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ABSTRACT

Six stratigraphic units and six soils of the late Pleistocene and

Holocene are recognized from dissected badlands fringing Corn Creek

Flat, 30 km northwest of Las Vegas, Nevada. Units 0 and 1 probably

fall beyond the range of carbon-14 dating. U_ni;c 2 is correlative with
Unit D at Tule Springs and dates from roughly 30,000 years.P.B. to

before 14,000 years B.P. Unit 1 is fluvial. Units 0 and 2 are fluvio-
paludal, reflecting periods of moister conditions during the late Pleisto-
cene. . Ground-water carbonate cementation and extensive burrowing by
Cicadidae accompany these units. In the latest Pleistocene, springs

deposited spring mats (units 3 and 4) and fed a perennial stream con-

néc‘;ing Corn Creek Flat and Gilcrease Flat to the southeast. During

‘the mid to late Holocene, increased wind action, decreased biotic activ-

ity, -and water-table lowering accompanied widespread erosion of earlier

fine~-grained deposits.




INTRODUCTION

A series of v:-:iriegated, fine-grained sediments crops out as
badlands on several broad, semi-enclosed flats within a northwest-
trending basin that constitutes the Las Vegas Valley. The City of La‘s
Vegas fills the lower, -so;xtheast end of the v'alle};. 'I;he northwest end.'
of the basin has no clear -stru.i:tural limit, but an interbasin sill some 45
km from Las Vegaé hydrographically isolates Indian Springs and Three
Lakes Valley to the north. .-Soﬁtheast of this divide, washes coalesce
onto Corn Creek Fiat. Corn Creek Stati.on, herein used synonymously
with the. Desert Game Range Headquafters. is located on the east side
of the flat adjacent to an active and several inactive spri;zgs. Gilcrease
Flat, in which the Tule Springs archeological Site is located, and
Steward Flat lie between Las Vegas' and Corn Creek Flat. In this area
the basin is bordered on the soutwest by the Spring Mountains, and on
the opposite side by the Las Vegas and Sheep Ranges (fig. 1).

Corn Creek and Tule Springs lie on bypass flats (see Motts,
1970, p. 13) connected by Corn Creek Wash, which flows along a

narrow neck between encroaching fans debouching from the adjacent

- high ranges. Corn Creek and Tule Springs Wash flow intermittently bR ‘-
down valley and connect with Las Vegas Wash, which in turn feeds into
the Virgin and Cq]orado Rivers. To the northwest, Pleistocene strata
near Indian Springs and in Three Lakes Valley fringe fully enclosed
playas. The presence of sediments straddling the dra.inagg divide be-
tween Three Lakes Valley and Corn Creek Flat suggests a possible
1
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Physiographic setting of the Las Vegas Valley and

Figure 1,
surrounding basins and ranges. -- Modified from Mehringer (1967,

4, p. 147).
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hydrologic connection with Corn Creek ‘Flat before the end of the Pleis-
tocene.

Four to 5 kilometers of pediment and piedmont gravels generally
divide the sinuous and embayed range front from the fine-grained bad-
lands in the center of the basin. The range-front sinuosity is indica-
tive of _extended tectonic quiescence along most of the range-bounding
fault(s)..

The ranges adjacent to the Corn Creek area are composed
entirely of Paleozoic carbonates, with onl.y minor quartzite, siltstone',
and claystone (Bowyer, Pampeyan, and Longwell, 1958). No igneous .
rocks crop out in the Corn Creek hydrographic basin; the near.est
volcanic rocks are roughly 55 km to the northwest beyond Three Lakes
Valley or the same distance southeast beyond Las Vegas. Introduction
of grains of biotite, hornblende, and feldspar from these sources into

the Corn Creek'afea could only have been through wind action.

Pumosé
The purpose of this geological investigation was twofold: (1) to

date and characterize late Pleistocene depositional events in the Corn
Creek Springs area and (2) to compare and where possible correlate
this stratigraphy with that established by Haynes (1967) at the Tule

Springs archeological site to the southeast.

Previous Work

The earliest mention of the Corn Creek sediments was by Rhowe
(cited by Spurr, 1903, p. 157), who collected mastodon teeth and bones .

from a "clay bank" between Tule Springs and Corn Springs. This



locality may well have been within upper Pleistocene channel deposits
(unit E1 or unit EZ).where megafaunal remains are commorf.. Rhowe de-
scribed the fine-grained deposits as remnants of a former lake or playa,
a view that has persisted to today.

Longwell and others (1966) formalized the name of these depos-
its as the Las Vegas Formation. They speculated that the deposits
were deposited by shallow lakes within partially enclosed basins cen-
tered around Corn Creek Springs, Tule Springs, and Indian Springs.
They also eﬁvisaged a large lake filling the lower valley now occupied
by the City of Las Vegas, with former Lake Chemehuevi along the
Colorado River acting as a drainage control.

The association of stone tools with Pleistocene megafaunal re-
mains at 'what was to l;ecome the Tule Springs archeological site stimu-
lated multidisciplinary research of the deposits in the early 1960s.
Careful studies wére devoted to thc;,.pollt‘zn record (Mehringer, 1;367),
molluscs (Taylor, 1967), other fauna émd megafauna (Mawby, 1967), and
Quaternary geology (Haynes, 1967) to create a complete palecenviron-
mental reconstruction. It was one.of the main purposes of the present
study to establish a correlation between the Corn Creek stratigraphy
and that established by Haynes.

Even to the present, the variegated badlands within Las Vegas
Valley are routinely referred to as lake beds. Haynes showed that most
Pleistocene and all Holoc;ne deposits were fluvial or spring .laid',
whereas only the calcareous mudstones of Unit D were lacustrine.

Since then, this last assertion has been a subject of controversy.



