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ABSTRACT 

Silica cemented pedogenic horizons known as duripans 

occur on relict landforms in climates having limited leach

ing potential. Under the influence of tephra, incipient 

silica cementation may also occur in late Quaternary soils. 

The source of silica for cementation in Holocene 

soils is rapidly weatherable volcanic glass. In response to 

wetting and drying cycles volcanic glass weathers to form 

sand-size composite particles composed of silt, clay and 

redeposited silica. A portion of the hydrolyzed silica is 

eluviated as monosilicic acid which accumulates as the wet

ting front evaporates. Illuvial silica augments existing 

composite particles eventually forming a continuously ce

mented duripan. 

In actively forming late Quaternary soils, the ce

mentation process is a complex interaction between illuvial 

silica, clay and calcium carbonate and the soil matrix. 

Surface reactions between monosilicic acid and illuvial clay 

or soil matrix particles provide nucleation sites for poly

merization of silica concentrated by evaporation. The re

sulting opaline silica bonds adjacent soil grains without 

necessarily plugging intervening pore spaces. In contrast, 

calcium carbonate preferentially precipitates in large pores 

xi 
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and interped voids. Cementation occurs by the plugging of 

progressively smaller pores with relatively pure calcite 

rather than by heterogeneous bonding of mineral grains. In 

illuvial zones containing both silica and calcj,um carbonate, 

cementation may occur rapidly because the former holds small 

~oil particles in place while the latter plugs large pores. 

The mineralogy of silica cement is determined by 

identification of varying amounts of crystal order using X

ray diffraction. Opal-A is recently polymerized, noncrys

talline, highly hydrated silica gel. The more prevalent, 

partly crystalline opal-CT forms where surface reaction with 

clays create crystal orientation, where silica gel dehy

drates or when silica precipitates from soil solutions hav

ing high ionic concentrations. 



CHAPTER 1 

INTIWDUCTION 

Duripans are silica cemented pedogenic horizons 

which form wherever silica is released by mineral weathering 

and not subsequently combined into secondary clay minerals 

or leached from the soil profile. The requirement for both 

the release of silica by hydrolysis and limited leaching, 

restricts duripan formation to subhumid mediterranean and 

semiarid climates although they are found on relict surfaces 

in arid environments where they formed under more moist 

paleoclimates. 

In the western United states duripans occur on old 

landsurfaces in California and throughout the Basin and 

Range physiographic province. They are actively forming on 

Holocene surfaces in Nevada and portions of surrounding 

states (Fig. 1). Duripans have also been identified along 

the west coast of South America, in southern Italy and in 

Australia (Flach et al., 1969; Brewer, Bettenay and Church

ward, 1972; Van Dijk and Beckmann, 1978). Some of the 

relict silcretes of southern Africa and Australia may also 

have pedogenic origins (Summerfield, 1982; Langford-Smith, 

1978) • 
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Silica for cementation is released primarily by 

weathering of feldspars, ferromagnesium minerals and volca

nic glass. On old landscapes parent materials for soils 

with duripans may be derived from intermediate and basic 

volcanic and igneous rocks such as granodiorite, tonalite, 

basalt and andesite as well as volcanic tuffs and ignim

brites containing noncrystalline silica. On late Quaternary 

surfaces silica is released by weathering of volcanic glass 

derived from unconsolidated tephra deposits or alluvium 

from glassy volcanic rocks. 

Silica is more soluble in soil solutions than iron 

or aluminum hydroxides but less soluble than calcium carbo

nate. Thus, at the subhumid end of their climatic range 

duripans may contain aluminum and iron compounds as acces

sory cement while at the arid end they may contain calcium 

carbonate as an accessory cement. In the latter case, it 

is often difficult to morphologically separate duripans from 

petrocalcic horizons which are cemented by calcium carbonate 

and form under slightly greater aridity. 

Duripan and petrocalcic horizon definitions are 

based on morphology rather than genetic process. However, a 

clearer definition of their taxonomic criteria may require 

more knowledge of their genesis. Petrocalcic horizon gene

sis has been intensively studied but less is known about 

duripan genesis with calcium carbonate as an accessory 
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cement. Thus, my research seeks to augment present under-

standing of semiarid duripan genesis. 

Previous soil mapping in Monitor Valley, Nevada 

(Fig. 2) identified soils containing a morphological sequen

ce of duripan formation ranging from those with no macrosco

pic evidence of cementation to those with continuously ce

mented duripans. The genetic and morphologic progression of 

silica cementation exhibited in these soils is the focus of 

my research. 

Definition and Descriptions of Duripans 

Duripans are defined by the USDA - Soil Taxonomy 

(Soil Survey Staff, 1975) as follows: 

The duripan (L. durus, hard, plus pan; meaning 
hardpan) is a subsurface horizon that is cemented by 
silica to the degree that fragments from the air-dry 
horizon do not slake during prolonged soaking in 
water or in Hel. Duripans vary in the degree of 
cementation by silica and, in addition, they common
ly contain accessory cements, chiefly iron oxides 
and calcium carbonate. As a consequence, duripans 
vary in appearance, but all of them have very firm 
or extremely firm moist consistence and they are 
always brittle, even after prolonged wetting. They 
grade into the petrocalcic horizons of semiarid and 
arid climates, into the fragipans of humid climates, 
and into noncereented earthy materials. 

Summary of Duripan Genesis 

Quoting again from the Soil Taxonomy (Soil Survey 

Staff, 1975): 

Duripans occur mostly in soils of subhumid 
Mediterranean or of arid climates, that is, in soils 



that are usually dry or that are seasonally dry. 
They have a moisture regime in which soluble silica 
might be expected to be washed down into but not out 
of the soil. 

The parent materials of soils that have a duri
pan normally contain only a small amount of calcium. 
If calcium is abundant, a calcic horizon tends to 
supplant the duripan. The most strongly expressed 
cementation is commonly in soils that contain an 
appreciable amount of glass in the overlaying hori
zons, which suggests the importance of soluble sili
ca to the genesis. 

If glass is not present in the overlaying hori
zons, there commonly is reason to suspect that it 
was once in the soil. Geographically, duripans are 
restricted largely to areas of volcanism. Showers 
of ash may be continuing, or the soils may be in 
sediments derived from regions that are rich in 
pyroclastic materials such as tuffs and ignimbrites. 
Glass tends to weather rapidly and, if it is rich in 
bases, the weathering can liberate soluble silicates 
at a rapid rate. 

Duripans in Arid and Semiarid Climates 

Of particular interest in this study are duripans 

formed in semiarid climates which transition to the purely 

calcium carbonate cemented pans (petrocalcic horizons) of 

arid regions. Properties of these particular duripans are 

summarized in two quotes, the first from Soil Survey Staff 

(1975) and the second from Nettleton and Peterson (1983). 

The strongly cemented duripans of arid climates 
are usually platy and the plates are roughly 1 to 15 
cm thick. Pores and the surfaces of the plates are 
coated with opal and with some birefringent material 
that is probably a microcrystalline form of silica. 
Carbonates generally are present in small to large 
amounts. 

Some duripans in Aridisols are almost calcium
carbonate free. The opal cement in these has a 

4 



pale-brown color, probably due to included clay. 
Other duripans contain moderate amounts of accessory 
calcium-carbonate cement and are whitish-colored. 
These, and white duripans grading to petrocalcic 
horizons in carbonate content, have distinctively 
pustulose-pendant undersides and smooth, 1amina
coated tops on the indurated coarse plates that 
occur at the top of such pans. The mixtures of 
carbonate-opal cement have distinctive, patchy or 
continuous, white and ye10wish-green, pinkish, or 
brownish colors relative to whitish unopalized pet
rocalcic horizons. Where duripans grade to petro
calcic horizons in carbonate-cement content, they 
have a laminar upper subhorizon and they are called 
duripans, by definition, if at least half the sub
horizon does not slake in acid. 

Grades of Strength of Silica Cementation 

Three grades of strength of silica cementation are 

recognized: the dllric horizon, the haplic or entic pan and 

the typic pan. 

Duric horizon. A curic horizon is at least 15 cm 

thick, contains more than 20% durinodes (defined below) by 

volume in a non-brittle matrix, or is more or less conti-

5 

nuously silica cemented and brittle, but only firm when 

moist. It is designated by a "q" in field descriptions and 

does not qualify as a duripan (Soil Survey Staff, 1975; 

Nettleton and Peterson, 1983). 

Hap1ic or antic duripan. The pan is either conti-

nuously cemented or composed of imbricated overlapping ce-

men ted lenses. The cemented parts are brittle and at least 

very firm when wet, and they do not slake in water or Hel. 

It either has macroscopic evidence of opaline silica on ped 



faces, pan cracks or pebble coatings, or has> 20% duri

nodes. It does not have a continuous laminar coating of 

opaline silica (Soil Survey Staff, 1975; Nettleton and Pe

terson, 1983). 

Typic duripan. A typic duripan has continuous ce-

mentation by opaline silica, with or without ca.lcium carbo-

nate. Some portion of the pan must be more or less conti-

6 

nuously indurated either as a continuous laminar coating or 

as overlapping or imbricated coarse plates (Soil Survey 

Staff, 1975; Nettleton and Peterson, 1983). 

The soils sampled for this research have either 

haplic duripans, duric horizons or no macroscopically recog-

nizable evidence of silica cementation. 

Durinodes 

Durinodes are discontinuous aggregations of opaline 

silica cemented soil material which are defined as follows 

(Soil Survey Staff, 1975): 

Durinodes (L. durus, hard; nodus, knot) are weak-
ly cemented to indurated nodules. The cement is silicon 
dioxide presumably opal and microcrystalline forms of 
silica. It breaks down in hot concentrated KOH after 
treatment with Hel to remove carbonates but does not 
break down with concentrated Hel alone. Dry durinodes 
do not slake appreciably in water, but prolonged soaking 
can result in spalling of very thin platelets and some 
slaking. The durinodes are firm or very firm; they are 
brittle when wet, both before and after treatment with 
acid; and they are disconnected and they range upward in 
size from a dimeter of about 1 cm. Most durinodes are 
roughly concentric in cross section, and concentric 
stringers of opal may be visible under a hand lens. 
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Purpose of Research 

There are three ambiguities in the previous descrip

tions which I would like to clarify. They are: 1) volcanic 

glass is known to be very closely associated with duripan 

formation but an actual genetic connection between the two 

has not been established, 2) illuvial silica interacts with 

illuvial clay or calcium carbonate, however their interac

tions are not well understood and 3) the mineralogy of 

silica cement has not been reevaluated in the context of 

recent standardization of terms resulting from intensive 

studies of benthic opaline silica by sedimentary petrolo

gists. 

Volcanic Glass as a Silica Source for Duric Formation 

In order to study the effects of volcanic glass 

weathering on duripan formation a sampling site had to have 

1) ample amounts of volcanic glass and 2) soils showing 

evidence of duripan formation under present (Holocene) cli

matic conditions. A map of the geographic area where active 

semiarid duripan pedogenesis is occurring is shown in Fig. 

1. The area includes most of Nevada, southeastern Oregon, 

southwestern Idaho and western Utah. Within this area duric 

horizons are forming in alluvial sediments of basins ranging 

in elevation from about 900 to 2500 m. This zone of active 

silica cementation covers nearly the same area as the Great 

Basin floristic zone as defined by Cronquist et al. (1972) 
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(Fig.l and Chapter 2). It also closely follows the southern 

part of the areal distribution of tephra ejected by Mt. 

Mazama 6900 years ago (Sarna-Wojcicki, Champion and Davis, 

1983; Chapter 2). 

Soils were sampled from Monitor Valley in central 

Nevada (Figs" 1 & 2) which lies near the center of the area 

of active duripan pedogenesis. All Holocene soils contain 

volcanic glass, with the older ones having macroscopic evi

dence of silica cementation and the younger ones showing 

microscopic and chemical evidence indicating that silica 

cementation is active (see Chapter 4). 

Silica Interaction with Illuvial Clay and Calcium Carbonate 

Adjacent Pleistocene soils, having adequate illuvial 

accumu~ations, were sampled to study the interactions bet

ween pedogenic calcium carbonate and silica. They have 

duric horizons or haplic d~ripans but not typic duripans. 

An unfortunate limitation to the study was the lack of a 

contiguous landform containing soils with typic duripans 

which would have allowed the development of a more compre

hensive model of duripan development as influenced by cal

cium carbonate-silica interaction (see Chapter 5). 

Mineralogical Studies on Silica Cement 

Silica cement from the same Pleistocene soils was 

analyzed to determine its mineralogical components. Their 



classification (Chapter 6) is one of the first pedologic 

uses of a recently accepted system for classification of 

opaline silica (Jones and Segnit, 1971; Drees et a1., 

1984). 

General Methods 

Soil Selection 

10 

The soils of Monitor Valley, Nevada were mapped at a 

1:24,000 scale as part of a contract between Soil and Land 

Use Technology, Inc. and the USDI Bureau of Land Management. 

The study area and sampling sites were determined using 

detailed transect data and advice from the USDA Soil Conser

vation Service. 

Soil Sampling and Analyses 

Soils were described and sampled by researchers from 

the University of A.rizona (U of A) and the USDA Soil Conser

vation Service National Soil Survey Laboratory (NSSL). NSSL 

provided routine soil characterization data while the U of A 

provided data relating to silica chemistry and mineralogy. 

The data is tabulated in Appendix A and portions are repro

duced in the succeeding chapters. 

Report of Findings 

The next chapter in this dissertation is a des

cription of the physiographic setting of the study site. My 

research interpretations can be applied only to soils 
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forming in adjacent basins having similar physiography. For 

example, there are few calcareous bedrock sources contribut

ing to the alluvial parent material of the study site. 

Therefore, the results from this study may not apply to an 

area where soils are forming in alluvium derived primarily 

from limestone. 

Chapter 3 is a discussion of the important soil 

~orming processes affecting the study area. Brief descrip

tions of clay, calcium carbonate and soluble salt illuvia

tion are followed by a longer description of silica in soil 

solution and the multiple controls on its solubility in the 

pedogenic environment. These discussions provide a necessa

ry background for understanding the previously outlined stu

dies on volcanic glass as a silica source (Chapter 4), 

interactions of silica and illuvial clays and calcium carbo

nate (Chapter 5) and opaline silica mineralogy (Chapter 6). 

Limits on Extent of Research 

I have imposed limitations on research into certain 

areas of silica-soil relationships as described below. 

Plant opal. An extensive literature attests to the 

importance of plant uptake of silica and deposition of opal 

phytoliths in soil-silica interactions (Wilding et al., 

1977). However, in this case large quantities of volcanic 

glass coupled with low vegetation density has downgraded the 



importance of the botanical silica cycle, and I have not 

included it in my studies. 

Organic matter-silica interaction. Soil organic 

matter has important effects on silica in soil solutions 

<Mitchell, 1975; Wilding et al., 1977). However, organic 

matter content is low in the Monitor Valley Aridisols (see 

Appendix A) and I have assumed that silica-organic matter 

interactions are much less important than silica interac

tions with inorganic soil components. 

12 

Silcrete literature review. I have not discussed 

most of the large body of silcrete literature. Silcretes 

are old features and landscape evolution has destroyed much 

of the evidence for their genesis. They have been formed by 

several different processes. The models developed in this 

report may have relevance to the genesis of certain semiarid 

silcretes (cf. Langford-Smith, 1978) but not to silcretes as 

general landscape features. 

Definition of Climate Zonation 

I frequently refer to subhumid, semiarid and arid 

climatic regimes. The operational definitions of these 

terms are loosely based on the amount of effective soil 

leaching as given below. 

Subhumid. Calcium carbonate does not accumUlate in 

soils in the subhurnid zone. However, soluble silica may 

accumUlate. 
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Semiarid. There is enough moisture to support min

eral weathering but not enough leaching to remove either 

calcium carbonate or soluble silica from the solum. Soluble 

salts usually accumulate below the solum or slightly above 

its lower boundary. 

Arid. In arid climates weathering of primary min

erals is slow and the primary contributions to pedogenesis 

are from aeolian inputs of calcium carbonate, soluble salts 

and possibly aluminosilicate dust. Silica does not accumu

late because of the lack of weathering, however calcium 

carbonate and soluble salts may accumulate in the solum. 

It should be noted that soils having characteristics 

of semiarid and arid climates may coexist on adjacent land

surfaces because of paleoclimatic shifts. 



CHAPTER 2 

PHYSIOGRAPHY OF MONITOR VALLEY 

This chapter provides an overview of climate, geol

ogy, soil and landform distribution, vegetation and other 

soil forming factors for the study area. The information 

constitutes the parameters which define the detailed chemi

cal and micromorphological studies described in Chapters 4, 

5 and 6. Any valid generalization of the results discussed 

in succeeding chapters must consider these parameters. 

Location and Geologic Setting 

The Monitor Valley study site lies at the geogra

phic center of Nevada within the Great Basin subdivision of 

the Basin and Range physiographic province. It is about 26 

km southeast of Austin and 72 km west of Eureka along U.S. 

Highway 50 (Fig. 2). 

Monitor Valley is a north-south trending fau1t

block basin bounded on the west by the Toquima Range and on 

the east by the Monitor Range. It is about 120 km long and 

9 to 15 km wide. The study area (Fig. 2) is located in the 

north one-quarter of the valley and encompasses a broad 

alluvial piedmont remnant (terminology after Peterson, 1981) 

14 
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which staddles a north trending axial stream channel (Fig. 

3). 
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The Toquima range is composed of undifferentiated 

volcanic rocks, chert, nhale, limestone and quartzite 

(McKee, 1972). The Monitor Range is composed of andesite, 

rhyolite and volcanic tuff (Roberts, Lehner and Bell, 1967). 

The maximum altitude of each range is about 3,000 m and 

basin altitude in the study area is about 1,950 m. 

Geomorphology, Stratigraphy and Soil Distribution 

A block diagram of the study area (Fig. 3) provides 

a generalized view of the stratigraphy and land-surface 

relationships. Some of the boundaries between landforms are 

extremely subtle and difficult to distinguish in the field. 

They were recognized using differences in soils and strati

graphy as well as pattern differentiation on aerial photo

graphs. The block diagram has been exaggerated in the ver

tical direction to increase boundary recognition between 

surfaces while the horizontal direction has been foreshort

ened. 

Auger transects across the more subtle soil bound

aries provided data for the valley cross-section (Fig. 4) 

drawn between X and X' shown on Fig. 3. Table 1 presents a 

summary of information for each of the lettered soil units 

on Figs. 3 and 4. Appendix A contains field descriptions 

and laboratory data for each sampled pedone 



Sediment Types 

o loam 

~ sill loam 

I2:J sandy gravel 

[§] gravolly sand 

m gravelly Gandy loam 

Fig. 3. Block Diagram of the Study Site in Monitor Valley. 

Letters A-F designate soil units whose characteris
tics are summarized in Table 1. Letters X and 
X' are the end points of the transect line shown in 
Fig. 4. The scale has been exaggerated in the 
vertical direction and forshortened in the horizon
tal direction. 
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Table 1. Soil-Landform Characteristics for Monitor Valley, 
Nevada. 

I Soil I Landform 
I Unit I (1) 

Parent 
Haterial 

Fi'lIlily 
Classification 

I Age, yr B.P.I 
I (2) I 

I 
Vegetation I 

-------------------------------------,--.--1 
A 

axial I 
I stream I 
I floodplain I 
I I 

silt 
101m 

I Fine-silty, mixed I 
I(calcareous), mesicl 
IDurorthidic Torri- I 
Ifluvent ,I 

( 6,900 
IAtriplex canescens, I 
IOryzopsis ~- I 
loides I 
I I ------------------------------,---

B 
axial 

stream 
terrace 

loam 
I Fine-loBIV, mixed I (13,000 
Imesic Duric Hiplar-I ) 6,900 
19id I 

IArtemesia tridentata,l 
lSi tanion hystrix I 
I I 

----------------------------------------------------
C 

o 

E 

F 

inset 
fan 

silt 
10 all 

ICoarse-silty,mixed,I 
lmesic Typic CaIbor-1 
I thid I 

IEurotia lanata, 
(6,900 IOryzopsis hymenoi~s I 

I I 

9TilJelly I Coarse-loarny;lI'Iixed,I < 6,900 and IEurotia lanata, 
inset 
fan 

sandy l(calcareous),~sic,1 younger thanlOryzopsis hymenoides I 
loam IXeric Torriorthent 1 A and C 1 1 

I summit of I loam over IFine-l05lY, mixed, I 
If an Piedmontl very lmesic, Shallow I 
I remnant 1 9Tavelly IHaplic Durargid I 
I 1 sand I I 

Ilower end ofl 10Clft over IFine-losrny, mixed, 1 
Ifan Piedmont I gravelly lmesic, Duric Na- I 
I remnant 1 sand I trargid 1 

100,000 
IArtemesia tridentata,l 
IOryzopsis hymenoides I 
1 . I 
I I 

IArternesia tridentatajl 
100,000 ISitanion hystrix 1 

I I 

(1) Terminology follows that of Peterson (1981). 

(2) ~ text for explanation; the only absolute date is that establilhtd by 1~ler~ of 
Hazama tephra. 
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Units. 
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A-C designate soil units described in Table 1. 
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Piedmont Surface 

The largest surface in the stu~y area is a broad 

alluvial piedmont remnant (soil units E and F, Fig. 3) 

which, with slopes of 0-2%, stretches from the base of 

poorly preserved alluvial fans (not shown in Fig. 3) at the 

western mountain front of the Monitor range to the base of 

poorly preserved alluvial fans (not shown) along the eastern 

mountain front of the Toquima range. It is composed of very 

gravelly sand alluvium derived primarily from andesite, 

rhyolite and volcanic tuff. This coarse textured alluvium 

is capped by 50 to 150 cm of loamy alluvium mixed with 

aeolian material. Soil units E and F are sampled to provide 

a contrast between soils forming in about 50 cm and 125 cm 

of finer textured material, respectively. 

Soil unit~. A continuously cemented duripan has 

formed at 56 cm which coincides with a strong textural 

contrast due to parent material stratification. Smaller 

amounts of silica cementation are distributed between 36 and 

114 cm. An argillic horizon has developed from 18 to 36 cm 

while calcium carbonate, soluble salts and sodium contents 

all increase below 56 cm (Fig. 5, Chapter 3). The soil is a 

Fine-loamy, mixed, mesic Shallow Haplic Durargid and con

tains the strongest duripan found in the study area. 

Soil unit E. This soil has a strong textural con

trast at 127 cm and, in contrast to soil E the duric horizon 



21 

is not strongest at the texture change. Instead, the 

strongest silica cementation is at about 50 cm with recog

nizable cementation between 36 and 127 cm (Fig. 5). While 

cementation is strong, it is not laterally continuous and 

therefore a duripan is not recognized. An argillic horizon 

has developed from 28 to 66 cm and not only encompasses most 

of the cemented zone but in its lower part it overlaps with 

the zone of sodium accumUlation (Fig. 5). The soil is a 

Fine-loamy, mixed, mesic Duric Natrargid. 

Many of the differences between the soils of units E 

and F are due to the thickness of the overlying loamy mate

rial. In E, the textural contrast provides an abrupt poro

sity change in the middle of the soil profile. Soil pores 

above the texture contrast must saturate before soil solu

tion can cross into the larger pores of the underlying 

coarse alluvium. Complete saturation does not always occur 

and clays, silica, calcium carbonate and soluble salts are 

deposited at the interface. When saturation and solution 

breakthrough does occur, soluble salts move more rapidly and 

to greater depths than the other components (the mechanisms 

involved will be considered in more detail later in this 

chapter and in chapters 3 and 4). 

The textural contrast in soil F is below the active 

soil forming zone and soil solution movement through the 

profile is less inhihited. In this case soil components are 
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deposited in a somewhat overlapping progression (Fig. 5) 

with those of greater solubility being lower in the profile 

(see Chapter 3). The semiso1ub1e constituents of soil F 

(silica and calcium carbonate) have not been concentrated in 

one horizon as strongly as in soil E. 

Axial Stream Channel 

Near the valley center the piedmont drops approxi

mately 4 m with a 15-30% slope to the finer sediments of 

soil units B and A (soil units B 8.nd A are collectively 

termed axial stream channel) which have slopes of less than 

1% (Fig. 3). These sediments are underlain by very gravelly 

sand at depths of 120 to 250 cm. 

Soil unit~. Adjacent to the piedmont is an axial 

stream terrace composed of loamy alluvium. It is the oldest 

surface within the axial stream channel and appears as a 

buried soil under at least two other soil units (Figs. 3 and 

4) • 

The soil has weak discontinuous silica cementation 

extending from 38 to 94 cm. Strength of cementation and 

evidence of silica illuviation are weaker than in soils E 

and F. It has an argillic horizon above and slightly over

lapping the duric horizon. The argillic contains enough 

sodium to quailify for a natric horizon however it lacks 

prismatic structure and the natric horizon is not taxonomi

cally recognized .• The lowest horizon (117-152 em) contains 
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evidence of gleying indicating that at one time there was a 

high water table and reducing conditions (see Paleoclimates 

and Stratigraphy - this chapter). The soil is B. Coarse

loamy, mixed, mesic Duric Haplargid and it has less silica 

cementation than soils E and F but more than soils A, C or 

D. 

Soil unit a. The parent material for the aXial 

stream floodplain is silty alluvium which has been deposited 

on top of the topographically lowest part of soil unit B 

(Figs. 3 and 4). The silty alluvium is approximately 35 cm 

thick with the next lower 20 cm composed of varying mixtures 

of silt and Mazama tephra (Fig. 4). These two stratigraphic 

units overlie a 40 cm thick buried A horizon which appears 

to be stratigraphically continuous with the top of unit B. 

The tephra was identified as Mazama by its stratigraphic 

position, glass shard morphology, glass refractive index and 

mineral inclusions (Davis, 1978; J.O. Davis, 1984, Pera. 

comm. ) • 

Soil A contains weak discontinuous silica cementa

tion in the mixed silt and tephra layer. Above the bur.ied 

soil the major evidences of soil formation are the duric 

horizon and micromorphological evidence for minor clay 

movement. Laboratory data (Appendix A) shows an irregular 

decrease in organic carbon with depth indicating that the 

soil is a Fluvent. Its full classification is Fine-silty, 



mixed (calcareous), mesic Durorthidic Torrifluvent. It is 

younger than 6900 yr. B.P. (the age of Mazama tephra~ and 

the youngest soil to show macroscopic evidence of silica 

cementation (ie. 60% weakly cemented lenses in the 2Bqk2 

horizon). 

Lateral Stream Channels 
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In response to past axial stream downcutting a num

ber of lateral streams eroded into the piedmont surface and 

two soils from overlapping inset fans were sampled in these 

channels (Fig. 3). 

Soil unit~. The silty alluvium of soil unit C 

overlies a buried soil at 120 cm which is continuous with 

soil unit B (Fig. 4). It also overlies a layer of Mazama 

tephra at about 90 cm (Fig. 4). The silty alluvium is 

similar to the sediments of soil unit A except that it 

appears to have been deposited as one unit rather than as 

several, possibly suggesting deposition by debris flood. 

The soil has a cambic horizon from 18 to 58 cm 

indicating that weathering and small amounts of illuviation 

have occurred. There is very little macroscopic evidence 

for silica cementation. In the horizon above the Mazama 

tephra, a few incipient durinodes were found but they slaked 

in water. There is however, microscopic and chemical/physi

cal evidence indicating that the cementing process is under-



way higher in the soil profile (see Chapter 4). Soil C 

classifies as a Fine-silty, mixed, mesic Typic Camborthid. 
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Even though this soil contains Mazama tephra it has 

less cementation than soil A primarily because in the 

latter there is a concurrence between illuviated silica and 

the extra silica released by weathering of large quantities 

of volcanic glass in the tephra layer. In contrast the 

tephra layer in soil C (90 cm) is below the main zone of 

illuviation (Fig. 5) and no reinforcement occurs. This 

point is discussed further in Chapter 4. 

Soil unit Q. This soil unit is made up of late 

Holocen-~ inset fans and fan skirts composed of gravelly 

sandy loam which contain crude stratification. It most 

commonly overlies soil unit C but may also be deposited over 

soil units A and B. The separate delineations which compose 

this unit may not be strictly time synchronous, however, 

they have very little difference in soil morphology and are 

essentially the same age (ie. probably no more then 4,000 to 

5,000 yr. B.P. see Soil Stratigraphy section - this chapter). 

Soil D shows no macroscopic evidence of silica ce

mentation or, for that matter, macroscopic evidence of any 

soil formation. Chemical data show a slight redistribution 

of calcium carbonate and soluble silica as well as an accu

mulation of soluble salts in the lower horizons (Fig. 5 and 

Appendix A). All soil properties are 50 weakly developed 
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that it is classified as a Coarse-loamy, mixed(calcareous), 

mesic Xeric Torriocthent. 

These six soils provide a developmental sequence of 

duripan formation starting with no recognizable cementation 

(Soil D, Soil C) following through the minimally recogniz

able stages of weakly and discontinously cemented (Soil A, 

Soil B) to the strongly and discontinuously cemented (Soil 

F) and finally to the strongly and continuously cemented 

(Soil E). The sampled soils do not form a chronosequence 

because two pairs of soils (A, C and E, F) are approximately 

the same age (see Soil Stratigraphy section in this chap

ter), however age related progressions will become evident 

in succeeding chapters. 

Regional Climate 

Monitor Valley is primarily influenced by three 

regional climatic systems. The region stretching from the 

east side of the Sierra Nevada mountains to central Nevada 

is dominated by winter storms driven by the Aleutian low 

pressure center. The region stretching from the Wasatch 

Range west to central Nevada is dominated by spring and fall 

precipitation driven by the Great Basin low (Houghton, 1969; 

Thompson, 1983). Convective storms associated with the 

Bermuda high pressure center occassionally provide moisture 

in August (Thompson, 1983). 
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Winter Precipitation 

The Pacific storm track is usually kept north of 400 

N because of a stagnant high pressure cell centered over the 

Great Basin. Several times each winter the Great Basin high 

breaks down allowing Pacific storms to move across western 

and central Nevada (Thompson, 1983). Pacific storms moder

ate the normally continental temperatures which prevail 

under the influence of the Great Basin high (Houghton, 

1969). 

Spring and Fall Precipitation. 

During the spring and fall when neither the Aleutian 

low or the Pacific subtropical high exert strong influences 

along the California coast, a low pressure system forms in 

the lee of the Sierra Nevada mountains. It pulls moisture 

from the Pacific and the ensuing storms intensify as they 

move across central and eastern Nevada (Houghton, 1969). 

These storms provide the most reliable source of precipita

tion for Monitor Valley (Thompson, 1983). 

Summer Precipitation 

In the summer, most of the Great Basin is dry be

cause the Pacific subtropical high keeps Pacific storm 

tracks far north. In addition, cold sea and warm continen

tal temperatures retard the transfer of moisture along the 

Pacific coast (Thompson, 1983). However, there are 
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occasional incursions of moist subtropical air pulled from 

the Gulf of California or the Gulf of Mexico by the Bermuda 

high which produce convective storms during August. Summer 

tempe~atures are high throughout the Great Basin and reach 

their highest levels under the influence of the Bermuda high 

pressure system. 

Interaction of these three systems have been studied 

using available historic weather data (Kutzbach, 1970; Sel

lers, 1968). There are strong indications that spatial and 

temporal variations in precipitation and temperature can be 

correlated with changes in positioning of the pressure cen

ters and storm tracks. It seems likely that similar inter

actions between pressure centers have occurred in the geolo

gic past as well (Van Devender and Spaulding, 1979). 

Paleoclimates 

Climatic changes influence soils in two important 

ways: 1) they control erosion/deposition patterns and thus 

determine when soil formation can begin on a stabilized sur

face, and 2) they can alter balances between opposing soil 

forming processes. 

Reconstruction of Paleoclimates, however, is ex

tremely complex because of the necessity of relying on proxy 

data such as plant macrofossils and pollen, plankton re

mains, and physical evidence such as changes in 
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stratigraphy. Each of these proxy data have different re

sponse lag times to climatic change (eg. even under favor

able climates it may take considerable time for a plant to 

migrate to the area where its fossi~.evidence is later 

found). In addition, it is becoming increasingly clear that 

all parts of a region as large as the Great Basin do not 

undergo synchronous or identical changes in climate (Van 

Devender and Spaulding, 1979; Thompson and Mead, 1982) as 

was originally proposed by Antevs (1948). 

