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ABSTRACT

The purpose of this study is to characterize the distribution
of pedogenic carbonates in the Amargosa Desert, Nevada, as
related to geomorphologic deposits and climate. The objective
of this study is to characterize the distribution of pedogenic
carbonates using both field methods and a model simulation
managed by a Geographic Information System (GIS). A public-
domain computer simulation model on carbonate development,
CALSOIL, was integrated with several GIS’s to accomplish this
study efficiently.

The method used in the study was to compile the maps and
necessary information. These maps were then scanned into
digital format and edited. The digital maps were then labeled
with the parameters necessary to calculate pedogenic carbonate
development. Carbonate solubility and water movement in soils
are the basis for the calculations. The parameters utilized
in the model include leaching index, calcic dust influx,
partial pressure of carbon dioxide, permanent wilting point,
available water holding capacity, initial water content, age,
soil texture, and soil temperature. The pedogenic carbonate
distribution for the area was then simulated using five
different climatic variations. A GIS was used to manage these

inputs and analyze and display the results of the

iii



ER-4006

calculations.

In the area, pedogenic carbonate ranges from no
development to Stage V. The age, texture, atmospheric inputs,
and climate all affect the distribution of the pedogenic
carbonates. The on-site and published distribution of
carbonate stages were compared with the model simulations.
The model showed that simulating a pluvial climate for the
period before 10,000 years ago and then a jump to the present
day climate at 10,000 years was the most accurate. Finally,
the GIS was an effective means of managing and manipulating

such a large technical and spatial data base.
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Chapter 1
INTRODUCTION

A high-level nuclear waste repository has been proposed
for Yucca Mountain on the Nevada Test Site in southwestern
Nevada (Figure 1). Long-term environmental stability and the
impact of future climatic and framework changes need to be
considered to assure integrity of any nuclear-waste site. The
United States Geological Survey (USGS) is evaluating these
long-term changes as part of the Paleohydrology Program, Yucca
Mountain Project. This study is a part of the paleohydrologic

evaluation of the region near Yucca Mountain.

1.1 Purpose

The purpose of this study is to characterize the
distribution of pedogenic carbonates as related to geomorphic
deposits and climate. A published model on carbonate
distribution was integrated with a Geographic Information
System (GIS) for this study. A model was used so that future
climatic changes could be simulated to predict distributions
under different conditions. The results of this study will be
applied to other infiltration and paleohydrology studies in
the southern Nevada region. Pedogenic carbonates are useful

in assessing infiltration rates and paleoclimate conditions.
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1.2 Objective

The objective of this study is to characterize the
distribution of pedogenic carbonates using both field methods
and a model simulation managed by a GIS. The method could
then be used to predict pedogenic carbonate distributions in

other areas or other times with similar climatic regimes.

1.3 Location

The Amargosa Desert study area (Figure 1), located in
southwestern Nevada, includes Ash Meadows, Crater Flat,
Amargosa Valley, and part of Yucca Mountain, the site of the
proposed nuclear-waste repository. The semi-arid to arid area
is located within the southern Great Basin, a subprovince of
the Basin and Range physiographic province. Pyramid Peak
(2043 meters or 6703 feet) in the Funeral Mountains, the
highest point in the immediate area, is about 1400 meters
(4,700 feet) above Alkali Flat, the lowest elevation (610
meters or 2000 feet). Local relief on the desert floor is
rarely more than 15 meters (50 feet). The Amargosa River
flows southward through the Amargosa Desert approximately
parallel to and about 40 kilometers (25 miles) east of Death
Valley, California, and has an average gradient of about 2.7
meters per kilometer (14 feet per mile) (Denny and Drewes,

1965).
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Chapter 2
PREVIOUS WORK
2.1 Geological Investigations

Many investigations have been conducted regarding the
geology, tectonics, hydrogeology, and geochemistry of the
Amargosa Desert region. The first detailed study of geology
and tectonics within the area was done by Longwell (1960),
Ross and Longwell (1964), Denny and Drewes (1965), Lipman and
others (1966), and Orkild and others (1968). These studies
were followed by the more specialized studies of Stewart
(1971, 1978), Reynolds (1974), Byers and others (1976a,
1976b), Dickinson and Snyder (1979), Carr (1982), Scott and
Bonk (1984), Grose and Smith (1984), and Troxel and Wright
(1987).

The surficial geology and soils have likewise been the
subject of careful study. The surficial geology has been
compiled on a series of 1:48,000 scale maps for the special
needs of the Yucca Mountain Project by Swadley (1983), Pexton
(1984), Swadley and Carr (1987), and Swadley and Parrish
(1988), . Earlier surficial mapping in the Amargosa desert
was done by Denny and Drewes (1965) at a scale of 1:62,500.
The Soils Conservation Service (SCS) of the U.S. Department of
Agriculture (USDA) is currently completing a soil survey for

Nye County, Nevada, the county containing the field area
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(USDA, 1990).

