERIOD

ACON/DEVL METHOD

Activity - 8.3.1.14.2.2.2

**SNL02030193001.001 MECHANICAL PROPERTIES DATA (ULTRASONIC

**SNL02030193001.002 MECHANICAL PROPERTIES DATA (ULTRASONIC

**SNL02030193001.003 MECHANICAL PROPERTIES DATA (ULTRASONIC

04/01/93-05/14/93
VELOCITIES, STATIC ELASTIC PROPERTIES, &

UNCONFINED STRENGTH) FOR DRILLHOLE USW

NRG-6 SAMPLES FROM DEPTH 22.2 FT. TO

328.7 FT.

ACQN/DEVL LOCATION : NER INC., WHITE RIVER JUNCTION, VERMONT

04/01/93-06/23/93
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.

ACON/DEVL LOCATION : NER INC., WHITE RIVER JUNCTION, VERMONT

04/01/93-07/07/93
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.

ACQN/DEVL LOCATION : NER, INC.,WHITE RIVER JUNCTION, VERMONT

39

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.,”"

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".

STANDARD LABORATORY ROCK MECHANICS
PROCEDURES AS PER TP-219: "ONCONFINED
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".
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SITE CHARACTERIZATION PLAN BASELINE IA
TFT
YI1I
PEOQ
DATA TRACKING NO. TITLE/DESCRIPTION ACQN/DEVL PERIOD  ACQN/DEVL METHOD EDN
|
**SNL02030193001.005 MECHANICAL PROPERTIES DATA (ULTRASONIC 06/18/93-09/13/93 STANDARD LABORATORY ROCK MECHANICS AYC
VELOCITIES, STATIC ELASTIC PROPERTIES, PROCEDURES AS PER TP-219: "UNCONFINED
UNCONFINED STRENGTH, TENSILE STRENGTH, & COMPRESSION EXPERIMENTS AT 22 DEGREES C
AVERAGE GRAIN DENSITY) FOR DRILLHOLE AND A STRAIN RATE OF 10E-5 s-1.", ASTM
UE~25NRG#3 SAMPLES FROM DEPTH 15.4 FT. STM D3967-92: "SPLITTING TENSILE STRENGTH
TO 297.1 FT. OF INTACT ROCK CORE SPECIMENS", ASTM STM
D2845-90: "LABORATORY DETERMINATION OF
PULSE VELOCITIES AND ULTRASONIC ELASTIC
CONSTANTS OF ROCK."
ACQN/DEVL LOCATION : NER, INC,, WHITE RIVER JUNCTION, VERMONT
*SNL02030193001.006 MECHANICAL PROPERTIES DATA (ULTRASONIC 08/13/93-10/08/93 STANDARD LABORATORY ROCK MECHANICS AYC
VELOCITIES, STATIC ELASTIC PROPERTIES, PROCEDURES AS PER TP-219: "“UNCONFINED
UNCONFINED STRENGTH, TENSILE STRENGTH, & EXPERIMENTS AT 22 DEGREES C AND A STRAIN
AVERAGE GRAIN DENSITY) FOR DRILL HOLE RATE OF 10E-5 S-1.", ASTM STM D3967-92:
UE-25NRG#2A SAMPLES FROM DEPTH 90.0 FT. "SPLITTING TENSILE STRENGTH OF INTACT ROCK
TO 254.5 FT. CORE SPECIMENS,", ASTM STM D2845-90:
"LABORATORY DETERMINATION OF PULSE
VELOCITIES AND ULTRASONIC ELASTIC
CONSTANTS OF ROCK.”
ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT
MECHANICAL PROPERTIES DATA (ULTRASONIC 06/18/93-09/20/93 ASTM STM D2845~90: "LABORATORY AYC

*SNL02030193001.007

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.

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

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




SITE CHARACTERIZATION PLAN BASELINE

DATA TRACKING NO. TITLE/DESCRIPTION ACQON/DEVL PERIOD ACQON/DEVL METHOD

*SNL02030193001.008 MECHANICAL PROPERTIES DATA (ULTRASONIC 04/01/93-06/18/93 ASTM STM D2845-90: . "LABORATORY
VELOCITIES, STATIC ELASTIC PROPERTIES, DETERMINATION OF PULSE VELOCITIES AND
TRIAXIAL STRENGTH, & AVERAGE GRAIN ULTRASONIC ELASTIC CONSTANTS OF ROCK.",
DENSITY) FOR DRILL HOLE USW MNRG-6 SAMPLE ISRM "SUGGESTED METHODS FOR DETERMINING
416.0 FT, ' THE STRENGTH OF ROCK MATERIALS IN TRIAXIAL

COMPRESSION: REVISED VERSION", 1983
ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

*SNL02030193001.009 MECHANICAL PROPERTIES DATA (TENSILE 08/13/93-11/04/93 ASTM STM D3967-92: "SPLITTING TENSILE
STRENGTH, AVERAGE GRAIN DENSITY, & STRENGTH OF INTACT ROCK CORE SPECIMENS.",
POROSITY) FOR DRILLHOLE UE25 NRG-5 AND ASTM STM D854-92: "“TEST METHOD FOR
SAMPLES FROM DEPTH 781.0 FT. TO 991.9 SPECIFIC GRAVITY OF SOILS."
FT.

ACON/DEVL LOCATION : NER, INC,, WHITE RIVER JUNCTION, VERMONT

*SNL02030193001.010 MECHANICAL PROPERTIES DATA (AVERAGE 09/23/93-11/02/93 ASTM STM D854-92: “TEST METHOD FOR
GRAIN DENSITY) FOR DRILLHOLE UE25 NRG-2B SPECIFIC GRAVITY OF SOILS."
SAMPLES FROM DEPTH 2.7 FT. TO 87.6 FT.
ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

*SNL02030193001.011 MECHANICAL PROPERTIES DATA (POROSITY) 08/13/93-11/02/93 ASTM STM D854-92: “TEST METHOD FOR
FOR DRILLHOLE UE25 NRG-2A SAMPLES FROM SPECIFIC GRAVITY OF SOILS."
DEPTH 135.3 FT. TO 166.5 FT.

ACON/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT
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. SITE CHARACTERIZATION PLAN BASELINE
DATA TRACKING NO. TITLE/DESCRIPTION ACON/DEVL PERIOD ACQON/DEVL METHOD
. !

*SNL02030193001.012 MECHANICAL PROPERTIES DATA (ULTRASONIC 08/13/93-11/30/93 STANDARD LABORATORY ROCK MECHANICS
VELOCITIES, STATIC ELASTIC PROPERTIES, & PROCEDURES AS PER TP-219: "UNCONFINED
UNCONFINED STRENGTH) FOR DRILLHOLE UE25 COMPRESSION EXPERIMENTS AT 22 DEGREES C
NRG-5 SAMPLES FROM DEPTH 847.2 FT. TO AND A STRAIN RATE OF 10E-5 S-1.", ASTM STM
896.5 FT. D2845-90: "LABORATORY DETERMINATION OF

. PULSE VELOCITIES AND ULTRASONIC CONSTANTS
OF ROCK."

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT

*3NL02030193001,013 MECHANICAL PROPERTIES DATA (ULTRASONIC 09/23/93-11/30/93 STANDARD LABORATORY ROCK MECHANICS
VELOCITIES, STATIC ELASTIC PROPERTIES, PROCEDURES AS PER TP-219: "UNCONFINED
UNCONFINED STRENGTH, TENSILE STRENGTH, & COMPRESSION EXPERIMENTS AT 22 DEGREES C
POROSITY) FOR DRILLHOLE UE25 NRG-2B AND A STRAIN RATE OF 10E-5 s-1.", ASTM STM

SAMPLES FROM DEPTH 2.7 FT. TO 87.6 FT. 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."

ACQN/DEVL LOCATION : NER, INC., WHITE RIVER JUNCTION, VERMONT
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SITE CHARACTERIZATION PLAN BASELINE 1
TF
Y I
PE
DATA TRACKING NO. TITLE/DESCRIPTION ACQN/DEVL PERIOD  ACQN/DEVL METHOD E D
Activity - 8.3.1.14.2.3
*SNF29041993002.002 YUCCA MOUNTAIN SITE CHARACTERIZATION 06/01/93-06/30/93 SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL AN
PROJECT GEOLOGY AND ROCK STRUCTURE LOG LOGGING OF CORE BY EXAMINATION OF CORE AND
FOR DRILLHOLE RF #8. VIDEO RECORDS FROM NRG HOLES AND

INSTRUCTIONS FOR ESTABLISHING QA RECORDS
BASED UPON T&MSS ROCK STRUCTURE LOGS.

ACQON/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY

*SNF29041993002.003 YUCCA MOUNTAIN SITE CHARACTERIZATION 05/01/93-05/30/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-1. AY
PROJECT GEOLOGY AND ROCK STRUCTURE LOG SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL
FOR DRILLHOLE UE25 NRG-1. 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.

ACQON/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY

*SNF29041993002.004 YUCCA MOUNTAIN SITE CHARACTERIZATION 08/01/93-08/31/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-2A. A Y
PROJECT GEOLOGY AND ROCK STRUCTURE LOG SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL CORE
FOR DRILLHOLE UE25 NRG-2A,. 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

*SNF29041993002.005 YUCCA MOUNTAIN SITE CHARACTERIZATION 06/01/93-06/30/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-3. AY
PROJECT GEOLOGY AND ROCK STRUCTURE LOG SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL
FOR DRILLHOLE UE25 NRG-3. 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.

ACON/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY

43

1 Z0HAEAP»OOPE



44

T Q
DUL
IAO
FLC
SITE CHARACTERIZATION PLAN BASELINE IA
TFT
YITI
PEO
DATA TRACKING NO. TITLE/DESCRIPTION ACQON/DEVL PERIOD ACQN/DEVL METHOD EDN
*SNF29041993002,006 YUCCA MOUNTAIN SITE CHARACTERIZATION 05/01/93-05/30/93 GEOTECHNICAL CORE LOGGING OF USW NRG-6. AYP
PROJECT GEOLOGY AND ROCK STRUCTURE LOG SCIENTIFIC NOTEBOOK FOR GEOTECHNICAL
FOR DRILLHOLE USW NRG-6. 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.
ACQON/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY
*SNF29041993002,007 YUCCA MOUNTAIN SITE CHARACTERIZATION 08/01/93-08/30/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-5. AYP
PROJECT GEOLOGY AND ROCK STRUCTURE LOG PREPARED IN ACCORDANCE WITH SCIENTIFIC
FOR DRILLHOLE UE25 NRG-5. NOTEBOOK FOR GEOTECHNICAL LOGGING OF CORE
BY EXAMINATION OF CORE AND VIDEO REQORDS
FROM NRG HOLES AND INSTRUCTIONS FOR
ESTABLISHING QA RECORDS BASED UPON T&MSS
ROCK STRUCTURE LOGS.
ACON/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY AND JFT AGAPITO
*SNF29041993002.008 YUCCA MOUNTAIN SITE CHARACTERIZATION 10/01/93-10/29/93 GEOTECHNICAL CORE LOGGING OF UE25 NRG-4. AYP
PROJECT GEOLOGY AND ROCK STRUCTURE LOG PREPARED IN ACCORDANCE WITH SCIENTIFIC
FOR DRILLHOLE UE25 NRG-4. NOTEBOOK FOR GEOTECHNICAL LOGGING OF CORE

BY EXAMINATION OF CORE AND VIDEO RECORDS
FROM NRG HOLES AND INSTRUCTIONS FOR
ESTABLISHI QA RECORDS BASED UPON T&MSS
ROCK STRUCTURE LOGS.

