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Summary of Lithologic Logging of New and Existing
Boreholes at Yucca Mountain, Nevada,

March 1994 to June 1994

By Jefirey K. Geslin andThomas C. Moyer

Abstract

This report summarizes fithologic logging
of core from boreholes at Yucca Mountain,
Nevada, conducted from March 1994 to
" June 1994. Units encountered during logging
include Quaternary-Tertiary alluvium and collu-
vium, Tertiary Rainier Mesa Tuff, all units in the
Tertiary Paintbrush Group, and Tertiary Calico
Hills Formation. Logging results are presented in
a table of contact depths for core from unsaturated
zone neutron (UZN) boreholes and graphic litho-
logic logs for core from north ramp geology
(NRG) boreholes.

INTRODUCTION

Yucca Mountain, Nevada, is being investigated
as a potential site fora high-level radioactive waste
repository. This report summarizes the lithologic log-
ging of new and existing boreholes at Yucca Mountain
that was done from March to June 1994, by the Yucca
Mountain Project Branch of the U.S. Geological Sur-
vey (USGS). This logging was undertaken with the
objective to determine the spatial distribution and char-
acteristics of stratigraphic units within the Yucca
Mountain site area. Stratigraphic data obtained from
lithologic logging are used in a preliminary three-
dimensional lithostratigraphic model of Yucca Moun-
tain. These data also can be integrated into hydrologic
studies at Yucca Mountain and applied to engineering
and construction of the Exploratory Studies Facility.

Lithostratigraphic units identified during logging
include Quaternary-Tertiary alluvium and colluvium,
the Tertiary Rainier Mesa Tuff of the Timber Mountain
Group, all units in the Tertiary Paintbrush Group, and
the Tertiary Calico Hills Formation. Criteria used to
identify contacts between these units, and between
lithostratigraphic units within the Paintbrush Group,
are discussed in Geslin and others (in press). Strati-
graphic nomenclature and lithologic descriptions of
stratigraphic units in the Tiva Canyon, Yucca Moun-
tain, Pah Canyon, and Topopah Spring Tuffs of the
Paintbrush Group are from Sawyer and others (in

press) and also are summarized in Buesch and others
(USGS, written commun., 1994). .

The boreholes logged from March to June 1994
are listed, with their Jocation and elcvation, in table 1.
Table 1 also lists the Data Tracking Number (TN)for
stratigraphic data from each borehole that have been
released to the Yucca Mountain Project, submitted to
the USGS Local Records Center in Denver, Colorado,
and stored in the Yucca Mountain Project Central
Records Facility in Las Vegas, Nevada. The locations
of these boreholes are shown in figure 1. Cores from
boreholes logged during this study are stored at the
Yucca Mountain Project Sample Management Facility
at the Nevada Test Site.

STUDY METHODS

Lithostratigraphic units identified in core follow
the stratigraphic hierarchy and nomenclature for the
Paintbrush Group defined in Sawyer and others (in
press) and followed by Buesch and others (USGS writ-
ten commun., 1994) (table 2). The criteria used to iden-
tify contacts between stratigraphic units are described
in Geslin and others (in press). Lithologic logging
includes either identification of the depths of strati-
graphic contacts (herein referred to as type 1 logging)
or identification of the depths of contacts and detailed
unit descriptions (herein referred to as type 2 logging).
The lithostratigraphic units encountered during type 1
and type 2 logging of core from boreholes are summa-
rized in table 3. The results of type 1 logging are
reported as tables of contact depths (su ized in
table 4), whereas the results of type 2 logging are
reported in graphical form (appendix 1).

Type 1 logs werc completed for core recovered
from unsaturated zone neutron (UZN scries) boreholes
(table 4). Core recovered from UZN-series boreholes
is stored in lexan tubing that limits viewing of the core
and modifies colors by retaining moisture. Contacts
that are difficult to identify through lexan or that were
removed by sampling were confirmed or constrained
by examination of processed samples at the Hydrologic

. Research Facility or by viewing videotapes of core

photographed prior to sample removal.

Abstract 1



Table 1. Location and information for borsholes logged at Yucca Mountaln, March 1994 to

June 1994

[thlng.eming.mde!enﬁondmmﬁomm&ﬂmd
Project. Northing and easting are based on the Nevada Stats

were provided a3 information to the Yuccs Mountain
Coordinats System. Locations and elevations are in feet.)

Borshole number Northing Easting Elevation Data tracking number
Tdeatification of thologic contacts (type 1 logging
USW UZ-N11 780,573.93 559.020.93 $2240  GS%40308314211.010
USW UZ-N15 778,090.54 559,551.76 5,109.4 (0S940308314211.019
USW UZ-N16 778,150.80 559,625.98 51166 G5940308314211.019
USW UZ-N1?7 718,224.12 559,995.10 51219 GS5940308314211.019
USW UZ-N36 773,899.50 563,582.66 46420 GS940308314211.013
USW UZ-N38 761,466.37 563,343.41 4,1489 GS940303314211.011
URB-25 UZN #63 768,836.54 566,169.39 3944.1 G59540308314211.017
USW UZ-N&4 765,72846  559,435.76 4,790.9 GS940308314211.016
Detalled lithologie logging (type 3 logging SR

UE-25 NRG #2C 765771.68  569,189.76 3,801.2 GS940308314211.012
UEB-25 NRG #2D 765,828.10  569,132.29 3,792.1 GS940308314211.013
USW NRG-7A 768,879.96  562,984.13 - 4,207.0

Type 2 lithologic logs (appendix 1) were created
for core recovered from north ramp geology (NRG)
boreholes. These logs use the criteria of Buesch and
others (USGS, written commun., 1994) to identify the
welding and crystallization zones in each unit. Accom-
panying lithologic unit descriptions include the phe-
nocryst content and assemblage; lithophysas content
and size; pumice content, size, and composition; lithic
clast content, size, and composition; and matrix color
and content. The percentage of phenocrysts, lithic
clasts, pumice clasts and lithophysae are visually esti-
mated using chasts included in the Munsell Soil Color
Charts (Kollmorgen Instruments Corp., 1992). Phe-
nocryst, pumice, and lithic clast types are identified
with the aid of a hand lens. Phenocryst, pumice, and
lithic clast types are identified with the aid of a hand
lens or binocular microscope. The maximum and min-
imum dimensions of pumice, lithic clast, and Lithophy-
saé (void) sizes are measured along two perpendicular
axes and recorded as either typical or maximum sizes
observed. Pumice, lithic clast, and matrix colors are
determined on dry core using Munsell Color Charts

GS§940408314211.020

(Geological Society of America, 1991; Kollmorgen
Instruments Corp., 1992). Other features of the core,
including fracture geometry and morphology, fracture
mineralization, and development and orientation of
foliation (dip angle measured from horizontal), also are
recorded and included in unit descriptions.

CONTINUING LOGGING

Continued logging in 1994 and 1995 will pro-
duce a table of contact depths for boreholes NRG #5A,
SD-9, SD-10, SD-12, UZ-7A, SRG-1, SRG-2, SRG-3,
and SRG4 (depending on drilling progress) that will
be submitted to the USGS Yucca Mountain Project
Branch Local Records Center upon completion of drill-
ing and following internal review. Graphical lithologic
logs that summarize detailed logging will be prepared
for UZ-14, SD-9, SD-12, and UZ-7A (depending on
drilling progress). These data will be integrated into
the preliminary three-dimensional lithostratigraphic
model of Yucca Mountain.

2 Summary of Uthologiql.ogglng of New and Existing Borsholes at Yucca Mountain, Nevada, March 1934 to Juns 1934
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Table 2. Lithostratigraphic nomenciature of the Paintbrush Group at Yucca Mountain (from Sawyer
and others, in press; Buesch and others, USGS, written commun., 1994)_

“Tulf unit *x" (Tpki)
Pro-Tuff unit “x* bedded tuff (Tpbt5)
Tiva Canyon Tuff (Tpc) Topopah Spring Tuff (Tpf)
crystal-rich membes (Tper) (quartz latite) crystal-rich member (Tptr) (quartz latite)
vitrie zone (rv) vitric zone (rv)
non- to partially welded subzone (rv3) © | poneto partially welded subzone (rv3)
moderately welded subzone (rv2) - moderately welded subzons (rv2)
vitrophyre subzone (rvl) ‘ vitrophyre subzone (rvl)
nonlithophysal zone (m) " ‘ : nonlithophysal zone (rn)
subvitrophyre transition subzone (mn4) crystal transition subzone (ral)
pumice-poor subzone (m3) Kithophysal zone ()
mixed pumice subzone (m2) crystal transition subzone (r11)
crystal transition subzone (m1) crystal-poor member (Tptp) (high-silica thyolite)
lithophysal zone (rf)
crystal transition subzone (r11) upper lithophysal zone (pul)
crystal-poor member (Tpep) (high-silica rhyolite) cavernous lithophysae subzone (pul2)
upper lithophysal zone (pul) small lithophysae subzone (pu.ll)
spherulite-rich subzone (pull) middle nonlithophysal zone (pmn)
middle nonlithophysal zone (pmm) . - upper subzone (pmn3)
upper subzone (pmn3) Kithophysae-bearing subzone (pmn2)
lithophysae-bearing subzone (pmn2) lower subzone (pmnl)
lower subzone (pmnl) lower lithophysal zone (pli)
lower lithophysal zone (pll) lower nonlithophysal zone (pln)
lower nonlithophysal zone (pln) vitric zone (pv)
hackly subzone (plnh) vitrophyre subzone (pv3)
columnar subzone (pinc) ) moderately welded subzons (pv2)
spherulitic pumice interval (pinc3) non- to partially welded subzone (pv1)
argillic pumice interval (pinc2) Pre-Topopah Spring Tuff bedded tuff (Tpbt1)
vitric pumice interval (plncl)
vitric zone (pv)
vitrophyre subzons (pv3)
moderately welded subzone (pv2)

non- to partially welded subzone (pvl)
Pre Tiva Canyon Tuff bedded tufl (Tpbt4)
‘Yocca Mountain Tuoff (Tpy) :
Pre-Yucca Mountain Tuff bedded tuff (Tpbt3)
Pah Canyon Tuff (Tpp)
Pre-Pah Canyon Tulf bedded tuff (Tpbt2)

'§ummary of Lithologle Logging of New and Existing Borsholes at Yucca Mountain, Navadas, March 1994 to June 1934
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Table 3. Generalized lithostratigraphy of borsholes at Yucca Mountain, Nevada

Borshole number

UZNY UZN1S UZN18 UZN1?7 UZN38 UZN3S UZN#SD UZ-Ne4 NRG#2C NRG#2D TRA

Tuff anit *x™ (Tpki)

Pre-Tuff unit “x” bedded tuff (TpbtS)

Tiva Canyon Tuff (Tpe)

crystal-sich member (Tper)

" vitric zone (¢v) '

nenlithophysel zone (m) T I I I T
lithophysal zone (tf) .
crystal-poor member (Tpep)

upper lithophysal zone (pul)

middle nontithophysal zone (pmn)

lower lithophysal zone (pll)

lower nontithophysal zone (pin) ’ T
heckly subzone (pinh) I ‘

columnar subzone (pinc)
vitric zone (pv)

Pre-Tiva Canyon Tuff bedded tuff (Tpitd) '
Ynecea Mountain Tuff (Tpy)
Pre-Yucea Mountain Tuff bedded tuff (Tpbt3)
Pah Canyon Toft (Tpp)
Pre-Pah Canyon Tuff bedded tuff (Tpiht2)
Topopsh Spring TufT (Tpt)
crystel-rich member (Tptr)
" vitric zone (rv)
nontithophysal zone (m)
lithophysal zone (rf)
crystal-poor member (Tptp)
- upper lithophysal zone (pul)
middle nonlithophysal zone (pmn)
lower lithophysal zone (pl1)
lomnon!lﬂnphyulwne(ph)
vitric zone (pv) -
Pre-Topopah Spring Tuff bedded tuff (Tpbt1) -
Cafico Hills Formation (The)

Rainier Mesa Tuff (Tmr)
Pre-Rainier Mesa Tuff bedded tuff (Tmbt?1) I
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Table 4. Summary of depihs to basal contacis for boreholes at Yucca Mountaln, Nevada

UNIT® no core usw usw usw usw usw usw UE-25 usw
UZ-N1 UZ-NiS UZ-Ni6 UZ-N17 UZ-N3s UZ-N33 UZN #8683 UZ-Né4

“Alluvium/colluvium (QThc) 1.7 23 42 25 09 179 a4 1.8
Tiva Canyon Tuff (Tpc) 8.6t
crystal-rich member (Tpcr)
noalithophysal zone (m)
subvitrophyre transition subzoae (1n4) 162t 193¢ 16.1t
pumice-poor subzone (m3) 576. 36.5¢t 415
mixed pumice subzoae (m2) 39.8¢
. crystal transition subzoae (ml)

crystal-poos membes (Tpep)
lower noalithophysal zoae (pln)
hackly subzone (pinh) 213¢ 2501t
columnar subzoae (plac)
sphesulitic pumice interval (c3) 49.1 443
argillic pumice interval (c2) 2521 80.9
vitric zoas (pv) o
moderately welded subzane (pv2) 29.7
non- to partially welded subzone (pv1) 464
Bedded tuff (Tpbid) 60.6
Yucca Mountain Tuff (Tpy) _
Total depth , 84 599 60.0 599 59.8 T 894 600 60.0

WMVWWMWMMWMMMMWM 1994). All measurements ase in foct.
1 The first unit encountered i the borehole.

tﬂhmm«-mummmmauuymm«bwummmymmhmmmzs.omuu ‘This unit is overiaia by alluvium or
colluvium.
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APPENDIX 1. GRAPHICAL LITHOLOGIC
LOGS FOR BOREHOLES AT YUCCA
MOUNTAIN, NEVADA

Notes for Graphical Lithologic Logs

UE-25 NRG #2C

Core was recovered from the borehole with
a hollow-stem auger, and includes nonlithified
pyroclastic-flow and fall deposits of the Rainier Mesa
Tuff (Timber Mountain Group), nonlithified bedded

tuffs that underlie Rainier Mesa Tuff, and lithified tuff

unit “x” (Paintbrush Group).
UE-25 NRG #2D

Core that was recovered from the borehole with
a hollow-stem auger includes nonlithified pyroclastic-

flow and fall deposits of the Rainier Mesa Tuff (Timber
Mountain Group), nonlithified bedded tuffs that under-
lie Rainier Mesa Tuff, and lithified tuff unit “x” (Paint-

brush Group).

- USW NRG-7/7A

NRG-7 is a vertical hole located at approxi-
mately 768,846.20 N; 563,004.90 E that was drilled
from the surface to 17.0 ft and then abandoned.

NRG-7A is an adjacent vertical hole located at approx-

imately 768,879.96 N; 562,984.13 E that was cored

from 17.0 to 1513.4 ft (total depth). Samples were col-

lected from NRG-7, however, it is not known if these
-samples represent colluvium or bedrock. Therefore,
surface to 17 ft depth was not included in this log.

Lithostratigraphic units in the core include the lower

zones of the Tiva Canyon Tuff, Yucca Mountain Tuff,
Pah Canyon Tuff, Topopah Spring Tuff, interbedded

nonwelded tuffs of the Paintbrush Group, and the upper

part of the Calico Hills Formation.

(V)—Contacts depths designated with this sym-
bol were identified using videotape of the core prior to
sample removal.

*_The top of the Topopah Spring Tuff is typi-
cally marked by a 2-cm-thick lithic-rich fallout deposit.
This deposit apparently is represented by an unrecov-
ered interval at approximately 280 fi. This depth is

* estimated from stratigraphic relationships in adjacent

NRG boreholes.

 All Graphical Lithologlc Logs

Welding Definiti
Nonwelded = nondeformed pumice, no to slight
sintering of matrix.

Partially welded = nondeformed pumice, sintered/
incipiently welded matrix (some macroscopic
porosity).

Moderately welded = partial deformation of pumice
(some macroscopic porosity), densely welded matrix
(no porosity).

Densely welded = collapsed pumice (no macroscopic
porosity), densely welded matrix.

Mineral Notation

qtz = quartz

san = sanidine

plag =plagioclase - - :

feld = sanidine and plagioclase, undifferentiated
hbld = hornblende '

cpx = clinopyroxene

bio = biotite

(oxy)bio = partially oxidized biotite

oxybio = completely oxidized biotite

10 Smnmlryofuu\obglclpgglngotmmmsﬁng Boreholes at Yucca Mountaln, Nevada, March 1994 to June 1994



Borehole : UE-25 NRG #2C o - Compiled: 7 March 94
Data Tracking Number: G§9403083 14211.012 .

Zones of welding (W) Zones of crystallization (C) Phenocryst content (P)
@ Moderately to Densely Devitrified / Devit. + vapor-phase mins. greater than 10 percent
, (o-lithophysae) . ' ,
Partiaily to Moderately Vitric / Vitric + vapor-phase mins. B s- 10percem
% Non- to Partially (3 Altered (2) /to clay (c) / 10 zeolite (2) D less than § percent
D Nonwelded |
W C,P, fL
0 I
ft.
no core
Rainier Mesa Tuff (Tmr) -
Nonlithified pyroclastic-flow deposit: 50.0-96.4 '
. Matrix, which changes downward from pale yellowish brown to pinkish whits, contains
500 distinctive colorless, bubble-wall glass shards. Pumice clasts (10-15 perceat) are vitric, colorless.
light gray, ight brown. of brownish orange. Crystals (10-15 percent) include qtz, plag, san. and
bio. Deposit may be lithified above SIS At
|
g Bedded Tuff (Tmbtl1) - :
= 96.4-113.6 f: Nonlithified fallous tephra. 'Whits, vitric pumice lapilli and volcanie lithic clasts.
96.4 Moderately sorted. Lithic contentis 10-20 percent above 108.5 fi, but less than 2 percent below
100 — 108.S ft. Pumice clasts are typically less than 3 mm diameter. Grades upward into a light browa
paleosol (96.4-100.8 ft). 113.6-124.0 ft: Nonlithified pumice-rich fallout. Moderately well
- 113.6 mmd.mmﬂbgw.mmdaupwudfmmwm5mmmm3m
L 124.0 diameter. Contains grayish yellow-green kithic clasts. Crystats of feld. qtz, bio. Light brown
E paleosol from 113.6-118.8 ft. 124.0-139.9 : Nonlithified pyroclastic-flow (1) deposit. Light
- ng brown with glass shards and whits pumice less than 5 mm. Crystals of feld, qtz, bio. Pumice
a 1501 fallout from 139.0 to 1399 R. 139.9-150.1 i: Nonlithified pyroclastic-flow (?) deposit.
= 150'.9== Mediumbmwnwimgxmshmsmdlo-zopcmwmmpmm.mstmummn
Total Crystals of feld. qtz, bio. Poorty consclidated.
o~ De 'h [
A P Tuff Unit "x" (Tpki) (?) -
L Lithified pyroclastic-flow deposit: 150.1 fi-Total Depth
Pumice clasts (10-15 perceat), white to pale yellowish or greenish (zeolitized?), in a brownish
200 — gray altered matrix. Volcanic lithic clasts (5-7 percent) are dark gray, datk reddish gray, or
medium light gray. .

APPENDIX 1. GRAPHICAL LITHOLOGIC LOGS FOR BOREHOLES AT YUCCA MOUNTAIN, NEVADA 01



Borehole : UE-25 NRG #2D

Compiled: 7 March 94

Data Tracking Number: GS940308314211.013

Zones of crystallization (C) ' Phenocry;st content (P)

Zones of welding (W)
E Moderately to Densely - Devitrified / Devit. + vapor-phase mins. {ﬁ greater than 10 percent
> (o-lithophysae) ] - _ ‘ ' '
7] Panially 1o Moderately Vitric / Vitric + vapor-phase mins. B s-10percent
B Noo-woPartay Altered (a) /10 clay (c) /10 zeollite (2) [ tess than 5 percent
D Nonwelded

wer ft
=TT

0 : Rainier Mesa Tuff (Tmr) -
fe. Nonlithified pyroclastic-flow deposit: 38.1-69.8
no core Matrix, which changes downward from pale yellowish brown to pinkish white, contains
distinctive colorless, bubble-wall glass shards. Pumice clasts (10-20 perceat) are vitric, colorless.
: 38 white, light brown, or brownish orange. Crystals (10-15 percent) include qtz, plag, san, and bio.
8|
N Bedded Tuff (Tmbtl) -
T E 65.8-85.0 ft: Nonlithified fallout tephra. White, vitric pumice lapilli and volcanic Kithic clasts.
= Moderately sorted, lithic content increases from about § percent to about 20 percent upward,
- 69.8 pumice clasts are typically less than 3 mm diameter. Grades upward into a light browa paleosol
(69.8-74.0 11). 86.0-95.7 fi: Nonlithified pumice-rich fallout. Moderately well sorted, mormally
860 graded. Pumice grades upward from less than S mm to less than 3 mm diameter. Crystals of
- a S feld, qtz, bio. Light brown paleosol from 86.0-91.0 fl. 96.7-112.5 fi: Nonlithified pyroclastic-
100 — £ T 96.7 flow (?) deposit. Light brown with glass shards and white pumice less than § mm. Crystals of
E 109.8 feld, qtz, bio. Pumice-rich fallout from 109.8 t0 112.5 ft. 112.5-125.9 ft: Nonlithified
5 1 12'5 pyroclastic-flow (?) deposit. Medium brown with glass shards and 10-20 percent white pumice,
most less than 5 mm. Crystalsoffeld.qtz. bio. Poorly consolidated below 118.0 ft.
RO core® {gg —_* Core run marker notes lithified material at 127.4 2.
2
1= Tuff Unit "x" (Tpki) -
= 2 Lithified pyroclastic-flow deposit: 133.7 ft-Total Depth
2 Pumice clasts (10-15 percent), white to pale yellowish or greenish (zeolitized?), ia a brownish
- 170.2 smmemeees - gray altered matrix. Volcanic lithic clasts (5-7 percent) are dark gray, dark reddish gray, or
Total medium light gray.
Depth ‘
200 —

12 Smnarycfm;olog!cugglngotmmﬁxbﬁngBmMMdeaﬂoumln,WMimem!m



Borehole :USW NRG-7/7A  Data Tracking Number: GS940408314211.020 '
. Compiled: 25 March. 1994

Zones of welding (W) Zones of crystaltization (C) Phenocryst content (?)
B Modcraly toDeasely Y Devinified Devi. + vapor-phase mins. greater than 10 percent
. (o-lithopbysae) S
Partially to Moderately ] ] Vitwic / Vitrie + vapor-pbase mis. B - 10percent
% Non- to Partially Altered (a)/ 1o clay (c}/ to zeolite (2) D less than $ percent
Tiva Canyon Tuff (Tpc)-
D Noawelded Crystal lower nonlithophysal zons (pin) (17.0-69.7): N
17.0-41.09- hackly subzone (pinh) - Lowes contact gradational from 29.0-45.3. Matrix is pals red (10RS/2 to

0 ——+MICIPL o 10RG2) grading downward to pals brown (SYRSI2). 3.5 peicent ptes clasts. gray (N4), devitrified and
feet no core vapor-phass altered of spherulitic, and grayish pink (SR7/2) and argillic (most less than 20 mm). 3-4 percent
ey 17.0 pbenocrysts includs feld and bio. Abundant rough, subborizontal fractures. Less than } percent lithopbysas

% above 19.2. 41.07-69.7 colinnar subzone (plnc)- Matix is ight brownish grzy (SYR6/1) grading downward
to pinkish gray (7SYR%/1). 5-15 percent pumics clasts define foliation, gray (NS) to grayish red (SR4/2),

2 | 41.07 devitrified. locally vapor-phase altered. mostly pink (SR7/6) and argillic below 66.3. 3-4 percent phenocTysts

ot of feld and bio. Moderatety welded with remnant shard texturs below 59.0. Moderately smooth fractures.

Crystal- vitric zons (pv) (69.7-102.7):69. 7.79.240.8 moderately welded subzons v2)- Glass

% - 59.0 suads.m;&”:'mbmwn (SYl(tgls))(gndin; doz)nwudmdukgnyishbmgl (7.SYRJn)in1£:mmwa

69.7 (1.5YR6/4), pardy devit. matrix. 10 percent pumice. whits (vitric) to pinkish gray (SR7/2, altered). Welding

79,230 glecreases downward, 79.240.8-102.7 non -to partially welded subzone (pvl)- Black (N1) bubble-textured -

- 352 glass shards in pinkish gray (SYR7/2) to light gray (N8) vitric o pardy devitified mazix. Matrix foliation

decreases downward. 3 percent pumics 28 above. . _

P2

100 1027V) S Bedded tull (Tpbd) - Pumice-rich fallout, whils (N9) grading upward into altered,
ht browa (SYR6/6) patecsol. Upper and Jower contacts are sharp.
L1220 Yucca Mountain Tuff (b'lr'oelx) . . , .
Matrix grades downward from light {SYRG/4) to grayish orange pink (5YR7/2) to medium light gray
(N6-N7). Glass shards ars colorless o black with bubble textures. 1.3 percent pumice clasts, vitric
(medium gray-N5) to altered (moderate orange-pink-10R7/4. SYRS/4: very pale orangs-10YRS/2: light
brown-SYRS/4). Less than 1 percent pbenocrysts includs feld. Lower contact in nonrecovered interval.
158.042.] =—==—ems A sequence of six or seven beds varying from 0.2 to 3.6 R thick. Distinctive
Bedded tuff (Tpbt3) unirs include: pumice- and lithic-rich fallout (163.1-165.6), pyrociastic-flow
176.1(Y) deposit (167.4-172.3), and reworked tuffaceous material overlying 8 pumics
1876 fallout (172.5-176.1). .

.06 P2l Canyon Tuff (Tp&)no :
Y03 Mauixis modesate orange-pink (SYRS/4 to SYR7/4 o 10R7/4) grading downward to vezy pals orange
(10YR8/2), pinkish gray (SYR&/1), and grayish orange-pink (10R8/2). Phenocrysts includs feld, bio, and cp.

2263 Variations in pumice size. amount. and color indicats flow unit breaks at 187.6. 204.620.8. 226.3+1.1. and

+1.1 252.0. Pumice itypicaily 10 to 50 mm. but up 10 200 mm diameter) varies downward: pale yellowish browa
(10YRG6/2Y; grayish orange (10YR7/4) with feld; grayish orange and dark yellowish orangs (L0YR6/6) with
feld and bio; dark yellowish orange and moderate yellowish brown (10YRS/4) with feld and bio; grayish pink

2520 8.8‘ SYR®/1) and white (N9).

263.215 Bedded tuff 258 8-263. 1- reworked(?), pals orange-brown ( 10YR7/2) matrix with whits (N9)
9 3 (Tpb12) icrovesicular pumice with crystals of feld and bio, moderats orange-pink
10R7/4) pumice. and lithic clasts of dark gray (N2-4) glass with crystals of feld

. and bio. 263.1-280°- Altered pumice-rich fallout(?). top is moderate red (10R5/4)
326W to moderate pink (10R7/4) and clay-rich.
30— "~ ~ 300.4

2 Topopah Spring Tuff (Tpt) -

g3 Crystal-rich vitric zone (rv) (280%-3004): *-ses nots on cover page

280%-292.6 non- 1o partiaily welded subzone (rv3) - Marix grades downward from light brown (SYRS/6) to

g < moderate brown (SYR4/6) and gradually decreases in amount from 70 1 50 percent before decreasing sharply

to 20 percent at 290. Vitric pumice clasts are light gray (N6-N8), 10-30 percent above 290, 70 percent below
3 290. Phenocrysts include feld. (oxy)bio. and cpx. :
292.6-296.2 moderately welded subzone (rv2) - Deformed. vitric, pumics clasts {80 percent), moderats
vellowish brown (7.5YR4/4) to light gray (N7). Volcanic lithic clasts ( 15-20 percent) are grayish red { SR4/2)
1o medium light gray (N6), commonly with thin opal coating.
206.2-300.4 vitrophvre subzone (rvl) - Dark reddish brown (2.5YR3/2) glass with 2-3 percent grayish black
(N2). vimc pumice clasts. 12-15 percent phenocrysts include feld. (oxy)bio. cpx.