The hydrogeology has been the subject of careful
scrutiny. Early work was conducted by Malmberg and Eakin
(1962), Eakin and others (1963), Walker and Eakin (1963),
Pistrang and Kunkel (1964), Schoff and Moore (1964), Quiring
(1965), Hunt and others (1966), Thordarson and others (1967),
Rush (1970), Thordarson and others (1971), Naff (1973), and
Naff and others (1974). The volcanic aquifers are described
in detail by Blankennagel and Weir (1973). Winograd and
Thordarson’s (1975) work focuses primarily on the carbonate
aquifers in the region. Works by Winograd and Pearson (1976),
Dudley and Larson (1976), White (1979), Rush and others
(1983), Lobmeyer and others (1983), Quiring (1983), Craig and
others (1983), Bentley and others (1983), Thordarson (1983),
Thordarson and others (1984), Craig and Johnson (1984), Waddel
(1984), Bentley (1984), Whitfield and others (1984), Waddel
and others (1984), Robison (1984), Lahoud and others (1984),
and Rush and others (1984) focus on how hydrogeology affects
the Nevada Test Site.

Geochemical investigations have been conducted for the
carbonate and tuffaceous aquifers by Winograd and Thordarson
(1975). Water quality studies have been conducted on a
regional scale by White (1979), Claassen (1973, 1983), Benson

and others (1983), and Benson and McKinley (1985).
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2.2 Pedological Investigations

Many investigations on carbonate distribution in soils
have been conducted in arid and semi-arid areas. The general
accumulation of carbonate in the soils was first described by
Price (1933), Bryan (1943), Bretz and Horberg (1949), and
Brown (1956). Later, Gile and others (1966), Reeves (1970 and
1976), Goudie (1973), Lattman (1973), Bachman and Machette
(1977), Goudie and Pye (1983), and Marion and others, (1985)
studied pedogenic carbonates.

The modeling of carbonate accumulation in soils has been
conducted by Marion and others (1985), Mayer (1986), and Mayer
and others (1988). The stages of carbonate accumulation have
been summarized by Gile and others (1966), Bachman and
Machette (1977), and Machette (1986). The results of these
studies are summarized in Appendix A.

Taylor (1986) has studied extensively the pedogenic
carbonate distribution on the flanks of Yucca Mountain.
Additionally, she used pedogenic carbonate distribution and
other soil profile characteristics to determine the

paleoclimate in the area.

2.3 CALSOIL
Computer models have been developed to approximate CaCoO,

accumulation in the soils of semi-arid to arid areas (Mayer,



ER-4006 7

1986; Marion and others, 1985; Mayer and others, 1988;
McFadden and Tinsley, 1985). These programs are generally
written for young soils (Pleistocene and younger), but older
soils can also be investigated to a limited extent. The
limited knowledge of Pre-Pleistocene climates may cause
problems.

CALSOIL is a computer program designed to simulate the
development of calcic soil horizons in the southwestern United
States (Mayer, 1986). The program was used since it is
public-domain and was developed for use in the southwestern
United States. Carbonate solubility and water movement in
soils are the basis for CALSOIL calculations (program listing
in Appendix B).

Water movement is calculated based on water-holding
capacities of the deposit and climate. Likewise, carbonate
movement is modeled as a function of calcite equilibria.
Calcite equilibria depend on temperature and the partial
pressure of carbon dioxide in the soil. The program uses Ca'*
molality as given by Drever (1982):

m’*Ca*™*=(pCO,*K; *Kcay *Keo ) / (4*K,) (1)
where m is the molality of Ca**, pCO, is the partial pressure
of carbon dioxide in the soil environment, and K,, K,, K.,, and
K., are the temperature dependent dissociation constants that

describe this carbonate system. Equation (1) assumes that the
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activities of Ca*™ and HCO,” are both unity, there are no other
ions in solution, and the parent material is chemically inert.

Desert soils commonly do have other salts present, such
as gypsum and halite, so that equation (1) may be inaccurate.
The extent of this inaccuracy has not been measured directly
since it would vary directly with relative amounts of ions
present.

The temperature dependencies of the dissociation

constants are given by:

-log(K,;)=6.53-0.0058*T r’=0.89
-10g(K,)=10.59-0.0091*T r?=0.97
-10G (Koo ) =1.21+0.01*T r?=0.82
-10g(K_,;)=8.03+0.0122*T r?=1.00

where T is the temperature of the system in degrees Celsius
and r? is the coefficient of determination. These equations
are based on linear regression of the dissociation constants
with temperature from data given in Drever (1982).

The model simulates "synthetic" distributions showing the
translocation of CaCO; as a function of soil depth, time, and
climate. The parameters in the model include leaching index
value, calcic dust influx, parent material CaCO, content,
partial pressure of soil carbon dioxide, texture, initial
water content, and soil temperature (Mayer, 1986). These

parameters are described in greater detail in Chapter 5.
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2.4 GISs Description

A geographical information system (GIS) is a computerized
database management and modeling tool for the capture,
storage, retrieval, analysis, transformation, manipulation,
and display of spatial, or locationally defined, data.
Spatial data describe the real world in terms of position with
respect to a known coordinate system, attributes that are
related to position, and spatial interrelations with each
other (Burrough, 1986). GIS’'s are not simply database
managers. They are modeling systems capable of assisting in
analysis and interpretation of complex phenomena. A GIS is
composed of four basic parts: data input, data Dbase

management, data analysis, and data display.