Fortunately, a large archeological excavation at 

Gatecliff Shelter in Mill Canyon situated in the Toquima 

Range approximately 35 km southwest of the study area ha~ 

allowed researchers to produce several independant Holocene 

climatic reconstructions with excellent radiocarbon age 

contl'ol. The studies include pollen analysis (Thompson and 

Kautz, 1983), plant macrofossil analysis (Thompson and Hat

tori, 1983), analysis of small mammal remains (Grayson, 

1983), and stratigraphic analysis (Davis, 1983; Melhorn and 

Trexler, 1983a and 1983b). Correlation of these studies 

provide a detailed reconstruction of probable lo~al Holocene 

climates which can be summarized as follows: 

a) 8,000 to 6,300 yr. B.P., there was a cool-dry 

climate dominated by winter precipitation 

b) 6,300 to 5,700 yr. B.P., there were warming 

temperatures with !ncreased summer precipitation 



c) 5,700 to 3,~00 yr. B.P., there were high levels 

of summer precipitation with intervening warm 

periods of great aridity 
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d) 3,400 to 2,800 yr. B.P., there was a cool dry 

period somewhat similar to the period from 8,000 

to 6,300 yr. B.P. 

e) 2,800 yr. B.P. to present, there was a slight 

increase in summer precipitation which was much 

less pronounced than in the period from 5,700 to 

3,400 yr. B.P. 

In addition to this detailed reconstruction, the 

most recent full glacial period from approximately 25,000 to 

14,000 yr. B.P. can be tentatively estimated as having cold, 

dry summers with winter temperatures only slightly cooler 

than present and slightly greater winter precipitation 

(Thompson and Mead, 1982; Mifflin and Wheat, 1979; Van 

Devender and Spaulding, 1979). These conditions were proba

bly produced when the Aleutian low was pushed southward by 

the prevailing high pressure system over the continental ice 

cap coupled with a decrease in ocean evaporation caused by 

colder ocean surface temperatures (Climap, 1976; Gates, 

1976). 

The period from 14,000 to 11,500 yr. B.P. produced 

much less effective moisture as evidenced by the rapid 

decline in pluvial Lake Lahonton prior to 13,000 yr. B.P. 
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(Thompson, 1984). Shortly thereafter, there appears to have 

been a reversion to more glacial cool-moist conditions from 

11,500 to 8,000 yr. bp. (Thompson and Head, 1982). 

Paleoclimatic differences during the last 25,000 

years have been significant enough to produce distinctive 

erosional/depositional changes. These climatically driven 

changes are discussed in the next section on the stratigra

phy of the study area. 

Soil Stratigraphy 

Building on speculations about timing and types of 

climatic changes that have occurred, I shall speculate on 

the possible interaction of climate, erosional/depositional 

environment and soil environments which have cumulatively 

produced the present landscape in the study area. The 

following scenario is not well grounded in absolute dates, 

however, some validity may be drawn from the fact that 

similar scenarios have been published for other parts of 

the Great Basin (Morrison, 1965; Davis, 1978; Wayne, 1984). 

a) The piedmont surface was probably deposited dur

ing the waning portions of the glacial period 

extending from 155,000 to 130,000 yr. B.P. (Pier

ce et a1., 1976; Colman and Pierce, 1981). At 

this time rapid climatic warming decreased vege

tation cover and erosion stripped regolith from 
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hillslope positions depo5iting thick alluvium in 

the valley. This process has been documented by 

Richmond (1962) in the La Sal Mountains, Utah. 

The piedmont apparently filled the valley from 

east to west forcing existing axial stream chan

nels against the Toquima range on the west (evi

dence from air photo interpretation). Soil units 

E and F are quite similar to soils on surfaces 

correlated to the Lamoille or Bull Lake glacial 

period in the Ruby mountains (Wayne, 1984). 

b) During the following interglacial period lasting 

from about 130,000 to 50,000 yr. B.P. (Colman and 

Pierce, 1981), the major outlines of the piedmont 

were not changed although there was certainly 

some local erosion/depositiun which may in part 

account for differences in the thickness of loamy 

alluvial caps between soils E and F. The Pied-

mont surface undoubtedly received aeolian inputs 

of silt, clay, calcium carbonate and soluble 

salts from nearby exposed playa surfaces. 

c) The axial stream channel and some of the larger 

lateral streams channels were eroded into the 

piedmont probably during the gradual cooling 

which started about 50,000 yr. B.P. and culmi

nated with the glacial maximum about 18,000 yr. 
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.B.P. (Wayne, 1984). Support for this concept 

comes from Richmond's (1962) proposal that in

creased effective moisture during the slow cool

ing to maximum glaciation supported greater vege

tation density which combined with decreased high 

intensity summer precipitation produced slow 

sustained runoff with low sediment yields from 

hi11s10pes. Perennial streams lacking sediment 

from hi11s10pes had more stream power to erode 

their beds in the basin. It may be that the 

coarser sediment underlying the finer axial 

stream channel sediments were deposited at this 

time. 

The unincised portions of the piedmont 

surface became stabilized and soil formation 

began on soil units E and F. 

d) Between 14,000 and 11,500 yr. B.P. the climate 

warmed rapidly (Thompson, 1984; Wayne, 1984). 

Decreased effective moisture probably created 

less vegetation density and an increase in high 

intensity convective storms (Van Devender and 

Spaulding, 1979) increased the sediment yield 

from hi11s10pes. The incised stream channels 

were filled with loamy sediments derived from 

soil stripped from the hi11s10pes. These 



sediments are represented in the study area by 

soil Unit B (Figs. 3 and 4). 
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e) During the period from 11,500 to 8,000 yr. B.P. 

the climate stabilized and became slightly cooler 

with fewer convective storms (Davis, 1983; Thomp

son, 1984). Soil B probably had a high water 

table supporting a dense wet meadow vegetation. 

Evidence for this is preserved in the thick bur-

f) 

ied A horizon under soil unit A (Fig. 4) and the 

gleying in the lower horizons of soil B. 

From 8,000 to 6,300 yr. B.P. there was a gradual 

drying and lowering of the water table (Haynes, 

1967; Davis, 1983) • At 6,900 yr. B.P. Mazama 

tephra blanketed the entire valley. Today it is 

only preserved in depositional locations (Fig. 

4) • 

g) Shortly after. the Mazama ash fall (6,300 - 3,200 

yr. B.P.) warmer temperatures and greater summer 

precipitation shifted the balance of erosional 

forces and silty sediments containing Mazama 

tephra from upland positions were deposited form

ing soil units A and C (Figs. 3 & 4). During 

this period there was at least one long very arid 

period (Davis, 1983; Melhorn and Trexler, 1983a) 

and it is quite possible that soil unit D (Fig. 
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2) was deposited as the summer precipitation re

established itself after the drought had de

creased vegetation (approximately 4,000 yr. 

B.P.). 

h) From 3,200 yr. B.P. to present there has been a 

reversion to cooler, winter rainfall dominated 

climates. In the study area, this seems to have 

produced relatively stable conditions for initia

tion of soil formation on soil units A, C and D. 

While the preceeding scenario is tentative, it pro

vides a useful working hypothesis to assist in understanding 

the role of time and climate change in determining the 

present soil characteristics of the study site. 

Vegetation and Land Use 

There are distinctive geographic relationships bet

ween soil and plant distributions in Monitor Valley. It 

appears that vegetation distribution is controlled by soil 

factors such as depth to duripan, depth to soluble salt and 

calcium carbonate accumUlations, soil texture and occurrence 

of temporary ground water tables (Lentz and Simonson, 1984). 

The following Great Basin plant ecological termino

logy follows that of Billings (1951). 
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Shadscale Zone 

The Shadscale zone is composed of xerophytic and 

halophytic shrubs. Most of this ecological zone lies to 

the south and west of Monitor Valley usually at altitudes 

between 800 and 1900 m. In Monitor Valley it is re~tricted 

to recent soils in the channel bottoms. 

Soil unit~. The dominant plants are Atriplex con

fertifolia (shadscale) and Artemisia spinescens (budsage) 

(Table 1) with minor amounts of Eurotia lanata (winter-fat) 

and Oryzopsis hymenoides (indian rice grass). This is a 

somewhat droughtier site than soil units C and D which are 

also in the shadscale zone. 

Soil units ~ and~. These soil units receive extra 

runoff moisture from the piedmont surface and also have 

higher levels of nitrate nitrogen than the other soils in 

the study area (see appendix A). They have excellent pro

ductive potential for the dominant shrub, Eurotia lanata 

(Table 1) which is palatable for livestock. Associated 

plants are Oryzopsis hynenoides and narrow strips of Artemi

sia tridentata (big sagebrush) along linear, shallow depres

sions (10-30 cm below the fan surface). 

Sagebrush-Grass Zone 

The sagebrush-grass zone is extensive in central 

Nevada and is the sole vegetation group on the piedmont and 

alluvial fan surfaces in Monitor Valley. 



37 

Soil unit~. The axial stream terrace has greater 

vegetation density than occurs on the piedmont. The domi

nant shrubs are Artemisia tridentata and Chrvsothamnus spp. 

(rabbitbrush) with E1vmus cinereus (basin wild-rye) (Table 

1), and small amounts of Oryzopsis hymenoides and Sitanion 

hystrix (bott1ebrush squirre1tai1). 

Soil units ~ and~. The piedmont surface has rela

tively low productivity probably because shallow silica 

cementation restricts the rooting depth. Plants are Artemi

sia tridentata and Chrysothamnus spp. with small amounts of 

Oryzopsis hymenoides and Sitanion hystrix (Table 1). 

Land Use 

Monitor Valley supports two or three ranches and 

the federally managed land of the study site is used for 

livestock grazing and wildlife habitat. 

Soil Characteristics 

Soil Moisture 

As previously discussed in the section on regional 

climates, precipitation in Monitor Valley can occur during 

winter, spring and fall, or summer. Both summer and winter 

precipitation are orographica11y controlled (Houghton, 

1969), therefore annual precipitation totals increase with 

increasing proximity to the mountains. Rainfall data from 

Potts Ranch in Monitor Valley (R. s. Thompson, Pers. com.) 
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and unpublished data from the USDA Soil Conservation Service 

indicate that about 150 to 255 mm falls in the valley cen

ter, increasing to 205 to 255 rom on the piedmont surfaces. 

Only about 15% to 20% of the precipitation occurs during the 

summer growing season (Thompson, 1983). 

Study site soils have an aridic moisture regime that 

borders on xeric (note that soil D is a xeric intergrade of 

the Torriorthents). 

Soil Temperature 

The mean annual air temperature in Monitor Valley is 

about 90 C (Houghton, Sakamoto and Gifford, 1975) and the 

mean annual soil temperature (MAST) at 50 cm can be esti

mated by adding 10 C to the mean annual air temperature 

(Soil Survey Staff, 1975~ pg. 61). Applying this procedure, 

the MAST at 50 cm for Monitor Valley is 100 C. 

Probably a more accurate method for estimating MAST 

for Nevada soils has been devised by Schmedlin, Peterson and 

Gifford (1983). Using 84 sampling sites they developed the 

following regression equation using elevation and latitide to 

predict MAST: 

MAST = 50.1 - 0.0064(Elev) - 0.66(lat). 

This equation provides MAST estimates of between 110 and 120 

C. 
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In either case, study site soils fall into the 

mesic temperature regime defined as having a MAST of between 

aO C and 150 C (Soil Survey Staff, 1975, pg. 63). 

Parent Material 

Parent materials for the study site soils are depo

sited by alluvial and aeolian processes and all soils are 

influenced by both sources. 

Alluvium. The primary parent material is alluvium 

from mixed lithogic sources including andesite, rhyolite, 

ignimbrite, chert, shale and limestone. Size fractions 

greater than silt (ie. > 0.063 mm) do not show appreciable 

weathering. Finer textured alluvium « .063 mm) derived 

from eroded soils or aeolian deposits may provide partly 

weathered minerals for accelerated soil formation in a new 

depositional setting. 

Aeolian deposits. There are few data concerning the 

present aeolian additions in central Nevada. However, there 

is little doubt that surface additions of silt and clay are 

occurring at present. The next valley to the west, Big 

Smokey Valley, contains a playa which during interpluvial 

times is a source for not only silt and silicate clays but 

soluble salt~ and calcium carbonate as well. In the recent 

past, warmer, summer precipitation periods between about 

6,300 and 3,400 yr. B.P. probably produced greater aeolian 



deposition (Morrison, 1965; see Paleoclimate section, this 

chapter). 
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Tephra. In addition to small, incremental accre

tions of aeolian material there have been several tephra 

additions. During the Holocene at least 3 eruptions could 

have transported tephra to Monitor Valley (Davis, 1983; 

Sarna-Wojcicki et a1., 1983). The largest of these depo

sits, Mazama, is easily recognizable in stratigraphic lay

ers. The others have not been recognized in the study area 

but spot exposures in nearby mountains confirm that air fall 

occurred in the area (Davis, 1983). In the study site 

soils, tephra is mixed throughout the profiles and Appendix 

A provides an estimate of the amount of volcanic glass in 

each horizon. 

Aeolian and Tephra additions are very important for 

soil genesis in Monitor Valley. Aeolian activity provides 

preformed clay and sodium salts for rapid argillic (natric) 

formation while additions of calcium carbonate and volcanic 

glass provide source material for calcic and duric forma

tion. 

Conclusion 

Climate, vegetation, parent material, landform dis

tribution and time are external factors which interact to 

define a soil forming regime (Jenny, 1980). In Monitor 
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Valley, soils are forming under a winter rainfall dominated, 

semiarid, continental climate; in alluvium derived primarily 

from volcanic rocks influenced by continuing aeolian ~ddi

tions; under a xerophytic shrub vegetation; on nearly level 

to level alluvial landforms. The soils range in age from 

about 4,000 to 100,000 years. 



CHAPTER 3 

SOIL FORMING PROCESSES 

Monitor Valley soils belong to the Argid, Orthid, 

Fluvent and Orthent suborders. The entisols are probably 

proto-aridisols because they are undergoing the same soil 

forming processes as the adjacent Argids but not enough time 

has elapsed since the surfaces stabilized (if indeed they 

have) to allow sufficient morphologic expression. 

Cooke and Warren (1973) and Nettleton and Peterson 

(1983) have reviewed desert soil forming processes. Those 

of primary importance in Monitor Valley are the eluviation 

and illuviation of clay to form E and argillic horizons, 

respectively, and illuviation of soluble salts, calcium 

carbonate and silica to form spatially differentiated but 

slightly overlapping horizons. 

Clay Movement 

The numerous wetting and drying cycles which Arid

isols undergo is conducive to clay movement. As a fresh 

wetting front moves into a soil it is relatively low in 

dissolved salts. Clay domains in pores and on ped surfaces 

disperse and move in suspension with the wetting front. 

Lower in the profile two phenomena occur which favor 
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flocculation of the clay domains; a) the.salt content is 

higher in deeper soil horizons and soil solution ionic 

strength increases, and b) evaporation and capillary absorp

tion concentrates both suspended and dissolved constituents 

(Gile and Grossman, 1979, pg. 170). In time, the eluvial 

zone is stripped of silicate"clays and can be recognized by 

the lighter color of unstained sand and silt grains. The 

illuvial zone on the other hand, increases in clay content 

(especially fine clays « 0.001 mm) and the more easily 

dispersed smectitic clays) which may show orientation around 

sand grains rather than the clay films found in more humid 

regions (Nettleton et al, 1975). In Monitor Valley the 

eluvial zone occurs at about 20 cm while the illuvial zone 

extends from about 30 to 60 cm (see data in Appendix A). 

An important exception to the preceeding model oc

curs when calcium carbonate present in the eluvial zone 

prevents silicate clays from dispersing (Gile and Grossman, 

1979, pg.191). Thus, in soil unit D no clay movement can 

occur because parent material calcium carbonate has not 

been leached from the upper horizons (Appendix A). 

The flocculating effect of calcium carbonate can be 

overcome by an excess of exchangeable Na (over Cal in which 

case dispersion may be enhanced. It is quite likely that 

Monitor Valley soils receive aeolian sodium from nearby 

playas and clay movement may be effected by sodium induced 
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dispersion. Peterson (1980) has discussed a clear-cut case 

of sodium induced clay movement near a playa margin in 

Panamint Valley, California. It is probable that both low 

electrolyte dispersion and the stronger sodium dispersion 

influence clay movement in the study site. 

The source of clay for illuviation is partly aeo

lian, however, some authigenic clays are forming from the 

ions released by weathering of volcanic glass as discussed 

in Chapter 4. 

Solution Transport pf Soluble and Semi soluble Compounds 

Many aspects of Aridisol morphology are controlled 

by the spatial differentiation of compounds such as calcium 

carbonate, gypsum or silica which precipitate because of li

mited soil moisture and low solubilities (Cooke and Warren, 

1973; Nettleton and Peterson, 1983). The more soluble salts 

of sodium, potassium and magnesium may accumulate at greater 

depth or may be leached well below the active soil formation 

zone. 

Nettleton and Peterson (1983) describe the spatial 

differentiation process by referring to primary and second

ary phases of salt movement which can be characterized as 

follows: 

a) Primary salt movement involves the undifferen

tiated translocation of mixed salts to an aver

age depth of wetting. As the soil dries salts 
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precipitate and, over time, they accumulate. 

b) Secondary salt movement produces spatial differ

entiation by differential solution and movement 

of the more soluble constituents during deeper 

leaching caused by infrequent wet years. 

Fig. 5 graphs the depth distributions of maxi-

mum pedogenic levels of clay, water soluble silica, calcium 

carbonate, soluble salts and exchangeable sodium. 

Silica illuviation and its interaction with cal

cium carbonate is an important focus of the research pre

sented in succeeding chapters of this paper. Therefore, 

some pedogenic aspects of calcium carbonate and soluble 

silica chemistry are discussed in the next sections. 

Illuvial Calcium Carbonate 

Sources of calcium carbonate in semiarid pedogenic 

environments are from weathering of primary minerals, cal

cium carbonate inherited with alluvium, calcareous dust fall 

and rainfall (Cooke and Warren, 1973). Calcium moves in 

soil solution in the bicarbonate form and is deposited as 

calcium carbonate at the average depth of wetting as the 

soil dries (Nettleton and Peterson, 1983). 

Pedogenic accumUlation of calcium carbonate follows 

one of two evolutionary morphological sequences depending on 

whether soils are composed of gravelly or nongravelly 
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material (Gile, Peterson and Grossman, 1966). Differences 

between morphological sequences are mostly related to the 

rate at which total available pore spaces are plugged by 

calcium carbonate. Gravelly soils have less overall pore 

space than fine-textured soils and therefore they are plugg

ed rapidly. The pore plugging processes described below are 

similar for both sequences. 

Accumulation of calcium carbonate. The most impor

tant aspect of pedogenic calcium carbonate accumulation is 

the formation of K-fabric, in which authigenic calcium car

bonate surrounds all mineral grains forming its own matrix 

(Gile, Peterson, and Grossman, 1965). Calcium carbonate 

precipitates in larger pores first filling them and forcing 

mineral grains apart. Once about 15% and 40% authigenic 

carbonate has accumulated in gravelly and non-gravelly 

soils, respectively, the K-fabric is essentially continuous 

(Nettleton and Peterson, 1983). Calcium carbonate cemen

tation is effectively complete at this point causing dec

reased permeability. Soil solution moves laterally along 

the upper K-fabric surface depositing laminations of calcium 

carbonate which finalizes the cementing process (Gile, Pet

erson and Grossman, 1966). 

In Monitor Valley, older soils (soils B, E and F) 

have developed initial stages of K-fabric. None of the 

soils have completely plugged calcic horizons or continuous 
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lamina~ caps. K-fab~ic fo~mation and du~ic fo~mation follow 

diffe~ent p~ocesses but appea~ to be complementa~y fo~ p~o

ducing a cemented ho~izon (see Chapter 5). 

Silica in Pedogenic Environments 

Silica in soil solutions occurs either as monosili

cic acid o~ as polysilicic acid in an aqueous sol (Ile~, 

1955; McKeague and Cline, 1963). Monosilicic acid is the 

weathering product de~ived f~om p~ima~y silicates and is the 

dominant form in neutral, acid and dilute alkaline soil 

solutions (Iler, 1955). 

Silica Solubility 

The equilibrium solubility of amo~phous silica is 

between 55 and 65 ppm Si at 250 C (Kittrick, 1969; Elgawhary 

and Lindsay, 1972) compared with about 3-6 ppm Si fo~ qua~tz 

(Mitchell, 1975). Solutions supe~satu~ated with respect to 

amorphous silica are metastable and may take months o~ yea~s 

for polyme~ization and precipitation (Iler, 1955; Kitt~ick, 

1969; Mitchell, 1975). The concentration of soluble silica 

in silica-wate~ systems is independent of pH below 9, but 

inc~eases ~apidly in mo~e alkaline solutions (Ile~, 1955). 

Concent~ations of soluble silica in soil solutions 

usually fall somewhe~e between the equilibrium concent~a

tions fo~ quartz and fo~ amorphous silica <McKeague and 

Cline, 1963). Equilib~ium between soil solution silica and 
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pure silica phases is not as important in natural systems as 

equilibration of monosilicic acid solutions with weathered 

surfaces of silica phases, with clay surfaces, and with 

aluminum and iron oxides (Beckwith and Reeve, 1963). 

Partly reversible silica adsorption on clays and 

sesquioxides produces a strongly pH dependent solublility in 

contrast to silica-water solutions. The amount of silica in 

solution is at a minimum from pH 7.5 to pH 9 because "the 

greatest adsorption and least desorption occurs on both 

smectitic clays and sesquioxides over this pH range (Beck

with and Reeve, 1963, 1964; McKeague and Cline, 1963). 

Above and below these pH values, silica solubility increases 

rapidly. 

The most important overall controls on silica in 

soil solution are probably clay mineral equilibria (Kit

trick, 1969, 1971), adsorption effects, biological activity 

and ~emperature and moisture regimes (Wilding et al., 1977). 

Silica Precipitation in Soils 

The predominance of adsorption and clay mineral 

equilibrium controls on silica concentrations in soil solu

tion make direct precipitation of polysilicic acid unlikely. 

McKeague and Cline (1963), however, list three conditions 

which could lead to macroscopic accumUlations of pedogenic 

silica even if soil solutions are not saturated with respect 

to amorphous silica. They are; a) repeated wetting and 
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drying cycles which bring silica into solution and then 

concentrate the solution during drying, b) persistance of 

some precipitated silica through subsequent rewetting, and 

c) precipitated silica must be a preferred nucleation site 

for future precipitation of silica. The semiarid climate of 

Monitor Valley assures repeated wetting and drying while the 

low solubility of silica assures residue buildup (see Chap

ter 4). Polymerized opaline silica is a preferred site for 

further precipitation as will be shown in the next sections. 

Process of Silica Precipitation 

The physical chemistry of si1ca polymerization and 

precipitation is complex, with mechanisms and rates depen

dent on pH and valence and amount of metal salts (Iler, 

1955). In supersaturated solutions monosilicic acid mole

cules polymerize to form colloidal solutions which then 

condense forming gels. Gels undergo progressive dehydration 

forming a continuum from hydrogels through xerogels to opa

line amorphous compounds (Mitchell, 1975). 

Polymerization. The silicon ion is satisfied by 

tetrahedral coordination with strongly electronegative ions, 

such. as oxygen. However, for complete stability it requires 

an octahedral coordination if its charge is satisfied by the 

weaker hydroxyl ion. Thus, the monosilicic acid molecule 

has two unsatisfied coordination positions and the 



51 

polmerization process allows sharing of hydroxyl ions be

tween adjacent silicon ions to produce the more stable octa

hedral configuration (Iler, 1955). Hater is eliminated from 

central portions of polymerized chains forming the tetrahe

drally coordinated 0-5-0 bonds of silicon dioxide (Iler, 

1955). This condensation process, involving breaking and 

rearrangement of 5i-0 bonds, is the rate limiting step for 

precipitation with an activation energy of 49.8 kj/mol (Rim

stidt and Barnes, 1980). In comparison, activation energies 

for ionic reactions (eg. precipitation of calcium carbonate 

where diffusion is the rate limiting step, range from 17 to 

25 kj/mol CRimstidt and Barnes, 1980). High activation 

energies for bond breaking is the reason that supersaturated 

silica solutions are metastable. 

Polymers act as nucleation sites for more polymeri

zation because the small silica ion in solution fits into 

the molecular packing configuration but most other ions are 

too large CIler, 1955). The resulting polysilicic acids 

form sols having slight negative charges at neutral and 

alkaline pH values. The sols, composed of colloidal silica, 

adsorb cations and positively charged sesquioxides which 

decrease their negative charge increasing the likelihood of 

precipitation (Iler, 1955). 

Gelation. Gel formation is a relatively rapid ionic 

reaction compared with the slower 5-0 bond rearrangements in 
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the preceeding polymerization stage and the dehydration and 

condensation stages which follow. Gelation in neutral to 

alkaline environments is particularly sensitive to high 

levels of sesquioxides and cations (Iler, 1955) and should 

,be extremely rapid in the high base status soils of Monitor 

Valley. 

Aging of gels produce irreversible changes such as 

further bond condensation, loss of intermolecular water and 

increasing crystal order. External pressure can remove 

greater amounts of water from ageing gels with consequent 

increases in crystallinity (Mitchell, 1975). Progressive 

increase in crystallinity of silica gel forms a mineral 

continuum from truly amorphous (opal-A) through weakly crys

talline (opal-CT) to microcrystalline (chalcedony) (Segnit 

and Jones, 1971; Kastner, Keene and Gieskes, 1977; Drees et 

al., 1984; see also chapter 6). Opal-CT which is a product 

of disordered crystalline stacking of cristobalite and tri

dimite sheets is the most common low temperature, inorgani

cally formed opal (Jones and Segnit, 1971) and is the most 

likely opal to form under soil conditions. 

Formation of opal-CT. As silica gel ages at ambient 

temperatures there is a crystallographic accommodation to 

the low energy environment which produces short Si-O bond 

lengths and six-membered tetrahedral ring structures. Both 

cristobalite and tridimite can form from the ring structures 
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which coalesce into sheets (Jones and Segnit, 1972). The 

cristobalite structure has a more stable configuration com

posed of silica tetrahedra which alternatively point up and 

down with respect to the ring. Tridimite has a less stable 

configuration of two up-one down or two down-one up (Jones 

and Segnit, 1972). While cristobalite formation is favored, 

incorporation of alkali, alkaline earth and transition me

tals into the rings during polymerization and precipitation 

appear to force some of them into the tridimite structure 

thus causing stacking disorder (Franks and Swineford, 1959; 

Kastner et al., 1977). 

Opal-CT solubility. Silica solutions are saturated 

with respect to opa1-CT at about 35 ppm Si (Kastner et al., 

1977). Since opal-CT is prevalent in Monitor Valley soils 

(see Chapter 6) its solubility is probably part of the 

heterogeneous controls on the solubility of silica in soil 

solutions. 

In summary, ~s a soil solution evaporates aome sili

ca will be adsorbed un clay, sesquioxide and primary sili

cate surfaces. The rest will be concentrated in the remai

ning films of water and its high Si-O bond activation energy 

causes it to become supersaturated with respect to amorphous 

silica/opal-CT. In fact, the more soluble calcium carbonate 

probably will precipitate prior to silica (see Chapter 5). 

When polymerization finally occurs, the previously adsorbed 



silica provides nucleation sites. Gelation will be very 

rapid because of the high ionic environment produced by 

evaporation. Drying conditions and a consequently high 

ionic environment also produces rapid gel dehydration and 

growth of crystal structures forming opal-CT. 

Conclusion 
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Translocations of silica, clay and calcium carbonate 

are the major processes of morphological soil development in 

Monitor Valley. The illuviated silica, clay and calcium 

carbonate overlap in spatial distributions. Many duric 

horizons show co-deposition of clay and silica in upper 

subhorizons and silica and calcium carbonate in lower hori

zons. 

Interactions between clay, silica and calcium carbo

nate in soil microsites are poorly understood. Succeeding 

chapters attempt to model these interactions because they 

are responsible for duripan formation in Monitor Valley 

soils. 



CHAPTER 4 

SILICA SOURCE AND INITIAL STAGES OF CEMENTATION 

Introduction 

Silica r.ementation leading to formation of duric hori

zons is an active pedogenic process in Holocene alluvial 

soils of central Nevada <Flach et al., 1969; Nettleton and 

Peterson p 1983). In some cases, macroscopic evidence such 

as durinodes and discontinuously cemented lamellae provide 

obvious and taxonomically relevant evidence of silica cemen

tation while in others, incipient cementation has been de

tected during field texturing when prolonged rubbing breaks 

down sand-size composite particles into silt and clay compo

nents. Occurrence of composite particles can be confirmed 

from laboratory data b~ determining the 15 bar water to clay 

ratios. High ratio values <) 0.6) indicate a lack of com

plete dispersion because porosity normally associated with 

clays is greater than the clay measured by conventional 

procedures <Mausbach et al., 1982). 

Source of Silica 

Theoretically, silica for cementation must be pro

duced from weathering of volcanic glass because the present 

semiarid climate in central Nevada does not support rapid 
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weathering of feldspars and ferromagnesium minerals (Flach 

et aI, 1969; Nettleton and Peterson, 1983). Rapid weather

ing of volcanic glass can be supported using both thermody

namic and kinetic arguments. Thermodynamically, sodium, 

potassium, and calcium volcanic glasses are less stable than 

most, though not all crystalline aluminosilicates of similar 

composition (Lindsay, 1979, pp 58-59). Weathering kinetics 

provide an even stronger argument for volcanic glass as the 

likely silica source. While many feldspars and ferromagne

sium minerals are interlocked with stable quartz grains in 

lithofragments, volcanic glasses tend to be vesiculated like 

pumice which provide much greater surface areas for hydroly

tic weathering. Mazama volcanic glass which is common in 

central Nevada is highly vesiculated as demonstrated by the 

electron micrograph in Fig. 7,A. The importance of surface 

area on silica-water reaction kinetics has been demonstrated 

by Rimstidt and Barnes (1980). In addition, White (1983) 

indicates that weathering activation energies for feldspars 

are almost twice as high as those for similarly composed 

volcanic glasses. 

Empirically, soil surveyors have noted associations 

between cemented soils and increased percentages of volcanic 

glass identified in petrographic counts of the very fine 

sand fraction (0.125 mm - 0.063 mm). Micromorphological 

studies of incipient silica cementation have noted volcanic 
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glass shards associated with durinodes (cf. Nettleton and 

Peterson, 1983, pg 183, Fig. 5.8). Nevada Holocene soils 

containing volcanic glass and water soluble silica levels 

exceeding equilibrium concentrations for amorphous silica 

(56 ppm Si; Kittrick, 1969; Elgarwhary and Lindsay, 1972) 

have been reported by Gifford and Frugoli (1964; unpub. 

data). These supersaturated solutions may precipitate amor

phous silica (Kittrick, 1969) or opal-CT (Jones and Segnit, 

1971). 

Purpose 

There is strong circumstantial evidence that vol

canic glass is the primary source of silica contributing to 

active duripan formation in central Nevada Holocene soils. 

This study is an attempt to strengthen that evidence and 

model the morphogenetic process of incipient silica cementa

tion. 

Methods 

Soils were selected after reconnaissance mapping at 

1:24,000 scale and detailed transect studies (Chapter 2). 

They were co-sampled by researchers at the University of 

Arizona and the USDA-SCS National Soil Survey Laboratory 

(NSSL). Standard laboratory analyses and optical mineral 

counts were completed by NSSL (Mausbach et al., 1982) while 



silica chemistry, thin section analysis and submicroscopic 

studies were carried out at the University of Arizona. 

Soil Selection 
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Four Holocene soils forming a developmental sequence 

starting with a Xeric Torriorthent containing no macroscopic 

cementation and ending with a Duric Haplargid with strongly 

cemented durinodes in a weakly cemented matrix were sampled 

from a transect covering an inset fan, an axial stream 

terrace and an axial stream flood plain (soi13 C, B and A 

respectively from X to X', Fig. 4) and a second inset fan 

(soil D, Fig. 3) in Monitor Valley, Nevada. Data on soil 

position, age and classification are summarized in Table 1 

of Chapter 2 and discussed in detail in Chapter 2. 