- 140.0

TPy

b3

200 —1

Tpp

Tpt
33348

o,

400 —
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. Data Tracking Number: GS940408314211.020

Borehole :USW NRG-7/7A

400 —

‘500 —

700 —

e 768.5

Crystal-rich nonlithophysal zone (rn) (300.4-478.2):

Vapor-phase altered pumice clasts (10-15 percent. locally 5-7 percent) are corroded, mostly less than 30
mm (up to 45 x greater than §0 mm) above about 380 and mostly greater than 30 mm (up to greater than
80 mm. width of the core) below. Pumice clasts grayish red (10R4/2), pale red (10R6/2), white (N9),
and light gray to very light gray (N7 to N8). Phenocrysts include feld, oxybio, rare cpx, and rare hbld
(7). Matrix grades downward from brownish gray and moderate brown (SYR4/1 and 5YR3/4) to pale
red (10R6/2) 1o pale reddish brown and light brown (10R5/4 and SYRS6/4). Matrix contains white (N9)

" streaks of vapor-phase minerals. Degree of devitrification and vapor-phase mineralization increases

downward, zone of intease vapor-phase mineralization at about 332-360.

4782 Crystal rich lithophysal zone (rl) (4782-518.4):

478.2-489.5 crystal-rich lithophysal subzone (ri2) - Lithophysae (1-3 percent) up © 42 x 37 mm.
Vapor-phase altered pumice clasts (sbout 10 percent) are corroded, most less than 40 mm (up to

greater than 80 mm. width of the core), white to very light gray (N9 to N8) or rarely pale red

(10R672). Phenocrysts (10 percent) include feld. oxy bio, and rare altered cpx. Matrix is light brown
(SYRS/6) with white (N9) streaks of vapor-phase minerals. ,

489.5.518.4 crvsial transition subzone (ril) - Pbenocrysts decrease downward from 10 percent to 2-
3 perceat. and include feld, oxybio, and rare altered cpx. Lithophysae (5 perceat at top, 10-15
percent downward) are mostly less than 35 mm (up to 39 x 55 mm), and bave very light gray (N8)
rims. Pumice clasts (10 percent), most less than 40 mm (up to 24 x greater than 80 mm, width of
core), are pale brown (SYRS/2) and white (N9). Matrix is grayish orange-pink (SYR7/2) to very light
gray (N8).

Crystal-poor upper lithophysal zone (pul) (518.4-768.5):

Lower contact gradational from 763-780. Lithophysae range from 2-3 percent to 15-25 percent,
mostly greater than 10 percent above about 570. Lithophysae are mostly less than 40 mm (up to 60
mm) sbove about 570, mostly less than 25 mm (up to SO mm) below, with pinkish gray (SYRS/1)
rims. Up ® 25 percent spots in matrix that are pinkish gray (SYR8/1). Pumice clasts (5-7 percent at
top of unit) decrease downward, pumice textures absent below about 610. Pumice clasts are mostly

"Jess than 30 mm (up to greater than 80 mm. width of the care), pale brown (SYRS/2) to moderate

brown (SYR4/4). Phenocrysts (2-3 percent) include feld and (oxy)bio. Matrix grades downward
from grayish crange pink (SYR7/2) to pale red purple and moderate orange pink (SRP6/2 and
10YR7/4) to a variable mixture of red purple (SRP5/2) and pale red (10R6/3).

Crystal-poor middle nonlithophysal zone (pmn) (768.5-877.6):

768.5-811.6 upper subzone (pmn3) - Less than 1 perceat lithopbysae above 785. Matrix is light
brown (SYR6/4) with 1-5 percent pinkish gray (SYR8/1) spots. Phenocrysts (1-2 percent) include
feld and (oxy)bio. Lithic clasts (less than 1 percent) include very light gray to light brownish gray
(N8 to SYR6/1). most less than 10 mm.

14 Summary of Lithologic Logging of New and Exlsting Borsholes at Yucca Mountaln, Nevada, March 1994 to June 1994



Data Tracking Number: G5940408314211.020

Borehole :USW NRG-7/7A
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1100 —

1200 —

811.6-855.8 lithophysae bearing subzone (pmn2) - 1-3 percent lithophysae. most less than 40 mm (up
to 47 x 63 mm), with 5-15 mm pinkish gray (SYR8/1) rims. Matrix is light brown (5YRS/4) with 2-3
percent pinkish gray (SYR3/1) spots. Phenocrysts (1-2 percent) include feld and (oxy)bio. Lessthan 1
percent (locaily up to 2 perceat) volcanic lithic clasts, very light gray (N8) or light brownish gray
(SYR6/1), most less than 10 mm.

855.8-877.6 lower subzone (pmnl) - Matrix is light brown (SYR&/4) with grayish orange pink to light
gray (SYR7/2 to N7) streaks and rims on high-angls fractures. Phenocrysts (1-2 percent) includs feld.
Less than 1 pecemligbtyay(tholcmicmhicchm. Less than 1 percent pumics clasts, pinkish

.6 gray (SYR8/1), most less than 15 mm.

Crystal-poor lower lithophysal zone (pl}) (877.6-1228.5):

Lower contact is gradational from 1224-1235. Core is predominantly rubble with largs unrecovered
intervals suggesting lithophysas larger than the cors diameter (80 mm) are present. Cors contzins
less than 1-3 percent visible lithophysae, most less than 25 mm, with grayish orange pink (SYR7/2)
rims (generally 1-S mm wide). Maixisa variable mixture of light brown (SYR5/4) and pale red -
(SR6/2), with 10-15 percent grayish orange pink (5YR7/2) spots (up 10 35 mm) and rims on ’
lithophysae. Pumics clasts (1-5 percent above about 1150, 5-10 percent betweea about 1150-1200,
1-4 percent below about 1200) are pinkish gray (SYR8/1) to light brownish gray (SYR6/1) and rarely
pale yellowish brown (10YR6/2), mostly less than 25 mm (up to 9 X 48 mm). Lithic clasts (1-5
percent) are mostly very light gray (N8). Phenocrysts (1-2 perceat) includs feld and rare (oxy)bio.

APPENDIX 1. GRAPHICAL LITHOLOGIC LOGS FOR BOREHOLES AT YUCCA MOUNTAIN, NEVADA . 15
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12285 .
’ Crystal-poor lower nonlithophysal zone (pln) (1228.5-1414.811.6):
Less than 1 percent lithophysae above about 1260, most less than 25 mm. Matrix in upper part of
zone is pale brown (SYRS/4) with grayish orange pink (SYR7/2) vapor-phase streaks, grading
downward (at about 1320) © a variable mixture of light brown (SYR6/4) and pale red (SR6/2), then
grading downward (at about 1380) to a variable mixture of pale red (SR6/2), grayish crange
(10YR7/4) and pale yellowish brown (10YR6/2). Pumice clasts comprise -7 percent sbove about
1270, 3-S percent between about 1270-1340, and 7-10 percent below about 1340, most less than 25
mm (up 0 45 x greater than 55 mm, width of core). Pumice clasts are devitrified, light brownish
gray © medium light gray (S5YR6/1 to N6) and light brown to pale brown (SYR6/4 o SYRS/2) above
1398. Pumice clasts are vitric. dark gray (N3). devitrified, pale red (SR6/2), or argillic, reddish ’
yellow (7.5YR7/8) below 1398, and below 1410 are vitric and dark gray (N3). Lithic clasts
comprise 1-4 percent above 1300, 3-7 percent below 1300, locatly as bigh as 10-15 percent. Lithic
clasts are very light gray (N8) and pale red (SR6/2), some contain crystals of feld. most less than 10
mm above 1300 and most less than 20 mm below 1300 (up to 50 x 150 mun). Phenocrysts (1-2
percent) include feld and rare (oxy)bio.
Crystal-poor vitric zone (pv) (1414.8+1.6-1493.610.9):
1414.841.6-1457.0 vitrophyre subzone (pv3) - Grayish black (N2) glass with light brown (5YRS/4)
spherulites. Lithic clasts (5-7 percent near top, 7-10 percent near base) are very light gray (N8) and
grayish red (10R4/2), most less than 10 mm (up to 85 x greater than 55 mm, width of core).
Phenocrysts (1-2 percent) include feld.
1457.0-1474.6 moderately welded subzone (pv2)- Matrix grades downward from & mixture of
grayish black (N2) and reddish yellow (7.5YR7/6) to pinkish gray (75YR8/2) with grayish black

1414.8+1.6 (N2) glass shards. Pumice clasts (10-15 percent) are vitric and grayish black (N2) or grayish arange
(7.5YR7/4), most less than 30 mm (up to 20 x S1 mm). Lithic clasts (5-7 percent) are very light gray
(N8), grayish red (10R4/2), and grayish brown (SYR4/4), most less than 10 mm. Phenocrysts (1-2

percent) include feld.
1474.6-1493.620.9 non- to partially welded subzone (pvl) - Matrix is light brown (SYR6/4 to SYRS/6)

with grayish black (N2) glass shards at top to grayish yellow (5Y8/4) at base. Pumice clasts (10-20
1457.0 Ppercent) are altered and light gray (N7) at top and grayish orange pink (10R8/2) at base, most less than

1S mm (up to 46 x greater than 5S mm, width of core). Lithic clasts (5-7 percent at top, 10-15 percent
at base) are grayish black (N2), light brownish gray (SYR6/2). and rarely moderate orange pink '

1474.6 (10R7/4) and light brown (SYRS/6), most less than 15 mm (up to 48 x 50 mm). Phenocrysts (1-2
t) include feld and rare gtz (?) and (oxy)bio.
1 ‘93.0(‘9):&0 qtz (7) and (oxy)bio

1498 Bedded tuff —| Fallout deposit. Pumice clasts (75-85 percent) are white (N9), pinkish
(V) gray (SYR8/1) and grayish yellow (5Y8/4). most less than 5 mm. Lithic

(Tpbtl) clasts (15-25 percent) are dark gray (N3) and grayish red (10R3/2), most

115116
1513.4 Total Depth Jess than 3 mm. Phenocrysts (2-S percent) include feld, qtz. (oxy)bio.

Calico Hills Formation (Tac) -
1498.310.8-1511.6 pyroclassic flow deposit - Matrix is grayish orange pink (SYR7/2 to SYR8/3). Pumice
clasts (15-20 percent) are grayish yellow to moderate yellow (SY8/4 to 5Y7/6) or light gray (N7), most less
than 1S mm (up to 7 x 27 mm). Lithic clasts (3-5 percent) are dark gray (N3 to N4) or dark reddish brown
(10R3/4), most less than § mm. Phenocrysts (1-3 percent) include feld. qtz. and (oxy)bio.

1511.6-1513.4(TD) fallout deposit - laversely graded. Pumice clasts (85-90 percent) are pinkish gray
(SYR&/1) and grayish yellow to moderate yellow green (SY8/4 to 5GY7/4), most less than 3 mm above 15123
and less than | mm below. Lithic clasts (7-10 percent) are dark reddish brown to grayish red (10R3/4 to
SR4/2), most less than 3 mm above 1512.3 and less than 1 mm below. Phenocrysts (1-3 percent) include feld,
qtz, and (oxy)bio.
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Debris-flow deposits in alluvial fans on the west flank
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Abstract

Hubert. L.F and Filipn. AJ, 19%9 Debns-flow depumts in alluvial fans on the west Nank of the White Mountains,

2 L SA Sed

Owens Valley, Cahle

Geol.. 81 1772208

Sections measured 1n ancised channcls on 10 alluval fans show that Jebny-flow beds. mostly 30-200 em thuck. ase
mre impuoriant than stream-flow deposits 1 construcuon of fans along the west flank of the Wihute Mountains. The
Jebns-flow beds have 3 matna-wpported fabne with a sands mud matna that compnses about 0% of indivedual beds.
Complcte gran-suze analyses of 19 debns-flow beds show that they average 0% gravel. 25% sand. 11T ult and 4%

clay. Inverse grading at the basc of most beds 13 interpret
mgpm-mm; that wmﬂcd cobbles and boulders. Sticks and

——

panalie] with flow directions. ref)
b of discordal clasts 13 subb

g the |

<hast or with clasts dipp

ed a3 due 10 3 laver of high-shear siress benedth an overbang

ded wn the plugs are oncnted

viscous monon of the plugs. In the shear laver. the average

al. varving from 2 to 7 in the up fiow, direcuon, In the piugs. discondal
clasis have & subhonzontal fabnc with average dip» of 8-

13% ‘Compared 10 the shear layer. plugs have more xcatier in

3 31 80-9° Levees along the marpns of debmvflow lobes contain

concentrations of the larger clasts in the flows. In the leres. discordal clasts have an average up flow dip of 21-11°
with substantial vanabibty s onentation umular 10 the plugs Maumum clast size indivadual Jebns-llow beds 13
{airly constant Jown fan until the flows spread and thunned on the sandfial at the fan 1oe. Clast Iithologies show that

Jebns flows onpnate on steep slopes underlain by grasutw
d most of their clasts from

Nows ob

and metavolcanic rocks at hugh elevatons 0 the canvons. In
lus slopes on Mmetasehimentany ronha aear the apices of the

fans. Debns flows are generated dunng sntense Faunstorms n the spnng ‘and summer when landslides i the
water-saturated regobth move down slope. shear. dilate. and by sdding water are transformed 1o Jebns flows which
then move with suspng lamunar motion along canyon floors o the (ans. The recurrence imenal for debns Nows
shout 320 vears as evdenced by **C dates on plant matenal buned beneath debns-Mow beds.

lntroduction

The fault-bounded Owens Valley lies between
e Sierra Nevada and the White Mountains. The
.eniical relief from the crest of the White Moun-
:uny a1 3600-4300 m to the floor of the valles »
1800-2400 m over distances of 1.5-2 km. making
‘e reliel the most precipitous in the southwestern
aart of the Basin and Range Province (Fig. 1). The
dluvial fans along the west side of the White

G37HTIR. X9 ~303.50

- 1989 Elsevier Scrence Publishers B V

Mountains have radii of 5-6 km and maumum
slopes of 3-10°.

2 The valley climate is serarid cold desert in the

Koppen classification. with mean annual precipi-
tation of 150 mm at Bishop tBeaty. 1983: Filipov.
1986). The crest of the White Mountins has a
cold steppe climate with about 350-500 mm of
rain-equivalent precipitation. A significant pro-
portion of the precipitation in the White Moun-
tains 1s concentrated in a few spring and summer
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Frg. 1. Map of the Owens Valley near Buhop. Califorma, showirs
fNank.

thunderstorms. Although records are limited. the
heaviest recorded precipitation occurred on July
19. 1955. when 250 mm of rain fefl in 1wo hours at
N the recording station near White Mountain Peak.
Today. the main channels on the alluvial fans &t

g the crest of the White Mountains und the canvons on

Willow. Cottonwond. Lone Tree, and PO¥

canvons are dry except during cloudburst®
cause local stinckmen have constructe
pools a1 the mouths of the canvons for v

N o
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< Fig 3. A. View cast of White Mountans and Lone Tree Canvon fan. White Mouniasn Peah 1 the hughest peak. Nowe the lobe of the
1952 debns N center of photos that spilled our of the ncned channel on the Lone Tree Canvon fan Thie debne s » l
Lghicolored because st has not vet been covered with darh-colored vegetaton B View east wp Lone Tree Canvon from ncat e 1af

son. 1970: Joh
uve is 10 comt
debris-flow

apex Note the sieep slopes on the hghicolored gramuc and metsvoluanic rochs Mear the fan apev in the foregrauns are

dark<olored metasedimentan focks € View east of White Mountains and Cotionwand Canvon fan. shewing hght-cohred 194
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nual mehing of the snow 1n the mountans gener-
ated runoff in the main channels of these fans.

In the spnng and summer. intense rainstorms
wizh a rate of precipitation of more than 50 mm
per hour have at umes gencrated debns flows, as
on July 25, 1952. when debris flows occurred on
fans a1 Milner Creck. Contonwood Canyon. and
Lone Tree Canvon (Figs. 2. 3). Other debns flows
took place on the fans at Jeffrey Mine Canvon
(May. 195%). Willow Creeh Canyon tJunc. 1956)

and Montgomeny Creek Canvon July 30, 19

and bhoth Siraight and Sahies canvons {summet-
1918). The deposits are easilv recogmzed on Ed
ground and n acnal photographs tBeats. 196}
1964).

Beaty (1963) interviewed two stochmen whe
withessed the 1952 debns flows on Cottonw:®
Canvon fan and Lone Tree Canvon fan
observed that the flows were mintures of and
muddy water with suspended cobbles and houlder

tds and ranch in foreground are on wandflat &
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v recognized on the
sraphs (Beaty. 1963

two stockmen who
vws on Cottonwoud
+ Canvon fan. They
2 muxtures of sundy-
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that moved in surges down the main channels of
e fans “as fast as a man can Jog trot”, a few
pilometers per hour. The surges developed from
preaching of temporary dams made of debris in
jhe channels and in some cases the flow shifted

- wune out of the channel. The boulders bobbed

up and down in the flows accompanied by noises

pkened 10 ~the sound of a thousand freight cars -

pumping togethes™ (Beaty. 1963). One of the de-
pns Mlows moved as 2 “large wave” of admixed
whd and fluid material “like ocean breakers™,
with logs and bushes tossed about at the leading

" edgeBill Symons. personal communication. 1984).

The stockmen noted that the discrete flows moved
for 45 minutes to an hour. then stopped 10 be
followed by high water that continued for 23-48
hours. depositing mud on thair ranches located on
the sandflats a1 the toces of the fans.

In this paper. we describe the stratigraphy ex-
posed 1 incised channcls on the fans and the
physical propertics of selected debris-flow beds.
For each bed. the basal high-shear layer. overlying
semu-ngid plug. and lateral levees are charactenized
by sedimentary structures. gran-size distributions.
volume of matrix, fabric of discoidal clasts. and
variation in thickness. These physical properties
sre then interpreted in terms of the Coulombd-

. viscous model for formation of debris flows {John-

son. 1970; Johnson and Rodine. 1984). Our objec-
tive is 10 contribute to the data-base for modern
debris-flow beds in order to help recognize and
interpret ancient debris flows.

Field dexcription of debris-flow beds

Inverse gruding. Most dcbris-flow beds in the
study area show inverse grading where the largest
boulders in the bed are excluded from the lower
20% or so of the bed or up to a thickness of about

20 cm (Fig. 4A. B). We infer that the lower part'of \=

each bed was the basal high-shear laver of the
moving flow, and the overhving ungraded portion

was the semi-rigid. high strength-plug. In almost

all heda. the largest boulders do not touch the base
of the bed. a feature illustrated in the 1952
dehris-flow hed at section V on Lone Tree Canyon

aa ams % __ 08 L.

comprises 85T of the thickness of the bed without
extending into the lower 20 cm.

Elongase-lobate shape. Debris-flows move down
the incised channels on the fans. with the larger
flows surging over the channel walls to deposit
lobes on the fan surface. as shown on the fans at
Willow Creck. Cottonwood Creck. Lone Tree
Canyon. Jeffrey Mine Canyon. Milner Creck.
Sabies Canyon. and Straight Canyon (Fig. 2).
Subscquent stream flows in the channel floors
tend to remove any debris-flow material so that
the preserved parts of debnis-Nlow deposits are
mostly elongate lobes on the fan surface.

Sundy mud mairix. The debas-flow beds have a
fabric of matrix-supported clasis, with a sandy
mud matrix that averages about 40% by volume of
each bed. Stream flows locally have removed the
matrix from around the clasts at the 1op of a
debris-flow bed. In a few cases. these clasts are
reworked into imbricited matnx-free gravel. De-
bris flows grade transitionally into mudflows as
the proportion of mud increases.

Levees of coarse boulders. Levees with a con-
centration of the larger clasts in the flow occur
along the margins and snouts of debns-flow lobes
(Fig. 4C). On two debnis-flow lobes on fans at
Cottonwood Canvon and Willow Creck. the num-
ber of clasts with g-axis larger than 35 cm was
counted in squares with 2-m sides on the lobe
surfaces. plcited at the center of each square. and
contoured (Filipov. 1986). The concentration of
coarser clasts in the levees is evident on these
maps.

Embedded sticks und logs. Sucks and logs are
commonly embedded within Jdebns-flow beds. A
spectacular photograph by Chester Beaty on the

““cover of the October. 1985. issue of Geology shows

‘logs vrientated parallel with the paleoflow direc-
tion on the upper surface of the debris flow of
July 8. 1984 yar the apex of the Busher Creck

€ast Nank of the White Mountains. The
sticks and logs embedded tn the upper surface of
the 1958 debns-flow bed on Jelfrey Mine Canyon
fan were mapped to show the palevflow patier of
this debns flow (Filipov. 1986). The long axes of
the wood are subhornizental and subparallel 10 the
elongation of the lobes. without circular patterns

shne winnild sncanacs Mo vartices  In the levesc

>
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Fig 4. A. The 1952 dedns flow at secuon IV on Lonc Tree Canvon fan The flre buncd some plant debns on the upper surface of

lheu»dcvlympd:bnsl‘lmnopo‘mlbhdeolshweh.(‘nbhhand‘ iders nccur through

the 1952 debns Now except in 1

Lwer 20 cm. formung snvene grading interpreied as 2 shear laver merlan M 3 senu-npd plug B Non-eronional contact thonzonu
surface one thurd up 1n photograph) between two debna-flom heds at secuon IVA on Cotonwond Canvon fan The photograph
shews pan of the thucknews of each bed Inverse grading in the loower 20 cm of upper Mlow 1~ interpreied as duc 1o 3 laves of mgh

shear € C

preces of wood are subparaliel to the Mlow margin.
piled up among the houlders. This debris flow was
selected for mapping because it has a high propor-
tion of sandy mud matnix and lacks Jarge houlders
that otherwise would interfere with the movement
of the sticks dunng fow. In general in the intenor
of Nows. wood tends to pile up behind obstruc-
uons with the long axes perpendicular to flow, for
example behind a large boulder in the flow or 3
pre-Now boulder on the fan surface.

Non-erosire base. A debns-Now bed buries the
rehef of the pre-exasuing surface with no or minor
crosion (Fig. 4B1. Where a debris flow traversed

anon of houlders on marpn of the 1952 debns flow on Lone Tree Canson fan D View east showng wendd
embhedded 1n upper surface of a3 mudflow on Milner Canvon fan

over a debris-flow hed. the contact tends > P
parucularly smooth. inclined a1 the slope of 1
fan surface.

Prujection of boulders above the flom  surt®
Cobbles and boulders project above the surfac®
of many debris-flow heds as skeiched on the me¥”
sured sections. Examples are the 1952 debns-e*
heds on the fans at Lonc Tree Canyon. COF
tonwood Canyon. and Milner Canyon (Figs. &+ %'

Bubbles of air. A few of the muddy. thinne!
debris-flow heds and mudflow beds have a huhbl
texture duc 10 entrapment of air as a flow MoV
across the fan surface.

Murs of vege
centimeters in
bris-flow beds.
and animal d
roots and root
o debris-flow
fan surface bu

o
E—
“h
£
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Pog & Locatwoms o
Sehrie Mows o0 Jul-
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Muts of vegeration. Layers of vegetation several
centimetens an thickaess are common beneath Je-
prs-flow heds. These mats consst of leaves. twigs.
s animal droppings and are associated with
awits and root casts in the underlying siream-flow
o Jebris-flow hed. Debns flows spread over the
fan surface burving 'vegetation and in most cases

11

also entraining some organic matenal up in the
flow. as shown on the measured sechons.,

Description of measured sections

Thirtv-nine scctions were measured on 10 fans.
usng exposures in incised channels. pits dug on

z
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Fig. & Measured secthons on the Lone Tree Canvon fan

sandflats. the commercial gravel pit on Milner
Creek fan. and road cuts. Al each section the
horizontal distance skeiched in the ficld was 3-8
m. but the final line drawings show a reduced
width to retain equal vertical and honzontal scales
The major features of each fan are noted 10 the
following paragraphs.

Lone Tree Canyon fun. Sections 11, 111, IV and
V' expose only debris-flow bheds without stream-
flow deposits (Figs. 5. 6). In contrast, section ) a1
the fan apex. Mlanked on both sides by crystalhne
tocks. has mostly stream-flow gravels and sands
and only two thin debris-flow beds. The reason

for this distnbution is that debris flows pas
through the relatively deep channel a1 the fan
apex without oventopping the walls and an} de-
brs-Now deposits 1n the channel tend to be subse:
guently removed hy stream flows. .

The thickest debris-Mow bed at section 1¥ 14
cm from 90 10 137 cm) can be followed down [0
1o section VIL This flow has siecp 1-m P
marpine and thinned as it spread on the fan
surlace. The dehns-flow hed a1 120 cm in section |
has » markedly scoured upper surface. .

In the sandfat at the we of the fan. section X
has several thin mud layers with desmcanod
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nterval of sih
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Fig. *. Measured vections on the Cottonwood Canson (an.

mudcracks. Mudcur) chips occur in the overlying
sand lavers. some of which are capped by 2 thin
nterval of silt that passes up nto.a clay drape.
Cotionwond Cunven fun. Debns-flow beds on
this fan are parucularly elongate {Figs. 5. 7). The
two most recent debris flows deposited matenal in
the low area along the boundary between the

Cottonwood Creek fan and the Willow Creek fan.

. As the acuve channel on the Cottonwood Canyon

fan shified laterally. it eroded the elongate debris-

flow beds into isolated remnants. such as the
debns-flow bed from 120 1o 185 ¢cm at secuon

IVA. The debris-flow bed from 0 1o 215 cm in

section 1 is conttuous down fan for 4.6 km.

decreasing in thickness 1o 95 cm tsecuon V). 62

«m isection VIII. SO ¢m tsecuion {X). and 10 cm

tsection X).

i An organic mat 2-5 ¢m in thickness lies befow
the 1952 debris-Now hed and leaves and twigs
were incoporated into the base of the flow. The
upper portion of this flow was reworked by stream
flows into matrix-free gravel at scenon 1 mea-

, sured in an isolated “butte” in the middle of the
active channel. Similar matnx-free gravels denved
from debnis flows occur in vome of the fans in
Saline Vallev. California 1Smoot. 1982).

—ea

——

In section 1V at mid-fan. there 1s a3 180-cm
sequence of stream-flow deposits of gravel and
sand together with some graded beds of gravel-
sand. Here. as is generally the case. the largest
stream-flow clasts are smaller than the largest
clasts in the debris-flows beds at the same section.

A )- 10 7-cm lzns of silty clay is exposed for
several tens of meters at and near section V1. The
overlving silty sand contains charcoal sampled for
¢ daung.

The 1952 debris flow spread as 3 thin laver
around bushes and boulders on the sandflat. At
section X. a pit dug on the sandfiat. the 1952
debris-fMlow is relatively fine grained. but still con-
tains more than 50F sand and a few cobbles.