Mifflin and:-Wheat (i979),~*for -example, -contended that their

climatological estimate for the Pleistocene based on the distribution of

. confirmed late Pleistocene lakes leaves the southerly Tule Springs area -

too hot or too dry or both to support a major pluvial lake. Others
have contested the existence of such a lake on the basis of lack of
closure of the basin. This problem for the Corn Creek Flat area i;
addresséd in this study. | |

Four pluvial lakes,  Lahontan, Searles, Mohave, and Bonneville,
have; been stt-xdied in detail. The studies provide a basis for compari-
son of laice-level fluctuations wit‘h time over a considerable area-
(Mehringer, 1977). Unfortunately, the agé of depositional eve;xts at
Corn Creek are only generally known as a result of his study. Corre-
lation with outside areas other than that of Tule Springs would be un-

reasonable without drawing heavily from the findings of that already

" published work. A comparison can be attémptéd only when the agés of

the Corn Creek deposits are better known. Until _then, this work must

be .confined to A._I':roposing .a-number..of refinements in the stratigraphy

* originally put forth by Haynes (1967).

Procedure
The area that is the subject of this study includes all of Corn
Creek Flat, from the drainage divide isolating Three L'ak.es Valley to the
north, south to Tule Springs Ranch on the north end of Gilcrease Flat.
Mapping was done simulta.neoﬁsly on aerial photographs (1:48,000) ‘and
three U.S. Geological Survey 7é-minute quadrangles (1:24,000), Corn
Creek Springs NW, Corn Creek Springs, and Tule Springs Park. The

E R



latter two were reduced to the 1:48,000-scale map included with this
thesis (fig. 2, in pocket). The Three Lakes Valley and Indian
Springs—-Cactus Springs areas were both reconnoitered, and their
stratigraphy is briefly discussed.

The system of unit designation used for the Corn Creek stra-
tigraphy differs from that emplqyed by Haynes at Tule Springs. Fund-
ing being limited, the absolute chronology for Corn Springs is not
nearly as refined, and due f‘o rapid lateral facies changes, particularly
in Units 0 and 2, and to lack of physical connection, outcrops could not
be readily traced between areas. When and if the Corn Creek stratig-
raphy can be carefully dated, some positive correlations can be made.
Until that time, the stratigraphic nomenclatures will be kept separate,
although some reasonably certain correlations can be posited between
the two study areas. The numerical unit designations for the Corn
Creek area were .al'so. applied m thé Indian Spﬁngé;Cacfus Springs area
because of the striking similarity between their respective strata. For
these areas, I kept soil and unit designations uncapitalized (e.g., unit
3 and soil 3) to emphasize the informality of the nomenclature. Desig-
nations for units in the Tule Springs area are lettered and capitalized
(e.g., Unit D and Soil 3) as originally put forth by Haynes (1967). -

For ease of presentation, thé study area was divided into seven
areas: Al through A7 (fig. 2).’ The complex stratigraphy of the region
cannot be easily encapsulated in a single stratigraphic column and
descripﬁon. and thus each area was dealt with separately. In addition,

four cross-valley sections were profiled and representative stratigraphic
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sections measured. These are presented in the appen'dix and are keyed
to the geologic map (fig. 2);

' Field studies extended over 3 months, intermittently during the
summer of 1980 and winter of 1982. Laborato;:'y work consisted mainly
of carbon-14 pretreatments and petrographic study of sands and
carbonate nodules, all carried out at 'fhe University of Arizona. W.
Pratt of the Museum of Natural History at the University of Nevada at
Las Vegas examined and inte}preted the molluscs collected during this

study.



GENERAL GEOMORPHOLOGY AND STRATIGRAPHY

Geomorphology

The dissected badlands within and fringing on Corn Creek Flat
are made up of a series of upper Pleistocene and Holocene soils and.
sediments. The most promil;ent and deep&y dissected exposures, in
places as much as 10 m, are located on the northwest fringe of the flat
adjacent to Highway 95. Degree of dissection decreases both up and
down valley, as well as toward the basin center. South of Corn Creek
Station, broad areas contain no exposure. The station itself lies at the
south end of several spring-mound alignments. The mounds up to 67
m high consist of aeolian sands trapped by phreatophytes watered by
spring seeps. Along with the badlands, these mounds are .vi.sually the -
most p.rominerit features of the valley.

At first glance the ﬁné-grained str.ata appear to fill the valley

like..a .white bathtub .ring :upon gray fan gravel. In reality, the eleva-

deposition was not flat lying along the length of the wvalley. SR

Gravels from the adjacent piedmont p.ass through erosional
breaches in the fine-grained outcrops, setting them off in stark con-
trast to the channel-bottom gravels. The highest outcrops are general-
ly covered by eroding g:;avel caps. Broad areas are littered with
sharp, solution-pitted carbonate rubble, which lends a yellowish-brown
tint to the otherwise lighter sediments (ﬁé. 3). Scant protection

8
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Figure 3. General view of the Corn Creek badlands

* Nodutar caldum ca?bonate mantles whiter fine-grained host sedi-
ments as an erosional lag. ~Vegetated coppice dunes around Corn Creek

.Station are visible in the background.
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against erosion is afforded by zn .occasional creosote bush or joshua
tree.

Corn Creek Wash displays several stream modes. In its head-
waters below the drai;'xage divide with Three Lakes Valley, the wash is
entrenched into Pleistocene strata. This entrenchment persists down-
valley several kilometers, although at present the wash is aggrading in'
p]aces., downcui':tin.g with promingnt head cuts in others. Toward the .
basin bottom, adjacent to Corn Creek Station and below it, the wash
splays c;ut into an unconfined, anas”;omosed network of channels. Here
older strata are buried rather than dissected. Only just above the
neck 'separating Gilcrease Flat from Corn Creek Flat and to the south
are badlands agai_n visible and the wash deeply entrenched. This situ-

ation persists to Tule Springs Ranch and .beyond.

Stratigraphy

Figure 4 contains brief descriptions', depositional settings, and
proposed ages of the various Tule Springs deposits (Haynes, 1967) and
those of the Corn Creek area; Proposed correlaﬁons of units between
areas is also shown. A detailed discussion of the material presented in
figure 4 is in the final chapter of this thesis.

