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Abstract

Evaluation of surface faulting that may pose a hazard to 
prospective surface facilities is an important element of the 
tectonic studies for the potential Yucca Mountain high-level 
radioactive waste repository in southwestern Nevada. For this 
purpose, a program of detailed geologic mapping and trench-
ing was done to obtain surface and near-surface geologic data 
that are essential for determining the location and recency of 
faults at a prospective surface-facilities site located east of 
Exile Hill in Midway Valley, near the eastern base of Yucca 
Mountain.

The dominant tectonic features in the Midway Valley 
area are the north- to northeast-trending, west-dipping normal 
faults that bound the Midway Valley structural block—the 
Bow Ridge fault on the west side of Exile Hill and the Paint-
brush Canyon fault on the east side of the valley. Trenching of 
Quaternary sediments has exposed evidence of displacements, 
which demonstrate that these block-bounding faults repeatedly 
ruptured the surface during the middle to late Quaternary.

Geologic mapping, subsurface borehole and geophysical 
data, and the results of trenching activities indicate the presence 
of north- to northeast-trending faults and northwest-trending 
faults in Tertiary volcanic rocks beneath alluvial and colluvial 
sediments near the prospective surface-facilities site. North- 
to northeast-trending faults include the Exile Hill fault along 
the eastern base of Exile Hill and faults to the east beneath 
the surfi cial deposits of Midway Valley. These faults have no 
geomorphic expression, but two north- to northeast-trending 
zones of fractures exposed in excavated profi les of middle to 
late Pleistocene deposits at the prospective surface-facilities site 
appear to be associated with these faults. Northwest-trending 
faults include the West Portal and East Portal faults, but no 
disruption of Quaternary deposits by these faults is evident.

The western zone of fractures is associated with the Exile 
Hill fault. The eastern zone of fractures is within Quaternary 
alluvial sediments, but no bedrock was encountered in trenches 
and soil pits in this part of the prospective surface facilities 
site; thus, the direct association of this zone with one or 
more bedrock faults is uncertain. No displacement of lithologic 
contacts and soil horizons could be detected in the fractured 
Quaternary deposits. The results of these investigations imply 
the absence of any appreciable late Quaternary faulting activity 
at the prospective surface-facilities site.

Introduction

An important part of site-characterization studies of a 
potential high-level radioactive waste repository at Yucca 
Mountain, Nevada, is an evaluation of Quaternary fault activ-
ity in Midway Valley that may affect the siting of prospective 
surface facilities for waste handling (fi g. 1). Neal (1985) 
identifi ed six candidate areas as locations for potential sites. 
Four of these areas are located within Midway Valley, one 
of which—candidate area 3, referred to as the Reference 
Conceptual Site (RCS)—was considered to be the most favor-
able location (fi g. 2). Because there was insuffi cient informa-
tion about faulting in the Midway Valley area to discriminate 
among the candidate sites identifi ed by Neal (1985), a pro-
gram of exploratory core drilling and seismic refl ection and 
refraction surveys was undertaken (Neal, 1986). The results 
of those investigations indicated that closely spaced normal 
faults in the Tertiary bedrock beneath the RCS are likely; 
however, the data provided no information as to whether such 
faults also displaced the overlying unconsolidated sediments. 
Accordingly, a program of detailed geologic investigations 
was proposed by the U.S. Department of Energy (1988) to 
acquire surface and near-surface geologic information on the 
stratigraphic and structural relations of the Quaternary and 
Tertiary surfi cial deposits and Tertiary bedrock in Midway 
Valley to evaluate the potential for future surface ruptures 
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caused by faulting (see Gibson and others, 1990, 1992). The 
primary objectives were to (1) conduct geologic mapping in 
suffi cient detail to establish a chronostratigraphy of surfi cial 
deposits, (2) investigate faults known or suspected to have 
been active during the Quaternary, and (3) identify and exca-
vate trench locations, primarily at the RCS, that would yield 

essential information for assessing the potential for surface 
fault rupture. The resulting data, combined with data from 
other Yucca Mountain site-characterization activities, were 
used to support site determinations for the prospective surface 
facilities and to assess the potential effects of surface faulting 
on the design of such facilities.
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Line of section,
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area, Nevada. Fault locations adapted from Day and others (1998).
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Field investigations and related studies in Midway Valley 
were done primarily from 1991 to 1994, when the principal 
source of available data on the stratigraphy and structure of 
the Miocene volcanic rocks in the Yucca Mountain area was 
the geologic mapping of Scott and Bonk (1984). Accordingly, 
stratigraphic names for various bedrock units (mainly within 
the Tiva Canyon Tuff) shown on several of the maps, geologic 
sections, and trench logs that were prepared for this report 
follow Scott and Bonk’s (1984) terminology. Faults shown on 
several of these illustrations also follow those of Scott and 
Bonk (1984), as specifi cally indicated in fi gure and plate cap-
tions and explanations.

Subsequent stratigraphic studies (Sawyer and others, 
1994; Buesch and others, 1996) and geologic mapping (Day 
and others, 1998) of the Miocene volcanic sequence have led 
to a revised stratigraphic nomenclature and a fault distribution 
pattern that now are applied commonly in the Yucca Mountain 
area. Appropriate references to these later publications will be 
made as they are pertinent to the discussions being presented. 
However, it is important to recognize that the main emphasis 
of this report is on Quaternary stratigraphy and history of fault 
activity and that relations and interpretations regarding these 
subjects have not been substantially altered by subsequent 
investigations.

Support for the Midway Valley study was provided by 
the U.S. Department of Energy through the U.S. Geological 
Survey (contract no. 134-93-C-4076), Sandia National Labora-
tories (contract no. 75-4350), and Science Applications Inter-

national Corporation (contract nos. 45-9305-47-76/01-1049-
33-4600-216-7209 and 01-1049-33-5600-216-7209).

Purpose and Scope

The purpose of this report is to present the results of 
investigations to characterize the surfi cial deposits and Quater-
nary faulting activity in Midway Valley, which lies adjacent 
to, and east of, Yucca Mountain. The surfi cial geology was 
mapped at a scale of 1:6,000, and the map was published as 
part of an earlier report by Wesling and others (1992). An 
integral part of the surfi cial geology studies was the siting 
and excavation (or reexcavation) of fi ve trenches—MWV-T4, 
-T5, -T6, -T7, and A/BR-3 (fi g. 1)—for which detailed maps 
and descriptions of the exposed surfi cial profi les were made 
to characterize the soils and other deposits that are associated 
with Quaternary units mapped at the surface, to facilitate cor-
relation of the various units across the study area, and to 
determine the extent to which surfi cial deposits were disturbed 
by Quaternary fault activity.

Three of the trenches (MWV-T5, -T6, -T7) were sited 
specifi cally to provide the stratigraphic and structural data 
needed to assess the potential for surface fault rupture at the 
locality of the prospective surface facilities in the western part 
of the RCS (fi gs. 1, 3, 4; pls. 1 and 2).

In addition to the trenches, 33 soil test pits were exca-
vated as part of the present study, and an equal number were 

Figure 3.   View southeast from Exile Hill showing locations of trench MWV-T5 (long excavation 
on the right) and trench MWV-T7 (wide trench on the left) on the west side of Midway Valley. 
(Photograph by Johnson Controls, 1994.)
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excavated as part of a related site-characterization project to 
study and analyze soil and rock properties in areas most 
likely to be considered for the construction of prospective 
surface facilities. Detailed descriptions of the surfi cial deposits 
exposed in 29 of the soil pits are given in tables A1 and A2 of 
the Appendix at the end of this report, and locations are shown 
in fi gure A1. Three other soil pits (TP-7, TP-8, TP-32; loca-
tions shown on plate 2) were mapped because they exposed 
fractures in the Quaternary sediments (discussed in the section 
“Exile Hill Fault”).

The bedrock geology of Exile Hill, a low ridge along the 
west side of Midway Valley, also was mapped at a scale of 
1:6,000 to locate and characterize faults that displace Tertiary 
bedrock (pl. 1). A primary objective of the bedrock mapping 
was to identify any east-west- or northwest-trending faults, 
which are of particular concern because faults of that trend 
have been mapped on Yucca Mountain, and two of them, the 

Sever Wash and Pagany Wash faults, trend toward the RCS 
(Day and others, 1998). Three new minor faults were identifi ed 
during the course of this mapping: (1) the north- to northeast-
trending Exile Hill fault located along the eastern base of Exile 
Hill; and (2) two north- to northwest-trending faults, the East 
Portal and West Portal faults that are exposed on Exile Hill 
and in the excavation at the North Portal of the Exploratory 
Studies Facility (ESF), which is located at the site of borehole 
NRG-1 (pl. 1).

Studies to determine the location and extent of faulting 
in bedrock beneath the surfi cial deposits of Midway Valley 
benefi ted from the following sources of information:
 1. A variety of geophysical surveys (pl. 3) including 

(a) electrical resistivity (Senterfi t and others, 1982; 
U.S. Geological Survey, 1984); (b) seismic refl ection 
and refraction (Reynolds and Associates, 1985; Neal, 
1986); and (c) gravity and ground magnetic data 
(Ponce, 1993; Ponce and Langenheim, 1994).

 2. Data from boreholes, some 10 of which were drilled 
in the immediate vicinity of Exile Hill (those labeled 
“NRG” and “RF” on plate 1) and others in the sur-
rounding area (see fi gure A1 in Appendix).

In addition to the trench studies completed during this 
investigation, six other trenches were excavated and mapped 
in the vicinity of Midway Valley to determine the nature of 
Quaternary activity on the two major normal faults bounding 
the structural block that forms the valley. Five trenches span-
ning the Bow Ridge fault on the west side of Exile Hill (14, 
14A–D, fi g. 1, pl. 2) were studied by Taylor and Huckins 
(1986) and Menges and others (1993, 1994, 1997). Trench 
A1, excavated across the northern projection of the Paintbrush 
Canyon fault north of Alice Ridge (fi g. 1), fi rst was described 
by Swadley and others (1984), and later by C.M. Menges 
(written commun., 1995).
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Geologic Setting

Physiography

Midway Valley is located at the eastern margin of Yucca 
Mountain, a dissected volcanic plateau that lies within the 
southern Great Basin part of the Basin and Range physio-
graphic province. The mountain’s maximum altitude is about 
2,040 meters (m) to the northwest of Midway Valley. Directly 
to the west, the crest of Yucca Mountain is at 1,475 to 1,750 
m in altitude and slopes gently to the east and south. Altitudes 
of the valley fl oor range from about 1,070 m at its low point 
between Alice and Fran Ridges to the east, to about 1,220 
m in the northwestern part of the valley. Drainages heading 
in Drill Hole, Pagany, Sever, and Yucca Washes to the west 
and northwest along the east slope of Yucca Mountain fl ow 
eastward across Midway Valley into Fortymile Wash (fi g. 1).

Bedrock Stratigraphy

The Yucca Mountain–Midway Valley area lies within the 
middle Miocene southwestern Nevada volcanic fi eld, a multi-
caldera silicic volcanic fi eld in the southern Great Basin (fi g. 
5) (Sawyer and others, 1994). Most of the deposits within this 
fi eld issued from a group of nested and overlapping calderas 
known as the Timber Mountain–Oasis Valley caldera complex 
(fi g. 5) (Byers and others, 1976). The rocks in the vicinity 
of Yucca Mountain consist mostly of pyroclastic fl ow and 
fallout tephra deposits with minor lava fl ows that overlie 
deeply buried Paleozoic sedimentary strata along a pronounced 
regional unconformity. The volcanic sequence, with aggregate 
thicknesses commonly ranging from 1,000 to 3,000 m, has 
been formally subdivided into groups and formations; the prin-
cipal stratigraphic units are listed in table 1. Formations have 
been further subdivided into members and smaller units based 
on differences in physical properties and geochemical and 
mineralogic compositions between successive cooling units 
(Buesch and others, 1996; Moyer and Geslin, 1995; Geslin 
and others, 1995; Geslin and Moyer, 1995). Establishing this 
hierarchy of stratigraphic subdivisions has made possible a 
geologic mapping program of suffi cient detail to defi ne faults 
in bedrock that have as little as a few meters of displacement 
(for example, see Day and others, 1998).

The Tiva Canyon Tuff is the most widely exposed bed-
rock unit around the margins of Midway Valley (Scott and 
Bonk, 1984; Day and others, 1998). Limited outcrops of the 
Topopah Spring and Pah Canyon Tuffs occur in the southern 
part of Fran Ridge and in highlands north of Alice Ridge 
(fi g. 1). Rhyolite lava fl ows and ash-fl ow tuffs assigned to the 
uppermost part of the Paintbrush Group (post-Tiva Canyon 
Tuff) form prominent ridges at the north end of the valley. A 
small outcrop of the Rainier Mesa Tuff was mapped during the 
present study on the west side of Exile Hill (pl. 1).

As indicated earlier, the subdivisions and terminology 

established by Buesch and others (1996) for the Tiva Canyon 
Tuff are now in common use in the Yucca Mountain area. 
Correlation of the units mapped by Scott and Bonk (1984), 
and shown on various illustrations in this report (for example, 
plate 1), with the terminology of Buesch and others (1996) is 
as follows (Scott and Bonk’s unit names in quotes): “caprock” 
and “upper cliff” units form the crystal-rich member of the Tiva 
Canyon Tuff, and the “upper lithophysal,” “rounded-step,” and 
“lower lithophysal” units compose the crystal-poor member.

General Bedrock Structure

Yucca Mountain and Midway Valley are situated within 
the Walker Lane Belt (fi g. 5), a major northwest-trending zone 
of discontinuous strike-slip faults and extensional deformation 
that separates a regime of right-lateral transpression to the west 
and south from a regime of crustal extension in the Basin and 
Range Province to the north and east (Stewart, 1980, 1988, 
1992; Carr, 1984).

Post-Miocene deformation within the Walker Lane Belt 
in the Yucca Mountain and adjacent areas is characterized 
by three principal types of faults (fi g. 5): (1) north- to north-
east-trending normal faults (for example, Paintbrush Canyon 
fault); (2) northwest-trending, right-lateral strike-slip faults 
(for example, Furnace Creek fault zone); and (3) north-
east-trending, left-lateral strike-slip faults (for example, Spot-
ted Range–Mine Mountain shear zone). North- to northeast-
trending normal faults and the intervening elongate eastward-

Table 1.   Principal stratigraphic units exposed (except as noted) in 
the Yucca Mountain area, Nevada. 

[Based on Sawyer and others (1994). Ma, millions of years before present]

 Geologic name Age 
  (Ma) 

 
 

Timber Mountain Group
Ammonia Tanks Tuff (not exposed) 11.45
Rainier Mesa Tuff 11.6

Paintbrush Group
Tiva Canyon Tuff 12.7
Yucca Mountain Tuff
Pah Canyon Tuff
Topopah Spring Tuff 12.8

Calico Hills Formation 12.9

Crater Flat Group
Prow Pass Tuff
Bullfrog Tuff 13.25
Tram Tuff (not exposed)

6  Evaluation of Location, Recency of Faulting Near Prospective Surface Facilities in Midway Valley, Nye Co., Nevada



tilted fault blocks bounded by them dominate the structure 
of Yucca Mountain and Midway Valley. The major faults are 
spaced approximately 1–4 km apart and generally dip steeply 
toward the west, with hundreds of meters of down-to-the-west 
displacement of bedrock (Scott and Bonk, 1984; Day and 
others, 1998). The Bow Ridge and Paintbrush Canyon faults 
that bound Midway Valley are two of these prominent 

faults (fi g. 1), and the valley itself forms an east-dipping 
half-graben between the faults. Subsidiary structures include 
north-trending normal faults and northwest-trending strike- or 
oblique-slip faults that cause small displacements of bedrock 
between the block-bounding faults (Scott and Bonk, 1984; Day 
and others, 1998). A detailed discussion of geologic structures 
is given in section “Faulting in the Midway Valley Area.”
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Quaternary Geology

Early work in the Yucca Mountain–Midway Valley region 
differentiated three major late Cenozoic stratigraphic units 
based on “correlation characteristics” (Hoover and Morrison, 
1980; Hoover and others, 1981; Swadley and others, 1984; 
Hoover, 1989). The concept of “correlation characteristics” 
utilizes physical and morphologic characteristics of landscape 
elements, including landform, drainage network, soils (the 
presence or absence of the Av horizon), topographic position, 
desert pavement, desert varnish, depositional environment, and 
lithology. According to these studies, the oldest surfi cial unit, 
QTa, is Quaternary (early Pleistocene) or Tertiary in age or 
both. Units Q2 and Q1 represent middle to upper Pleistocene 
and Holocene deposits, respectively. Each major geologic unit 
of Hoover and others (1981) is divided into several subunits; 
for example, 10 subunits of Q1 and Q2 are mapped in the 
region. Swadley and others (1984) mapped the major late 
Cenozoic stratigraphic units in Midway Valley, but no detailed 
surfi cial geologic mapping that subdivided these units for the 
valley had been presented until Taylor (1986) mapped the 
fl uvial terrace sequence along Yucca and Fortymile Washes, 
including a small area in the northernmost part of the valley.

Taylor (1986) distinguished and mapped six geologic 
units of Tertiary to Quaternary age and described pedogenic 
soil profi les to (1) assess the effect of time and climate on 
soil development, and (2) quantify the variability in past Qua-
ternary climates by modeling the degree of development of 
the calcic horizon. The ages of map units were assigned based 
on an inferred correlation with the stratigraphy and numerical 
dates of Hoover and others (1981), Szabo and others (1981), 
and Swadley and Hoover (1983). Taylor (1986) demonstrated 
that age correlates with soil morphology and the progressive 
accumulation of secondary carbonate, clay, and silica. Cal-
cium carbonate, calcium-magnesium carbonate, and other car-
bonate species in soils were not distinguished. The term “car-
bonate” is used in this report to refer to all pedogenic carbon-
ate species. The term “silica” is used to refer to pedogenic 
silica species, which Taylor (1986) showed to be predomi-
nately opal-CT. Taylor’s work clearly demonstrated the useful-
ness of detailed soil studies for stratigraphic correlations and 
the estimation of the age of surfi cial units within the Yucca 
Mountain area.

Alluvial deposits and overlying geomorphic surfaces in 
the valley were mapped at a scale of 1:6,000 by Wesling and 
others (1992); the part of their map covering the immediate 
area of the RCS is shown in fi gure 6. An alluvial geomorphic 
surface is analogous to an allostratigraphic unit, which is a 
mappable stratiform body that is defi ned and delineated on the 
basis of its bounding discontinuities (North American Com-
mission on Stratigraphic Nomenclature, 1983). Primary char-
acteristics used to assess the relative stratigraphic ages of 
the map units include stratigraphic and geomorphic position, 
degree of desert pavement development, amount and degree of 
desert varnish accumulation, degree of preservation of original 

bar-and-swale topography, and degree of soil-profi le develop-
ment.

Quaternary Deposits, Soils, and 
Geomorphic Surfaces

Surfi cial deposits in the Midway Valley area include 
(1) alluvium that underlies alluvial fan and fl uvial terrace 
surfaces and is deposited along active washes; (2) colluvium 
and debris-fl ow deposits that occur along the base and mantle 
the lower parts of the hillslopes that bound the valley; (3) 
areas of mixed bedrock and thin colluvium; and (4) eolian 
deposits. The alluvial sequence is subdivided into eight infor-
mal allostratigraphic units designated as QT0 at the base and 
numbered consecutively from Qa1 to Qa7 in ascending order 
(fi g. 7); correlative colluvial units are numbered Qc1, Qc2, and 
so forth. The total combined thickness of these deposits in the 
valley is unknown, but borehole data indicate that locally the 
thickness is as much as 45 m (Carr, 1992).

The informal allostratigraphic units have age-dependent 
surface properties that refl ect interactions and feedback mecha-
nisms among soil development, eolian deposition, clast weath-
ering, desert varnish accumulation, biological activity, and pro-
gressive erosional instability. Younger units (Qa5–Qa7) exhibit 
relatively unaltered original surface characteristics, including 
incipient to weak soil development, little or no desert varnish 
accumulation or desert pavement development, relatively unal-
tered bar-and-swale relief, and minimal eolian accumulations 
in the upper parts of soil profi les. Older units (Qa2–Qa4) have 
more strongly developed desert pavement, more continuously 
and darkly varnished clasts, greatly reduced bar-and-swale 
relief, strongly developed soils, and relatively thick accumula-
tions of silt and fi ne sand in the upper parts of soil profi les. 
The oldest units (QT0 and Qa1) have degraded surface charac-
teristics and soil profi les refl ecting erosional modifi cation of 
geomorphic surfaces.

The relative ages of the deposits, soils, and geomorphic 
surfaces in Midway Valley are well established, but there is 
only limited direct numerical age control. Most numerical ages 
are derived from colluvium in trenches dug to evaluate fault 
activity on the major faults along the margins of the valley. 
Despite the age uncertainties, Qa3 and older units are suffi -
ciently old to assess, with a high degree of confi dence, whether 
or not there are signifi cant Quaternary faults in Midway Valley 
in general and at the prospective surface facility site in particu-
lar.

Available numerical age control (table 2), relative-age 
data (table 3), and regional soil-stratigraphic correlations 
(table 4) were used to assign ages to map units. Establishing 
exact numerical ages of surfi cial units in arid environments 
is diffi cult because of the time-transgressive nature of fl uvial 
deposition and geomorphic surface development, the paucity 
of suitable materials for dating, and the imprecise nature 
of dating complex geomorphic and pedogenic systems based 
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on available dating methodologies (uranium-series (U-series) 
dating of pedogenic carbonate and thermoluminescence (TL) 
dating of the silt-size fraction of eolian and fl uvial sediments) 
(table 2). Assuming exposure to sunlight and complete drain-
ing of the thermoluminescence signal of the sediments at the 
time of deposition, TL dates will provide a reliable age of the 
deposit, although a number of factors, such as uncertainties 
in the average radiation dose rate since the sample was depos-
ited, incomplete draining of the signal at the time of deposi-
tion, or subsequent infi ltration of fi nes, may cause unreliable 
results. Most problems, however, can be mitigated through 
careful sample selection and analysis. In comparison, U-series 
dates provide ages for the formation of secondary minerals 
(primarily calcium carbonate) that accumulated in the sedi-
ments after they were deposited. It may take tens of thou-
sands of years before enough carbonate accumulates to pro-
duce a collectable sample. Accumulation of secondary miner-
als commonly occurs over long periods of time and can 
continue even after a deposit is buried by younger sediments. 
An individual sample is likely to include both old and young 
carbonate, and the resulting age will be intermediate between 
the two end members. Depending on the part of the soil 
profi le that is sampled, one may obtain very different ages 

from the same sedimentary deposit. It is not uncommon for 
U-series ages from a given stratigraphic sequence to appear 
stratigraphically inconsistent. Despite these inconsistencies, 
U-series dates generally represent a minimum age for a Qua-
ternary deposit. Where samples from the same stratigraphic 
horizon yield divergent ages, the age of the deposit can be 
inferred to be older than the oldest date obtained from that 
horizon (assuming that care was taken to avoid collecting 
samples containing carbonate reworked from an older hori-
zon).

The presence of Bishop tephra, dated as approximately 
760 ka (Sarna-Wojcicki and others, 1993), and minor late 
Pleistocene basaltic ashes in Quaternary sediments of the 
Yucca Mountain region (for example, Lathrop Wells volcanic 
center ashes dated as 77±6 ka by Heizler and others, 1999) 
potentially can help to constrain numerical ages. However, 
the usefulness of the basaltic ashes may be limited because 
of extensive reworking of the tephras at some localities. Cor-
relations to other desert soil chronosequences based on soil-
stratigraphic studies is another important technique for esti-
mating the ages of surfi cial units, but quantitative soil-chemis-
try and particle-size data are presently unavailable to rigor-
ously assess numerical ages.
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Based on considerations discussed above, a multiple-
parameter dating approach was used to estimate the ages of 
surfi cial units in Midway Valley. Ages of the principal alluvial 
units, based on TL and U-series dates, tephrochronology, and 
correlations of soils to other desert chronosequences, are: Qa7, 
latest Holocene to historic; Qa6, middle to late Holocene 
to historic; Qa5, late Pleistocene to middle Holocene; Qa4, 
late Pleistocene; Qa3, middle to late Pleistocene; Qa2, middle 
Pleistocene; Qa1, early to middle Pleistocene; and QT0, Plio-
cene to early Pleistocene(?). The approximate numerical ages 
for these subdivisions of the Tertiary and Quaternary Epochs 
are shown in table 5.

Alluvial Deposits and Geomorphic Surfaces

Geomorphic surfaces form the bulk of Quaternary fea-
tures in Midway Valley. Deposits associated with these sur-
faces include alluvium, and minor eolian and debris-fl ow 
sediments. Sedimentologic properties of the various alluvial 
units are closely similar. In general, fl uvial deposits are pre-
dominately sandy gravel with interbedded gravelly sand and 
sand. Fluvial facies present in these deposits include relatively 
coarse grained channel bars and intervening fi ner grained 
swales. The grain size of the bars and swales is dependent 
on their position within the landscape (proximal or distal fan 
region) and the sediment source. In the proximal alluvial fan 

Table 2.   Summary of numerical ages of Quaternary deposits in Midway Valley.1 

[USGS, U.S. Geological Survey; TL, thermoluminescence; U, uranium-series disequlibrium; ka, thousands of years before present]

Sample number 
(USGS laboratory number) 

 
Dating method 

 
Material sampled 

 
Stratigraphic unit2 

 
Age (ka) 

Trench MWV-T4 (plate 5) 

MWV-T4-03
(TL-05)

TL surface Av horizon IX 6 ±1

MWV-T4-02
(TL-04)

TL eolian sand VIII 38 ±6

MWV-T4-01
(TL-03)

TL eolian sand VII 73 ±9

MWV-T4-04
(HD-1373)

U carbonate rhyzolith
carbonate rhyzolith

VI 1 133 ±5
140 ±5

MWV-T4-05
(HD-1372)

U carbonate rhyzolith
carbonate rhyzolith

VI 1 119 ±2
131 ±3

MWV-T4-06
(HD-1371)

U carbonate rhyzolith
carbonate rhyzolith
carbonate rhyzolith

VI 1 44.0 ±0.5
55.0 ±0.5
63.0 ±1.6

MWV-T4-07
(HD-1370)

U silica-rich stringer in carbonate
layer

V 383 ±24
423±44

MWV-T4-08
(HD-1368)

U carbonate-rich fine-rhyzolith mass 232 ±15

MWV-T4-09
(HD-1368)

U carbonate-rich fine-rhyzolith mass

II

II 344 ±35

MWV-T4-11
(HD-1589)

U steeply dipping stringer of
carbonate and silica

Ia 600±∞/1703

Trench MWV-T5 (plate 4) 

MWV-T5-01
(TL-01)

TL buried Av horizon Qc44 27±5

MWV-T5-02
(HD-972)

U top of ooid-rich platy K horizon Qc3e4 41 ±8

Trench MWV-T7 (plate 6) 

MWV-T7-04
(HD-1083)

U carbonate rhyzoliths Qc24 670±150/905

1 Age data from J.B. Paces(written commun., 1995); ages given withuncertainty (±) at the 95 percent confidence level.
2 Roman numerals refer to units defined in trenches.
3 Based on estimated original234U/238U values, this sample is probably much older than 350 ka; the numerical age may exceed

600 ka.
4 See figure 7 for stratigraphic position.
5 Based on estimated original234U/238U values, this sample is probably much older than 350 ka; the numerical age may exceed

approximately 700 ka.
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Table 3.   Summary of diagnostic surface and soil properties of Quaternary map units in Midway Valley. 

[Abbreviations for soil structure: sg, single grained; m, massive; 1, weak; 2, moderate; 3, strong; vf, very fine; f, fine; m, medium; pl, platy; sbk, subangular blocky. Abbreviations for clay films: N.P., not
present; 1, few; 2, common; 3, many; n, thin; mk, moderately thick; pf, pedface; co, colloidal stains. Abbreviation for maximum carbonate stage: N.P., not present. est., estimate]

 Surface characteristics1  Soil characteristics 
 

Map unit 
Desert 

pavement2 
Desert 

varnish3 
 

Rubification4 
Depositional bar 

relief5 
 Horizon 

sequence6 
 

Structure 
 

Clay films 
Maximum 
reddening7 

Maximum 
carbonate 

stage8 

Qa7 none 1 ±2
12

4 high, unaltered Cu sg N.P. 10YR N.P.

Qa6 none 0 ±0
0

0 high, unaltered A-Ck sg N.P. 10YR N.P.

Qa5 weak to
moderate

1 ±1
28

33 moderately
high, slightly

altered

A-Bwk/Btjk-
Bk-Ck

1 vf-f sbk N.P.-1 n co 10YR I

Qa4 moderate to
strong

62 ±27
97

87 low Av-Btkq-
Bkq-Ck

2-3 f-m sbk 3 n-mk pf 7.5YR I-II

Qa3 strong 42 ±28
94

54 low Av-BA-
Btkq-

Kq/Bkq-Ck

3 m sbk 3 n-mk pf 7.5YR II+-III

Qa2 strong 80 est.
100 est.

100 est. low Av-Btq-
Btkq-Kq-
Bkq-Ck

3 m sbk 3 mk pf 7.5-5YR IV

Qa1 locally
strong

20 ±21
84

80 none Av-BA-
Btkq-Kqm-

Bkq-Ck

m-3 m pl 2 n pf 10-7.5YR IV

QT0 D egraded E roded

1 See Wesling and others (1992, p. 17-19) for detailed definitions of surface parameters.
2 Describes the relative degree of interlocking of surfaces clasts; based on qualitative estimate.
3 First number is the average varnish cover (percent); second number refers to the percent of varnished clasts; from Wesling and others (1992, p. 20).
4 Percent rubified clasts; from Wesling and others (1992).
5 The relative height of depositional bars from the top of the bar to the trough of the adjacent swale.
6 Refers to the sequence of soil horizons that is representative of each map unit.
7 Hue determined with Munsell Soil Color Chart, Munsell Color Co., Inc. (1988).
8 Terminology of Gile and others (1966) and Birkeland (1984).
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Table 4.   Correlation of surficial units in Midway Valley with local and regional surficial stratigraphies. 

[Numbers in parentheses refer to ages in thousands of years; >, greater than; <, less than; --, not applicable]

Midway Valley 
(this study) 

Yucca Wash, Nev. 
(Taylor, 1986; Swadley 

and others, 1984) 

Crater Flat, Nev.  
(Peterson and others, 

1995) 

Kyle Canyon Fan, Nev. 
(Reheis and others, 1992) 

Fish Lake Valley, Nev.-
Calif. (Slate, 1991; 
Harden, Slate, and 

others, 1991) 

East-Central Mojave, 
Calif. (Reheis and others, 
1989; Wells, McFadden, 

and Harden, 1990) 

Lower Colorado River, 
Calif.-Ariz. 
(Bull, 1991) 

Qa7
(latest Holocene to

present)

Q1b
(0-15)

Modern
(0)

Q4
(0)

Modern Modern
(0)

Q4b
(0)

Qa6
(late Holocene)

Q1b
(0-15)

Crater Flat
(<0.4->1.5)

-- Late Marble Creek
(0.1-1)

Middle Marble Creek
(1-6)

Early Marble Creek
(2-5.8)

Q3b3
(0.5-2.5)

Q3b2
(2.0-4.5)

Q4a
(0.1-2)

Q3c
(2-4)

Q3b
(4-8)

Qa5
(late Pleistocene to
middle Holocene)

Q1c
(7-30)

Little Cones
(>6.6-11.1)

Q3
(15, 4-80)

Leidy Creek
(6-11)

Q3b1
(6-11)

Q3a
(8-12)

Qa4
(late Pleistocene)

Q2b
(145-290)

Late Black Cone
(>17.2-30.3)

Q3
(15, 4-80)

Late Indian Creek
(>50-<700)

Q3a
(13-50)

Q2c
(12-70)

Qa3
(middle to late
Pleistocene)

Q2c
(270-440)

Early Black Cone
(>159-200)

Q2
(130, 18-750)

Early Indian Creek
(>50-<700)

Q2b
(110-130)

Q2a
(140-190)

Q2b
(70-200)

Qa2
(middle Pleistocene)

QTa
(900-2000)

Yucca?
(>343-375)

-- Late Trail Canyon?
(<700 -- middle

Pleistocene)

Q1b
(>400->650)

Q2a
(400-730)

Qa1
(early to middle

Pleistocene)

QTa
(900-2000)

Solitario
(>433-<730)

Q1
(800, 750-800)

Early Trail Canyon
(<700 -- early
Pleistocene)

Q1b
(>400->650)

Q2a
(400-730)

QT0
(Pliocene? to early

Pleistocene?)

-- -- -- Q1
(>650->800)

Q1
(>1200)
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regions, grain size is greater where larger material is available 
for transport and where streamfl ow is concentrated. In the 
distal reaches of the fans sediment is fi ner grained, although 
coarser grained facies are present locally. Gravel size ranges 
from pebble to boulder, and clasts generally are subangular to 
subrounded. In soil-pit and stream-cut exposures of units Qa5, 
Qa6, and Qa7, the cross-sectional bar-and-swale characteris-
tics are so well preserved that the changes in facies between 
the bars and swales are readily observed. The deposits asso-
ciated with depositional bars include nonindurated, cobble-
boulder gravel and a fi ner grained sand and gravel deposit. The 
deposits associated with swales include a fi ner grained, silt-
rich, sandy gravel, and gravelly sand. The boulder gravel asso-
ciated with the bars typically is about 0.5 m thick. Unweath-
ered deposits are light gray (10YR 7/2 d), poorly to moderately 
sorted, massive to well bedded, and clast supported to matrix 
supported. (Color notation refers to Munsell Soil Color Chart 
(Munsell Color Company, 1988); d = dry, m = moist.) Rodent 
burrows are ubiquitous on Qa5 and Qa6, most likely refl ecting 
the ease of excavation. Qa5 and younger deposits are relatively 
unconsolidated and do not hold a well-formed free face when 
excavated.

Debris-fl ow deposits were observed locally in natural out-
crops, soil pits, and trenches (for example, trench MWV-T5, 
pl. 4). These deposits are matrix supported and have pebbly to 
cobbly, silty, fi ne- to medium-sand texture. The gravel fraction 
makes up approximately 15–30 percent of the deposit. Debris-
fl ow deposits are nonbedded and massive and have a relatively 
hard consistency.

With time, surface weathering, soil formation, and eolian 
additions result in incremental modifi cations to geomorphic 
surfaces. These modifi cations include reduction of original 

surface topographic relief (bar-and-swale relief), formation of 
Av horizons, desert pavement development, the accumulation 
of desert varnish on surface clasts, and weathering of surface 
clasts. In Midway Valley, these modifi cations have produced 
a distinctive surface morphology for a unit of a given age, 
and the surface morphology is used as a basis for mapping 
alluvial geomorphic surfaces. Relative to younger surfaces, 
older surfaces generally have a more subdued surface topogra-
phy, stronger desert pavement development, darker and thicker 
desert varnish on surface clasts, and stronger soil development.

Given the similarities in sedimentologic properties of 
deposits among the various map units, distinctive surface prop-
erties and soil-profi le characteristics as discussed above were 
used as criteria for delineating and correlating map units 
within the study area. These data, combined with available 
numerical-age information, serve as a basis for assigning ages 
to units through correlations with local and regional soil-
stratigraphic studies. The characteristics of eight identifi ed 
alluvial geomorphic surfaces, their associated soil profi les, the 
available numerical age control for the Midway Valley area, 
and correlations with local and regional studies are described 
below for each major mapped unit.