Milner Creck fun. Debris-flow beds comprise
about 80% of the exposures in the six sections
(Figs. 8. 9). The thickness of each of the three
debris-flow beds from 0 to 165 cm at section |
remains fairly uniform over the 2.7 km down fan
to section IV where they abruptly thin. A 3- 10
$-cm organic mat underlies the 1952 debris fow.

A commercial pit for gravel and sund about
two-thirds of the way down the fan exposes about
80% stream-flow plane-bedded gravel and sand

and 20% debns-flow heds (Fig. 10). Cross sections

N ‘T
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Fig. 9. Measured secuons on the Milnes Canyon fan.

of shallow channels are evident in Fig. 10 and
many debris-flow beds sunive as erosional rem-
pants. evidently scoured by stream flows. The
average paleoflow direction for the stream-flow
gravels. measured by vectors for the average orien-

southwest towards 208°. parallel 10 the surface
channels in this part of the fan. There 15 substan-
tial scatter in the palcoflow vectors.

Monigomeny Creek fan. The scction at fan apex
exposes five debris-flow beds separated by organic

wation of small areas of imbricated clasts. was mats: there are no stream-flow deposits (Fig. 11).

MILNER GRAVEL QUARRY
$

208° AVERAGE FLOW VECTOR

[
VANTAGE POINT
OF OBSERVER

A
4

34 3 ¥ rmmen
PRI R
2 2 3 5
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The debris flow of 1965 is 90 cm thick. When this
flow spilled out of the channel. it constructed
levees about 70 cm thick that confined the flow.
allowing it 10 continue down fan for over 2 km.
Jeffrev Mine Canvon fan. The section has four
debris-flow beds with minor stream-flow gravel
ind sand (Fig. 11). The 1958 debns flow trans-
ported an array of mining equipment formerly
used by the Champion Sparkplug Company at
their andalusite mune located on the steep walls of
the canyon. This debris flow deposited a lobe that
over a distance of 0.5 km thinned down fan from
1 m (where it overiopped the channel) to 2 cm.
Sections in the sandflat contain cross sections
of shallow palcochannels similar to the active
channels with longitudinal bars of gravel and sand
that cross the surface of the sandflat (Fig. 12). The
paleochannels are filled with gravel and sand in
plane beds and graded beds. Most of the pebbles
are smaller than 3 cm. Dunng flooding. the surface

of the sandflat between channels 1s the locus of
depoasition of plane-bedded sand and muddy sand.

The undersides of many pebbles in the sandflat
have calcite crusts precipitated from groundwater
droplets. Roots and plant fragments 10 the inter-
channel deposits are also commonly calafied.

Sabies Canvon fan. This secuon has four
debris-flow beds and no stream-flow deposits (Fig.
11). Two flows are 1.4 and 1.8 m thick. among the
thickest in all the fans.

Strasght Canvon fan. The secuon near the fan
apex exposes four debnis-flow beds with sub-
ordinate stream-flow gravel and sand tFig. 11

Coldwater Canvon fan. Four debns-flow beds
comprise 0% of the 5-m section. Awvpically. the
fargest clasts in the debris-Nlow beds are smaller
than those in the stream-flow gravels.

Gunter Creek Canvon fon. This section s 2
faulicd exposure of older fan maienal mapped as
unit A on the facies map (Fig. 2). Like the vounger
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sections on the fans. 1t contains interbedded de-
bris-flow and stream-flow deposits.

Silver Convon fan. Silver Canyon is at the
wouthern end of the swudy area where it drains a
relauveh gently sloping area that contrasts with
the steep front of the White Mountains to the
aorth. Three debris-flow beds occur in the section.
whach is at the fan apex. but no meter-size boulders
are present in the canyon or on the fan.

Texture of the debris-flow deposits

Methods

Grain-size cumulauve curves were constructed
10 include the enure range of parucles present 1n

e the debns-flow beds using the following method.
The volumetnc proporuion and suze distnbution of
A clasts larger than 1 cm were determined by mea-

sunng the sizes of these clasts in the ficld. A string
marked in 3%-cm intenvals was placed along a
— verucal exposure of the debris-flow bed. Each

mark fell on a clast larger than 1 em. or on smaller.

particles arbitrarily defined as matrix. The volume
percent of clasts larger than 1 cm was determined
by counting 100 marks. Each clast was removed
from the outcrop and the long g-aus. intermediate
h-axus. and short ¢-axis were measured by calipers.
with the A-axis used in construcling the cumula-
uve grain-size curve.

To complete the analysis. approximately 1 kg
of matna was removed from each debris-flow bed.
~ These samples were waghed. wet-sieved 10 sep-

arate silt and clay. and then dried for sieve analy-
wis by quarter-phi screens. A cumulative curve for
the sili-clay fraction was determuned using 2 Sedi-
graph rapid sediment analyser. The complete
cumulative grain-size curve for the debns-flow hed
thus combines field measurement of the clasts
larger than 1 cm. sieve data for the 0.062-1000
mm fraction. and Sedigraph data for the sili-clay.

The mean. median. standard deviation. skew-
ness and kurtosis were calculated using -the for-
mulas of Folk and Ward (19571 The individual
cumulative curves for 62 samples from various
depositional environments can be seen in Filipov
119869
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Fig 13} Tnangular plor of gravel. mud and sand for the Ine
sedimentan faces

The roundness of each clast larger than 1 ~m 18
both debns-flow and stream-flow deposits w3
visually esumated in the field using a roundnes
chart (Folk. 1974). The lithology of each clast wa
also tabulated. The sphencity was computed 2
the cube root of the quanuty: g-axis squared
divided by the c-axis times the b-axis (Folk. 1974

Results

On a inangular plot of gravel. sand. and mud
there 18 a clear separanen of the deposits of debn®
flows. fan stream-flows. mudflows. sandfiats. and
colian dunes (Fig. 131. The 19 debris flows average
60% gravel, 25% sand. 115 silt and 4% clax. The
10 mudfows are mixtures of sand and mud wilk
varying amounts of gravel. The deposits of tw
sandfats are also mixtures of sand and mud. hv!
contain more gravel. mostly n the channels th!
cross the sandflats.

In four debris-flow beds. the grain-suze cumul>
tive curve for the plug is compared to that for the
basal shear laver in the same flow (Fig. 14} Ir
each flow, the largest clasts in the plug are about !
© unit coatser than in the shear layer. The parts*
the curves that correspond 10 the sandy mwd
matrices of the flows are similat in both the plvf°
and shear lavers. Each of the debris flows €%
1mned about 16% silt and 3-4% clay.

Fig. 15 shows the envelopes that include o
the cumulative curves for each of the five dep?
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Fig 13 Gram-sze cumulatne curves fur the hasal sheat ton¢ and vemi-ngd plug in four dchns-fliwm heds [0 each bed. the larger
Lasts ot The semi-npd plug are about T © umt caarser than in the shear 2une. The Jebns-flow beds coatain about 205 it plus clas.

Clav finet than Ro. compnses 3-45 of eacn umple

uondl environments. The debns-flows are a dis-
uncuve group of polvmodal. extremely poorly
sorted mixtures of gravel. sand and mud. Also.
ther are fine-skewed 10 strongly fine-skewed and
vers platykurnc. The debns-flows average 20% silt
and less than 5% clay. The mudflows are similar
¢except that they lack coarse gravel and thus are

finer grained and not as poorly sorted. The

~stream-flow fan alluvium s consistently coarser

on the average than the debris-flow deposits. al-
though the largest clasts are about the same size in
both types of deposits.

The cumulative curves for debris-flow beds in
the Owens Valley are similar to Jdebns flows in
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GRAPMIC STANDAAD DEVIATION

Fig 1¢ Scatter hiagram of mean gran sue and standard deviation of the samples from the five deposiunnal tacres

Califora. New Zealand. the Yukon. and Alaska.
except that some of the debris flows in these other
areas are finer-grained where the source terranes
lacked coarse gravel (Sharp and Nobles. 1953
Bull. 1964: Broscoe and Thomson. 1969: Picrson.
1980. 1981). Mans published cumulative curves
for debns-flow deposis are only for the mawnx.
omitting cabbles and boulders.

The mean grain sizes and standard deviations
of the 59 samples from the five deposinonal en-
vironments are plotied on the scatier diagram of
Fig. 16. The poor sorung of the 19 debris flows is

shown by the standard devianons which are all
larger than 4.5 ¢. Mudflows are not quie a
poorly sorted and have standard deviatons of 2-4
o: thev did not transport as much nor as coars
gravel as the debris flows. The mean grain size of
9 of the 10 mudfows is in the sand range and ont
1s sandy mud. The fan stream-flow and sandflat
deposits have standard deviations of about }-3f
o. indicating better sorting than the mudflows
The eohan sands are fine-grained and moderateh
well sorted with standard deviauons of just over
0.6 .
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Fig 17 Suatier diagram nf mean gran vre and shewness of the samples from the fine depoational favies

Fig 18 Down (.
Cononwond Canv

Mean grair.
the scatter di
and sandflal «
strongly fine-s
silt and clay 1
make up mos
Curves of the
shewed due to
mudNows van
metncal to fine
tons of mud.
eohan sands ar

A» a debny
Measured secti-
tlasts decrease
between the [
clasts run agn
debris-flow as it
and less sieep
Cottonwood C
h-aven of the 1
beds remains ai
110 the upper |
distance of 4.2
 marked decnt

ATyl



Eal

wmatnnial fates.

- ahich are Al
not guite gy
% auons of 2.3

107 3S COarse
No) .
grain size of
v  angeand one
and sandfla:
- about 1-1%
1c mudflows.
d moderately
of just over
cC
~r.
onal favies

- e —

193

COTTONWOOD CANYON FAN

SCUNDNESE &)

20uIAL TV rw

—o-‘-—‘ o

. B eomo
-

3E2T0NS X X

: . 2

AT

3

(Y]

€ av

ST AN ELY meeem

Fig 1S Down fan changey of foundnens. wze. and ~ohenaty of the larger clasts 0 Jehrs-flow and stream-flow deposts on

Lettonsanad Canson tan

Mean grain size and skewness are plotted on
the scatter diagram of Fig. 17. The debns-flow
and sandflat deposits tend to be fine-skewed to
sirongly fine-skewed. reflecting the adnuxture of
st and clay 10 the coarser-grained matenal that
make up most of the deposuts. The cumulanve
cunes of the fan stream-flow gravels are fine-
skewed due to the presence of a sand ~1ail”. The
mudflows vary widely from coarse-skewed to sym-
metncal 10 fine-skewed. depending on the propor-
nons of mud. sand. and gravel 1Fig. 13 The
colian sands are coarse-skewed.

As 3 debris-flow bed is followed down fan n
measured sections, the average mize of the largest
Jasts decreases only slightly unul the juncuon
between the fan and sandflat. Here. the lurger
casts run aground and stop moving withun 2
debns-flow as 1t spreads and thins on the smoother
and less steep surface of the sandflat. On the
Cottunwood Canvon fan. the mean size of the
haxes of the 10 largest clasts in the debns-flow
beds remains about Y.0 cm ( = 6.5 @) from sechion
1 1n the upper fan to section IX in the lower fan. a
distance of 4.2 km (Fig. 18). At secuon X. there s
2 marked decrease 10 3 em (= L3 o) A simlar

trend is seen on the Lone Tree Canyon fan where
the debris-flow beds show a moderate decrease in
mean size of the b-axes from 12.8 cm (=70 ¢) 10
6.4 cm - 6.0 ¢) from section 1 to section V1 over
a distance of 2.2 km (Fig. 19). At section X1, there
is 2 decrease 1n size to 3.2 mm (- 1.7 ¢).

In contrast to debris-flows, the mean size of the
10 largest clasts in the stream-flow gravels on the
Lone Tree Canvon fan and Cottonwood Canyon
fan decrease in size down fan until near the toes
of the fans where rather unexpectedly she clasts
increase in size. On the Lone Tree Canyon fan.
this increase in mean size is from L2 cm (=50 ¢)
10 11.) cm (~68 ¢) between sections VII and
VIII {Fig. 19). There is a smaller increase on the
Cotionwood Canvon fan from 3.6 cm (=38 9) to
6.4 ¢m 1 —6.0 ¢) between sections VIl to IX (Fig.
18). These unexpected Juwn fan increases seem to
be due to stream Muws exhunung large clasts from
the older debris-Aow deposits. Support for this
inference is provided by down fan companson of
the lithologies of clasts lurger than 1 cm in the
Jdebris-flow and stream-flow depanits on the Cot-
tonwood Canvon fan as discussed later. The pro-
portion of felsic metavolcamc clasts ingreases in
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Fig 19 Down fan changes of roundness. size. and sphenaits of the larger clasis in debns-flow and siream-flow deposats on Lone Tree

Canyon lan

the lower third of the fan. evidently due 10 re-
moval of them from the debris-flow deposits where
they are abundant.

The sphericity of clasts larger than 1 cm in both
debns-flow and stream-fllow deposits remains
fairly constant down fan on the Lone Tree Canvon
and Cottonwood Canyon fans. averaging aboul
0.5 and 0.4. respecrively (Fig. 191. Compared to
stream flows. debris flows carry more granitic and
gnassic clasts and fewer metasedimentary clasts.
as discussed later. The slightly greater sphericity
of the granitic and gneissic clasts produces a
slightly higher average sphericity of the clasts in
the debris Nows. Similar trends occur on the Cot-
tonwood Canvon fan except that the data points
show more scatter (Fig. 18).

Roundness data suggest that transport in debns
Nows does not produce significant abrasion of the
clasts larger than ) cm. The average roundness of
clasts in debris-flow beds on Cottonwood Canyon
fan and Lone Tree Canyvon fan remains about
subround (0.5) from near the fan apex to the
sandfNai (Figs. 18. 19). In general. on a specific
fan. clasts of the same size in stream-flow gravels
are sligthhy more angular and show more vanabil-
ity among measured sections than in debns-flow

beds. Comparisons of the roundness of clasts of
the same lithology in stream-flow and debns-flow
deposits show no significant differences except
that granite and gnassic clasts are slightly more
round in the debnis-flow beds. Some clasts evi-
dently break during transport by siream flows
thereby decreasing the average roundness for all
clasts.

Clast {abric in debris-fllow deposits
Methods

The clast [abrics of debris-flow beds were de-
termined by measuring the onentations of 1he
discoidal clasts with g-axes longer than | <m
Fabncs were measured at 21 locations. including
basal shear lavers. semi-rigid plugs. levees and
snouts. For comparison. the clast fabric was als®
measured in two stream-flow gravels. The sinbe
and dip of the ahb-plane of each of 100 discmdd!
clasts were measured at each locality. Each claM
was completels removed from the sandy mud m**
tnx of the debns-flow 10 obtain an accurate stnk¢
and dip and to verify ns discoidal shape. The
ab-poles 10 the planes were plotted on the lowe!
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Fig S0 Fabne of disordal clasts o ine shear 2one and seru-ngd plug of the 1917 debns-flow Jepout 3t section> §and IV 0n

Cottenwoad Canvon fan. Sce tenl for Jicussion

hemsphere of a Schrudt net and computer con-
woured. Each plot shows the 95% confidence circle
for the vector mean. delineating the area that has
1957% chance of including the " true™ average pole
onentation. '

Results for lnd:.ndual debris-ilim: beds
Compurison of sheur luver und plug in the same hed.

The fabrics of the shear layer and overlying sermi-
ngid plug were compared at sections land IVin

the 1-m debris-flow bed of 1917 on the Cot-
tonwood Canvon fan (Fig. 20). In the 20-cm shear
laver. the discoidal clasts at each of the two sec-
‘lions have average dips of 9° 1o the northeast and
southeast. respectively. The poles to the individual
clasts are clustered dround the means. and the
986 confidence circles Jo not include the centers
of the nets where the onentation is honzontal. As
these debris flows ~froze™. the discordal clasts
were inclined in the upflow direction ‘with an
average dip of 9°.
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Fig 21 Fahnc of dicondal clasts 1n shear zone and semi-npsd plug of & debna-Mow bed at sections 11 and IV on Lone Trer Canvof

fan Sce teat for discusson

In the semu-nigid plug of this bed. a1 the same
sections | and 1V. the discoidal clasts average a
subhorizontal position as shown by the two 95%
confidence circles which touch and include the
centers of the nets. The average dips of the clasts
are 10 and 5°. respectively. The clasts in the plug
show more scatter in orientanon than do those in
the shear laver. and many dip at 60-90°.

A similar sampling design compares the fabnics
of the shear laver and serm-rigid plug of a 1.5- to
2.5.m debris-flow bed at sections 11 and IV on
Lonc Tree Canvon fan (Fig. 2}). The discondal
clasts in the shear laver have average dips of & and
9%, but the 955 confidence circles include the

o
.0

centers of the nets so that the fabric 1s subhonzen
1al. In the plug. the discoidal clasts are alse sub
horizontal with dips of 7 and 9°_ The clasts 1n th¢
plug show more scatter in orientauon than d°
those in the shear laver.

Coumparison of the plugs, levees. and snouts ol the
debris-flows of 1952 on Cottonwood Canvon and
Lone Tree Canvon funs. The 1952 debris-flow

on Cottonwood Canvon fan is one of onhy 1%
samphng locatons where the discoidal clasts 0 ?
plug have a statistically sigmificant inchnanon from
honizontal. The inclined fubric 1s poorly develo

as shown bv the 955 confidence circle around 1
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Fig. 22. Fabne of discoidal clasts an semi-npd plug. bevee and snout of a lobe of the 1952 debns-flow on Cottonwood Canyon fan.

Sec tent for Jiscussion.

mean which atmost touches the center of the nct
(Fig. 22). In contrast. the clast fabrics of the levee

and snout dip up flow at 29° towards the east at-

the western levee and 21° 10 the northeast at the
southwestern snout.

TABLE !

At the 1wo locations in the seru-nigid plug of
the 1952 debris Mow on Lone Tree Canvon fan.
the clasts have a subhorizontal orientation wath
average dips of 10° at location 4 and 6" at
jocation 8 (Figs. 23. 24). In each plot. the 95%

Onentauon parameters for plots of fabncs of discondal clasts in debn>-flow beds

N Mean Mean Mean Number Range of Range of mean
dp1®y concen- e t®) of plots with statisticatls dipst*rol
tration stausucally wgnifwcant plots that lack 3

wgnificant non-lkmzontal statistically wgnificant
nchned mean inclined mean dip
mean dips dips§®a : :

Plug . nd 29 10.1 2ol 8 S 103133 47-98

Shear zone s 5.} [ %) ' 3.3 2uf 8 - 99 . 20-70

Levee and swnout [[H 240 o 99 Yol 10 k9
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Fig 23 Inden map of the locauions of fabnc diagrams in a lobe
of the 1982 debn flow near the aper of Lone Tree Canvon
tan

confidence circles include the center of the net. At
the four locations in the levees and two snout
locations. the clasts on average have statistically
significant inclined mean dips striking subparalle
10 the flow margins and dipping upflow a1 angles
from 21 10 31° (Figs. 23. 24).

Summary of results

Shear lavers. The onentation of discoidal clasts
was measured in the shear lavers of debns-flow
beds at five locations (Table 1). In three plots. the
fabrics are subhonzontal with the mean dips of
2-7" and the 95% confidence circles include a
horizontal orientation. Mean dips of 8.7° and
9.9° were statistically significant at two Jocalities.
The concentration factor. k. in these five plots of
shear lavers averages 8.5. whereas the concentra-
nion factor averages 2.9 for- the cight localities in
plugs and 3.0 for 1en localities in levees. These
data show that the clasts in shear layers show less
scatter in onentation than clasts in plugs and
levees.

Plugs. In six of cight plug localities. the discoidal
clasts have subhorizontal fabrics. with mean dips
of 4.7° and 9.8° and with the centers of the nets
included in the 95% confidence circles (Table 1).
Two localities have statistically significant dips of
10.3° and 13.3°. In each of the eight plugs. the
clasts show substantial scatter in onentation with

many dipping at 60-90°. Discoidal clasts ew
dently move about as they are carned along ina
semi-rigid plug. mantaining an average subhon-
zontal 10 low-angle orienmation. retained as the
flow “freezes™. In some plots. the poles to the
discoidal clasts form a rough ellipse oniented with
its Jong axis perpendicular to the flow direction.
This feature also is scen in a few plots of the shear
laver.

Levees. In ten locations in levees along the margns
and snouts of debris-flow beds. the discoidal clasts
have orientations that average a dip of 24° in the
up Now directions (Table 1) The sample sites are
cight on the Lone Tree Canyon fan and two on
the Cottonwood Canyon fan. In nine of the 10
analvses. the means are staustically significant
and 955 confidence circles exclude the centers of
the nets. Variability in clast orientanon is about
the same in levees as plugs. with the concentration
factor. k. averaging 2.9 and 3.0. respecuvely (Ta-
ble 1. Numerous clasts in the levees dip at angles
of 60-90° and strike subparallel 10 flow margins.
these clasts are visually impressive and tend t¢
mask the average lower dip of the clasts.

Stream-flow grarvel. The onentations of discoidal
clasts were measured at two localities. onc each 10
the active channels of the fans at Lone Trex
Canyon and Cottonwood Canyon. As anuicipated.
the clasts have a statistically significant up fio®
imbricauon. averaging 21° and 41°. in contrast I€
the subhonzonial to low-angle imbrication of clast*
in the plugs of debris-Now beds.

Lithology of the clasts

Results.  Figs. 25 and 26 show the htholog) of
clasts larger than ) cm in the debris-Nlow hed: and
stream-flow gravels on Cotlonwood Canvon fan
and Lone Tree Canyon fan. The data are for th
upper. middle. and lower thirds of each fan. 4
rather unexpected result 1s that on each fan the
debris flows have a different assemblage of clast®
than the interbedded stream-flows. On the €O
tonwood Canvon fan. the debris flows carried 37
average of 60% gramuc clasts and 6% metasedr

n2,
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Fig. 28 Luthologs of claus larger than 1 cm wn three debns-flow beds and three siream-fow gravels on Cattonwood Canvon lan The
debns Noms camed more gramitic and lewer metasechimentan clasts than the siream flows. As discussed in the text. debns flows
ongnate hugh 1n the mountains on steep slopes developed on gramai rocks.

menan clasts whereas the stream-flows trans-
poried 195 and 50%. respectively. On the Lone
Tree Canvon fan. the debris-flow beds contain an
average of RS” graniic plus metavolcanic clasts
and 3% metasedimentary clasts in contrast 10 the
stream-flow gravels which contain 47% and 37%.
respectively.

Interpretanon The acnal distribuuion of bedrock
lithologies shown on the geologic map of Fig. 2
suggests a reason for the contrasting litholopic
assemblage of the clasts carned by the debns
flows and stream flows. The stream flows oh-
1ained many of their clasts from the talus slopes
on the metasedimentans rocks whose distribution
is restricted 10 near the apices of these two fans.
The numerous granitic and metavokanic clasts in
the debnis flows came from higher in the moun-
tains. The debny flows onginated on steep moun-
1ain slopes underlain by granitic and metavolcanic
bedrock: on the way to the fans. the debns Mlows

entrained metasedimentary clasts as the) passed
through the area of metasedimentary bedroch.

Accesson heavy minerals

Methads. Accessory heavy minerals were analyzed
in samples from the sandy mud matrices of 1
debris-flow beds. three stream-flow and sandfiat
sands. and one eolian sand. These samples 3%
from the fans a1 Lone Tree Canyon. Jeffrey Min€
Canyon. Sabies Canvon. Cottonwood Canson-
Milner Creeh Canvon. and Straight Canyon 1FIf
2). The heavy minerals were separated from the
isolated fine-sand fraction (2-3 ¢) by intermittent
stirring dunng gravity settling for four hours w
tetrabromeethane (s.g. 2.9). The heavy mineral*
were cleaned in acetone. dried. and mounted 1*
Canada Balsam. On each slide. 100 grains wer®
randomly counted in rihbon traverses to estabhsh
the ratio of micas: opagues: DONOPaQUES. The
nonopaque count was then continued umib 100
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‘ nonupagque grains were tabulated. This procedure

was repeated. bringing the nonopaque total to 200
gains. The grains of hornblende. epidote. augite.
and hypersthene with limomite surface stains
andsor etched spines were tabulated as a subpro-
portion of these four Fe-silicate minerals in each
sample. ‘

Results. The heavy-mineral assemblage of the 17
«amples is Jominated by opaque grans. which
comprise 63% of the total. The opaques are mostly
magnetite judging by magnetic susceptibility and
vctahedral form. Micas form 5% and nonopayue
grains 31%. The nonopaques average 35% horn-

" blende. 16%  andalusite. 13% cpidote. 7%

dinozonsite-zonsite. 7% sphene. 6% staurolite. 4%

amet. 35 ourmaline. 3% zircon. 27 rutile. 1%

wllimamite. 15 aupie. 1% brovkite. and less than

1% hypersthene.

In the 17 samples. 547 of the grains of horn-
Mende. epidote. augite. and hypersthenc have

limonite surface stains and/or etch spines. The
proportions of these altered grains are about the
same in the 13 debris-flow beds (53%). three
stream-flow and sandfiat sands (54%). and in the
one eolian sand (57%).

Interpretution. The generalized order of increasing
stability of heavy minerals during weathering in
acidic waters 1s (1) olivine and pyroxenes. (2)
amphiboles. (3) sphene and biotite. (4) spatite. (§)
epidote and garnet. (6} chloritoid and spincl. (T)
staurolite. (8) andalusite. (9) kyanite. (10) tourma-
line and sillimanite. and (111 zircon and rutile
(Morton. 1985). The presence of 35% hornblende
and 135 epidote grains. about half with limonite
surface stains and/or etch spines. shows that
chemical leaching is of moderate importance in
the thin regolith on the steep slopes of the White
Mountains. Mechanical weathering plays an im-
portant role in gencrating dJetritus for downslope
movement 1o the tributary and trunk canyons.




Clay minerals

Methods. The less than 2-um fraction was analyzed
10 22 samples. including the sandy mud matrix of,
14 debris-flow beds in nine alluvial fans. In Jeffrey
Mine Canvon. one sample was collected from the
regolith and another from a deeply weathered
boulder. Six samples are mud lavers on the sand-
flats at Cottonwood Canyon fan and Lone Tree
Canvon fan.

The samples were disaggregated and dry sieved
10 62 pm to obtain the silt and clav. which was
then treated with a buffcred solution of sodivm
acetate of pH § 10 remove carbonate. The silt and
clay were ultrasomcally agitated and washed
several times with distilled water to remove any
salts. The less than 2-pm fraction was obtained by
centnfugal sedimentanion in distilled water. An
onented speaimen was prepared for X-ray diffrac-
uon analysis (XRD) by smearing a paste of
matenal onto a glass slide. Diffraction patierns
were obtained for three preparations: air dried.
cthylene glyco-saturated. and heated 10 550° C for

one hour. XRD analyses were run on a Siemens .

X-ray diffractometer using Ni-filtered Cu-K,
radiation. Scans were run at a goniometer speed of
2° per minute using a 1° slit and 0.4° receiving
shit.

Resulis. The common clays in the less than 2-pm
fraction of the 22 samples are well crystallized
ilhte. kaolinite. smecuite. and mixed-laver smec-
tite-ilite. The mixed-layer clay has superlattice
peaks of 32-35 A that appear upon glycolation
and intensify with heat treatment. Chlonte and
Fe-chlonte occur in maderate amounts. Detnital
quarz. K-feldspar. and plagioclase are ubiquitous.