Parent material. All soils are formed in alluvium 

derived primarily from andesite, rhyolite and volcanic tuff 

augmented by aeolian salts, silts and clays as well as air

fall tephra from Mazama and possibly Mono Craters volcanic 

eruptions (see Chapter 2 for greater detail). 

Soil classification and silica morphology. Soil 

temperature regime is mesic and the soil moisture regime 

aridic. Soil D, showing the least morphological development 

including no macroscopic evidence of silica cementation, is 

a Coarse-loamy mixed, mesic, Xeric Torriorthent. Soil C 

shows extremely weak macroscopic evidence of silica cementa

tion and is a Fine-silty, mixed, mesic Typic Camborthid. 
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Soil A has up to 60% weakly cemented, discontinuous lenses 

of silica cementation in the two horizons containing air

fall (as opposed to reworked) Mazama tephra. It has an 

irregular decrease in organic carbon and is a Fine-silty, 

mixed, mesic Durorthidic Torrifluvent. Soil B has up to 20% 

strongly cemented durinodes in a continuous weakly cemented 

matrix, and an argillic horizon and is a Coarse-loamy, 

mixed, mesic Duric Haplargid. 

Soil age. Soil B is the oldest soil at about 10,000 

to 12,000 yr. B.P. while soils A and C both contain layers 

of Mazama tephra making them less than 6,900 years old. 

Soil D overlies soil C and is younger, however, no exact age 

constraint is available. It may be about 4,000 years old 

based on paleoclimatic information (see Chapter 2). 

Physical and Chemical Analyses 

Data for calculating the 15 bar water/clay ratio 

were provided by NSSL. The silica and aluminum data were 

produced at the University of Arizona. 

15 bar water/clay ratio. 15 bar water was deter

mined using pressure-membrane extraction (Richards, 1965) 

and clay was measured by the pipette method (Day, 1965). 

The ratio is used as an indicator of soil dispersibility. 

High ratio values () 0.6) indicate poor dispersion because a 

higher quantity of small pores exist than can be accounted 

for by the amount of clay measured. In the case of silica 



cementation, silt and clay particles are held together by 

amorphous silica which has not yet plugged all the pore 

spaces between them. In strongly cemented duripans the 
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I 
ratio may be less useful than in the intial stages of cemen-

tation because of increased pore plugging. 

water soluble silica. A saturated paste of the ( 2 

mm fraction was allowed to equilibrate for 16 hours and the 

extract was filtered using buchner funnels. Silica was 

measured within 24 hours by the molybdenum blue colorimetric 

method (Hallmark et al., 1982). 

Gifford and Frugoli (1964) found that a 16 hour 

saturated paste extraction of Nevada Holocene soils produced 

an equilibrium level of monosilicic acid and that 8 to 10 

extractions were needed to remove all of it. Thus, the 

total amount of soil monosilicic acid is approximately 8 

times the. level measured from the saturated paste extracts. 

It is released to soil solution from sesquioxides, smectite 

·clays and amorphous silica (see chapter 3). 

Amorphous silica and aluminum. In order to deter-

mine if Al was an important constituent of the amorphous 

cementing material, 500 mg samples of the fine earth frac

tion « 2mm) were boiled for 2.5 minutes in 0.5 N NaOH 

(Jackson, 1965). S1 and Al were measured on the acidified 

extract using the molybdenum blue (Hallmark et al., 1982) 



and the a1uminon (Barnhise1 and Bertsch, 1982) methods, 

respectively, and molar Si/Al ratios were calculated. 
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Extraction with 0.5 N NaOH may break down silicate 

clays. In order to avoid spurious interpretations, it was 

assumed that if clays were broken down they would produce a 

maximum Si/A1 ratio of 4.6 in the extract (Based on mean 

ratio values for 101 smectite clays (Weaver and Pollard, 

1973». Thus, only Si/A1 ratios greater than 4.6 were 

considered as indicative of excess amorphous silica which 

could act as cement. In fact, the ratio values are much 

greater than 4.6 and 0.5 N NaOH breakdown of clays is not an 

important facto, in the following conclusions. 

Unfortunately, the 0.5 N NaOH extraction procedure 

broke down on undetermined amount of volcanic glass produ

cing an inaccuracy affecting the Si/A1 ratios. However, in 

this case it is probably not significant because while 

Mazama glass has a Si/A1 ratio of about 8.3 (Smith and 

Westgate, 1969), the measured ratio values were usually 

larger than this value (Table 2). 'rhus, in most cases, the 

error from volcanic glass destruction actually lowered the 

ratios and made estimates of silica cement purity more 

conservative. 

Micromorphology 

A nested technique was employed to provide a better 

choice of samples for study under succeeding stages of 



62 

greater magnification. Clods from all horizons were studied 

at 10-40x using a binocular dissecting microscope. Samples 

containing features of interest (primarily volcanic glass or 

silica cementation) were chosen for petrographic microscope 

studies, which in turn suggested features to be studied at 

higher magnification with a scanning electron microscope 

(SEM). 

Petrographic microscope. Thin sections were pre

pared using impregnation and grinding techniques similar to 

those described by Gile (1967). Soil petrographic interpre

tations are seldom conclusive and all information derived at 

this level of micromorphologic study were checked against 

interpretations at both higher (SEM) and lower (binocular 

microscope) magnifications. 

SEM and microanalysis. While both whole clods and 

sieved samples were studied using SEM, the latter provided 

the best information for the present research. In order to 

study the evolution of volcanic glass to sand-size composite 

particles, samples from select horizons were wet sieved 

retaining the 0.063 - 0.125 mm fraction. Subsamples of this 

fraction were placed on staubs, evacuated and coated with a 

gold-paladium mixture. They were viewed with an I.S.I. SEM 

at magnifications ranging from 60x to 45,000x. 

An energy dispersion X-ray analyser (EDAX) was used 

on a few samples to semiquantitatively check the SilAI ratio 
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of the amorphous components. Ordinarily EDAX is used on 

polished samples, however, in this case the data derived by 

using EDAX on unpolished samples are ratioed cancelling 

errors due to microtopographic differences (M.J. Drake, 

Pers. comm.). The ratios agree closely with those from the 

bulk soil ratios helping to confirm that the O.SN NaOH 

treatment had extracted the desired amorphous components. 

Results 

Chemical and Physical 

Data on amount of volcanic glass and water soluble 

silica, as well as ratio values for IS bar water/clay and 

Si/AI are presented in Table 2 and discussed below. 

Volcanic glass. Volcanic glass is ubiquitous ran

ging from 7% to 71% of the very fine sand fraction. Most of 

the glass shows rounding caused by alluvial reworking. In 

general, there are no strong relationships between the a

mount of glass in a horizon and soluble silica, IS bar 

water/clay or Si/Al values. However, in soil C, horizons 

Bk2 and Bk3 have 52% and 71% volcanic glass, respectively. 

Values for sj,lica and 15 bar water/clay are higher in these 

horizons than in horizons at comparable depths in the other 

soils. In soil A, the glass percentages for the 2Bqkl and 

2Bqk2 horizons are minimum values because both horizons 

contained pockets of nearly pure Mazama tephra which were 

not sampled for the optical counts. 
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Table 2. Chemical and Physical Data for Holocene Soils (4). 

ISoi11 Horizon 
I I 
I I 
I I 

I Depth 
I (cm) 
I 
I 

Volcanic I 
glass I 

(%) (1) I 
I 

Si 115 bar H201 Si02 I 
(ppm) 1----------1 ---- I 

(2) I clay IA1 2 0 3 I 
I I <:;l) I 

------------------------------------------------------------
A 

B 

C 

D 

Al 
A2 
A3 
Bk 

2Bqk1 
2Bqk2 

Al 
A2 
BA 

Btk 
Bqk1 
Bqk2 
Bqk3 

Bk 
Bky 

Al 
A2 

Bw1 
Bw2 
Bk1 
Bk2 
Bk3 
Bk4 

Al 
A2 

Bk1 
Bk2 
Bk3 
Bk4 
2C1 

2.5 
7.5 

16.5 
28.0 
37.0 
51.0 

4.0 
10.5 
16.5 
29.0 
44.5 
61. 0 
82.5 

105.5 
134.5 

4.0 
13.0 
30.5 
50.5 
66.0 
82.5 
99.0 

113.0 

2.5 
9.0 

19.0 
31.5 
50.5 
76.0 

101. 5 

16 
17 
24 

9 
12 
26 

29 
18 
20 
10 
10 

7 
14 
17 
13 

17 
34 
26 
26 
47 
52 
71 
13 

9 
15 
10 

8 
12 
11 
17 

11.46 
17.01 
23.95 
36.45 
21.17 

14.23 
22.76 
29.70 
44.20 
27.42 
28.12 
17.01 

18.40 
28.81 
30.20 
27.42 
25.34 
26.03 
22.56 

11.46 
18.40 
23.26 
35.06 
18.40 
21.87 

0.78 
0.78 
0.59 
1. 00 
1.14 
1.05 

0.77 
0.65 
0.50 
0.54 
0.76 
1. 98 
1. 36 
0.66 
0.57 

1. 20 
0.73 
1. 07 
1.63 
1. 70 
1. 95 
1.77 
1. 32 

0.85 
0.87 
0.95 
1.18 
2.11 
1.31 
1.12 

I 
10.541 

I 
I 

45.751 
I 
I 
I 

8.611 
8.011 
8.991 

10.24 
12.14 
17.11 
10.54 
11. 39 

12.04 
12.03 
12.46 
13.60 
14.04 
14.88 
16.271 
14.431 

I 
I 

6.851 
6.851. 
6.631 
8.771 

13.061 
8.591 

(1) Estimated from optical counts of 0.063 mm - 0.125mm 
fraction. 

(2) Water soluble silica extracted from saturated paste. 

(3) Si02 and A1 20
3 

of the non-crystalline soil 
component. 

(4) The "_" entry indicates that no analysis was performed. 
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Fig 6. Water Soluble Silica and 15 Bar Water/Clay Ratios 
Compared with Depth for Holocene Soils. 
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Silica/Aluminum ratios. Ratio values range from 

6.64 to 45.75 with a general trend toward higher values in 

zones of cementation. The most important feature of the 

ratio values is that there is a large excess of noncrystal

line silica available to act as a cementing agent. 

Water soluble silica. Si values (Table 2, Fig. 6) 

reach a maximum between 37 and 52 cm for the four soils 

indicating a common depth of silica illuviation. While 

monosilicic acid is released from sesquioxides, clays and 

amorphous silica (Chapter 3), low levels of sesquioxides and 

clays and high Si/Al ratios (Table 2 and Appendix A) indi

cate that amorphous silica may be the major source of sili

ca. If this is the case, Si levels in these soils are 

substantially above the equilibrium value of 56 ppm for 

amorphous silica (ie. 8 X graphed value> 56 ppm). It 

appears likely that at least in the illuvial zones soil 

solutions are saturated with respect to opal-CT and amor

phous silica. 

15 bar water/clay ratio. Ratio values range from 

0.5 to 2.11 (Table 2) and strongly suggest that dispersion 

problems exist throughout these soils. The values tend to 

be lowest in the upper B and lower A subhorizons and highest 

in the middle and lower B subhorizons. 

Ratio values are graphed against depth for each soil 

in Fig. 6. In soils A and D there is a correspondence 
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between ratio values and Si values (r2=0.58 and 0.84 respec

tively). The relationship is less clear for soils C and B. 

In soil C the maximum ratio value is deeper than the Si 

maximum probably because of large amounts of volcanic glass 

in the deeper horizons (Table 2). Soil B shows a pattern 

similar to Pleistocene soils studied in the same area. The 

maximum ratio values are in deeper duric subhorizons than 

the current Si maxima. This may be due to decreased soil 

permeability in the duric horizons or increased Si adsorp

tion by higher clay and sesquioxide levels in the more 

strongly weathered B horizons or both. 

Micromorphological 

The soils contain enough clay and silt to make thin 

section interpretation extremely difficult, therefore most 

of the results p~esented are from the SEM studies of the 

0.063 - 0.125 mm fraction. The following sequence of SEM 

micrographs comes from the 2Bqk2 horizon of soil A which 

contains unweathered and partially weathered lenses of Maza

ma tephra as well as 60% by volume weak discontinuous silica 

cementation. It shows several stages in the process of 

volcanic glass weathering to composite particles. The 

stages form a continuum but can be represented by unweath

ered glass, weathering glass and composite particles. 

Unweathered glass. Fig. 7,A shows a representative 

Mazama volcanic glass shard. It has sustained some 
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mechanical breakage possibly from the wet sieving. Numerous 

vesicles provide large surface areas for weathering, however 

in this case little weathering has occurred except in small 

areas on the right side. 

Glass weathering seguence. Fig. 7,B is a glass 

fragment which has undergone solution weathering and repre

cipitation of amorphous material at (1) and (2) re~pective

ly. There are a large number of silt and clay particles 

which were not removed during wet sieving and may be cement

ed by reprecipitated amorphous compounds. 

Fig. 7,C shows the outlines of a glass shard which 

has undergone greater weathering. The outline is still 

evident as are numerous intervesicular ridges which have 

been rounded by solution and reprecipitation. Many silt and 

clay particles are cemented to the shard by an amorphous 

cement which coats several silt grains shown in Fig. 7,D. 

Composite particles. The solution weathering and 

reprecipitation/cementation process finally produces a 

rounded composite particle made up of silt and clay (Fig. 

7,E). However, thin sections show that the particle center 

is often still composed of weathered glass (Fig. 7,F). 

High Si/AI ratios and low levels of dithionite

citrate extractable Fe and Al (Appendix A) make it very 

likely that the cement is primarily composed of amorphous 

silica. 



Fig. 7. Photographic Documentation of a Volcanic Glass 
Weathering Sequence. 

See text for explanation. Note scale at bottom of 
each micrograph. A) Unweathered, vesiculated glass 
fragment; B) Slightly weathered glass, !-evidence of 
solution weathering, 2-silica redeposition; C) 
Strongly weathered glass fragment with silt and clay 
bonded on the surface; D) Amorphous silica bonding 
to silt grains on fragment shown in C; E) Composite 
particle; F) Thin section of several composite par
ticles. 
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Weathering of crystalline minerals. In contrast to 

the volcanic glass weathering there was very little evi

dence of feldspar, mica or ferromagnesium weathering during 

pedogenesis. These observations are in agreement with Col

man (1982) who found that volcanic glass and olivine were 

the only strongly hydrolyzed components of basalt and ande

site weathering rinds from B horizons of similar Holocene 

soils. 

Discussion 

The evidence presented above suggest that two pro

cesses are involved in genesis of a duric horizon: a) wea

thering of volcanic glass throughout the soil profile produ

cing composite particles, amorphous silica and excess silica 

and b) redistribution of soluble silica to an i1luvial zone 

where the native composite particles are reinforced by pre

cipitated silica from upper horizons. 

Mechanism of Composite Particle Formation 

Volcanic glass is distributed throughout soil pro

files and hydrolytic weathering occurs wherever soil solu

tion reaches the glass. White (1983) determined that the 

dissolution kinetics for glassy rocks (obsidian, perlite and 

trachytic glass) could be modeled using a coupled two pro

cess model. One process is the solid diffusion of sodium 

and potassium to the mineral surface. This process follows 
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a parabolic rate because diffusion slows as the diffusion 

path lengthens. The second process following a linear rate 

is the solubilizing of Si and Al at the mineral surface. 

The two processes occur simultaneously and are responsible 

for a rapid release of Na and K and a slower but more 

constant release of Al and Si. It is probable that the 

solubilized Al is either immediately incorporated into 2:1 

clay minerals (Kittrick, 1971) or precipitated as aluminum 

hydroxide in the slightly alkaline soil environment (Weaver 

and Pollard, 1973). 

Dilute soil solution reaching a glass shard rapidly 

solubilizes alkali ions accumulated at the mineral surface 

(White, 1983) and carries them lower in the profile. Si and 

Al are slowly solubilized and the decrease in alkali salt 

concentration increases Si solubility (Marshall and Warakom

ski, 1980; Marshall, 1980). Some of the silica in solution 

i11uviates while the rest may be precipitated on the glass 

or on nearby soil particles as drying occurs. 

Amorphous Si precipitated on the external parts of 

composite particles is less soluble than the volcanic glass 

(Lindsay, 1979) at the center. Thus, weathering of the 

volcanic- glass will be controlled by diffusion gradients 

from both amorphous silica and from the glass surface to 

the bulk soil. 
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In summary, the weathering of volcanic glass to form 

composite particles in semiarid cental Nevada probably con

sists of the following steps:" 

1) Rapid removal of alkali and somewhat slower 

removal of alkaline earth metals. 

2) Slower solution of Si and Al with some Si and most 

Al forming secondary silicate clays. 

3) Some excess Si is eluviated from the site while the 

rest precipitates due to drying. 

4) Precipitated silica forms an opaline silica (plus 

small amounts of AI, Fe and Ca) cement holding silt 

and clay to the glass shard. 

S) As more soil particles and cement build up on the 

glass a composite particle is formed. Silica solu

bility becomes par~ly controlled by the amorphous 

cement leaving a central core of relatively unwea

thered glass. 

The long term stability of a composite particle is 

determined by the silica diffusion gradient between the 

particle and the bulk soil. This, in turn, is determined by 

the position of the composite particle in relation to elu

viation-illuviation processes. 
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Initial Duripan Pedogenesis 

Composite particles form throughout the soil pro

file, however, Fig. 6 demonstrates that in each soil there 

is a zone containing a larger number of composite particles. 

This zone is apppoximately coincident with the highest lev

els of soluble silica. Composite particle and soluble sili

ca maxima are also coincident with horizons showing the 

earliest evidence of macroscopic cementation in situations 

where other pedogenic complications can be ruled out (eg. 

soil C is not a stellar example because of the very large 

concentration of glass lower in the profile). 

This evidence suggests the following model for 

initial duripan formation: 

1) .Composite particles form throughout the weathering 

profile. 

2) Those in the eluvial zones have a high silica diffu

sion gradient and glass weathering continuously 

replaces eluviated silica. This results in a rela

tively short residence time for individual particles 

and eventual depletion of glass shards (Soil Band 

nearby Pleistocene soils (soils E and F) have low 

glass counts and low 15 bar water/clay ratios in 

their upper B subhoI'izons - see Appendix A). 

3) In illuvial zones composite particle formation con

tinues with outward silica diffusion. However, the 
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diffusion gradient.s are much less because of increa

sing illuvial silica between composite particles. 

In fact, the composite particles in the illuvial 

zone grow at the expense of those in the eluvial 

zone. 

4) Sand-size composite particles grow to macroscopic 

dimensions formfng either cylindrical d.urinodes or 

flattened lamella depending on particle size and 

other poorly understood controls. 

Conclusion 

Volcanic glass has a central role in this model. 

Evidence from Monitor Valley and other areas in Nevada 

suggest that the greatest amount of mid-Holocene silica 

cementation occurs in soils where layers of air-fall tephra 

are within the active illuvial zone. In soil A the tephra 

layer occurs in the illuvial zone and has about 60% discon

tinuous silica cementation while soil C has tephra at 90 cm 

and very little cementation. 

Precipitation of silica in an illuvial zone of semi

arid soils is predominantly controlled by evaporation of 

water (Nettleton and Peterson, 1983). However, more subtle 

relationships between silica, clay, calcium carbonate and 

soluble salts also have spatial and temporal influences on 

silica precipitation which are discussed in chapter 5. 



CHAPTER 5 

ILLUVIAL INTERACTIONS DURING CEMENTATION 

In simple terms, illuvial silica produces duripans 

by· plugging pores and restricting soil-water movement. 

Thus, in its initial stages a dllric horizon is composed of 

cylindrical durinodes (acting as nuclei for further cementa

tion) which are dispersed in a friable soil matrix. As more 

of the duric horizon becomes cemented permeability is ~e

stricted and illuvial silica may be deposited along vertical 

durinode faces in recognizable silica coats. In time, the 

coats thicken and bond adjacent durinodes which finally 

leads to plugging of all pores by illuviated silica. 

Purpose 

Unfortunately, this is an oversimplified view of 

semiarid duripan formation. In fact, clay and calcium car

bonate are also illuviated and in order to understand duri

pan morphogenesis in a semiarid environment, the following 

processes must be studied; 1) silica precipitation in the 

soil matrix, 2) silica interactions with illuvial clay, 3) 

silica interaction with illuvial calcium carbonate and 4) 

the role of calcium carbonate as a soil cementing agent. 

75 
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Duric horizons from soils E and F of Monitor Valley 

were selected to study micromorphologic relationships bet

ween the soil matrix, silica, clay and calcite. Interpreta

tion of morphologies produced by these i11uvia1 interactions 

are incorporated into a morphogenetic model of duripan for

mation in semiarid environments. 

Methods 

The petrographic microscope (PM) and scanning elec

tron microscope (SEM) were used for micromorphological ana

lysis of carefully selected peds, durinodes and pan frag

ments. In addition, the following ancillary information was 

used in micromorphologic interpretations; 1) National Soil 

Survey Laboratory (NSSL) characterization data, 2) water 

soluble silica data, 3) Si/Al ratios of amorphous material, 

4) energy dispersive X-ray analysis (EDAX) data and 5) X-ray 

diffraction data. 

Soil Selection 

Soils E and F (Haplic Durargid and Duric Natrargid, 

respectively) were selected because they exhibited the 

strongest evidence of silica cementation, clay i11uviation 

and calcium carbonate accumulation. 

Soil age. Soils E and F are formed on an alluvial 

piedmont remnant which probably stabilized between 70,000 

and 100,000 years ago (Chapter 2). 
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Soil parent material. Soil E formed in mixed loamy 

alluvial and aeolian sediments overlying very gravelly sand 

at about 50 cm. Soil F formed in the same parent materials 

but the corresponding lithologic discontinuity is at about 

125 cm. 

The very gravelly sand and loamy alluvium are de

rived from mixed volcanic rocks. Aeolian components are 

aluminosi1icate clays, calcium carbonate and soluble salts 

(Chapter 2). In addition, volcanic glass in the 0.063 -

0.125 mm fraction is much higher in the top 3 horizons 

compared with lower horizons of soils E and F (Appendix A) 

indicating relatively recent tephra additions. 

Soil morphology and classification. Soil E has a 

continuous strongly cemented (but not indurated) duripan 

(Bqkm; see Table 3) formed in the upper part of the·very 

gravelly sand substratum. Above the duripan is a partly 

cR~ented horizon containing durinodes (Bq) but containing 

much less calcium carbonate than the underlying duripan 

(Table 3). Overlying the Bq horizon is an argillic horizon 

(Bt). The soil is a Fine-loamy, mixed, mesic Shallow Haplic 

Durargid. 

Soil F has discontinuous silica cementation in the 

Btq1 and continuous weak cementation with some strongly 

cemented durinodes in the Btq2 horizons. Both horizons have 

il1uvia1 clay and are not calcareous (Table 3). The next 
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deepest horizon (Bqkl) is the most strongly cemented, having 

continuous weak cementation with 30% strongly cemented duri

nodes while the lowest cemented horizon (Bqk2) has weak 

durinodes. Both of these horizons are calcareous (Table 3). 

Overlying the upper duric horizon is a Bt horizon. Soil F 

is a Fine-loamy, mixed, mesic Duric Natrargid. 

Horizon selection. For ease in interpretation, soil 

horizons were carefully selected to limit the number of 

illuvial influences in any single specimen. Field descrip

tion, laboratory data (Table 3) and low power binocular 

dissecting microscope observations were used to select sam

ples from the following horizons: 

1) Soil E - Bq; selected to study silica in the soil 

matrix with low amounts of illuvial clay and 

calcium carbonate. 

2) Soil E - Bqkm; selected to study relationships 

between illuviated silica and calcium carbonate 

with lbo;.;r amounts of il1uviated clay. 

3) Soil F - Btql and Btq2; selected to study illu

viated silica and clay with no calcium carbonate. 

4) Soil F - Bqkl and Bqk2; selected to study il1u

viated silica and calcium carbonate. 

Physical and Chemical Analyses 

Table 3 presents some of the laboratory data used to 

select "samples and make micromorphological interpretations. 
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Of this data, 15 bar water, clay, calcite and soluble salts 

were provided by NSSL while water soluble silica and 0.5 N 

NaOH extractable silica and aluminum were analyzed at the 

University of Arizona. In 'addition, oriented clay X-ray 

diffraction data were provided by the NSSL and random powder 

X-ray diffraction analyses were run at the U of A. 

Calcium carbonate and soluble salt contents were 

measured and X-ray determinations were carried out as fol

lows: 

Calcium carbonate. Calcium carbonate was measured 

on the < 2 mm fraction using a manometer to measure the 

volume of carbon dioxide evolved when reacted with excess 

liCl following procedures outlined by Nelson (1982). 

Soluble salt. The electrical conductivity (EC) of a 

saturated paste extract of the < 2 mm fraction was measured 

(ms/cm) with a whetstone bridge following procedures out

lined by Rhoades (1982). 

X-ray diffraction. Samples were prepared for orien

ted clay X-ray diffraction by dispersion of the < 2 mm 

fraction with calgon, separating the clay fraction « 2 u) 

and saturating with Mg or K. Clay samples were oriented on 

glass slides, air dried or glycerol solvated and run in a X

ray diffractometer in the following sequence; 1) Mg - satu

rated, air-dried sample, 2) Mg - saturated, 



Table 3. Soil Characteristics Used to Select Horizons for 
Micromorpholo9ic Study (1), (5). 

I Soil I Depth I Hori - I. Clay I Si02 I Si I Caco3 I EC I 15 bar water I 
I I (aa) I Ion I (~) I Al~r I (ppm) I (") I (las) I clay I 
I I I I (2) I I (4) I I I I 
--------- ------------

E 4.0 At 3.9 16.60 21.37 0.0 0.18 1.13 
10.5 A2 7.9 17.63 23.~5 0.0 0.10 0.65 
15.5 AS 15.2 15.54 24.84 0.0 0.10 0.47 
21.5 Btl 24.0 12.33 29.70 0.0 0.14 0.28 
30.5 Bt2 27.4 10.49 34.56 0.0 0.87 0.47 
39.5 8q 24.3 12.67 34.56 0.0 2.00 0.56 
49.5 Bqkm 14.8 22.67 40.12 10.0 7.02 0.B9 
61.5 Bqkl 7.3 37.76 44.29 17.0 7.58 1.59 
82.0 Bqk2 4.6 70.16 41.51 16.0 7.11 1.83 

105.5 8qk3 4.6 72.04 37.24 6.0 B.30 1.41 
133.0 C 7.3 14.B4 31.09 3.0 9.20 0.84 

F 1.5 At 4.9 18.70 0.0 0.08 o.ea 
5.5 A2 3.2 23.04 15.62 0.0 0.09 1.25 

13.0 A3 B.4 30.14 16.32 0.0 0.05 0.57 
23.0 E 11.0 41.98 17.01 0.0 0.06 0.51 
32.0 Bt 13.6 B.23 21.B7 0.0 0.05 0.56 
34.5 Btql 19.2 7.60 26.73 0.0 0.11 0.60 
54.5 Btq2 15.3 7.46 31.59 1.0 2.65 0.99 
76.0 Bqkl I 10.3 B.15 23.26 8.0 4.35 1.18 

106.5 Bqk2 I 4.2 11.72 21.18 5.0 3.31 1.90 
138.5 C I 3.9 I 4.30 3.0 5.54 0.90 

-----------------------_ ... _---

(1) See Appendix A for field description and additional laboratory data. 

(2) Percent clay was obtained using the pipette method (Day, 1965) with no 
correction for incomplete dispersion as indicated by 15 ~r waterl clay. 

(3) Holar ratio calculated from Si and Al extracted by boiling 0.500 9 of the 
< 2 mm fraction fOT 2.5 minutes in 0.5 N NaOH (Jackson, 1965). 

(4) Water soluble silica extracted from a saturated paste of the < 2 mm fraction 
equilibrated for 16 hours (after Sifford and Fru901i, 1964). 

(5) The I-" entry indicates that no analysis was performed. 

80 



81 

glycerol-solvated sample, 3) K-saturated, air-dried sample, 

and 4) K-saturated, heated (3000 C and 5000 C) samples. 

Diffraction data were analysed according to procedures dis

cussed by Wh1tt1g (1965). 

Random powder X-ray diffraction was used to deter

mine the overall mineral composition of specific size frac

tions (eg. < 2 mm or 0.063 - 0.125 mm). Larger size frac

tions were hand ground and passed through a 40 um sieve. 

Samples were run from 40 to 400 , 29; C~ radiation. The 

resulting diffractograms were analyzed according to proce

dures discussed by Brindley and Brown (1980). 

The random powder X-ray technique proved useful for 

identifying opal-A and opal-CT (see Chapter 6), quartz and 

feldspars while the oriented samples were used for identi

fication of soil clays such as mica, kaolinite and smectite 

(see Appendix A for clay mineralogy data). 

Micromorphology 

A nested technique was employed to provide the best 

samples for study under progressively higher magnifications. 

Clods from all candidate horizons were studied at 10-40 X 

using a binocular dissecting microscope. Samples containing 

zones of silica cementation with or without calcium carbo

nate and clay films were selected for PM studies, which in 

turn suggested features to study under the SEM. 



The SEM and PM are complementary tools because the 

latter provides relatively certain mineral identification, 

while the former provides a 3-dimensional view of soil 

particle relationships. The SEM does not provide positive 

mineral identification although certain morphologies often 

represent specific minerals (Smart and Tovey, 1981a and 

1981b). 
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Petrographic microscope. Soil thin sections were 

prepared using impregnation and grinding techniques similar 

to those described by Gile (1967). 

Petrographic interpretations of silica cementation 

were difficult because the fine-grained soil matrix obscured 

the highly diffuse pedogenic opaline silica. In addition, 

some volcanic and chert lithofragments contained amorphous 

silica which were originally interpreted as pedogenic sili

ca. This problem was remedied by noting that lithofragments 

usually have birefringent clay coatings around them while 

their interior intermineral boundaries lack the coatings 

(W.D. Nettleton, pers. comm.). Thus, lithologic amorphous 

silica usually could be discerned by a clean transition to 

an adjacent mineral. 

SEM and microanalysis. Whole ped, dissected ped, 

and sieved samples were studied under the SEM. Whole ped 

samples usually exhibited charging problems because the 

gold-paladium conductive coat was not able to bridge all the 
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grain to grain gaps. A better procedure was to dissect peds 

under the 40X binocular dissecting microscope and mount the 

smaller pieces on SEM staubs. In order to make more posi

tive mineral identification some samples were passed through 

a 40 um sieve, run through powder X-ray diffraction and then 

viewed with the SEM. 

Even after integrating X-ray diffraction, wet chemi

cal and PM analyses on a sample, SEM morphologies are not 

always evident. Therefore a necessary accessory for SEM 

interpretation is an EDAX which is a micro-X-ray florescence 

intrument able to provide elemental analyses on areas smal

ler than I urn wide and about 4-5 urn deep (ie. perpendicular 

to the electron beam). 

Using molar ratios from the elemental data, it is 

usually possible to infer what minerals are present. For 

instance, in this study, if a feature has small amounts of 

Fe, Ca, and Mg and a Si/AI ratio of 10 it is likely to be a 

smectite clay mixed with excess amorphous silica and maybe a 

little iron hydroxide. On the other hand, if it has a Ca/Si 

ratio of 20 and no other elements it is probably calcium 

carbonate with silica adsorbed or admixed. Interpretations 

obtained by this technique are not definitive because ele

ments such as alkali and alkaline earth metals may be acting 

as counter-ion5 to solid minerals or may be adsorbed by 

precipitating solid minerals. 'For example, I have noticed a 
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tendency for readings on opaline silica to be higher in Ca 

than could be reasonably expected based on morphologic in

terpretations. In this case, I believe that Ca was adsorbed 

on silica flocs as monosilj,cic acid polymerized to 'silicon 

dioxide in a solution containing high Ca levels. 

Ordinarily EDAX is used for quantitative analysis on 

highly polished samples (0.5 urn grit). However, for quali

tative analysis using ratios, the errors due to microtopo

graphy are cancelled (M.J. Drake, pers. comm.). 