Pliocene(?) to Early Pleistocene(?) Alluvium (QT0)

Within the mapped area, unit QT0 consists of a single ter-
race remnant on the upthrown block of the Paintbrush Canyon 
fault at the north end of Alice Ridge. The surface forms a 
pronounced topographic bench (altitude 1,168 m) that is 25 
m higher than Qa1 and 46 m above the active channel of 
Yucca Wash. Deposits associated with QT0 consist of lag 
gravel on a bedrock surface eroded into the Tiva Canyon Tuff. 
Clast lithologies that include the rhyolites of Fortymile Wash 
are suffi ciently abundant and distinct to indicate that they are 
exotic to Alice Ridge. No outcrops of deposits associated with 
QT0 were observed elsewhere in Midway Valley. Because of 
its limited areal extent and the extensive post-depositional ero-
sion of the surface, no detailed soils data were collected for the 
QT0 surface (table 3). The thickness of the unit is unknown but 
is probably only a few meters. Its age probably is Pliocene(?) 
to early Quaternary, based on stratigraphic position relative to 
Qa1, its highly dissected and eroded nature, and its rounded 
landform morphology.

Early to Middle Pleistocene Alluvium (Qa1)

Unit Qa1 is preserved at the surface only on the Yucca 
Wash alluvial fan north of Sever Wash; the fan surface has 
been dissected by younger drainages and is preserved as some-
what rounded interfl uves. Locally, the desert pavement associ-
ated with the Qa1 surface is well developed, but in most 
areas it has been extensively degraded (table 3). Characteristics 
such as freshly exposed rock surfaces on clasts, fragments 
of carbonate and silica, and surface or near-surface calcic 
horizons collectively impart a lighter tonal quality to the unit 
when viewed in the fi eld or on aerial photographs. Although 

Table 5.   Late Cenozoic boundary dates.1 

[ka, thousand years before present; Ma, million years before present]

Divisions of late Cenozoic Boundary dates 

late historic–3 ka
middle 3–7 ka

Holocene

early 7–10 ka2

late 10–128 ka3

middle 128–736 ka4
Pleistocene

early 736–1600 ka (1.6–1.7 Ma)5

Pliocene 1.6–5.0 Ma (5.0–5.5 Ma)

1 Modified from E.M. Taylor (written commun., 1995); Quaternary time
scale from Imbrie and others (1984).

2 Arbitrary age suggested for Pleistocene-Holocene boundary (Hopkins,
1975).

3 Astronomical age of marine oxygen-isotope substage 5e boundary.
4 The Brunhes-Matuyama geomagnetic reversal.
5 Provisional age of the proposed Pliocene-Pleistocene boundary at the end

of the Olduvia polarity subchron (event) in theVrica stratotype, southern Italy
(Aguirre and Pasini, 1984).
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darkly varnished clasts are present in some areas, surface 
clasts typically are not darkly varnished. No original dep-
ositional bar-and-swale morphology is preserved on the sur-
face, and larger clasts appear to be distributed randomly rather 
than being concentrated in areas that defi ne depositional bars. 
Angular unvarnished rock fragments are common on the sur-
face, where larger varnished clasts have spalled, exposing fresh 
rock surfaces. Many clasts are fractured and strongly weath-
ered. The total thickness of Qa1 cannot be determined from 
available exposures. A buried soil was observed beneath Qa1 
at a depth of 2.5 m in one soil pit, but no buried soils were 
encountered to depths of more than 3.3 m in other soil pits on 
Qa1 (see Appendix).

The strongly developed Qa1 soil is greater than 1.5–2.0 
m thick and has a laminar petrocalcic horizon (Kqm) with 
stage-IV carbonate morphology at or near the surface (table 
3; Appendix). The petrocalcic horizon may be overlain by 
as much as 30 cm of eolian fi ne sand and silt. Soil develop-
ment on the eolian deposits is characterized by brownish to 
reddish (10-7.5YR) argillic horizons (Btk, Btkq) that have 
strong, medium subangular blocky structure and continuous, 
moderately thick clay fi lms. The soil developed in the overly-
ing eolian sand and silts appear to be much younger than the 
underlying petrocalcic horizon formed in alluvial sediments.

Age control for Qa1 indicates that the unit is probably 
early to middle Pleistocene (table 4). Swadley and others 
(1984) mapped QTa (= Qa1) in northern Midway Valley where 
Qa1 is present, and Hoover (1989) noted that the best devel-
oped soils and landforms that are representative of QTa occur 
in northern Midway Valley. These investigators assigned a 
Pliocene to early Pleistocene age to QTa, but Hoover (1989) 
noted that the unit is probably Pleistocene in age. In other 
parts of the Yucca Mountain area, deposits mapped as QTa 
overlie alluvial sediments of the ancestral Rock Valley Wash 
that contain a 2.1-Ma ash (Swadley and others, 1984). Swadley 
and others (1984) and Hoover (1989) noted that eolian and 
alluvial sediments younger than QTa contain Bishop tephra at 
various locations within the Yucca Mountain area. However, 
M.C. Reheis (oral commun., 1993) and Peterson and others 
(1995) reported Bishop tephra within alluvial deposits that 
were mapped as QTa by Swadley and others (1984) in north-
eastern Crater Flat. Peterson and others (1995) mapped this 
unit in Crater Flat as their Solitario geomorphic surface and 
assign a numerical age between about 730–430 ka based on 
the varnish cation-ratio ages and the reported presence of 
the Bishop tephra. The association of the Bishop tephra with 
Qa1 sediments may be corroborated by the work of Davis 
(1983) and Scott Lundstrom (oral commun., 1994), who found 
Bishop-like silicic ashes along Yucca Wash. As noted previ-
ously, Bishop ash was dated as approximately 760 ka by 
Sarna-Wojcicki and others (1993).

An early to middle Pleistocene age for Qa1 is supported 
by regional soil-stratigraphic correlations. The somewhat 
rounded, eroded morphology of Qa1 surfaces and the strongly 
developed soil on Qa1 are similar to those on early to middle 
Pleistocene units in Nevada and California (table 4) (Taylor, 

1986; Wells and others, 1990; Harden, Slate, and others, 1991; 
Harden, Taylor, Hill, and others, 1991; Slate, 1991; Reheis and 
others, 1992; McDonald and McFadden, 1994). 

Middle Pleistocene Alluvium (Qa2)

Unit Qa2 is recognized at the surface primarily in the 
region north of Sever Wash, where it is inset into Qa1. On 
color aerial photographs, Qa2 surfaces have a darker, more 
reddish hue than the other units. This darker color and reddish 
hue refl ect more compact and continuous desert pavement, 
better developed desert varnish, and the presence of reddish 
Bt horizons near the surface. Qa2 has a well-developed desert 
pavement that contains darkly varnished clasts (table 3). Some 
clasts are split and fractured, and varnish also has developed 
on some fractured surfaces of clasts. The original bar-and-
swale morphology has been reduced to the height of the larger 
clasts above the surface. The upper part of the unit typically 
has a cap of eolian silt and fi ne sand ranging from 30 cm to 50 
cm thick. The total thickness of Qa2 varies from 2.5 m to more 
than 3.5 m as observed in soil pits.

The strongly developed Qa2 soil has a 40- to 70-cm-
thick, reddish (7.5-5YR) argillic horizon (Btkq) and a zone of 
carbonate and silica accumulation having stage-II to -III+ car-
bonate morphology (table 3). The upper solum (Av and Btkq 
horizons) of the Qa2 soil is cumulic (continually adding new 
soil materials at the surface) and has formed in the eolian sedi-
ments that have accumulated on the surface (table 3; Appen-
dix). The upper part of the Btkq horizon lacks much carbonate 
but contains a silica-cemented zone that is reddish brown to 
yellowish red (5YR 5/4-6 d) in color and is laminar in appear-
ance. Therefore, the morphology of the upper part of the soil 
refl ects silica accumulation, whereas the morphology of the 
lower part of the soil is affected by both carbonate and silica 
accumulation. This accumulation gives the Qa2 soil an appear-
ance of overall stage-IV morphology.

A middle Pleistocene age for Qa2 is supported by (1) its 
stratigraphic position between the early to middle Pleistocene 
Qa1 and the middle to late Pleistocene Qa3, and (2) the degree 
of soil-profi le development. The degree of soil-profi le develop-
ment on the Qa2 alluvial geomorphic surface appears to be 
similar to that on Q2c or QTa of Taylor (1986); Harden, Taylor, 
Hill, and others (1991); and Harden, Taylor, Reheis, and others 
(1991). On the basis of correlations with local and regional soil 
chronosequence studies, Qa2 is probably middle Pleistocene 
in age (table 4).

Middle to Late Pleistocene Alluvium (Qa3)

North of Sever Wash, unit Qa3 occurs as small, inset 
fl uvial terrace remnants along drainages eroded into Qa1 and 
Qa2 on the Yucca Wash fan. The unit occurs south of Sever 
Wash as large remnant alluvial fan surfaces and as fl uvial ter-
races. A well-developed desert pavement that contains darkly 
varnished clasts characterizes the Qa3 surface that has a dark 
brown or black tone on color aerial photographs (table 3). 
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Larger clasts, some more than 30 cm in diameter, are distrib-
uted on the surface in diffuse, poorly defi ned bars. (Clast 
size as given in this report is maximum intermediate diameter 
unless otherwise stated.) The original depositional bar-and-
swale morphology has been reduced to the height of individual 
clasts above the surface. The thickness of Qa3 averages 
approximately 2–2.5 m and may exceed 3.3 m locally as 
observed in soil pits.

The strongly developed Qa3 soil has an approximately 
75-cm-thick Bt and Btkq horizon overlying a 100- to 130-cm-
thick horizon of secondary carbonate and silica accumulation 
(table 3; Appendix). A clayey texture, clay fi lms, reddish color 
(7.5YR), and strong blocky structure are characteristic of the 
argillic horizon that also has accumulations of secondary car-
bonate and silica. A Bkq or weakly developed Kq horizon 
having stage-II to -III carbonate morphology typically under-
lies the Btkq horizon.

The middle to late Pleistocene age for Qa3 is supported 
by stratigraphic relations, numerical dating, and correlations 
with local and regional soil-stratigraphic studies. Areas 
mapped as Qa3 by Wesling and others (1992) within Midway 
Valley were mapped as Q2 by Swadley and others (1984) and 
Q2c by Taylor (1986); Harden, Taylor, Hill, and others (1991); 
and Harden, Taylor, Reheis, and others (1991); who consider 
the unit to be 440–270 ka on the basis of uranium-trend dating 
of deposits exposed in fault trenches (Hoover and others, 1981; 
Szabo and others, 1981; Swadley and Hoover, 1983).

Menges and others (1994) correlate colluvial deposits in 
trench 14D with Qa3 on the basis of a similar degree of soil-
profi le development on these units. Uranium-series dating of 
pedogenic carbonate associated with these colluvial deposits 
in the trench yielded an age of 234±47/35 ka, and a thermo-
luminescence age of 132±23 ka on a mixed eolian-colluvial 
unit that composes the middle part of the sequence correlated 
with Qa3 (Menges and others, 1994, 1997; J.B. Paces, written 
commun., 1995). Four uranium-series ages of about 140–100 
ka also were obtained on pedogenic carbonate in the upper-
most part of the Qa3 sequence in trench 14D.

Apparent similarities in soil-profi le development may 
indicate that Qa3 correlates with the Early Black Cone surface 
in Crater Flat (Peterson and others, 1995). The degree of soil 
development on Qa3 also is similar to that on middle to late 
Pleistocene soils in other parts of the Western United States 
(Taylor, 1986; Wells, McFadden, and Harden, 1990; Harden, 
Slate, and others, 1991; Harden, Taylor, Reheis, and others, 
1991; Slate, 1991; Reheis and others, 1992; McDonald and 
McFadden, 1994). The correlation of Qa3 with regional chro-
nosequence studies that indicate stage-III carbonate morphol-
ogy generally occurs in middle to late Pleistocene soils is 
shown in table 4.

Late Pleistocene Alluvium (Qa4)

Unit Qa4 consists of small, inset fl uvial terrace remnants 
north of Sever Wash and of alluvial fan and fl uvial terrace 
remnants to the south of the wash. The desert pavement of the 

Qa4 surface ranges from loosely to tightly interlocking and is 
noticeably less well developed than pavements formed on the 
older fl uvial surfaces. Although desert varnish is discernible 
on surface clasts of the Qa4 pavement, it occurs at a much 
lower percentage than on surface clasts of older units (table 3). 
Indistinct depositional bars are preserved as diffuse accumula-
tions of larger clasts; bar-and-swale relief on Qa4 has been 
mostly reduced to clast height above the surface. The thickness 
of Qa4 averages about 1 m and does not exceed 2 m where 
observed in soil pits and trenches.

The strongly developed Qa4 soil is characterized by a 
red (7.5YR) argillic horizon and accumulations of carbonate 
and silica (table 3; Appendix). The upper part of the soil has 
silica accumulation, stage-I to -II carbonate morphology, and 
a strongly developed Btkq horizon with a sandy or silty clay 
loam texture. Continuous, thin to moderately thick clay fi lms 
coat ped faces of the Btkq. An Av horizon overlies the Btkq 
horizon.

Qa4 is estimated to be late Pleistocene in age on the 
basis of its stratigraphic position, thermoluminescence ages 
from fault trenches, and the degree of soil-profi le develop-
ment. A thermoluminescence age of 27±5 ka was obtained 
for an Avb horizon of Qc4 in trench MWV-T5 (table 2). 
The Avb represents post-depositional eolian accumulation on 
Qc4; therefore, the age represents a minimum estimate for 
the depositional age of Qc4. Eolian/colluvial sediments that 
have similar soil-profi le development as Qa4 yielded thermolu-
minescence ages of 73±9 ka and 38±6 ka in trench MWV-T4 
(table 2). J.B. Paces and others (written commun., 1995) 
reported a preliminary thermoluminescence age of 48±20 ka 
for the upper part of a unit with a strongly developed Btkq 
horizon, which Menges and others (1994) correlated with Qa4.

Additionally, a late Pleistocene age for Qa4 appears to 
be reasonable based on comparisons of soil morphology data 
with those of regional chronosequences (table 4). These com-
parisons indicate that Qa4 soil has morphologic characteristics 
similar to soils formed on units that were deposited about 80 
to 20 ka (Taylor, 1986; Wells and others, 1987; Harden, Slate, 
and others, 1991; Harden, Taylor, Hill, and others, 1991; Slate, 
1991; Reheis and others, 1992; Peterson and others, 1995).

Latest Pleistocene to Holocene Alluvium (Qa5)

Unit Qa5 covers large areas of alluvial fans south of Sever 
Wash; north of Sever Wash, Qa5 occurs as inset terraces along 
drainages incised into the Yucca Wash alluvial fan. The desert 
pavement is loosely packed and poorly formed, and surface 
clasts have minor accumulations of rock varnish (table 3). 
Qa5 surfaces display well-developed bar-and-swale morphol-
ogy. The amount of bar-and-swale relief is related to landscape 
position and sediment sources; coarsest grained bars lie in 
the proximal fan regions north, south, and west of Exile Hill. 
Smaller, lower, partly buried bars lie in distal regions of Sever 
Wash, where the intervening swales are partly fi lled by fi ne-
grained eolian silts and sands. Surface clasts are relatively 
unweathered. In soil-pit and trench exposures, the average 
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thickness of Qa5 is approximately 1 m, and the maximum 
observed thickness is about 2.5 m.

Weakly developed soils are formed on Qa5 (table 3; 
Appendix). Soil development is stronger in the swales where a 
silt-rich zone occurs in the upper 30–40 cm of the unit; soils 
are more weakly developed on bars. The Qa5 soil typically 
has a Bwk or incipient Btjk horizon with brownish (10YR) 
hues, weak subangular blocky structure, and colloidal stains 
on grains. Carbonate is disseminated in the matrix, and below 
about 30-cm-depth in the Bk horizon, the bottoms of clasts 
have powdery coats of carbonate (stage-I carbonate morphol-
ogy). Where Qa5 is relatively thick, the carbonate content 
decreases below the Bk to form a transitional horizon (BC or 
CB) or a Ck; where Qa5 is relatively thin and underlain by a 
buried soil, the Bk persists to the base of the unit.

Qa5 is assigned a late Pleistocene to middle Holocene 
age, which is consistent with a maximum age of 27±5 ka deter-
mined by TL dating of a buried Qc4/Qa4 soil (Av horizon, 
sample TL-01, table 2) that lies directly beneath Qc5 in trench 
MWV-T5 (pl. 4B, see note on trench log at station 240 m). 
Samples from unit Qa5 in soil pits MWV-P10 and MWV-P14 
yielded TL ages of 7±1 ka and 4.0±0.7 ka, respectively (J.B. 
Paces and others, written commun., 1995). The presence of 
extensive burrowing and the translocation of fi ne material 
by soil-forming processes may account for these somewhat 
younger than expected TL ages. However, the weakly devel-
oped Qa5 soil appears to have similar profi le characteristics 
as latest Pleistocene to Holocene units described in nearby 
and regional soil-stratigraphic studies (table 4). The color B 
horizon that is characteristic of most Qa5 soil profi les is a 
further indication that the unit may be as young as early 
to middle Holocene in age (Dohrenwend and others, 1991; 
McFadden, 1988).

Middle to Late Holocene Alluvium (Qa6)

Unit Qa6 occurs along the active washes as low fl ood-
plains less than 1 m above the active channels and as vegetated 
bars. No desert pavement has developed (table 3), and surface 
clasts are unvarnished and unweathered. Relief on the Qa6 
surface is primarily the result of preservation of original bar-
and-swale morphology. Locally, an eolian cap as much as 5–10 
cm thick may bury all but the largest surface clasts. Natural 
outcrops and man-made exposures indicate that the total thick-
ness of Qa6 does not exceed 2 m.

Qa6 soils lack a well-developed eolian cap that is 
common to the older surfaces (Av horizon), and soil devel-
opment is limited to minimal oxidation of the deposit (forma-
tion of Cox) and sparse accumulation of carbonate (table 3). 
Carbonate is more concentrated toward the upper 10 cm of 
the deposit, although the matrix typically contains widely dis-
seminated carbonate. Clasts in the upper 30 cm have little vis-
ible carbonate, yet they effervesce when hydrochloric acid is 
applied. Carbonate varies from isolated patches on the under-
sides of clasts to thin, relatively continuous coatings. Evidence 
that many clasts within the deposit have been reworked from 

older deposits includes randomly oriented carbonate coatings 
on clasts and percussion marks where the coatings are chipped 
from the clasts.

Qa6 is assigned a middle Holocene to historic age 
because of its very weak to weak soil development and its 
inset nature with Qa5. There is no color or structural B-horizon 
development, and carbonate morphology varies from incipient 
to stage I. Historic is given as a minimum age because Qa6 
receives sediments during overbank runoff events at the pres-
ent time. Other middle to late Holocene alluvial units that have 
been recognized in the region are listed in table 4.

Late Holocene to Modern Alluvium (Qa7)

Unit Qa7 consists of the deposits along active channels 
and the adjacent fl oodplains. No desert pavement has formed 
on the Qa7 surface (table 3). No desert varnish occurs on 
clasts, except thick, dark desert varnish is present in small pro-
tected areas (small fractures and exposed voids) of some sur-
face and subsurface clasts. This varnish is too well developed 
to be actively accreting in modern channels and apparently has 
been reworked from older surfaces. Clasts are unweathered, 
and the original depositional bar-and-swale relief is unaltered. 
The total exposed thickness of Qa7 does not exceed 2 m.

No in situ pedogenic alteration of Qa7 deposits was 
observed (table 3; Appendix). The overall color of the unit 
is pale brown to brown (10YR 5-6/3 d). The matrix contains 
reworked, disseminated carbonate. Reworking of older surfi -
cial units is indicated by numerous clasts that have thick accu-
mulations of carbonate. These clasts appear to be distributed 
randomly throughout the deposit. The coatings, which origi-
nally formed on the bottoms of the clasts, have no preferred 
orientation in the reworked deposits. Carbonate generally is 
not apparent on the undersides of clasts, but noticeable effer-
vescence occurs when hydrochloric acid is applied. This unit 
includes modern sediments being deposited in channels (Qa7) 
and on hillslopes (Qc7). 

Colluvial Deposits

Colluvial deposits are undifferentiated on the 
1:6,000-scale map of Wesling and others (1992) because of 
their limited areal extent and the limited exposure of all but 
the youngest deposits. However, a sequence of colluvial depos-
its was exposed in trenches and soil pits at the prospective 
surface facilities site on the east side of Exile Hill (fi g. 7). The 
colluvial stratigraphy of Midway Valley, as described below, 
primarily is based on the trench and soil pit exposures.

A unit designated as middle Pleistocene to Holocene 
undifferentiated colluvium occurs as colluvial and debris-fl ow 
deposits mantling hillslopes and, locally, includes areas man-
tled by eolian and reworked eolian deposits. The colluvial 
deposits consist of gravelly silty sands and silty fi ne to 
medium gravel with pebble to small cobble clasts. The color 
of the deposits is very pale brown (10YR 7/4 d) to reddish 
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yellow (7.5YR 6/6 d) with white (10YR 8/1 d) for the older 
carbonate-cemented units. The colluvial deposits and debris 
fl ows are poorly sorted, nonbedded to crudely bedded, and 
predominantly matrix-supported (locally clast-supported), with 
as much as 90 percent gravel. The gravels are predominantly 
medium to very coarse, subangular to angular pebbles with 
lesser abundances of cobbles as much as 20 cm diameter and 
small boulders as much as 30 cm diameter. The thickness of 
individual colluvial units generally is less than 2–3 m based on 
trench and soil pit exposures.

The younger colluvial deposits, possibly equivalent to 
Qa5, have thin, weakly developed soils with an AB horizon 
over a weakly developed Bwk horizon. Colluvium of probable 
Qa4 age displays well-developed Btkq textural B horizons 
40–50 cm thick. Units possibly equivalent to Qa3 and Qa2 
have multiple superimposed soils consisting of Bkq and Btjkq 
horizons that have stage-II carbonate morphology. The oldest 
exposed colluvium deposits have strongly developed Kqm 
horizons.

At the surface, most of the hillslope areas mapped 
as undifferentiated colluvium along the margins of Midway 
Valley have surface characteristics of Qa5 and Qa6. Colluvium 
having surface characteristics similar to Qa4 surfaces com-
monly are near the toe of the hillslope.

Eolian Deposits

Two types of eolian sediment were observed in the 
Midway Valley area: (1) reworked eolian deposits within sand 
ramps along the southeastern margin of Midway Valley, and 
(2) thin accumulations of silt and fi ne sand in the A and B 
horizons of most surface soils and relict accumulations within 
some buried soils.

Sand ramps in southeastern Midway Valley are composed 
of a stacked sequence of eolian-colluvial units that have tex-
tures of pebbly silty fi ne to medium sand interbedded with 
some sandy, pebble to cobble gravel. Minor, alluvial sandy 
pebble gravel deposits are present locally within these depos-
its. Sand-ramp deposits vary from very pale brown to light 
gray (10YR 7/2-4 d), are poorly to moderately sorted, and 
are moderately bedded to massive. The unit is predominantly 
matrix supported although the alluvial gravel and parts of 
some colluviums are locally clast supported. Gravel clasts 
are angular to subangular and commonly less than 5 cm in 
diameter, although some clasts are as large as 50 cm diameter. 
The maximum thickness of the sand-ramp deposits exceeds 4 
m.

A weakly to moderately interlocking desert pavement 
occurs over most of the surface. Soil development in near-
surface deposits consists of a well-developed reddish yellow 
(7.5YR 6/6 d) Btkq horizon with a sandy clay loam texture 
that appears to be similar to the soil formed on Qa4. Typically, 
one or more buried soils occur within the sand-ramp deposits 
in Midway Valley. The buried soil observed within trench 
MWV-T4 (pl. 5) has a Kq horizon with stage-IV carbonate 

morphology. Additionally, multiple buried soils have been 
observed within Busted Butte sand-ramp deposits south of 
Midway Valley (Whitney and others, 1985; Whitney and 
Muhs, 1991; Menges and others, 1994).

The presence of Bishop ash in lower sand-ramp deposits 
at Busted Butte (Whitney and others, 1985; Menges and 
others, 1994) and at other localities near Yucca Mountain 
(Hoover, 1989) indicate that these landforms began forming 
within the region sometime shortly before 760 ka. Multiple 
buried soils above the Bishop tephra indicate that the accumu-
lation of sand ramps is episodic and punctuated by surface 
stabilization and soil formation. At Busted Butte, some of 
these buried soils have been dated as middle to late Pleisto-
cene using uranium-series disequilibrium methods (Menges 
and others, 1994; C.M. Menges, written commun., 1995; Paces 
and others, 1994; J.B. Paces, written commun., 1995). Ther-
moluminescence dates from the upper 3 m of sand-ramp 
deposits in southern Midway Valley, 73±9 ka and 38±6 ka 
(table 2), and Busted Butte, 36±10 ka (Paces and others, 1994), 
indicate that the two most recent major depositional episodes 
on sand ramps occurred about 40–35 ka and about 80–60 ka. 
A thermoluminescence age of 6±1 ka on the surface A horizon 
of a sand ramp in southern Midway Valley indicates that 
small-scale eolian additions were deposited in the Holocene 
(table 2).

A few centimeters to several tens of centimeters of eolian 
silt and fi ne sand have accumulated on most alluvial geomor-
phic surfaces and have been incorporated into soil profi les 
formed on those surfaces. These eolian accumulations are not 
mapped separately because of their broad areal distribution 
and relatively thin nature. Models of desert pavement and 
soil formation recognize the importance of eolian accumula-
tions as a source for the fi ne earth fraction, carbonate, and 
other soluble salts that occur in otherwise clean sandy gravel 
deposits in arid regions (McFadden, 1982; Birkeland, 1984; 
McFadden and others, 1987; McFadden and Weldon, 1987; 
Harrison and others, 1990, 1994; McDonald and others, 1992; 
McDonald and McFadden, 1994; Wells and others, 1994).

Data from soil pits (Appendix) show that the relative 
thickness of eolian accumulations generally is greater on older 
units. Eolian additions to Qa6 and Qa7 are minimal at best, 
whereas eolian sediments plug the upper part of Qa5 deposits 
and partially fi ll paleo-swales to form a muted bar-and-swale 
topography. The surfaces of units Qa2, Qa3, and Qa4 are 
plugged with eolian sediments that form a continuous surface 
sheet and result in a nearly fl at topography. The original eolian 
mantle on Qa1 has been stripped and replaced by a younger 
eolian mantle. 

Sequence of Deposits at the 
Prospective Surface Facilities Site

The prospective surface facilities site (fi g. 2) lies at the 
intersection of three landforms within Midway Valley: the 
Drill Hole Wash alluvial fan to the south, the lower Sever 
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Wash alluvial fan to the north and east, and small colluvium-
dominated debris fans derived from Exile Hill to the west 
(Wesling and others, 1992). The prospective surface facilities 
site, located in the western part of the RCS, covers an area that 
includes parts of the lower Sever Wash and Exile Hill debris 
fans. The colluvium-dominated debris fans occur along the toe 
of Exile Hill and coalesce to form a small fan apron along the 
base of the slope. Fluvial deposits of the lower Sever Wash 
alluvial fan occur as dissected fan remnants.

The locations of trenches and soil pits at the prospective 
surface facilities site are shown in plate 2. The combined 
length of these excavations is more than 700 m, including the 
340-m-long, east-west-oriented trench MWV-T5 (fi gs. 3 and 4; 
pl. 4). The excavations generally are 3–5 m deep and expose 
colluvium-dominated deposits of debris fans derived locally 
from Exile Hill, axial fl uvial deposits of the lower Sever Wash 
alluvial fan, and Tertiary volcanic bedrock. Eolian and debris-
fl ow deposits compose a small proportion of the exposed sedi-
ments.

Colluvium-dominated deposits occur mainly in the west-
ern part of the site and interfi nger with fl uvial deposits to 
the east (fi gs. 6 and 7). The colluvium-dominated deposits 
are massively bedded, poorly sorted accumulations of gravelly 
sand. Clasts generally compose less than 40–50 percent of a 
depositional unit, are subangular to angular, and appear to be 
locally derived from the upper three units of Tiva Canyon Tuff 
exposed on Exile Hill. In contrast, fl uvial deposits are poorly 
to moderately sorted and generally have a sandy gravel texture. 
Fluvial clasts, which generally compose more than 60 percent 
of a depositional unit, are subrounded to rounded, and many 
of the lithologies are exotic to Exile Hill. Sedimentary features 
indicative of fl uvial transport include clast imbrication, graded 
bedding, and cut-and-fi ll channels.

On the basis of soil-stratigraphic relations and sedimento-
logic characteristics, the deposits at the prospective surface 
facilities site were subdivided into 12 colluvium-dominated 
units and seven alluvial units (fi g. 7). As shown in fi gure 
8, pedologic and sedimentologic characteristics of individual 
units were suffi ciently distinct to correlate units exposed in 
the various soil pits and trenches and to assign the units into 
principal age classes that correspond roughly to the principal 
age classes recognized in the alluvial stratigraphy of Midway 
Valley. From oldest to youngest, the units in the prospective 
surface facilities site that were encountered in trenches and soil 
pits are designated QTcu, Qc1, Qc2 and Qa2, Qc3 and Qa3, 
Qc4 and Qa4, Qc5 and Qa5, and Qc6-7 and Qa6-7. Soil-profi le 
descriptions are given in the Appendix.

The oldest colluvium (QTcu), was exposed in trenches 
MWV-T5 and MWV-T7 (pls. 4 and 6), as well as in trench 
MWV-T6. At the west end of trench MWV-T5, this colluvium 
was subdivided into three units that are unconformable with 
both the underlying Tertiary bedrock and the overlying colluvi-
ums. QTcu consists of 20–60 percent subangular to angular 
clasts in a carbonate and silica matrix. The original sedimento-
logic characteristics of these deposits have been modifi ed by 
impregnation with pedogenic carbonate and silica, and their 

initial texture was probably sandy pebble- and cobble-bearing 
gravel. A strongly developed soil having stage-IV carbonate 
morphology is characteristic of QTcu, whereas soils developed 
on younger colluvial units have much weaker calcic-silicic 
horizon development.

Unit Qc1 was observed only in trench MWV-T7 (pl. 
6), where it unconformably overlies QTcu and underlies sub-
units Qc2 and Qc3. The correlation of Qc1 with Qa1 of the 
Midway Valley alluvial stratigraphy is based on its strati-
graphic position in the trench exposure. This correlation is 
uncertain because of the relatively deep burial of Qc1 and the 
resulting weaker soil development in the trench unit relative to 
its surface counterpart.

Unit Qc1 has a sandy gravel to gravelly sand texture with 
50–60 percent subrounded to subangular gravel; mean gravel 
size is large cobble. Clast lithologies are consistent with local 
derivation of the unit from Exile Hill. The overall reddish 
(7.5YR) hue of the unit results from soil development almost 
entirely through the unit; however, small pockets of brownish 
(10YR) parent material locally are present near the base of 

Qc4
Btkq

Bkq

Qc5

Qc3

Figure 8.   Photograph showing the strongly developed calcic soil 
(Bkq) formed on Qc3 colluvium and the strongly developed Btkq hori-
zon formed on the overlying Qc4 colluvium. View is of south wall of 
trench MWV-T5 between stations 268 m and 269.5 m (pl. 4B). (Rod is 
scaled in meters, large numbers, and centimeters, small numbers).
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the unit. The strongly developed soil consists of a reddish 
yellow (7.5YR 7/6 d) Btkq horizon that is 35–40 cm thick. The 
lower contact with QTcu is erosional as indicated by its abrupt 
nature. The upper contact appears to be depositional and is 
marked by a prominent stone line.

Unit Qc2 unconformably overlies QTcu in trenches 
MWV-T5 and MWV-T7 (pls. 4 and 6), and also in trench 
MWV-T6. The unit consists of a pebbly, silty sand with 20–40 
percent subangular gravel. Small cobbles as large as 10 cm 
diameter are present. Clast lithologies are consistent with local 
derivation of the unit from bedrock outcrops on Exile Hill. 
Unit Qa2 interfi ngers with Qc2 (near station 165 m on plate 
4A), but this relation is not well exposed because of the limited 
depth of the trench.

At least three subunits of Qa2, designated Qa2a to Qa2c, 
are mapped within the eastern end of trench MWV-T5 (pl. 4). 
These subunits each have a sandy gravel texture with 40–70 
percent subrounded pebbles and some small boulders as much 
as 28 cm in diameter. Some gravelly sand facies also are pres-
ent. The units contain cut-and-fi ll channels and clast imbrica-
tion indicative of fl uvial transport. Clast lithologies are domi-
nated by tuffs of the Paintbrush Group, but rhyolite lithologies 
derived from north of Yucca Wash also are present. The sub-
units can be distinguished from each other by the (1) slightly 
lower clast content and more poorly sorted nature of Qa2c; 
(2) larger clast size of Qa2a; (3) abrupt, erosional upper and 
lower contacts of Qa2b with Qa2c and Qa2a, respectively; and 
(4) buried soils on units Qa2a and Qa2b. A strongly developed 
soil on Qa2c consists of a Btk-Btkqm-Bkqm-Kqm-Bk horizon 
sequence (see Appendix, description of soil profi le for trench 
MWV-T5, 3–5 m). Stage-III to -IV carbonate morphology is 
characteristic of the Kqm horizon. The buried soil developed 
in Qa2a typically has a Btkq-Bkq-Bk horizon sequence with 
weak Bt development and stage-II carbonate morphology.

Unit Qc3 is composed of fi ve subunits, Qc3a to Qc3e 
from oldest to youngest, that are conformable with each other 
and with underlying unit Qc2 (pls. 4 and 6). The Qc3 subunits 
interfi nger with Qa3 alluvial sediments at about station 160 m 
in trench MWV-T5 (pl. 4). The Qc3 subunits have a pebbly to 
cobbly, silty sand texture and can be subdivided on the basis 
of soils formed in them and differences in characteristics such 
as color, average gravel size, and percentage of gravel (for 
soil descriptions, see Appendix, trench MWV-T5). The oldest 
subunit, Qc3a, is distinguished from younger subunits by its 
relatively low clast content and smaller average grain size. 
This subunit is mapped between stations 287 m and 303 m in 
trench MWV-T5 (pl. 4). No soil is preserved on Qc3a in that 
trench, but a strongly developed soil having a Btkq-Bkq-Ck 
horizon sequence is formed on Qc3a in trench MWV-T6.

Qc3b overlies Qc3a (where present) and Qc2 (between 
stations 190 m and 307 m in trench MWV-T5, pl. 4). The Qc3b 
deposit is predominately matrix supported and has a silty sand 
texture with approximately 30 percent subangular to angular 
pebbles and cobbles. The unit is 1–1.5 m thick and has sharp, 
erosional upper and lower contacts. The weakly to moderately 
developed soil formed on Qc3b has brownish to reddish hues 

(10-7.5YR), weak argillic development, and stage-II carbonate 
morphology.

Colluvium Qc3c conformably overlies unit Qc3b 
(between stations 272 m and 288.5 m in trench MWV-T5). The 
unit has a gravelly, silty sand texture with approximately 30 
percent subangular to angular pebbles and cobbles as much as 
13 cm in diameter. The upper and lower contacts are readily 
identifi ed and are interpreted to be erosional in nature. The soil 
developed in this unit has a Btjkq horizon.

The slightly fi ner grained colluvium Qc3d conformably 
overlies units Qc3c where present and Qc3b where Qc3c is 
absent (trench MWV-T5, pl. 4). The unit is preserved between 
stations 233 m and 261 m and between stations 263 m and 315 
m. The unit has a silty sand texture with approximately 10–40 
percent subangular to angular pebbles and cobbles as much as 
15 cm in diameter. The upper and lower contacts of the unit are 
interpreted to be erosional. The moderately developed soil on 
Qc3d has a Btjkq/Bkq horizon sequence, stage-II+ carbonate 
morphology, and a loamy sand texture (see Appendix, soil 
description for trench MWV-T5, 272 m).