ACON/DEVL LOCATION : YMP SAMPLE MANAGEMENT FACILITY AND JFT AGAPITO



TOQ
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FL
SITE CHARACTERIZATION PLAN BASELINE I
TF
YI
P E
DATA TRACKING NO. TITLE/DESCRIPTION ACQN/DEVL PERIOD ACQON/DEVL METHOD ED
*SNF29041993002.009 YUCCA MOUNTAIN SITE CHARACTERIZATION 11/01/93-11/30/93 GEOTECHNICAL CORE LOGGING OF NRG-1, NRG-2, D Y
PROJECT CORE HOLE ROCK STRUCTURAL DATA NRG-2A, NRG-3, NRG-4, NRG-5 & NRG-6.
SUMMARY FOR HOLE UE25 NRG-1, UE25 NRG-2, PREPARED IN ACCORDANCE WITH SCIENTIFIC
UE25 NRG-2A, UE25 NRG-3, UE25 NRG-4, NOTEBOOK FOR GEOTECHNICAL LOGGING OF CORE
UE25 NRG-5, USW NRG-6, & RF #8. BY EXAMINATION OF CORE AND VIDEO RECORDS

FROM NRG HOLES AND INSTRUCTIONS FOR
ESTABLISHING QA RECORDS BASED UPON T&MSS
ROCK STRUCTURE LOGS.
ACQN/DEVL LOCATION : J. F. T. AGAPITO
Activity - 8.3.1.15.1.1.3
*SNL0O1A05059301,001 THERMAL CONDUCTIVITY DATA FROM USW NRG-6 05/01/93-11/01/93 GUARDED-HEAT-FLOW-METER METHOD. AY
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

1 Z0H3p ot

*SNL01B05059301.002 THERMAL EXPANSION DATA FROM USW NRG-6 05/21/93-11/11/93 SINGLE PUSH-ROD DILATOMETER. AYP

DRILLHOLE FROM DEPTH OF 28.8 FT. TO
416.0 FT.

ACON/DEVL LOCATION : HOLOMETRIX, BEDFORD, MASS.
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SITE CHARACTERIZATION PLAN BASELINE 1A
TFT
YITI
PEO
DATA TRACKING NO. TITLE/DESCRIPTION ACON/DEVL PERIOD  ACQN/DEVL METHOD EDN
Activity - 8.3.1.15.1.3.1
**SNSAND80145300.000 SAND80-1453: "ROCK MECHANICS PROPERTIES  11/01/78-07/01/80 UNIAXIAL AND TRIAXTIAL COMPRESSION TEST AT D N T

OF VOLCANIC TUFFS FROM THE NEVADA TEST
SITE." NNA,870406.04%7

ACQON/DEVL LOCATION : SNL

Activity - 8.3.1.15.1.4.1
**SNSANDB80145300.000 SANDS80-1453:

"ROCK MECHANICS PROPERTIES 11/01/78-07/01/80

OF VOLCANIC TUFFS FROM THE NEVADA TEST
SITE." NNA.870406.0497

CONSTANT STRAIN-RATE WERE RUN ON SAMPLES
OF VOLCANIC TUFF FROM HOLE UE25A#l1 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)

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

ACON/DEVL LOCATION : SNL

PROGRAMMED FEEDBACK VARIABLE. (FOR MORE
DETAIL SEE SAND80-1453)




DATA TRACKING NO,.

SITE CHARACTERIZATION PLAN BASELINE

TITLE/DESCRIPTION

ACON/DEVL PERIOD

ACQON/DEVL METHOD

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).

ACQN/DEVL LOCATION :

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 O. BLANTON III.

ACQN/DEVL LOCATION : USBR, DENVER, CO

*GS5931183116111.003 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.

ACQN/DEVL LOCATION : USBR, DENVER, CO

04/15/93-07/16/93

06/07/91-05/24/92

06/07/91-05/24/92

47

TU<d MO

PRELIMINARY ROCK MASS QUALITY WAS A§SESSED A

BASED ON EXAMINATION OF THE TUNNEL USING
THE "Q" SYSTEM. (SEE SNL WA-0065 FOR A
MORE DETAILED DESCRIPTION).

TOP HEADING OF THE NORTH RAMP STARTER TUNNEL

DEVELOPED USING PROBABLE MAXIMUM FLOOD
TECHNIQUE AND METHOD DEFINED IN
RECLAMATION TECHNICAL PROCEDURE YMP-USBR
HP-03,R0, SPECIAL PROCESS FOR DETERMINING

WATER SURFACE PROFILES AND FLOOD INUNDATED

SURFACE AREAS.

DEVELOPED USING PR&BABLE MAXIMUM FLOOD
TECHNIQUE WHICH COMPLIES WITH ANSI
STANDARD FOR DETERMINING DESIGN BASIS
FLOODING AT POWER REACTOR SITES.
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SITE CHARACTERIZATION PLAN BASELINE

DATA TRACKING NO. TITLE/DESCRIPTION

ACQN/DEVL PERIOD

ACQN/DEVL METHOD

Activity - 8.3.1.17.4.1.2

*65931083117412,002 SGB LOCAL EARTHQUAKE ARCHIVE TAPES
CONTAINING DATA FROM JUNE 1993 THROUGH
SEPTEMBER 1993, TAPES 11247 THROUGH
L1256.

06/01/93-09/30/93

ACON/DEVL LOCATION : SOUTHERN GREAT BASIN SEISMIC NETWORK

*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,

Activity - 8.3.1.17.4.2.1

*GS930883117421.002 MAPPING AND CHARACTERIZING THE SURFICIAL
PROPERTIES OF THE QUATERNARY DEPOSITS OF
MIDWAY VALLEY USING ATIRPHOTOS AND FIELD
RECONNAISSANCE. SUBSURFACE SOIL DATA
WERE RECORDED FROM SOIL PITS MWV-Pl
THROUGH MWV-P10, MWV-P12 THROUGH
MWV-P17, MWV-P19 THROUGH MWV-P26, AND
MWV-p28 THROUGH MWV-P31 ON THESE
DIFFERENT QUATERNARY DEPOSITS.

ACQN/DEVL LOCATION : N754750(N) E579000 (

05/01/93-10/13/93

co

02/01/90-09/13/93

SP-~11,R3, OPERATION AND CALIBRATION OF
REMOTE TELEMETERED SEISMIC ARRAY

REDUCTION OF SEISMOGRAMS OBTAINED FROM THE
SGBSN USING COMPUTER MODEL HYPO71,.

PROCEDURE GP~17,R1, DESCRIBING AND
SAMPLING SOILS IN THE FIELD, WAS FOLLOWED
DESCRIBING AND SAMPLING SOIL TEST PITS.
PROCEDURE GP~01,R2, GEOLOGIC MAPPING, WAS
FOLLOWED FOR MAPPING GEOLOGICAL DEPOSITS
IN MIDWAY VALLEY.

N) ;N780250(N) E596000(N)
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DATA TRACKING NO.

SITE CHARACTERIZATION PLAN BASELINE

TITLE/DESCRIPTION ACQON/DEVL PERIOD ACQN/DEVL METHOD

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

*G5931083117432.001

QUATERNARY FAULTS WITHIN 100 KM OF YUCCA READILY AVAILABLE DATA.
MOUNTAIN, BY L.A. PIETY.

ACQON/DEVL LOCATION : USBR, DENVER, COLORADO

TOPOGRAPHIC PROFILES OF THE BEATTY SCARP 06/17/93-06/19/93 GP-52,R0, TOPOGRAPHIC PROFILING OF
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

*G5931283117452 005 GEOLOGIC MAPPING IN CRATER FLAT, IN AND 03/14/93-05/15/93 TECHNICAL PROCEDURE GP-01,R2, GEOLOGIC

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°0O"N 116 30’'00"W

*G5931283117452.006 GEOLOGIC MAP OF THE EAST OF BEATTY 05/15/93-10/12/93 USGS GP-01,R2, GEOLOGIC MAPPING

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. {

ACON/DEVL LOCATION : USGS, DENVER, CO
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SITE CHARACTERIZATION PLAN BASELINE

DATA TRACKING NO. TITLE/DESCRIPTION

ACQN/DEVL PERIOD

ACQN/DEVL METHOD !

Activity - 8.3.1.17.4.6.1

*GS931183117461,003 GEOLOGIC MAPPING AND FIELD OBSERVATIONS
PERTAINING TO QUATERNARY FAULTING

ACON/DEVL LOCATION :

36 41’15"N 116 33’ 45"W

03/29/91-07/22/93

36 5€’15"N 116 22’30"W -

*G5931183117461.004 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.

ACON/DEVL LOCATION : USGS, DENVER; co
Activity - 8.3.1,17.4.6.2

*G5931283117462.006 PRELIMINARY TRENCH LOG, AND ACCOMPANYING
DESCRIPTIONS AND DATA SHEETS FOR
LITHOLOGIC UNITS, SOILS., AND
DEFORMATION, FOR TRENCHKHES 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
PHOTOGRAMMETRICALLY AND MANUALLY (WITH
CONVENTIONAL METHOD).

ACON/DEVL LOCATION :

N718620(N) ES556680 (N)
N721790(N) E559700(N)

07/01/93-08/31/93

05/01/93-10/31/93

THE DATA WERE COLLECTED UNDER NWM-USGS
GP-01,R1 AND R2, GEOLOGIC MAPPING.

MAP WAS PLOTTED FROM THE INFORMATION
OBTAINED THROUGH FIELD OBSERVATIONS.

TECHNICAL PROCEDURE NWM-USGS GP-07,R1,
CONVENTIONAL GEOLOGIC MAPPING OF TRENCH
WALLS, AND TECHNICAL PROCEDURES NWM-USGS
GP-39,R0, GEOPHOTOGRAMMETRIC MAPPING OF
TRENCH WALLS: FIELDWORK; AND NWM-USGS
GP-40,R0, GEOPHOTOGRAMMETRIC MAPPING OF
TRENCH WALLS - LABORATORY METHODS.