Results and Discussion 

All the micromorphological features portrayed and 

discussed in this section provide evidence for an active 

pedogenic evolution toward total cementation of the soil 

matrix. Soils E and F contain examples ranging from weak 

discontinuous to strong continuous silica cementation. 

However, they are not capped by laminar layers which form 

when percolating water moves laterally across the upper pan 

surface depositing silica and calcium carbonate. 

In the following presentation, cementation processes 

are broken into three groups as follows: 1) silica depo

sition in the existing soil matrix, 2) silica deposition 

with illuviated clay and 3) silica deposition with calcium 

carbonate. Zones of clay and calcium carbonate illuviation 

tend to be mutually exclusive while silica is deposited in 



the lower part of the argillic and the upper part of the 

calcium carbonate illuvial zone. 

Source of Soluble Silica 
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Volcanic glass is still the main source of silica 

for illuviation in these older soils. However, the glass 

fragments in the primary weathering zones (Soil E, 15.5-30.5 

cm; Soil F, 13-32 cm) are strongly decomposed. They form 

fewer composite particles (see 15 bar/clay - Table 3) indi

cating less local silica redeposition. Feldspars are weakly 

to moderately weathered providing a second, probably longe~ 

lasting source of silica. 

Matrix Deposition of Silica 

The initial stages of silica cementation are charac

terized by deposition of diffuse silica flocs (approx. 5.0-

0.5 urn) in fine pores throughout the soil matrix (Flach et 

al., 1969). As the soil solution permeates small pores of 

the soil matrix, silica is in contact with a large adsorbing 

surface area composed of sili.cates, organic matter, alumino

silicate clays and sesquioxides (Beckwith and Reeve, 1963; 

McKeague and Cline, 1963). When soils dry, adsorbed silica 

may dessicate forming opaline silica or poorly crystalline 

alumino.silicates which act as nuclei for polymerization of 

concentrated soil solution silica (Iler, 1955; Siever and 

Woodford, 1973; Mitchell, 1975). Small amounts of silica 



(6% by weight fo~ non g~ave11y soils) can p~oduce weak 

cementation while the soil ~etains co~side~ab1e po~osity 

(Flach et a1., 1969). 
Mic~omo~pho10qy. Fig. 8 (f~om Bq ho~izon) demon-

strates the difficulty in identifying amorphous silica du

ring the early stages of cementation. The upper petrogra-

phic micrograph taken with plane polarized light shows 

quartz and feldspar sand grains and a murky soil plasma 
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containing a1uminosi1icate clays (light gray) and i~on oxide 

(black sp10ches). The lower picture was taken with cross-

polarized light which caused extinction of amorphous silica. 

Evidently a considerable portion of the fine-grained soil 

plasma contains amorphous silica, however it is almost im-

possible to de~cribe its mo~pho10gy because of its diffuse 

distribution. 

Macromorpho10qy. Silica seems to preferentially 

accumulate in fine-grained microsites and less frequently 

(but more obviously) on the bottom of sand and gravel frag-

ments. Since soils have variable particle size distribu-

tion, fine-textu~ed cemented areas may be bounded by coarser 

-textured non-cemented areas. The cemented zones form 

durinodes which are dispersed in a more friable matrix. 

In the field, durinodes are identified by their 

shape and consistence. They are fi~m to very firm when d~y 

and brittle when wet. The brittle cha~acte~istic is p~o-

duced because the seconda~y silica that bridges sand and 



'500 um 

Fig. 8. Diffuse Opaline Silica Cementing Soil Matrix 
Particles. 

Petrographic thin section with plane polarized 
(upper) and cross polarized light (lower). 
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silt grains increases soil cohesion, however at a threshold 

pressure the still weak silica cement breaks and the duri

node rapidly disintegrates. 

Eventually permeability through cemented pores is 

reduced and soil solution moves along the outside of the 

durinode depositing silica and clay or calcium carbonate. 

Durinodes tend to grow by accretion of concentric bands of 

silica and clay as described in the next section. 

Silica Deposition With Illuviated Clay 

Amorphous silica and clay form segregated, highly 

convoluted, interlaced illuvial coats whose thickness may 

vary from tens of um to less than one urn (Flach, Nettleton 

and Nelson, 1973; Brewer et al., 1972). 

Micromorphology. Fig. 9,A is a petrographic mic

rograph in which the sand grain (right center) is about 

0.150 mm long and the bottom is coated by several alterna

ting layers of illuviated clay (dark gray) and illuviated 

silica (clear to light gray). Below the concentric bands is 

a mass of fine amorphous silica floes (lower center) depo

sited along a pore wall. Careful observation of the clay 

coat directly above this mass of flocs indicates the pre

sence of even finer silica segregations within the clay 

coating. 

Fig. 9,B is a highly magnified SEM micrograph of a 

clay coat similar to those in 9,A. The clay shows flow 
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Fig. 9. Illuviated Clay Coats and Silica Floes. 

See text for explanation. Note scale on micrographs. 
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patterns where it coats a silt grain (center). The 

SilAl ratios (by EDAX - see also Table 3) of these 
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coats range between 8 and 10 indicating that there is amor

phous silica mixed with the clay even though differences in 

morphologies are not evident. 

A powder X-ray diffraction pattern of the clay and 

silt fraction (Fig. 9,D) shows a peak at about 0.407 nm 

and another at about 0.248 nm in agreement with published 

data for opal-CT (see Chapter 6). In Fig. 9,C the clay on 

the right side is montmorillonite and the stalagmite feature 

is an opal-CT floc similar to those seen in Fig. 9,A. Hen

derson et al. (1971) isolated flocs with nearly identical 

morphology from smectite and measured similar X-ray 

diffraction peaks (0.409 nm and 0.248 nm). Mineralogical 

aspects of opaline silica will be discussed in greater 

detail in Chapter 6. 

Alternating concentric bands of silica flocs and 

clay suggest that spatial differentiation occurs during 

i11uviation. On the other hand the clay bands contain 

finely disseminated silica as well. Two processes are pro

bably responsible for these features, the first is a time 

lag for silica i11uviation compared with clay and the second 

is adsorption of silica on clay surfaces. 

Time lag for silica illuviation. Silica and clay 

should move in different portions of a wetting front because 



clay moves in suspension while silica moves in solution. 

Dispersion of clay depends on rapid physical interactions 

hetween soil particles and soil solution while silica must 

he dissolved or desorbed from soil surfaces. Therefore, 

during a single wetting event clay will move and could be 

reflocculated prior to silica illuviation. 
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Silica adsorption and polymerization. As soil water 

evaporates silica is concentrated in the remaining solution, 

some of which still permeates the flocculated clay domains 

and the soil matrix. Silica can he adsorhed on both kaolin

ite and montmorillonite (Beckwith and Reeves, 1963), the 

most abundant clays in this horizon (Appendj.x A). 

Siever and Woodford (1973) found that kaolinite 

adsorbed monosilicic acid forming a weakly crystalline sur

face phase which was enhanced hy the prescence of K and Ca. 

They suggested that the substance might be an anauxite-like 

mineral with a Si/Al ratio of about 3. 

In the case of monosilicic acid adsorbed on mont

morillonite, Nemecz (19Bl) found that silicon dioxide and 

montmorillonite were strongly attached chemically with sili

ca forming an intergrowth on the outer faces of the mont

morillonite crystals with silicon dioxide tetrahedral orien

tation perpendicular to the clay surface. The X-ray pattern 

for this material gives peaks at 0.409 nm and 0.251 nm in 

agreement with Henderson et ale (1971) and Fig. 9,D. The X-
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ray pattern corresponds to a modified cristobalite structure 

(opal-CT, see Chapter 6). 

Silica rich phases on both kaolinite and montmoril

lonite provide silica tetrahedra as nuclei for further sili

ca polymerization. Therefore, even though amorphous silica 

may occur in fairly p~re illuvial bands, it is usually found 

in smaller pores around clay flocs. In fine grained ce

mented soils, most particles are bonded together by silica 

polymerizing from one clay or sesquioxide nucleation zite to 

another. The bonding process does not need to completely 

fill pores between adjacent surfaces, it only needs to form 

strong opaline bridges to effect cementation. 

Thus, for either matrix deposition of illuviated 

silica or silica-clay co-deposition successive illuviations 

of monosilicic acid are adsorbed onto large surface areas of 

soil particles. Concentrated silica can polymerize with 

itself using solid silica tetrahedra as nucleation points. 

This process eventually bonds all soil grains together'and 

slowly filling small pores. The same process is not evident 

when illuvial calcium carbonate interacts with the soil 

matrix or illuviated silica. 

Calcium Carbonate Interaction With Illuvial Silica 

In contrast to silica, calcium carbonate usually 

precipitates in larger pores at maximal distances from soil 



matrix particles and at sites of ready soil-water evapora

tion such as root channels and ped faces (Nettleton and 

Peterson, 1983). 
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Micromorphology. A comparison of silica-calcite 

relationships in the Bqkm horizon of soil E is shown in Fig. 

10. In the lower left corner of the petrographic micrograph 

(Fig. 10, A) is a zone of fine grained calcium carbonate 

while in the lower middle part of the picture sand and silt 

grains are primarily cemented with amorphous silica contain

ing some calcium carbonate. Another zone of calcium carbo

nate lies under the white grain in the upper left. Compared 

with the silica and clay in Fig. 9,A, the bodies of calcite 

and silica impregnated areas are larger and the calcite is 

more homogeneous than is found in microsites containing 

other soil components. 

Fig. 10,B is a SEM micrograph of a calcite impreg

nated area. The fibrous crystals on the left and right are 

calcium carbonate as are the irregular crystals in the 

center of the image (cf. Bal, 1975). The thin coating 

through the center may be amorphous silica, however it is 

too thin to accurately measure with EDAX. Overall the image 

contains primarily calcium carbonate in two different crys

tal habits. 

Fig. 10,C is a SEM micrograph of a soil fabric 

similar to the silica impregnated area on Fig. 10,A. As in 



A 

calcite 

c 

Fig. 10. Illuviated Silica and Calcium Carbonate. 

See text for explanation. Note scale on micrographs. 



Fig. 9, there is a mixture of clay and amorphous silica 

which engulf silt gains however, in this case, occasional 

calcium carbonate fibers are present as well. 
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An X-ray diffraction pattern (Fig. 10,D) for compar

able soil material show similar opal-CT peaks and much 

larger calcite pea~s when compared to the pattern in Fig. 

9,D. 

Macromorphology. On a macroscopic scale, the cal

careous dur.ic horizons (soil E-Bqkm; soil F-Bqkl, Bqk2) also 

show calcium carbonate and silica segregation. The duri

nodes contain only half as much calcium carbonate and up to 

twice as much silica the surrounding internodal material 

(Appendix A). In soil Ep the duripan is made up of two 

cementing agents; 1) silica cemented finer-grained durinodes 

and 2) calcium carbonate impregnated very gravelly interno

dal matrix. 

There are two possible explanations for calcite and 

silica segregation which may not be mutually exclusive. 

Either the calcium carbonate was introduced into the horizon 

at a later date or there has been different loci for silica 

and calcium carbonate precipitation. The timing of calcium 

carbonate input and leaching is uncertain but it is quite 

possible that during drier portions of the middle Holocene, 

calcium carbonate accumulated at faster rates than during 

earlier more moist periods. However, considering the ob-
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served preference of silica for fine pores and calcium 

carbonate for coarse pores we might expect differences in 

silica and calcite solubilities to be controlling their 

points of deposition. 

Silica and calcite precipitation. According to 

Lindsay (1979) the equilibrium constant controlling solubil

ity of soil Si02 is 10-3 •1 while the equilibrium constant 

controlling solubility of soil CaC03 is 10-2 . 5 (assumes pC02 

of 0.0003 and pH values of 7.3 to 8.5). From these data, it 

appears anomalous for CaC03 to precipitate more rapidly than 

Si(OH)4 as the soil solution evaporates. 

In fact, precipitation of the two compounds follows 

different kinetic pathways which obviates the theromodynamic 

data. In soils, CaC03 precipitation is diffusion controlled 

while Si(OH)4 precipitation is controlled by high bond acti

vation energies. The typical activation energy for a diffu-

sion controlled, ionic precipitation such as CaC03 is about 

17 to 25 kj/mo1 while the energy to break Si-O bonds in the 

process of Si(OH)4 going to Si02 is 49.8 kj/mo1 (Rimstidt 

and Barnes, 1980). 

As a wetting front evaporates from the largest pores 

CaC03 and Si(OH)4 are concentrated in the remaining water. 

The solution may become saturated with respect to calcite 

and amorphous silica, however, CaC03 will precipitate more 

rapidly because less energy is needed to re-form the ionic 
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bonds. Supersaturated monosilicic acid will continue to 

stay in solution, diffusing through water films to pro

gressively smaller pores where it is in contact with a much 

larger adsorbing surface area. Finally, the combination of 

many nucleation sites and high soluble salt concentrations 

(Table 3) produces the higher energy level required to re

form the silicon dioxide molecular structure. The nuclea

tion sites provide a template for bond reorganization and 

high soluble salt concentrations lower the activity of wa

ter, effectively increasing silica saturation (Rimstidt and 

Barnes, 1980); Marshall and Warakomski, 1980). 

In addition, differences in location of silica and 

calcium carbonate precipitation are controlled by K-fabric 

formation (see Chapter 3). Nettleton and Peterson (1983) 

proposed the following explanation for preferential growth 

of large, isolated calcite crystals compared to small ones 

more closely associated with other soil minerals. Calcite 

crystals in the prescence of aluminosilicate clays dissolve 

faster than those which are surrounded by other calcite 

crystals. Thus, large crystals will grow at the expense of 

the small ones in contact with other soil particles even

tually forming pure calcium carbonate segregations. In

creased volume of pure calcite results in displacement of 

mineral grains and eventual formation of the K-fabric. In 

the case of soils E and F, areas of K-fabric formation are 
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interspersed with relatively noncalcareous soil areas partly 

bonded together by silica. 

Silica adsorption ~ calcite. Beckwith and Reeve 

(1963) reported little silica adsorption by pure calcite but 

significant adsorption by pedogenic calcium carbonate. Most 

other researchers report no significant silica adsorption by 

calcite (McKeague and Cline, 1963; Mitchell, 1975) and it 

seems likely that the reported adsorption on pedogenic cal

cite was due to impurities. 

Silica-calcium ionic reactions. At pH values ap

proaching 9.0, monosilicic acid begins to ionize and could 

form calcium silicates. Minerals such as Tobermorite or its 

related forms, calcium silicate hydrate (I) and calcium 

silicate hydrate (II) playa role in formation of Portland 

cement (Taylor and Howison, 1956; Snell, 1975). However, 

they are not stable under prevailing 5011 conditions and 

have never been identified in either duripans or petrocalcic 

horizons. 

Cementation in Semiarid Duripans 

Silica and calcite both form cemented horizons 

but their processes and morphologies are considerably diffe

rent. Silica bonds soil minerals together while calcite 

forms a continuous calcite matrix which may contain soil 

mineral grains as inclusions. Silica cementation starts 

from the smallest pores and bonds progressively larger soil 
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particles, coats ped faces and finally fills inter-ped 

voids. Calcite cementation starts by filling the largest 

pores and then in many cases rather than filling small pores. 

wedges them out of existence. 

Duripans forming under semiarid environments are 

influenced by both cementation processes •. The strongly 

cemented pan in soil E (Bqkm) has relatively noncalcareous 

durinodes interspersed in a calcareous matrix. It is being 

cemented from the smallest pores outward and from the larg

est pores inward in a complementary process which probably 

decreases the amount of time needed to form a continuous 

strongly cemented horizon. 

The resulting silica-calcium carbonate pan may be 

stronger than a pure calcium carbonate pan (Flach et al., 

1973). One possible reason for this is because soil matrix 

particles which were not'ejected from the K-fabric are 

bonded together rather than being able to slide past each 

other forming a zone of weakness. A second possibility is 

that K-fabric pressure could cause the weakly crystalline 

hydrous silica to undergo plastic deformation (see Chapter 

6). This could produce a fundamental reorganization from 

horizontal differentiation of calcareous and siliceous areas 

to a vertical organization where smeared sheets of opaline 

silica and its bonded soil grains act as reinforcement to 

the K-fabric much like reinforcing rods in concrete. This 
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could produce the platy structure typical of strongly ce

mented duripans (see Chapter 1). Unfortunately, the duri

pans which I studied were not cemented strongly enough for 

. me to follow up on this hypothesis. 

Soils with different particle size distributions 

should respond differently to silica and c~lcite accumula

tions. Gravelly soils having larger pores but less overall 

pore space will respond faster to K-fabric formation (Gile 

et al., 1966). In these same soils a portion of the silica 

will accumulate on the bottom of coarse fragments and not be 

as effective at bonding 50il particles together. In fine

grained soils, calcium carbonate is disseminated over more 

surface area and K-fabric takes longer to form (Gile et al., 

1966). Silica, on the other hand, will be most effective as 

a bonding agent in the fine-grained soils. 

It is tempting to conclude that differences in ce

mentation between soils E and F are due to varying particle 

size distribution (Appendix A). Unfortunately, this cannot 

be done because of the lack of a good method of determining 

absolute amorphous silica content and the uncertainty of age 

equivalency between the two 50ils. 

Conclusion 

Illuviated monosilicic acid is adsorbed on the large 

surface areas of clays, sesquioxides, and weathered surfaces 

of primary mineral grains quartz in the soil matrix as well 



101 

as on illuvial clays. Adsorbed silica forms partly crystal

line silica or aluminosilicates which act as nuclei for 

polymerizaticn of silica concentrated by evaporation. Con

centrated soluble salts assist in polymerization of silica 

by decreasing the solvation capability of water. Monosili

cic acid molecules become less stable, the Si-O bond breaks 

and the molecules reorganize to silicon dioxide polymers. 

Layers of opaline silica accumulate until they bond adjacent 

adsorbing surfaces. 

Illuviated silica and calcium carbonate act syner

gistically to produce continuous cementation. Silica ce

ments the matrix from smallest pores outward while calcite 

cements from the largest ones inward. Calcium carbonate has 

a lower activation energy for precipitation than silica and 

deposits rapidly as the soil solution dries forming a par

tial K-fabric. Opaline silica bonds smaller soil grains 

together and finally fills the smaller po~es. 



CHAPTER 6 

MINERALOGY OF SILICA CEMENT 

Introduction 

The diffuse distribution of silica cement in duric 

horizons makes it difficult to identify its mineral forms. 

To m~ke matters worse, standard terminology and definitions 

for describing hydrous silica have only recently been adopt

ed and the older literature is full of references to poorly 

defined opaline minerals. This chapter presents the accept

ed system of opal classification, identifies those forms 

which are authigenic components of Monitor Valley duripans 

and discusses their mineral composition. 

Forms of Silica 

The classic phase equilibrium diagram for silica has 

three components: quartz, cristobalite and tridimite. They 

are stable in the following temperature ranges: low quartz 

« 5700 C), high quartz (570-870 0 C), high tridimite (870-

14700 C) and high cristobalite (> 14700 C). Low cristoba

lite and low tridimite have different Si-O bond angles than 

their high forms and are metastable at ambient temperatures 

(Jones and Segnit, 1972). However, the low forms of pure 

cristobalite or tridimite are seldom identified in soils 
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(Drees et al., 1984). 

Contrary to long held assumptions, cristobalite and 

tridimite precipitate at ambient temperatures and pressures, 

forming polymorphs of opal containing variable amounts of 

bound water (Jones and Segnit, 1971). The presence of 

foreign ions causes one-dimensional stacking disorder b~t

ween the similar cristobalite and tridimite silica tetrahe

dral sheets which in turn, produces opal-CT the most common 

opal found in nature (Jones and Segnit, 1971, 1972; Brindley 

and Brown, 1980). The following names have been used in. the 

literature to designate this hydrous silica: alpha-cristoba

lite, low cristobalite, disordered cristobalite, lussatite 

and opal-cristobalite (Jones and Segnit, 1971; Wise and 

Weaver, 1974). 

Classification of Opal 

Jones and Segnit (1971) proposed a three part struc

tural classification for natural, disordered hydrous () 1% 

water) silicas. It is based primarily on differences in the 

type of crystal structure and the amount and disorder of 

crystal stacking as defined by X-ray diffraction patterns. 

Their classification system, defined below, is now the most 

widely accepted (Brindley and Brown, 1980; Drees et al., 

1984) and will be utilized in this study. 

Opal-A. Opal-A has a highly disordered, nearly 

amorphous structure which produces an }~-ray diffraction 



104 

pattern dominated by a very diffuse band centered at about 

0.40 nm as shown below. 

OPAl-A 

X-ray patterns similar to this are produced by most 

precious opals, biogenic skeletons, volcanic glass, silica 

gel and some silica associated with clays (Jones and Segnit, 

1971; Kastner, 1979). 

Opal-CT. Opal-CT is the most common form of hydrous 

silica. Its X-ray pattern consists of broad, poorly defined 

peaks centered near 0.43, 0.41, 0.39 and 0.25 nm. 

30 :ze c.. .... 

Peak definition and spacing is variable depending on 

the amount ofcristobalite and tridimite stacking disorder 

and the water content. Ageing, with its consequent decrease 

in bound water, increases peak sharpness. 

Opal-CT includes most silica associated with smec-

tite clays, compact and massive opals such as silcretes, and 

diagenetic products from biogenic skeletons or volcanic 

glass (Jones and Segnit, 1971; Kastner, 1979). Thus, it is 
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the most likely opaline compound to form in the heterogenous 

soil chemical environment. 

Opal-C. Opal-C is a well-ordered hydrous cristoba-

lite with only minor evidence of tridimite stacking sequen

ces. It has an X-ray pattern resembling that of low cristo

balite with minor indications of tridimite. 

Opal-C apparently is formed at high temperatures and 
I 

is associated with lava flows (Jones and Segnit, 1971; 

Kastner, 1979). It is not formed under soil environments 

but may be inherited as part of the parent material. 

Opaline silica and opal. Jones and Segnit (1971) 

proposed that these terms be used to designate any natural 

hydrous silicas which lack sufficient information for more 

detailed classification. Opal is used for compact, vitreous 

material while opaline silica designates friable or disper-

sed silica. Thus, opaline silica is the proper term for 

unclassified silica cement in Monitor Valley soils. 

Purpose 

Opal and a chalcedony-like mineral have been identi-

fied as silica cements in duripans (Flach et al., 1973). 

The latter was weakly birefringent but had a refractive 
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index of about 1.47 which is much lower than expected for 

chalcedony (1.54) and similar to those for tridimite (1.47) 

and cristobalite (1.48) (Kerr, 1959). Calcareous pans con

tained less chalcedony-like cement and more opal than non

calcareous pans (Flach et al., 1973). 

In view of the improved classification system for 

opaline silica, it is important to re-evaluate the mineral 

components of silica cement in duripans. 

Methods 

Opaline silica mineralogy. was identified using pow

der X-ray diffraction, the scanning electron microscope 

(SEM), the petrographic microscope (PM) and energy disper

sive X-ray analysis (EDAX). 

Petrographic Microscope Analysis 

In theory, Opal-CT may show slight birefringence and 

while opal-A shows none. However, the diffuse distribution 

and heterogeneity of the silica cement in the soil matrix 

made it difficult to use optical techniques such as refrac

tive index values or birefringence for positive mineral 

identification. 

X-ray Diffraction 

Since opal classification is based on crystalline 

differences which are evident on X-ray diffraction patterns, 

powder X-ray analysis was the most important analytical 
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procedure. Again, the diffuse distribution and heterogene

ity of the silica cement created difficulties because in 

whole soil X-ray patterns the opaline silica peaks were 

difficult to separate from orthoclase feldspars. However, 

if the 0.404 nm peak is larger than the 0.314 nm peak (if 

the latter exists) then opal-CT can be identified (Wilding 

et al., 1977). In addition, the opal-CT peak tends to range 

between 0.404 to 0.412 nm depending on the tridimite content 

while the orthoclase peak should be relatively constant. 

Sample preparation. Whole soil samples, or silt and 

clay fractions, were hand ground, passed through a 40 um 

sieve and placed (dry and not oriented) on a glass slide. 

Since analyses of the resulting diffraction patterns pro

duced equivocal results, attempts were made to isolate rela

tively pure cement. Silica deposits were carefully scraped 

from the bottoms of pebbles and nearly all the adhearing 

quartz and feldspar grains were removed using tweezers under 

a 40X dissecting stereo microscope. The cleaned material 

was passed through a 40 urn sieve prior to analysis. 

Sample analysis. Powder X-ray patterns were ana

lysed using procedures outlined by Brindley and Brown 

(1980). The opaline silica scrapped from sand grains and 

pebbles provided the best samples but it was impossible to 

separate all extraneous minerals. Thus, even the purest 

cement produced X-ray patterns with peaks for quartz, 
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feldspar (plagioclase) and calcite, however, mineral identi

fication of opal-A and opal-CT can be made with reasonable 

certainty. 

SEM. In order to correlate X-ray identification of 

silica cement with its morphology, the sieved samples were 

also studied under the SEM. Again, soil heterogeneity pro

duced interpretive uncertainty. The problem was partly 

solved by running an opal-CT standard (from Chemlab, Inc.) 

through both X-ray analysis and SEM analysis to provide a 

baseline for interpretation. The second step was to study 

the carefully scraped samples because the limited number of 

morphologies present enhanced the correlation process. Fi-· 

nally, whole ped and dissected ped samples were studied to 

determine morphologic relationships between cement and soil 

matrix particles. 

EDAX. Since the X-ray to SEM correlation process is 

fa11able, suspected silica cement was checked with EDAX to 

assur,e that the material was primarily silica. 

Results 

Opal-A 

All the powder X-ray patterns of soil matrix or 

cement showed a broad band in a region centered between 0.40 

and 0.41 nm indi~ating that large amounts of opal-A exist in 

Monitor Valley soils. Two identifiable sources of opal-A 

were volcanic glass <standard pattern not shown) and recent-



109 

ly precipitated silica gel. The latter was identified by 

X-ray analysis of scrapings from the bottom of sand grains 

which protruded into pores. The silica gel was relatively 

pure because it had no immediate contact with soil parti

cles. The scraped material exhibited deliquescent charac

teristics and produced an X-ray pattern (Fig. 11, top) with 

a broad band at about 0.40 nm, plus peaks for quartz and 

feldspar impurities. 

A SEM micrograph of an undisturbed sample (Fig. 11, 

top) indicates that individual flocs (pure silica by EDAX) 

about 1 urn in diameter are deposited and then seem to flow 

together. When this micrograph is compared with the center 

one in Fig. 11 showing a more dehydrated, stronger cement, 

the morphologies are suggestive of a slow, possibly plastic 

transition to the morphologic for.ms of more crystalline 

hydrous silicas. 

Opal-CT 

The opal-CT standard X-ray pattern and morphologic 

form are shown in Fig. 11, bottom. Representative opal-CT 

morphology and X-ray patterns from duric horizons are shown 

in Fig. 11, center. 

X-ray pattern. The opal-CT standard has a strong 

peak at 0.413 nm with a tridimite shoulder at 0.429 nm. 

Even the standard contains quartz impurities as identified 

by both X-ray diffraction and SEM. The two X-ray patterns 
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in Fig. 11 (center) are from scrappings of duric cement. 

The upper one represents a less crystalline stage of opal-CT 

compared with the lower pattern which has a stronger peak at 

about 0.405 nm. Both of the soil derived X-ray' patterns 

have stronger indications of opal-A than does the opal-CT 

standard. 

Morphology. The SEM micrograph (Fig. 11, center) of 

s01l opal-CT is from the same" type of calcite and silica 

mixed cement shown in Fig. 10,B. In this case, 

the sample was treated with an ultrasonic cleaner to remove 

as many soil particles as possible. It has a twisted 3-

dimensional morphology which seems to have been produced as 

the silica flocs precipitated on and slowly merged around 

soil particles. The SEM micrograph of the opal-CT standard 

(Fig. 11, bottom) has a similarly twisted morphology al

though it is somewhat thicker. 

In argillic horizons dominated by smectite clays, 

the X-ray patterns still show an opal-CT peak superimposed 

on an opal-A band (Fig. 9,D). However, the opal-CT 

morphologies are more plate-like (Fig. 9,C;) due to the 

shrinking and swelling action of the clays. 



opat CT 
( JS t ~ n d at d) 

Fig. 11. Mineralogy and Submicroscopic Morphologies of 
Silica Cement. 
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! 

! 

SEM micrographs on lef t - note scale at bottom of 
each. Powder X-ray diffraction patterns on right. 
See text for explanation. 
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Discussion 

Mineral Forms of Opaline Silica 
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Opal-A and opal-CT are the mineralogical components 

of duric material in Monitor Valley. There is no evidence 

of chalcedony as a silica cement (it does occur in chert 

fragments in the alluvial parent material) and it is probab

le that most of the chalcedony-like material of Flach et al. 

(1973) was opal-CT. In some cases, they studied much older 

soils than those studied in Monitor Valley which could have 

allowed time for microcrystalline quartz formation. How

ever, in the semiarid environments of southern Arizona and 

the High Plains of Texas, near surface Plio-Pleistocene 

sediments contain authigenic opal-CT as opposed to chalce

dony (J.F. Schreiber Jr., pers. comm.; McGrath and Allen, 

1984). These sediments are as old as any of the soils 

studied by Flach et al. (1973). 

Kastner et aI, (1977) state that opal-CT will pre

cipitate from solutions containing more than about 35 ppm Si 

but quartz may precipitate from solutions containing smaller 

amounts of silica. In semiarid environments opal-CT preci

pitation is more likely than chalcedony because silica is 

concentrated by evaporation. Under more moist environments 

where overall silica concentrations are lower, it is entire

ly possible that microcrystalline quartz could be the prima

ry cementing agent in duripans. 
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Morphology of Opal-A and Opal-CT 

In non-clayey sites the morphologies of opal-A and 

opal-CT have a twisting 3-dimensional structure which seems 

to have been imposed by the tortuous pore structure into 

which the silica has precipitated. Opaline silica differen

tiation based on morphology is difficult. 

In clayey sites, the clay matrix is impregnated by 

massive opal-CT which cannot be resolved by SEM. Occasio

nally platy crystallites line open pores as free growth 

fronts (eg. Fig. 9,C). Similar morphologies have been des

cribed for clayey porcelanites in ocean sediments (Florke et 

al., 1976). 

Thus, since opal-CT has a weak internal crystal 

structure its submicroscopic morphologies (SEM) are deter

mined by the depositional environment. The crystal structu

ral units form small sheets which may slide past each other 

imparting a plastic quality to opal-CT which allows it to 

adopt variable forms under. pressure (Florke, Jones and Seg

nit, 1975; Florke et al., 1976). 

Conclusion 

The mineralogy of opal or opaline silica is deter

mined by identification of varying amounts of crystal order 

using X-ray diffraction. In the Monitor Valley soils, the 

noncrystalline opal-A is composed of both volcanic glass and 

recently deposited hydrated silica gel. Opal-CT is a partly 
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crystalline silica polymorph which contains varying degrees 

of disordered cristobalite and tridimite stacking. It forms 

by dehydration of silic gel, by orientation of crystal 

planes due to surface reactions with soil clays and hy 

direct deposition from high ionic strength soil solutions. 

Opal-CT is the most prevalent form of silica cement 

but it cannot be identified directly by morphology because 

it deforms under pressure. 



CHAPTER 7 

SUMMARY AND CONCLUSION 

A developmental sequence of duripan formation rang

ing from soils with no cementation to those with continuous 

cementation was analyzed to determine the source of soluble 

silica, the illuvial interactions between silica and other 

soil components and the mineralogy of the silica cement. 

Source of Silica 

Silica is rapidly weathered from volcanic glass. 

Its release can be detected chemically and micromorphologi

cally in soils aged 4,000 years or less while in -soils older 

than 7,000 years its accumulation may be macroscopically 

evident. 

In response to wetting and drying cycles volcanic 

glass weathers to form sand-size composite particles com

posed of silt, clay and redeposited silica. A portion of 

the hydrolyzed silica is illuviated as monosilicic acid 

which accumulates at the average depth of wetting. Compo

site particles forming in the illuvial zone are slowly 

augmented by silica eluviated from the main weathering zone. 

This process eventually produces continuous silica cementa

tion in the illuvial zone. In late Pleistocene soils, 

feldspars are beginning to weather providing a continuity of 

115 
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silica release as volcanic glass becomes completely hydro

lyzed. 