The Qc3e colluvium conformably overlies Qc3d where 
present and Qc3b where Qc3d is absent (trench MWV-T5, 
pl. 4). The unit is predominately matrix-supported and has a 
gravelly, silty sand texture with 7–25 percent subangular to 
angular gravel. Gravel size varies from coarse pebbles to small 
cobbles as much as 17 cm in diameter. The strongly developed 
Qc3e soil has a Btkq/Bkq-Kq horizon sequence (fi g. 8). The 
maximum carbonate stage attained in the Bkq-Kq horizon is 
III to weak IV.

The fi ve Qc3 subunits interfi nger with Qa3 alluvial sedi-
ments between stations 158 m and 163 m. No buried soils were 
observed within the alluvial deposits, indicating that individual 
depositional packages within Qa3 either did not have stabilized 
surfaces for suffi ciently long periods of time to allow soil for-
mation or that, less likely, soils had formed and subsequently 
were eroded.

Three facies compose unit Qa3: (1) a fl uvial sandy gravel 
facies, (2) a fl uvial gravelly sand facies, and (3) a debris-fl ow 
facies. The fl uvial sandy gravel facies is the most abundant and 
has a clast-supported, sandy gravel texture with 60–70 percent 
subangular to subrounded pebbles and cobbles as much as 20 
cm in diameter. This facies includes channel cut-and-fi ll mor-
phology, imbricated gravel, and crossbedding. Clast lithologies 
are variable and most clasts were derived from the Paintbrush 
Group. Some lithologies within Qa3 are exotic to Exile Hill. 
The strongly developed soil on Qa3 has stage-II+ to -III+ 
carbonate morphology and a Bkq/Kq-Bkq horizon sequence. 
A minimum age of 41±8 ka for Qa3 was obtained from the 
uppermost part of the platy K horizon in trench MWV-T5 (J.B. 
Paces and others, written commun., 1995). This young age is 
inconsistent with the degree of soil-profi le development. The 
material that was dated would represent the last carbonate that 
was added to the K horizon, indicating an older age for the soil 
and for the deposit in which it is formed.

Unlike the older colluvial and alluvial facies, Qc4 and 
Qa4 are not laterally continuous and do not interfi nger (trench 
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MWV-T5, pl. 4). However, based on their stratigraphic posi-
tion and distinctive soil-profi le development, these two units 
appear to be correlative.

Unit Qc4 occurs as a hillslope colluvial wedge that thick-
ens downslope but thins at the distal end. Erosion of the unit 
is highly variable. For example, unit Qc4 in trench MWV-T5 
appears to be completely preserved between stations 264 m 
and 271 m and completely eroded between stations 165 m 
and 182 m. The unit has a pebbly, silty sand texture and 
15–20 percent subangular to angular, very coarse pebbles with 
some large cobbles as much as 20 cm in diameter. A strongly 
developed soil having a Avkq-Btkq-BCkq horizon sequence 
is formed on the unit. This soil has a reddish color (7.5YR), 
strong prismatic structure that breaks to angular blocky struc-
ture, many moderately thick clay fi lms on ped faces, and 
stage-I carbonate morphology (fi g. 8). A TL age of 27±5 ka 
for unit Qc4 was obtained for the Av horizon of the unit where 
it is buried by Qc5 in trench MWV-T5 (table 2). Because this 
date represents the approximate age of eolian accumulation 
on Qc4 after deposition of that unit, it is a minimum age for 
deposition of Qc4.

Alluvial unit Qa4 is inset into Qa3 and appears to have 
backfi lled to roughly the same level as Qa3, as indicated 
by the low surface relief between the two units. Qa4 buries 
Qa3 between stations 16 m and 154 m in trench MWV-T5. 
Following stabilization of the surface, the initially small sur-
face relief, if any, between Qa4 and Qa3 had been eliminated 
through deposition of eolian silt and fi ne sand (pl. 4A, stations 
15 to 20 m and 60 to 70 m). Qa4 is mostly clast supported 
and has a sandy gravel texture. Qa4 contains very coarse 
pebbles and small cobbles with some large cobbles as much 
as 17 cm in diameter. Clasts are subangular to subrounded and 
locally imbricated. The soil developed on Qa4 is moderately 
to strongly developed (7.5YR), and has a sandy clay loam tex-
ture, moderate medium to coarse subangular blocky structure, 
thin to moderately thick clay fi lms on ped faces and lining 
pores, and stage-I carbonate morphology (Appendix).

Units Qc5 and Qa5 are not laterally continuous and do 
not have an interfi ngering relation (fi g. 7). Qc5 and Qa5 are 
correlated on the basis of stratigraphic position and soil-profi le 
development. Unit Qc5 is the uppermost unit in the western 
180 m of trench MWV-T5. Qa5 is preserved as small, lenticu-
lar (approximately 7–12 m wide and about 0.75 m maximum 
thickness) channel fi lls along small drainages in the eastern 
part of the trench, although Qc4 locally contains small inset 
lenses of Qa5 and alluvium is a small component of Qc5.

Qc5 is composed of colluvium that contains some small 
fl uvial channels. The unit has a characteristic longitudinal 
cross-sectional morphology resembling that of a debris fan. 
The deposit is a matrix-supported, gravelly sand (25–30 per-
cent gravel) with local lenses of clast-supported sandy gravel 
(90 percent). Clasts are subangular to angular and are predomi-
nately very coarse pebbles and small cobbles with minor small 
boulders as much as 30 cm in diameter. The presence of 
faint stone lines and the absence of buried soils indicates that 
the deposit accumulated episodically over a relatively short 

time period. The weakly developed soil on Qc5 has an Av-
Bwk(Btjk)-Bk horizon sequence, brownish (10YR) hues, weak 
structure, and stage-I carbonate morphology.

Qa5 is restricted to relatively small channels that are 
inset into Qa3 and Qa4 (pl. 4). The channel deposits have 
a clast-supported sandy gravel texture, which contains 60–70 
percent subangular to subrounded very coarse pebbles and 
small cobbles and some large cobbles as much as 17 cm in 
diameter. The weakly developed soil on Qa5 has an A-Bwk-Bk 
horizon sequence, brownish (10YR) hues, and stage-I carbon-
ate morphology.

Younger colluvial deposits (Qc6, Qc7) were not directly 
encountered in the trenches, but surfi cial mapping located 
numerous small debris-fl ow lobes in the area along the eastern 
base of Exile Hill (fi g. 7). Each lobe generally covers an 
area of less than 10 m2 and is composed of cobbles that are 
aligned along the margins of the fl ows. Many of the most 
recently deposited lobes have an open framework with only 
small amounts of fi nes between gravel clasts. Older lobes have 
larger proportions of fi nes, presumably of eolian or sheetwash 
origin, which plug the deposits. Many depositional lobes typi-
cally occur near the mouths of fi rst-order drainages that rise on 
Exile Hill and are not integrated with the larger fl uvial systems 
within the valley. Levees less than 30–40 cm high typically are 
present for short distances upstream of the lobes and in many 
cases are formed on unchannelized Qc5 sediments. Debris-
fl ow lobes fi ll channels in places, and subsequent fl ow has 
either breached or been diverted around the lobe. 

Alluvium associated with modern washes was encoun-
tered in the eastern part of MWV-T5 (pl. 4). Units Qa6 
and Qa7 are composed of sandy gravel. These deposits are 
extremely limited in extent and are restricted to small drain-
ages near stations 8 m, 80 m, and 115 m. Little or no soil 
development was observed on these units.

Faulting in the Midway Valley Area

Geologic mapping by Scott and Bonk (1984) and Day 
and others (1998), and for the present investigation, has iden-
tifi ed two predominant fault trends in the vicinity of the RCS: 
(1) north- to northeast-trending normal faults represented by 
the Bow Ridge, Paintbrush Canyon, Midway Valley, and Exile 
Hill faults; and (2) northwest-trending right-lateral strike-slip 
to oblique-slip faults represented by the Drill Hole Wash, 
Pagany Wash, Sever Wash, East Portal, and West Portal faults 
(fi gs. 1 and 2; pl. 1). In addition to these faults, which 
locally are exposed at the surface, the available geophysical 
and subsurface data indicate the presence of other faults in 
the Tertiary bedrock beneath the unconsolidated valley-fi ll 
deposits. The geologic sections presented in fi gures 9A and 
9B show two interpretations of geologic structure across the 
southern part of Midway Valley. Although the principal fea-
tures—Bow Ridge, Midway Valley, and Paintbrush Canyon 
faults—are similarly drawn, the pattern of subsidiary faults 
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differs according to individual concepts regarding the number 
and spacing of stratigraphic offsets required to explain the 
inferred structural relations. The mapping by Day and others 
(1998) also had considerably more geophysical and borehole 
data on which to base interpretations. A generalized geologic 
section across Exile Hill and the RCS is shown in fi gure 9C.

North- to Northeast-Trending Faults

The Bow Ridge, Paintbrush Canyon, and Midway Valley 
faults, the main north- to northeast-trending normal faults 
that have been identifi ed in Midway Valley (fi gs. 1 and 2), 
are interpreted to have primarily down-to-the-west dip-slip 
displacement (Scott and Bonk, 1984; Day and others, 1998). 

The Bow Ridge and Paintbrush Canyon faults are exposed 
locally in bedrock outcrops at the south and north ends of 
Midway Valley and in trenches along the valley margins. 
The Midway Valley fault is concealed beneath the surfi cial 
deposits within Midway Valley but also extends into bedrock 
areas to the south and north of the valley according to Day 
and others (1998). Geophysical data are interpreted to provide 
confi rming evidence that the Midway Valley fault extends 
north-south beneath the valley alluvium (Ponce, 1993; Ponce 
and Langenheim, 1994). A fourth, much smaller fault that has 
down-to-the-east normal displacement occurs along the east 
margin of Exile Hill. This fault, informally named the Exile 
Hill fault, was fi rst identifi ed as a geophysical anomaly by 
the U.S. Geological Survey (1984, fi g. 3) and was exposed 
in excavations in the western part of the prospective surface 
facility site (for example, “crushed” zone #3, pl. 6).
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Bow Ridge Fault

The Bow Ridge fault is a north-trending, west-dipping 
normal fault that extends along the western base of Exile 
Hill and Bow Ridge near the western margin of Midway 
Valley (fi g. 1). The fault is more than 10 km long and extends 
from bedrock exposures north of Midway Valley south to 
beyond Bow Ridge (Frizzell and Shulters, 1990; Day and 
others, 1998). Along much of its length, the fault is concealed 
beneath alluvium, but on the western edges of Bow Ridge 
and Exile Hill, it is exposed for short distances in bedrock. 
South of Bow Ridge, it bends abruptly southeast, follows the 
south margin of Bow Ridge, and may intersect the Paintbrush 
Canyon fault south of Fran Ridge in the Dune Wash area. 
Between Exile Hill and Bow Ridge, the fault was mapped 
by Day and others (1998) to split into three north-trending 
strands, with the westernmost strand shown to have down-to-
the-east displacement (fi g. 9B) and to extend north as a fault 
that connects short segments of faults displaying small down-
to-the-east offsets in bedrock at the east ends of ridges along 
the east side of Yucca Mountain. This western strand also is 
interpreted to be the eastern terminus of the northwest-trending 
strike-slip faults mapped in Drill Hole, Pagany, and Sever 
Washes (Day and others, 1998).

The Bow Ridge fault lies near the break in slope along the 
west side of Exile Hill (pl. 1). The fault is poorly expressed 
at the surface as several subtle and discontinuous west-facing 
diffuse scarps, but was exposed in fi ve trenches (14, 14A–D) 
that were excavated along its trace at Exile Hill (fi gs. 1 and 
2). In trenches 14A and 14B, the fault is confi ned to bedrock 
and did not disturb overlying Quaternary deposits. Trenches 
14C and 14D do not penetrate bedrock, but logs of the exposed 
surfi cial units show clear evidence of Quaternary fault activity 
(Menges and others, 1997). In trench 14, which was logged by 
Taylor and Huckins (1995), two colluvial wedges of middle to 
late Pleistocene age are in sharp contact with bedrock, but 
it is not known whether this is a fault contact or represents 
deposition against a bedrock fault scarp. In any case, no mea-
surable offsets were observed within the surfi cial sequence in 
trench 14 with which to determine the magnitude and timing 
of individual faulting events during the Quaternary. A sixth 
trench, A/BR-3, was excavated across two subparallel photo-
lineaments defi ned by a weak alignment of vegetation north 
of Exile Hill (pl. 1), and was logged as part of the present 
study (pl. 7).

Because they did not contribute information on Quater-
nary deformation, trenches 14A and 14B were not logged in 
detail. However, observations of the fault relations exposed in 
bedrock in trench 14A were made and are discussed in detail 
below.

In trench 14A, the Bow Ridge fault zone is about 2 m 
wide. The footwall block at the east end of the excavation 
is dark bluish-gray, clast-supported breccia within the crystal-
poor member that forms the lower part of the Tiva Canyon 
Tuff; clasts range from less than 1 mm to as much as 30 cm in 
diameter (see Buesch and others (1996) for stratigraphic subdi-

visions of the Tiva Canyon Tuff). This breccia is surrounded 
by silica-carbonate-fi lled fractures. Toward the west, a sharp 
fault contact separates the brecciated crystal-poor member of 
the Tiva Canyon Tuff from a narrow (width less than 0.5 
m) band of reddish brown, moderately welded tuff distinctive 
of the upper 5 m of the crystal-rich member that forms the 
upper part of the Tiva Canyon Tuff. Another sharp fault contact 
separates the latter unit from a zone of highly sheared, very 
light gray to light brownish gray nonlithifi ed tuff bounded by 
steeply west-dipping laminae of carbonate silica. The nonlith-
ifi ed tuff appears correlative with the nonwelded, pre-Rainier 
Mesa Tuff bedded tuff encountered in boreholes NRG-2A and 
-2B (Geslin and others, 1995). Carr (1992) noted that the 
petrography and mineral chemistry of a light-tan tuff from the 
Bow Ridge fault zone in trench 14A matched a sample of tuff 
“X” recovered from borehole RF-3 at a depth of 67 m (tuff 
“X” occurs between the pre-Rainier Mesa Tuff bedded tuff and 
the Tiva Canyon Tuff). Subvertical to east-dipping extensional 
fractures in the nonlithifi ed tuff, some fi lled with carbonate, 
are consistent with down-to-the-west shear in the fault zone. 
The lithifi ed Rainier Mesa Tuff is downdropped against pre-
Rainier Mesa Tuff bedded tuff across a narrow breccia zone 
containing a sharp, planar, steeply west-dipping fault (strike, 
N. 11° W.; dip 86° NW.). The entire fault zone, therefore, 
represents a west-facing sequence of downfaulted blocks that 
appears to include units ranging stratigraphically upward from 
the crystal-poor member in the lower part of the Tiva Canyon 
Tuff through the Rainier Mesa Tuff.

A minor fault, exposed at the west end of trench 14A, 
occurs on both walls as west-dipping fractures (strike, N. 8° 
E.; dip, 75° NW.) within the nonlithifi ed Rainier Mesa Tuff. 
The lowest K-horizon of a soil formed in colluvium near the 
abrupt, gently westward sloping bedrock-colluvium contact 
appears to be displaced a maximum of about 15 cm, down to 
the west. The fault is approximately aligned with a scarp at the 
contact between alluvium and the Rainier Mesa Tuff located 
about 25 m north of the trench. The total vertical displacement 
on this fault appears to be less than 5 m.

The Bow Ridge fault was intersected in boreholes NRG-2 
(50.2 m to 51.6 m) and NRG-2B (70.8 to 79.2 m) on the west 
side of Exile Hill (Buesch and others, 1994; Geslin and others, 
1995; see fi g. 9C). These picks defi ne an average dip for the 
Bow Ridge fault of about 70° W. between the boreholes. A 
dip of about 83° W. is defi ned for the region between borehole 
NRG-2 and the surface trace of the fault, consistent with near-
surface fault attitudes measured in trenches 14 and 14A.

The dip separation of the contact between the crystal-rich 
and crystal-poor members of the Tiva Canyon Tuff across the 
Bow Ridge fault is about 130±5 m. This estimate is based on 
detailed mapping of the contact on the west and east sides of 
Exile Hill, the pick for the contact at a depth of 74.1 m (243 
ft) in borehole NRG-2A (Geslin and others, 1995, p. 28), and 
other borehole data on the west side of the hill (pls. 1 and 3). 
Scott and Bonk (1984) and Day and others (1998) both show 
about 150 m of dip separation across the fault toward the south 
end of Midway Valley (fi gs. 9A and 9B).
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The behavioral characteristics and timing of Quaternary 
fault displacements on the Bow Ridge fault have been studied 
by Menges and others (1994, 1997) and Taylor and Huckins 
(1995), who described displacements that resulted from two 
to three middle to late Pleistocene faulting events observed 
in trench 14D on the west side of Exile Hill. Vertical displace-
ments associated with individual surface-faulting events range 
from 1 to 46 cm with preferred values from 10 to 40 cm 
(Menges and others, 1997). Striations on carbonate laminae in 
the fault zone plunge 20°–65° SW., suggesting a component 
of left-lateral displacement; calculated values for net slip per 
event range from 11 to 70 cm.

Dates of surface-faulting events on the Bow Ridge fault 
were derived by uranium-series and thermoluminescence anal-
yses, tephrochronologic correlations, and soil-stratigraphic 
correlations to the alluvial stratigraphy of Midway Valley 
(Menges and others, 1997; Paces and others, 1994). These data 
indicate that the oldest recognized surface-faulting event in 
trench 14D occurred after deposition of a colluvial package 
ranging in age from greater than 350 ka to greater than 700 
ka and prior to deposition of colluvium with an associated 
soil dated as 234±47/35 ka. The most recent surface-faulting 
event occurred prior to deposition of an eolian cap having a TL 
age of 48±20 ka (Menges and others, 1997). This estimate is 
consistent with the interpretation that the age of this event is 
closely associated with a basaltic ash-fi lled fracture in trench 
14 (Taylor and Huckins, 1995) that is correlated with an erup-
tion of the Lathrop Wells volcanic center, which is located 16 
km southwest of Exile Hill and has been dated as 77±6 ka 
(Heizler and others, 1999).

Trench A/BR-3 was excavated at a site that was purposely 
selected to assess the nature and origin of photolineaments 
along the projected trace of the Bow Ridge fault north of Exile 
Hill (fi g. 10) (see Wesling and others, 1992). The trench is 
located on alluvial fan deposits that are similar in age to those 
at or near the surface in the prospective surface facilities site; 
the areal distribution of surfi cial units in the vicinity of the 
trench is shown in fi gure 10. The lineaments, trending N. 10° 
E. and N. 14° E., are nearly coincident with the subsurface 
trace of the fault (Scott and Bonk, 1984; Day and others, 
1998) and consist of alignments of creosote bushes commonly 
spaced about 5–10 m apart. A detailed map of the trench 
and descriptions of the exposed surfi cial units are shown in 
plate 7 (soil-profi le descriptions are given in table A2 in the 
Appendix). The photolineaments were intersected between sta-
tions 38m and 57m on the log, and the trace of the Bow Ridge 
fault as projected in the subsurface north of Exile Hill by Scott 
and Bonk (1984) is between stations 57m and 63m.

No evidence was observed in trench A/BR-3 to indicate 
that any of the exposed deposits or soils (unit I=Qa3, unit 
II=Qa4, unit III=Qa5) are displaced or otherwise deformed 
by faulting. To the contrary, the detailed mapping of sedi-
mentary contacts and soil boundaries (pl. 7) clearly indicates 
an absence of faulting since the deposition of the unit-I 
alluvial-fan deposits (middle to late Pleistocene time), at least 
within the levels of resolution for detecting fault offsets, which 

depend on the sharpness, regularity, and linear extent of the 
key horizons being mapped. For three such horizons, these 
levels are (1) basal contact of unit II, less than 5 mm to 5 cm; 
(2) soil Sl, less than 5 mm to 10 cm; and (3) bedding within 
unit I, less than 1 cm to 15 cm. In particular, no evidence 
for rupturing of the exposed surfi cial deposits was observed 
between trench stations 35 m and 65 m (pl. 7), which includes 
that part of the excavation that intersected the two photolinea-
ments and the subsurface projection of the Bow Ridge fault.

As discussed earlier, surfi cial deposits exposed in trench 
14D indicate two to three middle to late Pleistocene faulting 
events along the Bow Ridge fault on the west side of Exile 
Hill. Because the same age deposits are not displaced in trench 
A/BR-3 (pl. 7), the conclusion is that the photolineaments and 
the projected trace of the Bow Ridge fault as mapped by Scott 
and Bonk (1984) are not coincident with the actual subsurface 
location of the fault. Either the late Quaternary movement on 
the fault dies out near the north end of Exile Hill, south of 
trench A/BR-3, or the fault trace lies either to the east or to 
the west of the trench, where it is not refl ected in the youngest 
surfi cial deposits. Geophysical studies by Ponce (1993) and 
Ponce and Langenheim (1994) indicate that the bedrock trace 
of the Bow Ridge fault lies west of the trench site.

Paintbrush Canyon Fault

The Paintbrush Canyon fault strikes in a northerly direc-
tion, is west-dipping, and has down-to-the-west dip-slip dis-
placement. From a point south of Busted Butte, it extends north 
along the east margin of Midway Valley near the base of Fran 
Ridge and Alice Ridge and dies out within the southern part of 
the Timber Mountain caldera north of Midway Valley (Frizzel 
and Shulters, 1990); it has a total length of approximately 23 
km. If the Stagecoach Road fault were included as the southern 
extension of the Paintbrush Canyon fault, as suggested by Whit-
ney and Muhs (1991), its total length would be about 32 km.

Exposures of the Paintbrush Canyon fault occur in bed-
rock north of Yucca Wash, along the west side of Fran Ridge 
south of Midway Valley, and locally in trenches and gullies. 
Frizzell and Shulters (1990) and Dickerson and Drake (1998) 
indicate that the fault is contained along a relatively narrow 
bedrock trace for the northernmost 11 km between Yucca Wash 
and the Timber Mountain caldera; little surfi cial cover occurs 
along this part of the fault.

Within Midway Valley, the Paintbrush Canyon fault is con-
cealed beneath surfi cial deposits along its entire length, a dis-
tance of about 5 km. Where buried by alluvium, its location is 
based on geophysical anomalies detected on aeromagnetic and 
electromagnetic surveys. Flanigan (1981), Hoover and others 
(1982), Bath and Jahren (1985), Frischknecht and Raab (1984), 
and Fitterman (1982) identify anomalies in resistivity and geo-
electric data that are interpreted to coincide with the Paintbrush 
Canyon fault. Ponce (1993) and Ponce and Langenheim (1994) 
located the fault based on gravity and ground magnetic surveys 
(fi g. 11).
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Qa5; alluvial fan and terrace deposits
Qa4; alluvial fan and terrace deposits
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Qa2; alluvial fan and terrace deposits
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South of Midway Valley, the fault is exposed in bedrock 
for a distance of about 825 m along the west edge of Fran 
Ridge (fi g. 1) (Day and others, 1998), but farther south it 
is entirely concealed by alluvium. The main fault trace appar-
ently was intersected in borehole UE-25p #1 at the southeast 
corner of Midway Valley (fi g. 12). Combining the subsurface 
data with information from surface outcrops and exposures in 
trench MWV-T4, the average dip of the fault is approximately 
70° W. Abreast of Fran Ridge (northwest side), the Paintbrush 
Canyon fault is shown by Simonds and others (1995) and 
Day and others (1998) to split, with a western strand trending 

southwest and south along the west edge of a low hill where 
short segments are exposed in bedrock (fi g. 1).

The total vertical displacement on the Paintbrush Canyon 
fault varies along its length; smaller total displacements lie to 
the north and larger ones to the south. Within the study area, 
total vertical dip-slip displacements on the fault generally are 
less than about 500 m. North of Yucca Wash, the dip separation 
of the basal contact of the rhyolite of Comb Peak is about 
230 m, and oblique-slip offset in a direction parallel to slicken-
sides that plunge 65° S. is calculated to be 250 m (Dickerson 
and Spengler, 1994). Near the north end of Fran Ridge in 
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Midway Valley, the dip separation of the top of the crystal-rich 
member of the Topopah Spring Tuff, as estimated from bore-
holes UE-25 WT-5 and UE-25 WT-14, is about 360 m (Scott 
and Bonk, 1984; Dickerson and Spengler, 1994). Day and 
others (1998) show the total dip-slip displacement of the 
crystal-rich member to be about 365 m across the main fault 
trace at the north end of Fran Ridge (fi g. 9B).

Detailed paleoseismic studies of the Paintbrush Canyon 
fault have been conducted at three locations: (1) near the 
southern end of the fault and where it is exposed in deep gul-
lies on the west side of Busted Butte, (2) in trench MWV-T4 
in southern Midway Valley, and (3) in trench A1 in northern 
Midway Valley, north of Alice Ridge (fi g. 1). Evidence of 
repeated middle to late Pleistocene surface-faulting events has 
been found at all three locations. Investigations at the fi rst and 
third sites were conducted as part of a broad study of Quater-
nary faulting in the vicinity of Yucca Mountain (for example, 
see Menges and others, 1994). The results of investigations at 
trench MWV-T4 that were conducted during the present study 
are discussed below.

Trench MWV-T4 was excavated on northwest-sloping 
sand-ramp deposits across the western strand of the Paintbrush 
Canyon fault (fi gs. 1 and 12). Evidence of possible Quaternary 
faulting had been found by Swadley and others (1984) while 
mapping an earlier excavation (trench 17) at the site; that 
trench was then deepened in 1992 and redesignated trench 
MWV-T4. A map of the surfi cial geology of the southern part 
of Midway Valley is shown in fi gure 12.

Sand ramps, as the name implies, have a ramp-like geom-
etry whereby the relatively planar to slightly convex surface 
of the landform slopes away from the bedrock hillslope. The 
deposits consist of undifferentiated eolian sand, colluvium, 
and minor fl uvial sediments (unit Qeu, fi g. 12). The surface 
of the sand ramp at trench MWV-T4 is characterized by a 
weakly to moderately developed desert pavement having some 
varnished clasts. The soil formed on this surface is moderately 
to strongly developed. No scarp is observed on the Qeu surface 
at the trench site, but there is an indistinct break in slope at 
about the same hillslope position as the fault.

A lineament identifi ed on 1:60,000-scale infrared aerial 
photographs is coincident with the fault to the south of trench 
MWV-T4 (Wesling and others, 1992). However, to the north, 
the lineament diverges from the fault and trends to the west 
of the trench along a tonal contrast in alluvial-fan sediments. 
The lineament is described as a bedrock scarp and tonal con-
trast (Wesling and others, 1992). On larger scale (1:6,000 and 
1:12,000) aerial photographs, the southern part of the linea-
ment appears to coincide with the uppermost reaches of small 
drainages that terminate at about the same hillslope position in 
a linear fashion along the trend of the hillslope. Subtle infl ec-
tions and slope breaks were observed on colluvial wedges 
and sand-ramp surfaces between these drainages. This linea-
ment can be traced to the trench on the larger scale aerial 
photographs.

One Tertiary bedrock unit and nine Quaternary strati-
graphic units were identifi ed within trench MWV-T4 (pl. 5; 

fi g. 13). The principal stratigraphic units, which are numbered 
I through IX (oldest to youngest), are differentiated on the 
basis of their relative stratigraphic position, differences in 
the weathering and soil characteristics, the presence of major 
unconformities between them, and the results of numerical 
dating techniques that indicate age differences. These units are 
further subdivided into 16 subunits that are differentiated on 
the basis of grain size, color, cementation, soil profi les, geom-
etry and distinctness of unit boundaries, and sedimentary fea-
tures. Based on its primary mode of deposition, each subunit 
is classifi ed as eolian/hillslope colluvium, fault-scarp-derived 
colluvium, or alluvium.

Detailed descriptions of the stratigraphic units are pre-
sented on plate 5. The classifi cation of the stratigraphic units 
and their correlation to the allostratigraphic units defi ned in 
Midway Valley by Wesling and others (1992) are presented in 
table 6, and results of dating analyses of samples from various 
units are given in table 2.

The zone of faulting exposed in trench MWV-T4 is 
approximately 14 m wide and dips steeply to the west (pl. 
5). Some shears within the zone dip to the east. The zone of 
primary shearing is confi ned to the eastern 6 m of the zone, 
and minor secondary faults and fractures affect deposits as 
far as 8 m to the west of the primary traces. Deformation 
of the sand-ramp deposits appears to be primarily the result 
of down-to-the-west normal faulting on a steep, west-dipping 
fault. However, direct kinematic indicators of the direction of 
net slip were not found in the trench exposure, and some of 
the structural relations are consistent with a minor strike-slip 
component to the net slip.

Three main fault traces account for nearly all of the 
observed displacement of the Quaternary sediments; these are 
at about stations 1 m, 3 m, and 6 m (pl. 5). The faulting below 
the unconformity at the base of unit VII at station 6 m is a 
nearly 1-m-wide zone of closely spaced shears and fractures. 
Most of the shears have no detectable displacement, and nearly 
all of the down-to-the-northwest displacement of units VI and 
V (more than 1 m) occurred along one of the less distinct 
shears within this zone. Except for some minor fractures that 
break units VIIa and VIIb, all of this displacement predates the 
erosional unconformity at the base of unit VII. Fractures and 
faults in the upper part of the zone have a variety of strikes 
and dips. The dominant orientation in the lower part of the 
exposure is N. 34° E., dipping approximately 65° E. Projection 
of this dip to the easternmost trace in the zone indicates that 
the fault traces coalesce at a depth of less than 10 m. 

The second main fault trace (near station 3 m) juxtaposes 
units VIIb, V, and IV down on the northwest against units III 
and I along a northeast-trending shear that dips steeply (about 
60°) to the southeast, giving the fault an apparent reverse 
sense of displacement. Repeated displacement along this trace 
is indicated by the decreasing amount of slip in successively 
younger strata. The cumulative apparent dip-slip displacement 
of unit IV is more than 1.8 m. The displacement of unit VIIb 
is approximately 0.5 m, which is the thickness of the scarp-
derived colluvial wedge. Faulting occurring after unit VIIb 
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Figure 13.   Quaternary eolian and colluvial deposits exposed in northeast wall of trench MWV-T4 
faulted down against Tertiary Tiva Canyon Tuff along the Paintbrush Canyon fault (between arrows 
showing relative movement).

Table 6.   Correlation of stratigraphic units in trench MWV-T4 with allostratigraphic units in Midway Valley. 

[ka, thousand years before present; >, greater than; <, less than;≤, less than or equal to; Do., ditto; --,none]

Trench MVW-T4 
Stratigraphic unit Numerical age1 (ka) 

Correlative allostratigraphic unit in 
Midway Valley2 

Age 

Unit IX - Scarp-derived colluvium >6 to <38 Qa5 late Pleistocene to
early Holocene

Unit VIII - Eolian sand/colluvium ≤38 to <73 Qa4 late Pleistocene
Unit VII - Scarp-derived colluvium ≤73 to≤1303 Qa3 middle to late

Pleistocene
Unit VI - Eolian sand/colluvium >140 Qa3 middle Pleistocene
Unit V - Eolian sand/colluvium >400 Qa3 or Qa2 Do.
Unit IV - Colluvium -- Qa2 (?) early to middle

Pleistocene
Unit III - Scarp-derived(?) colluvium -- Qa2 (?) Do.
Unit II - Colluvium >400 Qa2 D o.
Unit I - Eolian sand/colluvium >600 (?) -- early Pleistocene
Tv - Tertiary volcanic bedrock -- -- middle Miocene

1 See table 2.
2 Wesling and others, 1992.
3 Maximum estimated age forbasal unconformity, based on TL date of approximately 70 ka (TL-03, table 2) for subunit VIIe plus an

estimated combined time interval of 60 k.y. or less represented by the lack of significant soil development on each of two underlying units
(VIIc and VIIb, pl. 5).
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is indicated by the sharp contact between units VIIb and III 
and the rotation of elongated clasts parallel to the fault. Also, 
secondary fractures on the downthrown side of the fault cut 
this unit. Unit VIIc appears to be in depositional contact with 
unit III where it crosses this trace; the height of the buried 
scarp defi ned by this contact is approximately 0.5 m. No 
evidence that displacement took place along this trace after 
deposition of unit VIIc was observed. A fracture having no 
detectable displacement splays off of this trace and ruptures 
units Ia, III, VII, and VIII. This fracture formed during the 
most recent event on the easternmost fault trace.

The easternmost fault trace is located at about station 1 
m (pl. 5). Faulting on this trace occurs in a discrete zone of 
shearing less than 5 cm wide, where volcanic bedrock (Tv) 
is juxtaposed against older colluvium (units I and III). The 
fault, which strikes N. 46° E. and dips 78° NW., bifurcates 
upward into four or fi ve splays in the upper part of the trench. 
The cumulative displacement along this trace progressively 
diminishes in the younger units, providing direct evidence of 
the two most recent surface-faulting events, which postdate 
deposition of unit VIIc. The apparent dip-slip displacement of 
unit III is 0.6 to 0.7 m down to the west, which is consistent 
with the thickness of the scarp-derived colluvial wedge from 
the second-most-recent surface-faulting event (unit VIIe). Unit 
VIIe is faulted, and the ruptures extend upward through the 
overlying eolian sand/colluvium (unit VIIIb) but not into unit 
IX. The apparent vertical displacement of unit VIIIb during 
the most recent surface-faulting event is 0.2 m, which is the 
height of the buried fault scarp defi ned by the contact between 
unit VIIIb and the colluvium (unit IX) deposited after the most 
recent faulting event. The apparent down-to-the-west displace-
ment indicated by the scarp relations appears to be inconsistent 
with the absence of any down-to-the-west displacement on the 
base of unit VIIIb. To the contrary, the base of unit VIIIb has 
an apparent down-to-the-east displacement of approximately 
3–5 cm. This inconsistency is readily explained if there is a 
left-lateral component to the net slip. Based on the exposure 
in the opposite wall of the trench, the basal contact of unit 
VIIIb has an average dip of more than 35° to the southeast. 
Oblique slip having a left-slip component of less than 35 cm 
and a dip-slip component (down-to-the-west) of 20 cm would 
produce an apparent up-to-the-west 5-cm displacement of the 
southeast-dipping basal contact. The cross-sectional pattern of 
faulting where the shears bifurcate upward and fl atten toward 
the footwall side of the fault, which is not typical of normal 
faults, also indicates a lateral component to the net slip.

Secondary deformation within trench MWV-T4 includes 
minor faulting and fracturing over a 14-m-wide zone that 
is almost entirely on the downthrown side of the fault. Second-
ary faulting was associated with at least three earlier events. 
Based on the mapped upward extent of the fractures, faulting 
occurred during the following intervals: (1) post-units V–VI 
and pre-unit VII; (2) post-units VIIa and VIIb and pre-unit 
VIIc; and (3) post-unit VIII and pre-unit IX. With the excep-
tion of the most recent event, all scarp-derived colluvial 
wedges have been affected by minor shears or fractures (pl. 5). 

Fractures during the most recent faulting event were limited to 
a 3-m-wide zone. 

The largest amount of deformation associated with sec-
ondary faulting is relatively small; one shear at station 7 m, 
for example, displaces the scarp-derived colluvial wedge (the 
base of unit VIIa) less than 10 cm down on the east. However, 
most of the secondary shears and fractures had no detectable 
displacement.