1Y TMHOY
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DATA TRACKING NO.

SITE CHARACTERIZATION PLAN BASELINE

TITLE/DESCRIPTION ACQN/DEVL PERIOD

ACON/DEVL METHOD

1Mo MHOAY
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*G5931283117462.007

*GS931283117462.008

Activity - 8.3.1.17.
**%G$920283117471.004

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

ACQON/DEVL LOCATION : USGS U-SERIES LABS, DENVER, CO

AGE CALCULATED FROM ACQUIRED U-TH 11/01/93-12/15/93

ISOTOPIC DATA.

ACQN/DEVL LOCATION : USGS U-SERIES LABS, DENVER, CO

4.7.1

COMPARISON OF VIBROSEIS AND EXPLOSIVE 06/06/89-06/21/91
SOURCE METHODS FOR DEEP CRUSTAL SEISMIC

REFLECTION PROFILING IN THE BASIN AND

RANGE PROVINCE, BY T.M. BROCHER AND P.E.

HART.

ACON/DEVL LOCATION : USGS, MENLO PARK, CA

51

YMP-USGS GCP—O3,R2) U-SERIES DATING

>
%]
)

230TH/238U0 CALCULATIONS DETERMINED BY DYP
MIXING LINE REGRESSION USING MAXIMUM

LIKELIHOOD ESTIMATION ALGORITHMS (LUDWIG

AND TITTERINGTON, MAXIMUM LIKELIHOOD

ESTIMATION OF U-TH ERRORS, IN REVIEW FOR

PUB. IN GKOCHEMICA ET COSMOCHEMICA ACTA)

ANALYTICAL AND INTERPRETIVE METHODS BASED D N P
ON THE AUTHORS’ COMBINED EDUCATION AND

WORK EXPERIENCES WERE USED TO DEVELOP THIS
ARTICLE



DATA TRACKING NO.

52

SITE CHARACTERIZATION PLAN BASELINE

TITLE/DESCRIPTION

ACON/DEVL PERIOD

ACQON/DEVL METHOD

Activity - 8.3.1.17.
*G$931031174102.001

*G5931031174102.002

*GS$931031174102.003

4.10.2
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

SURVEY OF DEFORMATION OF 50-KM-APERTURE
TRILATERATION NETWORK USING A GEODOLITE,
CENTERED ON YUCCA MOUNTAIN, 1983-1984.

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

MENLO PARK, CA

ACQN/DEVL LOCATION : USGS,

07/01/93-07/30/93

06/01/83-06/30/83
06/01/84-07/31/84

04/01/93-05/30/93

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.

TECHNICAL PROCEDURE NWM-USGS GP-43,R0,
GEODETIC TRILATERATION AND GLOBAL
POSITIONING SYSTEM (GPS) SURVEYS.

1Mo MO
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SITE CHARACTERIZATION PLAN BASELINE

DATA TRACKING NO, TITLE/DESCRIPTION

ACQON/DEVL PERIOD

ACQN/DEVL METHOD

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

ACQN/DEVL LOCATION : UNIVERSITY OF COLORADO AT BOULDER

53

EP-44, "NORMAL COMPRESSION AND SHEAR TESTS
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)

MY THORY
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DATA TRACKING NO.

54

SITE CHARACTERIZATION PLAN BASELINE - PROTOTYPE

TITLE/DESCRIPTION ACQN/DEVL PERIOD ACQON/DEVL METHOD

*SNF30050393001.002

*SNL12011393001.003

*SNL12072193001.001

v

SNL NORTH RAMP STARTER TUNNEL ROCK-MASS 06/01/93-09/30/93 MAKE DISPLACEMENT MEASUREMENTS USING A
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;
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.

ACQON/DEVL LOCATION : SNL, ALBUQUERQUE, NM

NOTEBOOK MIT~-SAND-AC-6869-1 IN SUPPORT 12/01/92-10/01/93 UNSATURATED SORPTION MEASUREMENTS USING
OF "DEVELOPMENT OF METHODS TC EVALUATE TURBULA MIXER, ANALYSIS BY ICP.

URANIUM DISTRIBUTION COEFFICIENTS IN
UNSATURATED MEDIA".

ACON/DEVL LOCATION : MIT, CAMBRIDGE, MASS,
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DATA TRACKING NO.

TITLE/DESCRIPTION

SOCIOECONOMIC PLAN

ACQN/DEVL PERIOD

ACON/DEVL METHOD '

*TM00121361T1DB.005

*TM00121361T1EB. 001

YUCCA MOUNTAIN SITE CHARACTERIZATION

PROJECT SOCIOECONOMIC MONITORING PROGRAM

1993 EMPLOYEE SURVEY DATA REPORT,
& COUNTY DATA, SEPTEMBER 1993

ACQN/DEVL LOCATION : T&MSS

STATE

YUCCA MOUNTAIN SITE CHARACTERIZATION

PROJECT SOCIOECONOMIC MONITORING PROGRAM

QUARTERLY EMPLOYMENT DATA REPORT,
1993 THROUGH SEPTEMBER 1933

ACQN/DEVL LOCATION : T&MSS

JULY

01/01/93-09/30/93

07/01/93-09/30/93

55

MONITORING OF YUCCA MOUNTAIN SITE
CHARACTERIZATION PROJECT CHARACTERISTICS
AS DESCRIBED IN REVISION 0 OF THE
SOCIOECONOMIC PLAN

MONITORING OF YUCCA MOUNTAIN SITE
CHARACTERIZATION PROJECT CHARACTERISTICS
AS DESCRIBED IN REVISION 0 OF THE
SOCIOECONOMIC PLAN
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Figure B.--Schematic diagram showing relationship of sudbunits Q2¢, 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 8ig Dune quadrangle (Swadley and Carr,
1987), the Bare Mountain quadrangle (Swadley and Parrish, in press),
author's mipping in the Topopah Spring quadrangle, and reconrajssance

mapping elsewhere, -




Subunit Q2s 1s predominantly fine to medium sand., Clasts of volcanic and
sedimentary rocks are usually less than 10 mm 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 ortgin for
subunit Q2s. Color in fresh exposures is very light gray to verj pale
brownish gray. In outcrop, subunit Q2s is pale brownish gray.

Sudynit 02b,--Subunit Q2b consists of terrace deposits and thin sheets of
alluvial fan deposits. The terrace deposits are present on strath terraces in
most washes that are inciscd to depths greater than 3-5m in the Jucca

_Mountain area. Alluvial fan deposits of subunit Q2h are present as irreqular,
thin sheets on piedmont slopes downslope from the mouths of incised wrshas and
on the lower piedmont slopes of the Amargosa Desert. These sheets cannot he
distinguished from Q2c except by comparison of soils., Subunit J2b was
included with sudbunit Q2c as subunit Q2bc on most lower pledmont slopes and
the floor of the Amargosa Desert (Swadley, 1983). In major washes such as
rortymile and Topopah Washas, subunit Q2b forms tn2 lowest terrace that has a
desert pavement and an Av horizon, Terrace deposits“ire less than 4 m
thick., Alluvial fan deposits on lower slnpgs probably have a similar
thickness. Although much of surface is'covered. the best exposures of subunit
Q2b are aiong Fortymile Wash south of the road to Yucca Mountain. Typical
terrace surfaces on Q2b deposits gan be seen on the we;t side of Fortymile

Wash just north of the road to Yucca Mountain.
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Macrotopography is flat; microrelief s less than 0.2 m on lower piedmont
slopes and basin floors. Terrace deposits of subunit Q2Zb in and near bedrock
have 2 low slope toward the washes; on middle to lower piedmont slopes, they
are nearly horizontal across the terraces. Drainage patterns oa thin sheets
on lower piedmont slopes are 1ike those on subunit Q2c.

The.;:;} on subunit Q2b has an Av horizon like that on older deposits.
The B horfzon is cambic and yellowish to grayish brown below elevations of
about 1,200 m and argillic and l1ight brown to pale reddish brown at higher
elevations. Calcic horizons range from stage ! to II at elevations be\ds-r
about 1,200 m to [I and [II at higher elevations. Desert pavement is similar

to that of subunit Q2¢, hut is cgnnnn1y less den<ely packed and has 23 duller,

less complete varnish than pavemenik on adjacent Q2c.

Y

Terr;ée deposits of subunit Q2b are topngraphicaily lower than all other:
Q2 subunits. Thin, alluvial fan deposits of Q2b on lower piedmont slopes and™ .
basin floors are at the same level as or averiie older deposits, -

Subunit Q2b is mos¥ly coarse alluvial gravel deposited on st;ath

terraces or as thin sheets of alluvium in the distributary part of washes that
originate in bedfock hiils. Ciast si..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 consists of scattered clasts from 10 to 50 cm in,
diameter that lie on strath terraces.

Terraces of Q2b are eroded only along the edgas, but on piedmont slopes, e
Q2b may be eroded by anastamosing channels for a short distance downslope from
the end of tie wash responstble for deposition of the material, On lowgg,

. mtrtncn, worSifiadbatior
pledmont slopes and on valley floors; Q2b is eroded only by washes that

criginate 1n bedrock or unit QTa,

1] NP




Subunit Q2a.--Sudbunit Q2a, as originally defined (Hoover and Morrison,
1981), consists of dedbris flow deposits that have been {dentified 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 overlfe subunit Q2c on the uppermost
. piedmont sIopes:” Deposits at‘;;::.?;cations are similar: (1) below drainage
basins of less than 5 km® that originate in argillite of unit J of the Eleana
Formation, (2) along washes that lack subunit Q2b, and (3) overlying subunit fi";gf
Q2c. The maximum thickness of subunit Q2a is 2 m. f;?;?
Macrotopography is flat, but microrelief that ranges from less than 0.5 m A
to 1 m gives the subunit 3 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 cambic B horizon, and . stage I
' calcic horizon. DNesert pavement is poorly developed and very loosely
packed. Varnish on pi??menff?anments 1§‘=-;;;Ehi; dull, brown to dark-brown .
- film, ———

In addition to microrelief, lithology is the major difference hetween Q2a

in diameter are scattered through 2 matrix of pebbles, sand, and silt. In the
Calico Hills, most of the matrix grains are argillfite; 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 Q2a. ft.;.;




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 Q2a(?) overlies suhunits Q2b and Q2c at these

Jocations, The subunit has also been recognized where it overlies older 02

terrace deposits along Yucca and Dril) Hole Washes. In mapping, subunft =~

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
— inheriged partly from B norizons of older deposits from which 1t was
j Txeme— goPived. An Av horizon iSvpresent on all Q2a(?) deposits. A cambic B herizon
I . — g
= may be present, but s not readily apparent. Calcic horizons are scage 1.
Deposits of subunit Q2a(?) that overlie older terrace deposits contain fewer
-
clasts than the slopewash deposits and.have a crude bedding or layering.
Subunit Q2a(?) differs™¥fcm subunit Q2a in that:

1. Deposits of Q2a(?) are reddish brown, whereas those of Q2a are shades

of gray to brown. - o

Depusits of Q2a(?) appear to have originated on steep slopes rather

than in a single drainage basin as did deposits of Q2a.
3. Crude bedding is ipparent in deposits of Q2a(?) that overlie older Q2

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 ;; clasts larger than 10 mm s greatsgzig:gﬁa(zzrthan in

Q2a, but maximum sizes are greater in Q2a.