The oldest s;u'ficial deéosits in this portion of the valley are
exhumed fan gravels found in interfluve areas adjacent to the mount
front and in places several kilometers basinward from it. Haynes
(1967, p. 41) originally identified three distinct geomorphic surfaces,
distinguishing them on the basis of their surface and soil characteris-

tics. Surface 1 was the oldest and is identical with above. It appears



Stratigraohy of the Tule Sprinzs Area

Extensive erosion and eacroachment of gravels of the fine-
grained Pleistocene depcsits in valley center; slope
wash and terrace deposits within the badlands; drv con-
ditfons with essentially modern vegetation

56 —~— Weakly developed, incipient Stage I calcic horizen

Inception of erosion of Pleistocene and lower Holocene
sediments; eolian activity and gravel encroachmanz £rom
valley margins; lessening spring activity and codern
vegetation.in dry conditions

S5 ~— Weak cambic horizon and Stage I calcic horizon on
gravelly silt alluvium; genrerally relict

Incision into older E, alluvial deposits and overiilling
of Iule Springs Wash ‘channel and flooding of lower Gil-
crease Flat by-alluvial silt, sand, and gravel; >urial of
spring depressions by alluvial silt toward the end of E
time, as well as of clder geomorphic surfaces on the bdba®
Jadas; no megafauna; probadble first appearance of =anj;
sagebrush and shadescale dominant in valley bottom,
i{nd{cative of moist conditions

S, - Poorly preserved, recnant calcic horizon (?) en trit D
or weak organic soil on Unit Ez

Aggradation of alluviuz along the main valley wash {n
vhich a small stream flowed, bordered by a wst zeadew
and fed by numerous springs in the valley bott:m (?)
and along fault traces; megafauna present; sage and
juniper in the valley bottom, trending to more xercghytic
sage and shadescale at the end of Ez time

Wet conditions to formation of a shallow lake over lower
Cilcrease Flat and Stewart Flat in which up to 5 3 car-
bonate (primary and secondary?) and a green nudstone

were deposited; fluctuating lake level as indicated by
intercalated gypsum-rich beds and varry mollusc assem-
blages; megafauna present; Typha within the lake and

sage and probable pine fringing the shoreline; stadble

bajada surface

Alluvial deposition along a broad channel paralleling the
modetn wash at Tule Springs site, under possibly dry
conditions; possible intertonguing of portions of Units C
and D

S, —— Strong pedocalcic sofl with Stage II calcic horizon in fine
alluvium

Alluvial deposition following the drying of ponds and
marshes associated with Unit 82
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Figure 4. Time stratigraphic columns and proposed depositional s:ettin;
Proposed correlation of units between areas is also shown. The Tule Springs
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Straticsrazhv of the Carn Creek Springs Area

I Unit Soit

Simflar cc unit 5, with continued dry conditions and deep

—— I Seil 6 erosion of all older deposits, 1ncTGEing thick bluanket of
']‘F unit 5 alluvivm i{n vailey center

{1
©
(W]

Soil 5 § —— Weak developnent of an incipient Stage I caleic horfizon;

N no asssciaced bioturbacion

5 S —— Jdidespreal ercsion of earlier fine-grained deposits on

‘;‘-\\- valley =argins by braided epherzeral streams under drv
5 o~ - condizions; some filling of valley center and eolian

r*‘ accumuiazion around shrinking spring mounds; no secon-

dary carbenaze, bioturbation, molluscs, or megafauna

E
Fa

Relict paleosol containing a weak Stage 1I calcic horizon
‘1 Soi in graveliy alluvium; extensive cicada bioturbaticn asso-
—=I citd ciated :

3
- a*J L ~————— Depositicn of sand and silt on broad alluvial flats cover-
ing valley bottom and of gravels in narrow channels tra-
i versirg flat; spring and marsh deposits (as organic mats
Soil 3 and green mudstones) along fault traces and 'in lower
portion of Corn Creek Flat; -perennial stream connection
with Gilcrease Flat; carbonate precipitation of older units
off the capillary frirge of elevated water table; molluscs,
bioturbation, and possible megafauna {ndicative of
coister cerditions than today

2 3 —~—————— Similar tc unit &4; generally moist conditions

3 Poorly preserved soil containing a Scage 1I calcic hori-
zon, biozurdbation by cicadas, and possible well-developed
D argillic horizon

- 2 e Marsh at center of Corn Creek Flac in which carbonate
_:;7— and greeax =udstones were deposited, {ndicative of wet
- /;// 1 conditions; marsh fringed by broad alluvial flat of sSilc,

~{————— 42

‘Iz[f Sail 2 fine sand, and occasicnal gravel-bottomed channels; syn-
-+ and postdepositional precipitation of carbonate off cap-
illary fringe in marsh and megafauna and extensive bio-

Y

0 . turbaticn by cicadas
. 1 —— Distinc:ively interbedded sand and silt deposited over
broad alluvial flats extending over most of Corn Creek
? Flac; reworked secondary carbonate suggestive of fluctu-
/// ating wacter table; lack of bodies of standing water or
?

—

cicada biloturbation indicative of dry conditions

2 — Strong cazbic horizon and bioturbation by cicadas; no
discernible calci horizon

0 —————— S{milar setzing to unit 2, dut marsh and pond depaosits
poorly exposed and of unknown extent; molluses and
bfoturbation of cicadas suggest zoister conditions than

53 ’ today

B3

yositional settings of deposits in the Corn Creek aad Tule Springs areas. --
. Tule Springs data were drawn from Haynes (1967) and Mehringer (1967).
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white in aerial .photographs due to exhumation of its substantial petro-
calcic horizon. Drainage on the surface is dendritic and well en-
trenched. At the mountain front, soil 1 contains at least a 4-m-thick
calcic; horizon, showing. dense, laminated carbo.rza;ce in the upper 2 m to
plugged but unlaminated carbonate beiow. No argillic horizon is pre-
served. In contrast, near the Tule éprings Ranch the calcic horizor;
associated with this surface 'is thiqner .and lacks carbonate laminae
(Stage III calcic horizon of Gile, Peterson, and Grossman, 1966). This
suggests that what appears to be a single surface on aerial photographs
is actually of several ages. Haynes interpeted the deposits associated -
with this surface to be a facies of Unit B or oider units. Hayne§
(1981, personal communication) viewed the upper portion of Unit B (B3
and possibly Bz) to be 40,000 to 60,000 years old and Bl to 'be possibly
older than this. The Stage IV development of the calcic horizon
adjacent to thé mountain front seems ir'lcompatible with the proposed age
of Unit B3 (and Bz?). A much greater age for the soil, perhaps early
Pleistocene, is suggested (Gih.a‘and others, 1966; Bachman and '
Machette, 1‘;773 Hoover, Swaéley. and Gordon, 1980). Unit B3 (and e

Bz?) at the archeological site and possibly at Tule Springs Ranch T

== e
.

of Surface 1 and the underlying gravels. Unit B1 and Unit A(?) at the .Q
site probably have correlates among the continuum of surfaces grouped

by Haynes under Surface 1.
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Unit 0 .