Imerpretanon.  The abundance of smectite and
mixed-laver smectite-illite reflects incomplete
Jeaching 1n the regolith. as does the preservation
of iron-silicate heavy minerals. The less than 4-ym
clay fraction determined by Sedigraph analysis
comprises less than 5% of the debris-flow beds.
which suggests a low rate of clay production in the
regolith. Soil development on the flank of the
White Mountains 1 inhibited by the cold climate.
limited precipstation. and steep slopes.

Inspection of the sieep slopes of the trunk and
wributary canyons shows boulder-rich debris per-
ched on the slopes. This material evidently moves
downslope mostly by mass wasting. storm runoff.
and infrequent debris flows. Small debris-flow
lobes move matenal downslope. particularly above
wree line.

Smectite is present to ahundam in the debris-
flow beds. but occurs mostly in traces in mud
lavers deposited by stream flows on the sandfiat.
Perhaps the coarser-grained clays such as illite.
kaolinite and mixed-layer clav setile from fNood
waters on the sandflats whereas the finer-grained
smectite is preferentially carried bevond the
sandilats.

Recurrence interval of debris flows

Methods. The superposition of debris-flow beds in
the alluvial fans allows estimation of their recur
rence interval by dating charcoal and wood in the
older debris-flow and stream-flow deposits. The
three samples daied by the M C method lie beneath
2. 3. 4 debnis-flow beds on the Cotionwood Canyon
fan. Milner Canvon fan. and Jeffrey Mine Canyon
fan. respectively. The samples were collected 1
the upper parts of the fans because some debns
flows are too small 1o reach the distal portion>.
The analvses were run by Ksuger Laboraton.
Cambridge. Massachusetts. incorporating a cof-
tection for '*C.

Results and interpretanion. The recurrence interval
for debris flows on these fans 15 320 vears. based
on estimates of 212. 400. and 350 vears (Tahle 2}
The 320-vear average is similar 1o the 300-yeaf
estimate of Beaty (1970. 1974) who indirecth
estimated the recurrence interval. Beaty noted that
older fan deposits lie on the Bishop Tulf in vf
lifted fauli blocks. which implies that fans have
been building for 700.000 vears. the age of the
Bishop Tuff. Beaty then assumed that the fan
were buill mostly by debris flows, each with 2
volume equal to the 1952 debris flow on the
Cottonwood Canvon fan. Beaty calculated P
geometry that a debris flow every 300 vears would
build the fans in 700.000 vears.
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rABLE
¢ Jater of samples from three alluvial fans
Sample Altuval fan Number of Age Recusrence
werlving wterval
debnv-flow of Jehny
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Beaty’s assumption that dJebns flows have
Jomunated construction of the fans for the last
=00.00 vears may of may not be correct. The fan
Jeposits exposed an the fault blocks vontan de-
pns-flow beds. but ther volumetric rauo to
sream-flow deposits 15 lower than in our mea-
wred sections 1n incised channcls of the modern
fans. Perhaps the long-range recurrence wnterval 1s
greater than 300 years.

Applications to the Coulomb-viscous model for de-
bris-flows :

On the western flank of the White Mountains.
flows occur with a recurrence interval of about
320 vears. The lithologies of the clasts in the
debris flows show that these flows onginate on the
steep slopes developed on gramuc and metavol-
canic rocks at high elevations on the canvon walls.
sohnson and Rahn (1970). Costa (1984). Johnson
and Rodine (1984), and French {1987) have de-
«nbed the processes that commonly generate Je-
bris Mows. We infer that in our study area. an
\ntense summer ranstorm. with intensities reach-
ing $0-100 mm per hour. saturates the regolith. or
falls on an alreads snow-melt saturated regolith.

-producing onc or more landslides that move

downslope. shear. dilate by the addition of water.
and are transformed into a debns Now. A> a
channehized debns flow moves along the floor of a
trunk canyon. it incorporates additional debns.
Although of infrequent occurrence. debris flows
are more smportant than stream flows in con-
structing the fans on the western flank of the
White Mountains ( Beaty, 1963).

Dehris flows move by deformation within 3
basal laver of hugh-shear stress (Johnson. 1970;
Fisher. 1971: Navlor. 1980). In the debris-flow
beds we studicd. this laver after compaction com-
prises about 20% of the thickness of the beds. up
10 2 maximum of about 20 cm. The larger boulders
in each flow tend 1o move upvard and out of the
shearing layer. which is the weakest pant of the
flow. to produce the inversc grading scem at the
base of most beds. Discoidal clasts in the shear
laver tend to have a subhorizonta! orientation.
wath up flow inclinations of 2-7°. The clasts have
Jess scatter in orientation than do clasts n the
overlving semi-ngid plug or in the levees on flow
margns.

Above the shearing laver. lower shear stresses
seldom’ exceeded th vield strength of the matnx
0 that the bulk of each debris flow rafted along
as a semi-rigid. high-strength plug described by
the Coulomb-viscous model for debris flows
Johnson. 1970: Johnson and Rodine. 1984: Pier-
son and Costa. 1987). A flow ceases to move when
the thickness of the plug becomes equal to the
thickness of the flow due t0 a devrease in slope
angle or a drop in excess pore prexsure. Maps of
the onentations of sticks and logs embedded 1n
the debris-fMlow beds on the White Mountain fans
show a flow-parallel pautern that refiects the
laminar-viscous motion of the plugs (Filipov.
1986). The presence of about 0% sandy mud
matnix in most of these debris-flow beds suggests
that the strength and bucrancy of the debris flows
were largely provsded by mainx cohesion, aided
by fnctional . resistance (Rodine and Johnson.
1976: Hampton.- 1979; Pierson. 1981 The
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boulders.remained suspended in the flows. many
projecting above the upper surfaces. The matnces
of the flows evidently could move about some-
what. allowing the discoidal clasts 10 develop the
observed subhorizontal fabric. with average dips
of $-13°. but also with substantial scatter in the
clast onentation. many dipping a1 60-90°. In
some beds. the poles 10 the discosdal clasts plot as
an ellipse roughly aligned with its long direction
perpendicular 10 the flow direction as predicted by
theons (Lindsey. 1968). The maximum size of the
cobbles and boulders carried by an individual
debnis flow remains fairhy constant down fan unul
the fiow thins on the sandflat at the toe of the fan.

As debris lobes move down slope. lateral levees
develop from snout matenials pushed amde and
sheared from the flow as the ngid plug passes by.
Dastinct levees. commonly containing the largest
clasts in the flow. continue 10 form until the flow
stops (Johnson and Rodine. 1984). The discoidal
clasts in the levees of the debris-flow lobes on the
White Mountain fans have average onentations
that dip up flow at 21-31° and strike subparallel
to the flow margins. The scatier 1n onentation of
the discoidal clasts is substanual. about the same
as in the semu-rigid plugs. Where a debns flow
spilled out of a channel 10 spread over the low
rehef of the fan surface. the levees have in some
cases confined the flow within an anificial chan-
nel. allowing the flow 10 conunue down fan for a
substantal distance.
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Radiometric Dating with U- and Th-series Isotopes
in the Nevada Test Site Region - A Review

Teh-Lung Ku
(Juoe1938)

Iatroduction
This document is a literature raview of the uranium and thorium
decay series dating of Quaternary deposits in the Nevada Test Site (NTS),
Nevada. In evaluating the Yucca Mountain at NTS 23 a possible suitable site
for nuclear waste repository, geological age infocmation of the Site is of

o fundamental impoctance. Our ability and eflocts to obtain such information
. have yet to be strengthened. There is a genecal dearth of both the material
o and the methods available [or absolute dating in continental settings. The

! methods involving the U- and Th-series isotopic disequilibrium retationships
can be looked upon as among the most promising. In the meantime,
however, one recognizes their being in the svolving stage, requiring further
research to be carried out.
In the following, | will first pcesent the principles of the U/Th dating
methods applicable to the NTS material, pointing out their merits,
shortcomings, 2nd assumptions invoived. 1 will then review the quality of
the data obtained to date and suggest {uture work foc possible improvement.

The Methods
The disequilibrium retationships amoog 230Th-24U-233Y are used in
two basu:any different ways to extract the age, o time of sedimentation, for
] a degosa at NTS. They can be referred to as the closed-system and the -
open-system approaches. The former appcoach is used conveationally ih the
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 U-series dating, by poting the extent of daughter ingrowth toward secular
equilibrivm with ity long-lived radicactive parent (Ku, 1976). It applies
mostly to authigenically precipitated carbonate deposits. The latter
approach is embodied in a method called uranivm-trend dating (Rosholt,
1980). In this method, the age of a deposit is derived from the time-
dependence of isotopic distribution in the deposit through which a solution
(s0il water or groundwater) cnrrying the isotopes has moved. Such a deposit
can be largely detrital sediments of alluvial, glacial, and eolizn ocigin, among

It is well known that uranium is much more soluble than thorjum in
natural solutions. So minerals like calium carbonate or silica precipitated
from such sojutions usually contain & few PP of uranium but virtually no
thorium. Subsequent to their formation, if the miﬂeru: act 23 2 closed
:ymmvithmpeawlltnd‘l‘hisowpes.meage (t) of ihe minerals can be
derived from the following radioactive growth and decay equation:

230Th = 233U{1 - exp(-Agt)] » (21U - LIUNRg /g - iq)l [1- expaqt - 2t)] (1)

where 29 2nd A4 are decay constants of 234Th and 23U, respectively, and the
sotation for nuclides refers to their specific activities (dpm/g). The last term
of the above equation accounts for the effect of the excess 234U over 3y
generally found in natural waters. The unknown, t, can be solved iteratively
or estimated from & graphic sofution as shown in Fig. 1. The maximum age
dateable using this method is sbout 350,000 years. This technique bas been

mor ot
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used for dating a wide variety of pure carbonate material such a3 corals and
motlusks. '

In applying this technique to material from the terrestrial
environments in general and [rom the NTS ares in particular, two problems
have to be overcome. First, the samples selected for dating must meet the
closed system requirement. In the absence of independent cross-checks of
age results, the criteria for the sample selection usually call for dense,
compact material devoid of leaching and reprecipitation features (Ku et al,
1979). For carbonate precipitates st NTS; an approzimate, generalized order
of relisbility might be: caldte crystals or veins ~ dense pebble coating from
Cea s0il horizon ~ travertine > calcrete ~ tufaceous travertine > caliche
nodules - soil caliche (Knauss, 1981). Secondary sitica deposits (opal or opal
« euhedral quartz) have aiso been shown to approximate a closed-system
for U 2nd its daughters (Ludwig et 2L, 1930; Knauss, 1981; Szabo and F
O'Malley, 1985). |

The second problem is detrital 230Th contamination, [or terrestrial

carbonates are seldom pure and contain detrital minerals (mostly alumino-
silicates or ‘ciay’) of significantly older age. There have been several
publications dealing with measures to eliminate or correct the detrital

contamination effect. A summary paper was published by Ku and Liang
(1984). Usuaily the approach consists of a combined chemical leach and
numerical or graphical correction procedure. The procedure that has been
used in the NTS mu_ﬂes (eg. Kpum. 1981; Szabo et al, 1981) is the one
originally reported by Roshoit (1976) and Szabo and Sterr (1978). It entails
dilute acid Jeaching of the impure carbonate sample, followed by
radiochemical analysis of both the leachate and the residve. Under the
assumption that the acid leaching step does not fractionate the Uand Th
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isotopes, the 236Th/234U and 2340)/238U ratios of the pure carbonate phase in
the sample can be obtained from the slopes of 230Th/232Th vs. 234U/232Th
and 234U/233Th vs. 238U/232Th plots for the leachate-residue pairs,
respectively. An example of the plots is shown in Fig. 2 for a caliche sample
from a unit that is cut by the Yucca Fault at NTS (Knauss, 1981). The age of
the sampie cafculated from the 239Th/234U and 234U/233U ratios using a re-
arranged Equation (1) is 108 ky.

There is one aspect in rea:rds to this second problem Lo be noted.
That is, even if no attempt at correction for detrital contamination is made,
or if doubts arises as to the correction procedures used, dala on 230Th 234y
and 234U in the whole sample (carbonate plus detrital ‘day’) should give an
upper-limit age estimate, which in some cases should still be of valve. Thus
in the use of the conventional U-series dating of carbonate and silica
material, the key requirement is sample acung as a closed system in a
geochemical sense, as the heading of this section denotes.

An ‘unconventional’ method has been devised to date (ine-grained
sediments such as alluvial/cotluvial deposits and soils of Quaternacy age
using the U-series isotopes. It is unconventional in the sense that, unlike all
the age dating methods which require enclosure of radioisotopes in a sample

o be dated, this so-called “uranium-trend dating method” determines the

age by modelling the behavior and distribution of isotopes in the sample
which acts a; an open ;y!tem for the isotopes. A preliminary model for U-
trend dating was peesented by Rosholt (1980) and Szabo and Rosholt (1982),
which was revised later by Rosholt (1985). This dating technique has been
applied rather extensively at NTS (Rosholt et al, 1985; Shroba et al, 1988).

1 ii nn 1
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The principles of U-trend dating are briefly summarized below. For
more details, referred to Rosholt (1985) and Muhs et a| (1987). The U-trend
clock starts with the inception of water movement through sediment or soil,
the timing of which may coincide with the initistion of sediment deposition
o¢ soil development. This water contains some uranium (Z%U) which decays
to 234U and 230Th. These daughter nuclides are adsorded or driven into (via
alpha-decay recoil mechanism) sediment grains. This daughter emplacement

process results in solids having 234U/238y and 230Th/238y activity ratios
higher than the secular equilibrium ratio of unity. Atthe same time, 2
counter process takes place by which 234U produced by decav of 233y
structually incorporated in sediment grains is preferentiatly released from
the sediment via leaching and alpha-recoil. This 234U displacement process
is responsible for the widely known phenomenon that natursl waters often
exhibit 234U/238Y activity ratios of >].00, According to Rosholt (1985), in
arid or semiarid environments, empiacement of 234U and 230Th js the
dominant process initially. With time, continvous exposure of leachable 234y
sites to percolating water results in eventual domination of the displacement
process.

The essence of the uranium-trend method is thus a mode! which
describes the migration of ucanium in a solid-fluid matrix through time,
leaving in its wake a trail of daughter products such that the distributions of
the isotopes involved (233, 234U, and 230Th) are modslled In terms of the
above-mentioned parameters of d_aught?r emplacement and 234y
displacement, and uraniym-flux factor. This Iatter parameter is related to
the flux of mobile uranivm through a deposit, assumed to decrease
exponentially with time. Emplacement by recoil-adsorption processes is a
function of the concenitrations of dissolved uranium and of the sorptive
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properties on the solids. Displacement by recoil-leaching is controlled by the
concentrations of uranium in the soiid phase and by the solubility of
uranium in the leachate. The uranivm-flux factor dependi on the quaantity
of water migrating theough a deposit and the concentration of uranivm in
this water relative to that in the solid phase. All these parameters should
vary from deposit to deposit and are unknown. They also are not amenable
to rigorous mathematical description. To circumvent these difficulties, U-
trend dating writes empirical mode} equations expressing 234U - 233U and
230Th- 234U as & function of sample sge t and U-flux factor F(O); the latter is
expressed as “decay” constant Aq I= In 2/balf period of F(0)} from the
assumed exponential decrease of F(0). As shown in Fig. 3, by plotting (234U -
238Y)/238U vs. (233U - 236Th)/233U for a suite of samples of the same age (ie.,
from a given unit), the age t can be determined [rom the slope of the plot i(
da. or hall period of F(O), for the unit is kpown To assign de for a given
suite of samples, the method again uses the empirical approach of getting a
relationship between the half period of F(O) and the x-intercept in a (234U -
238Y)/2331 vs. (238U - 230Th)/233U plot for suites of samples of known age, as
shown by Fig. 4. The half period of F(O) for a sample of known age is
calculated from the empirical equations of 234U - 238U and BT - 234U, botia
are function of t ard lg oanly, u:menuoned. Depending on the half period of
F(0), or &, 23 shown in the example of Fig. 5, the U-trend dating applies to
samples with ages ranging approximately from 10 to 300 thousand years.

Merits and Demerits of the Two Approaches
The closed-system approach requires that the sample acts as a closed

system with respect Lo isotopic exchange with the its surroundings. If this

requirement is fulfilled, procedures and assumptions used in deriving age
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infor mation are much more 3&ahht-twvnd and easier 1o be substantiated
than those used in the open-system approach. On the other hand, the
conventional closed-system U-series dating to NTS has the lollowing
limitations:

(1) 1t is generally limited to dating carbonate and perhaps silica
deposits, the ages of which may not be closa to those of geomorphic surfaces
or of neotectonic events in the area,

(2) The maximum age dateable is limited to 350 thousand years.

(3) There ace no well-established criteria foc sample screening to
ensure closed system.

The uranium-tread method is potentially applicable to s wide variety
of material including soil, alluvial, lacustrine, macine, eolian, 2nd glacial
deposits (Rosholt, 1985). It applies to a relatively large age range (10-800
ky, though moce seasitive in the range of 60-600 ky). However, at this stage
of development of the method, it can still be considered as experimental in
view of the following major pomu of concern:

(1) An important component of this empirical model is the uranium
flux, F(0). This [actor should be related o the concentration and amount of
uranium moving through a deposit, which is a function of climate and
sediment lithology/compaction. The time variation of this function has to be

very complex. The adopted function of a simple exponential decay with time
for the uranium flux is certainly an oversimplified one, not to mention the
possibility of being incocrect in certain cases. For example, to what extent
the uranium-flux in me.NTS area could be affected by the pluvizl climate
ducing the last glaciation in the western US.?

(2) As [ar as age assignment by the U-trend technique is concerned,
the empirical relationship of Fig. 4 forms a key element to that assignment.
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. resolve or determine ages from the analytical data. A linear fit of the data

Yet there exists room for clarification or improvement of that relfationship.
First, its physical meaning is by no means clear, so is the significance of the
coordinate 1; of the plot. The latter question becomes an even more
pertinent one to be clarified when one notes that the algebraic sign of 1; is of
no consequences; that is, the plot only takes positive values whereas x;'s for
the data points delineating the curve have both positive and negative values.
Here, one assumes 2 arxay the existence of & symmetrical relationship
between half period U fiux and degree of 230Th-233U disequilibrivm.
Whether this relationship holds in theory or empirically remains an open
question. Second, although the curve in Fig. 4 is defined by 10 data points,
only four of the points (units 3, 8, 11 and 12) represent samples
independently dated by 1C, K-Ar or fission track and thus can be

considered as primary calibration calibration points. (It should be noted that
‘unit 12, Tufl B of Lake Tecopa, was considered to be the distal facies of the
Bishop Tufl, and thus was dated indirectly.) The remaining six calibration
points are of secondary nature. The ages of these six samples are assessed
by local correjation (Rosholt et al, 1985b; JN. Roshoit, pers. comm., 1988)
only, and their accuracies, hence uncertainties in their haif period F(0)
estimates, are difficult o determine. Thus, it is rezsonable to view the Fig. 4
relationship as being preliminary, pending further reflinement.

(3) There is the “sensitivity” problem of how well one is able to

displayed in plots like Fig.3 give intercept 1} and slope m: both of these
parameters are peeded in calculating the age of the sample. The | r
uncertainties attached 1o these parameters depend on how well the linearity |
is defined. Data such as those shown in Fig. 6 for two of the samples from
NTS obviously will impart considerable uncertainty to the estimation of 1;
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1nd m, hence to their 2ge assignment. It should also be pointed out that
even if error in x; i small, the corresponding estimate for half period of F(0)
could still be large because of the preliminary nature of the empirical
relationship shown in Fig. 4, mentioned above. According to the present
relationship, an uncertainty of 1003 in half period of F(O) may cause an
error of the order of 30% in age (JN. Rosholt, pers. comm., 1988; aiso . Fig. S
of Rosholt, 1983).

Current Data

Uranium-trending dating has been repocted for 40 suite of samples
from the Nevada Test Site (Roshoft et al, 1983a; Shroba et 21, 1988). Each
suite consists of 4 to 12 samples [rom a steatigraphlc unit or section. Eight of
the sujtes have been analyzed in two different size [ractions (denoted as m
and [). By inspection of the goodness of the linear [its for the 4 to 12 data
points of each suite in a (234U - 2331)/233Y vs, (233U - 230Th)/238U plot such
as shown in Fig. 4, one gets some idea a3 to how good the deter mination of
the age for 2 given unit is. The following list is an evaluation of the data at
hand. Very qualitatively, categocy A includes suite of samples giving
sufficiently weil defined slopes and 1-intercepts in the (39U - 233y)/238y vs,
(333U - 230Th)/2380 plots such that their ages will have 10-20% errocs.
Category C, on the other hand, ace those units with “clustered™ data arrays,
causing 2ge estimations with large uncertainties of >100%, if not impossible.
The in-between category B will have age uncertzinties of -50%.

Category A: F2,RVI-AD, RV1-EL RV1-PU, RV1-VZ TSV-307, 89,

SCP4, TSV396 (m and ), CF1, CF2 (m 20d f), YM2U (m 2ad ).
YM2L (m and 1), YM13U (m and [), YM13L (m and f), YM14B,

YM14U, (OB, deposit F
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Category B: RV2-U, RlVZ-L. 0. YM14M, YM14L, §3, deposit H- -
Catégéry C: SFF, FFRG, S1, F3, RV]-J0, Q2E, Q25. SCF1 (m and 1), SCF2
" (m and 1), SCF3, CF6, FHA, Deposit C, deposit .

The conventionat uranium-series dating carried out thus far -
at NTS (Knauss, 1981; Szabo et al. 1981; Szabo and Kyser, 1985; Szabo ang
O'Matley, 198S; Shroba et a1, 1988), while showing its value in contributing
to the geochronology of the region, has pointed 1o the need for further
systematic sampling and Measurement. Because of the method's reliance on
the closed-system ssumption, consistency of age dats based on muliple
2nalyses and field relationships is of utmost importance. By multipls
mzly:ei is meant the use of different methodologies on the same saaple or
on different materjal from the same stratigraphic unit. They have Yettobe
pcrforme‘d in 4 consistent manner,

o
o
™
™~

Soggestions for Future Work
Future geochronological work with U-series isotopes at NTS should

sirive for consistency check. Both internal and external consistencies should
be sobght. The internal cbeck refersto (1) reproducibility of resutts
obuinéd on a single umble and (2) ages obtained for a group of samptes are
consistent with their relative stratigraphic positions: in both Cases, the same
dating technique is employed. The'external consistency refers to cross-
cheiks iﬁ{de vith d:ﬂerent %3¢ dating methods cn a given sample or on -
samples in _lhe: :ime depos.it'ionq unit. S '

. The utamuga-lreiddaung i;;gs.mpdol approach. Models always
mvo!vemilmptions and idmg of the assumptions used by the U-irend
method (sucff s the expoential vranium fluxes) are difficult o verity,
Futthéfmoi-é. the méthod completely relies on empirical data for Calibration,

9 0838
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and the quality and appropriateness of such data become very crucial and at
this time still need refinement. As it stands, while having an encouraging
start (thanks to the effocts of Rosholt and his associates), the method can be
looked upon a3 in the evolving stage. For these considerations, it is
suggested that the conventional closed-system dating should be emphasized
in future geochronological work at NTS, with priority being placed on
samples of pure carbonate (i.e., caicite veins) and/or opal deposits.
Preliminary studies made on dating secondary silica (opal) material from the
region using uranium-series disequilibrium have obtained encouraging
results (Knauss, 1981: Szabo and Kyser, 1985). These include high U/Th
ratio and equilibrium 333U-234(J-230Th relationship in the samples studied,
suggesting that opal fulfills initial conditions 2ad closed- system
requirements foc U-secies dating. In the NTS area, waters obtain silica from
the hydrolysis and dissolution of glass contained in tuffaceous deposits
which can be 2 scurce of uranium when they are vitrified (Rosholt et al.,
1971; Zielinski, 1978). Further work on the dating of Quaternary secondary
silica is warranted. Because opal contains much higher uranium
concentration than cacbonates in the area, it is possible that the age signal
for the silica precipitates will be presecved even if the analyzed opal is not
pure.

In the dating of secondary calcium carbonate such as pedogenic
precipitates, the strategy should be to select (even though extremely
painstaking efforts may be required) samples containing as littie detrital
silicate impurities as possible, so as 10 avoid the detrital 230Th cocrection
routine. The cocrection, if unavoidable, requires little or no [ractionation of
Th and U isotopes in the acid leaching procedure, which can be best checked
by either replicate analyses or successive leaching (see Ku and Liang. 1984).

i
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In order to establish for the uranium-trend dating a stronger footing
than it has had, it is suggested that the empirical curve of Fig. 4 should be
verified by addition of calibration points with truly independently dated
samples. The U-trend plot should show well-defined linearity. Muhs et al
(1987) have suggested a linear correlation coefficient of at least 0.7, with a
confidence level of at least 90%. These are reasanable criteria for data
acceptance. In this context, the following words of caution are noteworthy
(Muhs et al, 1987):"__a compléx geological histocy can result in an

inaccurate U-trend age even when & U-trend plot shows reasonable linearity.

For example, the lower part of a deposit 10 be dated might experience little
oc no interaction with U-bearing water during its history. At some later
time, however, the upper part of the deposit is removed by erosion and the
lower part begins to experience interaction with U-bearing water. The U-
trend age will reflect the time of sediment/water interaction. not the original
time of sediment deposition. This is a condition that can be assessed oaly by
geological evidence and/or independent age coatrol, because the deposit may
yield well-defined Th-index and U-trend plots.” _

The above quote touches on two impoctant aspects. One aspect points
to the difficulties one might face in attempting to model a natural system
which often has too miny variables. The other aspect points out the fact
that the ultimate cross-check for reliability is comparison with ages obtained
by independent means. In this regard, Rosholt and Szabo (1982) have
reporied agreement between U-trend ages of US. Atlantic coastal sediments
and conventional 230Th/234U ages of corals from the same sediments.

Rosholt ét al (1986) and Machette et al. (1986) aiso reported U-irend 2ges
for terrace alluvium along the Colorado River in Grand Canyon Nationat Park
which are in agreement with the depositional sequence of the terraces.

12




However, these reports are in abstract form, lacking formal documentation.
More recently, Muhs et 8] (1987) have attempted similar comparison studies
on terrace deposits in Palos Yerdes Hills and San Nicolas Island, California.
We anticipate continuous progress made toward the improvement of the U-
teend method. This is impoctant, foe there is a lack of means to determine
the deposition time of {ine-grained sediments of Quaternacy age.
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Fig. 1. Graphic solution for Eq. (1).
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Plots of FFMS unit, eolfan sand in Frenchean Flat Trenca.

e uppersost sample, O, 13 not Ingluded ta J-treng
slope decausa 1t may contaia satsrial from overlying ceposit.

3
g
3
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(Shy-T8ny, By

Plots of 31 wait, alluvium Infrenchean Flat Trench.