Although Q2a(?) and Q22 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.

¢y

i,
Unit Q1

<t Unit Q1 consists of alluvial deposits, debris flow deposits, and eolian

___._._.,...sand-thaguare mapped in five subunits: Qlc and Qla, predominantly alluvial —— == »

gravels and sands; Qlb, dedris flows and alluvial gravels; Qls, alluvia) sand }3':

sheets; and¢ Qle, eolian dunes and sand sheets. In comparison to units QTa and

a Q2, unit Q1 has been only slightly moaified since it was deposited. Soils are.
— weakly develcoped, desert pavements are not present, and only the oldest

.- surfaces have been smoothed by creep and sheetwash,

Subunit Qlc.--Subunit Qlc occurs as terrace deposits, as alluvial fans“iiiik

~="="¥nd sheetwasn deposits on middle to Yower pisdnont 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 a)l washes that ’é%’?k
originate in bedrock or unit QTa. Alluvial fans and sheetwash deposits
. overlie uqits 02 and QTa on middle to lower piedmont slopes. Alluvial fans of
Qlc occur at the junction of tributaries with major washes and aCross SOMe <
terrace scarps and Quaternary fault scarps. Thickness of subunit Qlc is ]
5 usually less than 5 m. The best exposures of subunit Qlc are along the banks

% of terrace deposiis in major washes, such &s Fortymile Wash and poopah Wash,

B s




Subunit Qlc has & flat to slightly tonvex macrotopography. Microrelief
15 usually less than 0.2 m, but dissection of terraces of Qlc in larger washas
can result 1n a3 greater relief. Orainage development in Ql¢ occurs along pre-
existing washes and as short distributory channels below these wasnes,

In gravelly deposits, the only noticeable soil horfzon fs a stage 1
calcic horizon that consists of calcium carbonate coatings on clasts. In
sandy deposits, an A horizon can be detected by a siight darkening of the sand
and, locally, a slight increase in calctum carbonate at a depth of 2-5 cﬁ.
Desert pavement s lacking on subunit Qlc.

Subunit Qlc varies from pebbly sands to gravels that contain boulders as
much as 0.5 m in giameter. [Individual beds are commonly well sorted, but
clasts may vary from sand to cobbles in adjacent beds. Debris flow deposits
make up iess than 25 parcent of the volume of suburnit Jlc, dut in alluviel
fans at the junction of tributaries to larger washes, debris flow deposits may
comprise about half of subunit Qlc. In frech exposures, subunit Qlc s light
gray; the surface is 1ight brownishegray. et

Subunit Qls.--Subunit Qls occurs as alluvial sands on middle to lower .
piedmont slopes and on tne floor of the Amargesa Desert. The subunit is a
lithofacies of subunit Qlc that was prazbced primartly by erasion of subunits
Q2e and Q2s. The subunit overlies all Q2 sutunits except N2z and N2a(?) and
s overlain by subunit Qlb. Subunit Qls is limited to middle and lower
oiedmont slopes below (2e and Q2s and to the floor of the Amargosa Desert.

Maximum thickness of subunit Qls is 5 m. The best exposures of Qls are on the

R

piedmont slop2s between Little Skull Mountain and Fortymile Wash,




Topography, drainage, soils, topographic relftionships. and depositional
process in Qls duplicate these characteristics in subunit Qlc. 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 & maxisum diameter of
about 20 cm. A deflation pavement is usually present on suhunit Qls: pebdbles
and larger clasts cover 20-50 percent of the surface.

Subunit Q1b.--Subunit Qlo occurs as debris flow deposits and small
amounts of alluyvial gravels in all washes., The best exposures of Qlb are
along Fortymile Wash, north of the road to Yucca Mountain., 1In small washes

that contain remnants of Qlc terraces, 01> is preserved 2s long, convex

e —
tongues that are 5 to 10 w wide or as long, flat-topped tongues with convex
- et o g

sides that are 10’23720 ﬁA;id;. ﬁaxié&m fhic!né?k of subunit Qiiiis'a M, but
most deposits are less than 1.5 m thick. In major washes, such as Dune,
Sever, Yucca, Fortymile, and Topopah Washes, subunit Qlb occurs as scattered,
2longate patches of cobdles and dboulders between individual channels of
braided sections of these washes. The patches of cobhles and boulders usually
range from 1x2 to 10x50 m, but they may be longer at the edge of a braided
channel pattern. S=.1) patchzs are co..:x across both the long and short

dimensions; larger patches are convex tn flat topped across the short

dimension, Relief on these patches ranges from 0.3 to 1 m, s ;h




Sofl development in Q1b 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 Qlc 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 m below Qlc terraces.

The debris flow origin of Qlb is indicated by the lack of bedding, the
predomninance 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 from 0.3 to -
1 m in diameter., Longer and wider tongues of Qlb have levees that trafl back
from the noses for most of the length of the tongues. Elongated patches 1 teo
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 Qle occurs as eolfan sand that forms dunes and
sandsheets in the Big Nune quadrangle and on the basalt cone and flows
northwest of Amargosa Valley. Qle 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; 1t 1s about S km long, .

as much as 2 km wide, and approximately-100 @ high. Deposits older than Qle

are not exposed on Big Dune, bﬁt to the northwest and southeast of Big Oune,
outcrops of Paleozoic rocks are partly covered by G2e and Qle dunes. Sand’
sheets around Big Dune are less than 2 m thick. Sand dunes on lava flows of
the Lathrop Wells basalit cone are 2 to 5 m high and lie on 2 sand shee® 2 to 3
m thick. Sand on the south side of the basalt con€ has a maximua thickness of
about 2 m. In the Ash Meadows quadrangle, layers of peat are intervedded in
sand dunes (Mehringer and Warren, 1976) that are probably equivalent tu

subunit Qle. * - -

\




Soil horfzons are not appareat #n most outcrops of subunit Qle. In the

Ash Meadows zrea, weakly developed soils of middle Holocene age are present
within dunes of subunit Qle (Mehringer and Warren, 1976). Radiometric ages,
archaeclogical material 1n Holocene dunes, and sofl morphology {Mehringer 2nd
Warren, 1976; Haynes, 1967) indicate that subunit Qle includes three separate
periods of Holocene ealian deposition. The volume and areal distribution of
Qle deposits are much smaller than for subunit Q2e. 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 Dese;t 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 {s deég:ited on Qb and older units as small patches of rippled
sand that are less than 0.5 m thick, Kear sources of silt- and clay-sized
materials, these particles form laminations between sand beds or are mixed

into sand beds.




Subunit Qla,.--Subunft Qla 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
Qla was deposited as channel fil1, a few centimeters to 1.5 m below Qlc or Q1B
terraces, About 1 km south of the road to Yucca Mountain in Fortymile Wash,
subunit Qla s less than 1}'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 ¢m high. Across
single channels, 10 to 30 m wide, subunit Qla may have 0.5 to 1 m of relfef,
Subunit Qla lacks soil development., Within the hills and on upper piedmont
slopes, Qla consists of well-sorted gravels that are mostly pebdles with small
amounts of sand. On middle to lower piedmont slopes and on the basin fleors,

Qla consists mostly of sand that contains minor amounts of pehbles.

Pliocene and Quaternary Basalts

Remnants of basalt flows form part of the possiblz dam west of Eagle
Mountain. The basalt flows overlie debris flow deposits and alluvial gravels
ti.: were derived partly from Eagle .wuntafn and partly from the Greenwater

[ e - . Ao ptaly . »
R*>nge. 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 1.75 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 older

alluvium (Carr, 1982). The younger group of basalts consists of flows and

cones from four eruptive centers that form a gently curved line extending
narth-northeast across central Crater Flat., The cones and lava flows of the
younger group of basalts are dissected, but dissection 1s limited to ejecta
-g ' 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 1s interbedded
4 with sybunit Q2c less than 1 km north of the con:. Stalactitic calcite on
welded tuff cobbles that immediately underliie the basalt flow has been dated
o - at 345 ka {(Szabo and athers, 1981).

Pliocene and Quaternary Spring Deposits

a ' - Spring deposits that consist of tufas and calcite veins and spring vents
occur fn deposits that range in age from pre-Q7s to the presgut. The spring

2 :sits occur in the 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 pedimeniation. Some outcrops of tufa that
overlie the waterlaid sediments of Amargasa 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 2 few meters to S0 m

in their maximum dimension and are not related to channels. Calcite veins and ;’
vents cut across the tufas. At one lJocation, tufa that lies gz’the.ggter!aid -
sediments is overlain by uanft QTa. At several locations, frod”bev{is Hole to
the north side of the Amargosa Desert (Winograd and Doty,.l1980), calcite veins
and vents in unit QTa are truncated by the pediment cut on unit Qia, At

Devils Hole (Cave) No. 2, a sinkhole approximately 300 m north of Devils Hole;

a2 small spring mound that contains tufa is enclosed within unit QTa.

i 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 an area of_at

Yeast 10,000 mz. Rounded ridges that are characteristic of unit QTa extend

from the t.": upslo;: into urn’: QTa., The relationship of the spring deposits

to Q1 and 02 deposits in the wash below the springs fs 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 Targe volume of spring discharge during deposition (R.L. Hay,
Univ. of Southern 1lltnois, 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 younger susficia)
deposits have been determined mostly by radiometric dating methods. Most of
these methods, such as 14C. °°K/¢°A. and fisston-track dating, are standard
methods, but the uranfum-trend method used extensively on middlie to late
Pleistocene deposits, is relatively new. The uranium-trend methome; an
empirical r..30d. Thi. metho¢ .;sumes .:rtical -igrati.: of 1sﬁ::pes
continuoysly cpen system, has a variable accuracy that fs dependent on the
isotopic quantities originally in the sediments, and may require calibration
by other dating methods at new lccations (Rosholt, 1980, 1985). The
consistent determinations of similar ages for deposits and soils considered to
be stratigraphi;ally equivalent have clearly demonstrated the usefulness of
this method for determining the age of surficfal deposits in the Yucca

Mountain area.
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In this report, the Pliocene-Plefstocene boundary fs considered to be 1.7
Ma (Obradovich and others, 1982). The boundary between early and middle
Pleistocene 1s considered to be at the Brunhes-Matuyama magnetic boundary at
788 ka (Johnson, 1982). The boundary between the middle and late Pleistocene
is considered to be the boundary between oceanic 18 tsotope stages S and 6 at
132 ka (Johnson, 1982). The Pleistocene-Holocene houndary is considered te be
at the boundary between 18, stages 1 and 2 at 11 ka (Kominz and others, 1979).