Geologic data from trench MWV-T4, as well as from 
borehole UE-25p #1 (fi g. 12), indicate that there has been a 
long history of Quaternary faulting on the Paintbrush Canyon 
fault. The contact between the Tertiary bedrock and the overly-
ing sequence of alluvial, colluvial, and eolian deposits on the 
footwall block is exposed in the trench (pl. 5) and also is 
encountered on the hanging-wall block at about a depth of 39 
m in borehole UE-25p #1(Muller and Kibler, 1984). A fault 
was encountered in the borehole at a depth of 81 m. These data 
indicate that the average slope of the bedrock surface is about 
45° to the northwest, and the average dip of the fault is about 
65° to the northwest. These relations indicate that there may 
be 45 m or more of vertical separation of the contact between 
bedrock and the overlying sediments. The history of only the 
last few meters of this displacement, however, is exposed in 
the wall of trench MWV-T4 (pl. 5). Stratigraphic and structural 
relations indicate at least three, and probably four, surface-
faulting events during the late Pleistocene (within approxi-
mately the past 130 k.y.). Earlier faulting is indicated by the 
greater amounts of deformation and larger displacements of 
the older stratigraphic units relative to the younger units. 

Because of uncertain correlations among some of the 
older surfi cial units exposed in trench MWV-T4, the history 
of early to middle Pleistocene faulting and the magnitude 
of individual events are diffi cult to determine. However, it 
appears that the intense shearing and faulting of the oldest 
exposed eolian/colluvial sand-ramp deposits (unit I), which dip 
at least 45° to the east, represent a long history of deformation. 
A U-series date (table 2) indicates that these deposits may be 
more than 600 ka. Most of the deformation of unit I predates 
the angular unconformity that separates this unit from the 
overlying sediments (units II, III, IV, and V), which are more 
than 400 ka.

Before unit III was deposited, unit II was completely 
eroded between stations 1 m and 3 m on the hanging-wall 
block, forming a fault-line scarp, or channel margin, against 
which unit III was deposited (pl. 5). On the easternmost trace 
(between stations 0 and 1 m), the apparent vertical separation 
between units II and III is similar to that associated with the 
two most recent faulting events. A small wedge of unit III 
is preserved in the footwall block above and inset into unit 
II. Restoration of the section by backing out the displacement 
from the two most recent events leaves no vertical separation 
available to produce the scarp against which unit III was 
deposited. The elevation of the bedrock/unit I contact appears 
to be fairly uniform across the width of the trench, and it seems 
unlikely that lateral displacement during the two most recent 
events could produce these relations. Therefore, unit III may 
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have been deposited in a channel that was eroded along the 
trace of the fault. Alternatively, unit III may be a scarp-derived 
colluvial wedge from the earlier phase of faulting. In this case, 
unit Ia is probably equivalent to unit II. Unit Ia has a strongly 
developed K horizon similar in appearance to unit II. Faulting 
on the easternmost fault strand has progressively rotated unit 
I. An event on this strand prior to the two most recent faulting 
events may have resulted in deposition of unit III, in which 
case the unit would represent a scarp-derived colluvial wedge. 
This scenario is simpler than a model in which unit II is 
absent from the footwall block (between stations 1 m and 3 
m) owing to erosion and deposition against a fault-line scarp. 
However, the correlation of unit I with unit II is problematic. 
Unit I contains opaline silica layers that are approximately 5 
cm thick, whereas unit II contains opaline silica layers only as 
much as 0.5 cm thick.

Following deposition of unit III, faulting occurred on the 
primary fault at station 3 m and possibly along the western 
trace at station 6 m (pl. 5). Unit III is not exposed in the trench 
on the downthrown side west of station 3 m. The vertical 
displacements on these traces were large enough to fault unit 
III beneath the level of the trench fl oor, where it presumably 
occurs. Alternatively, lateral slip along the trace at station 3 m 
may have moved unit III out of the plane of section (the trench 
wall) on the downthrown side of this trace. In either case, one 
or more events along this trace occurred sometime after the 
deposition of unit III and before the deposition of unit VII. 
The gravelly nature of unit IV indicates it is a scarp-derived 
colluvial wedge associated with this older phase of faulting; 
however, this faulting is not certain because of the limited 
exposure of the unit.

Unit V was deposited during a period of eolian activity. 
Its reddish hue indicates that some soil may have developed 
after the sand was deposited. Alternatively, unit V may have 
been derived from the reworking of the upper parts of the SII 
and SIII  soils. Uranium-series dates on secondary carbonate 
from unit V indicate that these deposits are more than 400 ka. 
Because unit V contains a greater concentration of fractures 
than does unit VI, faulting may have occurred after the deposi-
tion of unit V and before the deposition of unit VI. However, 
the stratigraphic and structural relations do not require an 
event during this interval, and the greater density of fractures 
in unit V may simply be owing to its position relative to the 
main fault traces.

Unit VI is an eolian sand/colluvial hillslope deposit (VI1) 
that interfi ngers with alluvium (VI2) to the west of the fault. 
This unit overlies unit V and is not preserved to the east of 
station 6 m. Uranium-series dates on secondary carbonate from 
unit VI indicate that the sediments are more than 140 ka. The 
abrupt upper contact of the unit and the lack of pedogenesis 
indicate that very little time separates deposition of this unit 
and the sequence of late Pleistocene scarp-derived colluvial 
wedges (unit VII). 

In summary, the number and size of fault ruptures during 
the early to middle Pleistocene (faulting that predates unit 
VII) is uncertain. The intense deformation and tilting of unit 

I probably represents a long history of displacement, most 
of which is not represented in the trench exposure. After the 
deposition of unit I and before that of unit VII, at least two, 
and possibly more, episodes of faulting are indicated by larger 
displacements of the older units compared to the late Pleisto-
cene units—this is also indicated by the faulting and secondary 
shears in units IV, V, and VI. Faulting during this period prob-
ably occurred intermittently during the formation of the soils 
on units II and III and continued after the deposition of unit V. 
Uranium-series dates on secondary carbonate from these units 
indicate they are all more than 400 ka (table 2). Alluvium and 
eolian/colluvial sand-ramp deposits (unit VI), which are more 
than 140 ka, continued to accumulate on the hillslope, and at 
least one surface-faulting event postdates these deposits and 
predates the erosional unconformity at the base of unit VII. 

An erosional unconformity separates units III, V, and VI 
from the overlying sequence of scarp-derived colluvial wedges 
and eolian/colluvial hillslope deposits (units VII, VIII and IX). 
The base of unit VII is estimated to be less than 130 ka 
(table 6). Based on the stratigraphic and structural relations 
exposed in trench MWV-T4, there have been at least three and 
probably four late Pleistocene surface-faulting events on the 
western strand of the Paintbrush Canyon fault. Conceivably, 
the colluvial wedges associated with the fourth- and third-
most-recent events described below resulted from a single 
event. However, the preferred interpretation is that there have 
been four discrete late Pleistocene events.

The scarp-derived colluvial wedge at the base of unit 
VII (units VIIa and VIIb) is interpreted to represent material 
that was eroded from the scarp produced by the fourth-most-
recent event, which was associated with about 0.5 m of vertical 
displacement on the middle primary fault trace (at station 3 m). 
The geometry of these units indicates that they might represent 
two separate wedges formed by different events, but there is 
no other confi rming evidence. On the contrary, the step in 
the basal unconformity of unit VII, which coincides with the 
westernmost primary fault trace (at station 6 m), seems to be 
due to erosion and not to burial of a fault scarp. Therefore, 
units VIIa and VIIb are interpreted to be colluvium from the 
same event.

There was no large amount of soil development on units 
VIIa or VIIb prior to their burial by the next scarp-derived col-
luvium (unit VIIc). Therefore, the interval between the fourth- 
and third-most-recent events is inferred to have been less than 
about 30 k.y., which is the amount of time considered neces-
sary for soil development based on TL dates for soils SVIII  and 
SVII  (see table 2).

The third-most-recent event occurred along the same 
trace as the previous event. Unit VIIb was displaced down 
on the northwest about 0.5 m, and secondary faults and frac-
tures cut units VIIa and VIIb (between stations 3 m and 10 
m). Scarp-derived colluvium (unit VIIc) was deposited on the 
downthrown side of the fault and buried the scarp that was 
produced by this event. 

Units VIIa, VIIb, and VIIc might represent a normal dep-
ositional sequence resulting from a single event, but the pre-
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ferred interpretation is that VIIb is a scarp-derived colluvial 
wedge produced after a separate surface-faulting event. The 
back edge of unit VIIb, adjacent to the fault, appears to have 
been faulted as is indicated by rotated clasts that are aligned 
along the same trend as the fault and by a secondary fault and 
fractures that appear to rupture units VIIa and VIIb but not unit 
VIIc. These observations strongly indicate that there were two 
late Pleistocene displacements on this trace of the fault. 

After deposition of the scarp-derived colluvium from the 
third-most-recent event (unit VIIc), eolian/colluvium hillslope 
deposits accumulated near the base of the hillslope (unit VIId), 
but no signifi cant soil developed on units VIIc or VIId before 
their burial by the next scarp-derived colluvium (unit VIIe). 
Therefore, the interval between the third- and second-most-
recent events also is inferred to have been less than about 
30 k.y.

The second-most-recent surface-faulting event occurred 
on the easternmost trace of the Paintbrush Canyon fault 
(between stations 0 and 1 m, pl. 5). This event produced an 
approximately 0.5- to 0.7-m-high fault scarp that subsequently 
was buried by scarp-derived colluvium (unit VIIe). A TL date 
from unit VIIe indicates that this event probably occurred 
about 70 ka (TL-03, table 2).

Following deposition of the scarp-derived colluvium 
associated with the second-most-recent surface-faulting event, 
the hillslope was stable long enough to form a moderately 
well developed soil (soil SVII ) having stage-I+ carbonate/silica 
morphology. During this period of general slope stability, an 
alluvial channel was cut at the base of the hillslope and back-
fi lled with alluvium (unit VIIf). Later, unit VII and the SVII  
soil were truncated by erosion that cut a broad channel that 
is fi lled with a thin layer of alluvium (unit VIIIa) and eolian/
colluvial hillslope deposits (unit VIIIb). A TL date indicates 
that unit VIIIb was deposited approximately 38 ka (TL-04, 

table 2). Following or concurrent with deposition of this 
eolian/colluvial deposit, the hillslope was suffi ciently stable to 
allow the development of a soil (soil SVIII ) having a strongly 
developed Bt horizon. 

The most recent faulting event, which displaces unit VIIIb 
and soil SVIII , occurred along the easternmost trace (station 0 
m, pl. 5) and produced a scarp about 20 cm high. Secondary 
fractures occurred over a 3-m-wide zone on the downthrown 
side of the fault. The apparent dip-slip displacement associated 
with this event was therefore 20 cm, and there was probably a 
lateral component to the net slip. 

Unit IX, which is undisplaced, thickens across the now-
buried fault scarp (between stations 0.5 m and 1.5 m). The 
gravelly facies in this unit immediately above the fault rep-
resents the debris-slope colluvial facies that was deposited 
following the most recent surface-faulting event. A weakly 
to moderately developed soil (soil SIX) has formed on these 
deposits, which indicates they are latest Pleistocene or early 
Holocene in age.

Fault displacement data for the late Pleistocene surface-
faulting events are summarized in table 7. Except for the 
displacement associated with the most recent event, cumula-
tive displacements were determined by measuring the vertical 
separation between the projections of the base of the displaced 
unit and (or) scarp-derived colluvial wedge on the downthrown 
side to the easternmost fault trace and the projection of the 
top of unit II on the upthrown side of the fault. Irregularities 
in these contacts create uncertainties in the projected intersec-
tions of the displaced contacts with the fault. The vertical dis-
placement associated with the most recent event is estimated to 
be 20 cm, based on the apparent vertical displacement of the 
top of unit VIII across the easternmost fault trace. Because of 
the steep dip of the fault, the vertical displacements presented 
on table 7 are essentially the same as the dip-slip displacement.

Table 7.   Summary of fault displacement data for trench MWV-T4 in southern Midway Valley. 

[m, meter; --, no data]

Faulting event Scarp-derived colluvial 
wedge (plate 5) 

Maximum thickness of 
wedge (m) 

Cumulative vertical 
displacement1 (m) 

Estimated displacement  
per event (m) 

1st (most recent) IX -- 0.202 0.20
2nd VIIe 0.7 0.82 ±0.153 0.62 ±0.15
3rd VIIc 0.5 1.8 ±0.34 0.98 ±0.45
4th VIIa & VIIb 0.5 2.2 ±0.55 0.0–1.4

Average vertical displacement per event 0.55 ±0.16

1 Measured by projecting contacts to the plane of the easternmost fault trace; apparent vertical separation and dip slip are essentially the same; net
slip may include a component of lateral slip (see discussion in text).

2 Vertical displacement of buried surface; top of unit VIII.
3 Thickness of colluvial wedge from second-most-recent event (unitVIIe) plus vertical displacement associated with the most recent event;

equivalent to vertical displacement between the base of unit VIIe on downthrown side and the top of unit II on upthrown side.
4 Vertical displacement between the base of unit VIIc on downthrownside and the top of unit II on upthrown side.
5 Vertical displacement between the base of unit VII on downthrown side and the top of unit II on upthrown side.
6 Assumes there have been four late Pleistocene surface-faulting events; if there were only three events, the average vertical displacement per event

is 0.73±0.17 m.
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The vertical displacement associated with individual 
faulting events was calculated by subtracting the cumulative 
displacement from the previous events from the cumulative 
displacement of the displaced unit. Taking into account the 
uncertainty in the measurements, there is generally good 
agreement between the calculated displacements associated 
with the individual surface-faulting events and the thickness of 
the corresponding scarp-derived colluvial wedge (table 7). The 
vertical displacements range from 0.20 to about 1.4 m.

The average displacement per event was calculated divid-
ing the total displacement by the number of events. The uncon-
formity at the base of unit VII is displaced 2.2±0.5 m. This 
displacement probably was the result of four events, in which 
case the average vertical displacement is 0.55±0.1 m per event. 
If the displacement was produced by only three events, the 
average vertical displacement would be 0.73±0.17 m per event.

For other exposures of the Paintbrush Canyon fault, C.M. 
Menges (written commun., 1996) reported that (1) at a locality 
on the west side of Busted Butte (5 km south of trench 
MWV-T4), individual event displacements and cumulative net 
displacements are 0–2.46 m and greater than or equal to 
5.45–7.96 m, respectively; and (2) in trench A-1 north of Alice 
Ridge (fi g. 1), the values for individual and net displacements 
are 0–0.44 m and greater than 1.45–1.70 m.

Table 8 summarizes the late Quaternary slip-rate data. 
The cumulative vertical displacement associated with the two 
most recent events and the TL date from unit VIIe, which 
was deposited immediately following the second-most-recent 
faulting event, indicate a slip rate of about 0.011±0.004 mm/yr. 
Because this is the average of only two events, this value is not 
considered to be very reliable, particularly considering that the 
most recent event appears to have been anomalously small.

Minimum and maximum slip-rate values can be calcu-
lated based on the inferred maximum age of the unconformity 
at the base of unit VII and the minimum age for unit VI. The 

cumulative displacements and ages of these horizons indicate 
that the slip rate is in the range of more than 0.013 and 
less than 0.025 mm/yr (table 8). The TL age for unit VIIe 
indicates that the average slip rate is probably in the low 
end of this range, even if one hypothetically increases the 
cumulative displacement to allow for the small displacement 
associated with the most recent event. Taking these factors into 
consideration, the average late Quaternary slip rate (vertical 
displacement) on the Paintbrush Canyon fault at the trench 
MWV-T4 locality is estimated to be 0.017 +0.008/–0.004 
mm/yr. In comparison, fault slip rates at the Busted Butte 
exposure (cited above) and in trench A-1 were estimated 
by C.M. Menges (written commun., 1996) to be 0.001–0.01 
mm/yr and 0.001–0.004 mm/yr, respectively.

Stratigraphic and structural relations associated with the 
most recent event are consistent with normal-left-oblique slip, 
but the amount of lateral slip is not well constrained (no 
slickensides observed). The orientation of slickensides mapped 
by Scott and Bonk (1984) along the Paintbrush Canyon fault 
and other north-south faults in the vicinity of Yucca Mountain, 
however, indicate fault movements that range from nearly pure 
dip slip to movements having an aspect ratio of about 3:1 
(lateral:vertical) with an average aspect ratio of 1:1. Assuming 
an aspect ratio of 1:1, the net slip would be 1.4 times the 
vertical displacement.

The average long-term (post-middle Miocene) slip rate on 
the Paintbrush Canyon fault can be estimated using Scott and 
Bonk’s geologic section A-A′ (1984, sheet 2), which passes 
through borehole UE-25p #1. On the basis of the information 
presented on that section, the vertical displacement of the 
Tiva Canyon Tuff of the Paintbrush Group is estimated to be 
230±20 m. The Tiva Canyon Tuff is 12.7 Ma (Sawyer and 
others, 1994). These values indicate an average long-term slip 
rate of 0.018 mm per year, which is essentially the same as 
the average late Quaternary slip rate of 0.017 +0.008/–0.004 

Table 8.   Late Quaternary fault slip rate data for trench MWV-T4 in southern Midway Valley. 

[ka, thousand years before present; m, meters; mm/yr, millimeters per year; <, less than; >, more than]

Displaced datum 
(plate 5) 

Approximate age 
(ka) 

Cumulative vertical 
displacement (m) 

Slip rate 
(mm/yr) 

VIIe1 73 ± 9 0.82 ±0.15 0.011 ±0.004
Unconformity at base of

unit VII 2

<130 2.2 ±0.5 >0.013

Base of unit VI3 >140 3.0 ±0.5 <0.025
Estimated lateQuaternary slip rate 0.013–0.025

1 Thickness of colluvial wedge from second-most-recent event (unit VIIe) plus vertical displacement
associatedwith the most recent event; equivalent to vertical displacement between base of unit VIIe on
downthrown side and top of unit II on upthrown side.

2 Vertical displacement between the base of unit VII on downthrown side if fault and the top of unit II on
upthrown side.

3 Vertical displacement between the base of unit VI on downthrown side of fault and the top of unit II on
upthrown side.
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mm/yr, on the basis of data from trench MWV-T4.
Two approaches were used to estimate the average recur-

rence interval for surface-faulting events. One approach uses 
the stratigraphic record of individual late Pleistocene faulting 
events. The ages of various stratigraphic intervals are divided 
by the number of surface-faulting events represented during 
that time interval (table 9). On the basis of event stratigraphy, 
the average interval between surface-faulting events on the 
Paintbrush Canyon fault at trench MWV-T4 is estimated to be 
37±5 k.y. In the other approach, the average displacement per 
event (0.55±0.1 m, table 7) is divided by the late Quaternary 
slip rate (0.017±0.008/0.004 mm/yr, table 8) to calculate an 
average recurrence interval of 32±18/14 k.y. Combining values 
from the two approaches indicates an average recurrence inter-
val of 35±15 k.y. for surface-faulting events on the Paintbrush 
Canyon fault at trench MWV-T4. Based on available age con-
trol, estimated average recurrence intervals between events on 
the Paintbrush Canyon fault at the Busted Butte locality and in 
trench A-1 were computed by C.M. Menges (written commun., 
1996) to be 30–270 k.y. and 50–145 k.y., respectively.

The actual time intervals between successive events 
are not well constrained. Differences in the degree of soil-
profi le development on colluvial sediments that were deposited 
between the surface-faulting events indicate that the late Pleis-
tocene events did not occur at uniform intervals. No soils 
have formed on scarp-derived colluvial wedges associated with 
the fourth-most-recent event (unit VIIa/VIIb) and the third-
most-recent event (unit VIIc). The minor accumulation of 
carbonate (stage-I carbonate morphology) in these colluvial 
deposits appears to be related to the formation of soil SVII  
on unit VIIe. The lack of a well-developed soil on these 
scarp-derived colluvial wedges indicates that the interval sepa-
rating the fourth- and third-most-recent events and the interval 
between the third- and second-most-recent events were rela-
tively short, perhaps less than 15 to 10 ka, and certainly less 
than 30 ka. These intervals are in marked contrast to the inter-
val between the second-most-recent event and the most recent 
event, where there was suffi cient time for (1) formation of the 
soil SVII , (2) erosion of a fault-line channel (unit VIIIa), (3) 

deposition of eolian/colluvial hillslope deposits (unit VIIIb), 
and (4) formation of soil SVIII . This all occurred after deposi-
tion of unit VIIc and before deposition of unit IX. Based on 
the TL date from unit VIIe (73±9 ka) and an inferred age of 
10±5 ka for unit IX (latest Pleistocene to early Holocene), the 
interval between the two most recent events is estimated to 
have been in the range of 50–70 k.y. These variations in the 
degree of soil-profi le development indicate that the intervals 
between successive surface-faulting events could have varied 
from less than about 10 k.y. to perhaps as long as 75 k.y. (from 
about one-fourth to more than twice the average recurrence 
interval).

The elapsed time since the most recent event is not well 
constrained. It occurred after deposition of eolian/colluvial 
deposits (unit VIIIb) that were dated using thermolumines-
cence at 38±6 ka and after a strongly developed soil formed 
on these deposits. Comparison of the soil formed on the col-
luvium deposited following the most recent event (unit IX) to 
soils on alluvial surface Qa5 in Midway Valley indicates that 
the most recent event is likely to have occurred during the 
latest Pleistocene or early Holocene.

Midway Valley Fault

The Midway Valley fault, named by Neal (1986), had 
been mapped by Lipman and McKay (1965) as a concealed 
fault extending north-northeast for more than 6 km through the 
central part of Midway Valley. A north-trending normal fault 
with down-to-the-west displacement in bedrock was mapped 
by Scott and Bonk (1984) in the southeastern part of Bow 
Ridge. This fault then was extended north beneath surfi cial 
deposits of Midway Valley as the Midway Valley fault by Day 
and others (1998), and connected with a bedrock fault north 
of Yucca Wash for a total length of more than 11 km (fi g. 1). 
Along the lines of the geologic sections in fi gures 9A and 9B, 
estimated displacements in bedrock are shown to range from 
30 m to about 100 m, depending on the stratigraphic horizon 
involved.

Table 9.   Estimated average recurrence interval for surface-fault ruptures on the Paintbrush 
Canyon fault at trench MWV-T4, on the basis of event stratigraphy. 

[ka, thousand years before present; k.y./event, thousand years per event; --, not applicable; <, less than;≤, less
than or equal to]

Datum 
(plate 5) 

Age 
(ka) 

Number of events Calculated recurrence 
interval (k.y./event) 

VIIb 38 ±6 1 --
VIIe 73 ±9 2 35 ±7

Unconformity at base
of unit VII

<130 3 or 4 <32 to<43

Estimated average recurrence interval 37±5
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The results of geophysical surveys further support the 
presence of a north-trending fault underneath Midway Valley 
(pl. 3). Frischknecht and Raab (1984) obtained short-offset 
time-domain electromagnetic sounding data that indicate the 
central Midway Valley area contains “a major fault or fault 
zone . . . which displaces the lower conductive layer about 
400 m downward on the west side” (p. 987). On the basis 
of personal communications with other researchers, Frisch-
knecht and Raab (1984) cited other evidence of the postulated 
Midway Valley fault, including a low-velocity zone at depth 
on a seismic refraction profi le and a sharp, prominent gravity 
feature. They also suggest that there is weak, aeromagnetic 
evidence for faults at this location. Other resistivity/geoelectric 
surveys by Fitterman (1982), Senterfi t and others (1982), and 
Smith and Ross (1982) revealed anomalies within Midway 
Valley that could be attributed to faulting; however, these 
anomalies are distributed widely across the valley. Seismic 
refl ection and refraction surveys conducted in Midway Valley 
(Pankrantz, 1982; McGovern, 1983; Reynolds and Associates, 
1985), on the other hand, have not succeeded in demonstrating 
conclusively the presence or absence of buried faults beneath 
Midway Valley. The seismic refl ection survey by Reynolds and 
Associates (1985) yielded poor results, although they were 
able to identify three faults in central Midway Valley (pl. 3). 

Ponce (1993) and Ponce and Langenheim (1994) con-
ducted gravity and magnetic surveys and identifi ed anomalies 
that were interpreted to be faults concealed by alluvial sedi-
ments in the central part of Midway Valley (fi g. 11). These 
anomalies are much smaller than the anomalies produced by 
either the Paintbrush Canyon or Bow Ridge faults. Assuming 
a simple fault model and density contrasts, Ponce (1993) and 
Ponce and Langenheim (1994) fi t a theoretical model to the 
gravity magnetic data that indicates tens of meters of vertical 
displacement of the bedrock stratigraphy across the Midway 
Valley fault.

No surface displacement has been observed and trenches 
were not excavated along the projected trace of the fault in 
Midway Valley. A fracture in soil pit MWV-P6 (see location in 
fi gure A1 in Appendix), however, coincides with a geophysical 
anomaly identifi ed by Ponce (1993) and Ponce and Langen-
heim (1994). The fracture cuts Qa3 alluvial deposits, strikes N. 
23° E., and has a vertical dip. Bedding within Qa3 does not 
appear to be displaced across the fracture, and the overlying 
Qa4 alluvial deposits are not fractured. These observations 
are consistent with the relations observed in trenches across 
similar fractures observed in excavations at the prospective 
surface facilities site. 

Exile Hill Fault

The Exile Hill fault is exposed in three trenches 
(MWV-T5, -T6, and -T7) along the east side of Exile Hill, 
as well as in the North Portal Duct Bank excavation located 
near borehole NRG-1 (pl. 1). The latter excavation is at the 
entrance of the north ramp of the Exploratory Studies Facility 

(ESF). All of these excavations were mapped in detail; logs of 
trenches MWV-T5 and MWV-T7 (pls. 4 and 6) and a map 
of the North Portal excavation (pl. 8) are included in this report 
to illustrate the essential stratigraphic and structural relations 
that are exposed. The fault coincides with a down-to-the-east 
bedrock step in trench MWV-T5 (station 310 m, pl. 4B) and 
with a zone of silica-carbonate-fi lled fractures within Quater-
nary colluvial units exposed in soil pits along the eastern base 
of Exile Hill (pl. 9).

Electrical resistivity data (Senterfi t and others, 1982; U.S. 
Geological Survey, 1984), seismic refl ection and refraction 
data (Reynolds and Associates, 1985; Neal, 1986), and gravity 
and ground magnetic data (Ponce, 1993; Ponce and Lan-
genheim, 1994) all indicate the presence of minor faulting 
along the eastern base of Exile Hill (pl. 3). The combined 
geologic and geophysical data were interpreted by Day and 
others (1998) to indicate that the subsurface trace of the north-
trending Exile Hill fault merged with the Bow Ridge fault 
about 1.25 km north of Exile Hill and with the Midway Valley 
fault 2 km south of Exile Hill.

In trench MWV-T5, the Exile Hill fault separates moder-
ately fractured and faulted units of the crystal-poor member 
of the Tiva Canyon Tuff at a depth of less than 1 m on the 
west from carbonate- and silica-laminated alluvium and col-
luvium continuing to a depth of more than 3 m on the east 
(north wall, pl. 4B). The main fault appears as a planar, north-
trending subvertical to steeply east dipping silica-carbonate-
fi lled fracture in bedrock that is continuous with similar-
trending silica-carbonate-fi lled fractures in the overlying Qua-
ternary colluvial deposits. Minor structures developed within 
the laminated silica-carbonate along the fault plane within bed-
rock indicate a left-lateral component of shear on the main 
faults. The Exile Hill fault lies within a strongly brecciated zone 
about 1 m wide (313–314 m, pl. 4B) that is 30–50 percent 
matrix supported and contains prominent, extensional fractures 
that also are consistent with a left-lateral component of slip 
on the fault. An estimate of the vertical displacement across 
the fault at this exposure is not possible because bedrock was 
not exposed on the downthrown block. The fractures within 
the alluvium are continuous with the bedrock fault, but the soil 
and lithologic horizons are not displaced within the limits of 
resolution (5 cm or less). The bedrock step, therefore, also must 
represent an erosion-deposition contact that is superimposed on 
the original tectonic contact (that is, a paleo-fault-line scarp). 
This interpretation is supported by the presence of a wedge-
shaped deposit of silica-carbonate laminae that fan outward 
from the top of the bedrock step into the alluvial deposits on the 
downthrown side of the bedrock step. The bedrock relief across 
the step is more than 3 m because the bedrock-alluvium contact 
on the downthrown (east) block was not exposed in the trench, 
but the relief is constrained to be less than 10 m by data from 
boreholes UE-25 RF-10 and RF-11.

Bedrock exposures of the Exile Hill fault also were 
observed in trench MWV-T7 (pl. 6) and in excavations for the 
North Portal Duct Bank (fi g. 14, pl. 8). In trench MWV-T7, 
the fault lies entirely within the crystal-rich member of the 
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Tiva Canyon Tuff. The greater-than-2-m step in the bedrock 
exposed in trench MWV-T5, however, was not observed in 
trench MWV-T7. The fault juxtaposes the middle part of the 
crystal-rich member on the west and the lower part of that unit 
on the east, indicating an apparent vertical displacement of less 
than 15 m. In the North Portal Duct Bank exposure, the fault 
has an average strike of N. 21° W., dips steeply to the east, and 
juxtaposes tuff “X” on the east against the uppermost part of 
the crystal-rich member of the Tiva Canyon Tuff on the west 
(fi g. 14; pl. 8). On the basis of these relations, apparent vertical 
separation is less than 15–30 m, depending on the stratigraphic 
position of tuff “X” in the hanging wall.

The bedrock faults identifi ed in the excavations across the 
Exile Hill fault zone dip steeper than 70°, and the average dip 
is greater than 80°. Within the fault zone exposed in trench 
MWV-T7, variable crosscutting relations are common. For 
example, at one location a prominent N. 65° W.-striking fault 
is offset by a fault striking N. 15° E., yet 6 m to the east the N. 
65° W.-trending fault truncates a major fault zone that strikes 
N. 16° E. At another location in trench MWV-T7, however, a 
N. 15° E.-striking fault transects the fl oor and both walls of the 
trench, cutting all other trends. The N. 15° E. group of bedrock 
faults is the only group of faults that is continuous with paral-

lel fractures that extend into the overlying Quaternary col-
luvium (fi g. 15).

In trench MWV-T5, the oldest colluvium (QTcu) does 
not appear to be faulted against bedrock, although fractures 
are present within this unit directly over the buried bedrock 
step (pl. 4B). Stratigraphic relations indicate that the colluvium 
was deposited across a bedrock step, and the upper part subse-
quently was eroded prior to deposition of younger unconform-
able units. The younger units have slopes similar to the modern 
slope, whereas the slope of QTcu is much steeper. This steeper 
slope is interpreted to result from draping across a bedrock 
fault-line scarp associated with the Exile Hill fault; however, a 
small amount of basinward tectonic tilting also is possible.

The contact between the carbonate-silica horizon of QTcu 
and the underlying bedrock has several steps of 10 cm or less 
across six or more bedrock shears between stations 24 m 
and 32 m in trench MWV-T7 (pl. 4). Down-to-the-west steps 
of the contact are most common, although the contact steps 
down-to-the-east across one fracture near station 30 m. The 
bedrock shears strike roughly N. 10° E., have near-vertical 
dips (east and west), and are continuous with carbonate-silica-
fi lled fractures that extend into the Kq horizon of unit QTcu. 
The fractures either die out within QTcu or are truncated 

Tuff "X"
Tiva Canyon Tuff

Figure 14.   Exile Hill and East Portal faults exposed in south wall of North Portal Duct Bank excavation. Exile Hill 
fault displaces tuff “X” (light-colored unit on left) down to the east against the crystal-rich member of the Tiva Canyon 
Tuff (fault is between arrows showing relative movement). View is to the south along trace of East Portal fault, which 
juxtaposes lower and upper units of the crystal-rich member. (Shovel approximately 1.5 m long.)
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Steeply dipping fractures that break, but do not displace, 
the Quaternary colluvial deposits and soils were observed in 
fi ve of the trenches and soil pits that were excavated across 
the Exile Hill fault (pls. 4, 6, 9). The Quaternary fractures are 
coincident with a complex zone of bedrock faulting that con-
tains a wide range of structural trends (fi g. 15), but the Qua-
ternary fractures are associated only with northeast-striking 
bedrock faults (pl. 6). These fractures defi ne an approximately 
15-m-wide zone that strikes about N. 15° E. and is parallel to 
and coincident with the bedrock trace of the Exile Hill fault. 
Individual fractures within the zone strike between N. 2° E. 
and N. 35° E. and dip at a high angle. 

No vertical separation of the probable middle Pleistocene 
colluvial units (Qc2 and Qc3) is apparent; in most cases, dis-
placements on the order of a couple of centimeters or smaller 
can be precluded in these deposits. Likewise, no evidence of 
lateral offset of the colluvium, which also would have resulted 
in apparent vertical separations of units or abrupt changes in 
thickness of units across the fractures, was observed.

The relative differences in the width and character of 
the carbonate-silica seams within faults in bedrock and within 
fractures in colluvium may indicate multiple episodes of frac-
turing. Individual shears in bedrock contain much denser and 
thicker carbonate-silica seams than occur in the fractures that 
cut the overlying colluvium. Seams within some bedrock faults 
attain widths of 50–100 mm. In most cases the maximum 
width of carbonate-silica seams within fractures in colluvium 
is less than 10 mm. Close inspection of the carbonate-silica 
seams fi lling fractures in both bedrock and colluvium reveal 
multiple laminae that are parallel to the fracture walls, indicat-
ing multiple episodes of infi lling.

The most recent fracturing event appears to predate depo-
sition of Qc4, because this unit is not fractured (pl. 4), and 
to postdate deposition of colluvial units Qc2 and Qc3, which 
are fractured. Some fractures die out upward within Qc3, and 
others are abruptly truncated at the Qc3-Qc4 contact. Unit Qc4 
is absent above the fractures in MWV-T7 (pl. 6), NRSF-TP7 
(pl. 9), and NRSF-TP32 (pl. 9). Fractures within NRSF-TP32 
die out upward in the Bkq horizon of the soil developed 
in uppermost Qc3, fractures within NRSF-TP7 are abruptly 
truncated at the Qc3-Qc5 contact, and fractures showing both 
these relations occur in MWV-T7. For example, a fracture that 
breaks Qc3 and abruptly ends at the Qc3-Qc5 contact within 
trench MWV-T7 is shown in fi gure 16.

Other Inferred Faults at the 
Prospective Surface Facilities Site

Bedrock mapping and borehole and geophysical data 
have been interpreted to indicate that two or more faults 
with small bedrock offsets lie buried beneath surfi cial deposits 
between the traces of the Exile Hill and Midway Valley faults 
(fi gs. 9A, 9B, 9C). Although the exact number of such faults is 
indeterminable because bedrock is not exposed east of station 
313 m in trench MWV-T5 (pl. 4B), their presence is indicated 

Tiva Canyon Tuff

Tertiary volcanics

Fracture

Fracture

Quaternary colluvium

Quaternary

colluvium

Figure 15.   Top photograph, east-dipping contact between faulted 
Tiva Canyon Tuff (crystal-rich member) and the overlying early 
Pleistocene-Holocene colluvial deposits in south wall of trench 
MWV-T7 (east is to left). Bottom photograph, closeup of calcite-fi lled 
fracture (dashed line) extending upward from bedrock into colluvium, 
south wall of trench MWV-T7.

at the QTcu-Qc1(?) contact, which is not displaced across 
the fractures. The fractures do not extend into the overlying 
Quaternary colluvial sequence (Qc1? and younger).
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by stratigraphic mismatches between (1) bedrock exposures on 
Exile Hill and borehole UE-25 RF-11; (2) boreholes UE-25 
RF-11 and RF-9; and (3) boreholes UE-25 RF-9 and UE-25 
RF-3 (fi g. 9C). The orientation and amount and sense of dis-
placement of these faults are not well constrained, but they 
are inferred to be north- to northeast-trending normal faults, 
based on the known fault pattern in the area. The generalized 
geologic section in fi gure 9C, prepared principally from bore-

hole data, shows three faults between the Exile Hill fault and 
the location of borehole UE-25 RF-3 to the east. Two of 
the faults appear to dip steeply to the west, with down-to-the-
west bedrock displacements of 20–25 m, and the third fault is 
interpreted to dip to the east with a down-to-the-east bedrock 
displacement of about 17 m (fi g. 9C). Day and others (1998) 
show two concealed north-trending normal faults between the 
Exile Hill and Midway Valley fault, one with down-to-the-west 

Qc5

Btk

Btk1

Btk2

Figure 16.   Carbonate-fi lled fracture (marked by circled tags) in Btk and Bkq soil horizons on Qc3 
colluvium exposed in south wall of trench MWV-T7. Fracture does not extend into overlying Qc5 
deposits. Dashed lines are contacts between soil horizons. (Hammer for scale.)
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displacement and the other with down-to-the-east displace-
ment.