2.4.1 Data Input

Data input includes all methods of transforming existing
geographical or spatial data into digital form. This process
includes hand-digitizing of maps at different scales,
automated digital scanning of maps and lists of data, hand
entry of data into a digital data file, or access of pre-
existing digital data including remotely sensed images
(Burrough, 1986). Each point, line, or area element in a GIS
is given non-graphic information. This information is

referred to as an attribute. Once data have been input and
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referenced to a common coordinate system, the data exist as a

library of information concerning the particular study.

2.4.2 Data Base Management

Data base management involves data storage, retrieval,
manipulation and editing of existing digital data. Data
storage, or database management, involves the way in which
input data is structured and organized. This involves how
point, line, and areal data is to be handled by the computer
system and interpreted by the user (Burrough, 1986).

Data manipulation and editing refers to changes made in
data to remove errors, to bring data up to date, or to match
the data to other data sets. This transformation of data can
be carried out on either the spatial or non-spatial aspects of
the data, either separately or in combination. Many of these
manipulation functions, such as scale-changing, fitting data
to new projections, arc/node alignment, polygon closing,
logical retrieval of data, and attribute labeling are quite
time-consuming and often require more time than actual data
analysis (Burrough, 1986).

Spatial data of a GIS can be represented as triangular
meshes, vectors, and rasters (including quadtrees).
Triangular meshes (TIN) are models that use a sheet of

continuous, connected angular facets based on triangulation of
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irregularly spaced points (Burrough, 1986). TIN’'s are
suitable when dealing with precise observations of a
continuous variable.

Vector data can be stored in three different forms.
First, it can be stored as point data in which the spatial
relationship of the information has no dimension. These
points are often referred to as nodes. Second, data can be
stored as a series of connected points, or lines, in which the
spatial relationship is one-dimensional. These lines are
often referred to as arcs. The data can be stored as area
entities, or polygons, in which the spatial relationship of
the stored information is two-dimensional (Burrough, 1986).
One example of a vector based GIS is the Environmental Systems
Research Institute (ESRI) ARCINFO system.

Vector systems have a number of advantages and
disadvantages. Vectors are an approximation, but they are
considered to be the most precise data capture method.
Although vector systems have no constraints on overlaying
files of different resolution, the many formats make data
exchange difficult. Finally, vector data bases tend to be
large and overlays and other boolean operations are complex
and time consuming.

Raster data structures consist of an array of grid cells

(or pixels) which are referenced by a row and a column number.
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Each pixel then contains an attribute number, or set of
numbers, corresponding to the characteristic being mapped
(Burrough, 1986).

Raster systems also have advantages and disadvantages.
Rasters are an approximation that is usually much coarser than
vectors. As the resolution increases, the size of data bases
increase geometrically. Despite these problems, the fewer
formats make data exchange easier. Overlays and other boolean
operations are simple. Finally, rasters force the same level
of resolution for any analysis.

Quadtrees are data structures in a raster database that
seek to minimize data storage. Quadtrees are also an
approximation, but can approach accuracy tolerances of
vectors. As the resolution increases, the size of data bases
only increases linearly. Overlays and other boolean
operations are more complex than raster, but not as complex as
vector. Quadtrees have no constrains on overlaying files of
different resolution. Finally, quadtrees have no standard
formats, but they convert to raster easily. Tydac
Technologies GIS Spatial Analysis System (SPANS) works with

quadtree structures.
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2.4.3 Data Analysis

Data analysis is that function of GIS which has made it
acceptable to geographers, scientists, land managers and
engineers. As a result of being able to carry out large,
often tedious, mathematical operations, the GIS becomes an
efficient and practical tool for conducting integrated
resource surveys. The main problem with integrated surveys
pre-GIS was that for many purposes they were too general.
Retrieval of evaluated information directly from a hand-
drafted map was impossible if the map author did not create a
detailed explanation. Also, single-factor maps were evaluated
by overlaying transparent copies and looking for the places
where the boundaries on the maps coincide. This process often
involved the discretion of the evaluator conducting the survey
and lacked accuracy. However, with a GIS, computer-aided map
overlaying using Boolean logic and other operations allows for
the universal application of all evaluation criteria. As a
result, the often biased process becomes standardized and

quality controlled.