Basalt flows at the possible dam near Eagle Mountain have not been datec,
but basalts in the Greenwater Range, less than & km to the west, have X-Ar
ages between 4.0320,12 and 7.16$0.22 Ma (Luedke and Smith, 1981). Roth the
bas2lt 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 begaa less than
4-7 Ma ago.

Deposition of the lower ?nit of the watarlaid sediments of Amargosz marsh
begag-;}io;wto deposition of an included ash bed dated at 3.2220.12 Ma Sy the
K-Ar method (R.F. Marvin and others, U.S. Geological Survey, written cormun.,
1¢22) 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 is unconformably overlain by the river gravels of ancestral Rock
Valley Wash in SE1/4 NE1/4 sec. 19, T. 16 S., R. SO0 E., has been dated at
2.1¢0.4 Ma by the fission-track method (C.W. Naeser, U.S. Geological Survey.
written commn., 1982). The ash bed underlies recrystzllized 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
Amargosa marsh may have persisted 1ﬁtd the Guaternary 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 tuffacecus sands and clays overlain by diatomaceous
mar), which in turn s overlain by tufa. Richard M, 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 Quaternary, but is much mnre common in the Quaternary. Charles
A. Repenning (U.S. Geological Survey, written commun,, 1982) inentified
vertebrate fragments from the tufa ana the underlying diatomacenus:jar\s as
being less than 2 m.y. old. Tooth fragments of Mammuthus sp. c¢f. M. columb§
(Falconer), Equus sp., and a large camelid were identified. Poorly preserved
fragments of a tusk and limb bores occur in the diatomaceous marl. Repenniny

states that Mammuthus is not known to be older than 2 Ma in North America.

He states that the thickness of the enamel plates from the Mamruthus teeth
——— .

suggest an age considerably less than 2 Ma., Thus, deposition of the waterlaid

sediments of Amargosa mirsh 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 ded in the lower unit. Althcugh 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 caronologic range of Mammuthus is inco-rect. Jecause neither
alternative seems reasonable, the 2.1 Ma-old ash is assumed to he in the lower
unit of the waterlafd sediments of Amargesa marsh,

Unit QTa overlies tha upper unit of the waterlaid sediments 3f Amargosa
marsh on the west side of the Paleozaic ridge that contains Nevil Hole., It
also overlies the river gravels of ancestra®l Rock Valley Wash. Unit OTa {s,
therefore, younger than the 2.1 Ma-old ash in the lower unit of the_wate(laifm
sediments and the Mammuthus remains in the upper unit, and is probabdly
Quaternary in age, ‘

s S

Delicate leaves are preserved on plant casts in the tufa of the upper RN
unit : of Devils Hole. The preservation of the leaves occurs only near the v
eroded edge of overlying deposits of unit QTa. Further from the edge of QT2
deposits, exposed plant casts are partially dissolved and leaves are not
discernible. The preservation near the edge of unit QTa 3nd 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 hzve been preserved.
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overlying part of unit QTa are probadly Ouaterqgsy.
-~

Unit QTa s designated as hoth Pliocene(?) and Pleistocene, hut the
faunal evidence indicates that it is probadbly only Pleistocene in age. In
additién toc the proﬁable Pleistocene age of the upper unit of the waterlaid
sediments of Amargosa marsh at the Mammuthus leocality, fosstls in sagepond
aeposits 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 (Muller) in the sag-pond deposits in western Yucca Flat

has not been found in sediments believed to be Miocene c- older, vut is far
more common in the Quaternary than in 2he Pliocene, Scottia n, sp, (sensy
stricto), aiso found in the sag-pond deposits is known only from Pleistocene
sediments in North Americayeand therefore, the sag-pond deposits and the
The Bishop ash, 738 ka (lzett, 19R2), has been found at several lncations
in the Yucca Mountain area at or within 5 m of the base of subunit Q2e and
less than 3 m above the bhase of subunit 02¢c in the Calico Hills just west of
Fortymile Wash. The pedimentation, development of a <oil, and dissection of :’;Iia?
unit QTa prior to deposition of unit Q2 and the presence.;f a& 3116;¥a1 unit 25
. aeen u.. " QTa ant QZ strongly suggest that deposition of unit QTa took

place significantly before 738 ka.

Although the Bishop ash (738 ka) occurs at or near the base of suhunits

Q2e ana Q2c at all locations where the ash has been found, deposition of ?H
zibunit Q2: could have beguﬁ significantly before the ash was deposited. All
iocations of the ash are topographicaily high and on or just above bedrock.
These locations suggest that older deposits of subunit 02c may be concealed at

lower elevations.




Radiometric ages determined for units 02 and 01 are shown in tahle 1
(Rosholt and others, 198S; Szabo and others, 1981). The uranium-trend method
determines when deposition or erosion ended, and thus, when sofl 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 tiotic or
tectonic processes can affect the system and may result in ages younger than
the actual age (J.N. Rosholt, U.S. Geclogical Survey, oral commun., 1981). At
the ETS trench in Jackass Flats, the soi) that was sampled appears to he
undisturbed, but the age of 160 k.y. is much younger than the stratigrapric
position of Q2s warrants. About 20 m south of the sample site the beds from
which the sample was taken are erodsg'ft a topographic scarp. The sample age,
fherefore. probably indicates the end o* erosinn, rather than the end of
deposition.

The repetition of ages determined for multiple sampies of subunits
Q2al?}, 025, and Q2¢c for both huried and surface deposits at different
locations demonstrates the precision of the uranium-trend method.
Coin..dental agreement of ages at two or three locations for 2 single
stratigraphic unit may be possible, but coincidental agreement of five or six
ages in widely separated locations that vary in geomorphic position, seil
development, and sofl parent material seem; unlikely, Similarly, the
hyr-:hesis that numerous ages of four stratigraphic units could be displaced

equally by some unknown mechanism.also seems unlikely. -
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Table 1.

NEEEERY

-=Radiometric ages of Quaternary stratigraphic units in the
Yucca- Mountain area

Stratigraphic Materia) Age (ka)1 Method Samole
unit locality
Subunit Qlc Charcoal in 8.310.075 14 2 Amargosa River bank
fluvial 6 m below surface
sand 2 km SE of Beatty
Av - .-fzon Eolian silt 30:30 U-trend4 SW Frenchman Flat
and sand trench
Av horizon3 Carbonate in 25£10 U-seriess Basalt cone 11 km
eolian silt NNW of Amargosa
and sand Valley
Sudunit Slopewash 31+10 U-trend4 RY=1 trench, Rock
Q2a(?) gravel Valley
Do-~=e- 8 horizon 36120 U-trend? RV-2 trench, Rock
Yalley
00-v==- B horizon in 37+24 U-trend4 RV-1 trench, Rock
slopewash Valley
gravel
PLEEEES 8 norizon in 38+10 U-trend‘ RV-2 trench, Rock
slopewash Valley
grave) =
00=-=--- 8 horfzon in 38+10 U-trend4 Trench 14, Yucca
slopewash Mountain
gravel
Do-=en- Alluvial. 40+10 U-trend‘ CF-3 trench, east-
gravel . central Crater Flat
Doweeae Slopewash 41:10 u-trend4 Treach 13, Yucca
gravel Mountain
Do-==== Alluvial 47418 U-trend? Trench 2, Yucca
gravei Mountain
Doeecea B horizon in §5+20 U-trend4 Trench 14, Yucca
slopewash Mountain
sand
. "73 - -
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Table 1.--Radiometric ages of Quaternary stratigraphic units fn the
yccad Mountain area--(ontinued

Stratigraphic Material Age (Iu)l Method Sample
unit locality

- Subunit Q26 Alluvial 185325 U-trend®  Trench 2, Yucca
gravel Mountain
Doeweme Alluvial 160125 U-trend? Charlie Brown gravel
gravel pit, Shoshone,
California

gravel Yalley

Doecece Calcareous 180+40 U-trend4 RV-1 trench, Rock
~~ 8 horizon Valley
R Doeneea Alluvial 190450 U-t--end4 CF-3 trench, east-
. gravel central Crater Flat
| Doevene Alluvial 190+0 U-trend4 SW Frenchman Flat
- gravel trench
. Doencea Alluvial 200280 U-trend? SW Frenchman Flat
- gravel trench
Subunit Q2s 8 and calcic 160450 U-trend? ETS trench, Jackass
horizons Flats
= Subunit Q2¢ Alluvial 240450 U-trend4 Trench 13, Yucca
{younger gravel Mountain
o sofl and
underiying
- deposits)
- DO=eee- K horizon 270430 U-trend? RV-1 trench, Rock
: Valley
2 Do-evee Allyvial - 270430 U-trend? CF-3 trench, east-
3 gravel central Crater Flat
; 00-ceu- Alluvial 270235 U-trend? Jackass Divide trench
- gravel
{ Do=ees-m K horizon 270¢90 U-trend? Trench 14, Yucca
i - Mountain
1 — Alluvial 310340 U-trend®  RV-1 trench, Rock
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Table 1.--Radiometric ages of Quaternary stratigraphic units in the
Yucca Mountain area~:€ontinu5d

Stratigraphic Materfal Age (xa)! Method Sample
unit locality
Subunit Q2¢ Alluvial 390+100 U-trend® RY-1 trench, Rock
(older gravel Valley
sofl and
underlying
deposits)
D0em=n= Allgvial 40050 t-trend®  Western SCF trench
sand southern Crater
Flat
Doeeew- Slopewasn 420+50 U-trend? Trench 14, Yucca
sand Mountain
Do--~-- Allyvial 430240 U-trend4 Jackass Qivide
- gravel - trench
Doeecmwa Alluvial 480460 U-trend4 Western SCF trench
gravel southern Crater
Flat
) Doecee- X horizon 480450 U-trenc4 Trench 18, Yucca
in gravel Mountain
; 4+ one standard deviation.
3 Analyzed by S.W. Robinson, U.S. Geological Survey, Menlo Park, California,
1 Correlated to Av ho. .zon by uppearance.
5 Rosholt and others, 1985, - .