Unit 0 is the oldest and least exposed of the fine-grained sedi-
mentary units defined in the Corn Creek area. Because of its limited
exposure and tendency for rapid lateral facies changes, correlation of
unit 0 over broad areas is tentative. What has been mapped and‘
described as unit 0 in this thesis may in fact be several distinct'pr_e.-"'
unit 1 deposits.

What can with assurahce be called unit 0 displays an array of
facies similar to those found in unit 2. The reader is referred to the
" section on unit 2 for a detailed discussionf Here it will suffice to say
that both oxidized fluvial sediments and pale-green calcareous mud-
stones are present. Figure 5 illustrates the lateral facies variation from
fa;l gravels to fan-apron sand silts to mudstones at the center of the
basin seen in unit 0. 'Stratigrap'hit.: sections 1 through 3 (appendix)
contain representative field desériptions. The' calcareous mudstones of.
units 0 and 2 are indistinguishable;- only the presence of soil 2 or a
sharp erosional disconformity between the. two units serves to distin-
guish them where exposure is adequate. Fresh-water molluscs can be
found in both %he mudstones and adjacent fluvial facies, as can manga-
nese oxide staining. A limited amount of secor.ldary carbonate of all
types (see chapter on carbonates) is also present. The fluvial facies of
unit 0 is distinguishable from overlying units by its greater redness
and hardness. Numerous cienaga soils and carbonate nodules after ci-
cada burrows are present, particularly within the calcareous sand-silt

facies.
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C:cada burrows and their carbonate pseudomorphs are extremely
common in the study area and warrant a short introduction. The bur-
rows are slightly harder than surrounding sediments and .finger sized
and internally contain thin ribs of sediments due to backfilling by
cicada nymphs as they moved among the root systems of plants in |
search ‘of food (fig. 6). The burrows have been observed in most fine-
grained deposits of Pleistocene to early Holocene age from Indian
Springs south to Tule Springs. They are common in sandy loam tex-
ture but are not found in gravelly sediment or in subaqueously de-
posited clays such as 'in Unit D except where pedogenic overprinting
has occurred. The burrows are concentrated along a zone of intense
bioturbation where associated with a soil (typically mo.st of the C
horizon and sometimes the B horizon), and where they are not, the
burrows are thinly dispersed over many meters of sediment profile.

Today, cicada burro;w's are common in Great Basin.soils, and

they are widely recognized elsewhere (Soil Taxonomy, Soil Conservation

Service Soil Survey Staff, 1975, p 35; Gile, personal communication,
1981). In northern Nevada, the author has seen live nymphs in asso-
ciation with the kind of burrows‘de.:scribed above. Carbonate cemen-
tation of these burrows and their ecological significance will be
discussed in subsequent chapters.

Soil 2 (soil 1 is discussed in the section on Tule Springs
Ranch, A7) is found on top of all facies of unit 0, and its upper con-
tact with units 1 and 2, though smooth, is erosional. No calcic horizon

is found in association with this soil (table 1; ‘fig. 7).
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Figure 6. Field occurrence in area 7 of finger-size calcareous
nodules after cicada burrows. -- a. Surface scatter of carbonate nod-
ules after cicada burrows. b. Cicada nodules weathering out along the
Unit B(?)~Unit D contact.
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Table 1. Soil 2, area 1, buried paleosol
Location: Corn Creek Flat, Clark County, Nevada; 115°25'07" W.,

36°26'22" N.
Classification: Typic Cambiorthid

Depth
Horizon (em) Description

erosional disconformity

B2 0-20 light-yellowish-brown (10YR 6/4d, 5/4m) sandy loam;
slightly sticky, slightly plastic; strong ef-
fervescence; structure dominated by extensive cicada
-bioturbation; -‘clear ‘smooth upper boundary and
gradual smooth lower boundary

B3 20-55 Very pale brown (10YR 8/3d, in places 7.5YR 7/3d)
sandy silt; hard, slightly sticky, slightly plastic;
strong effervescence but no calcareous nodules;
extensive cicada burrowing; gradual smooth
boundary :

Cl 55+ Very pale brown (10YR 7/3d) sand and (10YR 8/24)
silts; slightly .hard; sands are nonsticky, nonplastic;

" silts are sticky and plastic; well-preserved
sedimentary structures, dispersed carbonate nodules,

especially along silt beds, probably nonpedogenic
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Unit 1

Unit 1 is made up exclusively of brownish fluvial sediments that
crop out in a broad zone marginal to more clayey sediments toward the
basin center. Unit 1 is readily distinguishable for its evenly inter-
bedded sands and silts (fig. 8), laterally discontinuous' gravel lenses,
and occasional platy nodules. Extensive bioturbation, molluscs, and
soils are totally lacking.- Sedimentologically, this unit typifies the.
sand-silt facies of units 0 and 2, and the reader is referred to a
discussion of this facies later in this section. Although most of unit 1
was mapped as a distinct unit, portions of it may be intercalated with
rather than overlain by lower unit 2.