Illuvial Interactions of Silica 

The cementation process is a complex interaction 

between precipitated silica, the soil matrix and other illu

vial components. Surface reactions between monosilicic acid 

and illuvial clay or soil matrix particles provide nuclea

tion sites for polymerization of silica concentrated by 

evaporating soil solution. Polymerized opal-A and opal-CT 

may bond adjacent soil grains prior to plugging the inter

vening pores. In contrast, calcium carbonate preferentially 

precipitates on existing calcite crystals in large pores or 

interped voids. It effects cementation by plugging progres

sively smaller pores with relatively pure calcite rather 

than by bonding grains together. 

Both silica and calcium carbonate accumulation were 

macroscopically evident in soils aged more than 7,000 years, 

however calcium carbonate accumulation was much less signi

ficant except in the oldest soils. 

Mineralogy of Silica Cement 

The mineralogy of opaline silica is determined by 

identification of varying amounts of crystallinity using X

ray diffraction. The noncrystalline opal-A and partly crys

talline opal-CT were identified as components of silica 
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cement. Opa1-A is recently deposited, relatively hydrated 

silica gel. Opa1-CT forms as silica gel is dehydrated, 

forms due to crystal orientation during surface reactions 

with soil components or is deposited directly from high 

ionic strength soil solutions. 

Opa1-CT was identified in unweathered soil parent 

material indicating that it is part of the erosion-deposi

tion cycle and may be a silica source during pedogenesis. 

However, it is less soluble than volcanic glass and probably 

does not make an important contribution to soluble silica 

levels. 

Semiarid Duripan For~ation and Identification 

The average mineralogical composition of rocks ex

posed at the earths surface (vol. %) is aproximate1y 12.5% 

volcanic glass and 34.9% plagioclase (Nesbitt and Young, 

1984). In semiarid envrionments, the former may release 

silica in several thousand years while the latter begins to 

release silica in less than 100,000 years (Colman, 1982). 

Intermediate and basic volcanic rocks and their 

alluvia contain more than average amounts of these readily 

weatherab1e silica sources. Si/A1 ratios of the rocks 

usually range from about 4.5 to 7.0 with relatively small 

amounts of the silica in the form of slowly weatherab1e 

quartz. The acidic volcanic and igneous rocks have higher 

Si/A1 ratios, however much more of the silica is quartz. On 
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the other hand, rhyolitic volcanic glass is an excellent 

silica source hecause of its high Si/Al ratios and lack of 

crystallinity. 

One of the most important sinks for silica released 

hy weathering is the formation of secondary clay minerals. 

In alkaline soil environments smectite clays are usually 

formed ifsoluhle aluminum is available. However, aluminum 

is relatively insoluble under neutral and weakly alkaline 

soil conditions and it is seldom ahundant enough to combine 

with all the soluble silica (Weaver and Pollard, 1973). 

Thus, where limited leaching produces high hase levels and 

weatherable parent materials have high Si/Al ratios, excess 

soluble silica is available to polymerize. 

The resulting opal-A and opal-CT forms a 3-dimen

sional honding network throughout the soil matrix. In the 

absence of calcium carhonate it is recognizahle in the field 

hy its hrittle wet consistence, very hard dry consistence 

and a slight glassy sheen on smooth surfaces. It wsually 

has a hrownish color imparted by clays and sesquioxides. 

When silica cementation overlaps with calcium carbo

nate accumulation its recognition may he masked hy the more 

prominent calcite deposition. However, the hrittle wet 

consistence is characteristic of silica cementation hecause 

of its particle honding. If the cemented horizons are 
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platy, opaline silica may occur as glassy brownish deposits 

along horizontal plate boundaries. 

Many petrocalcic horizons in soils that formed under 

more moist paleoclimates in parent material high in volcanic 

glass and plagioclase probably have opal-CT mixed with the 

calcium carbonate. 

Field and laboratory techniques for separating duri

pans from petrocalcic horizons are not definitive. Unfortu

nately microscopic, submicroscopic, X-ray diffraction and 

most chemical analyses do not provide quantitative data on 

the cementation effects of specific opal-CT levels in soils. 

The primary problem in determining the amount of opal-CT 

needed for cementation of a particular particle size matrix 

is its diffuse, interbonding with soil clays, sesquioxides 

and weathering primary minerals. Traditional chemical ex

traction methods such as boiling in hot alkali (Flach et 

al., 1969; 1973) removes amorphous silica from many sources 

including volcanic glass, poorly crystalline clays and dis

ordered surface layers of quartz and other primary minerals. 

On the other hand, the same technique may not dissolve all 

of the opal-CT which is partly shielded by fine soil parti

cles. 

My research has increased the conceptual understand

ing of duripan formation but it does not provide a quanti

tative statement of duripan properties. Henderson et al. 
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(1972) have outlined a chemical procedure to separate opal

CT from all other soil materials. This technique may allow 

quantification of opal-CT in duripans and petrocalcic hori

zons containing accessory opaline silica. Quantification of 

opal-CT and subsequent correlation with pan morphology and 

physical characteristics will eventually lead to proper 

separation of semiarid duripans and petrocalcic horizons. 
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Fine-silty, mixed(ca1careous), mesic Durorthidic 

Torrif1uvent. 

Silica and Aluminum Data (1) 

1 Horizon 1 Depth 1 Si 1 Si02 
1 1 (cm) 1 (ppm) 1 (%, 
1 1 1 (2) 1 (3) 
1 1 1 1 

Al 2.5 2.44 
A2 7.5 11. 46 2.79 
A3 16.5 17.01 2.70 
Bk 28.0 23.95 2.53 

2Bqk1 37.0 36.45 2.96 
2Bqk2 51. 0 21.17 2.46 
3Akb1 71.0 23.26 2.70 
3Akb2 91.5 25.34 2.59 
3Ckb1 113.0 28.81 3.92 

IA1 2 0 3 1 Si02 1 
1 ,%1 1 __ 1 
1 ( 3) 1 A1 2 0 3 1 
I 1 ,41 1 

1 
0.45 10.541 

I 

0.11 
I 

45.751 
1 
1 
I 
1 

(1) The "_" indicates that no analysis was performed. 

(2) Si(OH)4 was extracted from a saturated paste for 16 
hours a.t 250 C. 

(3) The < 2 mm fraction was boiled for 2.5 min. in excess 
0.5 N NaOH extractant. The data are expressed as 
percent of the < 2 mm fraction. 
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8]]911 
0]1911 
8ll9Zl 
8lln~ 
81192S 
8]]926 
811911 
811928 

CA 
II IN 
NO. 6NI0 

~ 

5 
6 
J 
8 
9 

10 
II 

<- - -

.... 0 
1.6 
I.) 
I.) 
I.J 
0.9 .... ) 
5.9 
I.] 
5.5 

HG 

60lB 

1.5 
O.~ 

1.0 
0.] 
0.) 
0.] 
1.0 
1.\ 
0 .... 
1.6 

NA CO) HCO] CL SO ... NO] 

6PIB 60lB 6110 6JIO 6KIC 6LIC 6"IC 

15.0 
.... 0 
.... 6 
.... J 
6.6 
I.~ 

20.2 
25.1 
1).2 
l5 .1 

- - -HEO I LIIER - - -> 

1.2 
0.5 
I .... 
0.1 
0.1 

JR 
0.1 
0,) 
0.2 
0.5 

8.1 
1. r 
).5 
.... 9 
.... l 
.... r 
l .... 
l.l ....... 
1.9 

1.1 
0 .... 
1.0 
O. ) 
0.5 
0.9 
1.9 
.... 1 
l.1 

15.5 

1.1 
1.1 
2.2 
1.1 
).S 
2.6 

lB.l 
25 .... 

B.O 
2 .... 5 

11 .... 
1.2 
1.0 
0.] 

0.2 

ANALYSES: S' ALL ON SIEVED <2HH BASIS 

TOUL 
H20 SAlfS 

eSl. 
U 80S 

<- -PCl -> 

38 .... 
H.S 
]6.) 
S2.8 
SO.J 
"1.9 
"9." 
6".9 
50.1> 
lB .... 

0.1 
lR 
TR 
TR 
11\ 
TR· 

Ci.1 
0.1 

TR 
0.1 

BASE 
SAlURAT 10'1 

SUH NII~OAC 

SO SCI 
(- -PCI- ) 

100 
100 
100 

[0] AS 
CACOl 
(2HH 
6EIG 
per 

lR 
IR 
lR 

... 
9 
1 

RES. 
OHHS 

IC" 
Bel 

5 1100 
] 

(A SO ... AS 
GYPSU" 

<2HH (20H" 
6FIA 6H 
(- -PCl -> 

1- - - -PH -
SAT (AU 2 

PASlE .0114 
8C18< 8C1F 

I: 2 

8.0 
8.2 
8.2 
8.) 
8.5 
8.5 
8.1 
1.9 
D.2 
B.O 

1.B 
J.9 
1.8 
8.0 
B.I 
0.1 
8.1 
0.1 
8.2 
8.1 

- -I 
1120 

8CIF 
1:1 

0.] 
0.6 
B.~ 

8.8 
8.8 
8.9 
8.5 
e.~ 
B.l 
B.5 

- - -11- - - - - - -HINERALOGY - - - - - - - - -I 
HEC. 1- - - - - - - CUY - -11- - -I -, 
CONO. 1- - - - X-RAY - - - -11- -orA - -, TOIAL DOH 

eA1A 1- - - <2U - - - -I RES wEAIN 
"HIIOS lA21 lA11 lAll "21 lAllA] IBIA 7BIA 
IC" (- RELATIVE AHOUNIS -) <- - - - -PCl - - - -) 

Z.S) 
0.69 
1.1 Z 
0.6) 
0.8" 
0.91 
2 .... 1 
).11 
1.52 
".10 

"I 2 

"I 2 

HI 

HI HI 2 

0112 
OIH 
0151 
AR52 
AR69 
AR~2 

0161 
0161 
016] 

HINERAlOGY: KIND OF "INERAl HI HICA AR AtGREtA lES "T HOfiTHORlll 

R EL All VE AHOUNI 6 INOElERHINUe ... ABUUOANT HOOERATE 1 SHALL I TRACE 



r93-NV~":l 

C----------------------------------------------------HINERALOGY------------------------------------------------------, 
C---------------------------OPTICAL----------------------------) C------------X-RAY---------) C---D1A--I CT(lI ANALI 
C---------~----------------SAND/SILT---------------------------1 C-----------------------CLAY-----------------------I 

SAMPLE IIIN FA RE h~u FE 
NtJ. HI). 781A 7~IA 7~IA 781A 7BIA 7~IA 7BIA 7BIA 7BIA 7BIA 7BIA 7A21 7A21 7A21 7A21 7A21 7A3 7A3 bQJA bC1A 

< -----------------------PCT------------------------------> (' ----RELAT I VE AI1.)UNTS------> :-------PCT _0 ___ - ----- •• 

---------------------------------------------------------------------------------------------------------------------------
BJP:J9IB VFS ')T72 6SIb ARI2 
8JP3919 :2 VFS . (lT42 AR'I GSI7 HI 2 2.9 3.8 
83P39:.., J V'S ('T~3 6S2~ AR23 
8JP]9:'1 " VFS AR5~ OT39 GS 9 HI ;;, :?I .1. 6 

8JPJ922 ~ vrs An6'1 Oll'1 GSI2 
B3P39;·3 6 VFS AR"2 01J2 G5:?'b HI 1.9 :.9 

B3"J9; , 7 VFS G5';0 ARZ~ (lT55 
83F"]9;:5 e V.S .)163 AR23 G514 HT J HI .; I.', "]. 7 

B3":19~6 9 vrs GS::~ ARJI OTlt6w 
8JPJ?;"7 HI '.If S G51b ARJI ')T'53 
SJP39:S II VFE. GSJ9 AR47 (ITI" 

ANALYSESt S'tALL '.IN SIEVED 2",,,, l'ASIS 

HJNERAU)GVt r/, - FRACT J(\N ANALYZED RE - RESISTANT 

.\JNO '.IF MINERALt AR _ ,",EATHERED AGGREGATES GS - GLASS I)T .. OTHER HI - inCA MT .. MfINTMI)RILL(lNJ TE 

PElATIVE AHt)UNTI b INDETERHINATE ~ DOHINANT .. ABUNDANT 3 HODERATE ~ SHALL I TRACE 

HINERAU'GY P.ASED (IN SAND/alL TI 

MINERI\LOG .... BASED (IN CLAYI 

FAMILY PLACEMENT' 

--' 
r0 
<.;1 



ROTINOM SILT LOAM 
S83NV-015-007 

Location: Lander County, NV. Monitor Valley, Hickison Summit SW·Quad. in 
an unsurveyed area about 4.2 miles west, 4.1 miles north of the projected 
southwest corner of section 31, T. 17 N., R. 47 E; about 0.9 miles south and 
0.4 miles west of a windmill. ' ' 

Oate of Samolina: August 16, 1983. 

12G 

Oescriotion by: B. Evon, Oliver Chadwick, George Staid1. Collectors: O. Nettleton, 
Oliver Chadwick, F. F. Peterson, O. Hendricks, George Staid!, C.Reynolds. 

Classification: Fine-silty, mixed (calcareous), mesic ~urorthidic Torrifluvents. 
Veoetation: Rangeland. Shadscale, Indian ricegrass, some winterfat. Climate: 

Mean annual precipitation about 130 to 205 mm (5 to 8 inches) and mean annual 
temperature about 8 decrees C. (46 degrees F.). Parent Material: Alluvium 
from mixed rock sources, influenced by loess and volcanic ash. Tooooraohv: 
AxiaT stream floodplain with less than 1 percent slope. Elevation: 1,98 
meters (6,317 feet). Orainaoe: Well drained; slow runoff; mOderately slow 
permeability. Subject to occasional flooding. Soil Moisture: Dry or almost 
dry throughout the soil profile. 

Remarks: Field pH determined with thymol blue. Subsample taken of ash lenses 
in front and back side of pit in the 13 to 16-inch layer. 

HORIZON DESCRIPTION 

Al 0 to 5 em (0 to 2 inches). Pale brown (lOYR 6/3) silt loam, yellowish 
brown (lOYR 5/4) moist; strona thin and medium platy structure; slightly 
hard, friable, sticky and plastic; few very fine and fine roots; many 
very fine and fine vesicular pores; strongly effervescent; moderately 
alkaline (pH 8.2); abrupt smooth boundary. 

A2 5 to 10 em (2 to 4 inches). Pale brown (10YR 6/3) silt loam, yellowish 
brOwn (10YR 5/4) moist; stronq thick platy structure; sliQht1y hard, friable, 
sticky and plastic; few very fine and fine roots; many very fine and fine 
vesicular pores; strona1y effervescent; moderately alkaline (pH 8.2); 
abrupt smooth boundary. 

A3 10 to 23 em (4 to 9 inches). Pale brown (10YR 6/3) silt loam, yellowish 
brown (lOYR 5/4) moist; strong thin nlaty structure; sliahtly hard, friable, 
sticky and plastic; few very fine and corrmon fine roots; many very fine 
and few fine vesicular pores; strona1y effervescent; strongly alkaline 
(pH 8.6); abrupt smooth boundary. 

Bk 23 to '33 em (9 to 13 inches). Pale brown (lOYR 6/3) silt loam, yellowish 
brown (lOYR 5/4) moist; moderate medium platy structure; soft, very friable, 
slightly sticky and plastic; few very fine, COlllT1on fine roots;' cc:mnon very 
fine and fine tubular pores; few fine and medium lime coats on plate 
surfaces; strongly effervescent; stronq1y alkaline (pH 8.6); clear smoot~ 
boundary . 



Rotinom Series 

2Bqkl 

2Bkq2 

3Akbl 

3Akb2 

3Ckl 

33 to 41 em (13 to 16 inches). White and pale brown (10YR 8/2, 
10YR 6/3) silt loam, light brownish gray and yellowish brown 
(lOYR 6/2, 10YR 5/4) moist; strong thin platy structure; soft, 
very friable, slightly sticky and plastic; few very fine and 
common fine roots; common very fine and fine tubular pores; 
banded lenses of volcanic ash (liqhter colors); 50 percent 
discontinuous weakly silica-cemented; common medium lime 
coats on plate surfaces; strongly effervescent; moderately 
alkaline (pH 8.4); abrupt smooth boundary. 

41 to 61 em (16 to 24 inches). Pale brown (10YR 6/3) silt loam, 
yellowish brown (lOYR 5/4) moist; moderate fine platy structure; 
slightly hard, friable, slightly sticky and plastic; few very fine 
and common fine roots; few medium common very fine and fine tubular 
pores; thin, discontinuous ash lenses; 60 percent discontinuous 
weakly silica-cemented; many medium lime coats on plate surfaces; 
strongly effervescent; moderately alkaline (pH 8.4); clear wavy 
boundary. 

61 to 81 em (24 to 32 inches). Gray (10YR 5/l) silty clay loam, 
very dark gray (10YR 3/1) moist; strong fine anqular blocky structure; 
slightly hard, friable, slightly sticky and plastic; common very fine 
roots; few medium, common very fine and fine tubular pores; continuous 
thin silica coats on ped faces; common fine and medium lime filaments; 
strongly effervescent; moderately alkaline (pH 8.4); clear wavy 
boundary. 

81 to 102 em (32 to 40 inches). Light gray (lOYR 6/l) silty clay 
loam, very dark grayish brown (10YR 3/2) moist; moderate medium 
subangular blocky structure; slightly hard, friable, slightly sticky 
and plastic; few very fine and fine roots; few very fine and fine 
tubular pores; common fine lime filaments; strongly effervescent; 
moderately alkaline (pH 8.4); clear wavy boundary. 

102 to 124 em (40 to 49 inches). Gray (5Y 6/1) heavy sandy loam, 
olive qray (5Y 4/2) moist; common fine distinct yellowish brown 
(10YR 5/6) relict mottles; dark yellowish brown (lOYR 3/6) moist; 
massive; slightly hard, friable, slightly sticky and plastic; few 
very fine and fine roots; few very fine and fine tUbular pores; 
silica bridges between sand grains; few fine lime filaments; 
strongly effervescent; moderately alkaline (pH 8.4); clear wavy 
boundary. 

127 



Rotinom Series 

3Ck2 

4C 

124 to 165 em (49 to 65 inches). Gray (lOYR 6/1) sandy loam, 
olive gray (SY 4/2) moist; common medium distinct yellowish brown 
(lOYR 5/6) relict mottles, dark yellowish brown (lOYR 4/6) moist; 
few fine prominent yellowish red (SYR 5/6) relict mottles, dark 
reddish brown (SYR 3/4) moist; massive; hard, firm, slightly sticky 
and slightly plastic; few very fine and fine roots; few very fine 
and fine tubular pores; common fine manganese coats and concretions; 
common fine lime filaments; strongly effervescent; moderately 
alkaline (pH 8.4); abrupt wavy boundary. 

128 

165 to 175 em (65 to 69 inches). Gray (SY 6/1) extremely gravelly 
coarse sand, olive gray (SY 4/2) moist; single grain; loose, nonsticky 
and nonplastic; 65 percent pebbles; common fine lime filaments on 
pebbles; strongly effervescent; moderately alkaline (pH 8.4). 



Coarse-loamy, mixed, mesic Duric Haplargid. 

Silica and Aluminum Data (1) 

I Horizon I Depth I Si I Si02 I I ( cm) I (ppm) I ( %J 
I I I (2) I (3) 
I I I I 

Al 4.0 
A2 10.5 14.23 3.04 
BA 16.5 22.76 3.11 
Btk 29.0 29.70 2.59 

Bqkl 44.5 44.20 2.53 
Bqk2 61. 0 27.42 2.57 
Bqk3 82.5 28.12 3.02 

Bk 105.5 17.01 1.86 
Bky 134.5 2.01 

IA1 2 03 I Si02 I 
I "\%1 I __ I 
I (3) IA1 2 0 3 I 
I I \41 I 

I 
0.60 8.611 
0.66 8.011 
0.49 8.991 
0.42 10.241 
0.36 12.141 
0.30 17.111 
0.30 10.54·1 
0.30 11. 391 

(1) The "_" indicates that no analysis was performed. 

(2) Si(OH)4 was extracted from a saturated paste for 16 
hours at 250 c. 

(3) The < 2 mm fraction was boiled for 2.5 min. in excess 
0.5 N NaOH extractant. The data are expressed as 
percent of the < 2 mm fraction. 

129 



S'~PH 
NO. 

8))9~0 

OIJ9H 
BllH2 
81l9~) 

6 ))9", 
B )J9~S 
6 )J9~b 
B)J9H 
B ))9~B 

SAHPLE 
"0. 

B ))9~0 
81l9~1 

BJ)9U 
8 J)9~ J 
8H9~~ 

B J)9~S 
B ))9~6 
8)19H 
BJ19~B 

GLYPIIS YAR 

LAB CLASS IF: 

S B lNY-OI 5 -009 

[OARSE-LOAHY, HIKED, HESIC OURIC HAPLARGIO 
rlNAL 

DArE 0)lll/B5 

PAGE I OF 2 PAGES 

LANDER CO - sourH PARr 

SA~PLE NO. e)P19~o-)9~B 

PEOON NO. 8)P IB9 
PROJECT NO. B1P 1)1 

U. S. DEPARrHENI OF AGRICULrURE 
SOIL CONSERYAIIDN SERYICE 
NArlONAL SOil SURVEY lABORArORY 
LINCOLN, NEBRASKA 68~DB-1B66 

GENERAL HErHODS IBU, 2AI, 2B 

-\-- -2-- -1-- -~-- -5-- -b-- -1-- -8-- -9-- -10- -11- -12- -1]- -I~- ~IS- -16- -11- -18- -19- -20-

- - -11- -ClAV- -11- -SllT- -11- - - - - -SANO- -
SAND FINE CD) FINE COARSE YF F " C 

- -II-COARSE FRAcrIONSIHHI-II>2HHI 
VC - - - - WEIGHr - - - - wr 

IIlN 
NO. 

OfP'" 
I[HI 

"ORllON 

1- - -rOlAl 
CLAY Sill 
lr .001 

.002 -.05 
(- -

.OS IT \T .002 .02 .OS .10 .25 .5 I 2 5 20 .1- pcr CF 

IS 0- 8 
25 6- 11 
lS Jl- 20 
\S 20-]B 
55 )8- 51 
6S 51- II 
15 11- 9~ 
8S 9~-lll 
'IS 111-152 

ORGN roUl 
C N 

HlN 
NO. 6AIC bB1A 

<- -

I O.lb O.OH 
2 0.16 O.OH 
1 0.10 o.o~o 
~ 0.15 0.0~9 
5 0.12 o.OH 
6 O.H 
1· O.H 
8 0.19 
9 0.11 

-2 .0002 .002 -.02 -.05 -.10 -.25 -.50 -I -2 -5 -20 - 15 15 WIIOL E 
- pcr OF <2"H I)AII - - - -> <- PCT CF <15HIII)BII-> SOil 

AI 
A2 
OA 
erlt 
BOXI 
00lt2 
eOK) 
BK 
BKY 

6.9 
8.1 

1l.0 
11.~ 
Il.) 
8.0 
e.1 

18.1 
2 ).2 

25.5 
29.6 
)6.~ 

2e.~ 
Jl.~ 

29.1 
21. ) 
)6.~ 

]S.~ 

61.b 
62. ) 
50.6 
5\.2 
55.] 
62.) 
6~.b 

H.9 
~I.~ 

11.9 
H.l 
20.8 
I~.b 

IS.S 
H.e 
12.1 
18.~ 
11.0 

Il.b 
14.9 
15.6 
11.8 
16.9 
1\.9 
1~.6 
18.0 
18.~ 

15.1 
H.O 
15. \ 
15.1 
20.1 
19.) 
21. ) 
22.9 
H.l 

H.9 
H.~ 
1],2 
11.1 
20.2 
19.1 
28.1 
18.1. 
12.9 

8.] 
8.1 
1.0 
6.6 
S.~ 
8.0 
5.8 
2.1 
1.6 

1).0 
12.5 
1.b 
b.1 
~.I 

9.6 
2.2 
0.6 
1.1 

lb.) 
12.1 
1.~ 
1.9 
~.9 
6.) 
0.6 
0.1 
0.9 

EITA lorAl 1- - DI111-CII - -IIRATIO/CLAVIIATIERBERG 11- BULK OENSITV -I COLE 
P S EXIRACTABlE IS - llHIIS - FIELD II) OVEN WHOLE 

FE Al HN CEC BAR Ll PI HOIST eAA DRY SOil 
bR)A 6e2B 6G1A 602A 801 801 ~FI \F \A)A ~AIO ~AIH \01 

- -PCI OF <2HH - - - -> PCT <O.\IIH (- - G/CC - - -> CHICH 

... 

0.5 
0.5 
0.6 
0.5 
0.5 
0.5 
(J.2 
0.2 
0.] 

0.1 
IR 

0.1 
rR 
TR 

0.1 
IR 
IR 
TR 

0.1 
0.1 
0.1 

TR 
III 
TR 

TR 
IA 

1.5\ 
I.ll 
0.99 
1.01 
1.52 
).ll 
2.U 
1.10 
0.9~ 

0.71 
0.65 
0.50 
O.S~ 
0.16 
1.98 
1.16 
0.66 
0.51 

CON TIN U A rio N 

1.26 

1.\0 

1.2) 

o N N E x I P AGE 

1.\9 0.006 
1.51 O.OO~ 

1.)6 0.016 

1.\6 0.01\ 

I. H 0.029 

••• 

IS 
11 

B 
12 

1 
5 

lR 

IR 

8 
~ 

1 
12 

2 
I 

l~K 

15K 
15K 
HK 

?K 
6K 

--K 
--K 
TRK 

1- - -WilER COHIENI - -I WRO 
FIElD 1110 II] IS WHOLE 
HDIST OAA BAR BAR SOIL 
~B\ ~BIC \BIC ~BlA ~(I 

<- - -PCT OF <2HH - -> CHleH 

H.O 
10.9 

11.1 

ll.l 

5. ] 
5. ] 
6.5 
9.~ 
?] 

15.6 
11.0 
12.~ 

Il. ] 

o. \l 
0.09 

0.09 

O.O? 

O.IB 

w 
o 



PAGE 2 OF 2 PAGES 

GLYPHS VAR 0)NV-015 -009 OAIE 0)/22/85 PEOON NO. O)P 189 NA fI ONAl SOIL SURVEY L "BORAlORY 

-1-- -2-- - )-- -~-- -5-- -b-- -1-- -B-- -9-- -10- :-11- -12- -\)- -",- -IS- -Ib- -,,- -IS- -19- -20-

--------------------------------------------------------------------------------------------------------------------------
1- NH~OAC EX.lRACUBLE eASES -I ACIO- 1- -CEe- -I EXCH SAR BASE CARBONATE CASO~ AS 1- - - -PH - - -I 

CA HG IIA K SUH Ify SUH NII~- NA SHURA flON AS CACOl GYPSUH SAT CAU2 1t20 
SAHPLE IIlN SOSA SBSA SOSA SOSA IIASES CATS OAC SUH NH~OAC <2HH <20HH <2HH (20MH PASTE .01H 

~O. NO. bN2E b020 bP20 6020 6ltsA SA)A SAeO S02 SE 50 SC I 6EIG BEl 6FIA 6F~ 8CI8 8UF SCIF 
<- - - -HEO / 100 G - - - - - - -) PCT (- -PCT- ) (- -PCT -) (- -PCT -) 1:2 1:1 

B) )'HO III 6.1 2.] TR 0.9 9.9 2.~ 12. ) 10.6 aD 9J b.r 1.2 
8119~1 21l b.b 2.0 0.) O.B 9.1 2.) 1l.0 10.b 81 92 6.1 1.J 
S)}9H )K 1.0 2.1 1.1 0.5 10.1 2.1 \J.~ 12.9 00 8) 6.6 1.6 
B )]9~ 1 ~K 8.9 2.9 J. ) 0.8 15.9 2.1 18.6 11.6 11 11 B5 90 1.8 1.5 8.] 
01l9H 5K 0.0 ).1 5.8 I.~ 19.1 1.5 20.6 18.1 26 H 9) 100 8.1 8.2 0.1 
8119~s 61< 15.2 ~.9 10.0 2.1 JZ.2 26.5 2'1 )0 100 'II TR 1.9 0.1 8.~ 
811?~b lK 5.0 10.0 2.1 19.6 )) )0 1 1 8.0 0.2 8.~ 

B))9H BK 5.2 1\. J 2.~ 20.5 )5 )1 1 1 1.9 8.2 8.] 
0))9~8 9K 5.) 12.1 2.6 lI.8 1\ 29 6 6 1.9 B.2 B.] 

--------------------------------------------------------------------------------------------------------------------------
1- - - - - -WATER EXT RAtTED FROH SATURATED PASTE- - - -11- - - - - - - - -HINERAlOGY - - - - - -I 

TOUL ElEC. 1- - - - - - - CLAY - -I 
CA HG NA K CO) HCO) CL SO~ NO) H2O SALTS COIIO. 1- - - - X-RAY - - - -11- -OTA - -I TOTAL ~OH 

Sl~PLE HlN EST. BAJA 1- - - <2U - - - -11- -(20 - -I RES WEATlt 
NO. NO. 6NI!! 6010 6PIS 60lB 611e 6JIII 6KIC 6UC 6HIC eA 805 "HHOS 1.\21 U21 lA21 lA21 U) lA) lOU lOlA 

(- - - - - -HEO / LifER - - -) (- -PCT -) /CH (- RELATIVE AHOUN'S -) (- - - - -per - - - -) . 

8119~0 I 0.10 HI 2 HT ilK 2 
o )l~~ I 2 0.06 HI ] KK VR 2 
0))9H ) O.OT 
o ))9~] ~ 0.1 0.5 9.'1 0.1 ).1 5.9 1.2 15.0 TR I .2~ HI H' 2 ilK 2 KK 2 
0)]9H S 1.6 0.6 2S.~ 0.] ).9 20.8 5.~ 30.' 0.1 3.0) 
OJl9~5 6 ~.O 1.6 ~9.5 0.0 2.'1 ""., e." H.) 0.2 6.01> HI 2 HI 2 ilK Z 
8)]'H6 T 8.2 ). ] 12.'1 I. T 2.6 63., 20.1 , 1." O. ) 8.a" 
B]19H 8 12.~ 5.2 92.0 2.6 2.S 90.1 H.9 "5.'1 0.' Il. )5 
8119~8 9 20.~ 1.5 101.1 ].2 2.2 8~.'1 ~9.5 "9.1 0.5 12.00 '" ) HI 2 ilK 2 KK I 

FAHILY CONfROl !£CTION: DEPTH 20- ]8 PCf CLAY 11 PCT .1-15HH 5) 

HMIIOS/CH GF 1:2 WAIER ElIRACT 1811 FOR LAYERS I, 2, ], 

ANAlY~ES: S: All ON SIEVED <2MH BA~IS K· CACOl ON 20-2 AND <2HH FRACTION 

HINERAlOGY: KINO OF HINERAl HI HICA HT HONTHOR III KK KAOLINITE VR VERHltUlI TE 

RHA fiVE AHOUNI b INOElERHINATE 5 OOHINAIIT HOOERATE SHAll I TRACE w 



PB3-NV242 

-----------------------------~---------------------------------------------------------------------------------------------
I----------------------------------------------------HINERALOGY------------------------------------------------------) 

SAHPLE HlN 
Nf).. NO .. 

B3P3940 
BJPJ941 2 
B3P391t2 3 
BJP3943 10 

B3P3944 ~ 
83P3qlt~ 6 
83P39.t..b 7 
BJP3947 B 
BJP39 JtB 9 

I------~--------------------OPTICAL----------------------------) 

1--------------------------SAND/6ILT---------------------------) 
FA RE 

781A 781A 781A 781A 781A 781A 781A 711A 781A 711A 711A 
<-----------------------PCT------------------------------> 

\/F6 6B29 ARI~ OT~6 

\/F6 ESIB AR2B OT~" 
\/FS GS21l1 ARlb OT6" 
vFS 65 I III AR26 OTblo 
VFS G610 AR22 OT6B 
VFS G5 7 AR2" OTb9 
VFS GSIIo AR2:! OTbl 
I:F6 G517 ARIB OTb:! 
VFS GSI3 AR22 OT6:! 