Szabo and others, 1981.
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The age of subunit Qle fn the Yucca Mountain area has not been
determined, but numerous e gates for charcoal and fossil seeds from sand
dunes §n two nearby areas indicate the probable times of accumulaticn. Ir the

In the Corn

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 2,9402100 to 5,320:70 yr 8.P. (Mehringer and Warren, 1976),
Creek Springs area, about 35 km northwest of Las Vegas, seven charcoal samples

at and near the base of dunes ranged from 4,0304100 to 5,200:100 yr 8.P,
A weakly developed soil occurs above this older material in
Three charcoal samples

(Haynes, 1967).
both areas (Mehringer and Warren, 1976; Haynes, 13967).
in eoltan sand above the soil in the Ash Meadows a:ea weres dated between

1,950£100 and 4402280 yr B.P. These intermediate-age deposits are averlain by
3 very weakly developed soil, which in turn, is locally overlain by Pafute

Virgin Branch pottery shards that occur locally below the
Charcoal

pottery shards.
soil provides a maximum age of about 1,000 yr B.P. for the sofl.
associated with the shards above the soil was dated at ¢23:100 yr B.P,
(Mehringer and Warren, 1976).

On ;he 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 tize:
5,300 to 3,200, 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

sofl development from 3,000 to 2,000 and about 1,000 to 400 yr or less B.P,
Similar pertods of deposition and 2211 development in subunit Qle in the Yucca

Mourtain area are 1ikely, because of the proximity of the Ash Meadows and Corn

Creek Springs areas to Yucca Mountain,
e

o
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At the numercus locations where subunits Qlc or Qls and Ole occur

together, Qle always overlies Qlc or Qls. The minimum age of Qlc and Qls is,
therefore, probadly greater than 5,300 yr B.P, Where subunits Qle and Qb
occur together, sand sheets of Qle less than 0.5 m thick overlie Qlb., The
strati_ :phic position of Qlb above Qlc and Qls and the thinness of Qle
overlying Qlb suggest that Qlb may be yocunger than the oldest pericd of Qle
depasition, 5,300 to 3,000 yr 8.7., and older than the youngest period of Qle
deposition, or older than 1,000 yr 8.P,

Subunit Qla 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 dendrochrorology, began growing
in 1858 on a2 Qlc terrace. Erosion of the terrace by 2 Qla wash to a depth of

0.7 m exposed and killed a large root of the juniper tree in 1928.
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potential for flooding and related fluvial-debris hazards was investigated with respect to the potential shaft
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evaluating the potential for floods in southern Nevada by examining ancient fiood
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
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desert area. On the basis of the geologic principle that evidence of past geologic events
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Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NG VD of 1929)--a
geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.



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 eastemn flank of Yucca Mountain, adja-
cent to the southwestem 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 fiuvial-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 Quaternary. Deposits at the base of the deepest
trenich 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 mi? 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 paleofiood studies. Fiood hazards
include those caused by the transport of debris by
streamflow and flooding. This effort is part of the
Yucca Mountain Project (YMP) site-characterization
process 10 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 fiooding. 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 or Bingham fluids),
which contain interstitial water. A debris flow is the
mass movement of 100se, 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 component. 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 transport.

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 fiuid. 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 for transport, (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
fiows 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-
ilar magnitudes of the above listed flow characteristics.

Background Regarding the Flood
Investigation

The U.S. Geological Survey initiated fiood
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-AT08-
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 mi?) 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 fiood 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 floodflow 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 (fiood
magnitudes and their recurrence intervals) for the
Coyote Wash basin at an acceptable level of confi-
dence. The pressing need to make immediate decisions
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regarding the existence and nature of potential flood
hazards, and in turn 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-
characterization 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 fiood plain
of Coyote Wash in the vicinity of the confluence of its
two major tributaries. Detailed descriptions of the
investigation activities, resuits 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
fiooding 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 fiood 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 streamflow 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 G4 (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 1o develop a preliminary
understanding of the flood history of Coyote Wash.
The detailed field phase of the investigation of prehis-
toric 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). The 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
originally 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 original proposed exploratory shaft for the nuclear-waste storage

facility (photographed from Live Yucca Ridge on March 17, 1884).
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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
toinclude 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 the 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 discemible 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). Topographic 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 mi?) ephemeral drainage on the
eastern flank of Yucca Mountain (figs. 1 and 2); itis
tributary to Drill Hole Wash, which is tributary to For-
tymile Wash. Fortymﬂe Wash basin is a major drainage
basin of over 300 miZ. 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 shafi sites are shown photographically
(figs. 4-6).

The 1:24,000-scale topographic map of the area
[U.S. Geological Survey, (Busted Butte, formerly
Topopah Springs SW quadrangle), 1961] 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 is 0.094 mi2, and the South Fork subbasin is 0.105 mi2.
about 0.199 miz. or about two-thirds of the total Coyote Thus, 0.095 miz of drainage area contributes to Coyote

Wash drainage of 0.294 mi2. The North Fork subbasin ~ Wash downstream from the proposed shaft site. Total
basin relief is about 860 ft (between 3,980 and

Figure 4. West-northwestward view up Coyocte Wash drainage just upstream from the potential shaft sites (photographed on
March 17, 1984). ‘
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Figure §. South-southwestward view of origina! potential shaft site from the south-facing slope of Dead Yucca Ridge (Coyote
Wash tributaries fiow from right to lett; photographed on March 17, 1984).

PHYSIOGRAPHY OF THE STUDY SITE



Figure €. Southwestward view of Middie Ridge from south-facing slope of Dead Yucca Ridge (potential shaft sites are a short
;!Ji‘:tance 7!0 left and below photo scene; North and South Forks Coyote Wash flow from right to left; phatographed on
rch 17, 1984).
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4,840 ft); the average basin slope is about 0.130, or

7.5°. 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
wff of Miocene age (Lipman and McKay, 1965; Scott
and Bonk, 1984). Most of 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 runoff 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-

-

nates the landscape. Steeper hillslopes below the
drainage crest, downstream to the North and South
Fork confiuence, consist of bedrock (consolidated tuff)
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 trans-
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
paleoficoding. 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 Quatemary sediment deposits of
unknown thickness. However, test hole USW G4
(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 G4 (fig. 2); thus, investigation of sedi-
ment deposits of South Fork Coyote Wash was pre-
vented. Channel deposits in the lower reaches 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, trenches were excavated
through the deposits to examine intemal 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. Topographic
slopes of the terraces were profiled by using a survey-
ing level, and the resultant topographic profiles were
geomorphologically interpreted.

Trenching and Stratigraphic Data Collectlon

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 8 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 fi 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 (6g. 9).
Length of the T leg is about 40 ft; T-bar width is about
70 ft, and maximum depth is about 4.5 f (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 10 and 11, also were used to prepare the
sketches. These sketches depict the general strati-
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

Smﬁ?;.p:\)lc unit Munsall 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 6/2-6/3; light brownish-gray to pale brown
G 10 YR /3-7/3; pa!e brown to very pale brown
J (cross-channel trench) 10 YR 6/3;
J (T-bar component of T-shaped trench) 10 YR 6/3 pale brown to light yellowish-brown

K
L
R
S

10 YR 6/3; pale brown

10 YR 6/4-7/4; light yellowish-brown to very pale brown
10 YR 6/3-7/3; pale brown to very pale brown
10 YR 7/3; very pale brown

!Munsell colors are the color standards accepted for soil classification by the U.S. Department of Agriculnure (U.S. Bureau of
Plant Industry, Soils, and Agriculuiral Engineering, 1951). The specific color names listed in this table are preceded by the corre-
sponding Munsell notations of color to provide increased precision for characterizing the colars of samples collected. Munsell color
notations consist of three variable components that collectively specify all colors in the system according to hue, value, and chroma.
For example: 10 YR 6/4 specifies 8 Munsell color with a hue (relation to red, yellow, green, blue, or purple) of 10 YR (10 specifies
the yellow-red range as maximum yellow with minimum red; § would indicate & midrange of yellow to red), & value (degree of light-

ness) of 6, and & 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 8. 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 Agricuttural
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 Tuff that 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 10 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 material 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 are 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. Tonal 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 fragmentsis 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 D;5 and D,s (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

/D15/D,s. 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 fiows and mud-
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Table 2. Particle-size distribution of matrix material from selected trench deposits’

Sample  Stratigraphic Particle size (millimeters) Trask
number unh 0.001 0.005 0.074 2.0 4.0 635 sorting
(pl. 1) (pt. 1) (Percent finer by weight) coefficlent®
1 A 31 80 20.8 432 58 100 103
2 B 09 25 59 224 26 100 32
3 E 0.7 20 82 29.2 41 100 4.6
4 C 05 21 8.1 348 40 93 6.8
5 G 0.7 2.1 94 26.8 28 68 6.3
6 S 0.7 19 13.8 308 31 67 8.9
7 S 09 19 9.1 237 25 52 52
8 R 04 11 59 289 36 94 4.8
9 K 02 06 45 130 - 16 95 6.5
10 N 04 1.1 9.8 313 33 85 49
IPaniicle-size distributions determined by Holmes and Narver, Inc., Materials Testing Laboratory at the Nevada Test Site
using 5 ieve and hydrometer techniques
Soning 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 materia! 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; <, less than; >, greater than)

Stze class

~ Collolds Clay ) | T Sand Pebbles Larger than
Sample Stratigraphic  (<0.001 mm) {<0.005 mm (<0.07d mm (<2 mm (<635 mm pebbles
number unit >0.001 mm) >0.005 mm) >0.074 mm) >2 mm) (>63.5mm)
{pl. 1) (pl. 1)
(Percent, by weight)
1 A 31 4.9 12.8 24 56.8 0
2 B 09 1.6 34 16.5 7.6 0
3 E 0.7 13 62 21.0 70.8 0
4 C 05 1.6 6.0 26.7 58.2 7
5 G 0.7 14 73 174 412 32
6 S 0.7 12 11.9 17.0 36.2 33
7 S 09 1.0 72 14.6 283 48
8 R .04 0.7 4.8 230 65.1 6
9 K 02 04 39 85 82.0 5
10 N 04 0.7 8.7 21.5 53.7 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 waterfioods 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 Wash

" (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 Tiva Canyon Member of the Paintbrush Tuff.
These sediment deposits, of late Quatemary age, over-
lying late Tertiary bedrock (Tiva 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 stream 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 paleofiood his-
tory.

Cross-Channel Trench

The upstream cross-channel trench (figs. 3and 7)
exposes complex erosional and depositional evidence
within Quatemary deposits of North Fork Coyote
Wash. This trench was cut to Tiva Canyon Member
bedrock across the full channel width. The safety

* requirements, which enabled only one wall of the

trench to remain vertical, restricted comparisons
between strata exposed in the upstream and down-
stream (west and east) walls. A diagrammatic cross-
sectional sketch of the upstream, 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 Tiva Can-
yon Member of the Paintbrush Tuff; and (2) eight
younger, overlying unconsolidated and nonindurated
units (units C-J).