Area 1 around Tule Springs Ranch contains what are probably
unit 1 sediments. Here, however, the alluvium is formed into distinct
channels cut down into older reddish Pleistocene beds. Downdip, the
unit thins to a mixture of gravelly ;andy silt and cienaga s.oils. Unit .1 .
is not known to occur elsewhere in the basin center, probably becat;se
erosion preceded unit 2 deposition and because a portion may intercalate

with unit 2. No soil or marked disconformity divides unit 1 'from over-

lying strata.

e
L 4
Lahd
"\h
w

Unit 2

Unit 2, like unit 0, comprises several distinct faces: the sand-

gravel (fan) facies, the sand-silt facies, the calcareous sand-silt facies,

and the calcarcous mudstone facies. These are shown on figures 5 and

6., among others. Because to my knowledge these have not been dealt

with in detail in the literature, they will be considered here.
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The sand-gravel or fan facies makes up most of the basin sur-
ficial deposits. Clasts in this alluvium are dorninan"cly limestone and are
often imbricated and in grain-to-grain confact. Matrix-supported debris
‘flow deposits appear to be largely absent. The calcareous Iithology
does not readily weather to the clays needed to generate debris flows.
The described gravel exposures are also distant from the mopntain-
fronts and are in areas of low gradient. Dissection of piedmont gravels
in the study area is very limited, and most flow over them is in unen-
trenched' anastomosing chann;:ls. |

The sand-silt facie;s intertbngugs with distal piedmont gravels
and is present in all units exceét 4, 5, and 6. This facies is -well
exposed along the west-southwest fringe of Corn Creek Flat, as well as
just west of Tule Springs Ranch. It is inferred that the sand-silt
facies once fringed all- the'fine-grained flats in Las Vegas Valley. This '
facies has been variously referred to in the literature as a "sand flat"
(Peterson, 1981), "fan skirt" (Peterson, 1980), and "transition facies"
(Motts, 1970). I prefer to use sand-silt facieé. as with other litho-
facies designations employed in the thesis, because it is sufficiently

. _desczfiptive but carries no genetic connc‘:tatiOn. |
ki : The‘- most distinct field :Ii:aractgr;stic of the sand-silt facies is ii

that it -contains distinct divisions of fine sand to coarse silt interbedded
with clayey silt. This is amply illustrated in figure 8.. The contact
between the two textures can be sharp and erosional or gradational and
fining upward. The fining-upward sequences generally range from 18

to 25 cm in thickness and grade from granule layers of finely imbricated

clay chips and limestone and chert detritus upward through fine sand
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and silt to laminated clayey silts draped over the top. The silt and
sand are both planar bedded and ripple cross bedded.

As seen in figure 8, the coarser sandy layers tend to be
darker (10YR 7/3d) and to weather recessively. Compositionally, the’

sands are roughly 83 percent calcite detritus, with the balance of |

. quartz, chert, and minor feldspar, hornblende, and epidote (table 2,

sample 9). Within sand'lay;:rs, ripple cross-bedding is very common,
with foresets dipping up to 25 degrees. These bed forms along- with

the preservation of abundant, imbricated, soft clay chips imply lower

" flow regime conditions. The imbricated grains and the orientation of

granule- ?.nd gravel-filled channels indicate valleyward flow direction.
Overall, the beds have the appearance of rapid aggradation rather than
erosion. Sets are subparallel, broadly lenticular with very little
evidence of deep scour.

The clayey silts tend to be lighter (10YR 8/2d) and mo.re

resis-tant to erosion than the sand. They are usually parallel laminated,
with only occasional cross-laminae. Silt beds average 5 to 10 cm in
thickness and are laterally continuous over several meters or more.
HE ‘There is an o'y'erall lack of bioturbation, secondary calcifiéagioxi.
or molluscs within this facies, although this facies in unit 2 shows ‘some
cicada bui'rowing. Soils are also lacking, an observation that confo}ms
with the overall aggradational mode apparent from the bed boundaries
(and thus no hiatuses).

The fining-upward cycles and bed forms argue for deposition
by lower flow regime, discontinuous ephemeral streams that once flowed

off the low-gradient flat off the adjacent fan surface. The sand-silt



Table 2,

Composition of selected sand samples. -- 200 points per sample

r < 5 graina; t < 1%,

Sample in sand

Number

% non-

CaCOj;

Frac,

Composition in %, noncarbonate portion

Quartz Chert Biotite

Horne-

Feldspar blende Epidote opaque

Non-

Provenance

63 7 "3

37 t t - 40 Q6a - arroyo fill, A2
19 68 21,9 t 1-3 r 2-3 2-3 Q,,, fine sand, Al
27 79 14 t t t r - Ql' fine sand, Al
10 - 23 62 29 r t t - - QZ' sand, calcareous
. sand-silt facies,
Al
19 27.1 65-70 25-30  1-2 - t t - 3-5 Qe,, channel sands,
' . Ab
20 34,7 74 10 t 3 t r 12 Qe,, mollusc-rich
channel sand, A6
30 42.8 65 10 . t t t - 20-30 Q6 , coppice dune
| . : e sand, A5
31 46 622 15 t t - 20 Q. arroyo fill silt,
_ 2 A6
32 48,8 502 8 1-2 - 1-2 - 7 Q6 » arroyo fill sandy—-
. A 3 silt, A2
35 35.5 83 7 t t t - 3 QSe' dune sand near
Corn Creek Spr.
a. .

Quai'tz and chert combined.

34




24
facies dips 1-2 degrees, slightly less “than the dip on the modern
gravelly fan surfaces. The comparative lack of bioturbation and the
absence of molluscs suggest that biotic activity in thi;s zone was rela-
tively low. If the sand=-silt facies is grouped with that of the
calcareous sand-silts, which differ mostly due to secondary calciﬁcatio'n.
this transitional zone of subgerially deposited fine-grained sediments is
'roughly 1 km wide. This estimate is.based on outcrops' aro'u_nd Corn-
Creek Flat (figure A-1, in appendix), the only place where these facies
are continuously exposed.

The calcareous sand-silt facies lies basinward from the sand-silt
facies; thé boundary is marked by the first occurrence of secondary
carbonate nodules. In kind the two facies are similar, both showing
the distinctive sand-silt beds. But the calcareous sand-silt units are
generally finer grained, grading laterally to exclusively silts and clays.
Granule-size clﬁy .Cl'lip layers so comﬁion updip glsb disappear. Silty
sand beds average 1 to 5 cm in thickness and extend 5 to '10'63 lateral-
ly. They tend to be softer than the-clayey silt beds .and thus erode -
differentially. Sands are compositionally similar to those of one sand-
silt facies (ta"bie 2, gample 10). Parallel Jaminatjons prédominate: in-
frequent ripple' qross-beds show up to 1l.5-cm wavel?ngths. The clayey
silts tend to be whiter (10YR 8/1 to 8/2d) than the sands (10YR 8/3 to
7/3d). They commonly contain impressions of small broken twigs.