™e vppermost sasple, Q. 13 MOt Included In the Y-treng
slm’mm 1t say coatain satarial from the overly ma,
deposit. g

L2

Two examples of the U-trend plots for samples

fronm NTS showing ill-defined slope and x-intercent
determinatiocns for the data arrays. In the text,
we place these samples in the "Category co. .
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mnmum.
ACE ESTDOTXRS

Pedon cry Rock-Varnish Age Yry/
¥o. Woe 80l Pamily / Site Location Roover Surf. Depoeit
1 cre2 sandy-skeletal, mixed (calcareous), thermic u:tloscgnu
®laxborthidic” Tcrriorthent 7,310
Ashton {site) road, Amargosa Valley Q2
F Crr2e sandy-skaletal, mixed, thermic Little gonu
Typic Camborthid 11,200
Liztla Cones, Crater Frlat Q1
3 crrada sandy-skeleatal, mixed, thermie Little Cones
Typic Camborthid 11,200
adjacent to Pedon 2 Q1
4 crr2? loamy-skeletal, mixed, thermic late Black Cone
Typic Calciozthid 28,300 °
Diamond Queen Mine & Solitario Canyon roads Q2
S Crra27a sandy-skeletal, mixsd, late ugck Cone
thermtc Typic Caletorthid 28,300
Adjacent to Pedeon 4 Q2 -
€ CrP32 loaxy-sksletal, mixed, thermic late ugck Cone
Eaplic Durargid 33,409
' Betwsen Black Cone & Red Cone, Q2
along Solitaric Canyon. road
7 crrl? loamy-sksletal, u:id. thermic early ugck Cone
: Typic Durargid 128,000
along "dlagonal road® to NX Crater Flat Q2
8 cre2s loaxy-skelatal, mixed, thermic sarly ck Cone
Typlic Durargid 137,000
ST corner Solitario Cny. & Treach CT263 roads QTa
-] creio loaxy-gkeletal, mixed, thermic early Black Cone
Haplic Durargid
SE of Pedon 8, across drainageway, QTa
0.1 ni. along Trench Cr2&l roads
10 creis loaxy-skeletal, mixsd, thermic late llgck Cene

Haplic Durargid

0.55 mi. ST along Trench Cr2&3 roads;
across wash, N, next higher,
cldar surface thzn Pedon 11

29,700
Q2

o

5
o
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Fedon cry Rock=-Varnish Age PN/
¥o. wo. Soil ramily / Site Locatioa Boover Surf. Deposit
11 CcrPI3 loasy=skslatal, mixed, theraic lats n.gck Cone
Typie Camdborthid 19,000
0.65 =i, ST along Trsnch Crial roads; Q2
across wash, 3, naxt lower surface
than Pedon 10
12 CrPpl4 loany-skeslatal, =ixedq, thermic lats Black Cone
Kaplic Durargid
0.78 mai. ST aloag Treach Cr2i) roads, QTa
adjacent o0 & slightly higher surface
than Pedon 11
13 crr4y sandy-skasletal, zixed, thazmic very latas
Typic Torriorthent Crater Flat
1.2 =zi. SE along Tranch Crisl roads; Q1
zaw bar & swvale inset fan
14 Ccre3t loamy=-sksletal, =mixed, thermic late 3lack Cone
Typic Raplargid
1.27 mi. SE along Treach CFr2863 road; Q2be
adjaceant to and next older surface thaa Pedon 13
1S Crris loaxy=-skelstal, zixed, thernic late ngck Cone
Typic Durargid 31,800
1.85 =i. SE along Cr2sl road; Q2be
30 ft. NX of T end of Truanch CY3
3

Minimm radiocarbon age for baszal rock varnishsy calculated as 0% greater

than uncorrectsd radiccarbon age; see Takle ) for uncorrected ages and

eIIOr Tanges.
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21T 3 — LIS? OF FOCK-VANMIEE AGES FOR FEONS I8 CIATER frar’

Pedon cre Uncorrected +10% ?xrectod b 3 3 Da
No. %a. Ags YPB Age TPB lr:or’ 'ty::q 4
1 cre2 §.843 7.310 = 243 rC
2 cry2s 10,180 11,200 = 270 e

k| Cre26A
) cre? 23,700 28,300 += 3180 RC
s CI?27A
8 cr»i 30,320 33,400 - 4680 RC
7 crey? 128,000 108X-133x cR
8 crr2% 137,000 115X=-182% CR
9 cre3o
10 crpis 26,970 29,700 += 378 RC
11 crril 17,280 19,000 - 370 RC
12 crri4
13 crrél
14 crea
18 Ccrrisé 28,920 31,800 += 400 RC
16 crP38 380,000 280%X-5350X% CR
17 crrld 380,000 255K-5135x CR
18 crr4o £60,000 450K-985% CR
The Av Horizon and Sits Selecticn for Pedon Descripticns
Ividence for receat fault movement is of £Tance 8 Yucca
N d the AV 1s one soil fea-

r sstablishing ralative ages of Modern, or lats=,

JLussa fo
-~ Holocsne o 20 t D8 ting. Hoover
T 71981), Swadley and Boover (1383), Swadley et al (1984), Taylor

{1986) all apparsntly use the occurrencs of an Av horizoa as their major
criterion for separating Pleistocens f{Iva Holocsns surfacss. This could be a
very effsctive critsrion if the Av horizon operationally defined and the
rime is determined for encugh cust accumulatlon to allow the Av o form.

7 Ages froa Deza, 1988.

3 porn (1988) estimazes the actual radiocarbon agss are about 10% older than
the uncorrected values.

? ror radioccarbon dates the probable *plus or minus” erzor in Y?3 is giveny
for cation-zatio dates the “uncorrected age® is the mean value of sevezal
cazion-ratio age detsrminations and the "error” is shown as the probabdle

" younger to older error-range of age in thousands of years ("x*).

10 RC = radiocarbon dating of basal rock varnish. CR = cation ratio of rock
varnish.
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Hone of the previous authors dascride their concapt of the Av horigon in
morphological tarms, but the wesicular horizon can be dafined as a gunatic
horizon (sensu Peterson, 1981, p. 43) that is (a) a surficial Norizon that (b) :
cTusts and cracks into coarse “polygoas® (i.e., coarss prismatic structurs) -3
vhen dry, that (¢) that are either massive or massive in their upper part and '
placy in their lower part; (d) the horizon has coarss vesicular pores in at
least its upper party (e} the horizon can be under & 4esaIt pavesent, but
regardless, is lass gravelly than ths sudjacent horizon if the original parent
taterizl was gravelly and the sudjacant horizon is not clayey;  the horizon
(£) is light colored and low in humus, it (g) is a sandy loam, fins sandy
loam, very fine sandy loam, silt loam, or occasionally a loam or saandy clay
loam or clay locam, Mt in any case has a high parcentage cf very fine sand
and/or silt that encourages 'gu_t&.cy' vhen the soil is ssturated. The Av 2
horizon also commoaly is (h) a “ruptic® horizon, L.e., it stazts and szops
horizoatally, interchanging with ar ordisary A horizon that is not crusting
and lacks cocarsely-vasicular pores, becausa of their microtopographically : i
higher positioms where thay are not apt to saturate surficially. 4

The "Av horizoa®" is a peculiar genatic epipedos that is charactertistic
of many dssert soils (Peterson, 1977, Eckert et al, 1978, Nattleton and
Peterson, 1983), but it is not officially recognized in Soll Taxoncoy as a
kind of horizon, in the sanss a mollic epipedon, petrocaleic horizon, or duri-
pan are kinds of pedogenic horizons. Rather, it is merely one cof sgeveral
types of ochric spipedons; the "v® postscript in the "Av® dasignatiocn even is ’
illaqal for Natiocnal Coocperative Soil Survey pedon-description standards! TM—

An Av horizen that for=ed in criginally coarse-textured parent matarial,
such a&s that on the piedmont slopes of Crater Flat, is the result of long-term
dust=-fall on the criginally coarssly-porous soil surface fellowed by recurrant
dust=infiltration to the depths of rapid, “gravitaticsil® wvater inf{ltraticn ‘ k.
during large storas, i.e., to some 12-18 inches depth in the Crater rlat
vicinity. When the coarse interszitial pores betwsen sand grains become
plugged with the very fine sand, silt, and (minor) clay of the infiltrated
dust and watar infiltration becomes slcw "capillary” sovement, subssquent dust
accumilation is at the surfacs, i.e., between and immdiately below any desart

with the dust into this thin surficizl horirzon and ejects some gravel onto the
surface to join the pavement, but regurdless, the surficial layer becomes more -'}
silty-loamy and less sandy and gravelly. -4

Tormation of the Av horizon's coarssly-vesicular pores and its diagnos- :

tic crusting behavicr depend on additional factors after sufficient dust has
accuzulated for the horizon to form: The surficial horizon must have remained

lov iz humis content and- unstructured, sc that vhen it is strongly wetted it
will have & slow infiltration rate, hsnce saturate and act as a thickly-vis- R
cous liquid that allows entrapped air bubbles to migrats and join together to ‘
fora progressively larger budbles, i.e., vesicular porss (Miller, 1971).

Saturation also causes the horizon to consclidate enocugh that on drying the

saturated part bscomss & crust (Hillel, 1960). The high percentage of silt .;‘
and very fine sand in the accunulated dust ancourages thig sort of “dilatent”
behavior vhen saturazed, but limited biological activity in the surface layer
is essential to prevent formation of soil structure that would increase infil-
tration rates, decreass digpersion, and hencs dacrease the probabiliecy of ‘
periocds of surficial saturation. Bl

it [ "oy i i [ L RN I
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Conditions for Av horizon formation are best in the dazren, paved arsas =5
between dasart shriubs. Undar the shrubs, copplog dunss of eolian-sand accumu= :
late; they are the site of liczer accomlation and the jresatast ingect and
anizal activity. Low but significant amounts of husus accumlats and the soil
is mixed to sose depths soil structurs may be formed, Dat regardless, the
soll material rssains pervicus to water and does not saturats undsr heavy
rainfall.. Within the crecects bush vegetaticn of the Mojave Desert {Crater
7lat is at the northera edge of that desarst) accumulation of eolian sand
oecurs not caly as single coppice dunes under single shrube, bt as thin iy .3
sheets joining several, spaced-spart shrubs and their coppice dunes. These 6 S. B
slishely-raised microtopographic fsatures, or biocoppices, tO £oia a term, Z !

also ars the site of the most intense rodent digging and the Jeast aly

spots for Av horizons to form undisturbed over long periods of tims. Batwesn

the biocoppices, t.}l a soil is flaz=ish, if not microtopographically

suqnuy-comvo‘;'f a dasert pavesant is present, it is most prominent in

the flattish or dspressed spots. Such paved spots gra chlled pavettss hers, r3S.

to coin another term. They are lsast fraquently mixed, becocse saturated in

cheir surface few cantinaters during heavy storms Or snoOv melt, and have the

most clossly-packed, bast size-sorted, darkly-varnishsd desert pavement, and

most prominent Av horizon.

1t is not unreasonadble to conclude that the affects of slow dust infil-
erazion, accumulation, and Av horizoa formation will be best pressrved in the '
pavette microtopographic position, and that i3 where soils wers descrided for
this study unless cthervise noted.

2345

Crater Flat Surface and Scils

The active and recsntly-active washes, insat fans, and fan skirts that .
show no significaat formatieca of genstic soil horizons cozprise the later-
Holocana and historis Czater rlat surface. The soils are thermic Typic
Torriorthents. Alluvium in Cratar rlat is ubiquitously very to extrenely
gzavelly, or cobbly, or stenay sand or loamy sand, 30 the soils are in sandy
skeletal families. On the piedmont slope directly balow the limestonss of
Bare Mountain, these solls ars in carboaatic mineralogy classes, harsas the
Torricrthents of the pledmont slope belov the volcanic rocks of Yucca Mountain
ars in mixsd mineralogy classes. Pedon 13 isa representativs soil from an
inser fan (a Swadley & Boover Q1b deposit).

9 0888

Within the Crater Plat gecacrphic surface age-span, age diatinctions arse
7 best made by microtopography, and ase quits affactively rsflected by Swadlay &
Hoover's Q1a (raw channels), Q1> (zaw, Iough, bar & swvale inset fans with _
« 1itzle “"smoothing®), and Qic (inset Zans with “mured” bar & swvale microtopog- .
g zaphy aad prof.o-duc:-pcmcnt) digeinctions. With the sxcsption of the
1zrge azea e acs in scuthweststn Crater Flat, Swadlsy st .
al's (1984)-zapping of their Q1 deposit (.0., Qta + QD + Q1c + Qis + Qle) ;
quits correctly shows, at their small scals, the distridution of the Crater -
Plat suzface. .

The "muting”, or smoothing cf the rough bar & svala microtopography that l P
occurs frca Qta to Q1d to Qic surfaces possidly is caused by rodent diggiag, ~
that lowers stones by undercutting and by accumnlation of eolizn sand’in %Q«H .
svalas. An open, poorly sorted, *proto-desert-pavesent® has forned in the !

—
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swvales of Qic arsas, but there is only a mozrphological hint of dust accumula~
tion in the surface bhorizon, i.e., the surficial fev ma of some Qic aresas
barely coherss in the weakest of crusts, and in some gitustions there is
effervescence associated vith a slight “greying” due to slight dust accumula-
ticn at 4 fev cm depth ia sand vhersas the surficial sand is noneffervescant,
or *lesched®; 1n this area calcimm carbonats and soluble sodium sales obvi-
mlymb‘inqnddodb{&nt!m. . '

Az sost, microtepographic-suting is accompanied by slight dusting of, eor
gilanents of pedogenic calciua carbonate on pebble kotroms at 20-50 cm dapths,
Lee., Stage I a:ﬁu:o accumulation (Gile et al, 1966). There i3 no apparent
opal accumilatica . :

A "Cratar PFlat age soil® could not be distinquished froa raw alluviun by
its morpholegy in a treach. sSuch a soil has identity oaly by its locaticnm
under & Crater Flat-age surtaice.

Little Cones Surface and Soils

The Littla Cones surface cozprises one large fain-skirt remnant surround-
ing Little Cones in southvestern CTater rlat (fig. %, shown by Swvadley et al
(1984) a3 a Q1 avea), and several lov Bagix-floor remnants in adjacant, north-
ezn Amargosa Desert that ars shown as Q2 areas by Swadley at al. The remmazt
surrounding Little Cones is bounded on the east by the main wvash from aorthe
western Crater Flat and &n extensive area cf bar and swale Cratar Flat surfacs
forned by this wash and the main wash froa the portheast. To the west and
southwest the Little Cones rezmant is bounded by the lataral drainaguvay ac
the base of the Bars Mountain piedmont slope. To the northeast, just to the
west of Red Cone, this Little-Conas fan-skirt, t stands some saven fset
tbove the Qb bar-and-swales of the main wash and iz inset into aind some
aight fest below the dissected, Black Cone-age fan pledmont slopiag down Izoa

 Bars Mountain. The scarp between the Black Cons and Little Cones surfaces

feathers ocut in an arc to the southwest.

The inset relationships demonstrate that the tittle Cones surface Lls a
younger surface than the Alack Cona surfacs (most of Swadley and Hoover's Q2

_ ageas are Black Cons surfacs remnants) and an oldar surface than the Crater

rlat surface (most of Swadley and HEoover's Q1 is Crater Flat surfacs). The
clear-cut morphogenstic differencss between the Typic Camborthids of the
Little Cones sarface and the Typic Caleiorthids of the Black Cone surface or

_the Typic Terricrthents of the Crater Flat surface demonstrites that the three

surfaces are differsnt encugh agus that they should be recognized as ssaparite

11 raylos's (1986) classification of pedogenic Stages of opal accumulation

will ot be used here sincs it is a too simplistic analogy to Gile,
Peterson, and Grossman's (1966) Staqes of ctlcium carbonate accuzulation.
Othervise, Tayler's study is excsllest. :

12 Beneath the Black Cone surfacs, thick layers of carbonate-silica cemanted
gravel outcrop on the wash scarp, vhersas belov the tittle Conres surfacs
the sandy-skeletal alluvium has only Stage T or II carbonate accumulation
on pekbles. ' '

3
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gecmorphic surfaces. At Little Cones, Swadlay et al (1984) did not separate
the Little Cones surface remnant from their large Q1 delineation to the ease,
even though it has a fully=smoothed suxface wizh abgtracted, though shallow
drainagevays, and an evidant, though oaly slightly varnished deser: PAvemant,
and with a clearly pedogeaic soil. 3ince they accuractaly drew the boundary of
the Q2 arsa to the north, they mist have wvittingly included this Little Cones
reanant in their Holocene Q1 unit; perhape they 4id not think i3 Av hariren
“strongly encugh developed® to be 3 Plaistocsne soil feature of recognize thae
it has a camdic horizon and evident Bk horizon.

Pedon 2 (in a pavetzs) and Pedon 3 (i{n a biocoppice) illustrate the soil
featurss of the Little Cones surface at Little Cones (Appendi J:I). The AV
horizon {s only S =a :.‘:zchmd barsly axhibits the 4dilatsaccy = of the usual
Av horizon, but it crusts , is cracksed into polygons, and has coarsely-vesic-
ular porss. The Av horizon occurs conly under the pavetzas; undar the biocep~-
pices it either has been 2uxed by aninmals, or is buried by a few inches of
solian sand and has lost (ts vesicularity and crustiness, though L% ratains
its color and takes on a proaineat tubular porosity. Thers L3 a promineat bue
non-cemanted, late-Stage I, 23k horizoa that has relatively thick pebble-
bottoa carbonate tiags. It underlies a roughly 80-ca thick layer that I
consider to bde loamy dus to dust infiltration and that now cooprises the Av
horizon, an Ak horizon of recent cazbonate accurmlation, and a 3wk, or cambic
horizon that has had carbonate lsached zhrough it (the 23k is evidancs) even
though it still has thin pebdble-bottoam coatings of carbonate in t=ansit to the
2Bk. A very faw, very thia, pustulose, brittle, carbonate~laminae occur on
the bottoa of soms of the Av horizons coarse prisas (polygons); such cardoa-
ate laninae are common in the lover Av borizons of soils oa the 3lack Coze,
Yucca surfacss and are interpreted as evidencs of shallow cardozats accumala-~
tion during, perhaps, later Iolocsne to present. The high pH valuas just
below the Ak horizon are evidencs of eolian addition of solubls sodiwz sal=zs
and thair accumulation just below the curreat depth of carbozats accurmilacion.

Pedon 1, froa a basin=floor rexmant in the Amargosa Desert basia, that
was 2apped by Svadley as a Q2 deposit, is quits similar to Pedon 2. It has
been identified as a “Camborthidic” Torriocrthent, rather than as a Typic
Canborthid, only because its 22 ca=dsep Bwk horizon is 3 ca shy of the arbi-
trary 235 < depth rsquired dy 3S0il Taxonomy for diagnostic caabic horizoas.
Rock vazrnish froa pavemant pabbles on Pedon 1 gives a 7,310 YP3 adnimum age
for the surface and soll, whersas varnish from pebdlas on Pedon 2 @ve a
11,200 T?3 age (Table 2, 3). The 3=22 < deep Dk horizon of Pedon 1 contains
some greyish layers that ares considared duried Av horirzons; the about 4,000
year younger dats of Pedon 1, compared to Peden 2, may rsflect a late addition
of sedixnens.

13 “Dilatentcy” is a tem attridbutsd t0 soil oDachanics, psrhaps lncorrectly,
that descridbes the viscouse-ligquide-lika bshavior of saturated soil matsrial
with hagh conzents of 3ilt and very fine sand. A blod of the saturated
material will collapse and flow cut into a broad disk, or “dilate”, when
3iggled; 4t also will drool froa the fingers.

14 Cpezrationally, a soil crust is a layer that foras at the surface when a
soil dries and that will brasak ocut as plate~likxs fragssnts that can ba
handled without breaking.




“f."?-'a @, " s el ,-.:“'_'-.'.':"..-'» R

. s BEST AVAILABLE COPY

* The rock varnish dates, the thinness of the varnish, and the ainimal gx
and Av horison differentiation of Pedons 31, 2, and 3 all suggest either a vary
sarly-Nolocens or latest-Plelstocene age for the Little Cones surface and
scils., Similar solls under creosote bush vegetation on the lessdurg surface
at Las Cruces, New Mexico, ars adout 10,000 ysars old and are considarsd
latast~Pleistocenes (Gila and Grossman, 1979, p. 16§).

Black Cone Surface n.nd Soils

In the Crater rlat dasina, the Black Cone surface (much of Swadley and
Roover's Q2 daposits) cooprises s2all to large fan-piledmont reznants that in
4ggTegate are about as extansive as the Cratar rlat surface. Defining the
Black Cone surface is difficult decause mapping the surface is difficule.
scundaries to younger surfaces are readily sapped bacauss they commonly are at
4an erosional scarp, or at the least are at the boundary €roa the unvarnished
or slightly varnished pavement of Cratsr-Plat or Little=Conss-surfacs scils co
the Blackishe-shiny-varnished dasart pavement of the soils of the Black Cone
surfsace. Howevsr, boundaries to cllar Yucca or Sclitario surface remnants are

- difficult to datsrmine, unless there ls a scarp reflectipg an inset relation-
ship, because the darkness of rocke-varalshing or closaness oI extensiveness or
sorting of dasert pavezents are not consistently different. There are soil
differences between the Black Cons and Yucca or Solitaric surfaces that are
due to confirmable age differences, i.e., that can be obsarved wvhare there is
an inset-surface relaticn. But, batween various remnants of the 3lack Cone
surface thers are noticeable differencss in soil dsvelopzent that can be
related to confirmable surfacs age differancas in the f£ield in only a faw
cases., Howvaver, grogressively oldar rock varnish dates <o seen to correlate
with thess differences in degree of davelopmant of the Black-Cone-surface
soils.

2348

Late~Black-Cons Age Soils fxam Limestone Allnvicm

3 38

Pedons 4 & S1 Pedon & (in & biocoppice) and adjacezt Pedeon S (in & pavetts)
ars on a lever-fan-piedmont reanant that was mapped Q2 by Swadlay and Hoover.
The remnant hag two mOre somevhat lower and younger lsvels, but they have
scils so similar to Pedons 4 and $ that these younger lavels are included in
the Black Cons surface. This remnant ls to the north of Pedons 2 and 3 of the
Little Cones surfacs &nd near Bare Mountain (Fig. 1). Pedons & and S cepre-
ssat the Typic Calciorthids that forz from xixsd limsstone-volcanic fan-ellu-
vium on the Black Cone surface. Lizestone psbbles in the pavemant (Pedon $5)
aze deeply sclution-etched whersas volcanic pebbles are darkly-varnished; the
pavement is wall-sorted and closely-spaced. Undar the pavement, thers Lz a 3
sodsrately thick, fully dilazent, prominantly crusted and coirssly-vesicular f.
Av horizoa that is notably greyer than the undarlying cambic horizon. This Av
horizon is easily distinguished froa the thinner, less-silty Av horizoz of the i
Little Cones surfacs. In the non-animalemixsd Pedon 5, the cambic horizoa 3
(Bvk1, Bwvk2) has non=calcarecus parts indicating that it was oncs fully ‘ ]
leached, and that the calcarsousness of the Av horizon (which has thin,
brittle, pustuloss carbonate laminae on plats bottoms) represants later, prob- ;
ably Holocens carbonate accuzulation. The 28k horizon contains about 204
volume of Stage II-III, weakly carbonate-cemanted gravel lenses in & Stage I g
zmatrix; the 2Bk horizon has enough pedogenic carbonats to be a caleic 11
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horison, Dut not a petrocaleic horiron. RMock varnish age is about 28,300 YPB.

Ia southern New Maxico, one would axpect at least a =ziniaal petrocalsis hori-
zon to have formed in a scil this old.

There ars Paleorthids with petrocalcic horizons oa tha Bars Mountain fan
piedmont on surface ressants that look to bde within the Black Cone age-spread,
byt I di4 not study them. Thers ilso are Petrocaleic Paleargids high on that
limastons fan piedmont on probadly Yucca-age fan remnants.

tate~Black=-Cone Age $Soils from Volcanic Alluvium

Pedon §: 7Pedon § L3 a Black-Cone~age Iaplic Durargid formed froa volcaatc-
rock alluvium from Yucca Mountalna that has no admixsd limestons. It is
between Red and 3lack Cones (Pig. 1) on an eloagate, low, fan-piedmoaz remnanc
that Swvadlay and Hoover mazped Q2, and that i3 just above Qtc Torriorthents.
It Ls soma 33,400 years old, by rock wvaraish dating, and has A veIy gravelly
sandy loam, miaizal, argillic horizon and a haplic (i.s., mtaimal) duripan
zather than the cambic and calcic horizons of Pedon 5, which had limestons in
its parent material. The Av horizoa of Pedon § Ls fully-dilatent, moderatsly
thick, and leached of carbonatss. An undsrlying Ak horizen rsflects Holocene
carbonate accumulation, since parts of tha Bt ars noacalcarecus, L.s., previ-
ously laached. A p# of 9.4 and dark, 1-2 za thick bands of alkali-solubilized
hurmus ia the Ak horizos indicats solubdble sodium salt accumulation as well.

This soll rsprasents one the younger, less-differsatiatsd Durargids of
=he 3lack Cone surface. Its argillic horizon has clay skins, but a slacively
lov clay content. Its duripan has only a singls thin laminae ca top, and
though coherant in place, is cnly weakly cementsd vhea tested as broksa-ous
chunks. S$ince this soil is adout the same age as Pedoa S, a Calciorthid, che
cwo demonstrate that, in later Pleistocans s0ils, modezrats amounts of limg-
stone in the original parent zmatarial will prevent the formation of an
argillic horizoa, a relationship well known in Nevada. l

[ e

Pedons 10, 11, 12, 14, 15: These 30ils (and Pedons 8, 9, & 1) ) wers samplad
along a transect from the corner of the Solitario Canyon ruad and the dozer
road to USGS Trenches C¥2 & 3, aloag the CF2 & 3 road (Fig. 1). This transect
was lntended to detarmine the soil properties of zhe QTa and Q2 deposits, and
to test if Swadley and Nocver had consistently zapped thess two dapcsits
aczoss this dissected fa= piedmoat. Swadley et al (1984) zapped o8t of thae ‘
large fan-piedmont-remnant sumaits along this transect as QTa daposits on

their gensralized 1:62,500 map, ut they 4id cut out soas inset~fan~ramnant
sumnits as Q2 deposits. On Swadley and Hoover's (1983) zore detailed, larzger-
scale map of the CF2 & 3 trenches site, they cut out additicnal, small Qtab,
Ate, and QIdc avrsas from the broad QTa areas.

s
E:

<3

Ia my assignments of Swadley and Hoover's surficial-deposit dasignations
ia Table 2, I have attesmpted to give them the benefit of the doubt vhers one
would chink they should have ideatified deposits as Q2 rather than QTa because
their zap is saall scale and necessarily guneralized. In Table 4, =y gecoor-
phic surface and their surficial-deposit designations are repeated for sasa of
reading.
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TARE 4 — ACE ASSIGOENTS FOR PEOCMS

Rock v..rn‘lslh
Pedon ¥o. Geomorphic Surtface Age Y3P Surficial oopou.g"
1 tittle Cones 7,310 Q2
2 tittle Cones 11,200 Q1
3 Little Cones 11,200 Qs
4 late Black Cons 28,300 Q2
S late 8lack Cons 28,300 Q2
[ late Black Cone ‘ 33,400 ' Q2
7 early 8lack Cone 126,000 Q2
8 ~sarly Black Cone 131,019 QTa
9 sarly dlack Cone 137,000 . QTa
10 late Black Cone - 29,700 Q
1 lates Black Cona 19,000 Q2
12 late Black Cons n.d. QTa
13 very late Crater Tlat a.d. Q1
4 lace Black Cone r.d. Q2bc
1S late Black Cone 31,800 Q2be
16 Yucea J80,000 QTa
17 Yuces 360,000 : QTa
18 Solitario 660,000 QTa

Pedons 10, 13, and 12, raspectively, are on a highest fan-pisdzont rea-
nant, aa obvicusly lower and younger inset-fan remnant, and another highest
fan-piedmont remnant, all adjacent to each other along this eorth-to-south
trangect. Inasmuch as I could determine in the f1leld, Pedons 10 and 12 are on
vhat looked to bs positicns that Swadley and Hoover would have mzpped 23 QTa
daposgits on this particular part of the dissected fan piedmont, even though
Pedon 10 appears to be in a mapped Q2 area on the 1:62,500 mapr Pedon 12 is
mapped &8 QTa. Pedon 13 looked ag if it should be cn mapped Q2 and is. All
soils have gravelly sandy loam 3 horizons, but Pedons 10 and 12 are Haplic
Durargids with weak argillic Bt horigons and duripans, vhersas Pedon 11, in
keeping with its younger relative-gecaorphic and rock~varnish age, is ozly a
Typic Camborthid with & cambic Bv horizon and no pan. According to its rock-
varnish age, Pedon 11 is some 7,000 years older than Pedon 2, vhich also is a
Typic Camborthid tut is on the Little Cones surfacs. gxcept for the rock=-var-
nish ages, I would put Pedon 11 togeuther with Pedon 2 as Little Cones age.
Pedons 10 and 12, compared with Pedons 8§ and 9, deoonstratad to as that the
Slack Cone surfacs (Q2) could mot be separated frox the Yucca surface (QTa)

% CorTectad radiocazhon age or cation ratic age of rock varnish (Dorm, 1988).