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), demonstrating that any sin-
gle, randomly collected sample of small volume does
not poriray 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-fiow 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
Trask 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
for debris fiows (Costa and Jarrett, 1981, p. 313). How-
ever, debris-flow deposits can appear strikingly similar
texturally to slope-wash deposits. The wedge-shaped
southern part of unit A, texturally similar to debris-flow
deposits (pl. 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
channe] axis, seems to be a debris-flow deposit because
overland runoff that is competent enough to transport
larger clasts (1- or 2-ft-diameter boulders) downslope
as unsorted slope wash probably would concentrate
adequate streamflow 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
northem part of the unit); and (2) a lesser volume of
material, upslope and away from the fiood plain of the
wash (southem 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 northemn part of unit A
tenminates 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 trench, is indicated by two lines of
evidence: (1) 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.
The presence of the incorporated carbonate stringers
and the degree of induration of the northern debris-flow
deposit indicates it is more manure pedogenically than
the overlying mass of nonindurated sediment deposits.
D.L. 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 Yucca Mountain.
The nonuniform thickness of the unit and the absence
of unit A in the center and northern sections of the
channel of North Fork Coyote Wash indicate that some
of the unit might have been removed by postdeposi-
tional erosion.

Unit B

Debris-flow deposits that comprise unit B, a het-
erogencous 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- 10 4-in. size range. Unit B seems 1o 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 contemporancously, 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-
tle 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 northem part of unit A; its upper
part is weakly indurated. A lenticular pod more inten-
sively indurated than surrounding material exists along
the basal and northem 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 (7).

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.

UnitC

Deposits of unit C consist of a large-size range of
detrital fragments. It contains some cobbles up to 8 in.
insize. 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
abrupmess 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
adiscernible 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.

There 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 extent, 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 streamflow from the wash that
deposited an accumulative carbonate residue.

Because of its overlying stratigraphic position,
unit Cis youngerthan unit B. Atits southemn 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.

Unita D, E,and F

Deposits of stratigraphic units D, E, and F appear
to be intemally 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 upto 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 are composed mainly of pebble-
size chips (table 2). The interstices between chips are
filled with a dominantly fine-grained sand-size matrix
that might be largely of eolian origin. The generally
fine-grained 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 appearto exhibit a slightly preferred depositional
orientation that imparts a visual impression of a weak
degree of intenal bedding (discussed earlier). The
upper part of unit E seems 1o 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 1 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 10 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). UnitF
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 that indicate relatively different
ages of emplacement, whether these units were depos-
ited by the same or different fioods is uncertain.

Units D, E, and F clearly were emplaced by a different
flood than the fiood 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 G deposits are an unsorted heterogeneous
mixture mainly of unconsolidated cobbles, gravel, and
sand but contain some scattered boulders that are as
large as 1.5 fi in diameter. The finer-grained compo-
nent might be largely reworked eolian material. The
orientations of individual particles indicate only very
slight internal bedding. The visually apparent large
range in particle sizes, lack of pronounced intemnal 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 Trask
sorting coefficient of 6.3 also is well within the range
of coefficients for debris-flow deposits described by
Costa and Jarrett (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 G overlies
the old slope-wash component of unit A. As discussed
before, unit G probably was emplaced by a different
fiood than the flood, or fioods, that deposited underly-
ingunitsD,E,and F

Units H,1,and J

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 fi 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-filled voids. These
unconsolidated and poorly bedded sediments are mod-
em (young) stream-channel deposits that are recur-
rently mobilized by streamfiow. The clasts lining and
underlying the present channel thalweg commonly are
coated by stage-II 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 are as large as about

1.5 ft. The Jower contacts of units H and I are always
at, or higher than, the pedogenically altered, stage-I
carbonate zone. Because thicknesses of units H and 1
do not exceed 1.5 ft in the trench wall, those units are
relatively thin compared with units B and C. The upper
surface of units H and I in the photograph on platel 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
northemn and southern extremities of the trench wall
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 fi 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 southemn end of the trench wall,
near the contact of unit J with unit G. These are depos-
its of modern 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 J 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 1and surface.

Interpretations of Stratigraphic-Age Relations of
the Cross-Channe! Trench Deposits

The oldest sediments deposited on the Tiva Can-
yon Member of the Paintbrush Tuff (Miocene) bedrock
fioor 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

1o 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 fioods believed to have been Newtonian
fluids. Modem slope-wash deposits of unit J likely are
products of hillslope-erosion processes and are approx-
imate time equivalents of the channel deposits of units
Hand L.

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-fi-thick zone of carbonate precipitation (pl.
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 modem; the deposits
of unit I probably are periodically reshuffied 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 Quatemnary: (1) 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 fioods, which emplaced the
debris-flow deposits of stratigraphic units C and G.
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
streamflow deposition indicates that some streamfiows
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 unknown 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 modern 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-Shaped 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 stratigra-
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
part. 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 trench with units
in the upstream cross-channel trench. The common
features of trench sediments discussed earlier also
apply 1o sediments of the T-shaped trench.

Western Wall of the T-Bar Trench
Stratigraphic units exposed in the trench wall are

shown by a skeich on plate 1; a photograph of the
trench 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 0.5 in.; some scattered par-
ticles are as large as 3.5 in. in diameter. The mostly
sandy matrix includes & 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 9in. 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 intenal 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- 10
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 O

Unit O 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 are 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 Pand Q

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 1.5 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.

UnltJ

A small tongue of modern slope-wash deposits
(colluvium) is on the surface of the southem 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 0.5-in. average diameter. The deposits include
some scattered larger clasts of small cobble size as
large as about § 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 through 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 butk 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 intemal bedding was detected
within the deposit of unit S, although a sense of particle
orientation, or fabric, is porirayed visually by the
coarse-grained clasts (fig. 11). The surface of the
deposit is mantled by a concentrated layer (1 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.

UnitJ

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.

Sedimentologlcal 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-leg trench are interpreted o
have been deposited by a water-dominated flow (New-
tonian fluid). Also, the relatively low Trask sorting
coefficient (4.8) indicates better particle sorting than
that indicated for most units of the trenches and thereby
favors the interpretation of water-dominated deposi-
tion. The stratigraphic 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 concentration 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 antig-
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 resembie 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 trench
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 J-unit designation was
assigned to modem slope-wash (colluvial) deposits at
all wench 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
(a2 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 O. Units L,
M, N, and P evidence the earlier described textural
characteristics that are diagnostic of debris-fiow 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 O 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 O; pl. 1) indicates that
unit K stratigraphically is akin to 2 matrix that more or
less engulfs the lenticular-shaped units L through O, 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
intemal hydraulic processes active within the mass of
moving debris before it came to rest.

Unit O 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-O 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 D.L. 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) fiuids.

Unit O originally might have been a surficial
deposit of open-void coarse particles (like those just
discussed), which was overrun by the debris fiow
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 O 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 Quatemary time.
In addition to the correlations of unit J (modem slope
wash) among all trenches and trench 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-Surtace Features In the Viclnity 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 lefi-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. 1 {see dashed
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Figure 13. Land-surface profile of channel cross section on North Fork Coyote Wash.
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line projectionin 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
carliertime. 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 lefi-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 fioods 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 Jeast one-half dozen or more major
fioods during the late Quaternary. Asnoted 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 occurrences but do not disclose the magni-
tudes of several notable floods. The evidence also ten-
tatively indicates a late Quaternary 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 paleofiood
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 fiow 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. The boulders were all assumed to have
been deposited by the same fiood 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 fi/s; 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 fi2. Peak discharge required for the boul-

der transport was calculated to be about 2,400 ffs.
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 ft°/s) 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 fiood. 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 fi'/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.

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
fiood 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

locations at which fioods were observed. As fiood 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 Matthai (1969, p. B6), in which he developed the
following equation:

0=11,000 A%6! |

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 miZ.

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 ft’/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 1 mi (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 miZ.

B.N. Aldridge (U.S. Geological Survey, written
commun., 1984) extended Matthai's envelope curve for
drainage basins smaller than 1 mi? 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 fi3/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- time interval; the technique then routes the resultant
cates that the largest expected discharge from a drain-  €XCesS precipitation as streamflow to the site of interest.

2 This method is recommended by the American Nuclear
age area of about 0.094 mi” area would be about Society for determining design-basis flooding at nuclear
900 ffs. reactor sites (American Nuclear Society Standards Com-

Cri and Bue (1977) also developed a set of  Mittee, 1981). Useof this technique is also a requirement
envelope mes that relzfte pe?k-stxeamﬂow‘r)z?schargw of the U.S. Nuclear Regulatory Commission for Federal
of extreme floods 1o drainage-basin areas. The curves licensing of a nuclear facility. The U.S. Bureau of Rec-
are based on measurements of peak discharges made ~ lamation determined a clear-water, PMF, peak discharge
limit of streamflows to be expected from various size  about 1,600 f’/s. This determination was made for the
drainage basins on the basis of date collected through  original proposed shaft site, which is just upstream from
September 1974. Crippen and Bue divided the 48-con- the confluence of the North and South Fork tributaries of
terminous-State area of the United States into 17 geo- Coyote Wash (fig. 2).
graphic regions and developed separate envelope . . -
curves for each region. The curve for the region that tmnspos:c:stnl mtcr:;xﬂvc nmog ';‘e wlpm&ma%l;ﬂézezgd
includes the Yucca Mountain area (Crippen and Bue, Hypothetically, 2 5 S-peqrcentwmvolum ¢ increase over that

1977, Region 16, fig. 18, p. 15) indicates that the peak of clear-w
: I . : i -water flow could result (J.E. Costa, U.S. Geolog-
discharge of the potential-maximum f ow fora ical Survey, written commun., 1985). On that basis, the

. . 2
drainage basin area of 0.1 mi woul.d be about . 1,600 ft°/s peak discharge of the PMF would increase to
1,000 ft*/s. They state (p. 4) that with the continued =~ » 500 £3/s
passage of time, floods more extreme than those used ! )

to develop the curves may occur, and that these addi- Results of the statistically and graphically derived
tional data should be used for the continuing evolution peak-flow rates described previously, the flow rate
and redefinition of the envelope curves. Crippen derived using the boulder-size paleohydraulic technique

(1982) reviews the earlier work of Crippen and Bue of Costa, and results of the PMF calculation as described
(1977) and defines the regional envelope curves by previously, are:

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 mi?) is Methods o ety
926 ft>/s. This discharge is consistent with the e e 2400""1-
1,000 ft*/s discharge extracted from the earlier curve of Mm-(s (1939) nmofffmg c “"fn‘fclope 600 Or more
Crippen and Bue (1977) for a drainage area of 0.1 mi2, curve .
Envelope curves depict the known upper limitsof flood ~ Aldridge’s (unpublished) runoff-area 1,000
discharges for different size drainages; as such, there envelope curve
are no specific recurrence intervals associated with dis-  Costa’s (1987) runofi-area envelope 900
curve

charges that are extracted from the curves. Crippen and Bue’s (1977) runoff-area 1,000

A comparison of the results obtained from the envelope curve
runoff-area relations described previously indicates U.S. Bureau of Reclamation Probable 2,500
that estimates of potential maximum peak runoff from Maximum Flood for North Fork
North Fork Coyote Wash could range from 900 to Coyote Wash (Bullard, 1986)*
2,600 f's. IB.N. Aldridge (U.S. Geological Survey, written commun.,

Other techniques probably are available to 1985),

. M . 2Bullard's clean-water flow of 1.600 f/s was increased by
increase the estimative range; however, research and ss. volume 1o fate anticinated entrained sedi-

application of all available techniques are beyond the ment losd.

scope of this investigation.
Another empirical method to estimate the poten- These techniques indicate results that differ sub-
tial maximum-peak runoff is the calculation of the stantially between the highest and the lowest estimates.