2.4.4 Data Output/Display
Data output or display involves that way in which
analyses are represented. This representation can be in the

form of maps, tables, and figures (graphs and charts). This
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aspect of GIS technology is, perhaps, the most significant

because it allows the user to demonstrate analyses in a clear

manner.
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Chapter 3
GENERAL BACKGROUND

3.1 Geography

The Amargosa Desert is a large valley in the Basin and
Range physiographic province. The valley is bounded by
mountain blocks on all sides. On the west, the Funeral
Mountains form a long continuous ridge. The northern part of
the area is blocked by a number of hills and mountains
including Bare Mountain, Bull Frog Hills, and Yucca Mountain.
The Specter Range and the Spring range form boundaries on the
east. The southern part of the desert is partially blocked by
the Resting Spring Range. The Amargosa River flows south

through the desert on the west side of the valley (Figure 1).

3.2 Geology
3.2.1 Clastic Sources

The Funeral Mountains, Bare Mountain, Yucca Mountain,
Bull Frog Hills, and the Resting Spring Range are the mountain
ranges that provide most of the source material for the three
to five thousand feet of deposits in the Amargosa Desert
(Denny and Drewes, 1966), (Figure 2). In general, the Funeral
Mountains and part of Bare Mountain are composed of about
5,000 feet of Silurian to Mississippian limestone and

dolomite. The Funeral mountains, which form the western
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boundary of the valley, are an eastward-dipping fault block
bounded on the south by the Furnace Creek fault zone and on
the east and west by normal faults characteristic of the Basin
and Range province (Denny and Drewes, 1966). The Funeral
mountains and Bare Mountain provide carbonate and metamorphic
clastics to the basin.

Volcanic rocks, including those of Yucca Mountain, the
Bull Frog Hills, and northern Bare Mountain, form ridges in
the northern part of the study area. Pliocene and Quaternary
extrusive volcanic rocks also form cones and lava flows in
Crater Flat. These features are composed mostly of ashes and
tuffs of rhyolitic composition and are a major source of
volcanoclastics in the basin (Swadley and Carr, 1987).

The Resting Spring Range, on the east side of the
Amargosa Desert, is composed of about 5,000 feet of gently
dipping Cambrian rocks. These rocks are dominantly
quartzite, limestone, and dolomite, and are broken by numerous
steep faults of small displacement (Denny and Drewes, 1986).
This range provides carbonate clastics to the southeast part

of the study area.
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3.2.2 Valley Deposits
3.2.2.1 Pliocene Stratigraphy

Varied fluvial, paludal, pond, and playa sedimentary
rocks, QTll and QTld, (combined as QTl on Figure 3) were
deposited, during the Pliocene between 4 and 1.5 Ma (Pexton,
1990). An age of 2.95 Ma is reported by Swadley (1990) for
these marsh deposits. Precipitation during this time was
probably five times or more greater than the present and
temperatures were about the same as the present (Hoover,
1985). The existence of a large lake in the Amargosa Desert
is still being contested (Pexton, 1990; Hoover, 1985). These
deposits are exposed in the southeastern part of the area
atFairbank Buttes and nearby localities (Figure 4). Numerous
clay pits and prospects have been dug where the marsh deposits

are observed near or at the surface.

3.2.2.2 Pliocene and Pleistocene Stratigraphy

A widespread erosional disconformity separates the
Pliocene units from Pliocene-Pleistocene fluvial units (QTg
and QTa) (Pexton, 1990). A drier climate than that of the
previous occurred during the late Pliocene and Quaternary time
(Hoover, 1985). As a result, weathered material on hillslopes
was released as debris flows and avalanches, colluvium, and

alluvium. These Pliocene and Quaternary fans consist of thin-
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bedded gravel deposits that filled the shallow valleys (QTg)
and fluvial gfavels (QTa) (Figures 3 and 5) (Hoover, 1985).
Unit QTg was deposited under moderate to high-energy
conditions by rivers that cut channels into soft deposits of
unit QT1d (Pexton, 1990). Unit QTa was deposited from about
1.3 to 0.9 Ma (Hoover, 1985). The minimum age of unit QTa and
QTg is estimated to be about 740 Ka (Hoover, 1985). The
gravels of unit QTa have a steeper gradient and are
topographically higher than younger deposits in the study area
(Pexton, 1990). Both unit QTa and QTg consist chiefly of
pebbles, cobbles, and boulders that are poorly sorted and

poorly indurated. They also contain subordinate sand and
finer grained material. A very dense desert pavement has

formed on QTa and QTg (Pexton, 1990).

3.2.2.3 Quaternary Stratigraphy

Quaternary deposits comprise the uppermost surficial
deposits in the study area. Deposits younger than unit QTa
are noted by a number (Holocene unit Q1 or Pleistocene unit
Q2) indicating the major time-stratigraphic unit and a letter
indicating the lithology of the subunit. The letters a, b,
and ¢ indicate relative age of a fluvial unit with a being the
youngest and c¢ the oldest. Regional unconformities separate

unit Q2 from unit QTa and unit Q1 from unit Q2. Where
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subunits occur together on a scale too small to be mapped
separately, they are combined, such as Qlab (Pexton, 1990).