Carbonate nodules are widely dispersed throughout the cal-
careous sand-silt facies. Small finger-shz;ped nodules pseudomorphic
after cicada burrows (fig. 5) and platy nodules found mostly in silt

beds predominate in this facies. This preferential distribution of
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nodules is discussed in -detail-in-the secion .on carbonates. -Here it is
sufficient to observe that the nodules are widely dispersed in the
proximal portion o.f the facies, gradually coalescing into ledges basin-
ward. Cicada burrows, both calcified and uncalcifiéd, disrupt large
thicknesses of strata at r:‘mdom intervals, suggesting that both the
cicada nymphs and the plant roots they feed on must have been com-
mon. Burrowing is especiaily extenéiye at the; tc.>p of unit 2 in this
facies, a probable relict of the éoil 3 pedogenesis that followed the
deposition of unit 2. Lack of molluscs; the bioturba’gion by terrestrial
insects, and the sand-silt beds .indicate that deposition was subaerial. -
The carbonate, a's will be later arguea, probably indicates the presence
of a high water table during unit 2 deposition. Cienaga soils increase
in frequency toward the basip center, paralleling ‘the trend toward finer
sediments in that direction. These incipient soils, however, do not
occur with the carbonate such as to suggest a. pekdogeni.c association.

" The calcareous mudstone facies bccupies the basi;'l center.
.Gritty clay domi.nates lithologicaﬁy,-~-and the clays are 'generally pale
olive green (5YR 8/1d to N/8). The clays show strong prismatic
structiéé, frgé;i"ﬁne 9.to coarse, and tend to weather spheréidally to
.angula¥: blocky. Sedimentary structures are lacking, except for vague
laminations (fig. 9). Bioturbation may account for the lack of struc-
ture, because carbonate can sometimes be found pseudormophic after
small burrows. Molluscs collected from several localities in this facies
indicate marshy areas with seasonal ponds and emergent vegetation

(table 3, samples 3, 4, 7, 26).
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units 2 and 3, is largely eroded.
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Table 3. -‘Ecological interpretation of-mollusc-assemblages collected from
surficial deposits in the Corn Creek area. -- Study done by
W. L. Pratt

Ab, stream
gravels

A6, stream
gravels

:Aé » green
mudstones

Sample = Area Unit Interpretation
3 A6, green E2 Quiet, well-oxygenated water with emergent

mudstones vegetation
A2, green Seasonal pond with emergent vegetation at
mudstones least around edges, marshy areas nearby
A2, green Q-qiet water with thick vegetation, season-
mudstones ally dry margins
A7, green Marshy area with seasonal ponds and a
mudstones small flowing stream
Indian Marshy area with seasonal ponds and prob-
Springs ably a helocrene spring flow nearby
mudstones
A5, white Marshy area with seasonal ponds and a
partings in helocrene spring flow nearby
mudstones
A5, top of Marshy area without standing water
mudstones :

Permanent well-oxygenated water with vege-
tated margins and marshy borders along

. ..some .edges

" Flowing stream with some stream action,

marshy border

Permanent, well-oxygenated water and
seasonal ponds in areas, but too few
specimens for accurate estimate
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Whitish (10YR 8/1 to 8/2d) sandy silt layers are also present in
unit 2, particularly toward the top. These are soft to slightly hard,
massive to finely cross-bedded sand mixed with molluscs fragments.
These layers are usually discontinuous laterally but may fepresent major
desiccation events such as those noted by Haynes (1967, p. 27) at the
Tule Springs site. Such a record would be in keeping with deposition
in very shallow, possibly seasonal ponds. A major white parting, which
includes broken molluscs and clay breccia; can often be found along the
unit 0-unit 2 contact in area 2. Molluscs collected from a whitish layer
at the top of unit 2 in area 5 were interpreted by W. Pratt to indicate
marshy conditions without bodies of standing water (table 3, sample 9).

Secondary carbonate is far more common in the calcareous
mudstone facies than in any other. Morphology varies from dispersed
nodules to semi-continuous or continuous ledges.._ Différent formé are
recognized, several of which are found only in this facies. ‘Most
.prevalent are mottled carbonate nodules' of varying shapes and sizes
and with no obvious pseudomorphism. These tend to coalesce in up to
0.5-m-thick, erosionjresistant ledges toward the middle of unit 2. Also
present are’ rhizodoncretions after roots and-rod nodules:possibly
"pseudomorphic after fallen reeds. Sée the section on carboﬁates for a
detailed discussion.

Where not eroded, the uppermost portion contains evidence of
soil 3 pedogenesis. In most areas this is manifested by no mofe than
a zone of extensive cicada bioturbation. Such burrowing commonly ac-
companies pedogenesis in the Great Basin, particularly where sagebrush

is prevalent (Hugie and Passey, 1963). This occurs between 30 and
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100 cm below the surface, usually within the Cca horizon. Erosion sub-
sequent to soil 3 pedogenesis is interpreted to have removed the A, B,
and portions of the C horizons.
Area 3 contains a wellideveloped argillic horizon near the top of
unit 2, interpl"eted to belong to soil 3 (see discussion of area 3).

A bioturbated and partially ¢alcified zone underlies it.

Unit 3 .

Unit 3 is divided into two facies: silty alluvium, 3a, and
coarse gravel, 3g. The former is one of the most widespréad and
easily recognized units in the ar'ea. Where continuous sections occuf:
unit 3a is sandwiched between unit 3g capping gravels and the whiter
sediments of unit 2 (all facies). It is distinctly browner, less cal-
careous, and softer and therefore more erodible than unit 2. .As such,
unit 3 is .generally pres‘erved only under sinuous .gravel outcrops of
unit 3g (fig. 10), which have protected it from deflation and fluvial
erosion. Unit 3a may therefore‘have been deposited as a more exten-
sive sandy silt sheet then present outcrops of the unit would sugéest.