16 Surficial deposit as mapped by Swadley & Eoover {1983) or Swadley et al
(1984).

17 Age assumed to ba the same or somewhat younqer than adjacant Pedon 8
becausa Pedon 8 and 9 are on ramnants that are 4t the sama lavel.
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during mapping oa this broadly—-convex, deeply dissectsd fan pledmoat wizhous
carsful examinazicn of the soils.

oo o

Undated Pedon 14, a Typic Eaplargid somewvhat farther south on the CF2 &
3 road tzansect, is similar to Pedons 10 2ad 12, Dt has 5o faw Cenented
lanses ia it 3k horizon that is cannot be said to have a duripan. It is on a
true inset-fan-remnant sumait that wvas mapped by Swadlsy and Eoover (1983) as
Q2bc and is inset iato what they called QTa deposits.

Pedon 15, a Typic Curargid next to the USCS Cr¥3 trench, is on a mapped
Qibe dsposit. It has a rock-varnish date of 31,800 YPB, ut its profile, paz-
cicularly tts duripan, is more like those of the “esarly-Black Cone® Pedons 7,
3, and 9 than the late=3lack Cone Pedoans 10, 12, and 14.

All of the soils on this Cr2 & J road traansect have well daveloped Av
horizons. They also have Holocene-age zonas of accumilation of cardonate in
the lowver A horizoa. IExcept for obviously inset-fan remnants, thers ars no
consistent visual cluss in the £ield for separating these late-3lack Cons
soils and surfacss froa the sarly—3lack Cone ones <during zapping; the soils
must be sxamined.

Zarly=Black-Cone Age Soils froa Volcanic Alluvimm:

If the Pedon 4, 5, 10, 11, and 14 rock-varanish, radiocardon ages are
tively), and the rock-varaish, cation-zatio ages of Pedcn 7 and 3 are correcs
{123,000 YPn, 137,000 YP3, respectively), then ome could argue for splitting
the Black Cons surface into twvo gecmorphic surfaces. BHowever, I did not splis
it because I Jnow of no placs in the £ield whers the younger and older sur-
facas ars juxtaposed and show an ilaset or overplaced relatica, tieresfozs thess
is 2o svidencs independsnt of the rock-varnish datss and cozparative soil mor-
phology to argue for splittiang the 3lack Cone surfacs.

Pedon 7, 8, 91 Pedon 7 i3 a Typic Durargid (128,000 YPB, catiocn ratio agel.
It is along the main, diagonal road to northeastern Crater Flat, ca the summie
of an elongats, fan-pledmonteresnant that is promingntly inset belov the large
Tucca-age fan-piedmont Iemnants in northern Cratsr rFlat. Swvadlay and Hoover
sapped the Pedon 7 remnant a3 a Q2 deposit and the higher Tucca=49e remnants
as a QTa deposit. The texture of the argillic horizon of Pedon 7 (vexy
sticky, plastic very-extreassly gravelly clay loam) suggests that it i3 older 3
cthan the very sravelly sandy loam Bt horizoas of the late=3lack Cone
Durargids. The duripan has only a single laminse on oD, at strongly to
weakly csmented lenses are closely enough isbricated below it that T called it
a typic pan.

Pedon 8 i3 a Typic Durargid descrided in the scutheast COIner of the
Solitario Canyen and C¥2 & }-Trenches road corners. It has a zock-varnish,
cation-ratio date of 137,000 YEP. Pedon 9, was descrided directly to the
south, across a wash on ancther “highest” fan-piedmonteresnant surmie that
appears to be at the same level and of the same age surface as that of Pedon
5. Howaver, Pedon 9 i3 only a Haplic Durargid, because its duripan is not as
continuously or stroagly camented 23 that of Pedon 8. Both 30ils were identi- .
fied as in QTa deposits by Swadley and Hoover {1983), but the rock-varnish |
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date for Pedon § forcas it into the next younger than Yucca surfacs, and the
argillic horizon and pan development of Pedon 9 are not 4s great as those of
Tucca~age solls. ’

The argillic horizon of Pedon 8 is distinctly reddish hued (a full
7.5YR), sticky, plastic, and a clay loam at least. It has been opalized, par-
ticularly ia its platy lover subhorizon, and has the *crunchy® faslling, moise,
of strongly cpal-agglomsratsd, clayey Bt horizon material. This argillie
horizon opalization ig a prominent featurs of Yucca-age Pedon 16, and is mocted
for QTa~age 30ils by Hoover et al (1981). mut, the argillic horizon of Pedon
9, though also a clay loam and crunchy, Ls not cpalized strongly encugh to
make it platy. Pedons 8 and 9 could be older than their rock-7arnish daces
suggest. - v

Tucea Surfacs and Soils

The Yucca surface can be readily distinguished froa the Black Cone and
Crater rlit surfaces (and by iaplication, the Little Cones surface) by aarial-
photo patterns, by topographic saparation, and by soll differsnces. On both
color and black & vhite photos, transverse bands of darkly-varnished dassrs
pavensat cn low, Av-horizon slump~staps coatrast vith light-colored bdiocoppice
4Ttas ©o qive a distinctively banded phots pattern for the Yucea surface
raznants. This contrasts wvith the phots pattern of the Black Cone surfacs
fan-piednont reznants=-for both the Black Cone's younger and clder ramantg——
where the dark patches of dasart pavessat are irrsqularly-shaped, or tand co
be loagitudisslly-elongutad and the light-colored biocoppicCes ars semi-cirzeu-
lar spots, or "dots.” The Crater Flat, Bolocans surface is rav sedimant and
hence distinctively light colored on the aerial photos, cozpared to either
3lack Cone or Yucca surfaca famnants.

The Yucca surfics comprises three areas of fairly-extsnsive, relatively-
high, dseply-dissscted, flattish-topped (transverse to the slope), fan-piled-
Iont remnants. Yucca-ages Pedon 16 {3 on the area of Yucca remnants in north-
sastarn Cratsr Flat (color photo BLM 24 MVEOBC 8-44-20, southsast 1/3). The
extensive Black-Ccas age, dissected fan-piedmont remmant that is just to the
northwest of the Yucca fan-piedsont remnants has Pedon 7 on it and is promi-
nently insat into and some 10-20 feet delow the Yucca reanants. This irsat
Tvelationship deacnstratss the ralative ages of the Black Cona and Yucca sure

‘" faces and scilg. Ttare ars wellepraserved ramnants of two younger ercsion

surfaces that were cut into this Yucca-age fan pledmont near the heads of the
dsep gullies that dissect it. The dasert paveasnt, Av, a4nd upper Bt horizon
of the reonants ars siailar to those of tha Yucca surfacs, #0 the ramnants
probably reflact thare being more than one lavel of Yucca=age reanants. The
lowvest ramants could be of Black-Cone age, but they wars not traced-cut.

Yucca=age Pedon 17 is on the socuthernmost of three remnantal Yucca areas
izmmediately scutheast of the mouth of Solitario canyon on the east sgida of
Cracear Flat (black & vhita phots GS-VIDT 10-6, northeast 1/3). Black=-Cone age
fan=-pledmont rexnants are inset into and below thess Yucca remnants. The
third group of prasumed Yucca reacants is in the northwast corner of Cratar
Flat, just above the maln drainagewvay (color photo ELM 24 NVEOBC 6-43-20A). I
got only cne lock &t the edge of this third area, and cculd oaly acts that the
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soll apparently has an argillic horizon and a thick, strongly-indurated
mim-

doth Pedons 1§ and 17 have strongly differentiatsd Av horizons that are
very dilatsant. MNota that Av horizons are not significantly thicker than the
Av horizons of the Black-Cone age soils, even though the ages of thess pedons
(380,000, 380,000 Y?3) are several times oldar. 3ince the formation of the Av
horizon is aztributed largely to dust accumulation by most current workers ia
3041l genesis, cne would expect thicker Av horirons in the older soils on well-
preserved surface rexnants. There are two problems with applying this theory.
First, the fins eazth in the Ak and Bw or Bt horizoans (in this azrea) also
probably is largsly of eolian origin, thersfore measuring the thicknass of the
Av horizon alone must be a poor measure of dust accumulation, The Av horizon
is a morphologically distinct layer of very-coarssly-priszatic ("polygons™),
coarssly-vesicular, internally zassive or platy, light colored, crusting soil
zaterial. Its morphology reflects curreatly oa=going processes that will
recreate the morphology if it is disturbed. It is the dapth of effect of
these processes, not dust accuzulation, that determines the depth of the Av
horizon cnce dust accumulation has exceeded the dapth of effact of Av=formiag
procsssas.

Secoandly, all of the surfaces older than the raw Cratasr Plat surface
have abstractad drainages. That i3, at lsast occastonally water sheets off
the soil surface rapidly enough to have led to formation of shallow,
dendritic, “on=fan® drainage systams. It i3 reasonabla to concluds, as Taylor
{1986) suggests, that there has besn some sheet ercsion of the Av, at lsast on
the oldar surfaces.

The vertical pattern of leached Av horizon over calcareous Ak, over
partly-carbonate~leachsd 3t horizon again demonstratss recsnt, rslatively
shallow, presumably Holocene~age carbonates accumulation in soils that warse
leached of carbonatss in the Pleistocens. High pH values in the Ak again show
chat soluble sodium salt accurulation froa dust fall is occurriag.

Both Pedon 1§ and 17 have thick (50 and 40 cm), basically clay-taxtured
argillic horizons. 1In Pedon 1§, cpal "agglomsration®™ has weakly cementad thes
Bt horizon; it is very brittle-crunchy throughout and prominently platy and
firm and "orangish-looking” in its lower part--all well known effacts of
silica accumulation. The appareant texture {s a loam in the upper part of the
Bt and loany sand in the lower part, but the "sand” i3 meresly weakly silica-
csmentad aggreqgatas of clay. Pedon 17 has not had its argillic horizon opal-
ized, and feels like a clay without as long and vigorous a workiang as Pedon
16's Bt requires to begin fealing clayey. In my sxperiasncs, opalization of
argillic horizons is some sort of evidence of consilderabls age, but it i3 so
variable within and between polypedons that it {s not a conaistnn:ly—applic-
able criterion for Lideatifying a particular age of soil.

Eoth Pedon 16 and 17 have a foot or two of strongly-cemented duripan;
the formar has several prominently opaline surficial lamina, vhereas ths
latter apparently has a single surficial laminaze. I do not 'mow if this
apparsnt difference in degree of opalization of Bt and Bqika horizons is a
reflection of age or environmental differencss between the two pedons. Decent
exposures of the pans wers not possible in my hand-dug pits, and gully-wall
outcrops zust be distrusted becauss of “"case-hardening.” Regardless, the
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duripans on well-preserved Yucca surface remnants are as thick and as strongly
cemented, Or more 0 than on Black Cone ramnants.

lquutio sSurface and Solls

. Tha Solitaric surface comprises 4 single ballena, or fully-roundad,
tidge~line remnant, Just to tha southwest of the mouth of Solitario Canyon.
Thers are, howaver, spur-recnants up Solitario Canyon and in valleys in Yucca
Mountain above the northeast side of Crater rlat that suggest the Solitario
surfacs was once Euch ROore extansive. The bBallena-fora rexnant near Solitario
Canyon, vhers Pedon 18 was dascribed, is 5+ feat higher than the adjacent,
well preserved Yucca-aqe fan remnant whers Pedon 17 was dascribed. The Yucca-
age fan piedmont clearly is inset into and delew the pre~existing Solicaric-
age fan-piedoont rexnant. '

. Yo actual, Solitaric-ags soil was found. Rather, there 13 a complex of
more extansive Typic Durcrthids and small spots of Typic Ourargids on the
ballena that results freuo stripping of the original A and Bt horizons, mixing
with part of the duripan, and later dust accusulation. Pedonr 18 iz a Typic
Durargid that represents the truncazed remnants of the criginal aoil. It wvas
descrided on a4 Sallena crest that zarks the position of the forzar Solitaric
surface. The ballena is litctersd with chips of the duripan laminz, showing
that anizals have been vigorously scraping &t the duripan. The 19=cm, Av-Ak-
Btk solunm of FPedon 18 was found in a slight depression ef the duripan. 1In 2
second pavetts locaticn, thers is a Typic Durorthid that has only a 0-5 c= aAv
and $5=19 c@ Ak cver the duripan. In a third pavetts location, the Durorthid
is only a 0-7 c@ Av over the duripan. In cas of the lazger, raised
biocoppices on the ballena crest, undsr a pale wolfberry shrud, the Durorthid
comprises 40 < of rodsat-tixsd earthy matsrial over the pan.

The Quripan has 1-3 c= thick, opalized lamina on top of it. OU3SGS faule-
treach CT1 is dug into the side of the ballena and shows that the duripan
extands cn cver the sidss of the ballenma, Ixt that the strongly-cemanted part
is thickest (& couple of feet) at the ballena crest and thinner on the younger
sideslopes.

On coclor aarial photos, this bellena~-fora remnant of the Solitaric sur-
face i3 notably lighter colorsd, and tan colorsd, apparsatly due to the comon
chips of duripan lcaina scattared acToss its surfacs. A similar, duripan-
chip-strewn, but lower dallena is just northeast of USGS fault-treanches CF2 &
3, and may be another Solitaric remnant, or could be a stripped, rounded Yucca
reznant. The hillock on the upthrown, eastsrn side of USGS fault-trenches Cr2
& 3 could have either a Solitaric or Yucca-age é&uripan in 1it.
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{1) There are Zfive sajor geomozphig surfaces, l.e., groups of land-surface
reanants, in the Crater Plat basia: the Crater PFlas, Littla Cones,
Black Cone, Tucca, and Solitario surfacss. Zach has a distinctive
aerial photo pattern. Thare i3, somsvhere in Cratsr Flat, a situacion
where rsanants of each surfice are topographically separated froa rem-
nants of surfaces higher (oldex) and lower (younger) than themselves,
thus desonstrating inset relations and relative ages.

{(2) The soils of sach surface have distinctive differsnces from those of the
other aajor surfaces:

(2A) The soils of the Crater Plat-age surfaces are Torriorthents
without qenetic horizons.

(23) In pavettes, the 30ils of the Littls Conss-age surfaces have
slightly-dilazeat Av horizons, that ares mors sandy than
those of older surfaces, and have cambic horizons and Stage

tn T 3k horizons.

N {2C) In pavettes, the 30ils of the Black Cone~age surfaces all
have gproainent Av horizons that are dilatent. Those fraa

™ lingstone~coatainiag parent aatarial have cambice horizons

o and stage I-III calcic horizons, wharsas thoss froa solaly

volcanic alluvium have sandy loam or loam textured argillic
horizons and haplic (discontinuously or weakly camentad) o
barely typic duripans. Soce of the youngest 3Black-Cons age
reznants have soils with caabie horizons, rather than
argillic horizoas, and no duripan, and soms with argillic

© horizons lack the weak duripan.

w (2D) Ia pavettas, the soils of the Tucca~age surfaces all have

= proainseat Av horizoas that are dilatent and have soliflucted
iato bhroad, low, slumpestaps that show a transversely-banded

o pattern on asrial photos. The soils have relatively-thick,

o~ clay—-taxtured, or opalized-clay argilllic horizons. Their

duripans are relatively more strongly cemsnted than those of
the Black Cone surface. 3lack Cone-age argillic hoxrizoas
aTe not as thick or as clayey as those of Yucca-age soils.

(2E) The Typis Durorthids of the Solitario-age surfacs ra=naats,
which are ballenas, have a distinctive litter of duripan-
lamina chips across their surfacs and ares very shallow to a
strongly=-cemsnted duripan that has thick cpal lamiza on its
top. The ballsna surface has been stripped of the original
A and 3t horizoas, 3o there i3 only a shallew, dilatent Av,
or AV and Ak horizon except where a thin, very gravelly clay
loam Bt horizoa has been presarved in a shallow depression
ia the duripan. Where the Bt horizon is preserved, the spot
is a Typic Durargid.
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faces have prominent, very dilatent av borizons; cthere prodably hag
been ercsion of Pleistocene Av dorizons, sinca there are wlle
abstracted, on~fan dratnage mtgu on the old fan reanantcs.

{4) Thers has been shallow, limited, Eolocens to Modarn carbonat:

{S) Swadley and Hoowver's (1983), and Swadley ot al'
"surficial deposits”® in Cratar PFlat failed to
fepazate guomurphic surfaces and related soils

Black Cone, Yucca, and Solitario surfaces),
included two

Cona gurfacs.

s (1984) sapping of
distinquish three Claarly
in their QTa uate (zy

and i{n cheir Q2 unte
separable gecmorphic surfaces, the Little Cones and Black

{€) Hoover and Swadley’s "surficial deposits® concept and TAPPing are facally
flawved, and ghould be sbandoned, Gecmorphic

surfaces, defined and
mapped in terzs of soils and Stiatigraphic relations, should be used ag
the guomorphic dating tool for hectectonic studies.
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PEDON Moe 14 (CFP3I) -~ TABULAR DESCRIPTION

Tamacalc (Dot  loday-sholotal, ained, theralc Typlc Heplargids Este Mine Ages Because oa Inset=lon reansal slaller to Pedos 1%,
hoace ages 17,200 ¢/~ 300 (wacorrecied redlocarion) 19,000 YOP {0105 correction)s GCeomorphic Suriece: lote Black Cons Pudon §oBet
1=FFP=1-CEP3I=1 10 3o Duler 8/21/8) 831 Fole Peterion Localiear Creter Flot, Meveds, 1.2 ml. $E troe Inlersection of Solltyrle
Caye sad Treach CIIL) rosds, just § aad nexl clder suriace Irom Pedon 3.0 Physiograghic Pusition: True lnsel=lon-reassnt suamits
Pareal Matorials Colian dust and wolconic slluvivae MNotive Vegeltetion: Wnite bursage, Nevads wrmoa fes, creosote bush, .:lo
wollbercy, raage ralaaye Slepes 43 Aspech: 233 Elovationr 3,300 f0s 1,006 @ Lotltuder 36700 N Loagitudes 116510 N
Wecroreliel Position: PAVEIIE Swriiclal Gravelr 80 S-area Surlicial Codblest | S-ares Surlicial Stomssr O S-erea lotsl
Surliclel Rock Frogmasiss &) S-eres Other Suriiciel Features: Maay paveasal pebbles darkly varalshed.

—— Cplor e e Estinnted —— — Estisated —
Moo Norlzen Dapth ory Nelst Touture Gravel Cobbie Stens Saad S4it Ciley Argll
(-] f wole —— f wle wme= "
" A 0~ W0R /2 10V 472 v 23 o 0 IR TRTY: nose
2 Ak -~ 10N 6.3/2 1OWR 3/3 171 « 0 ° .63 2% M acas
3 1T 19-33 . IOVR 64373 1OWR 473 t 4+ [ [ o ¥ (17
¢« W 3332  10WR 6/4 WWR 474 ECCL 1) o o Q0 N X noae
1) 284 32-99 10WYR /3 10YR 373 [ (=} (3] [} ] [ }} 1] 3 anae
: == Conslifoacs — CalD_ Ellerveiceace Lovesr
"o. Structure Ory  Molst . Wel  Comsatatica & Morphology o Pores Roots Bcuadery
| 3COPR $H ¥R $0/¢S aOoNe €0dE - 84 3F=dy [V 5 AS
2 WPt 3 VVFSBX M fR $0/P0 none €5-5F0 8.0 nede vivF AV
S tvrsex M " $$/P8 none £ o4 nede - o
] JvFsBx H R ‘S/mwe nONe EOa € [ 7% Nede vivf [~]
] $6 10 10 $0/F0 aone €0 4 £3-5P8 [ 1Y) fede "noae L]

[ )
COENTS: .A fow dark grey boads In Av horizoa; some pedbles with pustulose botfom carbansie costiags. The 28k horlizon coatalns a
fow thia carbonate-comsnled (ensed. :
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PEDON Mo, 13 ICFP36) — TADULAR DESCRIPTION

Tononomic leDet losay-sholetel, nimed, theraic Typlc Durargld. Est. Mine Age: 28,920 ¢/- 400 YBP (uncarrected redlocarboa) 31,800
YeP (4108 correclion)s Gecmarphic Surlace: late Blech Cons, Pedon Jollet I-FFP-)-CIP36~) 10 6 Daler 8/21/8) By £.F. Petersos
tocations Crater Flal, Nevads, 103 ale SE from latersectioa of Solitario Cay. and Treach CF24)3 rosds aad 0.15 mle NE of CF283 roed;
30 1ts ME o) £ 0ad ol Treach CF3, which I8 across the Windy Wash feulls Payslographic Pesltlon:s Reasant.surlace of beheaded Black
Cons (*Q2%) Insad lane Pareat Meterlals Eollsa dust and volcenlc dlluvivae Wative Yegetatica: Wmile bursags, creosote bush,
shadicale, Novads aoraca tea, pale wolliberry, range rateay. Slopes 35 Aspecti 270 Elevellces 3,300 I8. 1,006 @ Latliudet
36.302 M Longltudet 116.510 ¥ Microrellel Positions PAVEIIE Surllclal Grevel: 80 S~ares Surliclial Cobbles: 5 S-srea Swrlicisl
Stoasst | J-ares lotal Surliclial Rack Fregasalss 86 S-sres Other Surficlel Features: Kaay paveasat pebbles, cobbles, stonss éarkly
varalohed.

Coler | e Entianied — o fitlasted —

o. Worizoa Dopth bry Molet Toenture Grevel Cobble $tcae Send 3ii¢ Clay Argllisas
[~ ] ' voly ~vomem e Wle we—— .
M 07 10WM /2 10WR 4/ & 2 ) o a2 s noae
2 A 1-1% 10Wm 172 10R 473 L 10 0 0 W 40 220 acae
5‘ ADM 1920 10YR 673 10WR 474 Yol 50 ] ] 3 38 23 acae
¢ B 20-31 - VSR /3 1SR 4/ EGL & o 0 62 20 1 O ees
) 8k 3-40 2.5YR 64374 2.3VR 3/4 EGSL 7 0 1] 12 20 [ ] ache
¢ e 40-82 WR VL WRESL s » s [ Bebe Meme Aede acse
) owm 1/2 10YR 373
‘ == Coaslsioace — Calp_ Elfervescance Lowesr
MNoe Siructure Ory Molst [ ] Consalation 2 Marphology pd ' Pares Roots Bosadary
] 3COPR, <] [{] $o/r8 ~oas £ [ 1Y) 3-dy aone AS
2 COPAR &4 UPL N [{] $5/P8 [T € [ 199 nede vivf AS
3 1Fsax H (] $S/PS none Ev-Sp0 2.0 ‘Bede 1174 AN
4 1424 o fR $3/P% aone (1] Beb fede avf [~}
5 $8 50 YR $0/70 (7-17 ] Ev-SrF0 \ vl.) Nede 1174 vAd
& ] L ] i teittle Cs Ev : -..d. nede aoee ]

COMMENTS: .lu Av Jo dilateat, has pustulose pebbie-bottom carboaate coetlngs. 'n. A horlzon s dllateat. ‘I'N Ak harfzon 18
dlisleat, e Bi horitzoa has proalnent cortonsle pebble-tollos coatlags.  Pen comprised of 15-20 ca thick leases with Thia

taninse ca tops ol leases; usiallar o Pedoa 7; this pan could laclude older Commnted saterisals a0t ramoved durlag boraation
ol the Bloch Conn (nsed fan 3T tals site. . ’
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FEDON Moo 16 (CFP3R) — TADIRAR DESCRIPTION

Tamonoaic 1041 ®lina-lotny®, ained, thoralc Typlc Dursrgid. Eate Min. Age: 380,000 YP (calloa ratio). Gecsorphic Surfsce; Yucca.
Podon ).De1  =FIP=1-CIP38=) to 3. Duter 8/10/8) By: F.F. Peterson Locatloa: Crater Flat, Nevada, 4.2 al. WNE of Black Coas.
Paysiographic Positions Llpper-fan-pledasat-reansal sumall; moderately-wide reanaat with wide, low, sallfuction steps. Pereat
Materlal;s EFollsa dust sad wvolcanie allvviva., Native Vogetetlea: Spiny —ml. blachbrush, Nevada mormoa fea, creosote lmu, white
turssge, pale wvoliderry, Joshua=tree, 5tipa sppe Slope: 35 Aspect: no Elovatioa: 3,003 18, 1,104 & Lotitude: u.n: [}
Lengitude: 116.342 ¥ Nicrereoiief Foslitlea: PAYETIE Surticiel Orevel: 080 S-srea Swrifclel Cobbies: 3 S-arsa Serficlel Steass;
<l S-srea Tete) Surficiel Roch Fregmeates 03 S-area Other Surficlal Features: Cobbles and scas pebbles darhiy-versished, many
pobbles mot 503 stosss westheriag=tpailed where mot derhiy varalshed; a0 more prominsat rock veraish thaa oa eerly Bleck Cose
surlace; bdlech banding oa photo Is oloagate pavettes abave low, vegetated scarps of sollftuction steps.