The older Quaternary surficial deposits consist of
alluvial deposits and debris flows observed in all the valleys
and washes (Q2c, Q2b, and Q2a) (Figures 3 and 6), eolian dunes
and sand sheets deposited as ramp-like accumulations (Q2e)
(Figures 3 and 7), and alluvial sand sheets (Q2s) (Figures 3
and 8). Pleistocene alluvial fan deposits are smooth surfaced
deposits that overlie unit QTa. Units Q2c, Q2b, Q2a, and Q2s
consist of gravel, sand, and silt. Desert pavements on these
deposits (Q2) are the boundary of a regional unconformity
separating the older deposits from the youngest deposits
(Pexton, 1990). Hoover (1985) estimates the minimum age of Q2
units to be about 200 Ka (Figure 3).

The youngest surficial units were deposited in the
washes, on lower slopes below the washes, and on the valley
floor of the Amargosa Desert (Figures 2 and 3). These
deposits consist of predominantly alluvial deposits (Qlc and
Qla), debris flows (Qlb), alluvial sand sheets (Qls), and
dunes and sand sheets (Qle). Quaternary fluvial sheet sand
deposits, unit Qls, overlies older Pliocene and Quaternary
units in much of the plains area of the Amargosa Desert
(Figure 9). Holocene fluvial deposits, unit Qlab, occur in

present drainages. Unit Qlab is a combination of unit Qla,
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modern channel deposits, and unit Qlb, which forms Ilow
terraces along active drainages (Figure 10). Holocene fluvial
deposits, unit Qlc, occur as remnants of terraces along many
washes. All of these deposits have intermixed gravel (Pexton,
1990).

Holocene eolian dunes and sheets, unit Qle, occur as
isolated deposits associated with stabilizing vegetation and
as dunes and sand ramps (Figure 11). The dunes result from
prevailing southerly winds in the Amargosa Desert. The eolian
deposits consist of moderately well sorted sand-size particles
(Pexton, 1990).

Holocene Q1 sediments were deposited during the last
8,300 years (Hoover, 1985). These youngest deposits have been
modified only slightly since deposition. Therefore, soils are
weakly developed, desert pavements are not present, and only
the oldest surfaces have been smoothed by creep and sheetwash
(Hoover, 1985).

Carbonate and opaline (SiO,) eolian dust have been added
to all the deposits over time (Taylor, 1986). Thus, repeated
cycles of deposition, nondeposition, and soil development

characterize the Tertiary and Quaternary history of the area.
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3.2.2.4 Spring Deposits

The Ash Meadows area has been the site of spring
discharges since at least the middle Pliocene (Pexton, 1990).
Spring deposits that consist of tufas and calcite veins and
vents occur in surficial materials that range in age from pre-
QTa to the present (Pexton, 1990). These spring deposits
occur in the Amargosa Desert and near outcrops of Paleozoic
carbonate rocks (Hoover, 1985; Dudley and Larson, 1974). The
tufas occur as single outcrops or a few scattered outcrops
that range from a few meters to 50 meters in their maximum
lateral dimension. At Point of Rock Springs in the Ash
Meadows area, tufas form a spring mound that has an area of at
least 10,000 m* (100,000 ft?) (Pexton, 1990). This is the only
spring mound mapped in the area (Figure 12). Tufas are not
currently forming in the Amargosa Desert, because the area is
being eroded and spring water drains rapidly away in channels
or sinks into the ground (Pexton, 1990). Springs probably
discharged more water and were more widespread during pluvial

periods (Pexton, 1990).

3.3 Climate
3.3.1 Paleoclimates
Observations gathered from packrat midden investigations,

areal extent of Quaternary lakes, landform development,
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depositional processes, and weathering processes indicate that
the climate during the past 1.1 million years or more has been
semiarid to arid and warm, with maximum annual precipitation
from two to four times the present (Hoover, 1985).
Spaulding’s (1983) work on packrat middens in the southern
Great Basin has provided a climatic history of the past 45
thousand years. His work is supported by pollen data for the
southwestern US (Spaulding and others, 1983). Mifflin and
Wheat (1979) have provided a basis for determining
precipitation and temperature from the size of late Wisconsian
lakes and their tributary basins.

Based on these studies, climatic conditions during the
glacial maximum (18 Ka), compared to the present climate,
probably had a mean annual temperature 6-7°C lower, drier
summers, winter precipitation up to 70 percent greater, and
mean annual precipitation was not more than 40 percent greater
(Table 1) (Spaulding, 1983; Spaulding and others, 1983).

Mifflin and Wheat (1976) propose that the mean annual
temperature was 5°C lower and the mean annual precipitation
was 69 percent greater. Therefore, precipitation during the
deposition of surficial deposits in the area was probably much
less than the maximum of 50 to 75 cm (20 to 30 in) that will

allow development of a calcic horizon (Hoover, 1985).
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Table 1

Estimates of late Quaternary climates in the
Nevada Test Site area (after Spaulding, 1983).
The present climate ranges are (USDA, 1990):
Precipitation of 10-20 cm (4-8 in.)
Temperature of 11-19°C (53-66°F).