ANALYSES' S-ALL ('N SIEVED < :;: • ., 8ABIS 

HINERAL')GY' FA - FRACTION ANALYZED RE - RESISTANT 

I------------X-RAY---------) I---I)TA--) ITOT ANALI 
I-----------------------CLAY-----------------------) 

k20 FE 
7A21 7A21 7A21 7A21 7A21 7AJ 7AJ bOJA bC7A 
<----RELATIVE AMOUNTB------> <-------PCT----------> 

HI 2 HT 2 KK 2 1.7 2.B 
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HI 2 HT 2 KK 2 KK 2 2.3 4.J 
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HT 3 HI :z KK 2 KK I 2. III ".I!I 
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GLYPHS VARIANT GRAVELLY LOAM 
S83NV-01S-009 

Location: Lander County, NV., South Part (765). Monitor Valley, Hickison Summit 
NW Quad. in an unsurveyed area about 4.2 miles west and 1.S miles north of the 
projected southwest corner of section 31, T. lS N., R. 48 E.; about 0.9 miles 
south of a windmill and 30 feet east of t.he trail. 

Date of Samoling: August 17, 1983. 
Descriotion by: George Staidl, C. Reynolds, Oliver Chadwick, W.O. Nettleton. 

Collectors: D. Nettleton, Oliver Chadwick, F.F. Peterson, D. Hendricks, 
George Staidl, C. Reynolds. 

Classification: Coarse-loamy, mixed, mesic Durie Haplargids. 
Vegetation: Rangeland. Wyoming big sagebrush, bott1ebrush squirrel tail , 

Sandberg bluegrass, cheatgrass and mustards. Climate: Mean annual precipitation 
about 205 to 255 mm (S to 10 inches) and mean annual temperature about 8 degrees 
C. (46 degrees F.). Parent Material: Mixed alluvium. Alluvium superimposed 
over remnant axial stream sediments. Toooaraphv: Summit of relict stream 
terrace with a slope of less than 1 percent. Elevation: 1,935 meters (6,340 
feet). Drainaae: Well drained; slow runoff; moderate permeability. Soil 
Moisture: Soil moist to about 6 inches and dry throughout the remainder of 
the soil profile. 

RemarkS: Field pH determined with phenol red and thymol blue. Tliis soil is 
a Similar inclusion within the map unit. 

HORIZON DESCRIPTION 

Al 0 to 8 em (0 to 3 inches). PaTe brown (lOYR 6/3) gravelly loam, brown 
(lOYR 4/3) moist; moderate thick nlaty structure; soft. very friable, 
slightly sticky and slightly plastic; few very fine roots; many very 
fine and fine vesicular pores; 15 percent pebbles; mildly alkaline 
(pH 7.4); abrupt wavy boundary. 

A2 8 to 13 em (3 to 5 inches). Pale brown and light brownish gray (lOYR 
6/3. 6/2) loam, dark brown (lOYR 4/3) moist; moderate thick platy 
structure; slightly hard, very friable, slightly sticky and slightly 
plastic; few very fine roots; many very fine and fine vesicular pores; 
10 percent pebbl~s; mildly alkaline (pH 7.6); abrupt wavy boundary. 

SA 13 to 20 em (5 to 8 inches). Pale brown (lOYR 6/3) loam, dark brown 
(lOYR 4/3) moist; few fine faint dark yellowish brown (lOYR 4/4) relict 
mottles; moderate thin platy structure; slightly hard, very friable, 
sticky and plastic: common very fine and fine roots; many very fine 
tubular pores; 5 percent pebbles; mildly alkaline (pH 7.8); abrupt 
wavy boundary. 
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Glyphs Variant Series 

Btk 

Bqkl 

Bqk2 

Bqk3 

Bk 

Bky 

20 to 38 em (8 to 15 inches). Brown (lOYR 5/3) gravelly clay loam. 
dark brown (lOYR 4/3. 3/3) moist; light gray (lOYR 7/2) clean sand 
grains coatin9 peds; moderate medium subangular blocky structure; 
hard. friable. sticky and plastic; common very fine. fine. and coarse 
roots; many very fine tUbular pores; common thin clay films on ped 
faces and lining pores; 15 percent pebbles; few fine strongly 
effervescent lime filaments; noneffervescent matrix; moderately 
alkaline (pH 8.0); abrupt wavy boundary. 

38 to 51 em (15 to 20 inches). Brown (10YR 5/3) loam. dark brown 
(10YR 4/3. 3/3) moist; massive; hard. friable. slightly 'sticky and 
slightly plastic; few very fine, fine, and medium roots; common very 
fine tubular pores; very thin silica coats line some pores; 10 percent 
pebbles; 15 percent weakly cemented durinodes; few fine strongly 
efferv~scent lime filaments; noneffervescent matrix; moderately 
alkaline (pH 8.0); clear wavy boundary. 

51 to 71 em (20 to 28 inches). Pale brown (10YR 6/3) sandy loam. 
dark brown (10YR 4/3) moist; massive; hard, firm and brittle, nonsticky 
and nonplastic; few very fine roots; many very fine tubular pores; verJ 
thin silica coatings lining pores; continuous weak silica cementation 
with 20 percent durinodes in a firm brittle matrix; 5 percent pebbles; 
few fine strongly effervescent lime filaments; moderately alkaline 
(pH 8.0); abrupt wavy boundary. 

71 to 94 em (28 to 37 inches). Grayish brown (2.5Y 5/2) sandy loam, 
dark grayish brown (2.5Y 4/2) moist; few medium distinct light olive 
brown (2.5Y 5/6) relict mottles; massive; hard, firm and brittle, 
nonsticky and nonplastic; few very fine roots; common very fine tubular 
pores; very thin silica coats 1ininq pores; continuous weak silica 
cementation with 20 percent durinodes in a firm brittle matrix; 5 
percent pebbles; many fine lime filaments; strongly effervescent; 
moderately alkaline (pH 8.4); clear wavy boundary. 

94 to 117 em (37 to 46 inches). Grayish brown (2.5Y 5/2) sandy loam, 
dark grayish brown and very dark grayish brown (2.5Y 4/2, 3/2) moist; 
few fine distinct light yellowish brown (2.5Y 6/4) and yellowish brown 
(10YR 5/6) relict mottles; moderate medium platy structure; hard, friable, 
nonsticky and nonelastic; few very fine roots; many very fine tubular 
pores; very thin silica coatings lining pores; 5 percent pebble~; many 
large lime filaments and soft masses; strongly effervescent; moderately 
alkaline (pH B.4); clear wavy boundary. 

117 to 152 cm (46 to 60 inches). Grayish brown (2.5Y 5/2) sandy loam, 
dark grayish brown (2.5Y 4/2) moist; few distinct yellowish brown (lOYR 5/6) 
relict mottles; massive; slightly hard, friable, slightly sticky and plastic'; 
few very fine roots; many very fine tubular pores; very thin silica coats 
lining pores; discontinuous horizontal lenses of coarse sand, 2 to 3 inches 
thick; 5 percent pebbles; few fine gypsum segregations; many fine soft 
lime masses; strongly effervescent; moderately alkaline (pH 8.4). 



Coarse-loamy, mixed, mesic Typic Camborthid. 

Silica and Aluminum Data (1) 

1 Horizon 1 Depth I Si 1 SiO
f 

IAltO j 1 Si02 I 
1 1 ( cm) 1 ( ppm) 1 ( % I % I __ I 
I 1 1 ( 2) I ( 3) 1 ( 3 ) I A1 20 3 I 
1 I I I I I \41 I 

Al 
A2 

Bwl 
Bw2 
Bkl 
Bk2 
Bk3 
Bk4 

4.0 
13.0 
30.5 
50.5 
66.0 
82.5 
99.0 

113.0 

18.40 
28.81 
30.20 
27.42 
25.34 
26.03 
22.56 

4.54 
5.59 
5.79 
5.44 
5.12 
4.99 
4.69 
4.67 

0.64 
0.79 
0.79 
0.68 
0.62 
0.57 
0.49 
0.55 

12.041 
12.031 
12.461 
13.601 
14.041 
14.881 
16.271 
14.431 

(1) The 10_10 indicates that no analysis was performed. 

(2) Si(OH)4 was extracted from a saturated paste for 16 
hours at 250 C. 

(3) The < 2 mm fraction was boiled for 2.5 min. in excess 
0.5 N NaOH extractant. The data are expressed as 
percent of the < 2 mm fraction. 
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SA~PLE 

NO. 

8l 1958 
811959 
a JJ960 
8 JJ961 
811962 
8 JJ96) 
8)196\ 
8 JJ965 
811966 
II 1 )?b r 
8 JJ961 
81)969 

SOHPLf 
HO. 

811958 
8119~9 

811960 
8119LI 
811962 
8119101 
8 J1"6~ 
811965 
8 ))966 
8119101 
811"68 
81)969 

WHOLON 

LAn (tAHIF: 

S B INV-015 -011 

tOARSE-LOAMY, HI lEO, "ESIC IYPlt tARBORIHID 

DarE 
rlllAL 

0)121185 

PAGE I OF Z PAGES 

LANDER to - SOUIH PARI 

SA"PLE NO. 8IP)958-)911 
PEDOH NO. I)P I'll 
PROJE(I NO. 81P III 

U. S. DEPA.IHENI Of AGRltULTURE 
SOIL (ONSERVATION SERVltE 
NATIONAL SOIL sUAVEY LABOROTORY 
LINtOLN, NEBRASKA 68~08-1866 

GENEIIAl HElHOOS IOU, lAI, Z8 

-1-- -Z-- -1-- -\-- -5-- -6-- -1-- -1-- -9-- -10- -11- -11- -1)- -i\- -15- -16- -11- -18- -19- -20-

HlN 
NO. 

IS 0- 8 
ZS 8- III 
IS 18-\1 
\S H- 51· 
55 58- H 
6S H-91 
IS 91-101 
as 101-119 
9S 119-115 

IDS 115-160 
II S 160-185 
IlS 115-116 

IIORIlON 

AI 
az 
aWl 
Bill 
8KI 
8Kl 
8K) 
8K\ 
AD 
ewe 

lA'B 
180K8 

1- - -IOUL 
ClAY S ItT 
II .001 

.OOZ -.05 
(- -
6.0 

11.1 
9.\ 
5.1 
5.\ 
1.9 
).1 
6.) 
1.9 

11.5 
1/0.0 
lI.O 

H.6 
5\ •• 
6l,) 
65.r 
61.2 
65.) 
65.0 
ll. I 
61.' 
59.1 
H.6 
U.5 

- - -11- -tUY- -11- -SllI- -11- -
'AHO FINE (01 FIHE (OA~SE vF 
.05' Lr lr .001 .01 .05 
-2 .0001 .00l -.Ol -.05 -.IU 

\9.10 
H.I 
za.1 
lB.6 
16.\ 
10.8 
JI.9 
lI.o 
H.6 
29.\ 
)J .Io 
59.5 

- P(I of (1M" 11AII - -

U.I 
)0.1 
15.1 
n .• 
H.2 
)).9 
)2.9 
16.6 
lB.) 
)l.1 
)5.9 
H.Io 

11:5 
2\.1 
Z 1.2 
H.' 
)J .0 
)J .10 
)l.1 
)6.1 
19.1 
11.0 
11.1 
J).I 

lB.5 
25.8 
21.5 
2101 
l2.6 
26.2 
21.0 
18.1 
19.2 
21.1 
9.0 
9.5 

- -SAND- -

F " t 
.10 .25 .5 
-.25 -.50 -I 

'.1 
6.\ 
5.0 
\.a 
).1 
).1 
).2 
1.9 
\.0 
\ .. 
5.0 
8.8 

I. ) 
0.6 
0.6 
0.5 
0.5 
0.5 
O. I 
D. ) 
0.1 
I.) 
6.1 

IhO 

0.6 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.\ 
1./0 
6.9 

1405 

- -11-tOA.SE FRAtTIOHSIHHI-II)l"HI 
vc - - WEIGHI - - wI 

I 5 20 .1- PCI CF 
-1 -5 -10 -IS 15 WHOLE 

- - -) (- PCI OF (15HHI)811-) SOIL 

0.) 
0.1 

O.l 
0.1 

0.1 
0.1 
).8 

11.9 

lA 
IR 
I. 

T. 
Til 
1ft 
IR 

I 
6 

10 

TR 
JA 

6 
20 

\ 
10 

II 
I 
6 
5 
\ 
5 
/0 
2 
5 

II 
IS 
15 

IR. 

) 

16 
511t 

---------_.-------------------------------.-------------------------------------------------------------------------------
ORGN 10lAL E I fit toUL 1- - DJlH-t" - -IIRAIIO/ClAYIIAIIEIIBERG 11- IIUlII DENSITy -I COLE 1- - -WA lEA (ONIElH - -I IIRD 

( N P S EIIRAtUBLE 15 - lINnS - FIElD III ovEN IIHOLE FIElD 1/10 1/) 15 WIIOLE 
IIlN FE Al HN CH 111._ II PI "OISI 8AR DRY SOIL Notsr DAR 8AR nAA SOIL 
NO. 6A1( 611lA 6R)A 6t28 6G1& 601A 801 801 HI ~F \AU ~UO \AIH \01 \8\ \81( \O\C ~BlA lot I 

(- - - -PCI OF <lHH - - - -) PCI (D.IoHN (- - &/(( - - -) CHICH (- - -p(I OF (lNH - -) CH/CN 

I 0.15 o.Dbl 0.6 0.1 0.1 2.~' 1.10 I. )5· I.H 0.005 II." 1.1 O.I~ 

2 Doll O.OH 0.1 0.1 0.1 1.55 O.H 8.8 
) 0,)' 0.0'6 0.6 1R 0.1 2.18 1.01 1I 1.20 1.25 0.0110 19.2 10.1 0.11 
\ 0.11 O.OH 0.5 III 0.1 ). T5 1.6) 9.) 
5 0.29 O.O~O 0.5 IR IR ) .91 1.10 1.11 1.20 0.008 H.I 9.1 0.16 
6 0.25 0.01l 0.\ IR I" \.\6 1.95 1.6 
1 0.10 0,) III III ).29 . 

I. " HP 1.0) 1.0, 0.00) 2'1.0 5.5 D.lS 
8 0.1l 0.10 III 0.1 I.~O 1.\6 9.2 
9 0.1l 0.1 0.1 0.1 2.86 I.ll 10.\ 

10 0.1' 0.10 0.1 0.1 I.a/o 0.88 I.ll 1.18 0.011 16.1 10.1 0.01 
II 0.11 0.1 0.1 0.1 1.\1 0.11 10.0 
11 0.11 0.6 0.1 T" 1.11 0.58 1.6 

-----------------------------------------------------------------------------~--------------------------------------------
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SA~PLE 

NO. 

WHOLA,. 

LAn nASSIF: 

S BJI<V-OI5 -011 
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FIlIAL 

DAre. 01122/85 

LA~OER CO - SOUIH PARr 
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PEOON NO. 8)P I'll 
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PAGE I OF 2 PlGES 

U. S. OEPARIHENI OF AGRICULIURE 
SOIL CONSERVA1ION SERVICE 
NlIIONAL SOIL SURVEY LABORAIORY 
LINCOLN, NEBRASKA 6850B-)866 

-1-- -2-- -)-- -~-- -5-- -6-- -1-- -8-- -'1-- -10- ~II- -12- -1]- -I~- -15- -16- -11- -18- -1'1- -ZO-

IIlN 
NO. 

OEPIH 
ICHI 

HORllON 

1- - -IOIAL 
(LAY S ItT 

LT .002 
.OOZ -.05 
(- - - - 1 

- - -11- -(LAY- -11- -SILI- -11- - - -
SAND FINE CO) FINE COARSE YF 

- -SANO- -

.05 LT LT .002 .OZ .05 
-2 .0002 .002 -.02 -.05 -.10 

- P(' OF <2"" IJAt.' - -

F 
.10 
-.25 

14 
.25 
-.50 

- - - -II-COARSE FRACIIONSIHHI_II)2HHI 
C V( - - - - WEIGHI - - - - WI 

.5 I 2 5 20 .1- PCI CF 
-I -2 -5 -20 -15 15 WHOLE 

-> <- PCI OF <1514HI1BII-> SOIL 

8]]'110 I)S 216-2]1 
81]'111 I~S '11-11'1 

]C 

ASH 
5.1 88.) 1.8 ).5 8.2 25.2 ]0.2 21.2 10 H 

ORGN lOIAL EUR IOIAL 1- - OIIH-CIT - -IIRATIO/CLATIIATTERBERG 11- BULK DENSITY -I COLE 1- - -WATER CONTENT - -I NRO 
C N P S EX IRAC TABL E 15 - L1"ITS - FIElO III OVEN WHOLE FielD 1/10 II] 15 WHDL E 

SAHPLE tllN FE Al HN CEt eAR II PI HOI Sf eAR ORY SOIL HOISI BAR BAR BlR SOIL 
NO. NO. 6AI( 6B]A 6R]A H2S 6G1A 602A 801 801 ~FI ~F ~AH ~AIO ~AlH ~DI ~e\ ~elc \DIC \BlA UI 

(- - - -PO OF <2MH - - - -) Ptf (O.~HH <- - G/CC - - -> CHICH (- - -PCI OF aH" - -> CHICH 

811?JU 11 O.OB 0.5 lR 0.1 1.\7 0.15 ~.5 

Bll?J1 H .0.0) 6.~ 
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S.~Plf 

NO. 

8)]'150 
8]]'1S'I 
8))'160 
8 ll'll> I 
8 ]]'161 
8ll'l6) 
8 ll'l6~ 
e ll'l65 
8]1'11>6 
8ll'l61 
8 ll'l68 
8ll'l6'1 

5AKPlE 
NO. 

8)1'1S8 
a 1195'1 
B)1'160 
8ll'l61 
811'lb2 
811'16) 
8 1l'l6~ 
8 ]]91.5 
e ))'166 
8 ]]'11> 1 
e 11'168 
8]]'16'1 
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-1-- -1-- -)-- -~-- -5-- -6-- -1-- -8-- -9-- -ID- -11- -11- -11- -I~- -15- -16- -11- -18- -1'1- -20-

1- NH~OAt e.rAAtrABlE eASES -I AtID-
CA HG HA K SUH ITY 

HIH 5B5A S8SA 5B5A 585A eASES 
NO. 6N2E . 6020 6P2B 602e 611U 

<- - -HEO I 100 10 - -

I 8.1 
2 9,) 
1 12.8 
~ I~.O. 
5 ]0.1 
6 H.O 
1 21.S 
a 19.8 
9 28.f 

10 16.1 
II IS.2 
11K 11.6 

2.9 
).1 
1.8 
~.I 

~.I 
l.S 
I. a 
2.e 
l.a 
2.) 
2.0 
1.5 

rll 
0.1 
D.l 
1.1 
1.0 
).~ 

1.5 
5.6 
5.' 
~.6 

).~ 

1.5 

2.9 
·1.6 
2.6 
1.1 
1.0 
O.D 
0.5 
1.1 
1.2 
1.1 
1.1 
0.8 

11.9 
16.2 
19.5 
21.2 
18. ) 
H.l 
26.) 
19. ) 
18.1 
2~.9 
21.1 
ll.~ 

).0 
).) 
1.8 
I.~ 

1- -tEt- -I Htll 
SUII NH\- HA 
tUS OAt 
5AU 5A88 SOl 

16.9 
19.5 
22.1 
21.6 

- -) per 

H.9 
1B.1 
11.\ 
21.' 
11.1 
ll.\ 
10.2 

lI.' 
22.6 
21.1 
19.1 
15.2 

J 
II 
12 
Il 
16 
15 
IJ 
12 
II 

SAA 

SE 

6 
9 

10 
B 

Il 
II 
10 

9 
B 

1- - - - - - - -WArER ElrRAtTEO F_OH SA~U~AfEO PASTE-

CA HG 
IIlN 
NO. MHO 601 B 

I 
1 
) 

~ 

5 
6 
1 

• 
9 

10 
II 
12 

<- -

1.9 

1.) 
~.9 

10.) 
10.5 
1l.J 
H.2 
16.1 
18.1 
18.6 

I.f 

0.9 
1.6 
).2 
2.8 
5.5 
5.1 
5.1 
2.1 
1.1 

Hl K eo) HCO) Cl 50\ HOJ 

6PIB 6018 611B 6JIB 6KIC 6llC 6"IC 

I.~ 

f.l 
u.s 
15.2 
11.5 
5 ].6 
Sl.O 
H.~ 
29.1 
26.0 

- - -ilEa I 1I rER - -) 

1.8 

0.1 
0.2 
0.2 
0.2 
0.5 
0.1 
0.1 
0.5 
0.5 

6.0 O.~ 

1.) 0.8 
8.) 1.) 
1.0 &2.' 
2.5 11.0 
2.6 H.' 
1.1 ~ 1.1 
1.1 )0.\ 
2.0 15.0 
2.2 11.8 

0.1 

1.2 
1.1 

18.0 
15.6 
)8.6 

~'.I 
\0.1 
16.0 
26.5 

11.1 
11.0 
12.9 

1.1 
\.1 

"HIIOS/CH Of 1.2 WAfER EoTPACT lUll FOR lAyERS 1, !t 

rOUl 
H20 SALIS 

E sr. 
SA 80S 

<- -per -) 

)5.1 

H.2 
H.6 
~9.1 

S'I.,D 
~O.\ 

J9.5 
~O.O. 
lJ.6 
H.6 

fA 

TR 
0.1 
0.1 
0.1 
O.l 
0.1 
0.1 
0.1 
0.1 

BASE 
SAJURATION 

SUH NH\oAC 
SO 5C1 

<- -rCT- ) 

9) 
81 
91 
9'1 

100 
100 
100 
100 
100 
100 
100 
100 

tA.RBOIIAlE 
AS CleO) 

<2"" <20HH 
HIe; BEl 
<- -PC r -) 

Til 
TR 
rll 

USO\ loS 
GYPSUII 

<211H <20H" 
6FIA 6F\ 
<- -per -) 

1- - - -PH -
SU CACl2 

PASTE .01H 
ecta BClF 

III 

1.8 

D.I 
8.1 
8.0 
B.I 
1.8 
1.1 
1.1 
1.1 
1.f 

6.1 
6.~ 

7.1 
1. B 
8.0 
0.0 
B.O 
8.0 
1.9 
1.0 
1.8 
1. f 

- -I 
H10 

8C1F 
III 

1.2 
7.) 
8.0 
B.l 
B.l 
8.S 
8.) 
8.2 
8.0 
1.9 
B.O 
B.I 

- - -11- - - - - - - - -HINERAlOCY - - - - - - - - -I 
flEe. 1- - - - - - - CLAY - - - - - - -I 
CoNO. I~ - - - X-RAY - - - -11- -OT. - -I fOTAl COH 

BA)A 1- - - <2U - - - -11- -<lU - -I RES weATH 
HHHDS lA21 lA21 JA11 1~11 lAllA) lalA lBIA 
Ie" <- REl.l1vE AHDUNTS -) <- - -PCT - - - -) 

0.11 
0.1\ 
O.IJ 
1.00 
l.la 
).61 
1.)6 
1.~9 
e.ll 
1.65 
.... 6l 
\.H 

HI 2 

HI 1 

HI 

01 

Col I 

Kit 1 

It It 

Kit 

CA 

(LI 

Hr I Cl I KK 5 

KK 1 

HI I Kit I 

ANALYSES: S' ALL O~ SIEVED <lHII OASIS 

IIIHERAlOGY' KINO OF HINERAl III HICA 

Ka CACD) 0" 20-l AND <2H" FR.CTIDH 

KK KAOllNIIE HT HQNIHDRlll (L CHLOR IfE 01 OUARTZ 

CA CALUTE 

RHAlIVE AHOUNT 6 INOEHRNINArE 5 oOHINANT \ ABUNDANT ) H[lDERATE 1 SHAll 1 TRAce 
W 
CJ 
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-1-- -2-- -l-- -~-- -5-- -6-- -1-- -8-- -9-- -10- -11- -12- -1)- -I~- "-IS- -16- -11- -18- -19- ~20-

1- NII~OA( EXIRAC TABLE BASES -I AClO- 1- -CE(- -I EXCH SlA OASE CA~BOHlTE ClSO~ AS 1- - - -PH - - -I 
CA MG NA " SUP! ITY SUP! NH~- NA SATURlT ION AS CACO] GVPSUM SAT CActI \flO 

SAMPLE IIlN SB~A ~05A SBH 5B5A 8A SES CUS OAC SUM NH~OAC (lMM (20MI! (2HM <ZOHH PASTE .01H 
NO. HO. 6HIE bOlO bPIB bOZB MISA SAlA SlOB SD2 5E SO SCI bElG OE I loFU bF~ OCIB O(lF OCIF 

<- - -HEO I 100 G - - - -) PCT <- -PCT- ) <- -PC T -) (- -PCT -) I: Z 1:1 

0])910 13K 9.S 0.0 I.~ 0.5 1l.2 8.8 II 100 1.0 1.0 8.1 
0]1911 1\ 

1- - - - -wATER EXIRAC leO FROH SATURAIEO PAS IE- ---11-- - - - - -!'IHERALOGY - - - - - -I 
TOTAL ElEC. 1- - - - - - - ClAY - - - - -I 

CA HG HA " CO) HCO) Cl SO\ NO) HZO SAlTS COHO. 1- - X-RAY - - - -11- -OU - -I TOTAL DOM 
SAI'PLE IllN EST. OAll RES WEAIII 

NO. NO. bNI8 6010 loPIB 6QI0 6110 bJIB loUt 6l1t Milt 8A " e05 "HHOS IAlT IlZI 1121 IAlI lA] ]A) lBIA lBlA 
<- - - - - -MEa I l H~R - - -) (- -PCT -) ICM (- RElA TI VE AHOUNTS -) <- - - - -PO - - - -) 

8)]910 11 9.~ I.S Ib.O 0.\ 2.\ ~.I 16.1 1.2 26.5 TR 2.58 
8])911 I~ 

ANALYSES: S' ALL ON SIEVED (lMM OASIS ,,- CACD] OH 20-Z AND <ZMH FRACTION 



PB:J-NV2~2 

I----------------------------------------------------HINERALOGY------------------------------------------------------1 
I---------------------------OPT1 CAL----------------------------1 I------------X-RAY---------I I---DTA--I ITOT ANALI 

BAHPLE HZN 
NO. NO. 

I--------------------------BAND/BILT---------------------------1 
FA RE 

711... 711A 711A 711A 711A 711... 711A 711A 711A 711A 7DIA 
(-----------------------PCT------------------------------> 

I-----------------------CLAY----------r------------l 
1(20 FE 

7A21 7A21 7A21 7A21 7A21 7A:J 7AJ 6QJA 6C7A 
(----RELATIVE AHOUNTB------) (-------PCT----------) 

---------------------------------------------------------------------------------------------------------------------------
B3P39~B VFB 6817 ARI2 OT7I 111 2 KI( 2 I1T S CL 1 HK ~ 1.9 m.b 
B3P39~9 2 VFB 6S3~ AR22 OT.~ 
B3Pl9bl! 3 VF8 6826 AR23 OT~S HI 2 1(11 KK 2 1.9 2.2 
B3P39bl ~ VF8 682b AR21 OT~3 
B3P39b2 ~ VFB 6647 AR21 OT32 HI 1(1< 1.2 e.1 
B3P39b3 6 VF8 68~2 ARI. OT34 
B3P39b4 7 VF6 6671 ARII! OTl9 QZ CA e.b e.e 
83P39b~ 8 VF8 6613 AR34 OT~3 
B3Pl9bb 9 VF8 6823 ARI~ 016J 
B3P39b7 II! VFB 6DZb ARI9 OT~~ CA I CL I HI I I(K I III< 4 I.~ 3.1 
blP39b8 II VF8 682b ARI9 OT~~ 
B3P39b9 12 VF8 6829 ARI6 OT~6 
83P:)9711:l 13 VF8 6817 ARI7 OTb6 
S3PJ971 14 

ft~~Y8ES' 6-ALL ON BIEVED < 2 __ BA81B 

HINERALOGY. FA - FRACTION ANALYZED RE - RE81BTANT 

KIND OF HINERAL. AR - WEATHERED AG6RE6ATES CL - CHt.OR lTE G8 - GLA8B HI - HICA HT - HONTHOR!LLONITE OT - OTHER 

I\K - KA')L I N lTE QZ - QUARTZ CA - CALCITE 

RELATIVE AHOUNT. b INDETERI11NATE ~ DOI1INANT .. AIUNDANT 3 MODERATE 2 BHALL 1 TRACE 

HINERALOGY BASED ON BAND/8ILT. 

MINERALOGY BABED ON CLAY' 

FAI1ILY PLACEHENT. 

COHt1ENTB' 



TOYUSKA VERY FINE SANDY LOAM 
583NV-01S-Oll 

Location: Lander County, NV., South Part (765). Monitor Valley, Hickison Summit 
SW Quad. in dn unsurveyed area about 3.1 miles south and 2.7 miles west of the 
projected southwest corner of section 31, T. 18 N., R. 48 E. 

Date of Samolina: August 18, 1983. 
Description by: George Staidl, Oliver Chadwick, W.O. Nettleton. Collectors: 

D. Nettleton, Oliver Chadwick, F.F. Peterson, D. Hendricks, George Staid', 
C. Reynolds. 

Classification: Coarse-silty, mixed. mesic Typic Camborthids. 
Vegetation: Rangeland. Winteriat. Indian ricegrass, bottlebrush squirrel tail. 

Climate: Mean annual precipitation about 180 to 205 mm (7 to 10 inches) and 
mean annual temperature about 8 degrees C. (46 degrees F.). Parent Material: 
Silty mixed alluvium. Topoaraohy: Inset fan containing very shallow drainage 
channels within the fan piedmont with a slope of less than 1 percent. 
Elevation: 1,950 meters (6,400 feet). Drainaae: Well drained; slow runoff; 
moderate permeability. Subject to frequent flooding due to run-on from sheet 
flow. Soil Moisture: Moist to 7 inches, dry below. 

Remarks: Field pH determined with thymol blue. The Bk3 horizon, 36 to 42 inches. 
was sampled for volcanic ash stUdies. 

HORIZON DESCRIPTION 

Al 0 to 8 em (0 to 3 inches). Pale brown (lOYR 6/3) very fine sandy loam, 
dark brown (lOYR 4/3) moist; moderate thick platy structure; soft, very 
friable, nonsticky and nonplastic; few medium and coarse. common very 
fine and fine roots; many very fine and fine vesicular pores; mildly 
alkaline (pH 7.8); clear wavy boundary. 

A2 8 to 18 em (3 to 7 inches). Pale brown (lOYR 6/3) silt loam, dark 
brown (lOYR 4/3) moist; moderate very thin platy structure; soft, very 
friable. slightly sticky and slightly plastic; few. medium and coarse. 
common very fine and fine roots; many very fine vesicular pores; 
mildly alkaline (pH 7.8); abrupt wavy boundary. 

8wl 18 to 43 em (7 to 17 inches). Very pale brown (lOYR 7/4) silt loam. 
yellowish brown (lOYR 5/4) moist; weak fine subangular blocky structure; 
soft, very friable, slightly sticky and slightly plastic; common very 
fine and fine roots; common very fine tubular pores; mildly alkaline 
(pH 7.8); clear wavy boundary. 

Bw2 43 to 58 em (17 to 23 inches). Very pale brown (lOYR 7/4) silt loam, 
yellowish brown (10YR 5/4) moist; weak fine subangular blocky structure; 
soft, very friable. slightly sticky and slightly plastic; common very 
fine and fine roots; common very fine tubular pores; moderately alkaline 
(pH 8.0); clear wavy boundary. 
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Toyuska Series 

Bkl 58 to 74 em (23 to 29 inches). Very pale brown (lOYR 7/3) very fine 
sandy loam, yellowish brown (lOYR 5/4) moist; massive; soft, very friable, 
slightly sticky and slightly plastic; common very fine and fine roots; 
common very fine tubular pores; slightly effervescent; strongly alkaline 
(pH B.8); gradual wavy boundary. 