Fractures are present in Quaternary alluvium in the east-
ern 135 m of trench MWV-T5 (pls. 2 and 4A), forming a 
zone with individual fractures striking between N. 3°–53° E. 
(general strike, N. 12°–37° E.). All dip at a high angle, and all 
but two were observed on both trench walls. The association 
of this zone of fractures with bedrock faults is uncertain, as 
no bedrock is exposed in this section of the trench where 
the alluvium-bedrock contact is 30 m deep as indicated by 
borehole data (fi g. 9C). However, there are sources of indepen-
dent data indicating that a bedrock fault is present in this 
area, including (1) irregular high-angle fractures and small 
bedrock faults observed in the core of borehole UE-25 RF-3; 
(2) a north-trending, down-to-the-east fault inferred by Neal 
(1986) and Reynolds and Associates (1985) on the basis of 
seismic refl ection data (pls. 2 and 3); and (3) a relatively small-
displacement, down-to-the-east fault as inferred from gravity 
and ground magnetic signatures that are similar to the Exile 
Hill fault (Ponce, 1993; Ponce and Langenheim, 1994) (fi g. 
11; pl. 3).

No apparent vertical separation of the Quaternary alluvial 
deposits could be detected for any individual fracture within 
the zone (fi g. 17; pl. 4A), nor was any evidence of lateral 
offset observed. Resolution of the amount of offset primarily 
depends upon the distinctness of contacts separating strati-
graphic units, bedding within stratigraphic units, and soil hori-
zon boundaries (table 10). The following limits of resolution 
are generally applicable: Qa2-Qa3 contact to within 1 cm, 
bedding in Qa2 to within 5 cm, and bedding in Qa3 to within 
5–10 cm.

At least two fracturing events are indicated by the trunca-
tion of some fractures at the Qa2-Qa3 contact (fi g. 17B), 
whereas other fractures break this contact and continue into the 
overlying Qa3 (fi g. 17B; pl. 4A). For example, one fracture 
that breaks through both Qa2 and Qa3 near station 17 m is 
located 2 m away from a fracture that is abruptly truncated 
at the Qa2-Qa3 contact; a similar relation also is observed 
near station 36 m and 65 m. The fracturing in the eastern end 
of MWV-T5 occurred prior to deposition of Qc4. Fractures 
extending into Qa3 generally die out within the Bk or K 
horizon of the soil formed in Qa3 and do not penetrate Qa4.

Origin of Fractures in Quaternary Deposits

As discussed earlier (1) a western zone of fractures that 
was mapped in colluvial deposits along the east side of Exile 
Hill are associated with the northeast-trending Exile Hill fault; 
and (2) an eastern zone of fractures occurs in alluvial sedi-
ments toward the eastern end of trench MWV-T5 (pls. 2 and 4) 
and may be associated with an inferred north-trending bedrock 
fault beneath the surfi cial cover. No displacement of lithologic 
contacts and soil horizons could be detected in the fractured 
Quaternary deposits, and, in most cases, displacements can be 
precluded with a high degree of confi dence. The orientation of 

the fractures (north-northeast trend, table 10) is consistent with 
a least horizontal principal stress axis of N. 60°–65° W. that is 
indicated by hydraulic fracturing stress measurements and core 
break-out data (Stock and Healy, 1988).

The origin of the fractures is uncertain. Non-tectonic 
mechanisms cannot be completely ruled out, but they appear 
less likely given the consistent orientation of the fractures, 
the continuity of the fractures along strike, the coincidence 
of the western zone of Quaternary fractures with the Exile 
Hill fault, and the fact that individual fractures in the colluvial 
deposits are continuous with faults in the underlying Tertiary 
bedrock. The most plausible non-tectonic mechanisms include 
(1) fractures resulting from the growth of secondary minerals 
in bedrock shears and fractures; (2) fractures produced by 
an ephemeral disruption during the transmission of seismic 
waves (for example, strong ground shaking from earthquake 
on nearby fault); or (3) release of residual stress in the Tertiary 
bedrock. However, the fi rst two mechanisms do not explain 
why, despite the existence of faults and fractures having a wide 
variety of trends along the zone of faulting at the base of Exile 
Hill, Quaternary fractures are associated only with the north- 
to northeast-trending faults. The episodic, although infrequent, 
development of tension fractures during the early and middle 
Quaternary is diffi cult to explain simply by release of residual 
stress. Partial release of residual stress in shallow rock during 
successive, widely separated, episodes on a preexisting bed-
rock fault seems unlikely without an external triggering mech-
anism.

Paleoseismic data indicate that there have been repeated 
middle to late Quaternary surface-fault ruptures on the Bow 
Ridge fault to the west and Paintbrush Canyon fault to the 
east. Given the episodic occurrence of the fractures and their 
consistent north-northeast orientation, it seems likely that the 
Quaternary fractures represent either minor intrablock defor-
mation within the relatively stable Midway Valley structural 
block, or they resulted from sympathetic ground motion from 
nearby earthquakes.

Northwest-Trending Faults

Two northwest-trending dip-slip to oblique-slip faults 
with small displacements were identifi ed during detailed bed-
rock mapping of Exile Hill (pls. 1 and 2; fi g. 9C). These 
features, informally referred to as the East Portal fault and 
the West Portal fault, project southeast toward a possible 
intersection with the Reference Conceptual Site and the pro-
spective surface facilities site (fi g. 2); detailed descriptions 
are given below. Three other northwest-trending faults—Drill 
Hole Wash, Pagany Wash, and Sever Wash faults—with 
mainly strike-slip displacements occur in prominent washes to 
the west and project toward the west side of Midway Valley 
(fi g. 1). As discussed in an earlier section, these faults appear 
to terminate against the north-trending western strand of the 
Bow Ridge fault west of Exile Hill; therefore, these faults 
are not considered to be features that affected the geologic 
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Qa2

Qa3

Qa2

Qa3

Figure 17.   Calcite-fi lled fractures associated with the eastern zone of fractures exposed in trench MWV-T5 
(south wall): A, fracture in Qa2 and Qa3 deposits; there is no measurable displacement of the contact between 
these units, which is marked by a 1- to 2-cm-thick pebble layer at the base of Qa3. B, fracture (marked by 
circled tags) in Qa2 deposits; fracture does not extend into the overlying Qa3 deposits. The vertical exposure 
shown is about 2.2 m.
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Table 10.   Characteristics of fractures exposed in the eastern fracture zone of trench MWV-T5, Midway Valley. 

[m, meters; cm, centimeters; -- no information; >, greater than;≤, less than or equal to]

Station (m) 
(see plate 4A) 

 
Strike1 

 
Lateral continuity2 

 
Fractured stratigraphic unit(s) 

 
Unfractured stratigraphic unit(s) 

 
Resolution3 

18 N. 18˚ E. Yes Qa2, Qa3 Qa4+Qe4, Bkq-Kq horizon of Soil S3.

Fracture dies out in Soil S3.

Qa2/Qa3 contact:
Bedding in Qa2:
Soil S2 in Qa2:

Bedding in Qa3:
Soil S3 in Qa3:

±0.5 cm
±0.5 cm
±10 cm
±0.25 cm
--

20 N. 16˚ E. Yes Qa2 Qa3, Qa4

Fracture truncated at the Qa2-Qa3 contact.

Qa2/Qa3 contact:
Bedding in Qa2:
Soil S2 in Qa2:

Bedding in Qa3:
Soil S3 in Qa3:

±1 cm
±5 cm
±10 cm
--
--

29.5 N. 12˚ E. Yes Qa2, Qa3 Qa4+Qe4, Kq horizon of Soil S3.

Fracture dies out in Soil S3.

Qa2/Qa3 contact:
Bedding in Qa2:
Soil S2 in Qa2:

Bedding in Qa3:
Soil S3 in Qa3:

•12 cm12 cm
±5 cm
±2 cm
±0.5 cm
--

36.5 N. 12˚ E. Yes Eastern fracture: Qa2, Qa3

Western fracture: Qa2

Eastern fracture: Qa4+Qe4, Bkq-Kq horizon of
Soil S3.
Fracture dies out in Soil S3
Western fracture: Qa3, Qa4-Qe4; Fracture dies out
in Soil S2.

Qa2/Qa3 contact:
Bedding in Qa2:
Soil S2 in Qa2:

Bedding in Qa3:
Soil S3 in Qa3:

±2.5 cm
±0.5 cm
--
--
±5 cm

64.5 N. 30˚ E. Yes Eastern fracture: Qa2

Western fracture: Qa2, Qa3

Eastern fracture: Qe4, Qa3
Fracture truncated at Qa2-Qa3 contact.
Western fracture: Qe4
Fracture dies out in Soil S3.

Qa2/Qa3 contact:
Bedding in Qa2:
Soil S2 in Qa2:

Bedding in Qa3:
Soil S3 in Qa3:

±0.5 cm
±5 cm
±1 cm
±3 cm
±2.5-5.5 cm

84 N. 3˚ E. Yes Qa2, Qa3
Rotated clasts along indistinct fracture.

Bkq horizon of Soil S3, Qa5
Fracture dies out in Soil S3.

Qa2/Qa3 contact:
Bedding in Qa2:
Soil S2 in Qa2:

Bedding in Qa3:
Soil S3 in Qa3:

±2 cm
±2.5-5.5 cm
--
--
>±5.5 cm

86.5 N. 37˚ E. Yes Qa2, Qa3

Three parallel fractures

Qa4
Fractures die out within Qa3.

Qa2/Qa3 contact:
Bedding in Qa2:
Soil S2 in Qa2:

Bedding in Qa3:
Soil S3 in Qa3:

±5 cm
±2.5-5.5 cm
--
--
±2.5-5.5 cm

97.5 N/A No Qa3

Fracture is indistinct and not present on north wall.

Soil S3, Qa5

No fracturing observed in underlying Qa2.

Qa2/Qa3 contact:
Bedding in Qa2:
Soil S2 in Qa2:

Bedding in Qa3:
Soil S3 in Qa3:

±2.5 cm
--
--
--
--
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structure of the area east of Exile Hill in the vicinity of the 
RCS. The Drill Hole Wash, Pagany Wash, and Sever Wash 
faults are described by Day and others (1998) and are not 
discussed further in this report. 

East Portal Fault

The East Portal fault crops out along the east side of Exile 
Hill and is well exposed in the cut slope of the North Portal 
Duct Bank excavation (fi g. 15). The exposed fault strikes N. 7° 
W. and has a vertical to steep west dip (fi g. 9C). The surface 
trace has no geomorphic expression where it traverses bedrock 
on the east fl ank of Exile Hill. Where the slope has a thin 
mantle of late Quaternary colluvium, these deposits do not 
appear to be displaced by the fault.

At the North Portal exposure, the East Portal fault juxta-
poses the upper red portion of the crystal-rich member of the 
Tiva Canyon Tuff on the east and the crystal-poor member 
on the west. The fault is 3–4 m wide and contains variably 
crushed rock that grades eastward into a coarse breccia. The 
western margin is a sharp structural and lithologic contact that 
separates the fault zone from the intact crystal-poor member of 
the Tiva Canyon Tuff on the west. The fault breccia consists 
of homogenous, poorly sorted fragments of the crystal-rich 
member with clast sizes ranging from about a millimeter to 
larger than 0.5 m. Larger clasts are rare and are entrained in 
a matrix of fi ne-grained breccia. Subplanar, smooth fracture 
surfaces within the fault zone are parallel to the fault zone 
boundaries and strike N. 10° W. and dip 75°–87° W. The 
apparent down-on-the-east stratigraphic offset across the fault 
at the North Portal exposure is between about 30±3 and 40±5 
m; however, a strong P-foliation developed in clayey gouge 
near the east end of the fault zone indicates a component of 
up-on-the-west movement. Reverse slip, however, is not likely 
given the regional extensional tectonic environment; therefore, 
the fault may have been rotated into its present west dip by 
tilting following the major period of movement on the fault. 
Riedel fractures, horizontal slickensides, and drag folds also 
indicate a component of right-lateral strike slip. 

To the southeast, the East Portal fault terminates against 
the Exile Hill fault. No northwest-trending faults were 
observed in trench MWV-T5 (pl. 4), which was excavated 
across the southeastern projection of the East Portal fault. Only 
minor northwest-trending fractures and shears in bedrock were 
observed in this trench, and the overlying late Pleistocene col-
luvial deposits were not disrupted by these northwest-trending 
features. The abrupt and well-exposed truncation of the East 
Portal fault by the Exile Hill fault was observed in the excava-
tion for the North Portal Duct Bank (fi g. 14; pl. 8). 

West Portal Fault

The West Portal fault was mapped initially on the basis 
of a change in bedrock lithology coincident with a zone of Ta
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brecciation (S.C. Beason, U.S. Bureau of Reclamation, oral 
commun., 1994). The fault strikes about N. 20° W. and dips 
88° NE. (pls. 1 and 2; fi gure 9C). The West Portal fault has 
no geomorphic expression where it traverses bedrock on the 
east fl ank of Exile Hill, and Quaternary colluvium, where pres-
ent, does not appear to be displaced by the fault. In bedrock 
outcrops, the West Portal fault consists of a minor breccia zone 
less than 1 m wide that juxtaposes upper units of the crystal-
rich member of the Tiva Canyon Tuff on the east and lower 
units of that member as well as units within the underlying 
crystal-poor member on the west (pl. 1). 

The West Portal fault was exposed in the cut for the 
NRG-1 access road, where it appeared as a narrow (less than 
5 cm wide) gouge- and calcite-fi lled fracture that strikes N. 
22° W., dips 86° NE., and places the crystal-rich member 
of the Tiva Canyon Tuff on the east against the crystal-poor 
member on the west (pl. 1). Fibrous calcite lineations, plung-
ing 76° toward N. 3° E., and growths of massive silica on 
the underside of downdip steps that developed on the footwall 
fault surface both indicate down-to-the-east normal movement 
with a minor left-lateral component. Assuming a thickness of 
22.1 m for the units of the crystal-rich member of the Tiva 
Canyon Tuff as measured in borehole NRG-2a, the vertical 
separation across the fault where it crosses the NRG-1 access 
road on the east slope of Exile Hill is estimated to be less 
than 15 m. The total fault displacement, based on the observed 
outcrop geometry, is calculated to be about 10±2 m at this 
locality.

Based on contact relations and changes in lithology, the 
West Portal fault is mapped as far northwest as 200 m beyond 
the northern peak of Exile Hill, where the crystal-rich member 
of the Tiva Canyon Tuff also may be vertically offset about 10 
m. The fault terminates to the southeast against the Exile Hill 
fault. As noted previously, no zone of northwest-trending faults 
was observed in trench MWV-T5 (pl. 4), and the overlying late 
Pleistocene colluvial sequence was not disrupted.

Summary and Conclusions

A detailed study of the geology of Midway Valley, with 
principal emphasis on the stratigraphy and structure of Quater-
nary surfi cial deposits, was undertaken in cooperation with the 
U.S. Department of Energy to determine whether future fault-
ing poses a hazard to prospective surface facilities associated 
with the potential high-level radioactive waste repository at 
Yucca Mountain, Nevada. 

The dominant tectonic features in Midway Valley are the 
north-trending, west-dipping normal faults along the valley 
margins—Bow Ridge fault to the west and Paintbrush Canyon 
fault to the east—that displace Tertiary volcanic rocks as much 
as 500 m. Both of these faults also show evidence of multiple 
faulting events during middle to late Quaternary time, with 
displacements per event ranging from less than 10 cm to nearly 
1 m. The site for the prospective surface facilities is on the 

footwall block of the Bow Ridge fault, about 150 m east of the 
main fault trace. However, the results of the geologic mapping 
and trench investigations discussed in this report indicate the 
absence of any measurable Quaternary faulting activity in the 
vicinity of the site, at least since the deposition of middle 
Pleistocene deposits estimated to be between 350 and 76 ka. 
Because none of the Quaternary faulting events recorded for 
the Bow Ridge fault (most recent event 80–70 ka) produced 
any observable secondary faulting, the potential for such fault-
ing to occur at the prospective surface facilities site as a result 
of future displacements on the Bow Ridge fault is considered 
to be negligible. It seems reasonable to apply the same conclu-
sion regarding the possible effects of future activity on the 
Paintbrush Canyon fault, as well as to ruptures along the 
Midway Valley fault or other faults in Midway Valley. 
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Appendix—Soil-Profi le Descriptions

The degree of soil-profi le development is one of the most 
useful parameters for correlating landforms, geomorphic sur-
faces, and surfi cial deposits of similar ages and for assessing the 
relative ages of these features. Soil development is affected over 
time by factors that include parent material, climate, vegetation, 
slope position, and eolian infl ux of carbonates and salts (Jenny, 
1941; Birkeland, 1984). Although it is unlikely that all of these 
factors have been constant during the Quaternary, it can be 
assumed that they have similarly affected the development of 
a suite of soils through time. A suite of related soils on suc-
cessively older relict and (or) buried surfaces, termed a soil 
chronosequence, is characterized by systematic differences in 
the degree of profi le development that result primarily from 
systematic differences in age. Soil chronosequences have been 
developed in many arid and semiarid areas of the Western 
United States and abroad (McFadden, 1982; Dan, 1983; Abdou 
and others, 1984; Birkeland, 1984; Machette, 1985; Taylor, 
1986; Reheis, 1987; Wells and others, 1987; McFadden, 1988; 
Reheis and others, 1989; Harden, Slate, and others, 1991; 
Harden, Taylor, Hill, and others, 1991; Harden, Taylor, Reheis, 
and others, 1991; Reheis and others, 1992).

This Appendix presents detailed fi eld descriptions of the 
soils that were exposed in various soil test pits and trenches 
in Midway Valley, Yucca Mountain, Nevada. Soils data were 
used to corroborate the relative age assignments of map units 
that are based on post-depositional surface modifi cations, such 
as accumulation of desert varnish on surface clasts, rubifi ca-
tion of the bottoms of surface clasts, reduction of initial depo-
sitional bar-and-swale relief, weathering of surface clasts, and 
other features such as degree of fl uvial dissection and distinc-
tive vegetation assemblages. To assess the variability in soil 
development, at least two soil profi les were described for each 
of the principal stratigraphic units delineated by Wesling and 
others (1992).

The age of the deposits is the only major soil-forming 

factor that varies appreciably among the soils studied. All soil 
profi les were described within Midway Valley, which encom-
passes a relatively small area of less than 10 km2. Local relief 
within the study area is about 150 m, and elevations of soil 
pits do not differ by more than about 80 m. The climate 
of the area is arid, thermic, and is assumed to be relatively 
constant within the valley. Desert shrub and grass assemblages 
appear to be relatively uniform; however, there is some vari-
ability in vegetation assemblages among map units of different 
ages. Soil profi les are developed in alluvial fan and colluvial 
deposits consisting of moderately to poorly sorted gravel and 
sand, which are derived from bedrock source areas containing 
silicic ash-fl ow tuffs (primarily the Tiva Canyon Tuff) and 
rhyolites (Fortymile Canyon assemblage). Eolian infl ux of car-
bonate, salts, and silt is a major source of secondary constitu-
ents within the soil. Most alluvial soil profi les were described 
on alluvial fan surfaces that slope 4° or less in an easterly to 
southerly direction. 

Soil profi les were described in the fi eld according to 
nomenclature of the Soil Survey Staff (1951, 1974, 1975), 
Birkeland (1984), and Birkeland and others (1991). A sum-
mary of the physical properties described are presented in 
Birkeland (1984). These properties include depth, color, con-
sistency, texture, and structure of the soil horizon; the pres-
ence, thickness, and abundance of clay fi lms; the presence of 
carbonates and soluble salts; the cementation of the soil; visual 
estimates of volume percent of clasts larger than 2 mm based 
on American Geological Institute data sheets (Dietrich and 
others, 1982); and the nature and distinctness of boundaries 
between soil horizons. Supplementary properties described for 
some horizons include the presence of roots, pores, animal 
burrows, iron oxide staining, manganese oxide staining, and 
weathering characteristics of clasts greater than 2 mm.

The stratigraphy of the near-surface deposits at each of 
the described locations is summarized in table A1, which also 
lists the geographic coordinates for the measured profi les. The 
locations of the soil pits are shown in fi gure A1, and the soil-
profi le descriptions are presented in table A2.
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Figure A1.   Locations of soil test pits and boreholes in Midway Valley.
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Table A1.   Soil-pit characteristics and locations in Midway Valley. 

[Descriptions ofsoil profiles are given in table A2. --, no data]

   Nevada coordinates3  
Soil pit identifier Slope, direction1 General stratigraphy2 Northing (ft) Easting (ft) Elevation (ft)

Midway Valley soil pits4 

MWV-P1 2°, S.25°E. Qa4-Qa3-Qa2? 765,410 570,850 3,660
MWV-P2 -- Qa5-Qa3 765,260 571,650 3,645
MWV-P3 -- Qa3-Qa2? 764,150 570,850 3,660
MWV-P4 4°, S.40°E. Qa5-Qa3 763,830 570,950 3,682
MWV-P5 1.5°, S.25°E. Qa3-Qa2?-Qa1?-QT0? 765,570 572,530 3,644
MWV-P6 1.5°, S.30°E. Qa4-Qa3(2?)-Qa2(1?) 764,340 573,410 3,602
MWV-P7 3°, S.56°E. Qa5-Qa3-Qa2?-Qa1? 762,030 569,900 3,732
MWV-P9 2°-3°, N.55°E. Qa3-Qa2? 762,920 572,750 3,600
MWV-P12 3°, S.63°E. Qa4-Qa3-Qa2? 760,590 570,290 3,685
MWV-P13 1.5°, S.19°E. Qa3-Qa2?-Qa1? 765,700 575,200 3,612
MWV-P14 1.5°, S.10°E. Qa5-Qa3?-Qa2? 765,040 575,080 3,583
MWV-P15 -- Qe4-Qa3-Qa2(1?) 763,640 574,650 3,563
MWV-P16 3°, S.43°E. Qe4-7-Qa3-Qa2(1?) 759,490 570,750 3,740
MWV-P17 3°, S.27°E. Qa4-Qa3? 759,410 570,940 3,730
MWV-P19 3°, N.55°E. Qa4-Qa3?-Qa2? 757,790 570,910 3,642
MWV-P20 3°, N.50°E. Qa4-Qa3? 757,750 571,340 3,644
MWV-P21 3°, N.85°E. Qa5-Qa3? 757,200 571,580 3,630
MWV-P22 3°, S.05°E. Qa2 770,740 570,810 3,833
MWV-P23 2°, S.15°E. Qa1 770,680 571,090 3,825
MWV-P24 3°, S.05°E. Qa2-Qa1? 768,440 571,000 3,751
MWV-P25 2°, S.20°E. Qa1 768,830 574,120 3,723
MWV-P26 -- Q a2-Qa1? 768,930 574,290 3,720
MWV-P28 2°, S.09°E. Qa2-Qa1?-QT0? 765,180 572,500 3,648
MWV-P37 2°, S.60°E. Qa7 763,560 575,080 3,556
MWV-P38 2°, S.60°E. Qa6-Qa5 763,750 574,850 3,561
MWV-P39 -- Q a7 768,470 570,040 3,739
MWV-P40 -- Q a6 768,550 570,040 3,739
NRSF-TP16 4°, S.67°E. Qc5-Qc4-Qc3 765,790 570,340 --
NRSF-TP18 4°, S.63°E. Qc5-Qa3(2?) 765,860 570,380 --

Midway Valley trenches5 

MWV-T5-3-5 m -- Q a2 -- -- --
MWV-T5-44 m -- Qa4-Qa3-Qa2 -- -- --
MWV-T5-185 m -- Qc+a5-Qc4-Qc3-Qc2 -- -- --
MWV-T5-272 m -- Qc5-Qc4-Qc2 -- -- --
MWV-T5-306 m -- Qc5-Qc4-Qc3-Qc2 -- -- --
A/BR-3-18.5m -- Q a4-Qa3 -- -- --
A/BR-3-105m -- Qa4-Qa3 -- -- --
MWV-T4-2m -- Q a4-Qa3 -- -- --
MWV-T4-4m -- Q a4-Qa3 -- -- --

Notes:
1 Slope direction measured from 1:1,200-scale map with 2 ft contour interval.
2 A unit designation followed by a queried number in parentheses, such as "Qa4(3?)", indicates that the unit probably is the designation given outside the

parentheses, a correlation with the queried unit inside the parentheses is also possible but less likely. A query behind a unit designation, such as "Qa2?",
indicates that the unit designation is generally based on stratigraphic position.

3 Distances rounded off to the nearest ten feet.
4 Locations of MidwayValley soil pits are shown in figure A1.
5 Locations of soil profiles for trenches MWV-T5, A/BR-3, and MWV-T4 are shown in plates 4, 7, and 5, respectively.
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Table A2.   Soil-profile descriptions for Midway Valley.1 

[Abbreviations are given at the end of the table]

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

SOIL PIT MWV-P1 
 
 

Avk 0-8 10YR 4/4 10YR 7/3 sicl 3 m-c pl sh s, p N.O. N.O. ve-e -- aw
Bwk/Avk 8-38 10YR 5.5/3 10YR 6.5/3 sicl 2 f-m sbk so s l n po N.O. ve -- aw
2Btkq1b 38-61 7.5YR 4/4 7.5YR 7/4 fmsl 3 f-m sbk h-vh ss, ps 2 n-mk pf I- ve -- aw
2Btkq2b 61-105 7.5YR 4/4 7.5YR 7/4 msl 2 f-m abk sh-h so, po l n pf II-III e-es -- gw
2Bkqb 105-142 10YR 5/6 10YR 8/3 lcos m h-vh so, po N.O. II+ e-es -- a-cw
2Ckqb 142-194 10YR 4/4 10YR 7/3 lcos sg lo so, po N.O. I e -- aw

3Bkq1b2 194-245 10YR 5/4 10YR 7/4 lcos 1 c pl h-vh so, po N.O. II+ es -- cw
3Bkq2b2 245-285 10YR 4/6 10YR 6/6 lfms m-sg sh-h so, po N.O. I e -- gw
3Bkq3b2 285-350+ 10YR 4/6 10YR 7/3 lms m-sg lo so, po N.O. I+ e -- --

SOIL PIT MWV-P2 
 
 

A 0-9 10YR 4/3 10YR 6/2 fsl 2 f-m gr so so, po N.O. N.O. eo -- aw
Bw 9-28 10YR 4/3 10YR 6/3 fsl 2 f-m gr so ss, ps N.O. N.O. eo -- cw
Bwk 28-60 10YR 4/4 10YR 7/3 fsl l f gr so ss, ps N.O. I+ e -- aw

2Btkqb 60-80 7.5YR 5/6 7.5YR 6/6 fsl 3 f sbk sh ss-s, ps 1-2 n pf, co I e -- a-c w-b
2Kqb 80-118 10YR 7/3 10YR 8/2 lcos-cosl m vh ss, po N.O. IV ev -- aw

2Bkq1b 118-140 10YR 5/4 10YR 7/2 lcos sg lo so, po N.O. II+ es -- cw
2Bkq2b 140-175 10YR 5/4 10YR 7/2 cos sg lo-so so, po N.O. III- e -- cw
2Cqb 175-200 10YR 4/3 10YR 6/3 cos sg lo so, po N.O. N.O. eo -- aw

3BCkqb2 200-300+ 10YR 4/4 10YR 6/3 msl sg lo, so so, ps N.O. I-II e -- --
 
 

SOIL PIT MWV-P3 
 
 

Avk 0-7 10YR 4/3 10YR 7/3 sicl 3 m pl sh s, p N.O. N.O. e -- aw
Bwk 7-20 10YR 4/4 10YR 6/3 sl-l 1 f-m gr so ss, ps N.O. I- es -- aw

2Btkq1 20-53 10YR 5/4 10YR 6/6 fscl 1° 3 f-m abk h s, p 1-2 n pf, co I ve -- aw
2° 1 m pl

2Btkq2 53-70 10YR 5/4 10YR 6/6 fsl-l 2 m sbk sh ss, ps 1 n pf, I- ve -- cw
2n br

2Btkq3 70-92 10YR 4/4 10YR 6/4 msl 1 m sbk h-vh so, po vl n pf II- ve -- cs
2Bkq1 92-106 10YR 5/4 10YR 7/3 msl 2 f gr sh so, po N.O. II+ ev -- cs
2Bkq2 106-148 10YR 5/4 10YR 7/3 fsl m so ss, ps N.O. II ev -- cs
2Bkq3 148-190 10YR 4/4 10YR 6.5/3.5 fsl sg lo-so so, ps N.O. I es -- cs
2Ckq1 190-225 10YR 4/4 10YR 6.5/3.5 lcos sg lo-so so, po N.O. I- ve-e -- cs
2Ckq2 225-285 10YR 4/4 10YR 6/3 lms m so-sh so, po N.O. I+ e -- cw
2Ckq3 285-330+ 10YR 4/4 10YR 6.5/3 lms sg lo so, po N.O. I- e -- --
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

SOIL PIT MWV-P4 
 
 

A 0-5 10YR 4/2 10YR 6/3.5 lfs sg lo so, po N.O. N.O. eo -- as
Bw 5-25 10YR 4/3 10YR 6/3 lfs 2 f-m sbk so so, po N.O. N.O. eo -- cw
Bwk 25-50 10YR 4/3 10YR 6/3 lfms 1° 1 f-m sbk so so, po N.O. I ve -- cw

2° sg
Bkq 50-100 10YR 4/3 10YR 6/3 fms sg lo so, po N.O. I ve -- aw

2Btjkqb 100-137 10YR 4/4 10YR 7/4 fmsl 2 m abk h so, po vl n pf, co I+ ve -- cw
2Bkqb 137-170 10YR 4/4 10YR 6/4 fmsl m-sg lo so, po N.O. I- ve-e -- cw
2Ckqb 170-235 10YR 4/6 10YR 6/6 fsl m lo so, po N.O. I- eo -- gw
3Ckqb 235-370+ 10YR 4/4 10YR 6/4 lms sg lo so, po N.O. I- ve -- --

 
 

SOIL PIT MWV-P5 
 
 

Avk 0-8 10YR 4/4 10YR 7/3 sicl 3 vc pl sh ss-s, p N.O. N.O. ve -- as
Bwk1 8-15 10YR 4/4 10YR 6/3 l 2 f-m sbk so ss, ps N.O. I es -- cs
Bwk2 15-28 10YR 4/4 10YR 6/3 fsl 1 f sbk so vss, vps N.O. I es -- aw
2Bwkb 28-40 10YR 4/4 10YR 6/4 fsl 1-2 f cpr sh ss, ps 1 n co I- es -- as

3Btkqmb2/ 40-80 10YR 4/4 10YR 7/6 sl 1° 3 m-c pl vh so, po 3 mk pf I+ ve cw cs
3Kqmb2 2° 1 c abk

3Btkqmb2 80-99 10YR 4/4 10YR 7/6 sl 1 m-c pl vh so, po vl n pf I+ ve cw cw
3Bkqb2 99-128 10YR 4/4 10YR 6/4 sl m h so, po N.O. I ve -- as
4Bkq1b3 128-168 10YR 7/4 10YR 8/4 ls 1 m sbk sh-h so, po N.O. II+-III ev -- cw
4Bkq2b3 168-200 10YR 6/4 10YR 7/3 s m lo so, po N.O. I ev -- cs
4BCkqb3 200-235 10YR 5/4 10YR 8/4 mcos sg lo-so so, po N.O. I- es -- cs
5Bkqb4 235-268+ 10YR 4/4 10YR 7/4 ls 1° m so so, po N.O. I+ es -- --

2°1 f-m gr

SOIL PIT MWV-P6 
 
 

Avk 0-6 10YR 5/4 10YR 7/3 l 3 m-c pl so ss, ps N.O. N.O. es -- cs
2Btjkq 6-10 10YR 4/4 10YR 7/3 l 3 f sbk sh ss, ps 1 n pf N.O. es -- cs
2Btkq 10-20 7.5YR 4.5/6 7.5YR 7/4 cl 2 m sbk so-sh ss-s, p 1 n pf, I es -- cs

1 n po
2Btjkq1 20-28 7.5YR 5/6 7.5YR 7/4 l 1 m sbk so ss, ps v1 n pf, I es -- cs

v1 n po
2Btjkq2 28-37 7.5YR 5/8 7.5YR 6/6 sl 2 f-m sbk so ss, ps v1 n pf I es -- aw
3Kqb 37-90 10YR 6/4 10YR 8/3 sl v1 m pl vh so, po N.O. III+IV ev -- gs

3Bkq1b 90-120 10YR 5/6 10YR 8/3 lcos sg lo so, po N.O. II+ ev -- gw
3Bkq2b 120-185 10YR 5/3 10YR 7/2 cos sg lo so, po N.O. II ev -- cw
3BCkqb 185-205 10YR 4/3 10YR 7/3 lcos sg lo so, po N.O. I es -- aw
4Bkq1b2 205-235 7.5YR 4/6 7.5YR 7/4 ls 1 m-c sbk sh so, po N.O. I+ ve -- cb
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

SOIL PIT MWV-P6—Continued 
 
 

4Bkq2b2 235-275 10YR 5/4 10YR 7/3 ls sg lo so, po N.O. I+ ev -- cw
4CBkqb2 275-285+ 10YR 4/3 10YR 7/4 cos sg lo so N.O. I+ ve -- --

SOIL PIT MWV-P7 
 
 

A 0-5 10YR 3/3 10YR 5/3 fsl 1 f gr lo-so so, ps-p N.O. N.O. eo -- as
Bw 5-20 10YR 4/3 10YR 6/3 sl 1 f sbk so so, ps N.O. N.O. eo -- cw

Bwk1 20-33 10YR 4/3 10YR 6/3 ls 1 f sbk so so, ps N.O. N.O. ve -- cw
Bwk2 33-49 10YR 4/3 10YR 6/3 fsl 1 f gr lo-so so, vps N.O. I es -- gs

Bk 49-112 10YR 4/3 10YR 6.5/3 fsl sg lo so, ps N.O. I+ es-ev -- aw
2Bkq1b 112-154 10YR 3/6 10YR 6/3 lms 2 m sbk h so, po 1 n pf I es -- cs
2Bkq2b 154-192 10YR 4/4 10YR 6/4 lfs m h so, vps N.O. I- ve -- cw
2Bkq3b 192-218 10YR 4/4 10YR 7/4 ls sg lo so, po N.O. I e-es -- cw
2Cqb 218-237 10YR 4/4 10YR 7/4 lms sg lo so, po N.O. N.O. eo -- aw

3Bkqb2 237-307 10YR 5/3 10YR 7/3 lmcos m h so, po N.O. I+ ev -- aw
4Bkqb3 307-332+ 10YR 4/4 10YR 7/3 ls m h so, po N.O. I- ev -- --

SOIL PIT MWV-P9 
 
 

Av 0-5 -- 10YR 7/3 l-sil 1 m pl sh ss, ps N.O. N.O. eo-ve -- cs
Bt 5-35 -- 7.5YR 5/4 scl-l 2-3 m abk h s, p 2 mk pf, po N.O. eo -- gw-b
2Bt 35-60 -- 7.5YR 6/4 sl-l 2 f-m abk h ss, ps 2 mk pf, po N.O. eo-ve -- gw