A typical field description of this homogeneo.us unit follows:
very pale brown (10YR 7/4d, 6/3 m) laminated clayey silts in beds up
to to to 10 cm thick interlayered with cross-bedded, grayish fine to
medium sand; generally lacks coarse sand or gravel except where inter-
calated with capping unit 3g or along scours on disconformity wi&h unit
2; soft to slightly hard; slightly sticky; slightly plastic; weak platy;
violent effervescence but contains no carbonate nodules; carbonate coat-

ings on rootlet and small insect burrow molds; in places ';horoughly
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disrupted by cicada insect burrowing; sharp, wavy erosional discon-
formity with unit 2; 1.5 to 2 m thick. |

Bioturbation by cicada nymphs is particularly prevalent in unit
3, so much so that sedimentary structures are disrupted over broad ex-
posures. No secondary calcification of these has been observed.
Burrowing may be simply from pedogenic overprinting associated with
soil 4 (table 4), but the aisruption over 2 m of ti;zic'kness suggests that
bioturbation occurred with deposition rather than postdalted it.- |

Unit 3a is compdsitionally about 80 percent limestone detritus in
one sample taken (table 3, sample 5). Opaque secondary carbonate
detritus is lacking. The remaining 2'0 percent of the grains are mostly
quartz and chert with trace amounts of biotite, epidote, hornblende,
and plagioclase. The quartz detritus, as for all Pleistocene units, has
tw.o morphologieg: well.-rounded grair;s with remnant overgrowths and
e-:uhedral, bipryamidal quartz. The rounded quartz is clearly-reworkeci'_
sand 'from Paleozoic and Mesozoic formations. The euhedrai quarfs is |
both with and without incl.usions. The former prbbably 'come§ fr.om_w
veins or vug fillings. Clea;' quartz may be from a volcanic source-, :s' b
are the biotite, hornblende, and feldspars already noted.

Unit 3g gravels typically cap the highest outcrops in the Corx}j T

Creek area, at times as much as 6 to 7 m above the mode;'n wash. level. IR

The field description for this unit is as follows: Dominantly grayish
limestone gravel with very pale brown (10YR 7/3d) silt matrix; gravels
imbricated and vaguely cross-bedded; up to fine cobble, mainly

limestone, minor chert and quartzite, rounded to subrounded; silty at
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Table 4. Soil 4, area 1, relict paleosol
Location: Corn Crueek Flat, Clark'County, Nevada; 115°25'37" W.,

36°26'20" N.
Classification: Typic Calciorthid

Depth
Horizon  (cm) Description

Av 0-3 Very pale brown (10YR 7/3d) loam; slightly hard,
' slightly sticky, slightly plastic; weak platy,
structure stronger downwards, vesicular; violent
effervescence; clear wavy boundary

B2lca 3-9 Strong-brown (7.5YR 5/6d) and yellowish-red (5YR
A 6/6) on pebble undersides; gravelly loamy sand;
nonsticky, nonplastic, "generally hard due to carbon- -
ate cementation; clay skins visible on clast under-
sides; clear wavy boundary

B22ca 9-15 Same colors as above; sandy gravel; nonsticky, non-
plastic, rare clay skins on stones visible; carbonate
rinds on stone undersides up to several millimeters
in thickness; gradual wavy boundary

B3ca 15-27 Light-brownish-gray "(10YR 6/2) gravel; soft, non-
: sticky, nonplastic; powdery, reddish iron oxide
coatings on some vrocks; weakly cemented by
carbonate with continuous rinds around rocks;
gradual irregular boundary

Clca 27+ Light-brownish-gray (10YR 6/2d) small cobble lime-
stone in sparsely sandy matrix; nonsticky, non-
sticky; carbonate as powdery coating on stone
bottoms .

=3 i..
ipg to iO.cm .
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top, sandier downwards; no secondary .carbonate nodules; sharp, wavy
boundary with unit 3a where not intercalafed.

The narrow, sinuous'c.mtcrop pattern of unit 3g suggests that
the gravels define paleostre.am channels. Being less erodible than the
underlying fine-grained units, subsequent erosion iuas left unit 3g
gravels in .an inverted topographic position. The long narrow outcrops

tend to pérallel the general trend of the modern drainage. Mountain-

" ward, these strips of gravel broaden into a continuous sheet covering

the comparatively undissected fan.facies. Basinward, the gravels nar-
row and disappear, either due to nondeposition or Holocene erosion.

On aerial photographs the gravels of unit 3g appear very dark
due to the desert varnish present on the nonlimestone clasts on the
surface. The desert pavement is smooth and tightly packed (fig. 11),

although bars and swales are still evident both textur;ﬂly and topo-

graphically. Limestone clasts are deepiy etched, leaving the contained -

fossil hash in relief. Cl'_xert','quartzite, and argillaceous limestone are
varnished as darkly‘as 10YR 3/2 (very dark grayish brown).

Soil 4 is usually. developed in thgigravels of unit 3g and is

<

associated with this s;,‘V fa::e.i It contains Etage I to Stage II calcic
. k . ' '

: = L3
horizon and a thin cambic horizon constitu

of rexdc_lish clay coatings
over limestone clasts (table 4).

Haynes (1967, p; 45) designated the surface as No. 2 and cor-
related it with Unit D and also possibly with Unit E at Tule Springs. In
the Corn Creek a.z:ea, however, this surface lies above unit 2, sepa-

rated from it by soil 3 and unit 3a. See description of stratigraphy of

area 5 for a detailed discussion of the age of this surface and unit 3.

v ig

‘e
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Unit 4

Two major facies of unit 4 are recognized in the Corn Creek
Springs area: black organic-rich clayey silt overlain by brownish, fine
sandy silt (Section 9, in appendix). In areas 2 and 7 t}'te black mats
assume a bowl shape inset into older strata; this occurs some 2 m below
the top of unit 3g in area 2. Although no sandy spring-conduit bed's
such as. those described by Haynes (1967) have been found in associa-
tion, the shape of the black mats is suggestive of a spring cauldron.
They possibly lie in one of several depréésions filled by water frorr; a
singie spring source no longer exposed. Along the lower c"ontact. 'clay_ .
fragments scoured up from older beds are often contained in the-silty
black mat. The organic mat is generally dark grayish brown (10YR
4/2ci) and is a clayey silt at the base grading upward to lighter grays
and eventually to soft-brown sandy silt (Section 9, appendix). These
sefiiments prob'a.bly constitute eolian and fluvial infilliné of the formerly
vegetated depression after spring desiccation. -