Bk2 74 to 91 em (29 to 36 inches). Very pale brown (lOYR 7/3) very fine 
sandy loam, yellowish brown (10YR 5/4) moist; massive; soft, very friable, 
slightly sticky and slightly plastic; common very fine and fine roots; 
common very fine and fine tubular pores; volcanic ash mixed in parts of 
horizon: few extremely weak incipient durinodes; slightly effervescent: 
strongly alkaline (pH 8.8); abrupt irregular boundary. 

Bk3 91 to 107 em (36 to 42 inches). White (10YR 8/2) very fine sandy loam, 
pale brown (10YR 6/3) moist; massive: soft, very friable, nonsticky and 
nonplastic; few very fine and fine roots; common very fine tubular pores; 
horizon is volcanic ash layer, 1 to 8 inches thick; slightly effervescent: 
moderately alkaline (pH 8.4); abrupt irregular boundary. 

Bk4 107 to 119 em (42 to 47 inches). Pale brown (10YR 6/3) silt loam, dark 
brown (10YR 4/3) moist; massive: soft, very friable, slightly sticky and 
slightly plastic; common very fine roots; common very fine tubular pores; 
common fine lime filaments; stronaly effervescent; moderately alkaline 
(pH 8.4); ab~pt wavy boundary. 

Ab 119 to 135 em (47 to 53 inches). Pale brown (10YR 6/3) silt loam, dark 
brown (lOYR 4/3) moist; moderate very thin platy structure; slightly hard, 
very friable, slightly sticky and plastic: few very fine roots: common 
very fine tubular pores: common fine lime filaments: strongly 
effervescent; moderately alkaline (pH 8.2); clear wavy boundary. 

Bwb 135 to 160 em (53 to 63 inches). Pale brown (lOYR 6/3) silt loan1, 
dark brown (lOYR 4/3) moist; moderate medium subangular blocky structure: 
slightly hard, friable, slightly sticky and slightly plastic: few very fine 
and fine roots: many very fine tubular pores; horizon has ashy feel and 
exhibits dilatency: moderately alkaline (pH 8.2); clear wavy boundary. 

ZA'b 160 to 185 em (63 to 73 inches). Light brownish gray (10YR 6/2) loam, 
dark brown (lOYR 4/3) moist; few fine faint yellowish brown (lOYR 5/6) 
and dark yellowish brown (lOYR 3/6) relict mottles: moderate very thin 
platy structure; slightly hard, very friable, sticky and plastic; few 
very fine roots; few very fine vesicular pores, many very fine tubul~r 
pores: 10 percent pebbles; few very weakly cemented inr.ipient durinodes; 
very thin silica coats lining pores and bridging sand grains: moderately 
alkaline (pH 8.0); clear wavy boundary. 
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Coarse-loamy, mixed(ca1careous), mesic Xeric 
Torriorthent. 

Silica and Aluminum Data (1) 

1 Horizon 1 Depth 1 Si 1 SiO? IA1203 1 SiV2 1 
1 1 ( em) 1 ( ppm) 1 (%7 ,%1 1 __ 1 
1 1 1 ( 2 ) 1 ( 3 ) 1 ( 3 ) 1 A12 0.3 1 
1 1 1 1 1 1 \41 1 

Al 2.5 1 
A2 9.0 11.46 l. 37 0.34 6.851 

Bk1 19.0 18.40 l. 29 0.32 6.851 
Bk2 3l. 5 23.26 l. 56 0.40 6.631 
Bk3 50.5 35.06 l.65 0.32 8.771 
Bk4 76.0 18.40 l. 99 0.26 13.011 
2Cl 101. 5 17.01 0.73 0.21 5.911 

------------------------------------------------

(1) The "_" indicates that no analysis was performed . 

. (2) Si(OH)4 wasoextracted froIn a saturated paste for 16 
hours at 25 C. 

(3) The < 2.mm fraction was boiled for 2.5 min. in excess 
0.5 N NaOH extractant. The data are expressed as 
percent of the < 2 mm fraction. 
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OEf LE R 

lAB (lASSIF: 

S 81NV-015 -010 

COARSE-lOAMY. HIXEO ICALCAREOUSI. HESIC XERIC lORRIORTHENT 
FIlIAL 

DAlE OUIZ/8S 

PAGE I OF 2 PAGES 

LANDER CO -"SOUIH PARI 

SAMPLE NO. 8]P]9\9-)9S1 
PEooN NO. B]P J90 
PROJECT NO. 83P 13J 

U. S. DEPARTMENT Of AGRICUI lURE 
SOIL CONSERVATION SERVICE 
NAIIONAL SOIL SURVEY LABeRAToRY 
LINCOLN. NE8RASKA 68508-]866 

GENER AL HE limos IBIA. lAIt 2B 

-1-- -Z-- -)-- -~-- -5-- -6-- -J-- -8-- -9-- -10- -11- -IZ- -1)- -I~- -15- -16- -11- -18- -19- -20-

---------------------~:-:.:;~;~~-:-:-:;~:-:~~~;:-:;~:-:~;~;:-:;;:-:-:-:--:-:~~~~-:------:-:;;=~~~;~;(;;~~;;~~;~~~;:;~;;~~, 
CLAY SILT SAND FINE CO] FINE COARSE Vf FMC VC - - WEIGHI - WI 

SA~PLE HZN DEPTH HORIION LI .001 .05 LT LI .002 .01 .05 .10 .25 .5 I 2 5 10 .1- PCI OF 
HO. NO. ICHI .001 -.05 -2 .oe02 .002 -.02 -.05 -.10 -.n -.50 -I -2 -5 -20 -15 15 ,,"OLE I 

8 ]]9\9 
831950 
8])951 
8)]952 
8))9H 
8]]95\ 
B ]]955 
8 ]]956 
8)]951 

SAHPLE 
hO. 

8 ])9\9 
8])950 
8])951 
8 ]]951 
811951 
8]l95\ 
8 ])955 
8 ])956 
8119H 

IS 0- 5 
2S 5- tl 
)S \3- 25 
H 25- lB 
5S )8- 6) 
6S 63- 89 
JS 89-1I~ 

8S \I\-I\S 
'IS 1\5-119 

AI 
A2 
BKI 
8K2 
eK ~ 
BK\ 

1(1 
2C2 
3C 

(- - PCT OF (2MH I)AII - - -> (- P(I Of <15HHI)81'-> SOIL 

1. \" 
J.J 
6.5 
S.I 
2.8 
\.5 
\.1 
5.0 

" 1.9 

]0.2 
29.0 
H.i 
26.8 
25.\ 
25.1 
13,) 
11.8 
26.1 

61.~ 

63.) 
66.1 
68.1 
11.8 
10.2 
82.6 
82.2 
6S.i 

I 
I 

TR 

11.9 
11.1 
10.1 
10.) 
9.9 

10.i 
" 5.5 

6.3 
10.5 

16.] 
11. ) 
16.1 
16.5 
15.5 
li.9 
1.8 
6.5 

16.2 

11.1 
19.9 
20.8 
12.1 
20.5 
18.2 
9.0 
5.0 

20.] 

15. J 
11.0 
18.6 
18. D 
19.0 
1S.8 
I 2. ~ 
6.1 

15.9 

11.2 
11.8 
11.1 
12.0 
\).9 
12.2 
16.1 
H.B 
10.) 

B.6 
9.0 
8.5 
9.2 

10.1 
11.1 
25.1 
2B.\ 
10.1 

9.8 
5.6 
6.5 
6.0 
1.1 

12.) 
19.3 
21.1 

8.2 

9 
1 
1 
I> 
6 

10 
II 
19 
10 

16 
9 

10 
1 

10 
11 

1 
35 
IS 

)V 
)V 

]V 
]V 

3V 
~V 

3V 
3V 
~V 

61 
H 
56 
55 
61 
61 
19 
90 
61 

28~ 

19K 
20K 
16K 
19K 
)lK 
21K 
51K 
29K 

--------------------------------------------------------------------------------------------------------------------------
ORGH TOUL EllR TOUL 1- - ollH-( II - -IIRAIID/ClAYIIAITER8ERG 11- BULK DENS ITY -I ceLE 1- - -IIATER (ONIENT - -I WRo 

( N P S ExtRACTABLE 15 - lIHUS - FIElD 1/) OVEN WHOLE FIELD 1/10 1/) 15 WIlOLE 
IlIN FE At ItN tee BAR LL PI HOIST aAR DRY SOIL HOISI BAR BAR aAR SOIL 
NO. 6Alt 6elA 6R)l 6C28 6GlA 602A 801 BOI HI U UlA UIO UIH iOI ~Bi ~Olt ~BIC \B2A \CI 

(- - -PCT OF <2HH - - - -) PeT (O.~HH (- - G/CC - - -) (H/CH <- - -~(f OF <2HH - -> CH/CI' 

I 0.~6 0.5 0.1 0.1 1.10 0.85' l.iB 1.50 O.OO~ 11.5 6.) 0.06 
2 O.H 0.5 TR TR 1.6\ 0.81 I.\] 1.~5 O.DOi 1\.8 6.1 0.10 
) 0.19 0.5 TR TR 1.9~ 0.95 6.1 

O. ]2 0.\ IR TR l.ll 1.18 6.0 
O. )0 0.\ IR U 3.B9 l.1I 5.9 

6 0.10 O.i TR TR 2.ll 1.1I 1.26 I.ll 0.001 H.l 5.9 0.19 
1 0.10 D.~ TR U I.B8 1.1l \.6 
B 0.01 0.3 TA IR 1.\8 1.06 5.) 
9 0.08 0.5 IR TR 1.\11 0.8\ 1.28 I.]) 0.011 21.8 6.6 0.16 

••• tON I I N U A TID N o N N E X I P AGE ••• 
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OHLER 5 81ftY-01S -DID DUE DIllllft~ PEOOH HC. alP 1'10 HA TlOHAl SOIL SURVEY lUiORAlORY 

-1-- -2-- -1-- -~-- -5-- -6-- -1-- -8-- -'1-- -10- -11- -12- -Il- -1\- -I~- -16- -11- -Ia- -1'1- -2D-

--------------------------------------------------------------------------------------------------------------------------
1- 'm~OAC EURACUBLE BASH -I &t10- 1- -Cft- -I HCH SAil BASE CARaOHillE USO~ AS 1- - - -PH - - -I 

CA HG IIA • SUN I" SUH 1114'- HI SATURU 1011 AS CACOI GYPSUM SAl CAeLl HID 
SA~PLE HlIt s85A 58H 585A 5BH BASes tArs OAC SUN HH'OAC <lHN <2DNN <2NN (lDNN PHIE .DI14 

HO. 110. 6ftlE 6020 6P18 602e bH5A HU 5A88 502 H SCI SCI HIG BEl 6FU 6F~ BUB 8(1F SCIF 
<- - - -HEO / 10D G - - - -) per <- -per- ) (- -per -) <- -per -) 1:2 1:1 

B 1l'1''1 IK I.' Til 1.1 1l.6 , 5 1_ 8 B_2 
BII'I5D 2K 2.2 I~ 2.0 Il.6 , 5 1.'1 B.6 
D"'1H I. 1.2 III 1.9 12.6 5 6 1.'1 B.6 
B "952 'I( 1.2 D.2 1.1 11.9 1 8 B.D 8.1 
811'15] 5K \.\ 1.\ D.I ID.9 16 11 '1 9 1.9 8. I 9.1 
811'1H 6K 1.1 1. ] D.S 10.S ID 1I 1 I III 1.6 8.1 a.2 
a ))'155 'K 1.5 \.8 D.~ 1.1 )D 2D 1 1 IR 1.9 8.D 8.1 
DII'156 8K 1.9 1.1 D.' 1.~ II 21 6 I 1.B 8.D a.l 
8,,951 9K 2_5 '.1 D.I 11.1 20 11 5 6 1.9 1.'1 a.2 

-----------------------------------------------------------------------------------------.--------.-------.-------.-------
1- - - - - -WAIER fllAAtlEO FRON 5AfUAAfEO PAS IE- - - -11- - - - - - -NIIIERAlOGY - - - - - -I 

'OUL ElEC. 1- - - - - - - ClAY - - - - -I 
U He HA I( CO) HCOI (l 50' HO) H2O SALIS COIIO. 1- - - - X-RA" - - - -11- -OfA - -I TOIlL DOH 

SA~PIE IIlH Est. eAIA 1- - - (lU - - - -11- -(2U - -I liES WHIII 
~u. ftD. 6111B 6DIB 6PID 6DID 6118 6JIB 61(IC 6l1C 6HIC IA 105 HHHOS TAli fAll TAlI 1A1I U3 lA) lOlA 181A 

(- - - - -NEO / LIfeR - - -) (- -per -) /C" <- RElATIVE AHOUftfS -) (- - - - -PCI - - - -) 

8 Jl'l~9 I O.l) NI ~ Kk Kk , 
8))95D 2 o.n "' 2 HI tL I KK 2 
8Jl951 I D.16 
8Jl'15l , 0.11 "I ItK ~ 

8 "9~ I 5 I.e. O.T 18.' 0.1 5.2 11.2 1.1 )S.I 0.1 2_ 10 
8,,95\ 6 '1.5 lJ. ) 111.6 0.6 ).D I)).' 51.1 J\.) 0.4 16.10 
8,,'155 1 )8.6 15.6 105.0 0.8 1.6 81.5 51.8 5.1 l1.~ 0.) 11.58 
I Jl'l56 8 H.' 12.2 101.1 1.0 I.) 98.) ~6.1 ta., 11.' 0.1 11.2D 
1))951 9 19.~ 5.~ 6,.5 0.8 I.S 56.2 10.9 21. ) 26. , 0.2 I. I~ "' 2 HI 1 Kk , 

NHIIDS/CN OF 1:2 WAIER ExllIAtl 1811 FOR LAyERS I. 2. ). ~. 

AIIAlYSfS: S' IlL Oft SIEYED <2HN BASIS k' (ICDI O~ 10-2 IHO <214M FRA(IIDft y. 15-2DHH FRDN VOLUME ESIINA'ES 

HINfRAIOGY: KI~O Of "INERII HI HICA kK KAOllNIIE N' IIOIUHDRlll tl (HID~"E 

RHA" WE AMDUII' b INDEJERHlftAlE 5 nOHINAftl ~ AnllNeAft' NODERAJE 2 SHAll I 'UtE 



PB3-N\I242 

I----------------------------------------------------HlNERALOGY------------------------------------------------------) 

BAMPLE HZN 
NO. NO. 

83P3949 I 
83P39~12I 2 
83P39't 3 
83P39~2 4 
B3P39~3 5 
B3P395~ I. 
B3P3955 7 
83P395b B 
83P39~7 9 

C---------------------------OPTICAL----------------------------1 
C---------~----------------BAND/BILT---------------------------, 
FA RE 

781A 7BIA 781A 7BIA 781A 781A 781A 781A 781A 781A 781A 
~-~---------------------PCT---------------~--------------> 

VFS GB 9 AR2121 OT71 
VFB G515 AR23 OTb2 
VFB GSlli! AR21 OTb9 
VFS GS 8 AR3121 OTb2 
VFS GSI2 AR29 OT59 
VFB 6BII ARlb OT73 
VFS GSI7 ARI5 OTb8 
VFS 6BII AR21 OTb7 
VFS G9 9 ARI9 OT72 

ANALYSES' S-ALL ON 81EVED ~ 2a~ BABIB 

MINERALOGY' FA - FRACTION ANALYZED RE - REBISTANT 

C------------X-RAY---------, I---DTA--' CTOT ANAL' 
C-----------------------CLAY------------~----------) 

7A21 7A21 7A21 7A21 7A21 
<----RELATIV£ AMOVNTB------> 

MI 2 KK I 
HT 2 MI I CL I 

MT 

MT 2 MI 2 

K20 FE 
7A3 7A3 bQ3A bC7A 
<-------PCT----------> 

I\I( 4 2.1 2.4 
KI( 2 2.1 1.8 

KI( 5 1.3 121.5 

I\t\ It 2 .. 0 2.7 

KIND OF MINERAL' AR - WEATHERED AGGREGATES GS - GLASB HI - HICA OT - OTHER 1(1\ - I\AOLINITE CL - CHLOR ITE 

MT - MONTMORILLONITE 

RELATIVE AMOUNT' I. INDETERMINATE 5 DOMINANT 4.ABllNDANT 3 110DERATE Z SMALL TRACE 

MINERALOGY BASED ON BAND/BILT' 

MINERALOGV BASED ON CLAY' 

FAMILY PLACEMENT. 

COMMENTS. Much of tt.D 91 ••• ha. b.en wator worl<ed .. 



DEFLER GRAVELLY SANDY LOAM 
S83NV-01S-010 

Location: Lander County, NV .• Sou til Part (765). Monitor Valley, Diana's 
--Punchbowl NW Quad. About 2.100 feet north and 150 feet east of the southwest 

corner of section 21, T. 16 N., R. 47 E., MOBL&M. About 50 feet east of the 
tra i1 . 

Date of Samolin~: August 17.1983. 
Descriotion by: Oliver Chadwick, George Staidl, W.O. Nettleton. Collectors: 

O. Nettleton. Oliver Chadwick. F.F. Peterson, D. Hendricks, George Staid], 
C. Reynolds. 

Classification: Coarse-skeletal, mixed (calcareous), mesic Xeric Torriorthents. 
Veqetation: Range1ano. rIinterfat, Indian ricegrass. some halogeton. Climate: 

Mean annual precipitation about 205 to 255 mm (8 to 10 inches). and mean annual 
temperature about 9 deqrees C. (49 deprees F.). Parent Material: Coarsely 
stratified alluvium with mixed minera10ay. Toooaraphy: Inset fan remnant 
(lonq narrow soil body), ~ooth downslope and convex to the sides with Shallow 
drainages on either side. Appears to be inset fan remnant with present drainage 
to the sides parallel to the delineation and with a slope of 2 percent. 
Elevation: 2,024 meters (6.640 feet). Drainaoe: Well drained; slow runoff; 
moderately rapid permeability. Subject to some possible shallow run-on water 
from uos10pe areas. Soil Moisture: Slightly moist to about 7 inches, dry below. 

Remarks: Surface has approximately 30 percent covered by pebbles. Field pH 
determined with thymol blue. This peden is a taxadjunct to the Oefler series because 
it has a slightly higher concentration of organic carbon and too few rock fragments. -HOR IZON DESCRIPTION 

Al 0 to 5 en (0 t02 inches). Light brownish gray (10YR 6/2) ql'avelly sandy 
loam. dark grayish brown (10YR 4/2) moist; moderate thin and medium platy 
structure; slightly hard. very friable. nonsticky and slightly plastic; 
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few very fine roots; many very fine vesicular pores; 15 percent pebbles; 
strongly effervescent; moderately alkaline (pH 8.2); abrupt smooth boundary. 

A2 5 to 13 em (2 to 5 inches). Light brownish oray (10YR 6/2) sandy loam. 
dark brown (10YR 4/3) moist; weak very thin and thin platy structure; 
sl ight1y hard, very friable, nonsticky and sl ight1y plastic; common very 
fine and fine roots; comon very fine vesicular and tubular pores; 10 
percent pebbles; strongly effervescent; moderately alkaline (pH 8.2); 
clear wavy boundary. 

6k1 13 to 25 en (5 to 10 inches). Light qray (10YR 7/2) gravelly fine sandy 
loam, brown (10YR 5/3) moist; massive; sliohtly hard, very friable, nonsticky 
and slightly plastic; common very fine, few fine and medium roots; common 
very fine tubular pores; 15 oercent pebbles; thin lime coats on underside 
of pebbles; strono1y effervescent; moderately alkaline (pH 8.2); clear 
wavy boundary. 



Shipley Variant Series 

Bk2 25 to 38 em (10 to 15 inches). Light gray (10YR 7/2) gravelly sandy 
loam, brown (lOYR 5/3) moist; massive; slightly hard, very friable, 
nonsticky and slightly plastic; common very fine and fine roots; 
common very fine and fine tubular pores; 15 percent pebbles; thin 
lime coats cover pebbles; strongly effervescent: moderately alkaline 
(pH 8.2): gradual wavy boundary. 

Bk3 38 to 63 em (15 to 25 inches). Light gray (lOYR 7/2) very gravelly 
sandy loam, brown (10YR 5/3) moist: massive; soft, very friable, nonsticky 
and nonplastic; many very fine roots; common very fine tubular pores; 
-35 percent pebbles; thin lime coats cover pebbles; strongly effervescent: 
moderately alkaline (pH 8.4); clear wavy boundary. 

Bk4 63 to B9 em (25 to 35 inches). Pale brown (10YR 6/3) very ~rave11y sandy 
loam, dark brown (10YR 4/3) moist; massive: soft, very friable, nonsticky 
and slightly plastic; many very fine roots: 50 percent pebbles: thin lime 
coats cover pebbles; strongly effervescent; moder~te1y alkaline (pH 8.2); 
abrupt wavy boundary. 

2C1 89 to 114 em (35 to 45 inches). Pale brown (10YR 6/3) very gravelly 
coarse sand, dark brown (10YR 4/3) moist; single grain: loose: nonsticky 
and nonp1astic; few very fine roots: 35 percent pebbles; common fine 
lime filaments, very thin lime coats on underside of pebbies:, strongly 
effervescent; moderately alkaline (pH 8.2); abrupt wavy boundary. 

2C2 114 to 145 em (45 to 57 inches). Pale brown (10YR 6/3) extremely 
gravelly coarse sand, brown (10YR 5/3) moist; massive: loose: nonsticky 
and nonplastic; 70 percent pebbles; very thin lime coats on underside 
of pebbles; discontinuous horizontal lime lenses, 1 to 3 mm thick, near 
upper horizon boundary; strongly effervescent; moderately alkaline 
(pH 8.2); abrupt wavy boundary. 

3C3 145 to 179 em (57 to 70 inches). Pale brown (10YR 6/3) gravelly sandy 
loam, dark brown (10YR 4/3) moist; massive; hard, very f"'iab1e, nonsticky 
and slightly plastic; cOmmon very fine and fine tubular pores: 25 percent 
pebbles; very thin lime coats on underside of pebbles; few fine lime 
filaments; strongly effervescent; moderately alkaline (pH 8.0). 
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Fine-loamy, mixed, mesic Shallow Haplic Durargid. 

Silica and Aluminum Data (1) 

Horizon Depth 
(cm) 

Si 
(ppm) 
(2 ) 

1 SiO? IA1 20 3 1 Si0 2 1 
1 (%7 1 r%1 1 __ 1 
1 (3) 1 (3) IA1 2 0 3 I 
1 1 1 ,4, 1 

------------------------------------------------
Al 4.0 21.37 1 3.71 0.38 16.601 
A2 10.5 23.45 I 3.94 0.38 17.631 
AB 15.5 24.84 1 4.48 0.49 15.541 

Btl 21.5 29.70 1 7.11 0.98 12.331 
Bt2 30.5 34.56 1 6.54 1.06 10.491 

Bq 39.5 34.56 1 5.74 0.77 12.671 
Bqkm 49.5 40.12 1 4.80 0.36 22.671 
Bqkl 61.5 44.29 1 4.22 0.19 37.761 
Bqk2 82.0 41.51 1 4.54 0.11 70.161 
Bqk3 105.5 37.24 1 3.39 0.08 72.041 

C 133.0 31.09 1 0.96 0.11 14.841 

(1) The "_" indicates that no analysis was performed. 

(2) Si(OH)4 was extracted from a saturated paste for 16 
hours at 250 C. 

(3) The < 2 mm fraction was boiled for 2.5 min. in excess 
0.5 N NaOH extractant. The data are expressed as 
percent of the < 2 mm fraction. 
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PaGE I OF 2 paGES 

lal\ Ua~Slf: fl"E-ln."y, H liED, HESle ~lIallOw IUPlle OURARGIO 
n ..... L 

S 81"V-OIS -012 DAtE DII2l185 SAMPLE HO. SIP)9J2-198S U. S. DE PAR I"EHI OF aGRI(UL WRE 
P£CIlH Nil. UP I'll SOIL eONSERVUIOPI SEAVltE 

laHOfA (0 - SOUIII paRI PAOJE( I HO. elP IH Ha II0llAL SOIL SUAVEY LaOOAATORY 
lIH(OlPl, HEBRaSKa 60S08-1~66 

GEHERAl lie "'DOS IBtA, lA t. 2B 

-1-- -2-- -1-- -~-- -S-- -6-- -1-- -,~-- -9-- -10- -11- -11- -1]- -H- -1';- -16- -11- -18- -19- -20-

--------------------------------------------------------------------------------------------------------------------------
1- - -IOUL - - -11- -(LAY- -11- -SllI- -11- - - -SAHO- - - -II-COARSe FAa(Iln"SI""I-II)I~HI 

CLAY Sill Sa/lD FINE {Ol fiNE COUSE VF F " { V( - - - - WEICHI - - - - wI 
IIlN DEPIII HORILON 1I .002 .05 1I If .001 .02 .DS .10 .15 .5 I I 5 20 .1- p( I [f 
HO. ICHI .002 -.05 -2 .0001 .001 -.GI 7. 05 - .10 -.25 -.50 -I -I -5 -20 -15 n WHOLE 

(- - - Ptf OF ( I"" Ilall - - -) (- Ptf OF <15""'1811-) SOIL 

IS 0- 8 al ).9 20.1 IS.~ 8.0 12.1 II. ) 16.9 16.0 11.6 15.6 15 9 IV 12 26K 
2S 8- I] al 1.'1 )6.1 55.'1 20.1 16.1 II. , 1~.6 11.6 '1.'1 6.1 5 5 2V 51 11K 
IS 11- 18 as 15.1 11.1 H.I 18.~ 12.1 11.2 1~.6 II. I 8.~ 5.8 5 I 2V 51 HK 
\S 18- 25 811 H.D Ii, .~ 51.1 1).1 11.6 11.5 16.5' Il.l 6.6 ).'1 ~ I IV \8 11K 
5S 15- )6 812 2 I.~ l).~ ~'1.1 11.2 10. ) 10.'1 16.6 H.I 5.'1 ).6 6 8 2V '0 16K 
65 )6- U BO H.) 12.~ 51. ) II.B B.6 8.'1 16. I 1).5 1.~ 6.B 6 6 6 H I BK 
lS , )- 56 OOK" H.8 H.' 5'1.'1 ~ 16.0 9., 10.1 11.4 11.1 9.6 '1.1 6 'I II 6~ 2"K 
8S 56- 61 80_1 1. ) 21.) 11.' ~ u., '1.0 10.5 U.6 15.1 15.1 H.9 1 10 H 01 51K 
'IS 61- 'II BOKl \.6 16. I 18. I ) 1.1 '1.0 10.5 16.~ 1'1.1 16.5 \6.2 1 IS "0 88 62K 

IDS 91-11\ 80kl ~.6 12.8 82.6 ) 8.0 ".8 '.8 9.) H. I 2".9 2B.9 15 2) 21 91 SqK 
liS 1"-152 ( 1,) 6.\ 86.) , ~.6 I •• 2. ) 12.0 I'.) 16.5 11.1 12 19 19 94 60_ 
HS IH-180 call. 1l.6 1.0 19.' I \.) 1.1 ~.I II.D ta.I 22.~ 21.0 IS 1I H 88 50K 

--------------------------------------------------------------------------------------------------------------------------
ORGH lOUL Ella IblaL 1- - O"II-cn - -IIRallD/CLAVIIAIIEReERG 11- DULK DENHIY -I COLE 1- - -WaIER CONIENI - -I IIRO 

( ,N P S ElIRaClAl!LE IS - lIH"S - FIElD "' OVEII WIIOLE FIELD 1110 II) IS .. ,Ull f 
IIZN FE aL N" tEC 8AR II PI NOI Sf OAR DRY SOIL IIOIST ea. oaR 8AR SOIL 
"0. bAI( 60)a 6RIA 6(111 6GlA 6Dla 801 801 HI U ,aU ~"D "AIII '01 ~e, "81C 'BIC \BlA 4(1 

(- - - -PO OF (IN" - - - - -) PO (0.\"" (- - C/(( - - -) (N/(Il <- - -Ptl OF (1M" - -) ("/(II 

0.,19 D.D~O D./) IR 0.1 2.11 1.1 ) 1.50 1.51 0.00\ 11.8 \.\ 0.12 
O.H O.DH 0.1 fA 0.1 I.IS 0.65 5.1 
0.'1 0.041. 0.1 0.1 0.1 0.92 0.\1 1.1 

\ O.~I 0.040 0.1 0.1 0.1 o. II) 0.2B 1I " I.H I.~I 0.016 \l.D 6.8 0.1 ) 
5 D.~I 0.049 0.1 0.1 IR 0.92 0.\1 12. B 
6 0.11 0.04S 0.1 0.1 IR 1.11 0.56 lI.b 
1 0.\1 0.1> IR IR 1.\6 0.D9 I .~o 1.\5 0.010 26.6 11.2 0.16 
e 0.~8 D.' IR IR 1.41 1.59 11.6 
'I 0.10 0.1 IA IA 1.01 1.81 B." 

10 0.10 0.\ IA 2.1l 1.\1 /).5 

II 0.11 0.5 IR IA 1.61> 0.84 6.1 
11 0.01 0.1 IA fA 1.16 0.5? HP 8.0 

••• CON I I " U a I I 0 H ON HE. I P aGE ••• 

U1 
a 
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LANO[R CO - SOUIH PARI 

SA~PLE "0. 8)P1912-]985 
PEOON NO. 8)P 192 
PROJECI NO. 81P III 

U. S. OEPAAIHENl OF AGRICULIURE 
SOIL CONSERVArlON SERVICE 
NAIIONAL SOIL SURVeY LABORAIORY 
LINCOLN. NEBRASKA 68508-1B66 

GENERAL HElHOOS 181A. 2AI. Zli 

-1-- -Z-- -)-- -~-- -5-- -6-- -1-- -8-- -9-- -10- -11- -12- -11- -I~- -15- -16- -11- -18- -19- -ZO-

1- - -IOlAl - - -11- -CLAT- -11- -SllI- -11- - - -SANO- - - -II-COARSE FRACTIONSIHHI-II>ZH~I 
ClAT SILT SAND FINE CO] FINE (OARSE VF F H C VC - - WEIGHT - WI 

HlN OEPrH HORIZON LT .002 .05 LT LI .002 .02 .05 .10 .zs .5 I 2 5 20 .1- PC T OF 
NO. ICHI .002 -.05 -2 .0002 .002 -.02 -.05 -.10 -.t5 -.50 -I -2 -5 -20 -15 15 IItlOlE 

(- - - PC I OF (2H" IlAII - - - - -> (- PCT OF (15HHI1BI'-> SOIL 

115 180-196 C' 1\.0 1.1 81.9 1 1.1 ~.O 10.1 21.1 H.6 11.1 11.6 I~ I) 2V BO 29K 
HS 160-168 ASH 1 I ~K 

ORG" TOlAl EIIR lorAl 1- - OIIH-CII - -IIRAIIO/CLAYIIAIIERBERG 11- BULK OENSIIY -I (OLE 1- - -WAIER (ONIENT - -I URO 
C N P S EURACUBLE 15 - UHITS - FIelD III OVEN WHOLE FIELD 1/10 III 15 WHOLE 

HlN FE Al HN (E( BAR LL PI HOIST eAR DRY SOil HDISI BAR BAR UAR SOILI 
NO. bAIC 6BlA 6R1A bUD bGlA 602A eOI 801 UI ~F ~A1A ~AIO ~AIII ~Ol ~B~ ~BIC ~BI( ~BlA ~C I . 