3Btkq 60-87 -- 7.5YR 7/4 ls 1 f-m abk sh so, po 2 n pf, co I-II e -- gs
3Bkq 87-110 -- 7.5YR 6/6 s m-sg h so, po N.O. II+ e-es -- cw
4Bkq 110-220 -- 10YR 6/3 s sg lo so, po N.O. II es -- gw
5Kq 220-255 -- 7.5YR 7/2 s m h so, po N.O. III- ev -- cb

6BCkq 255-330 -- 10YR 7/3 s sg lo-so so, po N.O. II- e-es -- aw
7Bkqb 330-360+ -- 7.5YR 7/3 s m- 1 m sbk so-sh so, po N.O. II- e-es -- --

SOIL PIT MWV-P12 
 
 

Avk 0-5 10YR 4/4 10YR 5/3 l 3c pl so-sh ss, ps N.O. N.O. es -- as
BAt 5-15 10YR 4/4 10YR 6/3 l 2 m-c sbk sh ss, ps 1n pf, N.O. eo -- as

3n po
2Btkq 15-42 10-7.5YR 4/4 7.5YR sicl 1° 3 f-m sbk sh-h s, p 3 n-mk pf, I- ve -- as

2° 2 m c 3 mk po
2Btjkqb 42-74 7.5YR 4.5/6 7.5YR 7/4 sl 2 f-m sbk h so, ps 2n-mk pf I es -- cw
3Bkq1b 74-100 10YR 4/6 10YR 7/4 lms 1 f-m sbk h-vh so, po 1 n br II ev -- cs
3Bkq2b 100-128 10YR 4/4 10YR 6/4 lms 1 f sbk h so, po N.O. I ev -- cs
4Bkqb 128-151 10YR 4/4 7.5YR 7/4 fsl 1 f sbk h-vh so, po v1 n pf I es -- cw
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

SOIL PIT MWV-P12—Continued 
 
 

4BCkq1b 151-195 10YR 4/5 10YR 6/4 lfs 1 m sbk h so, po v1 n pf I es -- cw
4BCkq2b 195-240+ 10YR 4/5 10YR 6/4 lfs 1 f sbk h so, po v1 n pf I es -- --

SOIL PIT MWV-P13 
 
 

Avk 0-8 10YR 5/4 10YR 7/3 l 3 c pl so-sh ss, ps N.O. N.O. es -- as
Btkq 8-22 7.5YR 4/6 7.5YR 5/8 c 2 m sbk sh ss, ps 3 n-mk pf, I eo-ve -- aw

3 n po
2Kqb 22-51 7.5YR 8/4 10YR 8/3 ls m h so, po N.O. III ev -- cs

2Bkq1b 51-75 10YR 7/4 7.5YR 8/2 ls 1 f-m pl h so, po N.O. II+ ev -- cw
2Bkq2b 75-103 10YR 7/4 10YR 8/2 ls sg lo so, po N.O. I+ ev -- cw
2BCkqb 103-180 10YR 4/3 10YR 7/3 cos sg lo so, po N.O. I ev -- aw
3Bkq1b2 180-230 10YR 5/8 7.5YR 7/4 cos 1° 1 m pl vh so, po N.O. I+ ev -- gw

2° 1 f abk
3Bkq2b2 230-260 10YR 7/8 10YR 8/4 mcos m h so, po N.O. N.O. ev -- cw
3Bqb2 260-314+ 10YR 4/6 10YR 6/6 mcos m h so, po N.O. I+ ve -- --

SOIL PIT MWV-P14 
 
 

Av 0-7 10YR 4/3 10YR 6/4 fsl 1 f pl so so, ps N.O. N.O. eo -- as
2Bwk 7-23 10YR 4/4 10YR 6/3 fsl 1 f sbk so so, ps N.O. N.O. ve -- aw
2Bkq 23-130 10YR 4/6 10YR 7/3 fmsl sg lo so, po N.O. I es-ev -- aw
3Ckqb 130-190 7.5YR 4/6 7.5YR 7/4 ls sg lo-so so, po 1-2 n pf I- ve -- aw

4BCkqb2 190-242 7.5YR 4.5/6 7.5YR 7/6 fsl m h ss, ps N.O. I- ve -- cw
4Cqb2 242-279+ 7.5YR 4/4 7.5YR 7/4 lmcos sg lo so, po N.O. N.O. eo -- --

SOIL PIT MWV-P15 
 
 

Avk 0-7 10YR 4/3 10YR 6/3 l 3 c-vc pl so ss, ps-p N.O. N.O. ev -- as
BAtvk 7-11 10YR 4/4 10YR 7/4 -- 1° 1 c pl sh ss-s, p 3 n-mk pf N.O. ve -- cs

2° 2 m sbk
Btk 11-19 10YR 4/3 10YR 7/3 scl 2 m sbk sh ss, ps 3 n-mk pf, po N.O. e -- cs

2Btkq 19-30 10YR 4/4 10YR 7/4 scl 2 m sbk sh so-ss, p 1 n pf I es -- aw
3Btkqb 30-44 10YR 4/4 10YR 6/4 scl 2 f-m sbk sh ss, ps 1 n-mk pf, I ve -- aw

1 n-mk co
4Bkq1b2 44-80 7.5YR 4/6 7.5YR 7/4 lms 1-2 m sbk h so, po 1 n pf II+ ev -- gs
4Bkq2b2 80-125 10YR 5/4 10YR 7/4 cos sg 1 f sbk lo so, po 1 n pf I+ es -- cw
4Bkq3b2 125-148 10YR 4/4 10YR 7/4 cos sg -- so, po N.O. I+ ve -- cw
4BCkqb2 148-190 10YR 4/3 10YR 6/3 cos sg lo so, po N.O. I+ ev -- aw
5Bkq1b3 190-245 10YR 6/4 10YR 7/2 lcos m lo so, po N.O. II+ ev -- cs
5Bkq2b3 245-286+ 10YR 4/4 10YR 7/3 s m lo so, po N.O. I+ ev -- --
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

SOIL PIT MWV-P16 
 
 

Avk 0-7 10YR 3/3 10YR 7/2 l 3 c pl so-sh ss, ps -- N.O. e -- cw
Bwk1 7-15 10YR 4/4 10YR 7/3 fsl 1 f gr so vss, vps N.O. I+ es -- cw
Bwk2 15-22 10YR 4/4 10YR 6/3 fsl 1 m pl so vss, po 1 mk co I- es -- as

2Avb→ 22-31 10YR 4/3 10YR 7/3 msl 3 c pl h-vh so, po 1 n pf, I ev -- aw
Btkqb 2 n po
2Btkqb 31-52 7.5YR 5/6 5YR 6/6 sic 2 m-c cpr h vs, vp 4 mk pf I ev -- cs
3Btqkb 52-72 7.5YR 5/6 7.5YR 7/6 sl 3 m abk h ss, po 2 n-mk pf I ev -- aw
3Bkq1b 72-155 7.5YR 5/8 7.5YR 8/4 sl m h-vh ss, po N.O. II+ ev -- gs
3Bkq2b 155-235 10YR 6/4 10YR 8/2 ls sg lo so, po N.O. I+ ev -- gs
4Btkqb2 235-260+ 7.5YR 5/6 7.5YR 7/4 scl 1 f sbk sh ss, ps 2 n po I ev -- --

SOIL PIT MWV-P17 
 
 

Avk 0-3 10YR 4/4 10YR 6/4 l 3 c pl sh ss, ps-p N.O. N.O. ve-e-es -- as
ABk 3-12 10YR 5/4 10YR 6/4 l sg 1-2 f-m pl so-sh ss, ps co I ev -- a-cs
Btk 12-33 7.5YR 6/6 7.5YR 5/6 sic 2 f-m sbk so s, p 1 n pf br co I+ ev -- cs

2Btkq 33-51 7.5YR 5/7 7.5YR 6/6 msl 1-2 f sbk sh ss, po 1 n pf, I ev -- a-cs
1 mk co

2Bkq 51-77 7.5YR 5/6 7.5YR 7/6 -- sg 1 m sbk h so, po v1 n pf I e-es -- cs
2Bkqy 77-95 10YR 5/6 10-7.5YR 7/6 lms 1 m sbk abk h so, po v1 n co II ev -- as
3Bkqb 95-118 10YR 5/6 10YR 7/6 lfs 1° v1 m-c pl sbk h-vh so, po v1 n pf II ev -- cs

2° v1 f sbk
3Bkq2b 118-150 10YR 5/6 10YR 7/4 lms mv1 f sbk lo so, po N.O. I ev -- gs
3Bkq3b 150-204 10YR 5/4 10YR 7/3 lfs sg lo so, po N.O. I ev -- as
3BCkqb 204-239+ 10YR 4/4 10YR 7/3 lfs sg lo so, po N.O. I- ev -- --

SOIL PIT MWV-P194 
 
 

Avj 0-4 -- 7.5YR 6/2 s-ls sg - 1 m-c pl so so, po N.O. N.O. eo-ve -- cs
ABvk 4-14 -- 7.5YR 7/2 s-ls sg - 1 m sbk so-sh so, po N.O. I ve-e -- cs
Bw 14-35 -- 10YR 6/3 ls-sl 1 m sbk so so, ps v1 n po, co N.O. eo-ve -- gs

2Btjq 35-55 -- 7.5YR 6/4 ls 1 m abk h so, po 1 n po, co N.O. eo-ve -- gw
3Bkq1b 55-102 -- 10YR 7/4 ls m - 1 m abk h so, po N.O. I-II e -- ds
3Bkq2b 102-163 -- 10YR 7/4 s-ls m sh so, po N.O. I eo-ve -- gw
4BCkqb 163-310 -- 7.5YR 7/4 s m - sg so-h so, po N.O. I-II ve-es -- --

SOIL PIT MWV-P204 
 
 

Avj 0-4 -- 10YR 6/3 ls sg - 1 f pl lo-so ss, po N.O. N.O. eo -- as
ABvk 4-23 -- 10YR 7/3 sl 1° m - 1 m sbk so-sh ss, po N.O. I+ e-es -- cs

2° 1 m pl
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

SOIL PIT MWV-P204—Continued 
 
 

2Bwk 23-42 -- 7.5YR 6/4 sl-l 1 vf-m abk so ss, ps v1 n co I- ve -- gs
2Btkq1 42-85 -- 7.5YR 6/5 sl-l 2 f abk sh-h ss, ps 2 n pf, po, co I+ es -- gs
2Btkq2 85-133 -- 7.5YR 6/4 ls m, sg lo, h so, po l n co II es -- cw

1 f abk
3Bkq 133-178 -- 10YR 7/4 s sg so so, po N.O. I-II es -- cw
4Bkqy 178-203 -- 10YR 7/3 s sg lo so, po N.O. II es -- ci
5Btkqb 203-225 -- 10YR 6/4 ls 1 m sbk so, h so, po 2 n co I-II- eo, e -- cw
6BCkqb 225-320+ -- 10YR 7/2 s sg lo so, po N.O. I ev -- --

SOIL PIT MWV-P214 
 
 

A1 0-5 -- 10YR 6/3 s sg lo so, po N.O. N.O. eo -- cs
A2 5-35 -- 10YR 6/3 s sg - 1 f sbk so so, po N.O. N.O. eo -- gs

2ACk 35-80 -- 7.5YR 6/3 s sg lo so, po N.O. I eo -- gs
2BCk 80-170 -- 7.5YR 6/3 s sg lo so, po N.O. I e -- cs
3Bkqb 170-260 -- 7.5YR 8/2 s m-sg so-sh so, po N.O. II+ es -- cw
4Btjkqb 260-295 -- 7.5YR 6/6 s m- 1 c sbk sh-h so, po 2 n co I eo, e -- gw
5Bkqb 295-345+ -- 7.5YR 8/3 s m sh-h so, po N.O. II+ ev -- --

SOIL PIT MWV-P22 
 
 

Avk 0-10 10YR 4/4 10YR 6/2 l 3 vc pl sh ss N.O. N.O. es -- aw
2Btjk 10-32 10YR 4/4 10YR 7/2 scl 2 f-m sbk so ss, ps-p v1 n pf, co N.O. ve-e -- aw
2Btkq 32-63 10YR 5/4 10YR 7/6 lmcos 3 f-m sbk h-vh so, po 1 n pf, I ve -- cw

2 n-mk po
2Bkq1 63-80 10YR 4/4 10YR 6/4 lmcos-sl 1-2 f sbk sh-h so, po N.O. I+-II es-ev -- cw
2Bkq2 80-130 10YR 4/4 10YR 7/4 mcos-ls m sh-h so, po N.O. I- ve -- cw
2Ckq 130-260+ 10YR 4/4 10YR 7/3 cos sg lo so, po N.O. N.O. eo -- --

SOIL PIT MWV-P23 
 
 

Avk 0-10 10YR 4/3 10YR 7/3 sicl 3 c pl sh-h ss-s, ps N.O. N.O. ve-e -- as
2Btkq 10-30 10YR 4/6 10YR 6/4 sl 2 f-m sbk so-sh ss, ps 2 n pf, po I ve-e -- aw

2Btkqm 30-68 7.5YR 5/6 10YR 7/6 lcos 1 c pl h so, po 2 n pf I ve cs cw
2Kqm 68-135 7.5YR 5/6 10YR 7/3 lcos m sh-h so, po N.O. III+ ev cs cw
2Kq 135-175 10YR 6/3 10YR 8/2 cos m sh so, po N.O. III ev -- cw
Bkq 175-195 10YR 5/4 10YR 8/2 cos m sh-h so, po N.O. II+ e-es -- aw
2Ck 195-300+ 10YR 5/4 10YR 7/2 cos sg lo so, po N.O. I- e -- --
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

SOIL PIT MWV-P24 
 
 

Av(k?) 0-8 10YR 5/4 10YR 7/3 fscl 3 vc pl sh s, p N.O. N.O. e -- as
Btk 8-25 10YR 5/4 10YR 6/3.5 fscl 2 f-m sbk so-sh s, p 1 n pf, N.O. ve -- aw

1 n po
2Btkq 25-48 10YR 4/6 7.5YR 6/4 mscl 1° 3 f sbk vh ss-s, ps-p 2 n-mk pf, I e -- cw

2° 1 f-m pl 1 n po
2Btkq2 48-83 7.5YR 5.5/6 7.5YR 6/6 cosl 1° 3 m sbk vh-eh ss, ps 2-3 n-mk pf, po, I e-es -- a-cw

2° 1 m pl 3 n co
2Bkq1 83-132 10YR 5/6 10YR 7/4 ls m h so, po N.O. II ev -- cw
2Bkq2 132-197 10YR 4/3 10YR 7/3 cos sg-m lo-so so, po N.O. I es -- gs
2Cq 197-247 10YR 3.5/4 10YR 7/4 cos sg lo so, po N.O. N.O. eo -- vaw

3Bkqb 247-287+ 10YR 7/6 10YR 8/4 cos 1 m pl vh so, po N.O. II ev -- --

SOIL PIT MWV-P25 
 
 

Avk 0-10 10YR 4/3 10YR 7/3 fscl 2 c pl sh s, p N.O. N.O. ve -- as
2Btkj 10-32 7.5YR 4/6 7.5YR 6/4 fscl 1 f-m gr so ss, p v1 n pf I- ve -- ci
3Bkq 32-50 10YR 6/4 7.5YR 8/2 lcos 1 f-m pl vh so, po N.O. II-III es -- ab

3Kqym 50-65 7.5YR 7/2 7.5YR 8/2 sl m - 1 c pl eh so, po N.O. IV ev cs cw
3Kqy 65-100 10YR 7/4 10YR 8/3 lcos m h so, po N.O. IV ev -- as
3Bkq1 100-136 10YR 5/2 10YR 8/2 cos sg lo so, po N.O. II+-III ev -- cw
3Bkq2 136-198 10YR 4/2 10YR 7/2 cos sg lo so, po N.O. I-II+ ev -- aw
4Bkq 198-245 7.5YR 4/4 7.5YR 8/6 cos m-sg sh so, po N.O. I+-II ev -- cw
4Ckq1 245-290 7.5YR 4/4 7.5YR 7/4 cos m so so, po N.O. N.O. ve -- cw
4Ckq2 290-320+ 10YR 4/3 10YR 8/3 cos m lo so, po N.O. N.O. ve -- --

SOIL PIT MWV-P26 
 
 

Avkq 0-7 10YR 4/4 10YR 7/3 fscl 3 c pl sh ss, p N.O. N.O. ve-e -- as
Bw 7-18 7.5YR 4/6 7.5YR 7/4 fscl 2 f-m gr so ss-s, p N.O. N.O. eo -- cw

2Btjq 18-33 5YR 4/6 5YR 7/4 l 2 f-m gr sh ss, p v1 n pf N.O. eo -- as
2Avkqmb→ 33-45 7.5YR 3/4 7.5YR 6/4 sl-l 3 c pl vh so, po N.O. I e cs as
2Bwkqmb

2Btkqb 45-53 7.5YR 5/6 7.5YR 7/4 scl 3 f abk h ss, p 2 n pf I+ e-es -- aw
2Btqb 53-83 5YR 5/6 5YR 5/6 scl 3 f-m gr sh s, p 3 n-mk pf N.O. eo-ve -- a-cw

3Kqymb 83-123 10YR 6/6 10YR 8/3 cosl m vh so, po N.O. III+ es cs cw
3Bkqyb 123-147 7.5YR 4/4 7.5YR 7/4 ls sg-m sh so, po N.O. I+-II es -- cw
3BCkqb 147-195 7.5YR 4/6 7.5YR 6/4 ls sg lo so, po N.O. I- e cw
3Ckqb 195-270+ 10YR 4/3 10YR 7/3 cos sg-m lo so, po N.O. N.O. ve -- --
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

SOIL PIT MWV-P28 
 
 

Avk 0-8 10YR 4/4 10YR 7/3 cl-l 3 c pl sh ss, p N.O. N.O. e -- aw
BAtq 8-13 10YR 4/4 10YR 6/3 cl 1 f pl sh ss-s, p 2 n-mk pf, N.O. eo-ve -- cs

2 n-mk po
Btq 13-26 10-7.5YR 4/6 7.5YR 6/4 scl 3 f-m abk h s, p 3 mk pf, I eo -- cs

3 mk po
2Btkq 26-43 10YR 4/4 10YR 6/4 scl 1° 3 f-m abk h ss-s, p 3 n-mk pf, I ve-e -- gs

2° v1 f pl 3 n-mk po
2Btkq2 43-66 7.5YR 4/6 7.5YR 7/6 sic 1° 1-2 m pl h s, p 3 n-mk pf, I ev -- cs

2° 3 f abk 3 mk po
3Btkqb 66-91 10-7.5YR 5/4 7.5YR 7/4 scl 1° 1 m pl sh ss-s, ps 2 n pf II ev -- aw

2° 2 f-m sbk
3BKqmb 91-130 10YR 6/4 10YR 8/4 ls 2 m pl vh so, po N.O. III+ es --* cw
3Bkqb 130-182 10YR 7/4 10YR 8/3 ls 1 m pl h so, po N.O. II+ ev -- cs

3BCkqb 182-208 10YR 4.5/4 10YR 7/3 ms sg lo so, po N.O. I es -- aw
3Ckqb 208-246 10YR 4/4 10YR 7/3 ms sg lo so, po N.O. I- eo-ve -- aw
4Bqb2 246-287 10YR 4.5/6 7.5YR 7/6 lfms 2 f abk h so, po v1 n pf N.O. eo -- gs
4Bkqb2 287-345+ 10YR 6/3 10YR 8/3 lfs m h so, po N.O. II ev -- --

SOIL PIT MWV-P37 
 
 

Cu 0-50+ 10YR 7/6 10YR 5/4 s sg lo so, po N.O. N.O. ve -- --

SOIL PIT MWV-P38 
 
 

A 0-1 10YR 4/3 10YR 6/3 sl 1 f pl so so, po N.O. N.O. ve -- as
CBw 1-10 10YR 4/3 10YR 6/4 ls-sl v1 vf gr lo so, po N.O. N.O. eo -- cs
Ck 10-30 10YR 5/3 10YR 6/4 ls-sl sg lo so, po N.O. N.O. e -- cw

2Bkb 30-50+ 10YR 5/4 10YR 7/4 sl m so so, po N.O. I es -- --

SOIL PIT MWV-P39 
 
 

C 0-40+ 10YR 4/3 10YR 6/3-4 ms sg lo so, po N.O. N.O. ve -- --

SOIL PIT MWV-P40 
 
 

A 0-4 10YR 4/4 10YR 6/4 s 1 f gr lo-so so, po N.O. N.O. -- -- a-cs
2Cox 4-14 10YR 5/4 10YR 7/4 lfs 1 f gr so so, vps N.O. N.O. -- -- cw
3C 14-30 10YR 5/4 10YR 6/4 lms sg lo so, po N.O. N.O. -- -- cw

3BCk 30-50+ 10YR 5/4 10YR 6/4 lms sg lo so, po N.O. I- -- -- --
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

SOIL PIT NRSF-TP16 
 
 

Av 0-10 10YR 4/4 10YR 6/4 lfs 3 vc pl lo-so so, po N.O. N.O. ve, es -- as
2Btj 10-13 8.25YR 4/4 10YR 6/3 fsl 1 vf gr -- ss, ps vf n pf, po N.O. eo -- cw

2Bwk 13-28 7.5YR 4/4 7.5YR 4/4 fsl m sh ss, ps N.O. N.O. eo, ve-e -- ab
3Avb 28-37 10YR 4/4 10YR 6/2 fsl 3 vc abk vh ss, ps N.O. N.O. ve -- ab

4Btqk1b 37-67 7.5YR 4/6 7.5YR 6/6 fsl 3 f-m abk sh-h ss, ps 2 n-mk pf, po I ve -- gw
4Btqk2b 67-95 7.5YR 4/6 7.5YR 6/6 ls 3 f-m abk -- -- 1 n pf I+ -- -- aw
4Kqmb 95-115 10YR 6/3 10YR 7/2 lcos 2 f-m pl vh so, po N.O. III-IV ev cw aw
4Bkqb 115-133 10YR 4/4 10YR 6/3 lcos 1 m sbk h-vh so, po N.O. I+ e -- cw

5Btqb2k 133-161 10YR 5/4 10YR 7/4 l-sil 3 f-m abk sh s, p 1 n pf I+ es -- cw
6Btqb2k 161-175 10YR 4/6 10YR 6/4 sl-l 1-2 f-m sbk sh-h ss, ps vf n pf N.O. es -- aw
6Kqb2 175-217 10YR 6/4 10YR 8/2 cosl 1-2 f pl h-vh so, po N.O. IV ev -- cw
6Bkqb2 217-275+ 10YR 5/4 10YR 6/4 sl 1 m pl so-sh so, po N.O. II ev -- --

SOIL PIT NRSF-TP18 
 
 

Av 0-8 10YR 4/4 10YR 5.5/3 lfs -- so-sh so, po N.O. N.O. eo -- cs
Bwk 8-34 10YR 5/4 -- sl 1 m sbk-abk -- -- N.O. I- ve-e -- gs
Ck 34-56 10YR 5/4 -- sl m -- so, ps N.O. N.O. ve -- aw-i

2Btkqmb 56-78 7.5YR 4/6 -- sl -- -- -- 2n-mk pf, po I ve, e cw aw
2Kqm1b 78-90 -- 10YR 8/2 lcos 1-2 m pl eh so, po N.O. IV ev --* aw
2Kqm2b 90-100 10YR 6/4 10YR 7/4 lcos m vh so, po N.O. II ev --* gw
2Ckqb 100-163 7.5YR 5/6 7.5YR 6.5/4 -- m sh -- N.O. I+ ve, ev -- aw
3Ckb 163-273+ 10YR 6/5 10YR 7/3 lcos m sh-h so, po N.O. -- ev -- --

TRENCH MWV-T5-3 to 5 m  
 
 

Ap 0-3 10YR 4/4 10YR 7/3 scl 1 f-m sbk vfr ss-s, p N.O. N.O. -- -- cw
Btk 3-25 7.5YR 5/6 10-7.5YR 7/4 scl 1-2 f-m sbk fi ss-s, p 1° 2n-mk pf I -- -- cs-w

2° 2n po
2Btkqm 25-106 10YR 5/6 7.5YR 7/4 ls m vfi so, po 2mk co II-III -- --* aw
3Bkqm/ 106-130 10YR 8/2 10YR 8/1 ls m efi so, po N.O. III -- --* a-cw

Kqm
3Bk 130-184 10YR 5/4 10YR 7/4 ls sg lo so, ps N.O. II -- -- a-cw

4Btkq 150-1905 10YR 4/6 10YR 5/4 sl 3 f-m sbk h ss, po 1n pf I+ -- -- cw
4Bkqb 190-220 10YR 5/4 10YR 6/6 ls 1° 1 f gr lo-so so, po 1n pf I+ -- -- cw

2° sg
4Bkq2b 220-260 10YR 5/4 10YR 7/4 ls m sh so, po N.O. II -- -- cs
4Bkb 260-290 10YR 5/4 10YR 7/4 ls sg lo so, po N.O. II -- -- cw
4Ckb 290-350+ 10YR 5/8 -- s sg lo so, po N.O. I -- -- --
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

TRENCH MWV-T5-44 m  
 
 

(A+B)p 0-13 10YR 4/4 -- scl 1 f pl fr s, p 1n po N.O. ve -- cs
Bk 13-39 10YR 5/4 -- scl 1 c sbk fr s, p 1n po I- ve -- a-cw

2Btkq 39-86 7.5YR 6/6 -- scl 2 m-c sbk fr s, p 1° 2n-mk pf I ve-e -- aw
2° 3n-mk po

3Bkqb 86-95 7.5YR 5/6 -- sl 2 f-m sbk fr-fi so, po 2n-mk pf I e-es -- cw
3Bkq2b 95-115 10YR 6/6 -- sl 2 m gr fi so, po N.O. II+ es-ev -- cw
3Bkq3b 115-173 10YR 6/4 10YR 8/3 sl m h so, po N.O. II+ es -- gw
3Bkq4b 173-203 10YR 4/4 10YR 8/3 s 1° m lo so, po N.O. II- e -- aw

2° sg
4Bkqb2 203-214 7.5YR 5/6 7.5YR 8/4 sl 1 f gr so-sh ss, po N.O. I+ e -- a-cw
4Bkq2b2 214-255 7.5YR 4/6 10YR 5/8 ls 3 f-m sbk h so, po 1n pf I ve-e -- cw
4Bkq3b2 255-300 7.5YR 4/4 7.5YR 5/6 ls 2 m sbk vfi so, po N.O. I eo -- cw
4Ckqb2 300-335+ 7.5YR 4/6 7.5YR 7/4 ls sg lo so, po N.O. I- -- -- --

TRENCH MWV-T5-185 m  
 
 

A 0-9 10YR 5-6/3 10YR 3-4/3 sl 1 f gr lo-so vss, ps N.O. N.O. eo -- cs
2Bwk 9-35 10YR 5/4 10YR 6/3 sl 1° 1 m-c sbk so vss, ps N.O. I ve -- cw

2° m
2Bk 35-58 10YR 5/4 10YR 7/4 sl sg lo vss, ps N.O. I e-es -- aw

3Btkqb 58-886 7.5YR 5/6 7.5YR 7/4 sl 3 m-c sbk h ss, ps 2n pf I e -- a
4Bkqb2 88-121 10YR 6/4 10YR 8/3 ls 2 m pl h-vh so, po N.O. II-II+ e -- a-cs

4Btjkqb2 121-153 10YR 5/6 10YR 6/4 ls 1 f-m sbk vh so, po vfn pf I ve-e -- aw
5Btjkqb3 153-193 10YR 4/4 10YR 6-7/4 ls 2-3 sbk h so, po 1n-mk pf I eo-ve -- cw
5Bkqb3 193-223 10YR 5/4 10YR 7/4 ls 1 m sbk sh-h so, po N.O. I e -- a-cw
5CBkb3 223-273 10YR 6/4 10YR 7/3 ls 1° v1 f gr so so, po N.O. I+ es-ev -- aw-i

2° m
6Btjkqb4 273-318+ 10-7.5YR 5-6/4 10-7.5YR 7/4 sl 3 m sbk h so-vss, po-vps vfn pf I eo-ve -- --

TRENCH MWV-T5-272 m  
 
 

Avp 0-7 10YR 6/4 10YR 8/3 sl-l 3 c pl sh ss, ps-p N.O. N.O. ve -- ab
2Bwk 7-20 10YR 5/4 10YR 7/3 l 2 m gr so s, p vfn po I es -- aw

(2Btjk?)
3Avbkq 20-25 10YR 5-6/4 10YR 8/2 sl 3 c pl vh ss, ps vfn po I- ve-e -- aw-b
3Btkqb 25-45 7.5YR 5/4-6 7.5YR 6/4 sl 1° 3 vf-f abk h ss, ps 1° 4 mk-k pf I- eo-ve -- cw

2° 1 f pl 2° 4mk-k po
4Btkq2b 45-85 7.5YR 6/6 7.5YR 6/4-6 sicl 1° 3 f-m abk sh s, p 1° 4mk-k pf I+ es -- cw

2° 1 f pr 2° 4 mk-k po
4Btkq3b 85-100 7.5YR 6/6 7.5YR 6-7/4 sicl 2 f sbk sh-h s, p vfn-mk pf I- ve-e -- aw
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

TRENCH MWV-T5-272 m—Continued 
 
 

5Bkqb2 100-134 10YR 7/4 10YR 8/1 ls 1° 1 f pl vh so, po N.O. III+ ev -- a-cw
(5Kqb2?) 2° m
6Btjkqb3 134-146 10YR 6/3-4 10YR 8/3 ls 2 f-m sbk h ss, po 1° fn pf II e -- cw

2° vfn po
6Bkqb3 146-175 10YR 6/3 10YR 7/3 ls 1° 1 f gr so-sh so, po N.O. II+ es-ev -- as

2° m
7Btjkqb4 175-185 10-7.5YR 5/4 10-7.5YR 6/4 sl 2 f sbk sh ss, ps 1° vfn pf I eo&e -- a-cw

2° vfn po
8Btjkqb4 185-212 10-7.5YR 5/6 10-7.5YR 7/4 sl 2 f-m gr h vss, ps 1° f-2n pf I- ve-e -- cw

2° fn po
8Btjkq2b4 212-226 10-7.5YR 5/4 10-7.5YR 7/4 ls 2 f-m sbk sh-h so, po 1° fn br I- ve-e -- a-cw

2° vfn po
8Bkqb4 226-249 10YR 7/3 10YR 8/3 ls 1 m sbk h so, po vfn pf II e-es -- cw
8Bkq2b4 249-304 10YR 6/4 10YR 7-8/3 ls 1° 1 f gr h-vh so, po vfn pf II+ es -- aw

2° m
9Btqb5 304-320+ 7.5YR 4/6 10-7.5YR 7/4 ls-sl 3 f-m sbk sh-h so, ps 1° 2-3n pf N.O. eo -- --

2° 3mk co

TRENCH MWV-T5-306 m  
 
 

Av 0-8 10-7.5YR 5/4 10YR 7/4 l 3 c pl so-sh ss, ps N.O. N.O. eo -- as
2Bw 8-30 10-7.5YR 5/4 10YR 6/4 l 2 m sbk so ss, ps N.O. I ve -- aw

3Btkqb 30-56 5-7.5YR 5/6 5-7.5YR 6/6 sicl 3 f abk so s, p 1° 2n-mk pf I- e -- aw
2° 2n co

4Btkqb2 56-70 7.5YR 6/4 7.5YR 7/4 sl 1° 1 c pl h-vh ss, ps 1° 2-3n pf I es -- cw
2° 1 m sbk 2 ° 2-3n po, co

4Bkqb2/ 70-106 10YR 6/4 10YR 8/2 ls 2 m pl vh so, po N.O. III-IV es -- a-cw
Kqb2

5Btjkqb3 105-135 7.5YR 5/6 7.5YR 7/4 sl 2-3 m sbk h vss, vps 1° vfn pf I ve -- cs
2° vfn co

5Bkqb3 135-173 10YR 6/3 10YR 8/3 ls m sh-h so, po N.O. II -- -- aw
6Kqmb4 173-310+ 10YR 8/2 10YR 8/1 ls m eh so, po N.O. IV ev -- --

TRENCH A/BR-3-18.5m 
 
 

Ap 0-8 10YR 4/4 10YR 6/3 fsl 2m-c pl sh ss, ps N.O. N.O. N.O. -- aw
2AB 8-25 10YR 4/4 10YR 6.5/3 fsl 2f-m gr sh ss, ps N.O. N.O. (d) ve -- cw
2Bw 25-35 7.5YR 4/6 7.5YR 6.5/4 fsl 2m gr sh ss, ps N.O. N.O. N.O. -- aw

2Btkq 35-55 7.5YR 4/6 7.5YR 5/5 scl 3c gr 3f gr sh s, p 3mk pf I+ ev -- va-aw
3Kqm1b 55-78 10YR 7/2.5 10YR 8/2.5 lcos 3c-vc pl eh so, po N.O. IV ev cs aw
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

TRENCH A/BR-3-18.5m—Continued 
 
 

3Kqm2b 78-105 10YR 7/2.5 10YR 8/2.5 lcos 1c pl eh so, po N.O. III-IV ev cs cs
3Bkqmb 105-141 10YR 5/3 10YR 8/3 lcos m h so, po N.O. II+ ev cw cw
3Ck1b 141-175 10YR 5/3 10YR 8/3 s sg-m so so, po N.O. I ev -- cw
3Ck2b 175-195 10YR 5/3 10YR 8/3 s sg-m so so, po N.O. I+ ev -- as
4Cb 195-237 10YR 5/3 10YR 8/3 s sg-m so so, po N.O. N.O. ev -- as
5Cb 237-242+ 10YR 5/3 10YR 8/3 s sg-m so so, po N.O. N.O. ev --

TRENCH A/BR-3-105m 
 
 

Ap 0-10 10YR 4/4 10YR 6/3 fsl lc gr sh ss,ps-p N.O. N.O.(d) ve — as
2AB 10-25 10YR 4/4 10YR 6/3 fsl lf gr so ss,ps N.O. N.O. N.O. — aw
2Bw 25-36 7.5YR 4/4 7.5YR 6/4 fsl lf gr lo-so ss,ps-p N.O. N.O.(d) e — aw
2Bwk 36-73 7.5YR 4/4 7.5YR 6/4 fsl 2m-c gr sh-h ss,ps-p N.O. N.O.(d) e — ab
3Btkqb 73-75 7.5YR 4/5 7.5YR 5/5 scl 3m gr h ss,ps 1-2n pf I e — va-ab

4Bkqymb2 75-121 10YR 5/4 10YR 7/3 lcos lc pl h so,po N.O. II+-II ev cw aw
4Bkqylb2 121-143 10YR 5/4 10YR 7/3 lcos sg-m sh so,po N.O. II ev — cw
4Bkqy2b2 143-202 10YR 5/4 10YR 7/3 lcos m sh so,po N.O. II ev — cw

4Ckb2 202-265+ 10YR 4/3.5 10YR 6.5/3 lcos sg lo so,po N.O. I+ ev — —

TRENCH MWV-T4-2m 
 
 

A 0-7 7.5YR 4/4 7.5YR 5/4 scl 1 vf-f gr so ss-s, ps-p N.O. N.O. ve -- cs
Btj 7-20 10YR 4/3 10YR 6/3 fsl 2 m sbk so ss, ps vl n po N.O. eo -- aw

2Btqb 20-63 7.5YR 4/6 7.5YR 5/6 scl 1° 3 m-c sbk h s-vs, p 3 n-mk pf N.O. eo cw cw
2° 1 m-c c

2Btkb 63-73 7.5YR 4/4 7.5YR 6/6 scl 1 f-m sbk so-sh ss, ps 1-2 n pf I e -- as
3Kqmb2 73-123 7.5YR 7/6 7.5YR 8/4 sl 2m pl vh so, po N.O. IV ev cs --
3Bkqmb2 123-160 7.5YR 6/4 7.5YR 7/4 sl 1f pl sh-h so, po N.O. II+ ev cs aw

Rk 160+ Tertiary volcanic bedrock exposed in base of trench; secondary carbonate-silica fills fractures.