Probable Maximum Flood (PMF). The method is Thus, the estimate of flood peaks, with an acceptable
based on an estimation of the probable maximum mag- degree of confidence, is difficult when assessing small
nitude of rainfall over a drainage basin for a specific =~ drainage basins that are located in semiarid and arid 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 f3/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 mi?) 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, roughtly at the sites
of the potential shaft, probably would be cumulative.
Thus, heavily laden debris flows that have discharges

as large as 5,000 f/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 fioods 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 fiood plain to render it less susceptibie to flooding
hazards. The drainage terrain is rugged and generally
steep; sparse vegetation and thin soil cover cause effi-
cient runoff from intense rainfall. The flooding history
of Coyote Wash was investigated by examining chan-
nel and fiood-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
unconformities exist between some stratigraphic units,
indicating a complex history of altemating 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 fiuid 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
Quatemary. 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 teatative
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-
eralextent. The semi-indurated deposits are tentatively
assigned a late Pleistocene or early Holocene (?) ageon
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 fioods
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 Quaternary. Evidence of ear-
lier Quaternary flooding is sparse, but numerous floods
probably occurred during that much longer time span.
Earlier floods, possibly during late Tertiary time, cut
stream channels in the underlying tuffaceous bedrock.

A hydrologictechnique that estimates peak-flood
discharge on the basis of sizes of 1arger boulders depos-
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ited in the channel was applied to North Fork Coyote
Wash. Application of this technique indicates peak dis-
charges of about 2,400 /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 t0 2,600 ft’/s.
A probable maximum flood computation resulted in a
clear-water, peak-flow estimate of about 1,600 fO/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 f/s.

On the basis of sparse present knowledge, con-
sidering the large range of the previously described
estimates (900 to 2,600 ft/s), a possible peak fiow of

sediment-laden fiuid of about 2,500 fi%/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 fi’/s. The tributaries join near the
proposed shaft site; thus, a possible cumulative peak
flow aslarge as 5,000 f3/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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in North Fork Coyote Wash (note rock hammer for scale; stratigraphy

delineated and described on pl. 1B; photographed on August 17, 1983).
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Figure 11.--South wall of T-leg part of T-shaped trench excavated in North e

Fork Coyote Wash (maximum height of trench wall is about 4.5 ft; length
of trench wall is between 35 and 40 ft; stratigraphy delineated and

described on pl. 1C; photographed on August 17, 1983).
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EXPLANATION FOR-PIATE—Y

e
[::::] DEBRIS-FLOW DEPOSIT/L-Heterogeneous mass of particles of mixed size domi-

by
nated by small cobbles ranging in size from 1 to 3 ;g:'in diameter with

some randomly scattered small boulders averaging about 1 fgfin diameter;

——————

& ’
layer of coarse fragments; fairly densespacked surface layer of coarse

Azt . 7
sandy matrix; unconsolidated and internally unhégaed; except for surface

oot — PV ,_C.F..,

1< foottd1ameter size (small boulders) mixed with smaller, va;y_

clagts (about 80 percent areal demsity) 1nc1udes numerous particles averag-
inégia—ebe

ing.

cobble sizes; surface and near-surface clasts not carbonate coated; clasts

below about 1 £t in depth have a stage-]I coat of carbonate precipitate.

-~

TR
[::::JWATER-DOMINATED FLOW DEPOSIT/--Bominantly angular chips averaging about
A .
0.54in. in diameter with i 1 coarser clasts of small cobble size
Mw;\\w - 4
(np—to about 5 in. in diameter) randomly scattered throughout; matrix

reg #/ !
lazgez;-sand unconsolidated and weakly bedded internally; stage-I

carbonate coatings of some clasts in a zone continuous with the carbonate

zone of overlying unit.

[::::]DEBRIS-FLOW DEPOSIT,--Heterogeneous mixture of particles of variable size;
some smali’boulders 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 1ntern;11y unhaddedy stage-I

carbonate coating on most particles.
" LN ?
1 of .
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C}j DEBRIS-FLOW DEPOSIT (?),--Lens containing heterogeneous mixture of parti-
cles of variable size, with most clasts 1- to 3.5-inch;; 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; uncomsolidated; stage-I carbonate coating

on most clasts,

[0 ] VATER-DOMINATED FLOW DEPOSIT (?)/--Lens containing mostly pebbles and some
cobbles, most 1 to 2.5 ig.' in diameter; voids empty (no matrix); no
perceptible internal bedding; unconsolidated; stage-I carbonate coating

on most clasts,

[::::]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 beddingeunconsclidated; stage-I carbonate coating on most particles,

! M IDEBRIS-FLOW DEPOSIT (?),--Lens of heterogeneous mixture of particles of
O WA - W Y
variable size; diameter uwp—to 4.5-in.; texturally very similar to
A

unit L; coarse particles of small cobble size; abundant fine-grained matrix;

no perceptible intermal bedding; unconsolidated; stage-l carbonmate coating

on most clasts,/

- q
-l



[ L | DEBRIS-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; conta_::L_ns many small cobbles and occasional large

AY
cobbles as large as 9 im:/ in diameter; no perceptible internal bedding;

St

—;
unconsolidated; stage-I carbonate coating on most clasts,”

[_K | WATER-DOMINATED FLOW DEPOSIT/--Dominantly chip gravel with medium pebble-
size clasts; sand and fiper grained matrix make up minor part of deposit;
unconsolidated with very slight internal bedding; stage-I carbonate coating

on most clasts,

SLOPEWASH DEPOSIT,--Mixture of mostly gravel and fines with numerous
cobbles; occasional large cobbles and small boulders
abeut 6 in. in diameter; fine-grained component includes

substantial material of eolian origin; upconsolidated and unbedded

internally; modern,

CHANNEL DEPOSITS/--Mixture of fluvially reworked boulders, cobbles, and
gravel with voids partﬁly 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; modern.,



FLOOD DEPOSITS --Heterogeneous mixture mainly of cobbles, gravel, and
fines; coarse fragments as large as 1.5 ft in average diameter; fines mainly
fine-to-medium sand including probable reworked ecliar material;

unconsolidated and unbedded internally; fairly young/

[::::]DEBRIS-FLOW DEPOSIT/--Heterogeneous mixture of mainly cobbles, gravel,
and sand; contains some bouldgrs as large as 1.5 ft in average diameter;

AARLTTT
matrix largely fine sand, muek-of which probably is reworked eolian

material; unconsolidated with only a2 very slight internal bedding;

visibly prominent stage-l carbonate coating of coarse particles.

[ F | WATER-DOMINATED FLOW DEPOSIT/--Largely pebbles, 1 to 2 in. in average
AT T oA
diameter, with 2 plentiful sand matrix; . much’sand that likely is
revorked eolian material; unconsolidated and very weakly bedded

internally; stage-I carbonate coating of clasts,

[ E | WATER-DOMINATED FLOW DEPOSIT/--Dominantly pebble-size chips with a

L]
fine-grained sandy matrix; matrix m;¥ be largely of eolian origin; a

Ao AsAs v WA g . . .
few scattered clasts about 2 in. in diameter; uncon-
[ 3

solidated and weakly stratified internally; upper and northern part of

unit contains clasts coated with a stage-I carbonate precipitate,

G\D
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EWATER-DOHINATED FLOW DEPOSIT,--Dominantly gravel averaging about 3 -151
o ) A Qb
in diameter; contains some scattered cobbles up=t® 6 in. in diameter;
A

sandy matrix; much likely of eolian origin; unconsoli;lated and very weakly
bedded internally,

-DEBRIS-FLOW DEPOSIT/--Dominantly cobbles averaging 2 to 4 in. in diameter
with a matrix of bles and sand; contains some cobbles m 8 1n.. “tn
diameter; sand“:;y' e mostly reworked eolian material unconsohdated and

2

\Jvt.~~._q'\

internally unbedded; 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,

-DEBRIS-FLOW DEPOSIT/--Heterogeneous mixture of particles of various size;
T Lo

occasxonal‘ large particles averagug in the 0.7- to 1.5-foot-diameter range;

coarse fraction is dominantly 2.5 to &4 in. in average diameter; dominantly

s *tStSj

sand and finer-size particles matrix; much"may[B—E of eolian origin; slight

induration differentially present throughout deposit; lenticular mass at

base of northern one-half of deposity-d}.stinctively indurated; deposit shows
y

slight internal bedding; part of deposit adjacent to and comprising

present channel thalweg contains stage-II1 carbonate precipitate; overall

color more yellowish or reddish than units C-J/



N~

[_A_|PREDOMINANTLY DEBRIS-FLOW DEPOSIT/--Heterogenous mixture of coarse-size

. QA A QAL
fragments and fines; contains some scattered boulders up=t®» 1.5 ft in
A
maximum diameter; matrix contains higher percentage of clay than other
YIRS SN D g
units; deposit noticeably indurated and -unbedded internally; induration

——

largely result of carbonate cement; stringers of catbonate)filament-like

‘ ’-

precipitates throughout deposit;; upper part of deposit has large-size \';‘)"

NP
cobble layer coating surface, where cobbles vary in averagé"diameter from

about 3 to 10 in.. Overall color more reddish or yellowish than units C-J;

-—

thin part at south is slopewash,”

v
f-"}a."
[A 2NN —
| :| Stage-I carbonate developed on coarse (larger than sand-size) particles/
/‘7
L (aPS
AL N~ A
Stage-II carbonate precipitate on and around most particles of all sizes,
/
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