(- - - -PCI OF (2HH - - - -> PC I (D. ~HH (- - G;CC - - -> CHICH (- - -PCI Of (ZHH - -> CHICHI 

110.05 0.65 1.1 I 
I~ 0.11. e.6 

--------------------------------------------------------------------------------------------------------------------------~ 

••• CON I I N U A I ION o N N EXT P AGE • •• 

..... 
l .... l 
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HUNI Al'lV-DIS -012 O&lf DJ/21/BS PEOON NO. B1P 1'Jl NATlOIlAl SOil SURVEY l AOORAltlRY 

-1-- -2-- -1-- -~-- -5-- -b-- -1-- -B-- -'1-- -10- -11- -12- -11- -I~- -15- -Ib- -\1- -IB- -1'1- -10-

-------------------.---.-------.-------------------------------------------------------.-------------------.---.-------.--.- NII~O&C E. IA At '.Aat E BASES -. At 10- .- -Cft- -I EXtH SU BASE CAR BONAIE CASO~ AS 1- - - -PII - - -I 
(A Ht NA I( SUH IIY SUH NH~- NA SAlUAAIIO'l AS CACO) CYPSUH SAl CACtl HID 

HIN 5eSA SB5A 5dSA 5B5& BASES CUS OAe SUH NH~OAC <lHH <lDKH <2HK <ZDHK PASIE .DIH 
"0. bNIE bOlO 6P2B b02B 6H5A SAU SABB 501 SE sc 1 SCI bElt OE I I>FIA br~ 00 B BClF BUF 

<- - - -H(O I 100 G - - - -. PCI (- -PeT- ) (- -PC I -) (- -PCI -) I: 2 1:1 

II( J.B I.b 0.1 1.0 6.5 ~.l 10.1 B.6 61 16 5.'1 6.1 
2K 5.5 2.1 O.~ 1.0 9.0 ).~ 11. ~ 10.1 J) 8~ b.~ 1.1 
)1( '.5 2.8 O.B O.b II. , ~.8 Ib.S I~.O 11 8~ 6.b 1.) 
~K H.I ~.) 1.1 0.6 lB. , 19.9 9~ b.5 1.~ 

5K H.l 5.1 2.~ 0.5 11.2 hl 2b.9 25,) I 6 8) B8 , .. 6.8 1.5 
6K 15.1 5.6 ).5 0.6 H.B ~.O 28.8 H.O 10 9 86 '12 ,.] '.1 '.5 
lK 6. ) ~.) 0.1 21.6 12 II 10 9 , .6 I. , , .9 
OK 5.1 ~.9 0.9 11. I 16 12 11 I~ 1.1 1.9 0.0 
9K ~.8 ~.O 0.9 11.9 19 H 16 II ,.8 8.0 0.1 

10K ).'1 ).~ 0.8 9.B 11 15 6 ] '.0 8.0 8.1 
lilt ~.O \.0 0.9 11.1 U H J 2 '.9 , . ., 8.0 
11K ~.~ 5.0 1.1 15.8 20 11 2 I I. I , .9 B.I 

-------------------------------------------------------.-----------------------.------------------------------------------
1- - - -"AIER EUIUC lEO FROH SUURAIEO PASTE- - - -11- - - - - - - - -HINEUlOGY - - - - - -I 

JOTAl HEC. t- - - - - - - ClAY - -I 
(A Ht N& I( (0] • HeO) (l SO~ "OJ H2O SALIS CONO. 1- - - - I-RAY - - - -11- -OIA - -I TOI At ~OH 

Ill" fSl. eA)1 1- - - <2U - - - -,,- -<2U - -I RES IIHIH 
NO. bNIO 6018 bPIB 6018 6118 6JIB 61l1( 6L1( 6HI( 8A 80S 14141105 lAll lAlI lAll 'A21 lA) lA) IBU lelA, 

(- - - - -HEO I lITER - - -) (- -PO -) ItH <- RelATIVE AHOUIHS -) (- - - - -PC I - - - -)' 

I 0.1e KK HI 2 HT I KK 5 
2 0.10 
) 0.10 
~ O.H ItK H' ) HI ) 01 ItKIO 
~ 1.2 0.8 6.1 0.1 l.~ ~.] 1.0 ~)'I TR 0.81 
b J.~ I.b H.] 0.1 ,- l.1 H.I 2.1 H.6 0.1 1.00 
1 l).9 10.~ ~~.b O.~ l.' bS.6 Ib.l ~0.1 0.2 1.02 KK 2 CA 2 Hf 2 HI I 
8 11.5 10.0 ~8.1 o.a l.~ bO.5 15.6 ~O., O.l 1.58 
9 I~." e.l ".1 1.1 2.1 5 J.~ ".~ 2a.2 O.l 1.11 

10' IB.~ 11.1 56.1 1.8 1.5 b).2 20.b 29.5 0.1 8.]0 
II l'1.b 11. , 6'; •• 1.) 1.9 51.1 ~'1.b 18.2 0.1 9.20 
11 10.6 12. I bl.~ 1.1 I. , ~ 1.1 ~9.1 18.5 O.l a.~o KK ~ Hf ~ HI 1 KKI5 

FA"'" (ONIAnt SHIION: OEPI" I J- n PCI CLAY SO 

H""D~/(I\ OF 1:2 WUER EXIRACI IBII FOR lAYERS I. 2. h ~. 

A~Al'SESI S' All ON SIEVED (211H OASIS It- (&(01011 20-1 A"D aHH fRA(IIn .. v- 15-101lH FAnH VOlUIIE (511I1'IES 

1I1~[AAIIlr.y: KINO OF MINIRAI KK KAOLINITE HI HICA HI HONf~ORlll QI OUAR 11 CA CAlOIE 

RIIAII_! A 14111111 I b "JOE HRHINAIE S DO"INA"I ~ &8I1NOANI HOOEAAlE SHAll I IRAlE 
Ul 
r') 
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HUNI OlNV-OI5 -Oil DATE Dl/ZZl85 PEDON NO. 81P 791 NATIONAL SOIL SURVEY LAonRATORY 

-\-- -1-- -1-- -~-- -5-- -6-- -7-- -8-- -9-- -10- -11- -11- -11- -I~- -15- -16- -17- -18- -19- -zo-

------------------------------------------------------~ -------------------------------------------------------------------

SA~PLE HZ" 
NO. HO. 

81l9B~ 11K 
8]]9BS HK 

SAHPLE IIIN 
NO. NO. 

B ]]98~ Il 
8]]9BS H 

1- NtI~OAC E XTRA( !ABLE OASES -I 
CA HG NA K SUN 

SBSA SOH 50S' SOS' OASES 
6NZ€ 6010 6P1B 601B 
<- - - -HfO I 100 

ACIO- 1- -CEC- -I 
HY SUH NH~-

CATS OAC 
61tH S'lA SAOO 
G - - - -) 

.' 

EICH UR 
NA 

SOl SE 
PCT 

8ASE 
SATURATION 

SUH HIt~O'C 
50 SCI 

<- -PCT-

I
I-
1- -
1- -

) 

CAROONA TE CASO~ AS 1- - - -Pit - - -I 
AS C'COl GYPSUH SAl C'Ul 

<lHH <lOMH <lMH <ZOHH PASTE .01M 
6UG OE I 6FIA 6F; 8CIO 8C IF BUF 
<- -PCT -) <- -PeT -) ':1 

- - - - - -HIHERALOGY - - - - - -I 
- - - - CLAY - -, 

I-RAY - - - -11- -OTA - -I TOTAL DOH 
<ZU - - - -11- -<lU - -I RES WfAIH 

lAll lAll 7A3 7A) 781A 7BIA 
AHOUNTS -> (- - - - -PCI - - - -) 

7All 7All 
<- RHA"VE 

KK HT to HI Z KKIO 

ANALYSES: S= ALL ON SIEVED <ZHH OASIS ~. CACO] ON 10-2 AHO (2HM FRACTION Va 15-20"H FROM VOLUHE ESTIHATES 

HINERALOGY: KIND Of MINERAL KK KAOLIHITE HT HDNTHORlll HI HICA 

RUA"VE AHOUNT 6 INDETERHINATE 5 DOHINAHT to AOUNOANT ) HODERATE 2 SHAll I TRAC E 

U1 
W 



PB3-NV242 

1----------------------------------------------------111NERALOGY------------~-----------------------------------------1 
I------~--------------------OPTIC~----------------------------I I------------X-R~Y---------I I---DTA--I ITOT ANALI 
I--------------------------BAND/BILT---------------------------1 I-----------------------CLAY---------~-------------I 

BMPLE HIN FA RE K20 FE 
NO. NO. 7BIA 7BIA 7BIA 7BIA 7DIA 7DIA 7DIA 7DIA 7DIA 7DIA 7BIA 7A21 7A21 7A21 7A21 7A21 7A3 7A3 603A 6C7A 

<-----------------------PCT------------------------------> <----RELATIVE AHOUNTB------> <-------PCT----------> 
---------------------------------------------------------------------------------------------------------------------------

B3P3972 VFB GS23 ARI9 OT:!B KK 3 111 2 I1T I KK ~ 1.9 3.9 
B3P3973 2 VFS 6B22 AR 7 OT71 
B3P39710 3 VFB 6913 AR 9 OT6B 
B3P397:! 4 VFB G9 7 ARIB OT7:! KK 3 tH 3 111 3 01 I KKIQI I.B 4.6 
B3P3976 :! VFS 6812 ARI:! OT73 
B3P.3977 6 VFB 68 7 AR 7 OTB6 
83P3978 7 VF8 68 2 AR32 OT66 KK 2 CA 2 I1T 2 111 I 1.0 3.9 
B3P3979 B VF8 G8 I> AR3B OT:!I> 
B3P39B0 9 Vf"S GS 2 AR57 OT41 
B3P39BI II! VFB 6B :! ARb0 OT3:! 
,B3P39S.z II VFS 6BIl ARI:! OT7" 
B3P3'1B3 12 VFS G9 :! "'R30 OT6~ KK " I1T " 111 2 "hi:! 1.2 3.9 
B3P39B4 13 VFB 6B 3 AR27 OT70 KI< 4 I1T 4 111 2 1\1\10 1.1 3." 
B3P39B:! 14 

ANALYSES' B-ALL ON SIEVED < 2ma BABIB 

I1INERALOGY. FA - FRACTION ANALYZED RE - RE61BTANT 

':K.IND (oF I1INERAL. AR - WEATHERED AGGREGATEB 6B - GLABB HI - HICA HT - t1ONTHORILLONITE OT - OTHER KK - KAOLINITE 

QZ - QUARTZ CA - CALCITE 

RELATIVE AHOUNT' I> INDETERHINATE :! DOHINANT " ABUNDANT 3 t10DERATE 2 SHALL I TRACE 

HINERALOGY BABED ON BAND/BILT. 

I1INERALOGY BASED ON CLAY' 

FAMILY I'LACEHENTI 

CQtV1ENTS. 



MUN! GRAVELLY SAND LOAM 
S83NV-01S-012 

Location: Lander County, NV., South Part (765). Monitor Valley, Hickison Summit 
SW Quad. in an unsurveyed area about 1.45 miles west and 4.55 miles south of the 
projected southwest corner of section 31, T. 18 N., R. 48 E. 

Date of Samoling: Auqust 18. 1983. 
Description by: Oliver Chadwick, George Staidl. C. Reynolds. Collectors: 

D. Nettleton, Oliver Chadwick, F.F. Peterson, D. Hendricks, George Staidl, 
C. Reynolds. 

Classification: Loamy, mixed, mesic, shallow Haplic Durargids. 
Vegetation: Rangeland. ·Wyoming big saqebrush, Indian riceqrass~ bott1ebrush 

squirrel tail , few winteriat. Climate: Mean annual precipitation about 205 
to 255 mm (7 to 10 inches) and mean annual temperature about 9 degrees C. 
(49 degrees F.). Parent Material: Mixed alluvium. Topogl'aohy: Summit of fan 
piedmont remnant, about 2/3 of distance from mountain front toward axial stream 
noodp1ain with a slope of about 1 percent. Elevation: 1,980 meters (6.500 

155 

feet). Drainage: Well drained; slow runoff; slow permeability above the duripan. 
Soil Moisture: Slightly moist to about 5 inches. dry throughout remainder of profile. 

Remarks: Fleld pH determined with phenol red and thymol blue. This pedon is a taxadjunct 
~he Muni series because it has a slightly lower concentration of organic carbon in the 

upper 40 cm. 
HORIZON DESCRIPTION 

Al 0 to 8 em (0 to 3 incht!s). Pale brown (lOYR 6/3) gravelly sandy loam. 
dark brown (lOYR 3/3) moist; moderate fine and medium subangu1ar blocky 
structure; soft. very friable. nonsticky and slightly plastic; common 
very fine. roots: many very fine, few fine tubular pores: 25 percent 
pebbles; mildly alkaline (pH 7.4); abrupt wavy boundary. 

A2 8 to 13 em (3 to 5 inches). Light brownisn gray (lOYR 6/2) loam, 
dark grayish brown (10YR 4/2) moist; moderate thick platy structure; 
slightly hard, friable. slightly sticky and plastic; few very fine and 
fine roots; many very fine and fine vesicular pores; 10 percent pebbles; 
mildly a1ka1in,'! (pH 7.4); abrupt wavy boundary. 

A8 13 to 18 em (5 to 7 inches). Brown (lOYR 5/3) sandy clay loam, dark 
brown (lOYR 4/3) moist; 1iqht gray (lOYR 7/2) clean sand grains cover 
40 percent of peds; weak very thin and thin platy structure; slightly 
hard, friable, sticky and plastic; common very fine and fine, few 
medium roots; many very fine vesicular pores; few very fine tubular 
pores; 10 percent pebbles; mildly alkaline (pH 7.4); abrupt wavy boundary. 

Btl 18 to 25 em (7 to 10 inches). Dark yellowish brown (lOYR 4/4) gravelly 
sandy clay, dark yellowish brown (10YR 3/4) moist; moderate fine and 
medium prismatic structure parting to moderate medium subangu1ar blocky; 
hard, friable, sticky and very plastic; common very fine and fine roots, 
few medium oblique roots; many very fine tubular pores; continuous thin 
clay films lining pores and on ped faces; 15 percent pebbles; mildly 
alkaline (pH 7.4); clear wavy boundary. . 



Muni Series 

Bt2 25 to 36 em (10 to 14 inches). Yellowish brown (10YR 5/4) gravelly 
sandy clay, dark yellowish brown (10YR 4/4) moist; weak fine and medium 
prismatic structure parting to moderate medium subangu1ar blocky; hard, 
friable, very sticky and very plastic; few very fine and fine roots, 
few medium oblique roots; common very fine tubular pores; continuous 
thin clay films lining pores and on Ped faces; 25 percent very weakly 
cemented durinodes; 15 percent pebbles; mildly alkaline (pH 7.B); 
clear wavy boundary. 

Bq 36 to 43 em (14 to 17 inches). Light yellowish brown (10YR'6/4) loam, 
dark yel1owi~h brown (10YR 4/4) moist; few fine faint yellowish brown 
(10YR 5/6) relict mottles; massive; hard, friable, sticky and plastic; 
few very fine roots; few very fine tubular pores; 40 percent durinodes; 
mildly alkaline (pH 7.6); abrupt wavy boundary.' 

Bqkm 43 to 56 em (17 to 22 inches). Pale brown (10YR 6/3) strongly cemented 
duripan, dark brown (10YR 4/3) moist, broken faces,'white (10YR 8/2), 
light gray (lOYR 8/2) moist; duripan has medium and coarse plates that 
are very hard and very firm; few very fine, fine and medium horizontal 
roots between plates; few very fine tubular pores; very thin discontinuous 
laminar silica cap at upper horizon boundary; strongly effervescent; 
moderately alkaline (pH 8.0); clear wavy boundary. 

Bqk1 56 to 67 em (22 to 27 inches). Very pale brown (lOYR 8/3) gravelly 
sandy loam, brown (lOYR 5/3) moist; maSSive; hard, firm and brittle, 
nonsticky and nonplastic; few very fine roots; few very fine tubular 
pores; 25 percent pebbles; weak continuolls silica and lime cementation; 
few thin discontinuous silica laminae; violently effervescent; 
moderately alkaline (pH 8.0); abrupt wavy boundary. 

dqk2 67 to 97 em (27 to 38 inches). Light gray (lOYR 7/3) very gravelly 
sandy loam, brown (lOYR 5/3) moist; massive; soft, friable, nonsticky 
and nonplastic; few very fine roots; 40 percent pebbles; lime and silica 
coatings on rock fragment.s; violently effervescent; moderately alkaline 
(pH 8.2); abrupt wavy boundary. 

Bqk3 97 to 114 em (38 to 45 inches). Whi te (lOYR 8/2) very grave'lly sandy 
loam. pale brown (lOYR 6/3) moist; massive; hard. firm and brittle, 
nonsticky and nonplastic; few very fine roots; few very fine tubular 
pores; weak continuous silica and lime cementation; 45 percent pebbles; 
lime and silica pendants on underside of pebbles; violently effervescent; 
moderately alkaline (pH 8.4); abrupt smooth boundary. 

C 114 to 152 em (45 to 60 inches). Yellowish brown (10YR 5/4) very gravelly 
loamy sand, yellowish brown (lOYR 5/4) moist; massive; soft, friable, 
nonsticky and nonplastic; 50 percent pebbles; lime and silica pendants 
on underside of pebbles; strongly effervescent; moderately alkaline 
(pH 8.0); abrupt wavy boundary. 
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Muni Series 

Cqk 

co 

152 to 180 em (60 to 71 inches). Yellowish brown (lOYR 5/4) very 
gravelly sandy loam, dark yellowish brown (10YR 4/4) moist; massive; 
hard, friable, slightly sticky and slightly plastic; few ve~j fine 
and fine tubular pores; 60 percent weakly silica-and lime-cemented 
masses; 40 percent pebbles; strongly effervescent; moderately 
alkaline (pH 8.0); gradual wavy boundary. 

180 to 196 em (71 to 77 inches). Light yellowish brown (lOYR 6/4) very 
gravelly loamy sand, yellowish brown (lOYR 5/4) moist; massive; soft, 
friable, nonsticky and nonplastic; many very fine tubular pores; 45 
percent pebbles; common fine and medium lime filaments and lining 
pores; matrix noneffervescent in some pa~s and strongly effervescent 
in other parts; moderately alkaline (pH 8.0). 
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Fine-loamy, mixed, mesic Duric Natrargid. 

Silica and Aluminum Data (1) 

, Horizon , Depth' Si ,5i07. ',A1 2 %03 
, , (cm) I (ppm) I (%7 \ 1 
I I I (2) I (3) I (3) 

I I I I I 
-------------------------------------------------
I Al 1.5 0.99 I 0.09 18.701 
I A2 5.5 15.62 1.22 I 0.09 23.041 
I A3 13.0 16.32 1.95 I 0.11 30.141 
I E 23.0 17.01 3.21 I 0.13 41.981 
I Bt 32.0 21.87 2.76 I 0.57 8.231 
I Btql 34.5 26.73 3.13 I 0.70 7.601 
I Btq2 54.5 31.59 2.72 I 0.62 7.461 
I Bqkl 76.0 23.26 1.63 I 0.34 8.151 
I Bqk2 106.5 21.18 1.93 I 0.28 11.721 
I C 138.5 0.43 I 0.17 4.301 

(1) The "_" indicates that no analysis was performed. 

(2) Si(OH)4 was extracted from a saturated paste for 16 
hours at 250 C. 

(3) The < 2 mm fraction was boiled for 2.5 min. in excess 
0.5 N NaOH extractant. The data are expressed as 
percent of the < 2 mm fraction. 
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ALLOR VARIANT SANDY LOAM 
S83NV-01S-008 

Location: Lander County, NV., South Part (765). Monitor Valley, Hickison Summit 
NW Quad. in an unsurveyed area about 4.5 miles west and 0.85 miles north of the 
projected southwest corner of section 31, T. 18 N:, R. 48 E.: about 39 feet east 
of trail and 1.9 miles south of a windmill. . 

Date of Samoling: August 17, 1983. 
Descript,o" by: George Staid1, W.O. Nettleton, Oliver Chadwick. Collectors: 

O. Nettleton, Oliver Chadwick, F.F. Peterson, O. Hendricks, George Staidl, 
C. Reynolds. 

Classification: Fine-loamy, mixed, mesic Ouric Natrargids. 
Vegetation: Rangeland. Wyoming big sagebrush, bott1ebrush sQuirre1tai1, Indian 

ricegrass, mustards. Climate: Mean annual precipitation about 205 to 255 mm 
(8 to 10 inches): mean annual temperature about 8 degrees C. (46 degrees F.). 
Parent Material: "Mixed alluvium. Tooograohy: Summit of lower end of fan 
piedmont remnant, at margin of basin floor remnant, with a slope of about 1 
percent. Elevation: 1,970 meters (6,460 feet). Drainage: Well drained: 
slow runoff; moderately slo~ permeability. Soil Moisture: Soil moist to 3 
inches and dry throughout the remainder of the soil profile. 

Remarks: Field pH determined with cresol red, bromthymo1 blue and thymol blue. 
This soil is a similar inclusion within the map unit. Extra samples consisting 
of 3/4 inch in diameter durinodes were collected at a depth of 34 to 50 inches 
for the purpose of testing for CEC, l5-BAR water, clay content, calcium carbonate 
equivalent and thin sections. 

HORIZON DESCRIPTION 

A1 0 to 3 em (0 to 1 inch). Pale brown (lOYR 6/3) gravelly sandy loam, 
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brown (lOYR 4/3) moist: weak thin platy structure; soft, very friable, 
slightly sticky and slightly plastic: few very fine vesicular and tubular 
pores; 15 percent pebbles; mildly alkaline (pH 7.6); abrupt smooth boundary. 

A2 3 to 8 em (1 to 3 inches). Li~ht brownish gray (lOYR 6/2) sandy loam, 
dark broW11 (lOYR 3/3) moist; moderate medium platy structure; soft, very 
friable, slightly sticky and slightly plastic; common very fine roots; 
common very fine vesic~lar and tubular pores: 10 percent pebbles; mildly 
alkaline (pH 7.4): clear wavy boundary. 

A3 8 to 18 em (3 to 7 inches). Pale brown (lOYR 6/3) heavy sandy loam. 
brown (10YR 4/3) moist; moderate very fine platy structure; slightly 
hard, very friable, slightly sticky and plastic; common very fine and. 
fine roots; many very fine and fine vesicular pores; about 5 percent 
pebbles; mildly alkaline (pH 7.4); clear wavy boundary. 

E 18 to 28 em (7 to 11 inches). Pale brown (10YR 6/3) heavy sandy loam, 
brown (10YR 4/3) moist; about 30 percent light qray (lOYR 7/2) clean sand 
grains: few fine faint brown (7.5YR 4/4) relict mottles; strong very thin 
platy structure; slightly hard, very friable, slightly sticky and plastic: 
few medium, Con1mon very firoe and fine roots; many very fine tUbular pores; 
10 percent pebbles; moderately alkaline (pH 8.0); abrupt wavy boundary. 



Allor Variant Series 

Bt 

Btq1 

Btq2 

Bqk1 

Bqk2 

c 

28 to 36 em (11 to 14 inches). Yellowish brown (10YR 5/4) clay loam, 
dark yellowish brown (10YR 4/4) moist: moderate medium columnar structure 
with light gray (lOYR 7/2) bleached caps, brown (10YR 4;3) moist: hard, 
friable, sticky and very plastic: few medium and coarse oblique, common 
very fi ne and fi ne roots;' common very fi ne tubu 1 a r pores: few fi ne 
manganese coats; many thin clay films lining pores and on ped faces: 
10 percent pebbles: moderately alkaline (pH 8.0): clear wavy boundary. 

36 to 43 em (14 to 17 inches). Yellowish brown (lOYR 5/4) clay loam, 
dark yellowish brown (10YR 4/4) moist; weak medium prismatic structure; 
hard, friable, sticky and very plastic: few very fine roots: many very 
fine tubular pores: common thin clay films lining pores and on ped faces: 
about 2 percent pebbles: 15 percent very weakly cemented durinodes: 
moderately alkaline (pH 8.0); abrupt wavy boundary. 

43 to 66 em (17 to 26 inches). Pink (7.5YR 7/4) loam, brown (7.5YR 4/4) 
moist; massive; hard, firm and brittle, sticky and plastic: common very 
fine tubular and interstitial pores; continuous thin silica coats lining 
pores; weak continuous silica cementation: 20 percent weakly cemented 
durinodes: 5 percent pebbles: few fine lime filaments; noneffervescent 
matrix; moderately alkaline (pH.8.2); gradual smooth boundary. 

66 to 86 em (26 to 34 inches). Pink (7.5YR 7/4) sandy loam, brown 
(7.5YR 4/4) moist: massive: hard, firm and brittle, nonsticky and 
sli~htly plastic: common very fine tubular pores: common thin silica 
coats lining pores: continuous weak silica cementation: 30 percent 
weakly cemented durinodes: 5 percent pebbles: many fine lime filaments: 
strongly effervescent: moderately alkaline (pH 8.4); clear wavy boundary. 

86 to 127 em (34 to 50 inches). Very pale brown (lOYR 7/3) gravelly 
loamy sand, yellowish brown (10YR 5/4) moist; massive; slightly hard, 
very friable, nonsticky and nonplastic; few very fine and fine roots: 
few very fine tubular pores; 10 percent weak durinodes: 25 percent 
pebbles; lime coats on all pebble surfaces; violently effervescent: 
strongly a 1 ka 1 i ne (pH 9.0); c1 ear wavy. boundary. 

127 to 152 em (50 to 60 inches). Pale brown (lOYR 6/3) very ~ravelly 
coarse sand, brown (10YR 4/3) moist: single grain: loose, nonsticky and 
nonp1astic: many very fine and fine, few medium roots; 35 percent pebbles; 
thin lime coats and pendants on underside of pebbles: strongly 
effervescent: moderately alkaline (pH 8.0). 
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APPENDIX B 

LETTERS OF TRANSMITTAL FOR USDA-SCS 

CHARACTERIZATION DATA 
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Midwest i-latiooal Tec:imical Center 
Federal Building, P.can 345 
100 Centennial Mall North 
Lino:Jln, NE 68508-3866 

FTS 541-5363; Commercial 402-471-5363 

s...,0CI, sons - Nevada, 1983 - Lander Co - South Part 0.11' Oct:d::>er 18, 1984 
(CP83-NV242) 

To, 'Ib::Iras~. calhoun 
State Soil Scientist 
U.S. Post Office Building 
50 S. Virginia Street 
PO Box 4850 
SCS, Ren:I, NV 89505 

FII. c .... , 430-13-5 

'lbe enclosed data ~ essentially CCl'I1?lete. 5are thin sections rerain to 
oe described and a feN grain counts and other special st:1Xlies are being 
made. 'll1e enclosed data hcwever are adequate to support place!rent of tne 
soils into families. 

"Lab Classificatioos" for irdividual pedals are sha.m on the atta.dled data 
sheets for your consideratioo. 'Ihese tentative classificatioos are based 
an laboratory data and peden descriptions. If you disagree with any of 
tnese classifications, please send your preferred p1acetents by January, 1985, 
so we can rec:cncile differences and, if necessary. change the classification 
in our CXIlt'uter files. After that date, we will assure that the "lab 
classificatioo" is correct (if there has been no o::mn.mication to the contrary) 
and ..... ill put the data in tne national pedan data base under that n.arre. 'lbe 
aco~ ciassificatioo will remain unchanged in the data base unless changed 
tnrough a correlation or a rons-8. 

Zle data will be discussed witn George Staidl and Oliver O1acWick when they 
ar.ri ve the week of Oc:t:cbe.r 22. 

I nave rrade 5aIe of the data available to Dr. Relben Nelson to use in his 
study of the ao:::tm1.l.ation of 003"\'1 in soils of Nevada. We have found that 
young soils in inset fan positions tend to acamtUlate f'D3-N if they have no 
ilOrizons that restrict vertical novenent of water and if they receive runon. 

5are c:mrents on·tne data follc:w: 

~tinan S83NV-15-7. 
Sanples fro.:I tne o::I!1tro1 section cb oot disperse well. 'll1e 15 bar wa= fer 
the CCI'ltro1 section ex:::eeds 7.2 so that the soil will place in a fine-silty 
family. '!he sanp1es are very high in silt. 'lbe particle size data su;gest 
tnat: there haz been sare llDIIe!Tent of clay, enoogh for an argillic horizon. 

'1he buried soil has enough O.C. to have been a I-blliso1, but its color value 
na.o is too high. 'lhe Cza)3 fran the upper profile has ncved c:lo.m through 
the lc:wer profile. 

The !:ootI Conl .... .,1On SetYtCt 
18 lift toency 01 ""
Oeoamnent Of AQncunut. 
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'Illalas E. calhoun 

Allor Variant S8~-15-8. 
lhe cu:spe:cil.Cn of the control secticn ~les is poor but 15 bar water is 
high enou;h for the soil to place in a fine-lcamy family. 

lhe c:1t.!riIxx3es fran horizon 9 do rot disperse as well as the bulk ~l.P.. 
'lhe.l£ ax: an:i C.C. c:ontents are also sllghtly higher than tile bulk sawple. 
lhe X sand-cl.ay ratio and O.C. for the 0-40 em hori.zcnare 4.8 and 0.32 
respectively. Hence the soil is rot in a millc 51.bgroU!? 

lhe soil has a natric horizon and sufficient duri1xxles to place in a duric 
S\lbgroup. We should have called it a Natrargid on the basis of its structure. 

~ S8~-15-9. 
~ clay content of the control section is estimated to be 18.6%. lhe 
38-51 em horizon did not d.ll:perse well so that 15 bar water retention t.ilres 
2.5 was used to estimate clay content for this horizon. 'Ihe soil contains 
enou;h Na to have a natric horizon, but the argillic horizon l.acks the 
structure needed for a natric horizal. 

Shipley S8~-15-l0. 
lhe control secti.::n does not disperse well. Using 15 bar water to estimate 
its clay cx::ntent, the =trol sectioo calculates to have about 14% clay. Because 
the ~les contained less gravel than expected the control secticn is not 
skeletal. Note that the soil cx::ntains c:onsideral::lle nitrate nitrogen, whidJ. is 
camon for the young soils in inset fan p::lSiticns. 

Tcyuska S8~-15-ll. 
lhe calculated clay cx::ntent (15 bar water content tiJtes 2.5) exceeds 18% so 
that this soil places in a fi.ne-silty family. 'Ilie soils also c:ontains sore 
nitrate nitrogen and supports winterfat. 

Muni S83NV-15-12. 
'ilie"soil is too la¥ in C.C. to place in a aploxe.rollic family. lhere is sore 
accImllat.ial of Na in the calcic horizon. 

<:"J,v~ ;.{;. 97.t~ 
WJlE.{ D. NmTLE'I'CN 
Liaison to the West 
Naticna.l Soil Survey Laborator.y 

Enclosures 

0:: 

R. W. Kover, Head, Soils Staff, WNTC, SCS, Portland, OR 
c. S. Holzhey, Head, NSSL, foNl'C, SCS, Lincoln, NE 
M. W. Meyer, lv:::ting Naticna.l Coordinator, Soil Survey Research, SCS, 

Washington, CC 
D. M. Hendricks, Dept. of Soils, Water, and Engineering, University of 

Arizona, Tucsal, AZ 
F. F. Petel:sOn, Dept. of Plant, Soil, and Water Science, University of 

Nevada, Reno, NV 
C. CllaQ..rick, Dept. of Soils, Water, and Engineering, University of Arizona, 

Tucson, A2. . 
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,..::i;;;o.':l\ Un,ted Statlls 
;,,~~, Deoartmont of 
~ Agnr.ulture 

Mr. Oliver 

T\.\cson, 

Dear Ollie: 

So,I 
Conservation 
Serv,co 

Water, 

Midwest National Technical 
Federal Building, Room 345 
100 Centennial Mall North 
Lincoln, NE 68508-3866 

Center 

FTS 541-5363; Commercial 402-471-5363 

February 7, 1985 

Subject: SOILS - Nevada, 1983 - Lander County - Soutn Part (CP83-NV242) 

Glass counts of the very fine sand fraction of the soils of your project 
are attached. We are sending the results now so that you can receive 
them in time for your work which I understand is near completion. 

We will send out a complete set of data in a few weeks. This project has 
already advanced our knowledge of silica cementation in soils. Your thesis 
and subsequent papers will be an important addition to the NSSL's analysis 
of Durargids and duric intergrades. 

Sincerely, 

WILEY D. NETTLETON 
Liaison to the West 
National Soil survey Laboratory 

Attachments 

ICc: 
V T E Calhoun, State Soil scientist. SCS. Reno, NY 

lG7 

D. M. Hendricks, Dept. of Soils, l.ater, and Engineering, University of 'Arizona, 
TUcson, AZ 

R. W. Kover, Head, Soils Staff, WNTC, SCS, Portland, OR 
C. S. Holzhey, Head, NSSL, MNTC, SCS, Lincoln, NE 

The So. Conservallon S.Nlce 
'1 &11 'Q~CY ot f"e 
OttOlI1monr 01 AonculhJle 
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