Coler e Eatianteod == — Ettinnted =
Moo Horlren Depth Dry Molst Tonture Grave| Codbie Stose Ssad SUi? Clay Argliloas
[} g wal, ——— f uly
l: Av 0-7 10YR 8.3/0  10YR 4,972 (% 20 0 o %0 ] ) [} ) (V.91
™ 2. [ 1} 1-17 10YR 4/2 10YR 4,972 6L 20 () 0 LH 40 1] none
)‘ ]} 17-22 1.37R 8/4 1.3YR 4/8 (£ 20 0 0 Role Asde Mot AKPF ,BR,CO
N} . Bigha °  20-72 1.9YR 874 TeS5TR 474 GoLS» 1 0 0 Bele Acle Aele L I
9 Beha 12=-77¢ 1oYR 870 A 1OYR /3 4 LT Y ] ] 0 Relle Melle A, Rede
™M 1ovR 172 1oYR /3 .
N o Contfetonca = Cal0_ Ellervescenca Lawer
Mo, Struchire Dey Molst et Cosnntation R Morphalegy pH Pores . Roots Boundery
u.’t [ COPR H-SH YfR s/P . nose 0L E Bt Sty vivf (1]
m 2 - L 2vFSBX M YFR ss/rs : none £s-Sr 2.0 fed, : Ivf,vin AW
o 9 ) L & SvFRSK noon ss/p YOW peds €0 8.4 nede v, vAv
¢ a» 4 »FL H (4] $o/r0 (4] €0 & €Y asd Nede ARG YAM
m 5 9 " L 4] (1]} LTY I'Y [+ 1 (1] aede Red, E 2 ] [ ]
§ © 5 COMENTS “ra Av 14 vory diiatent, 'm AR Is dliateat and banded with (10YR 672D 4/754) Illuvial "hunus® and Browesr (10YR 1/30
o F; 476%) saterial, possibly (iiuvial clay. “the 82 (s opalizsd and "cruachy® but hasat'l sscroscopic opal, so mot destigasted Brg,
8 le0e, Indivieual poda vory weshiy coasnted; aciual texture | could be dispersed shouild be a CLAY. The Btqha (s ant part of
[« t1he duripan propse, though It s a8 & mits (le0., the platy peds) Drittia, “crunchy®, and weshly Comontod; actual Ponturs
' % prodbatiy A CIAY; cafclte accumulation |8 on the Pottoas ol platy peds oaly; coatalas soen gyptuas crystels.  Based on guity-

wall supotures fo the N, the duripan proper, 0., (he Baka horizon has an atoul 68 ca thichaess (12-140 ca depths) of
strongliy-conmonted ssterial; (F has opaline surticlal laalnse and I3 deasaly-lapregaated uiih opal and some cailcite comenl.
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PEDOM Moe 17 (CFP3S) — TAGULAR DESCRIPTION

Yamcacalc lolles clayoy-shaletal, moataoritloaltic (1), theralc Typlc Durerglds Este Mine Age: 340,000 YOP (catloa ratio) Gecsorphle
Surfoces Yucco Podon oDet 1-FFP-1-CFP39-) 10 3. Dale: 8/19/8) Byi F.f. Potersoa Locatlons Crater Filat, Naveds, about Q.7 ale
$ of acuih ol Solitario Caye betwesa road 1o GVIO & 11 sad Salliterio Wathe Puyslogrephic Poslitlon: Moderstely-vide, upper-lan-
pledacal-renssal suanits Pereal Melarials Collea dust aad volcanic sliuviva. lallve bph"us Wite bursage, Nevads acrmoa fes,
pale wollberry, crecsate bush, shadicale, raage rateny, meediegrasse Slepel 55 Aspects 180  Glevetioar 3,673 10 ,10
Ladlituder 36.800 N Loagituder 116492 W Microraliel Posltionr PAVETIE Surliclel Grevels 80 S-aree Surliclel Cobdbless 3 f-ares

Surllclal Stosest O S-sres YVotal Surllclal Rock Fragmeats: 83 S-eres Othar Surliclal Features: Maay pebbles aad most cobples
darhly varalshede

——— Colof ———— o Estindled — — Cstianted —
Moo Horizeon Dapth Dry Malst Texture Gravel Cobbie Stone Saad Slit Clay Arghllsas
<o § vol. 5wty —ee
l. Ay O-8 10¥R /72 10VR 472 [§ ) ] ] 93 3 1] acse
2' Ak =4 IOVR 4.3/7) 10WR 9/) L 0 0 o 50 33 [} ~one
). 1] _ 17-38 T5%R 5/4 1.57R 4/% vee 0 1] 0 2 % 42 4KPF
Cc (119 34-9? 10vR 6/6 10VR 4.%/6 vee 03 2 o 22 38 40 KPFLCO |
) “u $)=d)¢ 0OvR 8/ & O /4 2 Nalo ) nede 0 aed fed aed neds
Wwm 74 IR 9/74.9
== Conslstence — Cal)  Effervescence Lower
Mo, Structure Dry Molet Yol Coasnlalfoa Morphalogy pH Pores Roots Bouadary
] 3C0PR o WL i VIR ss/p none €04 € [ SF -y (V¥ AW
2 Pt & 2vFSEx SH VFR $8/05 noae £S-54+8 9.0 aede IVF-F Cw
3 SvF=-FABK SH (1} vs$/ve [V oY [ 4 (W ] nedo vivF Cu
4 a#58% H ’ " “.I'F [ ] £0 4 E-5P0 8.6 aede [ ) VAN
] ] (1] (1] brittile [+ 3 ES asle Rede aoae ; ]

COMENTS: .lu Av with low-coatrast, dirk-grey, probable Hluvlcl-ﬁ@o ndinge

ncruachy®, very weak opollzetlca-consatation 1hat Pudoa 14 hete Exposures ol the OGqhm poa In ujooaul gullies suggest & 2-)

18e thichasss ol siroagly coannled material; oaly o thin surliclal-lanina I8 presenl on this pan. Rock tragmeal coateat of
" ‘pan estiasted Irce adjacentl gully exposures, :

» .
The Bt aad Btk dari2oas 30 aot have the
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PEDON M. 18 ICFPE0) ~— TABULAR DESCRIPTION

Towoacalie 1.0.t losay-sheletal, alned, theralc Typlc Durargld /7 Typlc Durorinid (complan) Est. Hin. Aga: 680,000 YOP (catlon ratia)
Geomarghic Surface: Sollterio. Pedoa 1041 1-FFP<1-CFP40-) 1o 4 Date: 8/19/87 DBy: F.F. Pelsrson Locatlion: Crater Flag, Mevads,
atout 0.7 als S of south of Solilarie Cay. o roed 1o gui0 & 11, and oa W side of Salitaria Mash Irom Pedoa 1), Physlographic
Posftions Broad crest of a bajlena, Pareat Naterial: follan dust, valceaic alluviua, and Iractured duripan (ragesats. Native
Yogetation: WMiite bursage, Nevada mormoa tes, oguualo, creosata bush, pale woliberry, spiny menodora. Sloper 31 Aspect 190"
Elovetion: 3680 (0. 1,022 @ Latiftude: 36,009 N leagituder 118,493 ¥ Nicrecellef Poslillea: PAVETTE Surllclel Oravel: 83 S-sres
Surflciel Cobbless 2 S-srea Surflicial Steses; O S-arsa Total Surflicial Mock Fragmeats: 89 S-area Ofther Serticial Festurss: Maay
volcenlc codbbles and pebbles are darhily vernished; soms 10-4%% ol the paveasat s pale browa, Indurated, grevel-size chips ol the
duripan suftlcial laalnne; varlotion Ia ausber of pan chips probably rafiects previous rodeat actlivity. ' ' ’

Cojler ’ o T ome Eotlanted cve  — Eatlmated —
Moe torlren Dopth Ory Malat Toxture Gcavel Codbla Stome Sand SHIt Clay Arglilons
ca 3 vel, g wly woee
n: Av 0-3 1OYR 72 10VR 4.3/3  ¥SL 0 o o @ 3 nose
2 A% . $=9 10YR /73 10YR 3/3 t [ ] [} 0 L )4 3 3 ) none
5 e - "1 7.9YR 8.9/¢ 1.5YR S/4 voCh % ° 0 0 38 3 '
4 'ql. 19210 10YR 8/72-)3 tovYR /3 LT 50 ] [} ReBo RAelle Aol [T Y
- Coasisteacs —— CoCO_ Ellecvesconce Lower
oo Strecture Dry Nolst Wot Coneatatfoa : Maorphofogy . pM fores Roots Bousdary
' 30PN S ¥R SO/PS none €460 ) SE-My sone O as
2 3C0PR SH R ¥, aooe 1] 8.0 Aede nose Av-8
b | 1vFsax ) SH m s/m aone €0 a Ev 2.8 Rede Ivf-f ‘ AW
4 n [} EFL  brittle c (1] fede [T F-f ]
. L]
COMMENTS: 'm Av (s dlloteat; surface (iftered with paa-laainse chipa, "m AR s dllatent and has A low thia, pustulose

cartoante (aalnse, some hollow carboaate nodules and scee carbonate pebble~bottua coatings. The BT s a DISCONTINUOUS,
REMANTAL MORIZON PRESENT OMLY 1N CEPRESSIONS IN THE DURIPAN whara It has aot besa atripped oll; MOST OF SOIL LACKS TMY
REMANTAL ARGILLIC MORIZ0N) gravel (a the Btk s adout hall psa-laainse-Irageeats and hall carbonale~coated pedtbles. Ine
:urlm has a4 about | ca thich, eoo‘luon. Indurated isalnar cop that hrooks bl o top of 12 ca thich platy fregeeats.
Roch (ragesat content ettinslfed,  Aools are malted Delusen the upper piates ol the duripaa.




v.C.S. Other Concerns.and Other Tests

Ancther test of the method is to divide the varnish into
layers and assess the AMS ages of the different layers. On
- Death Valley Canyon Fan, Death Valley, CA, the basal layer on
- a4 fan unit has an age of 4350 £ 88 (AA-2017). The cuter

composite layer of the varnish gave a net, cumulacive age of
2308 = 71 (AA-2135). This trend of clder/lower layer o
{oungcr/uppor layer is what would be expected if the mechod
3 correct.

Operator error could be a problem, if an individual
actempted to sample and process varnishes without being
proeperly trained. The effect of cperator error (by ctrained
persons) was tested at & few sites. Table 2 presenc 2
samples of the 8001 ft cone of Hualalai by differenc
cperacors and different laboratories. ' The resulcs are
similar. In addition, tests ac. Meteor Cratec, AZ, on
varnishes collected from cthe same boulder yielded
statiscically identical resules (R.I. Dorn, D... Tanner. D.
Roddy, in preparation). The effecz of ocperator ercor by a
relatively untrained person is scill being evaluaced.

Varnish radiccarbon dating shows poctential for assessing
the ages of buried varnishes. For example, the varnish on

Cima flow A-1 (Table 8) at ca. 14,500 = 800 can be compared
with a varnished pavement that was buried by the flow. The
radioccarbon age on the top layer of the varnish on a deser:
pavement buried by the lava flow has an AMS radiocarbon datce
of 15,520 = 240 (Beta 175136).

V.D. Preliminary Varnish Radiccarbon Date cn Lathrop Well
Cinder Cone

Rock varnishes were ccllected from the tops of 19 bombs
on the rim of the crater at the cinder cone near Lathrop
Wells, NV. The depth of the varnish is illuscrzced in
Figures 14A and 14B. The samples were processed for AMS
radioccarbon dating, as described in the method sgaection.
Figure 14C illustrates the basal layer of varnish befora
removal, and Figure 14D after remcval. No observable organic
matter was detected in the control sample of che underlying
rock.  Abocut 15 mg of organic macter was extracted and sent
to Beta Analytic for processing and analysis at Zurich (Suter
et al., 1984). The analytical dace is 19,940 £ 270 (Becta
17866) .

This AMS radiocarbon date should be viewed only as a
tentative age-estimate. There may be special concerns to
dating cinder cones. For example, there is a possibilicy chac
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rigure 14. SIM analysis of varnish on volcaaie bomba of
La:h:cp Wells Cinder Cono.

A. Rnpr.san:ncivt depth ot :ock vl:nish on bombs. Note how
the basal layer of the varnish has a botryoidal (rounded)
_seructure. This is characteriscic of varnish formacicon in a
nore humid clixzate of greater vegetation abundance (cf. Dorn.
. 1988). The Dbotryoidal 1layer, however, is lacerally
discontinuous due to variable concentrations of manganeses.
High manganese concentrations are needed =0 presarve fossil
botryoids. If conceatrations are not zoo low, they will
undesgo a diagenesis to a laysred lnnollato structure, as ina
tha bottcm layer of riqu:o 14B.

3. Rop:csonta:ivo depth of rock varnish on bombs. Note how
the bottem layer is lamellate. Manganese concentrations are
not high enough to preserve the botryoidal structures.

C. Removal of varnish down o the lowest 10\v(0t lcss)..
Organic matter is extracted from this layer.

D. Complete removal of the varnish.
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PEDON Moo 2 (CFP26) ==~ TABULAR DESCRIPTION

Tomoacalc t«De1  sendy-sheletal, ained, thermic Typic Casborthide Este Mime Aget 10160 4/~ 210 YOP (wncorrected radlocartoa) 11,200
YEP (0108 correction). Gecsorphlic Surface: Little Coness Fedon |.Det 1-FFP=-1CEP26~) 10 6. Dale: §/08/81 By: F.f. Polerson
tocalion: Craler Fisl, Nevads, 0.2 ole EME ol sortheraaot? cone of Little Conss, 1.03 ale £ of M-S roed to Dieacad Quesa Mine oa
tratl. Paysiographic Posltioa: Svamit ol very brosd basin-0ioor reanant that has o few, shallov, on-llet lluvese Poreal Malerial:
Collen sust and ained Iiassions and voicoalc alluviva. Nallve Vegetetloa: Creosote bush, whits bursage, shadscele, pale wolfberry
tall In coppices oll ol pavette), tpinelicuer (on pavettels Slopes 28 Aspech: 10 Elovetion:, 3000 18:, 914 & Lalditudes

360714 M Goagltude:r §16:309 ¥ Micrarelle! Positioar 946 m, BARREN PAVETTE Surficle) Gravelt 80 $-sres Surliclel Cobbless 0 3-
ares Surliciel Sloness O S-srea Tolal Surliciel Roch Frageeais:s 80 f-area Other Surliclel Festures: 1-3 ca pobbles fore
paveasal; oaly lightly veralshed; 2-3 am of (ine saad sulich betweon pebbles; one feyer of 2-3 cm pebbles sabsdded In uaderiylag Av
horlzone '

aveme Colof se——ee - Ettinsted ~— owe Estinated =
Moe Horlzos Depih Dry Molet Yoxture Gravel Cobble Stone Sand SIIF Clay Arglllaas
- o ——nene § vole gl ——
' Av 0% 1ovR 273 R 4/ GVFsL 20 0 0 s ¥ ) aone
2 Ak $-19 oWR 273 YR 3/ ast 0 0 0 o ? none
¥ e 19-29 1018 73 KOVR 3/3 65t 30 0 0 20 aone
4 [T 2934 0m 273 10/ 3/) vGsL 50 0 0o 173 1) Y aoae
s® A $4-28 KR /3 10W /3 £osL 6 0 0 0 s s sase
. 8a2  Je-100 2.7 11 2,97 /2 veoo$ 30 s [ 1 3 2 noas
) — Coasisteacs = CaCO_ Ellervesceace ) _ Lower
Hoe Siructore Dry Molst Yot Coanalat fon Morphology o Poces Rools . Bouadary
] 29COPR M ¥FR So/PS noNe €S [ SvF-Mv aone AS
2 Wsax vSH ViR $0/PO none €S-CISFLSPY 6.8 neds vivf cs
[ " $0 VR so/P0 _nane EV-CISFaSI8 9.0 ‘mede 17 3
4 " S0 VA $0/P0 none | EveCSPe 9.0 node Wheif cv
s M s0 R $0/P0 none cv-CsPB 0.4 aede \WEviF cw
6 7] 10

(1] $0/70 aoae . £8-CSPB 8.2 Rede "oae »

COENTS: .loch-lully. this Buk Is the condle dorlzon, tut toth the Ak and Buh horlzoas couid be coasidered the caablc horizon with
In-1raasit, pedogealc carbosates; cortonste lu l‘o Ak s considered & more receat accuaniatlon (thea that in the BR horlizoas,
hence avideace ol palygenesis la the tolocene. Pobdble bolttoas vith 0.3 am, s0me 12 mm thick (ine pondants; sond gralns sad
very line gravel In 2842 barely corbonaleicosted; siace bolk Z8k horlzons have lets tham 35 (vol.) pedogenic carboaste, do mo?
conprise & calclc horlzon,

[ IR



PEDON Ma. § (CFP2) == TABULAR DESCRIPTION

Tononomle §.D¢t sendy-sheistal, sired (calcareovt), theralc "Conborthidic® Torrlorthent Est. Nin. Age: 6843 ¢/« 205 YBP
tuncorrected redlecerton) 7,310 YBP (0105 correction), OCecmorphic Surfscor Littie Cones. Podom 1sDet  1<FFP-1-CFP2-] to 4
8/43/2) Byi F.f. Potersoa lLocatlons  Amsrgoss Yalley, Nevada; 1,33 al. W ol US Muy 95 on road to Ashion (site). Physlographic
Potfttens Grosd, low, basla=flcor=reansnt susail) Mrosd o} e t I8 widely-dissected by 1-4 11, deop, very gontiy-
sidesioped, oa-{iat fluves, I8 atruptiy cul by mdera Asargosa River's snssfososing distcibutary-lloodplain. Parent Materiel: follen
dust § minred volcanle, ynnm. astasorphic alluviua, Netlve 'ogou'l:n Creasate tuth (10-93%), white bursage (isolated patches),
Stope: 1S Aspect: 100 Elevatlons 2683 (. 818 m Latitude; 36,727 N lowgiteude: (18.662 ¥ Microrsiiel Position; Brosd
pavette, adjecent creosete-bush copplce dunes ealy 4-6 high, Surflicial Orevel: 79 S-srea Serficlisl Cobbles: O S-erea Suriicial
Stomess. . S-srea Totel Surflicial Mock Frogmeatss 73 S-srea Other Surlicial Features: Pavessat It line gravel, only siightiy
varalshed, has thin underlying Av horiroa. ‘

'Dona

o : Color ) = Estinnted —- e Estinsted -~ )
Mo. Horlzon Depth . Dry Mofst Tonture Cravel Codble Stome Sand Siit Clay Argitlens

O en menees § vols oweae cemee § wly wwee

™ e A 0-¢ 10YR 6.9/2 10VR 4.572  GSL 23 o o YR " none

2 Beb [ I¥ 7] 10YR 8.5/2 WOTR 4.%9/2 GSL 3 o [ ] 12} " [} nrone
™ 3‘ [ ) 22-42 1OYR 6.9/2 10YR 473 L4118 30 [} 0 e 12 1] none

4 Xoqh 42-70 OYR 35-4/2 1OYR 472 £0008 % (] ‘0 " . R | nrone

== Contlstence o CaCO_ Elfervescesce Lower
0 o, Structure Dry Molst Yot Cossatatlos i Morphalogy " Pores Roots Boundery
3 ' 2c0Pn W YR so/s vl dilatent  EOLE 8.6 ) mone v
o g 2 e YSH-H L] $0/P0 none (11 8.6 nede I* (=)

3 L] SH YFR ¥$S/PS-PO none £02€S-D25FD 9,0 Nedo 11 (<]
o= . s6 0 10 soro none €€ 8a  mde sone "
-E . .

"—‘ CONMENXTSs 2ona of dust Inllltratiton is Av ¢ Bvk, 0-72 cn. Some parts ol Buk YSS/PS, but mot emough clay to make Bte; Bwh I8
1COPR atrvcture In adjecent, old plit, Bettom of Buk horlzoa (8 3 e short of 323 ca rule tor ceabdic horizon, so heys to

8 Torrlorthent, na uslng laplled "Canbkorthidic® subgrowp to (ndicate almost-cambic horizon,  The Buh contalns 2-4 ca thich,

% . hard lenses of (inaly=tudular pored, grey, appirentily duit-lapregnated eaterial that Is slellar 1o buried Av horizons, with

thin pedbie-bolton costings al opal and catonate, codonate aven (ess than In averliying Bh
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PEDON Moo 4 (CFP2Y) =~ TADULAR DESCRIPTION

Toucnomic M.let losay-sheletal, sined, theraic lypic Calclorthie Este Wlne Ager SANE AS ADJACENT PEDON #3: 23,200 ¢/« 360 V&P
tuncorrected redlocarbon) 28,300 YBP (4108 correclical, ,nn-nt’hlc Surlacer Blach Cone; here there are lwo parls, of reeaant-levels
cosprising this Blech Cons surlace, thal have slaller degrees ol Av horlzoa thichness and horltoa ditlerentiation; o second, youager
suelece (Little Conas?) Is Insed belew the Dlack Cones surface. Pedon (oDt 1=FIP=1-CFP2)-1 to 4 Date:r &6/09/8) Bys Fofe Peterson
Locotions Craler Flat, Novads, In 5L coreer of Disacad Quesa Wine & Soliterio Canyon rosds; co 160 m €S€ on, ca 29 & S from Sollterio
Conyon road; ADJACENT 10 PEDON 4% Mysiogreshic Pesltions Lover-fea-pledacal-rensiat suanll; reansat dosply dissecied by axlal-
sireas chaans) hofee Pareat Materials Collan dust aad alved linsstons-valcsnic slfuvivas Notive vog-uu:m Creosote bush, while
bursags, reage releay, ns-o tea, shadicale, pole wollberry Lall {n blocoppices). Slopet 3 ¢ Aspect: 100 Elevelica: 3190 (V.
92 a Latltedes "36.810 N Loagltade: 116,602 ¥ Microreliel Posltlon: (n BIOCOPPICE. Surlicis) Gravels 50 S-ares Surllelsl
Codblest O S-ares Surliciel Blensst O JS-srea TVolal sSurliclal Rock Frageents: 350 S-eres Other Swrliclal Features: surliclel
pobbles acstly 12 co diss, @ fow 3=5 ca, fow with say veralsh, soas with caboaste pebble-bottom costings Indicating sucavetion frem
B horlzon by rodeats) surllciel ) ca 0! LFS A) horlion oaly weakly-cohersut crusted, no evidence of Av charscter as expected lor
moders eollen deposite

Color — Ettintlied ~— — Estinstied ==
Moe Horlzoa Depih Ory Molst Toulure Gravel Cobble Sione Saand SHIE Cloy Arglilens
<a - ———— f yO)e ———— s vty ——
|: Al 0-9 10VR 6/3 1OYR 4/3 LFs 10 o 0 Y BT 3. »one
F Avkb 9-32 1oWm /3 WWR /) L 12 1] 0 [ }) 3 11} (=T
): Buk 32-34 10%R 6.3/3 1OVR 4.9/) vGsL ’0 ] ] 12 29 [ ] a8
4 8 34-120 oM 24 1OWm /31 ({7} ] 10 [}] 0 [ 3} 0 3 aoee
oY /4 YR /3
o Coasistonce — CaCO_ Elforvesconce Lower
oo Siruciore Dry Mols? (1] Comsatation R Morphalogy (1] Pores Rools Bouadary
' 1COPRS WePL ¥SH WR  S0/PO sone £-0 8.6 Le vIvi-f cs
2 1COPRS 1FSBR $SH=H [ ss/P none ES-SPBLD 8.8 vFT, 8 ,P \yF=F [ ]
3 VF=MSBX y$H YR SO/P0 aone Ev-SPE4D 0.0 i.P 1vf-F o
4 ’ L]

] vt FR-FI So/P0 203 C¥ lemses EV-SPELD [ IY ) Vf-F

COENIS: ®1ne Al horlzon Is bisturbated, sollan LFS collecled In & blocoppice; material aondilatents blu Avkb horlzon I8 soasuhel
dllateat; (1s finer tuxture 8 atirituted 1o {1s belng & burled Av horlzon, ot (o [lluvial cley eccuamslatics. ‘lbo Buk I
caly stightly dilatent, presussbly due to stipgnt dust-laflitration; [t shows less pedogenic cerboaste thea the subjaceat 2k
aad I consldered a coablc horlion -u: Sa-trans it pedogenic cerbonate; the Avkb can also be coaslidered o part ol the
curroally operative coablc horliton. Ine 20k horfloa Is consldered a calcle horlizon: (imestlions pebiies and pedogealc
carbonale estisiled 158 uts) soas 20§ vole I8 veskly Comented lonses vith K-labric (ine esrih and 2-4 ua thichk carloaste
pendanls oa pebbles; estlesle lotel pedogenic cirbonate 338 vol,




fowonenlc §.0e1  sendy-shejotal,

Parent Raterlal:

shallow, oa=t1at fluves,

Codblot: O S-srsa Surffciel Stowent -0

sster wida bocoppice I8 covered with

simsd, therate Typle Canborthid.
(wncorrected radiocerboa) 11,200 TOF 19108 eocreciion). Osomorphic Suriace:
8/08/8) By F.f. Peterson Locetiom  ADIACENT 10
ale £ 0f NeS rosd 10 Disaond Quesa Nise oa teall,

whife bursasge, '”“8““ pale vollterry t{n copplces),
a Latitudes ‘38.774 N lLoagltede: 116,999 0 Nicreralloef Posltions
g-area lotal Sucllclial Rock Fragmenis:
several ca of sofisa LFS with som
. up by rodents, lew have any varalsh, many have thin, partial corbonate coatings shouing they were

PEDON Moo 3 (CFPPA) — TADULAR DESCRIPTION -

£30. Miae Ager SAME AS ADJACENT PEDON 21 10180 ¢/ 70 Yor

Littla Cones, Podoa leDst 1-FEP=ICIP20A-1 f0 4o Date:
Noveda, 0.2 nl, THE of morihermantt cone of Little Cones, .03
 Payslegraphic Posltioas Sumalt 6l very brosd basia=tioor remnsat that has & tow,
Eollen dust and aived |lnmesione and volconic alluviva. Mative Yegetatloas Creosatle bush,
spineftower (on pavelte)s Slopet 28 Aspectt 180 Elevations. 3000 7. 914
BIOCOPP ICE = INTERSPACE Surllciol Gravel:r 350 3-ares Surflctal
50 g-srea Ofher Serilicial Foatures: This fow-
Interained graval; pebhlas oa surlace have been recently dug
dug Iroa & Bk horlzoa,

PEOON 2, Crater Fiat,

- Ooler o= Fotianted == o Eotimnted -
Moo Morfizen Depth Ory Moist Tonture Orsvel Cobbla Stoes Send Sttt Clay Arglilens

™~ : ca —m—se § vole meon== canem § Why om—
™ .

l. Ab 0-9 10YR 8/2 0¥ 972 (14 H (] 0 90 [ 2 none

R N 2 Avhbd 920 10YR ¥/2 oA 4/3 orst 2% 0 0 o4 o ] [ ] none
3 Bueh 20-60 JOTR 4,372 1OYR 3/3 vGsL %0 0 0 62 0 [ ] Presy
q .13 80-83¢ As ..m"....