TRENCH MWV-T4-4m 
 
 

Ap 0-4 10YR 4/4 10YR 6/4 fsl 1-2 m sbk so so, ps N.O. N.O. eo -- as
BAt 4-10 10YR 4/4-6 10YR 6/4 scl 2 m sbk fr** s, p 1° 1 npo N.O. eo -- cs

2° vl n pf
Btkq 10-40 7.5YR 6/4 10-7.5YR 6/4 scl 3 m sbk h ss-s, p 1° 2npf I eo -- as
Bq 40-93 7.5YR 5/6 7.5YR 6/8 sl 1 m sbk sh vss, vps -- N.O. eo -- g

CBqk 93-114 10YR 5/6 10YR 7/4 ls 1° m lo-so so, po N.O. N.O. ve -- --7

1 f sbk
2Bkqb 114-134 7.5YR 5/6 -- ls 1 fgr fr** vss, po 1 n co I+ e -- aw
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Table A2.   So profile descriptions for Midway Valley—Continued. 
 

 
  Depth  Color2     Consistency    Hcl Cemen-  
 Horizon (cm) Moist Dry Texture Structure Dry Wet Clay films CaCO3

3 Rxn tation Boundary 
 
 

TRENCH MWV-T4-4m—Continued 
 
 

3Bkb 134-153 7.5YR 4/6 7.5YR 7/4 fsl 1 m sbk fr ss, ps N.O. I eo -- cw
4CBkb 153-186 10YR 4/4 10YR 7/4 fs m so so, po N.O. I+ ve-e -- cs

1 Locations of soil pits and trenches shown in figures 1, 2, and A1.
2 From Munsell soil color chart (Munsell Color Company, 1988); -- , no data.
3 Calcium carbonate, stagesI, II, III, and IV are defined in Birkeland (1984) and Birkeland and others (1991); N.O., none observed; d, disseminated in matrix..
4 Profile described by Scott Lundstrom (U.S. Geological Survey, written commun., 1994).
5 The soil profile from the surface down to the boundary between the 3Bk and 4Btkq was described at station 3 m, and the lower profile below this boundary was described at station 5 m. The depth to the

boundary between 3Bk and 4Btkq is at 184 cm atstation 3 m and 150 cm at station 5 m.
6 The profile from thesurface to a depth of 58 cm was described on the north wall of the trench because of disturbance (backhoe) of the southwall. The profile below 58 cm wasdescribed on the south wall.
7 Moved description of profile from station 4 m tostation 6 m along the soil horizon boundary.

Description Abbreviations 

Master horizon: 

A-surface horizon characterized by accumulation of organic matter and typically as a zone of illuviation of clay, sesquioxides, silica, gypsum, carbonate, and/or salts; B-subsurface
horizon characterized by a redder color, stronger structure development, and/or accumulation of secondary illuvial materials (clay, sesquioxide, silica, gypsum, and salts); C-subsurface
horizon that may appear similar or dissimilar to the parent material and includes unaltered material and material in various stages of weathering; K-subsurface horizon engulfed with
carbonate to the extent that its morphology is determined by the carbonate.

Master horizon modifiers: 

b-buried soil horizon; j-used in conjunction with other modifiers to denote incipient development of that particular feature or property; k-accumulation of carbonates; m-strong
cementation; ox-oxidized (for C horizon only); p-plowing or other disturbance; q-accumulation of silica; t-accumulation of clay; u-soil properties undifferentiated; v-vesicular structure;
w-color or structural B horizon; y-accumulation of gypsum. Numbers within unit descriptions: prefix numbers refer to differentiated horizons withincreasing depth in soil profile;
numbers within or following unit designation refer to further differentiation of properties within an individual soil.

Texture: 

sl-sand loam; fsl-fine sandy loam; msl-medium sandy loam; cosl-coarse sandy loam; ls-loamy sand; lfs-loamy fine sand; lms-loamy medium sand; lcos-loamy coarse sand; s-sand; fs-fine
sand; ms-medium sand; cos-coarse sand; l-loam; cl-clay loam; scl-sandy clay loam; fscl-fine sandy clay loam; mscl-medium sandy clay loam; sil-siltloam; sicl-silty clay loam; c-clay;
sic-silty clay; -- no data.

Structure: 

1°-primary; 2°-secondary; m-massive; sg-single grain; 1-weak; v1-very weak; 2-moderate; 3-strong; f-fine; m-medium; c-coarse; vc-very coarse; pl-platy; gr-granular; abk-angular
blocky; sbk-subangular blocky; cpr-columnar; pr-prismatic;

Consistency: 

Dry: h-hard; sh-slightly hard; vh-very hard; eh-extremely hard; lo-loose; so-soft; vfr-very friable (moist); fi-firm (moist); vfi-very firm (moist); efi-extremely firm (moist). Wet: so-
nonsticky; vss-very slightly sticky; ss-slightly sticky; s-sticky; vs-very sticky; po-nonplastic; vps-very slightly plastic; ps-slightly plastic; p-plast; c; vp-very plastic

A
ppendix—

Soil-Profi le D
escriptions 

 
65



Table A2.   So profile descriptions for Midway Valley—Continued. 
 

Description Abbreviations—Continued 

Clay films: 

1°-primary; 2°-secondary; f-few; vf-very few; 2-common; 3-many; 4-continuous; n-thin; mk-moderately thick; br-clay bridges holding mineral grains together; pf-faces of peds; po-lining
or filling tabular or interstitial pores; co-colloidal stains on mineral grains; N.O.-none observed

Reaction to cold, dilute hydrochloric acid (HCl Rxn): 

eo-none observed; ve-very slight; e-slight; es-strong; ev-violent

Cementation: 

--* no data; -- not cemented, but secondary carbonate and silica may be present; cs-weak; cs-strong

Boundary (with lower horizon): 

va-very abrupt; a-abrupt; c-clear;g-gradual; d-diffuse; s-smooth; w-wavy; i-irregular; b-broken
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EXPLANATION

Geophysical Survey Line: bar indicates end of line; arrow indicates survey

extended beyond line shown

Features Interpreted from Geophysical Data

Linear feature; see notes for description

Data point; small triangles indicate width of feature and/or

  uncertainty in location; see notes for description

Faults on base map from Scott and Bonk (1984).

Seismic Reflection and/or Refraction Survey Line:

   Reynolds & Associates (1985) - seismic reflection and refraction

   McGovern (1983) - seismic reflection only

   Pankrantz (1982) - seismic refraction only

Resistivity/Geoelectric Survey Line:

   Frischknecht & Raab (1984) - time-domain electromagnetic sounding

   Senterfit and others (1982) - Schlumberger resistivity

   Hoover and others (1982) - E-field ratio tellurics

   Smith and Ross (1982) - dipole-dipole resistivity

   Fitterman (1982) - magnetometric resistivity

   Flanigan (1981) - slingram

10 -- Based on data from a Schlumberger resistivity survey, "Several areas of high or

low resistivity are seen along cross section .... indicating significant lateral variations in

rock resistivity changes are attributed to differences in fracturing, faulting, and

lithology of the tuffs throughout the area, and to varying amounts of clay and other

fine-grained materials in the alluvium" (Senterfit and others., 1982, p. 2). Features

indicated along this survey line represent faults shown on a geoelectric cross section

(Senterfit and others., 1982, Figure3).

11 -- Based on electric-field ratio telluric field observations, this line indicates "the

location of faults inferred from the telluric data" (Hoover and others., 1982, Figure 3).

12 -- Based on dipole-dipole resistivity/IP data, this area contains "important vertical

resistivity contrasts indicative of faulting" on the west and, in the adjoining area to the 

east, "a pronounced low resistivity (200 ohm-m) zone" (Smith and Ross, 1982, p. 15).

The vertical discontinuity is down-on-the-west, and low resistivity zone is described

as a "fracture zone?" (Smith and Ross, 1982, Plate IV).

13 -- Based on dipole-dipole resistivity/IP data, this area contains a down-on-the-west

vertical discontinuity (Smith and Ross, 1982, Plate IV).

14 -- Based on dipole-dipole resistivity/IP data, this area contains a "fault or alteration?"

(Smith and Ross, 1982, Plate IV).

15 -- Based on dipole-dipole resistivity/IP data, this area contains a down-on-the-west

vertical discontinuity (Smith and Ross, 1982, Plate IV).

16 , 17  -- Based on a magnetometric resistivity survey, an "interpreted contact"

(Fitterman, 1982, p. 7) is identified between a high-conductivity zone on the west and a

low-conductivity zone on the east ( 16 ).  The western edge of the high-conductivity zone

( 17 ) possibly concides with the Midway Valley fault as mapped by Lipman and McKay

(1965) (Fitterman, 1982, p. 15).

18 -- Based on electromagnetic slingram survey data these heavy lines represent

the location of interpreted EM conductors" (Flanigan, 1981, p. 2).

19 -- "Midway Valley structure" of Ponce (1993) and Ponce and Langenheim

(1994) OFR 94-572.

1 , 2 , 3   - Based on shallow seismic survey data, the heavy lines represent "principal

NOTES

faults interpreted from reflection data, "with the area between labeled faults 2 and 3

referred to as "Midway Valley Structural  High?" (Reynolds & Associates, 1985,

Enclosure No. 15).  However, Reynolds & Associates (1985) also state (p.1). "Roughly

north-south bands of alternating higher and lower refraction velocities east of Exile Hill

may reflect: 1) local structurally high or low trends or buried hills and valleys, 2) zones

of greater or lesser fracturing, 3) zones of varying alluvial composition, or 4) some

combination of these." The processed seismic data may contain artifacts that may

have been interpreted incorrectly as geologic structures (Oliver and others., 1990 and

Neal, 1986.)

4 - Based on reconnaissance seismic refraction studies, this survey area "appears to

be complex, suggesting that some faulting is present both parallel and perpendicular to

the axis of the valley.  The relative mismatch of well-log and seismic data cautions the

user to beware of making excessively detailed interpretations of the derived velocity

model. Additional work is vitally needed...." (Pankrantz, 1982, p. 19).

5 - Based on reconnaissance seismic refraction studies, "Preliminary interpretations

of the most reliable data suggest the occurrence of major, steeply inclined velocity

interface.... This interface may represent a major fault or erosional feature...."

(Pankrantz, 1982, p. 3).

6 - Based on a resistivity cross section prepared from data obtained using TDEM

techniques, this area contains a "major fault or faults zone....which displaces the

lower conductive layer about 400 m downward on the west side." (Fischknecht and

Rabb, 1984, p. 987)

7 -- Based on a resistivity cross section prepared from data obtained using TDEM

techniques, this area contains a "major lateral discontinuity... probably due to the 

Paintbrush Canyon fault...." (Frischknect and Raab, 1984, p. 987).

8 -- Data from a Schlumberger resistivity survey are shown on a geoelectric cross

section.  A note on this cross section states, "Faults shown on this cross section are

mapped by Lipman and McKay, 1965" (Senterfit and others, 1982, Figure 4); apparently

no faults are interpreted from resistivity survey data.

9 -- Based on data from Schlumberger resistivity survey, this area contains "sharp

changes in resistivity values... These changes could be a reflection of vertical

displacement caused by faults crossing the line of the cross-section." (Senterfit

and others, 1982, p. 3).

   Ponce and Langenheim (1994; Lines G1 and G4 Shown in Figure 11)

   Ponce (1993)

Gravity and Electromagnetic Survey Lines

20 -- Exile Hill faults.

Alluvium

Bedrock

Fault, dashed where approximate, dotted where inferred,

queried where uncertain, bar and ball on hangingwall,

bar and arrow = measured dip.
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EXPLANATION

(%, percent; cm,centimeter; >, greater than; ~, approximate;
10 yr 5.5/3, color svmbol from Munsell Color Company, Inc.
(1988); color in dry state; m, color in moist state)

DESCRIPTION OF DEPOSITS AND SOILS

Soil horizon boundary, solid where very abrupt
or abrupt, dashed where clear, dotted where
gradational or diffuse, queried where inferred

Bedding contact within geologic unit, solid where
sharp (0 to 2 cm), dashed where less distinct
(gradational over interval of 2 to 5 cm), dotted
where gradational (gradational over interval of 
>5 cm), queried where inferred

Fracture, solid where clearly defined, dashed
where less distinct, dotted where indistinct

Location and descriptor of dating sample

Location of detailed soil description (see
appendix A).  Contacts between soil horizons
labeled 'S'

Clast

Animal Burrow

Lithologic contact, solid where sharp (0 to 2 cm),
dashed where less distinct, (gradational over an
interval of 2 to 5 cm), dotted where gradational
over >5 cm), queried where inferred

?

?

?

Bedrock exposure in floor of trench

STRATIGRAPHY OF DEPOSITS AND SOILS

Alluvial Units 

Colluvial Units

Unit Subunit Soil-- see descriptions and symbols in Table A2

Unit Subunit Soil

Qa5 & Qa6

Qa4 & Qe4

Qa3

S5

S4

S3

A-Bwk-Bk

Alluvium with minor
eolian deposits

(A + B) p-Bk-Btkq
Alluvium and eolian

deposits

Bkqb-Bkqb/Kqb

Alluvium: alluvial facies,
alluvial sandy gravel facies,
alluvial gravely sand facies,
and debris-flow facies

Alluvium

Alluvium

Ap-Btk-Btkqm-Bkqm/Kqm-BkS2c-b

Qa1?

Qa2 Qa2b

Qa2a

Qa2c

Alluvium

Btkqb-Bkqb-Bkb-CkcS2a

Alluvium

Qc5

Qc4

Qc3

Qc2

Qc1?

QTcu

TV

Qc3e

Qc3d

Qc3c

Qc3b

Qc3a

S5

S4

S3e

S3d

S2

S3

Scu

Avp-Bwk (Btjk?)- Bk

Colluvium

Avbkq-Btkqb

Colluvium

Btkqb-Bkqb/Kqb-Btjkqb

Colluvium

Btjkqb-Bkqb-CBkb
Colluvium

Colluvium

Btjkqb-Bkqb
Colluvium

Colluvium

Btqb-Btjkqb
Colluvium

Colluvium

Kqmb

Colluvium

Tiva Canyon Tuff of Paintbrush Group

LINES AND SYMBOLS

Alluvial Units

Qa5+Qa6

S5 A-Bwk-Bk
Upper solum of S5 developed on Qa5; A - pale       
brown to brown 
(10YR 5.5/3 d) sandy loam; Bwk - 
pale brown (10YR 6/3 d) sandy 
loam with stage I 
carbonate morphology; Bk- very pale brown 
(10YR 
7/4 d) sandy loam with stage I carbonate 
morphology.

Alluvium with Minor Eolian Deposits
Predominately sandy pebble to small cobble gravel; 
light yellowish 
brown (10YR 6/4 d);clast supported (60 
to 70% gravel) subangular 
to subrounded gravels, 
locally matrix supported; sandy matrix; 
gravel fraction 
predominately very coarse pebbles and small cobbles 

with large cobbles to 17 cm (clast size is reported as 
largest 
intermediate axis);crudely bedded with individual 
beds 
approximately 20 cm thick; clasts are imbricated; 
loose to soft 
consistency; clasts are Paintbrush Group 
lithologies.  Eolian deposits 
are predominately pebbly, 
silty fine sand with 5 to 10% gravel; 
upper 12 to 15 
cm of unit disrupted by excavation activities.

Qa4+Qe4

S4 (A+B)p-Bk-Btkq 
(A+B) p - dark yellowish brown (10YR 4/4 m) sandy 
clay loam; Bk 
- yellowish brown (10YR 5/4 m) sandy 
clay loam with stage I- 
carbonate morphology; Btkq - 
reddish yellow (7.5YR 6/6 m) sandy 
clay loam with 
stage I carbonate morphology.

Alluvium and Eolian Deposits
Predominately sandy pebble gravel; reddish yellow 
(7.5YR 6/6 m); 
mostly clast supported (50 to 60% 
gravel) subangular to subrounded 
gravel; locally matrix 
supported; sand matrix; gravel fraction 
predominately 
very coarse pebbles and small cobbles with few large 

cobbles to 17 cm diameter; crudely bedded; local 
imbrication of 
clasts; loose to slightly hard 
consistency.

Qa3

S3 Bkqb-Bkqb/Kqb
Bkqb - strong brown (7.5YR 5/6 m) sandy loam with 
stage I 
carbonate morphology; Bkqb/Kqb - very pale 
brown to light 
yellowish brown (10YR 8/3 d, 10YR 
6/4 m) sand to sandy loam 
with variable stage II to 
IV carbonate morphology.

Alluvium
Predominately sandy pebble to small cobble gravel with 
lesser 
amount of fluvial gravely sand and minor 
debris flow gravely sand; 
poorly sorted with local 
moderate sorting; predominately clast 
supported (60 to 
70% gravel) with local areas of matrix supported 

deposits; fine to coarse sand matrix; gravel fraction 
predominately 
medium pebbles with some large 
cobbles to 20 cm diameter; crudely 
bedded as defined 
by textural variations, beds are continuous for 
several 
meters and represent cut-and-fill channels, 
mid-channel 
bars, or planar channel bedding; 
imbricated gravel and weakly 
expressed cross beds 
are evident; variable lithologies with 
Paintbrush Group 
dominant.

Alluvial Facies
Predominately pebbly sand with approximately 30% 
interbedded 
sandy, medium-pebble gravel; 
approximately 70% of deposit is 
matrix supported (30 
to 50% gravel) subrounded to rounded gravel, 
locally 
clast supported; medium sand matrix; gravel fraction 

predominately medium to coarse pebbles with very few 
small 
boulders to 28 cm diameter; crude bedding 
defined by textural 
variations, beds are continuous for 
several meters and represent cut-
and-fill channels, 
mid-channel bars, or planar channel beds; variable 

lithologies with Paintbrush Group dominant.

Alluvial Sandy Gravel Facies
Predominately sandy pebble gravel; light gray to very 
pale brown 
(10YR 7/2-3 d);moderately to poorly 
sorted; dominantly clast 
supported (60 to 70% gravel) 
subrounded to subangular gravel with 
minor areas of 
matrix supported deposits; medium to coarse sand 

matrix with minor fine sand and silt; gravel is 
predominately coarse 
to very coarse pebbles (40 to 
50% pebbles) with some large cobbles 
to 20 cm 
diameter; crudely bedded with individual beds ranging 
in 
thickness from 5 to 20 cm; beds are laterally 
continuous for a few 
meters or less and represent 
cut-and-fill channels, channel bars, or 
cross beds; 
variable lithologies with Paintbrush Group dominant and 

minor rhyolite lithologies of the Fortymile assemblage.

Alluvial Gravely Sand Facies
Predominately pebbly silty medium-grained sand; pale 
brown to 
very pale brown (10YR 6/3 d; 10YR 7/3-4 
d); moderately to poorly 
sorted; matrix supported (15 
to 25% gravel) subrounded gravel; silty 
sand matrix; 
gravel is predominately very coarse pebbles with large 

cobbles to 13 cm diameter; nonbedded; weakly 
expressed 
imbrication of clasts; clasts are Paintbrush 
Group lithologies.

Debris-Flow Facies
Predominately very coarse silty fine to medium sand; 
reddish yellow 
(7.5YR 7/6 d) in upper part of unit 
and yellow (10YR 7/6 d) in lower 
part of unit; matrix 
supported (15 to 30% gravel) subangular to 

subrounded gravel; silty fine to medium sand matrix; 
gravel is 
predominately very coarse pebbles with large 
cobbles to 17 cm 
diameter; massive; hard consistency; 
clasts are Paintbrush Group 
lithologies.

Qa2c

S2c-b Ap-Btk-Btkqm-Bkqm/Kqm-Bk
Ap - very pale brown to dark yellowish brown (10YR 
7/3 d, 10YR 
4/4 m) sandy clay loam; Btk - very 
pale brown to pink (10-7.5YR 
7/4 d) to strong brown 
(7.5YR 5/6 m) sandy clay loam with stage I 

carbonate morphology; Btkqm - pink to yellowish 
brown (7.5YR 
7/4d, 10YR 5/6 m) loamy sand with 
stage II to III carbonate-silica 
morphology; Bkqm/Kqm 
- white (10YR 8/1 d, 10YR 8/2 m) loamy 
sand with 
stage III carbonate-silica morphology; Bk - very pale 

brown to yellowish brown (10YR 7/4 d, 10YR 5/4 m) 
loamy sand 
with stage II carbonate morphology.

Alluvium
Sandy pebble gravel to pebbly sand; yellow to reddish 
yellow (10-
7.5YR 8/6 d); poorly sorted; predominately 
clast supported (40 to 
60% gravel) with some matrix 
supported (20 to 30% gravel) 
subrounded to 
subangular gravel; fine to medium sand matrix; 
gravel 
is predominately fine to medium pebbles with minor 
small 
boulders to 26 cm diameter; mostly nonbedded; 
variable lithologies 
include Paintbrush Group and 
rhyolite of the Fortymile Wash 
assemblage.

Qa2b

Alluvium
Predominately sandy pebble gravel with pebble to small 
cobble 
gravel near the base of unit; very pale brown 
(10YR 7/3 d) color is 
influenced by pedogenic 
alteration; moderately to poorly sorted; clast 
supported 
(60 to 70% gravel) subrounded gravel, locally matrix 

supported; fine to medium sand matrix; gravel is 
predominately fine 
to medium pebbles with minor large 
cobbles to 28 cm diameter; 
crudely bedded as defined 
by textural variations, bedding is 10 to 20 
cm thick 
and laterally continuous for several meters; weakly 

expressed clast imbrication; abrupt to very abrupt 
upper and lower 
contacts; variable lithologies with 
Paintbrush Group dominant.

Qa2a

S2a Btkqb-Bkqb-Bkb-Ckb
Btkqb - yellowish brown to dark yellowish brown 
(10YR 5/4 d, 
10YR 4/6 m) sandy loam with stage I+ 
carbonate morphology; Bkqb 
- brownish yellow to 
yellowish brown (10YR 8/1 d, 10YR 8/2 m) 
and very 
pale brown to yellowish brown (10YR 7/4 d, 10YR 5/4 
m) 
loamy sand with stage I+ to II carbonate 
morphology; Bkb - very 
pale brown to yellowish brown 
(10YR 7/4 d, 10YR 5/4 m) loamy 
sand with stage II 
carbonate morphology; Ckb -yellowish brown 
(10YR 
5/8 m) sand with stage I carbonate morphology.

Alluvium
Predominately sandy pebble gravel with some beds of 
pebbly sand; 
light gray to very pale brown (10YR 
7/2-3 d) and light yellowish 
brown (10YR 6/4 d); 
moderate to poor sorting; clast supported (20 to 
80% 
gravel, mode = 60 to 70%) subrounded gravel; loose 
sandy 
matrix; gravel is predominately coarse to very 
coarse pebbles with 
few small boulders to 40 cm 
diameter; crudely bedded; weakly 
expressed imbrication 
of gravel; pebbly sand facies is brownish 
yellow (10YR 
6/6 d); matrix supported (40 to 55% gravel) 

subrounded gravel; gravel is predominately medium 
pebbles with 
some large cobbles to 15 cm diameter; 
unit is inset into sandy gravel 
facies; variable 
lithologies of the Paintbrush Group are dominant; 

weakly cemented zones within soil profile.

Qa1?

Alluvium
pebble gravel; limited exposure.

Colluvial Units

Qc5

S5 Avp-Bwk (Btjk?)- Bk
Avp - very pale brown to light yellowish brown (10YR 
8/3 d, 10YR 
6/4 m) sandy loam to loam; Bwk 
(Btjk?) - very pale brown to 
yellowish brown (10YR 
7/3 d, 10YR 5/4 m) loam with stage I 
carbonate 
morphology; Bk - very pale brown to yellowish brown 

(10YR 7/4d; 10YR 5/4 m) sandy loam with stage I 
carbonate 
morphology.

Colluvium
Predominately pebbly to cobbly sand; very pale brown 
(10YR 7/4 d); 
poorly sorted with minor areas of 
moderate sorting; matrix supported 
(25 to 30% gravel) 
subangular to angular gravel and locally clast 

supported (up to 90% gravel); silty fine to medium 
sand matrix; 
gravel is predominately very coarse 
pebbles and small cobbles with 
small boulders to 30 
cm diameter; crudely bedded with individual 
beds 15 
to 40 cm thick and laterally continuous for a few 
meters; 
weakly expressed stone lines; loose 
consistency; clasts are restricted 
to Tiva Canyon Tuff  
lithologies locally exposed on Exile Hill.

Qc3e

S3e Btkqb-Bkqb/Kqb-Btjkqb
BtkqB - pink to light brown (7.5YR 7/4 d, 7.5YR 6/4 
m) sandy loam 
with stage I carbonate-silica 
morphology; Bkqb/Kqb - white to very 
pale brown 
(10YR 8/1 d, 10YR 7/4 m) loamy sand with stage II 
to 
IV carbonate-silica morphology; Btjkqb - light 
yellowish brown to 
yellowish brown (10YR 6/4 d, 10YR 
5/6 m) loamy sand with stage I 
carbonate-silica 
morphology.

Colluvium
Predominately pebbly silty sand; pink to very pale 
brown (7.5YR 8/4 
d, 10YR 8/3 d); poorly sorted; 
matrix supported (7 to 25% gravel) 
subangular to 
angular gravel; silty, fine to medium sand matrix; 

matrix is moderately to poorly sorted; gravel is 
predominately 
coarse to very coarse pebbles with large 
cobbles to 17 cm diameter; 
nonbedded; hard 
consistency; clasts are restricted to Tiva Canyon 
Tuff 
lithologies exposed locally on ExileHill.

Qc4

S4 Avbkq-Btkqb
Avbkq - very pale brown to yellowish brown (10YR 
8/2 d, 10YR 5-
6/4 m) sandy loam with stage I- 
carbonate morphology; Btkqb - light 
brown to strong 
brown (7.5YR 6/4 d, 7.5YR 5/4-6 m) and pink to 

reddish yellow (7.5YR 6-7/4 d, 7.5YR 6/6 m) silty 
clay loam with 
stage I- to I+ carbonate morphology.

Colluvium
Predominately pebbly, silty sand; reddish yellow (7.5YR 
6/6 d); 
poorly sorted; matrix- supported (15 to 20% 
gravel) subangular to 
angular gravel; silty, fine to 
medium sand matrix; gravel is 
predominately very 
coarse pebbles with large cobbles to 20 cm 
diameter; 
nonbedded; soft to slightly hard consistency; clasts are 

restricted to Tiva Canyon Tuff lithologies locally 
exposed on Exile 
Hill.

Qc3d

S3d Btjkqb-Bkqb-CBkb
Btjkqb - very pale brown to light yellowish brown 
(10YR 8/3 d, 
10YR 6/3-4 m) and pink to strong 
brown (7.5YR 7/4 d, 7.5YR 5/6 
m) loamy sand to 
sandy loam with stage I-II carbonate-silica 

morphology; Bkqb - very pale brown to pale brown 
(10YR 7/3 d, 
10YR 6/3 m) loamy sand with stage II+ 
carbonate-silica 
morphology; Cbkb - very pale brown 
to light yellowish brown 
(10YR 7/3 d, 10YR 6/4 m) 
loamy sand with stage I+ carbonate- 
silica 
morphology.

Colluvium
Predominately pebbly-cobbly silty sand; reddish yellow 
to very pale 
brown (7.5YR 7/6 d,10YR 8/4 d); poorly 
sorted; matrix supported 
(10 to 40% gravel) 
subangular to angular gravel; silty, fine to 
medium 
sand matrix; matrix is poorly sorted; gravel fraction is 

predominately coarse to very coarse pebbles with large 
cobbles to 
15 cm diameter; nonbedded; hard 
consistency; clasts are restricted to 
Tiva Canyon Tuff 
lithologies exposed locally on Exile Hill.

Qc3c

Colluvium
Predominately pebbly to cobbly silty sand; reddish 
yellow to very 
pale brown (7.5YR 6/4d); poorly sorted; 
matrix supported (20 to 
40% gravel) subangular to 
angular gravel; silty, fine to medium sand 
matrix; 
matrix is moderately to poorly sorted; gravel is 

predominately medium pebbles to small cobbles with 
large cobbles 
to 13 cm diameter; nonbedded; hard to 
very hard consistency; clasts 
are restricted to Tiva 
Canyon Tuff lithologies exposed locally on 
Exile Hill.

Qc3b

S3b Btjkqb-Bkqb
Btjkqb - light brown to very pale brown (10-7.5YR 
6/4 d) to brown 
to yellowish brown (10-7.5YR 5/4 
m) loamy sand to sandy loam 
with stage I- to I 
carbonate-silica morphology; Bkqb - very pale 
brown 
to light yellowish brown (10YR 7-8/3 d, 10YR 6/4m) 
loamy 
sand with stage II to II+ carbonate-silica 
morphology.

Colluvium
Predominately pebbly to cobbly silty sand; reddish 
yellow to very 
pale brown (7.5YR 6- 7/6 d, 10YR 7/3 
d); poorly sorted; matrix 
supported (20 to 40% gravel) 
subangular to angular gravel; silty, 
fine to medium 
sand matrix; matrix is moderately to poorly sorted; 

gravel is predominately medium pebbles to small 
cobbles with large 
cobbles to 13 cm diameter; 
nonbedded; hard to very hard 
consistency; clasts are 
restricted to Tiva CanyonTuff lithologies 
exposed locally 
on Exile Hill.

Qc3a

S3a
Colluvium
Predominately pebbly silty sand; reddish yellow (7.5YR 
7/6 d); 
poorly sorted; matrix- supported (15 to 30% 
gravel) subangular to 
angular gravel; silty, fine to 
medium sand matrix; matrix is 
moderately to poorly 
sorted; gravel is predominately fine to medium 
pebbles 
with small cobbles to 10 cm diameter; nonbedded; 
hard to 
very hard consistency; clasts are restricted to 
Tiva Canyon Tuff 
lithologies exposed locally on Exile 
Hill.

Qc2

S2 Btqb/Btjkqb
Btqb/Btjkqb - pink to very pale brown (10-7.5YR 7/4 
d) to reddish 
yellow (7.5YR 4/6 m) loamy sand to 
sandy loam with stage I 
carbonate-silica morphology; 
upper part of soil eroded.

Colluvium
Predominately pebbly silty sand; reddish yellow (7.5YR 
6/6 d); 
poorly sorted; matrix- supported (25 to 40% 
gravel) subangular 
gravel; silty, fine to medium sand 
matrix; matrix is moderately 
sorted; gravel is 
predominately fine to medium pebbles with small 

cobbles to 10 cm diameter; nonbedded; slightly hard 
to hard 
consistency; clasts are restricted to Tiva 
Canyon Tuff lithologies 
exposed locally on Exile Hill.

Qc1?

Colluvium
Predominately pebbly silty sand; reddish yellow (7.5YR 
6/6 d); 
poorly sorted; matrix supported (25 to 40% 
gravel) subangular 
gravel; silty, fine to medium sand 
matrix; matrix is moderately 
sorted; gravel is 
predominately fine to medium pebbles with small 

cobbles to 10 cm diameter; nonbedded; slightly hard 
to hard 
consistency; clasts are restricted to Tiva 
Canyon Tuff lithologies 
exposed locally on Exile Hill.

Reference: Munsell Color Company, Inc., 1988, Munsell Soil Color 
Charts: Baltimore Maryland.

Log prepared by J.R. Wesling, F.H. Swan, A.P. Thomas, and M.M. 
Angell

QTcu

Scu Kqmb
Kqmb - white (10YR 8/1 d, 10YR 8/2 m) loamy 
sand with stage IV 
carbonate-silica morphology.

Colluvium
Gravely sand (?); white (10YR 8/1 d); matrix 
supported (~20% 
gravel) angular to subangular gravel; 
matrix is sand impregnated by 
secondary 
carbonate-silica; gravels are cobbles to boulders; 

extremely hard consistency; original character of unit 
is obscured 
by pedogenic alteration; clasts are 
restricted to Tiva Canyon Tuff 
lithologies exposed 
locally on Exile Hill.

Tv

Bedrock
Tiva Canyon Tuff of Paintbrush Group.

Tv, s
Silica-impregnated to of Tiva Canyon Tuff.
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Surface disturbed

Kqm

Bkq/Bk

Ckq

Debris flow Btkq

Btkq
Kqm/Bkqm

Ckq

Btkq

Bkq

Survey stake
TP5a #116

Flaggy, plately soil structure
with strong silica cementation

Locally the Q3 units has very strong silica
cementation, which dominated the soil
stratigraphy adjacent to the debris flow

Krotovina
Btjkq

Bwkq

Kqm/Bkqb Bkqb
Kq/Bkq

Ck

Survey stake
TP5a #115

Ck

Bwkq

Survey stake
TP5a #114

Bkq

Bkq Kq

Bkq BtjKq Krotovina

Colluvium: pebbly, silty
fine to medium sand,

7.5YR-10YR 6/6 (d)

Bkq2

Krotovina

Krotovina: pebbly, silty,
fine to medium sand,
white, 10YR 8/2 (d)

Sample HD979

Sample HD978

Survey stake
TP5a #113

Soil Profile
MW-T5-185m

Ck

Btkq
Bkq1
Bkq2

Btjkq

Bk/Ck

Pebbly, silty fine
to medium sand

Btkq

Bkq2/Ck
Cut+fill

channel #1
Cut+fill

channel #2

Krotovina

Krotovina: fine pebbly, silty
fine to medium sand, very
pale brown, 10YR 7/4 (d)Nested debris-flow deposits: medium

to coarse pebbly, silty fine to medium
sand, brownish yellow, 10YR 6/6 (d)

Nested debris flow deposit: medium
to coarse pebbly, silty fine to medium
sand, brownish yellow, 10YR 6/6 (d)

Bkq

Bkq2/Ck

Bkq
Bkq/Ck

Bkq

Btjkq

Survey stake
TP5a #112

Bk Ck?
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Krotovina

Survey stake
TP5a #121

Survey stake
TP5a #120

Sandy gravel, gray 10 YR5/1(d)-slight
carbonate cementation layers, white
10 YR8/1(d)-carbonate-rich layers

Gravelly sand
Krotovina

Kq
Bkq/Kq

Bkq

Cq

Stage III Stage I

Debris flow

Carbonate filaments,
laminae, and stringers

dispersed in debris flow

Cq

Stage II+
carbonate

Gravelly sand to sandy gravel Ck

Sandy gravel

Gulleybed cementation? Bkq1
Bkq2 Bkq2

Ck

Stage II - III
carbonate

Sandy
gravel

N28E strike

Krotovina
Stage II -III carbonate

Bkq
Bkq

Survey stake
TP5a #119

Survey stake
TP5a #118

Sandy pebble gravel

Cq

Laminar Bk and
Bq increase

Btkq

Krotovina

Gulleybed
cementation

Krotovina

Krotovina
Pebbly sand, plugged
with carbonate

The Q4 unit has been
pervasively bioturbated

Krotovina

Fracture indistinct, discontinous, and not
evident on north trench wall

Av + Bw
Btk

Surface disturbed

Gulleybed
cementation

Survey stake
TP5a #117

Flaggy soil
structure

Ckq

Bkq/Bk

Kqm

Survey stake
TP5a #122

Survey stake
TP5a #123

Stage II - III + carbonate

Disturbed surface Carbonate
impregnated

Disturbed surface

Carbonate/silica cementation

Channel deposit

Small clasts are lined up along
fracture and appear to be rotated

N3E Strike

Indistinct discontinuously
carbonate filled fracture

N37E Strike

Krotovina

Ckq?