Period Differences from present
(105 years ago) Temperature (°C) Precipitation (%)

45-35 -1 to -3 0 to +20
35-23 -3 to -6 +10 to +20
23-12 -3 to -7 +10 to +40

18 -6 to -7 +30 to +40
12-8 0 +10 to +20

8 to present 0 to +2 0 to +20

3.3.2 Modern Climate
3.3.2.1 Precipitation

The present climate in southern Nevada is arid to
semiarid. The areal distribution of precipitation is related
to orographic effects and a large range in elevations.
Precipitation in the southern Great Basin is affected by the
rainshadow of the Transverse ranges and the Sierra Nevada
(Hoover, 1985).

In addition to orographic influences, two basic storm
types occur in the area. The storm types result in
precipitation derived from winter cyclonic activity and
intense summer convection (Houghton and others, 1975).
Precipitation is greater during the November-March period and

less during the April-October period. The annual cycle with
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a winter maximum, a secondary maximum in summer, and minima
during the transition seasons, is well established (Quiring,
1985). The maximum monthly precipitation, which occurs in
winter, ranges from 13 to 23 percent (averaging 16%) of the
average annual precipitation (Quiring, 1985).

The seasonality of precipitation influences some of the
soil properties, including carbonate distribution. Soil
moisture temperatures during the winter months result in CaCoO,
being more soluble. Strong winds with accompanying violent
dust storms are common when precipitation is slight. The
individual stations show variations from the average annual
cycle. Variations in the winter precipitation maximum is
common in the area. Wide variation in annual precipitation
and concentration of rainfall in a few storms is
characteristic (Quiring, 1985). Cumulative averages, however,
demonstrate that the mean annual precipitation after 10 years
differed by less than 10 percent from the 20- to 30- year
means (Hoover, 1985).

The precipitation/elevation ratio is approximately 15
centimeters per kilometer of elevation (1.8 in./ 1000 ft.)
(Quiring, 1985). This ratio is based on vegetation change and
precipitation data from stations in southern and south-central
Nevada that are at similar elevations and latitudes to the

study area. The ratio indicates that the mean annual
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precipitation ranges from 9 centimeters (4 in.) in the valley
to approximately 30 centimeters (12 in.) on Pyramid Peak
(Quiring, 1983). These ranges coincide with the USDA Soil
Survey’s (1990) estimate of mean annual precipitation (Figure
13).

3.3.2.2 Temperature

Temperature is an important factor for pedogenic
carbonate development. If precipitation were constant, CaCoO,
could be translocated by simply decreasing the temperature of
available moisture and, thus, increasing the solubility of
CaCO; (Taylor, 1986; Drever, 1982).

Mean annual temperature is a function of latitude,
elevation, cloud cover, surface reflectivity, and topographic
aspect. Long term temperature data are lacking for the
Amargosa Desert. Hoover (1985), however, estimates that there
is a 0.74°C/100 m (4.08°F/1000 ft) gradient in the Amargosa
Desert. Hence, mean annual temperature ranges from 19.1°C
(66.3°F) at 610 m (2000 ft) to 8.4°C (47.1°F) at 2043 m (6703
ft) elevation. These ﬁumbers correspond with estimates of
mean annual temperature (Figure 14) published in the USDA Soil
Survey (1990). On the valley floor, the average maximum
monthly temperature for July is more than 42.5°C (100°F);
minimum winter temperatures are below freezing in December and

January. A high of 81°C (162°F) was observed on a thermometer
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placed on a desert pavement with the bulb covered by a layer

of fine sand (Denny and Drewes, 1965).

3.4 Vegetation

The field area is located on the boundary of the Mojave
Desert to the south and the Great Basin Desert to the north
(Cronquist and others, 1972). Vegetation covers only 3 to 36
percent of the surface at elevations of 1000 to 1500 meters
(3281 ft to 4922 ft) (Romney and others, 1973). The
vegetation types include xerophytes in the upland and well
drained areas and phreatophytes in the areas of surface or
ground-water availability. The roots of these plants affect
the pedogenic carbonate by changing the partial pressure of
carbon dioxide, which affects the solubility of calcium
carbonate. The partial pressure increases to the maximum

rooting depth of the plants and then decreases with depth.

3.5 Soils
3.5.1 Texture

The Quaternary and Tertiary alluvium and colluvium are
gravelly units that are well drained and do not, at present,
have shallow water tables unless located in a regional ground-
water discharge area. The relative gravel content, as

described by the Soil Survey (USDA, 1990), is shown in Figure
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15. This gravel content is a relative number with those soils
described as "gravelly" given a high gravel content and those
without such a descriptor given a low gravel content (USDA,
1990). Bretz and Horberg (1966) hypothesized that most of
these gravelly soils were not affected significantly by
capillary rise from a shallow water table. The soils occur on
dissected land surfaces, therefore, the shallow water table
would decline with each erosion cycle. The water table at Ash
Meadows and along parts of the Amargosa River is at or near
the surface. At these 1locations, ground-water could be
contributing a significant source of CacCo,. As a result,
these soils were not simulated by a numerical model, but were

located on the simulations as lakes or swamps.