Pre) - Cons(etonce =~ cal_ Etlervescence : Lover
Hoe Structore Pry  Roist Yot Comsatatlon Morphalegy [ Pores Roots Bovadery
L=
o ' IPLN vH YR SO/PO none tose” nds T ivr AS
< m 2 188X sH - vR - SO/PS nove £5-CISF n.d f-FT -n AS
5 3 1.1 _ L] vER so/rs nore EV-CISFCSPR  n.d 13} 112 ] . C
O . ] At InPodon #2 4 o o o : "
-
o= . .
E' COENTS: .ho Al horizen is bloterbeied sclien line ‘m and gravel dug from rodent burrows| 1t is the analogue of the 2-3 ma of
[; send smich betwesn povessat-pebbies oa the pavette. The Avkb horizon wes traced faterally Into the adjecent pavetts, where §0 I3 The
8 Av horlzon; _the Avdh boriaca et tha greyness sad stight ellatentcy of the sdq)aceat Av horlzoa, but has tuduter mescropores (reot
channals) rother thea votlcular pores ldue teo coplifory bubblas), presvaably due to burint snd tach of perlodic saturat lon
% sutsequeat lye ‘
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PEDOM Mo, 3 (CFP2IA) ~— TABULAR DESCRIPTION

fowonomle 1.0+1 sendy-sheletal, mimed, theraic Typle Calclorthid Este Mae Ager 23,700 ¢/~ 380 YOP (wncorrected radlocsrton) 29,300
YOP (1108 correction)s Osomorphic Serfecer Black Cone; two romnant-lovels Maving slallsr Av thickness, horizon dittereatiation,
conprlise Bloch Cons surfsce horej A younger serfoce (Little Cones?) I8 Inset balow Bisch Cone surloca. Podoa [.0s1 (-FFP=-1-CTP2TA-]
10 4. Detes /09787 Oy F.F. Peterson Location: Crater Flat, Nevade, In SE corser ol Disacnd Queon Mine A Sotiterie Conyon rosds;
ca 160 m £3€ o, €8 93 » SSE lfrca Solliterle Conyon road, ADJACENT TO PEDON #4. Fuyslograghic Positiear Lover-lan-pledacat-reansat -
sesnit; roansat deoply dlssected by axlal=stresa chennal hers. Poreal Materinls follan dus? and alned |insstone-vaicenic alivviva.
Native Vegetutlom Creasote bush, white Bursage, renge ratany, soreon tea, »uu-u,opou wolfberry (all in blocoppices)s Slepe: 3s
Aspectt 180 Eflevetfoas 3190 It. 972 a Lstitedes 36,010 N tLongltudes 116,602 ' Nicroreliet Positlon: In 20 u 3 m PAYETIE,
surffclal Orovels 60 J-srea Surficlel Cobbies: | Sesrea Serficisl Stomest 0 S-srea Total Serficlal Rock Fragments:. 01 S-ared
Other Serficlel Featurets Rany poventat pedbles, stenes In adjacent "bare ara moderstely-derhly voralshed; pavesant |lmestone
froguents sre desply otcheds montly (-2 ca potdies, sous 4-0 Cn; | on £S muich; surficlal petdies loote, over & f-pobbie thick {i-3
ca) loyer oshodded In Av; [loote seriicial potbles without SPR-carbonate coating, fou 0f sadedded pedbles with SFB-certonste coatling.

——— COJOF e — fatliontod — — Eatinnteod —
MNoe torlzon Depth Dry Nolst Toxture GCravel Cothble Stome Sand SII? Clay Arglitons
n cnn—— § vole g uty = '
.: Av 0-10 10MR 172 10Tk 473 o 23 ) ° s e 19 rone
27 Ben 1020 10YR 673 10YR 473 oL 23 ° ° 0 3 13 none
3 Ben2 20-32 10YR 6/3 10 473 vost s ) ° & 235 8 none
O m 32-6% JOYR /2 10YR 872 EOCOS e0 s 0 “w s none
- Cons{sfeate — Cal0_ Eflervesconce Lower
M. Structure Dry Motst et Cosmatation L Morphology M fores Roots Bowadary
) - ZYCOPRE IHPL " m ss/ps neme €0 9.4 *-ny none AS
? 150K ) m  ss/ps none EORE-D,5P8  9.¢ nedo s o
) PS8R 0 VIR SO/PO none €LES-D,5P8 9.4 nede vF,0F ov
a n1%e 10 to so/o C¥ lonses €5-0,578 9.4 nede we "

COENTS 'm lover Av horlizon with 2-3, 0.2 am thichk, sasoth-topped, pustulose-botfonsd, hard=bdeittia CoCO =laninse thet ere
betwesa the platy pede; thete thin, brittie coerbonate laainse ara characteristic of Av horlrons In seny, 11 not most Black
Cone age snd older sells) occasionaly see {n Little Cones age Av horlzons; soll Is lully dilatent; do ot heve the Avhb
porlzon of sdjecent blocopplce pedon 24, heace IS 22 ca shallover_fo presusably contiavous 206 horlion, and the laally particle
size clats [ only ssady-sheletal rather than tosay 2heletal. Soll material Is oaly sitghtly diistent, Indicating tiotle
zall"rn«l eolian ¥FS & 51; son-aliervescent parls Infor that Dueki once (ully Isached, thal carboaate in Av I8 later cycle.
“Ina 285 horlzon Ras the ssae closn fopt and 2-3 am carbonate-pendents on pebble Botloas as I sdjacent pedon 24; only leases
are cossnted; consldered & calcle horiton,
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PEOON Moo 8 (CFP29) ~ TABULAR DESCRIPTION

Tamcaonic oDt luq-ohloul. aixd, theraic Typle Ourergld Este Mia. Age:
o3¢ ly Bisch Cone Pedon leDet 1-FFP=1-CEP29-) 40 9 Dales

137,000 VBP (cotica~ratio 8ge)  Geamorphic Surfece:
6/10/8) Bys FoF. Peterson Location: Crater Flat, Nevede, SE cormer of
Solliterto Caye § Trench CFra43 rosdse Pryslographic Positica: Wid-lon-piadaca-reansal Sumalt  Pareat Neterial; Eollan dust & volcanlc
slluviva, =ﬂln Vegetatica: Crecsote bush, white bursage, n:o woliberey, Nevade wormon 183, range rateny, shedscale. Sloper 48
Aspecis 239 Elevation: 3,360 te 1,024 @ Lotlitudes 36.802° 4 Loegituder 116.932 °y Microrsiio! Positlen; PAVELTIE Surliclel
Grovels 80 $-sres Surlicial Codbies: 3 J-area Surliclal Stoses: 0 S~srea Volal Surticlal Rock Frogesats: 83 S-sres Other
Surlicial Feslures; Nany pebbles & cebbles dark veralshed,

— Eotimaiod —

Color — Estianted ~
Moo Horlzca Depth Ory Molst Tonture Gravel Cobbie Stone Send SIS Cilay Argliloas
o . —— ‘ [*7°Y P —— — ' whe wana
l: Av Q-3 10YR /72 10YR 4.3/2 G 20 0 1] 48 40 12 nOOE
le Ak 302 IOYR ¢.3/3 KO 4.9/3 SL 10 ] (] " 1) [ ] aoas
) Bigy 12-24 14378 673 Te3YR 472 (-~} 20 2 [} t Y 33 ] P
4 M
“ Biq 2447 Te57R ¢/3 1:9YR 474 ogLe 50 L 0 Relle  NeBe None 10
' i pac
s*  ara 43-33¢ WR SN L O /34  meae 60 0 0 Rede mite meme
10m /2 10VR 4.3/ :
— Coasistence o - CalO Elfervescence ‘Lower
Noe Siruciere Dry Mofed et Ceasnlatica : Worphrolegy [ Pores Rools Boundary
L] CorR ™ VER $$/5p none toacs .8 IvF iy none AS
2 [1/29:73 $0 L SO/70 noae [$1 8.4 8ed, (113 AM
3 VFCR->ABK $O=>54 ViR s/e [ ] €0 & €S 0.2 Aede aoned AS
4 1COPL & Al H~vH v $0/P0 Cw [{] . 8.2 fede aone C Cw
] N YH-EH  V-EF)  erltble cs £5-D,85p,5F 82 nede aone [ ]
COeENT S '!u Av Is fully dijatont; Nes 3-8 am IIO“I S/10 3/44) bends and Q.n. pole browa, fhia, Srittie, nciulou carbonete

loalnse ot tottom. Tha Ak s not ditetents  “wita 1=2 an 3011 gypsue messes and salt-tiocculeted (a upper PUT) with & lou
pobble-talton opal coals, “Ihe Biq Is sotably Cruachy-opalized; coarse plates are veaily comenied. "poq s §=3 10, thick
where expoted In djacont arroyo; tain lsalas o top,
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PEDOM Moe ) (CFP3T) —~ TABULAR DESCRIPTION

Tenonomle 1,041  losay-steletsl, ained, therale Typlc Dursrgld. €ste Min. Age: 128,000 YRR (cation-retio age) Oscmorphic Surlece:
serty Blach Cones Podon 10et 1-FIP=1-CFPII-1 10 5 Date: 8/11/8) By F.F. Poterson Locatlon: Crater Flas, Nevads, ca 2.1 nl,
M€ of Dleaoad Quesa Nine & Solitario Cays rosds cormer on £ side of @ird rosd 1o M & ME Crater flat, Physiographic Position: Fan-
pledmoat-roansnt sumit; cloerly Inse? befow Yucea fon-plodasat reansnis to ME. Perest Meteriof; Yolcanic slluvium with & DIt of
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An important test of the closed system of dated VOM is
- in progress.  Varnishes from surfaces far, far older than the
40 ka limit of radiocarbon were collected and processed from
areas close to open-air bomb explosions near the Nevada Test
Site and the Trinidad Site, MM. If the varnish system for
the extracted organics is truely clcsed, bomb carbon should
not affect the date. 1If is it open, the bombd carbon could
affect the date. The AMS analyses have not been completed.

Away from the irmediate influence of bomd carbon, a volcanic
flow in the Big Pine Volcanic Field was sampled for

radiocarbon analysis. At the time of collection, it was

thought that the flow might be around 25 ka (B.D. Turrin,

personal communication, 1985). As the results in Table 8

indicate, the AMS age was > 40,800 and the K-Ar age for cthe

basalt flow turned out to be around 250 ka. 1In other words,

at a gite known to be "dead" by K-A- dating, the varnish

radiocarbon age did indeed turn out tec pe at background.

V.C.4. Assessing the Importance of Stability of Rock
Varnish ,

Even if the varnish has not been completely eroded by
chemical dissolution or aeclian abrasion, partial erosion may
change an AMS radiocarbon date. This could be the reason for
the greater lags at more humid sites in Table 8.

2330

An .example using cthe role of microcolonial fungi
illuscrates this. Microcolonial fungi are fairly common on
varnishes in the socuthwestern U.S. (cf. Staley et al., 1982;
Taylor-George et al., 1583) and Australia (Staley et al.,
1983). They appear toc erode varnishes (Dorn, 1986: Figure
7), and they can affect a varnish cation-raciec (Table 2).
Table 9 illustrates the effect of microcolonial fungi cn the
stable carbon isotope values of varnishes on an altitude
transect near Crater Flat. When the microcolonial fungi are
present, the 313C values are affected. Note how the values
change beneath the eroding microceolenial fungi as compared to
varnish beneath the microcclonial fungi that are not
appearing toc ercde the varnisgh.

3

3

3‘

90

It, therefore. seemed 1logical to invescigate the-.
pessibility that abundant, eroding microcolonial fungi could
affect the varnish radioccarbon signal. Based cn cne example,
it appears there can be an effect. In Table 8, the ca. 9 ka
age for black subaerial varnish en shoreline B ¢f Lake
Mojave, CA. (cf. Wells et al., 1984) contrascs with che 4320
£ 105 (AA-2133) age for the varnish beneath the microcolonial
funni. Both samples were processed the normal way, as listed
in o an earlier section.
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INFORMATION ONLY
United States Department of the Interior

GEOLOGICAL SUR'
Box 25045 M.S. ‘s
N REPLY REFERTO. Denver Federal Center
Denver, Colorado 80225
February 27, 1995

Stephan J. Brocoum - WBS: 1.2.5
Assistant Manager for Suitability and Licensing ‘ '
Yucca Mountain Site Characterization Project Office : QA:NA
U.S. Department of Energy
P.O. Box 98608
Las Vegas, NV 89123-8608

SUBJECT:  Map unit descriptions for the preliminary susficial deposits map of the southem half of the
Topopah Spring NW quadrangle and the northern half of the Busted Butte quadrangle, Nye -
_ County, Nevada, prepared by EG&G  SCPB: E.5. 1.5.1. 9

Dear Steve: ‘

Enclosed is 2 U.S. Geological Survey (USGS) letter that was requested by T.W. Bjerstedt of your staff. The
lerter was prepared by Scott Lundstrom and provides introductory fext and map unit descriptions to accom-
pany the digitized composite surficial deposits map prepared by EG&G in cooperation with the USGS as
part of the Department of Energy"s responses to U.S. Nuclear Regulatory Commission (NRC) comments
on the Extreme Erosion Topical Report (YMP/91-41-TPR). ,

The enclosed description is a compilation of work that has already received USGS Director’s approval in
separate Open-File Reporis (OFR). The reports serving as input to this description are OFR-94-341, OFR-
95-132, and OFR-95-133 that are now in press. The composite map prepared by EG&G includes map units
common 1o all three OFRs, as well as map units and paris of unit descriptions unique to an individual re-
port. No new data or interpretations have been added to the information included in the three OFRs. This
report and the EG&G composite map are specially prepared for the DOE's responses. We would not expect
that the DOE needs to review the same material again since the three OFRs referenced above are now in

DOE's programmatic review.

This is an unscheduled deliverable, and therefore no milestone is associated with this report

Qoo R o

Larry R. Hayes
Technical Project Officer
" Yucca Mountain Project Branch
Enclosures .
cc:

T. Sullivan, YMSCO, Las Vegas, NV

T. Bjerstedt, YMSCO, Las Vegas, NV

T. Crump, TRW/M&O, Las Vegas, NV

A. Matthusen, WCFS/M&O, Las Vegas, NV

r i ' -
T R ' -
1 il 3 T

&061.99'1



Map unit descriptions for the preliminary surficial
deposits map of the southern half of the Topopah Spring
NW quadrangle and the northern half of the Busted Butte

Quadrangle, Nye County, Nevada

This text was prepared to provide an explanation of
Quaternary map units for a digitized color map compiled by EG&G
from three U.S. Geological Survey Open-File Reports.

Lundstrom, S.C., Wesling, J.R., raylor, E.M., and Paces, J.B.,
in press, Preliminary surficial Deposits Map of the Northeast
Quarter of the Busted Butte 7.5-minute Quadrangle: United
States Geological Survey Open-File Report 94-341, scale
1:12,000. ‘

Lundstrom, S.C., Mahan, S.A. and Paces, J.B., in press,
Preliminary Surficial Deposits Map of the Northwest Quarter of
the Busted Butte 7.5-minute Quadrangle: United States
Geological Survey Open-File Report 95-133, scale 1:12,000.°

Lundstrom, S.C., and Taylor, E.M., in press, Preliminary

Surficial Deposits Map of the Southern Half of the Topopah

Spring NW 7.5-minute Quadrangle: United States Geological
 Survey Open-File Report 95-132, scale 1:12,000.

Each of these reports include common map units as well as
some unique map units and parts of unit descriptions; this text
was prepared to accompany the digitized map (YMP-95-014.1). No
new data or interpretations were added to the information
included in the three Open-File Reports. ,

INTRODUCTION

The U.S. Geological Survey is conducting investigations to
determine the geologic and hydrologic suitability of Yucca
Mountain, in southwestern Nevada, as a potential site for a mined
geologic repository for high-level nuclear wastes. These
investigations are being conducted in cooperation with the U.S.
Department of Energy, under Interagency Agreement DE-AIO8-
92NV10874, as part of the Yucca Mountain Site Characterization
Project.

Mapping of surficial deposits is an integral component of
the comprehensive program of site characterization of Yucca
Mountain (Department of Energy, 1988) . Knowledge of the
distribution, characteristics, and histor of surficial deposits
is needed to assess paleoclimate, tectonics, erosion, surface-
water hydrology, : :

. &
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DESCRIPTION OF MAP UNITS

Map units used for the composite map are preliminary informal
allostratigraphic units (North American Commission on
stratigraphic Nomenclature, 1983) in which bounding .
discontinuities of depositional map units are included in their
definition. Both the upper and lower bounding unconformities of
deposits are used to define the surficial map unit, but the upper
surface is much more useful because of its accessibility and
characteristics indicative of deposit age and potentially of
paleoclimatic variation during exposure since deposition.
Subaerial exposure of the upper surface results in soil development
and modification of original depositional surface characteristics
over time. Lateral discontinuities for surficial deposits range
from distinctive fluvial escarpments where one deposit has been
inset within another, to an indistinct feather edge. These lateral
discontinuities are locally useful in mapping surficial deposit
outlines (Peterson, 1981) but are not useful in unit definitions
because many surficial deposit margins are laterally variable.
Soils near unit margins may differ significantly from soil
characteristics described as typical for a given map unit.

The description of each unit represents the predominant
surficial deposit occurring within each mapped unit, but map areas
may also include other surficial deposits that occur over areas too
small to be represented as separate polygons. A combined map
symbol (1-3, 3-4, 5£-6£, 5-7) is used where two or three map units
are interspersed at such a small scale that separate mapping was
impractical; §-7 denotes a combination of units 5, 6 and 7, and 1-
3 denotes & combination of units 1, 2 and 3. Where 2 surface
deposit is so thin that its typical surface characteristics are
modified by the underlying deposit, a combined symbol using a slash

(5/1, 1/eo) is used.

Deposits are broadly classified by predominant origin
inferred from sedimentology and geomorphology. However, this
classification is a simplification in that most surficial deposits
have complex histories; surface deposits are progressively
modified after deposition through subsequent surface processes
including eolian deposition or deflation, fluvial reworking by
overland flow, colluviation, formation of desert pavement and rock
varnish, and pedogenesis. The resulting surficial and pedogenic
characteristics (Taylor, 1986; Wesling and others, 1992) are useful
for subdividing deposits by relative age, and for correlation and
numerical age estimation. Morphologic stages of pedogenic calcite
used are based on Gile and others (1966), and stages of pedogenic
silica are based on Taylor (1986). Soil horizon nomenclature,
especially that of B horizons, follows Birkeland (1984).



3¢, 4f, 5¢, 6f, and 7f£, respectively, is distinguished by the
presence of mafic volcanic lithologies, usually vesicular, that
typically occur as well-rounded cobbles and boulders. These mafic
clasts probably are derived.predominantly from the mafic lava flows
of Dome Mountain (Christiansen and Lipman, 1965; Lundstrom and
Warren, 199%4), which is gxtensively‘exposed in upper Fortymile
Canyon. The non-Fortymile facies of any alluvial unit usually
overlies the Fortymile facies to which it grades, but buried soils
have not been observed at these contacts. To the east of Fortymile
Wash, alluvium derived from the Calico Hills has a distinctly
lighter tone and finer grain size, because a significant component
of gravel is derived from the hydrothermally altered rhyolite of
the Calico Hills, as well as from Paleozoic 1imestone (Orkild and

o'Connor, 1970; McKay and Williams, 1964).

Alluvial units include fluvial sediments and debris-flow
deposits (Glancy, 1994; Costa, 1988) . The younger alluvial units
(5,6, and 7, defined below) include nonvegetated surficial lobes
and bars, which are too small to map separately, of angular cobbles
and boulders lacking matrix at the surface. These features are
similar to those described by Hooke (1967) as sieve deposits.
Exposures through these features, interpreted as debris-flow
deposits here and elsewhere (Glancy, 1994; Blair and McPherson,
1992), typically show a matrix of sand and silt that £fills the void
space between coarse clasts at depths greater than 20 cm, although
much of this material may be secondary, infiltrated, eolian
sediment. The surficial matrix-free features in alluvium in the
Yucca Mountain area are more common in relatively coarse-grained
alluvium proximal to steep hillslopes than in finer-grained
alluvium at locations more distal from hillslope source areas.

7,7£ Modern alluvium (1ate Holocene), deposited or modified during
latest streamflow'events--Predominantly sandy gravel, with

interbedded sands; ‘poorly to moderately well sorted;
massive to well bedded; clast-supported to matrix-
supported. Gravel is angular to subrounded, ranging in
size from granules to boulders, but commonly finer grained
than adjoining alluvial units, reflecting more limited
width of modern channels than of terraces. Unaltered bar-
and-swale depositional morphology: vegetation absent to
relatively sparse; general absence of desert pavement and
rock varnish; no soil ‘development. Clasts with relict,
partially eroded, and randomly oriented coats of calcite
and silica are common in some channels and accentuate the
relatively light tone of modern channels; the coatings
were probably formed pedogenically in older deposits from
which they were reworked by erosion. ' ‘
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luvial sand deposits (Holocene to late Pleistocene?)--
Gravelly sand, moderately well-sorted; poorly to well
bedded; gravel is angular to subrounded, clasts less than

10 em in diameter. Surfaces of the deposit are smooth, and

lack well-packed desert pavement. Soil has stage 1
carbonate morphology. Unit occurs in southeast corner of
quadrangle as relatively lighter colored-areas in swales
slightly inset to and reworked from unit. 4s and similar
sandy alluvial and eolian deposits on the piedmont of the
Calico Hills to the northeast. - , :

4’ 4f' 4/1 i

Al

luvium (late Pleistocene (?))--Predominantly sandy

gravel, with interbedded sands; poorly to moderately
well sorted; massive to well bedded; clast-supported
to matrix-supported. Gravel is angular to subrounded,

_ranging in size from granules to boulders. Soil

development typically includes a Btj horizon and stage
II-III carbonate/silica morphology. In Midway Valley,
unit 4 is characterized by a distinctly light-toned
surface, with weakly to moderately varnished clasts in
a loosely to moderately packed pavement. In Fortymile
Wash, unit 4f is characterized by a well packed and
varnished surface pavement on a terrace generally

about 2 meters above the modern wash. The main basis
for correlation of units 4 and 4f is similar soil

development, because all occurrences of these units
are discontinuous and relatively limited in area. 4/1
designates an area of central Midway Valley in which

_thin unit 4 only partially buries unit 1 (defined
‘below) . :

ds Al

luvial sand deposits (late Pleistocene (?))--Sand and
gravelly sand, light yellowish brown; moderately well-
sorted, poorly to well bedded, gravel clasts less than 10

. centimeters. Surface is smooth, and has loosely packed,

nonvarnished desert pavement; with a darker surface tone on
4s than on 58. Soil includes a cambic Bw toO Btj horizcen.
Occurs in southeast corner of guadrangle at distal
southern edge of piedmont of the Calico Hills to the

northeast.

3,3f,3/eo : : _
‘Alluvium (late and middlie (?) Pleistocene)--Predominantly

sandy gravel, with interbedded sand; poorly to moderately
well sorted; massive to well bedded; clast-supported to
matrix-supported. Gravel is angular to subrounded, ranging
in size from granules to boulders. Surface typically

2



The surface morphology indicates the original upper
depositional surface of unit 1 has been eroded, so that its
original depositional thickness is unknown. However, the
accordant nature of the more gently rounded surfaces are
suggestive of the original depositional top. The

~ occurrence of an ash suggested to be the 0.76 Ma Bishop Ash
(Izett and Obradovich,1991) beneath a buried soil within
underlying unit 0 along Yucca Wash (Davis, 1983; see below)
constrains surficial unit 1 to be middle Pleistocene in
this area. Unit 1 converges with younger alluvial surfaces
in central Midway valley, and may correlate to alluvium
associated with a buried soil exposed beneath unit 3f along
lower Sever and Fortymile Washes. To east of Fortymile
wash, unit 1/eo designates dissected thin unit 1 gravel
derived from the Calico Hills and underlain by eolian sand

0.

Older gravel along Yucca Wash (middle (?) and early
Pleistocene)--Predominantly sandy gravel, with interbedded
sands; poorly to moderately well sorted; massive to well
bedded; clast-supported to matrix-supported.. Gravel is
angular to subrounded, ranging in size from granules to
boulders. Erosional upper surface consists of rounded
ridges; complete absence of depositional microrelief.
Includes several areas of gravel older than unit 1, but
which may not correlate to each other. Four areas of s I
which occur along the tributary of Yucca Wash from Pinyon
Pass, have rounded erosional surfaces. The most extensive
~of these areas occurs along the west side of the main modern
channel, as a ridge of gravel with an even but markedly
steeper grade which results in the southward convergence of
the ridge with younger alluvium. Along the north bank of
the central part of Yucca Wash, an older gravel sequence,
also designated as 0, is exposed beneath terraces of
surficial map units 1,3 and 5. Unit 0 includes a buried
soil with stage III silica/carbonate morphology. The

" predominantly pebble gravel which underlies this buried -
‘soil contain several reworked ash lens; preliminary
chemical analyses are consistent with a correlation to the
Bishop Ash ( Z2.E. Peterman, USGS, written commun., 1993),
which is about 760 ka in age (Izett and Obradovich, 1991).
This ash may be the same as ash along Yucca Wash that was
described and analyzed by Davis (1983). Also includes
small area of lag gravel at the northern tip of Alice Ridge
(Wesling and others, 1992), and on ridgetop north of Yucca
Wwash and west of Fortymile Wwash; composed of rounded
cobbles and boulders of various rhyolitic lithologies that
are consistent with transport from provenance similar to
that of modern Yucca Wash; no terrace form.

9
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petween gullies; surfaces of slopes bétween gullies
typically have poorly to moderately well packed surface
pavement of fine angular gravel that is poorly varnished,
underlain by a soil that includes a brown cambic to argillic
B horizon, and stage 1I-1I11 carbonate/silica morphology.
The predominant sand component is inferred to be of eolian
origin, but the presence of fine angular- gravel in unit e

- and in its surface pavement indicate a substantial
colluvial, and possibly sheetwash process during
deposition. Gully exposures show that unit e includes
multiple buried calcic soils; where pest exposed at Busted
Butte to the south of this map sheet, at least 4 buried
soils are exposed, and are inferred to be stratigraphically
above Bishop ash that occurs near the base of the sand ramp
section (Whitney and others, 1985; Izett and others, 1988).
U-series disequilibrium analyses of these buried soils
(paces and others, 1994) indicates that most of the sand
was deposited during the middle Pleistocene with relatively
minor sand deposition and major dissection during the late
pleistocene; a buried soil at 3-4 m depth of a maximum
exposed thickness of 22 m ylelded a date of 221 + 32 ka.
-at trench T4 in southern Midway valley (Swan and others,
1993) thermoluminescence dates of 38 £ 5 ka and 73 £ 9 ka
in depositional units'separated by buried soils indicate at
least 3 m of Late Pleistocene deposition.

Colluvial deposits
Colluvial deposits are subdivided on the basis of surface
characteristics that are more indicative of hillslope position,

thickness, and origin than of age.

cf Footslope colluvium and alluvium (Holocene to early
Pleistocene)--Interbedded colluvial and debris-flow
diamictons grading to and interbedded with ‘alluvium,
generally on lower, concave-upward footslopes (Peterson, -
1981) which are typically partially dissected. Angular
gravel ranging in size from granules to boulders; generally
supported by a matrix with variable proportions of sand,
silt, and clay: matrix material inferred to be at least
partly of eolian origin. Includes debris-flow deposits
associated with boulder levees adjoining and parallel to
modern gullies, and probably correlative to units 5-7. As
exposed in trenches, unit is massive to finely bedded, and
jncludes multiple puried soils (Swadley and others, 1984;
Menges and others, 1994; Wesling and others, 1993), with U-
ceries and TL dates indicating early, middle, and late
Pleistocene episodes of pedogenesis and eolian deposition

11



desert pavement; On steeper slopes, pavement and rock
varnish are less well developed. The fine component is
inferred to be eolian material with increased clay content
from weathering and pedogenesis. Unit re occurs on gently
sloping ridgetops of the northern Yucca Mountain area
within areas where the former caprock unit of the Tiva
Canyon Member of the paintbrush Tuff was mapped by Scott
and Bonk (1984). Grades to and includes areas of colluvial
unit cu; the transition to unit cu includes areas of
imbricated clasts in pavements on steeper slopes.

d Disturbed area (historic)--Includes drillpads; roads and
other areas where human activity has removed, buried or

otherwise obscured the natural surface deposits; based on
March 1990 airphotos (surface disturbance since March 1990

is not mapped).

T Volcanic bedrock (Late Miocene) --Felsic lava flows and-
variably welded tuffs that include the Rhyolite of Calico
Hills, the paintbrush Group and the former Rhyolite of
Fortymile Canyon (Lipman and Christiansen, 1965; Scott and
Bonk, 1984; Warren and others, 1988; Buesch and others,
1994). These volcanic units underlie all surficial
deposits, and have outcrops within colluvial units that are
too small to map separately. Exposed bedrock exposures
mapped as unit r are typically poorly welded tuff.

13
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Figure 1
Yucca Mountain Surficial Depqsits Map Area
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