Bkq/Kq

Cobbly sand to sandy cobbly gravel

Gravelly sand; reddish yellow, 7.5 YR7/6(d)

Soil Profile
MWV-T5-44mSurvey stake

TP5a #128

Ck
Ck

Kq

STATION, METERS

Survey stake
TP5a #131

Soil profile
MWV-T5-3-5m

Bk

BtKq
Bk

Bkq/Kq

BtKq

Bk

Ck

Survey stake
TP5a #130

BKq

Krotovina

Cq
Channel gravels

N18E Strike

N16E Strike

BKq

Survey stake
TP5a #129

Cq

BKq

Bkq/Kq

N12E Strike

BKq

BKq

Ck

Cq

Highly disturbed
surface

N12E Strike

BKq
BKq

Bkq/Kq

Bkq/Kq

Ck

BKq Bkq/Kq

BKq

Ck

Bkq/Kq

Upper 1/2-2/3 of          unit is dominated
by gravelly sand facies which appear to be
channel cut and fill deposits cut into underlying
sandy gravel facies

Survey stake
TP5a #127

BKq

BKq

BtKq

Highly disturbed
surface

Survey stake
TP5a #126

BtKq

Bk
Bkq/Kq

BKq

BKq BKq

BKq BKq

Krotovina

BKq

BKq

BKq

Bk

Ck

BKq

BKq

Ck

Survey stake
TP5a #125

BKq

N30E Strike

Krotovina

BKq

Ck

Bk

Possible gullybed
cementation

BKq BKq

BKq

Survey stake
TP5a #124

Krotovina

BKq BKq

N53E Strike

BKq

BKq

Kq

Krotovina
Bkq/Kq

Krotovina

Debris flow
Btjkq

Bkq Btk

Btk

Btk

Krotovina

Subrounded gravels

Qa5The upper 30-40 cm of         is a lens
of imbricated sandy fine gravel. Below

Qa5this lens        is a gravelly sand.
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Sample HD-972

Note: Side vertical scales are based on an arbitrary datum
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See Plate 4A
for Explanation

Bench floor

N16E

N2E strike

N28E strike

N17E

N11E,80E

N28E strike

N20E,74E

Ground surface
disturbed

Ground surface
disturbed

Survey stake

Survey stake

Survey stake

Survey stake

TP5a #100

TP5a #101

TP5a #102

TP5a #2

Survey stake
TP5a #106

Stage II+ to III- carbonate

Survey stake
TP5a #105

Survey stake
TP5a #104

TP5a #103
Survey stake

Survey stake
TP5a #102

Survey stake
TP5a #111

TP5a #110
Survey stake

Survey stake
TP5a #109

Survey stake
TP5a #108

Survey stake
TP5a #107

Av

Stage II to II+
carbonate

Sample HD972
(Uranium series dots 41± 8ka) s
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QTcu

QTcu

Btkq
Kq
Btkq

BkqQc3b

Qc3d

Qc3a

Qc3e

Qc2

Qc1
(Qc2?)

Qc3d

Qc5
Qc5

Btkq
Kq

Qc3e

Bkq

Btkq

BkqQTcu

T5-1

Qc4 Qc4KqBtkq

Btkq

Qc3d

Qc3e

Qc4QTcu

CaCO3-SiO2

Iamina CaCO3
and SiO2

cemented
brecciated

volcanic rock

QTcu

Qc5
Qc4

Qc5

Qc4

Qc4

Qc5

Qc5

Tv,s

Tv

Tv

North Wall

No bedrock in floor
of trench to East

Bedrock comprises floor
of trench to West

Location of
bedrock step

Qc5

Qc3e

Qc3d
Qc3b

Qc2

Bkq

Btkq

Qc4

BCq

Bkq

Btkq

Bkq+Ckq

BCq

Bkq

Btkq

Bkq

Ck

Bkq+Ckq

Btkq
BCkq

Qc3d

Qc3b

Qc2

BCq
Bkq

Btjkq

Bkq
Btjkq

BCkq

Bkq

Bkq
Bkq

Bkq

Btq

Qc3e Qc3d
Qc3c

Qc5
Qc4

Qc3b

Btkq

Bwk
Btkq

Bkq Qc3b

Qc3b

Qc3b

Qc5
Qc4

Qc3e

Qc3d

Qc2

Trench wall cut back
(south), creating bench
1.5 meters wide

Strong carbonate and
cementation.  Obscure
lithological and soil
horizon boundaries

South Wall

Lower half of Q5 is a sandy cobble gravel
Sandy, fine to medium pebble gravel
clast supported and imbricated

NOTE: Thermoluminescence date TL-01 (27±5ka; see table 2 in text)
was determined for a sample of the buried Av of Qc4 at a depth of
about 55 cm from the north (opposite) wall at station 237 m.

Bkq

South Wall

Bkq
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Qc3d

Qc3e
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Qc5

CBq

Bkg/Ck

Qc4

Qc2

Bk
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A A
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SiO2 seam

Note: Side vertical scales are
based on an arbitrary datum
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MAPS OF TRENCH MWV-T4,  PLATE 5
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(Elevation 3669.64 feet)
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U-series sample
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U-series sample
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TL sample
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U-series sample

[MWV-T4-11]

U-series sample

[MWV-T4-10]

TL sample
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TL sample
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Rhyzolith

U-series sample

[MWV-T4-04]

U-series sample
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U-series sample
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[MWV-T4-06]
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[MWV-T4-03]
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[MWV-T4-10]

U-series sample

[MWV-T4-11]

U-series sample
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U-series sample
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MWV-T4-07

MWV-T4-09N38E

N18E

N34E
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N34E

N46E, 78NW
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N46E,78NW

N43E,65SE

N50W S35E

N50W S35E

LARGE SCALE LOG OF EAST HALF OF
NORTHEAST WALL

NORTHEAST WALL

Rhyzolith

Fracture is carbonate filled
at bottom of trench

Upper solum of buried soil.  Bkqb - very pale brown to dark yellowish brown
(10YR 7/4 d, 10YR 4/4 m) fine sand, stage I+ carbonate/silica morphology with
nodular carbonate and abundant rhizoliths.

Scarp Derived Colluvium

A/Btj

Btkqb/Bq2b/CBqkb

Eolian Sand/Colluvium

Alluvium

Bkqb

Alluvium

Buried soil. Btkq - light brown to light yellowish brown (10YR - 7.5YR 6/4 d,
7.5YR 6/4 m) to reddish yellow to brown (7.5YR 6/6 d, 7.5YR 4/4 m) sandy
clay loam, textural  B horizon with Stage I carbonate;  Bq2 - reddish yellow to
strong brown (7.5YR 6/8 d, 7.5YR 5/6 m) sandy loam; CBqk-very pale brown
to yellow brown (10YR 7/4 d, 10YR 5/6 m) loamy sand.

Predominantly pebbly fine sand;  very pale brown (10YR 7/4 d); moderately
well sorted; matrix-supported (5% gravel) angular gravel;  fine-sand matrix;
gravel fraction predominantly medium pebbles with a few small cobbles up to
10 cm diameter;  weak stone lines suggestive of bedding; generally loose to
friable consistency, slightly hard to hard in soil horizons.

Predominantly fine-sandy, very coarse pebble gravel;  very pale brown (10YR 7/4 d);  poorly
sorted;  clast-supported (70 ± 10% gravel) angular gravel; fine-sand matrix;  gravel fraction
predominantly very coarse pebbles with a few small cobbles up to 12 cm diameter; generally
nonbedded, weak stone lines; friable to slightly hard consistency.

Bkqb
Upper solum of buried soil. Bkqb - strong brown (7.5YR 5/6 d) medium-grained
loamy sand; silica films. 

Predominantly pebbly, silty, fine to medium sand; very pale brown (10YR 8/4 d);
moderately sorted; matrix-supported (5% gravel) angular gravel; fine-to medium-
sand matrix; gravel fraction predominantly fine pebbles with a few coarse pebbles
up to 2 cm diameter;  massive;  loose to friable consistency,  slightly hard
consistency within soil horizons.

Scarp Derived Colluvium
(Adjacent to fault scarp) Predominantly pebbly to cobbly sand to sandy pebble
to cobble gravel; very pale brown (10YR 7/4 d); poorly to moderately sorted;
matrix-supported (50 ± 10% gravel) angular gravel;  fine sand matrix; gravel
fraction is predominantly very coarse pebbles to large cobbles with a few large
cobbles up to 22 cm diameter; nonbedded; friable to slightly hard consistency.
(At Station 3 m) Predominantly pebbly fine sand; very pale brown (10YR 7/4 d);
poorly to moderately sorted; matrix-supported (13 + 2% gravel) angular gravel;
gravel fraction predominantly medium pebbles; fine sand matrix; massive; friable
to slightly hard consistency; few rhizoliths.

Eolian Sand/Colluvium
Predominantly pebbly, silty fine sand; very pale brown (10YR 7/3 d); moderately
sorted; matrix-supported (10 ± 5% gravel; 25% gravel locally) subangular gravel;
silty fine sand matrix; gravel fraction is predominantly medium pebbles with very
few large  cobbles up to 15 cm diameter; massive; friable consistency; common
rhizoliths.

Scarp Derived Colluvium
(Station 3.2 to 8.5 m)  Predominantly pebbly fine sand; very pale brown
(10YR 8/3 d); poorly sorted;  matrix-supported (40 ± 10% gravel) (locally clast
supported) angular gravel; fine-sand matrix; gravel fraction predominantly large
pebbles with a few large cobbles up to 15 cm diameter; massive; soft consistency;
very few rhizoliths. Colluvium (Station 16 m) grades to predominantly pebbly fine
sand; very pale brown (10YR 8/3 d); poorly to mederately sorted; matrix-supported
(20 ± 10% gravel) subangular to angular gravel; fine-sand matrix; gravel fraction
predominantly medium pebbles with very few small cobbles up to 10 cm diameter;
massive, locally there are small lenses of fluvial (?) gravel; slightly hard to hard 
consistency; common rhizoliths.

Scarp Derived Colluvium.

Scarp Derived Colluvium.

Alluvium

Eolian Sand/Colluvium (?)

Eolian Sand/Colluvium

Predominantly pebbly to cobbly sand; reddish yellow (7.5YR 7/6 d); poorly sorted; matrix
supported (20 ± 5% gravel) subangular to angular gravel; fine-sand matrix; gravel fraction
predominantly very coarse pebbles with some small cobbles up to 12 cm diameter; massive;
hard consistency; unit is sheared.

Scarp Derived (?) Colluvium

Kqb/Bkq

Colluvium
Predominantly sandy very fine-pebble gravel; white (10YR 8/1-2 d); matrix-supported
(40 ± 10% gravel) angular gravel; sand matrix; gravel fraction predominantly very fine
pebbles with a few small cobbles up to 12 cm diameter; no bedding evident, very hard
consistency.

Eolian Sand/Colluvium (?)

Bedrock

*  Description of fine-earth (<2 mm) fraction only

Reference:  Munsell Color Company, Inc., 1988, Munsell Soil Color Charts:Baltimore, Maryhland
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UNIT  SOILS*

DESCRIPTION OF MAP UNITS

?

?

?

Predominantly  sandy pebble gravel; light gray (10YR 7/2 d); clast-supported
(80 ± 10% gravel) angular to subangular gravel; silty-sand matrix; gravel fraction predominantly
medium to coarse pebbles with a few small cobbles up to 10 cm diameter; abrupt upper and
lower contacts; gravels are imbricated.

Predominantly pebbly, fine sand; light gray (10YR 7/2 d); well-sorted; matrix supported (5 ± 2%
gravel) sand; fine sand matrix; angular gravel; gravel fraction predominantly fine pebbles with
coarse pebbles up to 5 cm diameter; massive; soft to slightly hard consistency; very few rhizoliths;
upper 20 - 30 cm of unit of possible colluvial (?) origin has a higher clast content (5 - 10%).

Predominantly sandy, very coarse pebble gravel with zones of pebbly sand; reddish yellow
(7.5YR 7/6 d) to white (10YR 8/1 d); poorly sorted; matrix-supported (30 ± 10% gravel)
angular gravel with clast-supported zones; silty, fine-to medium-sand matrix; gravel fraction
predominantly very coarse pebbles with a few cobbles up to 10 cm diameter; nonbedded; hard
consistency; unit is sheared.

Contains two subunits. Unit Ia consists of predominantly pebbly sand;  white (10YR 8/1 d).
Unit Ib is poorly sorted matrix-supported (5 ± 2% gravel) angular gravel; silty, fine-to
medium-sand matrix; gravel fraction predominantly fine pebbles with a few small cobbles up
to 10 cm in diameter; extremly hard consistency; nonbedded; unit is sheared pervasively within
the fault zone;  5-cm-thick stringers of carbonate/silica are coincident with vertical to 60
degree east dipping shear zones.

Lithologic contact; solid where sharp (±2 cm), dashed where less 
distinct (gradational over interval 2 to 5 cm), dotted where gradational
(gradational over interval >5 cm), queried where inferred

Soil horizon boundary, soilid where very abrupt or abrupt, dashed where
clear, dotted where gradational or diffuse, queried where inferred

Fault; solid where clearly defined, dashed where less distinct, dotted
where indistinct, queried where inferred

Alluvium

Covered section

Man-made fill from road
and drill pad construction

Tertiary volcanics

IX

VIII

VIIf

Predominantly a sandy, pebble to cobble gravel (at buried fault scarp) fining away from
buried fault scarp to a pebbly sand; very pale brown (10YR 8/3 d); deposit grades from
clast-supported (70 ± 10% gravel between Stations 6 - 8 m) to matrix-supported (25 ± 10%
gravel between Station 8 - 11 m) angular gravel; fine sand matrix; gravel fraction predominantly
very coarse pebbles to small cobbles with small cobbles up to 15 cm diameter; massive; clast
orientation reflects colluvial wedge geometry; soft consistency; very rhizoliths.

S II

Predominantly pebbly, fine sand; reddish yellow (7.5YR 6/6 d); moderately-sorted; matrix-
supported (5 ± 2% gravel) sand; fine sand matrix; subangular to angular gravel; gravel fraction
predominantly medium pebbles with very few coarse pebbles up to 2 cm diameter; massive;
hard consistency; colluvium is locally highly sheared.

Buried soil.  Carbonate/silica cemented horizon developed on colluvium overlying bedrock;
horizon engulfed by carbonate/silica. Kqb - pink to reddish yellow (7.5YR 8/4 d,
7.5YR 7/6 m) sandy loam with stage IV carbonate/silica horizon. Bkq - pink to light brown
(7.5YR 7/4 d, 7.5YR 6/4 m) sandy loam with Stage II+ carbonate/silica morphology.

S

S

S

S
IXUpper solum of S   is developed on Unit IX;  A-brown [7.5YR 5/4 d,

7.5YR 4/4 m] sandy clay loam; Btj - pale brown to dark yellowish
brown (10YR 6/3 d, 10YR 4/3 m) fine sandy loam, incipient texural B horizon.

Predominantly pebbly, silty sand; very pale brown (10YR 7/4 d); poorly sorted;
matrix-supported angular gravel; silty-sand matrix; gravel fraction
predominantly coarse pebbles with a few boulders up to 30 cm diameter
(intermediate axis); massive; loose to friable consistency; pebbles concentrated
locally near possible fault scarp.

Predominantly sandy,  pebble to cobble gravel;  very pale brown (10YR 8/3 d);  poorly
sorted;  deposit grades from clast-supported (60 ± 10% gravel between Station 3.5 to
4.5 m)  to a matrix-supported (35 ± 5% gravel at Station 6 m)  angular gravel; fine-sand
matrix; gravel fraction predominantly very coarse pebbles to small cobbles with large cobbles
up to 16 cm diameter; primarily nonbedded; clast orientation reflects colluvial wedge geometry;
soft (moist) to hard (dry) consistency; colluvial wedge is fractured by subsequent faulting.

Silica ash flow tuff; densely welded; fractured; Tiva Canyon Tuff of the Painbrush Group.

Scarp Derived (?) Colluvium

Eolian Sand/Colluvium and

I

Kqb
Buried soil.  Carbonate/silica - cemented horizon.S

Sample localities for uranium-series and thermoluminescence dating;
dates given in table 2 in text

(%, percent; cm, centimeter; m, meter;  7.5YR 4/4, color symbol from Munsell Color
Company, Inc. (1988); d, color in dry state; m, color in moist state.)
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Bkq

Btk

Qc5

Qc3a-c

Qc3d

Qc5

Btk

Qc3e

Qc2

Kq

Kq

QTcu QTc?

QTcu

QTcu

Qc1?

Qc2

Qc2

QTcu

QTcu

QTcu

Kq

Kq

Kq

Btkq

Kq

Qc1?

10 cm drop in top
of Btkq horizon

N66W

Trench extends approximately 13 m east of station 0 m along the same trend.
No fractures were observed in that part of trench.

"crushed" zone #3

"crushed" zone #2

"crushed" zone #1

The spoil on the trench floor was cleared along
one fault (indicated on the plate) that was found
to be continuous across the trench.  The spoil on
the remainder of the trench floor was not cleared.
See plate 4A for descriptions of stratigraphic units.

Trench floor was cleared to expose this fault
across the trench.  The fault is laterally
continuous with a bedrock fault in the north
wall that extends upward to fractures in the
colluvial sequence.

Note: Side vertical scales are based on an arbitrary datum

Disturbed during excavation

EAST WEST

laminated
silica-carbonate

LOG OF SOUTH WALL OF TRENCH MWV-T7 IN MIDWAY VALLEY

by
M.M. Angell, F.H. Swan, A.P. Thomas, and J.R. Wesling

1996

U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

MIDWAY VALLEY OPEN-FILE REPORT 01-55
TRENCH-WALL MAP OF MWV-T7,  PLATE 6

PREPARED IN COOPERATION WITH THE

U.S. DEPARTMENT OF ENERGY

EXPLANATION

Lithologic unit boundary, dashed where inferred,
Mdotted where obscurred, queried where
Muncertain
Soil horizon, dashed where inferred, dotted where
Mobscurred, queried where uncertain;  s,
Mboundary of soil subhorizon
Fault, dashed where inferred

Fracture, dashed where inferred

Location and numberof dated (U-series) sample
M(see table 2 in text)

Breccia

Strike and Dip location

?

* Lined areas indicate a fault surface

?

N16°E,11°E

s s

MWV-T7-04

that is parallel to and forms the wall of the
trench.  The orientation of the lines is parallel
to slickenlines on the fault plane.

MWV-T7-04
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Interlayered K-horizon
and B-horizon material

Krotovina

M
at

ch
lin

e

3CaCO  - impregnated zone Matrix-supported
gravel

Clast-supported
gravel Grades from clast

supported with sandy
matrix to matrix supported
from Stations 62 m to 65 m

Crudely stratified
coarse boulder gravel

Large boulders in this area;
not possible to excavate
 without caving wall

From west to east,
grades from gravelly
sand to sandy gravel

Clast-supported gravel

Mapped trace of Bow Ridge fault(Scott and Bonk, 1984)

M
at

ch
lin

e

Carbonate cemented
seam along margin

of channel

Krotovina

Margin of cut-and-fill channel
that trends east-southeast

and intersects south wall
of trench at oblique angle

Clast content increases
slightly to west

M
at

ch
lin

e
M

at
ch

lin
e

Erosional contact

Erosional contact

Geomorphic surface Qa4

Mapped trace of
Bow Ridge fault

(Scott and Bonk, 1984)

Photolineament Photolineament
Geomorphic surface Qa4

Erosional contact

GEOLOGIC INTERPRETATION

Btkq horizon formed
in II fan alluvium

Color of Bwk: reddish yellow (7.5 YR 6/6 d),
brown to dark brown (7.5 YR 4/4 m)

Zone of enhanced carbonate development in lb1
between Stations ~99.5 m and ~96.4 m to a depth
of ~205 cm below the surface. This carbonated

development is interpreted to be gully bed
cementation related to the cut-and-fill channel

between Stations ~99.3 m and ~101 m. Carbonate is
more abundant to the east adjacent to the channel
and decreases to the west away from the channel.

NOTE
Bkq development west of Station 87 m may
be enhanced by gully-bed cementation.

Kqm horizon is not present in north (i.e., opposite) wall
of trench from Station 84 m to 105 m. This horizon
has been eroded by channel cutting and fillingl

Photolineament (vegetative alignment on 1:6,000-scale color aerial  photographs)Photolineament (vegetative alignment on 1:6,000-scale color aerial  photographs)

Clast content is higher between
Stations 68 m and 70 m

Kqm horizon is not completely
plugged at Station 56 m; remnants
of Bt horizon present

Between Stations 46 m and 51 m, lb2
grades downfan into more clast-dominated
and clast-supported gravel

Soil developed on III
is unmapped

Irregular-shape contact represents
overhanging Kqm horizon when
channel of III was cut

Location of soil profile
Station 18.5 m Erosional contact 

at base of II

                                       NOTE
From Station ~ 12 m to west end of trench, the trench
was first excavated by tire-mounted backhoe and then
deepened by track-mounted excavator.  The stabilizer
arms on the tire mounted backhoe have disturbed the
top 15 to 25 centimeters of the trench wall (Ap horizon).
The remainder of the trench was excavated with the
track-mounted excavator.  To the east, the track-mounted
excavator has compacted and disturbed the upper 5 to
10 centimeters in most places (locally the disturbance may
be deeper).

Location of soil profile station 105m

Btkq is less well developed in
what appears to be a slightly
younger channel

Matrix supported gravel;
matrix is fine sand

Boulder to cobble
gravel bed withinIb1

Layered gravels averaging 1 cm diameter
(maximum diameter ~ 5 cm); beds range in
thickness from 2 cm to 10 cm and are
alternately cemented (with carbonate) and
uncemented

Matrix supported
cobble gravel

? ?

Gravel lens within lb1

Lens of medium pebble gravel;
moderately well indurated with
carbonate cement; 
subangular clasts

Gravel lens within lb1Gravel lens within lb1

Gravel lens within lb1

lb1 channel gravel inset into  lb2

Clast-supported
cobble-boulder gravel
with fine sandy matrix Gravel beds within Ib1;

bed thickness varies but
generally averages 5 cm

Pebble gravel
within III Cobble gravel

at base of III

Cobble to boulder gravel
within unit Ib1

Cobble to boulder gravel
within unit Ib1

Cobble to boulder gravel
within unit Ib1

CaCO3 - impregnated
channel fill within lb1

CaCO3 - impregnated
channel fill within lb1

Gravel lens
within Ib1

Prominent contact between
layers within Ib1

Thin layer of pebble gravel

Pronounced channel cut-and-fill deposit
in north (i.e., opposite) wall; channel
gravel clasts average 1 cm diameter.
Slight erosion of the Kqmb in south

wall between stations 93 m and 95 m
probably is related to channeling.

Note:  Side vertical scale based on arbitrary datum
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?

Lithologic contact; solid where sharp (±2 cm), dashed where less 
distinct (gradational over interval 2 to 5 cm), dotted where gradational
(gradational over interval >5 cm), queried where inferred

Soil horizon boundary, solid where very abrupt or abrupt, dashed where
clear, dotted where gradational or diffuse, queried where inferred

Bedding contact within geologic unit; solid where sharp (±2 cm), dashed
where less distinct (gradational over interval 2 to 5 cm), dotted where
gradational (gradational over interval >5 cm), queried where inferred

Debris-flow deposits

Unit III - Allostratigraphic unit Qa5

Unit II - Allostratigraphic unit Qa4

Unit I - Allostratigraphic unit Qa3

EXPLANATION

s

1

2

NOTES

Ic, Id, and Ie are cut and fill channels within I.

III represents cut and fill channels inset into I and II.

Reference: Munsell Color Company, Inc., 1988, Munsell Soil Color Charts:

Baltimore, Maryland

(%, percent; cm, centimeter; 10YR 8/3 d, m, color symbol from Munsell Color
Company, Inc. (1988); d, color in dry state; m, color in moist state.)

UNIT SOILS*

DESCRIPTION OF MAP UNITS

SIII

Ap/AB/Bw

III

Bwk
Color and structural B horizon with secondary carbonate (incipient Stage I);
represents most strongly expressed part of B horizon; light brown to dark
brown (7.5YR 6/4 d, 7.5YR 4/4 m) fine sandy loam.

Alluvium

Predominantly pebbly fine sand; dark yellowish brown to pale brown (10YR 7/3.5 d,
10YR 4.5/4 m); moderately sorted; contains minor amount of silt and few cobbles
and small boulders up to 27 cm diameter** (intermediate axis); crudely stratified with weakly
developed stone lines (?); higher concentration of gravel in B-horizon of soil.  Includes
thin (<20 cm thick) mantle of eolian silty fine sand (not mapped separately).

Ap/AB/Bw
Upper solum of SII developed on Unit II; Ap+AB - very pale brown to dark yellowish
brown (10YR 6.5/3 d, 10YR 4/4 m) fine sandy loam; Bw - pink to strong brown
(7.5YR 6.5/4 d, 7.5YR 4/6 m) fine sandy loam, color and structural B horizon.

Btkq

SII

Alluvium

Predominantly pebbly fine sand; dark yellowish brown to pale brown (10YR 4/4 d,
10YR 6/3 m); moderately sorted; contains minor amount of silt and few cobbles and
small boulders up to 27 cm diameter; crudely stratified with weakly developed stone lines (?).
Includes thin (<20 cm thick) mantle of eolian silty fine sand (not mapped separately); locally
may include some thin (<10 cm thick) sheetwash deposits and/or small (<20 cm thick) cut-
and-fill channel deposits in the upper part that are correlative to Unit III (not mapped
separately).

II

SI

Alluvium

I

Kqmb
Buried K horizon that is strongly cemented with carbonate (Stage III to IV) and silica,
and is formed on Unit Ib1 ; not present on Units Ic, Id, and Ie because of erosion by
Unit III channel; white to very pale brown (10YR 8/2.5 d, 10YR 5/5 m) loamy coarse
sand.

Bkqmb
Buried B horizon that is weakly cemented with secondary carbonate (Stage II+) and silica,
and is formed on Units Ib1 , Ic, Id, and Ie; very pale brown to brown (10YR 8/3 d, 10YR
5/3 m) loamy coarse sand.

Predominantly coarse to very coarse pebble gravel; very pale brown to brown (10YR
7/3 d, 10YR 5/4 m); poorly sorted; clast-supported, subrounded to subangular gravel;
few cobbles and small boulders up to 40 cm diameter; secondary carbonate and silica varies
from filamentous to plugged (along the western margin of the channel), suggesting that
the precipitation of these secondary minerals is largely due to gully-bed cementation.

Ie

AlluviumId

AlluviumIc
Predominantly sandy, coarse to very coarse pebble gravel; very pale brown to brown
(10YR 7/3 d, 10YR 5/4 m); poorly sorted; clast-supported, subangular gravel; few cobbles
up to 20 cm diameter; weakly stratified; plugged with secondary carbonate and silica.

Alluvium Ib1
Ib1, Ib2

Debris Flow Ib2

Predominantly pebbly sand to sandy fine pebble gravel; light brown to dark brown (7.5YR
6/4 d, 7.5YR 4/4 m); mostly matrix supported, subangular to subrounded gravel with
approximately 65% sand matrix; few small to large cobbles (10-15 cm diameter); locally,
this unit consists of clast-supported gravel having 20% to 50% sand matrix and some
cobbles to very large boulders (up to 35 cm diameter).

AlluviumIa
Predominantly pebbly very fine to coarse sand; yellowish red (5YR 5/6 m); poorly sorted;
contains minor amount of silt.

* Description of fine-earth (<2 mm) fraction only

Upper solum of SIII developed on Unit III; Ap+AB - pale brown to dark yellowish
brown [10YR 6/3 dry (d), 10yr 4/4 moist (m)] fine sandy loam; Bw - light brown
to dark brown (7.5YR 6/4 d, 7.5YR 4/4 m) fine sandy loam, color and structural
B horizon.

B horizon with secondary clay, silica, and carbonate (Stage I+); represents most
strongly expressed part of B horizon; strong brown to brown (7.5YR 5/5 d, 7.5YR
4/6 m) sandy clay loam.

Predominantly sandy, very coarse pebble to small cobble gravel; very pale brown to
brown (10YR 7/3 d, 10YR 5/4 m); poorly sorted; clast-supported, subrounded to
subangular gravel; few cobbles up to 20 cm diameter; secondary carbonate and silica varies
from filamentous to plugged (along the western margin of the channel), suggesting that
the precipitation of these secondary minerals is largely due to gully-bed cementation.

Well stratified to poorly stratified layers of sandy gravel and gravelly sand; very pale
brown to brown (10YR 8/3 d, 10YR 5/3 m); typically moderately sorted (ranges from
poor to well sorted); gravel clasts typically are subangular to subrounded; thickness (few
centimeters to several decimeters), texture, and continuity of the individual layers is
variable; maximum clast size locally is variable ranging from small pebbles to very large
boulders (~1 m diameter); the maximum clast size and the concentration of larger clasts
generally decreases in the down-fan direction (from west to east); imbrication of gravel
clasts in a few places indicates sediment transport towards the east.

** Diameter refers to the largest intermediate axis.
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Note: This trench was excavated into the Exploratory
Studies Facility (ESF) pad, which is located at the
position shown for borehole NRG-1 on plate 1.  The
primary purpose of the excavation was to provide for
underground utilities access to the ESF.
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Lithologic contact, solid where sharp (0 to 2 cm), dashed
where less distinct (gradational over interval 2 to 5 cm),
dotted where gradational (gradational over interval >5 cm),
queried where inferred

Soil horizon boundary, solid where very abrupt or abrupt,
dashed where clear, dotted where gradational or diffuse,
queried where inferred

Fracture, solid where clearly defined, dashed where less
distinct, dotted where indistinct; arrow indicates cross-trench
strike of fracture

ClastNote:  Side vertical scale based on arbitrary datum

Locations of pits shown on plate 2

DESCRIPTION OF MAP UNITS

S5    Avp-2Bwk (2Btjk?)-2Bk
Avp - very pale brown to light yellowish brown (10YR 8/3 d, 10YR 6/4 m) sandy loam to loam;
2Bwk (2Btjk?) - very pale brown to yellowish brown (10YR 7/3 d, 10YR 5/4 m) loam with stage I carbonate
morphology; 2Bk - very pale brown to yellowish brown (10YR 7/4 d, 10YR 5/4 m) sandy loam with stage I
carbonate morphology.

Qc5

Colluvium

Predominately pebbly to cobbly sand; very pale brown (10YR 7/4 d); poorly sorted with minor

(%, percent; cm, centimeter; 10YR 8/3 d, m, color symbol from Munsell Color Company, Inc. (1988);
d, color in dry state; m, color in moist state.)

areas of moderate sorting; matrix-supported (25 to 30% gravel) subangular to angular gravel and locally
clast supported (up to 90% gravel); silty fine to medium sand matrix; gravel is predominately very coarse
pebbles and small cobbles with small boulders to 30 cm diameter; crudely bedded with individual beds 15
to 40 cm thick and laterally continuous for a few meters; weakly expressed stone lines; loose consistency;
clasts are restricted to Tiva Canyon Tuff lithologies locally exposed on Exile Hill.

Btkqb
S4    Btkqb - Light brown to reddish yellow (7.5YR 6/4-6 d, 7.5YR 6/6 m) silty clay loam with stage I+
carbonate-silica morphology.

Qc4

Colluvium

Predominately pebbly, silty sand; reddish yellow (7.5YR 6/6 d); poorly sorted; matrix-supported
(15 to 20% gravel) subangular to angular gravel; silty, fine to medium sand matrix; gravel is predominately
very coarse pebbles with large cobbles to 20 cm diameter; nonbedded; soft to slightly hard consistency;
clasts are restricted to Tiva Canyon Tuff lithologies locally exposed on Exile Hill.

Bkqb
S3e   Bkqb - White to very pale brown (10YR 8/1 d, 10YR 7/4 m) loamy sand with secondary carbonate
and silica.

Qc3e

Colluvium

Predominately pebbly silty sand; pink to very pale brown (7.5YR 8/4 d, 10YR 8/3 d); poorly
sorted; matrix-supported (7 to 25% gravel) subangular to angular gravel; silty, fine to medium sand matrix;
matrix is moderately to poorly sorted; gravel is predominately coarse to very coarse pebbles with large
cobbles to 17 cm diameter; nonbedded; hard consistency; clasts are restricted to Tiva Canyon Tuff
lithologies exposed locally on Exile Hill.

Btkqb-Bkqb-Ckb
S3d   Btkqb - Very pale brown to light yellowish brown (10YR 8/3 d, 10YR 6/3-4 m) and pink to strong
brown (7/5YR 7/4 d, 7.5YR 5/6 m) loamy sand to sandy loam with stage I-II carbonate-silica morphology;
Bkqb - very pale brown to pale brown (10YR 7/3 d, 10YR 6/3 m) loamy sand with stage II+ carbonate-
silica morphology; Ckb - very pale brown to light yellowish brown (10YR 7/3 d, 10YR 6/4 m) loamy sand
with stage I+ carbonate-silica morphology.

Qc3d

Colluvium

Predominately pebbly-cobbly silty sand; reddish yellow to very pale brown (7.5YR 7/6 d, 10YR 8/4
d); poorly sorted; matrix-supported (10 to 40% gravel) subangular to angular gravel; silty, fine to medium
sand matrix; matrix is poorly sorted; gravel fraction is predominately coarse to very coarse pebbles with
large cobbles to 15 cm diameter; nonbedded; hard consistency; clasts are restricted to Tiva Canyon Tuff
lithologies exposed locally on Exile Hill.

Bkqb-Bkq/Kqb
S3b   Bkqb - Very pale brown (10YR 8/3 d, 10YR 7/3 m) loamy sand with stage II carbonate-silica
morphology; Bkq/Kqb - very pale brown to light yellowish brown (10YR 7-8/3 d, 10YR 6/4 m) loamy sand
with stage II+ carbonate-silica morphology.

Qc3

Qc3b

Colluvium

Predominately pebbly to cobbly silty sand; reddish yellow to very pale brown (7.5YR 6-7/6 d,
10YR 7/3 d); poorly sorted; matrix-supported (20 to 40% gravel) subangular to angular gravel; silty, fine to
medium sand matrix; matrix is moderately to poorly sorted; gravel is predominately medium pebbles to
small cobble with large cobbles to 13 cm diameter; nonbedded; hard to very hard consistency; clasts are
restricted to Tiva Canyon Tuff lithologies exposed locally on Exile Hill.

Bkqb/Kqb
S3a   Bkqb - Very pale brown (10YR 8/3 d, 10YR 7/3 m) loamy sand with stage II carbonate-silica
morphology; Bkq/Kqb - very pale brown to light yellowish brown (10YR 7-8/3 d, 10YR 6/4 m) loamy sand
with stage II+ carbonate-silica morphology.

Qc3a?

Colluvium

Predominately pebbly silty sand; reddish yellow (7/5YR 7/6 d); poorly sorted; matrix-supported (15
to 30% gravel) subangular to angular gravel; silty, fine to medium sand matrix; matrix is moderately to
poorly sorted; gravel is predominately fine to medium pebbles with small cobbles to 10 cm diameter;
nonbedded; hard to very hard consistency; clasts are restricted to Tiva Canyon Tuff lithologies exposed
locally on Exile Hill.

Btjkqb
S2    Btjkqb - Pink to very pale brown (10-7.5YR 7/4 d) to reddish yellow (7.5YR 4/6 m) loamy sand to
sandy loam with stage I carbonate-silica morphology.

Qc2?

Colluvium

Predominately pebbly silty sand; reddish yellow (7.5YR 6/6 d); poorly sorted; matrix-supported (25
to 40% gravel) subangular gravel; silty, fine to medium sand matrix; matrix is moderately sorted; gravel is
predominately fine to medium pebbles with small cobbles to 10 cm diameter; nonbedded; slightly hard to
hard consistency; clasts are restricted to Tiva Canyon Tuff lithologies exposed locally on Exile Hill.

Reference: Munsell Color Company, Inc., 1988, Munsell Soil Color Charts:  Baltimore, Maryland
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