3.5.2 Calcium Carbonate Sources

There are several sources for the CaCO; in soils. One
source 1is from weathering and/or translocation of a
constituent in place from the alluvial, colluvial, lacustrine,
or discharge deposits. A second source is atmospheric
addition, either as ions or ion complexes in solution (Ca't,
HCO,;") or as solid dust particles of CaCO, or other carbonate
salts (Gile and others, 1979).

Some parent sediments are noncalcareous, whereas others

are derived primarily from limestone. Analyses of dust fall,
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however, indicate that calcareous dust has been deposited on
the sediments. The dust is deposited by one storm, wetted,
and is then largely blown on by the next windstorm (Gile and
others, 1966). On each wetting cycle, a small part of the
carbonate in the dust is dissolved, moved into the soil, and
precipitated as the water evaporates. Thus, regardless of the
composition of the parent sediment, all soils are considered
to have an source of carbonates.

The development of calcic horizons is dependent on dust
supply and the amount of CaCO, in precipitation in soils where
CaCO, is a minor constituent of the parent materials of
alluvium (Gile and others, 1966). A calcareous dust source
for the carbonate (at a rate greater than the rate of
dissolution) provides an explanation for the occurrence of
equally prominent carbonate horizons in calcareous and

noncalcareous sediments of the same age.

3.5.3 Effect of Climate

A generalized model for CaCO, accumulation rates is that
the rates vary with climate (Bachman and Machette, 1977).
During interglacial times, increased aridity, decreased
vegétation cover, and exposed playa surfaces increase
accumulation rates. Conversely, increased vegetation and more

precipitation associated with glacial climates result in
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relatively slow rates of CaCO, accumulation.

Sufficient precipitation, however, is necessary to
transport the atmospheric materials into the soil (Machette,
1986). If the supply of carbonate in dust or parent material
exceeds the amount that can be leached from the soil by
precipitation, then the rate of development of the calcic
horizon is dependent on the rate of precipitation (Machette,
1986). Therefore, pedogenic carbonate may be precipitation-
limited. As a result, soils may be accumulating material more
slowly during dryer times, such as the Holocene, than in the
late Pleistocene because of the lack of water to move the
material into the soil.

During glacial climates there is more precipitation to
move the material, while during interglacial times there
appears to be insufficient precipitation to move all the
available dust into the soil. Because of these conflicting
factors for accumulation, Taylor (1986) suggests that the
climatic change and the contribution of all factors was not
enocugh to significantly change rates of CaCO, accumulation.
This study will further examine the effect that precipitation

changes have on carbonate distribution.
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3.5.4 Carbonate Stages

Carbonate accumulation in soils can be characterized by
stages of development (Gile and others, 1966; Bachman and
Machette, 1977; Machette, 1986) (Table 2). These morphologies
can be used to indicate the maximum amount of CaCO, content.
Some authors indicate four or five stages, and others indicate
five or six. The fifth and sixth stages are a more developed
fourth stage, with only a subjective separation. During field
mapping five stages were used to characterize the pedogenic

carbonate.

3.6 Hydrogeology

The Amargosa Desert is conceptualized as having one
intermontane, shallow ground-water basin that is vertically
connected to a deep, regional ground-water flow system (Downey
and others, 1990). The intermontane, shallow ground-water
basin includes unconsolidated sediments interbedded with
layered volcanic rocks in the Amargosa Desert (Downey and
others, 1990). This shallow ground-water basin may range from
unconfined to semi-confined and is quite variable in
lithology. The units include fine-grained playa and lake beds
with salts, boulder-cobble-pebble debris flow-fan deposits,
and consolidated volcanic tuffs. Accordingly, they can

exhibit matrix flow in the unconsolidated materials, and fault
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Stages of calcium carbonate morphology observed in pedogenic
carbonates developed under arid and semiarid climates of the
American Southwest (Modified from Gile and others (1966),
Bachman and Machette (1977), and Machette (1982))

Gravel

Stage Content

I High
Low

II High
Low

IIT High
Low

Iv High

Diagnostic morphologic
characteristics

Thin, discontinuous
coatings on pebbles,
usually on undersides.

A few filaments in
soil or faint coatings
on ped faces.

Continuous, thin to
thick coatings on tops
and undersides of
pebbles.

Small soft nodules.

Massive accumulations
between clasts.

Many coalesced nodules,

matrix is cemented.

Thin (< 1 cm)
laminae in upper part
of horizon.

(continued)

CaCo, CacCo,

distribution content

Coatings are 2%
sparse to
common.
Filaments are Tr4%
sparse to
common.
Coatings are 23-10%
common, and
matrix is
loose.
Nodules are 43-20%
common, and
matrix is
loose.
Essentially 108-25%
continuous
dispersion

in matrix.

Essentially
continuous
dispersion

in matrix.
Cemented platy >25%
to weak tabular
structure and
indurated laminae.
Horizon is 0.5 to

1 meter thick.
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Stage Content

\"

Gravel

Low

High

Low

Table 2 (continued)

Diagnostic morphologic

characteristics

Thin (< 1 cm)
laminae in upper part
of horizon.

Thick (>1 cm) laminae
and pisolites.

Fractures are coated
with laminated CacCo03.

Thick (>1 cm) laminae
and pisolites.

Fractures are coated
with laminated CacCoO3.

46

Ccaco, Ccaco,
distribution content

Cemented platy >60%
to weak tabular
structure and
indurated laminae.
Horizon is 0.5 to

1 meter thick.

Indurated, dense, >50%
strong platy to
tabular structure.
Horizon is 1 to 2
meters thick.

Indurated, dense, >75%
strong platy to
tabular structure.
Horizon is 1 to 2
meters thick.
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and fracture-controlled flow in more indurated materials
(Downey and others, 1990). The dominant flow direction is
from the north, northeast, and east to the south.

The regional, deep ground-water flow system may include
all of the aquifers in the Paleozoic sedimentary rocks and the
Tertiary volcanic rocks. This deeper system contains
multiple, confined aquifers that are either carbonates or
tuffs (Waddel, 1982; Downey and others, 1990). The flow
system may be characterized as fault- and fracture-controlled.
The dominant flow direction is from the north, northeast, and
east to the south and southwest, and may show transbasinal
flow (Sinton, 1987, Downey and others, 1990).

The study area has several major local and regional
ground-water discharge areas, such as the Ash Meadows springs,
Carson Slough, Alkali Flat and the Amargosa River near
Amargosa Farms (Winograd and Thordarson, 1975). The spring
waters are high in dissolved solids. These dissolved solids
are composed predominantly of carbonate salts (Winograd and
Thordarson, 1975). These salts may be a dust source that

contributes to the accumulation of pedogenic carbonate.



ER-4006 48

Chapter 4
FIELD OBSERVATIONS OF PEDOGENIC CARBONATES
4.1 Development of Conceptual Model
A literature search and field reconnaissance was
conducted. Hypotheses were formulated on the distribution and
types of carbonate deposits wutilizing the information
gathered:
1) Carbonates form in the surficial units and not, to any
significant extent, on the relatively impermeable
competent bedrock. This bedrock, in general, lacks a
soil profile.
2) The large influx of atmospheric CaCO, into the area
overcomes any change in CaCO, found in the parent
material.
3) Higher stages of carbonate development occur in older
deposits.
4) Higher carbonate stages occur in finer grained
deposits.
Using these hypotheses, a preliminary map of pedogenic
carbonate distribution was constructed wusing surficial
geologic maps, geologic maps, soil surveys, and geomorphic
relationships. A number of simplifying assumptions were made:
l) climate change occurred 10,000 years ago from a

wetter, cooler climate to the present climate;



ER-4006 49

2) climate was essentially the same for the period
between 10 Ka and 2.95 Maﬁ

3) carbonate parent material did not affect pedogenic
accumulation;

4) the influx of carbonate (dust and precipitation) was
constant over the area;

5) and ages of deposits could be obtained from the
surficial geology maps (Swadley and Carr, 1987; Swadley
and Parrish, 1988; Swadley, 1983; Denny and Drewes, 1965;

and Pexton, 1990).

4.2 On-Site Mapping

On-site mapping of the preliminary carbonate distribution
was conducted. Gullies, road cuts, river channels, prospect
pits, gravel pits, clay pits, and other types of soil exposure
were investigated to determine the maximum carbonate stage.
The thickness of the pedogenic carbonate was not determined
because the stage varies, both laterally and with depth, and
due to the limited exposures. The stage was determined using
the characteristics described in Table 2. In summary, the
deposits with greater than 25% gravel content were examined to
observe the carbonate on clasts and the presence and thickness
of laminations (Gile and others, 1966). Deposits with less

than 25% gravel content were examined to determine the extent
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of matrix carbonate. As a result, determining the stage in
fine-grained deposits is a subjective process (Gile and
others, 1966) (Figures 16, 17, 18, 19, and 20).

More than one hundred sites located throughout the area
were examined, with at least two sites in each of the
different types of surficial deposits. The distribution of
the carbonate stages, as determined by on-site examination, is

shown in Figure 21.

4.3 On-Site Mapping Results

In the Amargosa Desert area, soils accumulate secondary
CaCO; in a distinctive trend with increasing age of the
surficial deposit. Observed calcic horizons range from Stage
I films and coatings on the bottoms of clasts in lower
Holocene and upper Pleistocene deposits, to thick, plugged
horizons that completely fill the voids in lower Pleistocene
deposits.

Soils formed in gravelly alluvium less than 3 thousand
years old (Qlab) contain little or no secondary CaCO,. Soils
formed in gravelly alluvium 8.3 Ka (Qlc) commonly have Stage
I carbonate. Other soils formed in the sandier gravelly
alluvium 8.3 Ka (Qls) commonly have Stage I and Stage II
carbonate scattered throughout the area. As a result, this

area was mapped with the higher stage. Soils formed in 160 Ka
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