The black mats also occur as broad, flat deposits, .as in areas 3

and 4. All-':a;')pear; laterally extensive, as does the basin-center black

- mat Sf*area § up t%,!seve Y% tens'of meters or kore. ‘Carbomate, rang-
ing from isolated né.dules to continuous travertine ledges, is often found
in association, as are green clays. Travertine is particularly common in
the vicinity of Corn Creek Station (area 4) in association with fault-
controlled(?) spring deposits. Petrographically, the travertine . is
brownish, semi-opaque, micritic calcite cementing clay and silt. The

presence of vague silt-size spheres indicates possible algal activity.
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Round tubes-ab-ut 2 cm in diameter and projecting perpendicular to the
gro(md surface from the travertine may be molds of sedges or tules.

It should be noted that Haynes (1981, personal communication)
disagreed with the interpretation that the massive carbonate described
above is travertine, noting that it lack's the layering commonly seen in
travertines. He continued to-ascribe it to Unit D (unit 2) in which

massive carbonate ledges are quite common on Corn Creek Flat.

Unit 5

Unit 5 includes a varied array of post-Pleistocene deposits. On
the valley margins, unit 5 is made up of browr; silt (unit 5a) and
gravel (unit 5g) accumulated as terrace fill. Within several of the
larger drainages and deep incisions into Pleistocene strata, as many as
three distinct cut or fill terraces occur at least several meters below
unit 3g, but well above the mode;'n wash level. - Toward the basin
center, older Pleistocene units are buried under a sheet of unit 5a siit.
Unit 5g gravels are topographically ir;vertec_i, but to a lesser extent
than unit 3g. The gravel ridges are usually narrow and sinuous and
parallel modern drainage. Unit 5e includes inactive dune sands in the
Corn Creek S%_étion drea, where contained hearths dated by Haynes fall
near the age obtained on unit 5a in this study.

Several other objective criteria aside from topographic position
distinguish unit 5a/g/e from older units. These include:

1. The present-:e of detritus derived from carbonate nodulés, both

in the gravels and in the finer fraction. Grain counts show that such
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detritus constitutes up to 3Q percent of the total. Gravels in the valley
center contain up to 50 percent reworked carbonate.

2. Low total carbonate (limestone and secondary carbonate detri-
tus) percentage. Units 5a/e and 6al/e (recent) range from 35 to 50.6
percent noncarbonate, whereas the Pleistocene units range from 19 to 27
percent noncarbonate by weight (table 2).

3. High biotite content in units 5a/e and 6ale, in one sample up to
15 pfzr'cent-of.the grains coun.ted. |

4. Lapk of secondary calcification except th.at due to soil 5 pedo-

genesis. Sedimentary structures are as a consequence well preserved.

Because no representative stratigraphic profiie is given fo.r unit
5a in the appendix, one is included here: Sandy silt; very pale brown
(10YR 7/3d); sandy silt with occasional cleaner calcitic sands; cross-
ar;d parallel-laminated but no sharp distinction: between sand and silt
beds; soft to slightly hard, sticky and plastic; no secondary carbonate
except .as.-rootlet molds; no:molluscs .or_bioturbation. ‘Thickness at least
2 m.

Soil 5 is preserved atop the a.lready-men;tioned inverted gravels
on inset terraces and above the brown silts tﬁat i1;1fi11ed the desicca;ted
springs. The soil presented in table 5 is developed on a gravelly par-
en;c material; the calcic horizon is Stage I to Stage II by the Gile and

others; (1966) classification.

Unit 6
Unit 6 is qualitatively identical to unit 5, containing all the

same facies, implying that the depositional setting for both was similar.
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Table 5. Soil 5, area 1
Location: Corn Creek Flat, Clark County, Nevada; 115°25'32" W, .

36°26'18" N.
Classification: Typic Calciorthid

Depth :
Horizon (cm) ) . Description

Av 0-2 Very pale brown (10YR 8/3d, 6/4m) silt loam;
slightly hard, sticky, slightly plastic; weak, thick
platy; vesicular; calcareous; clear wavy boundary

B2ca 2-3 Very pale brown (10YR 8/3d) gravelly sandy loam;
slightly hard, nonsticky, nonplastic; oxidized mottles
and coatings on tops of stones, reddish yellow
(7.5YR 6/6d); discontinuous powder coatings of
carbonate on stones; clear wavy boundary

Clca 3-40 Very pale brown (10YR 7/3d, 7/4m) gravelly sand;
soft to slightly hard, nonsticky, nonplastic; up to 60
percent by volume gravel; carbonate coating on
stone undersides; gradual irregular boundary

IIC2ca = 40-70+ Grayish limestone gravel with minor chert and
: quartz; discontinuous carbonate coatings on clasts, -
diminishing downward; gravel imbricated and in .
grain-to-grain contact ViEe T

Surface: On inset fill terrace, 6 m below unit 3g capping gravels and
2.8 m above modern .wash. . Bar-and-swale topography well .

preserved; gravels in swales packed into moderately_tighty...i%=" .. -

desert pavement. Moderate varnishing and etching of stones—a_.X
with some reddening of stone undersides. - . S TEnaT
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Petrographic analysis of unit 6 sands is presented in table 2. Unit
6a/b includes only the most recent deposits,” ones iminediately adjacent
or bottoming the modern washes. Unit 6e includes large and small cop-
pice dunes in the Corn Creek dune field and along vegetated ridges in
the basin center. No dates have been obtained from unit 6a.

Soil 6 is the incipient soil developed atop unit 6 in all its _
manifestations. The' profile presented in tabie 6 is the maximum devel-
opment usually seen for this soil. The profile was takén on fine-

grained arroyo fill roughly 1.5 m above the modern wash level.

ey e
Yoy 'S,
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~Table 6. Soil -6, arez 2
Location: Corn Creek Flat, Clark County, Nevada; 115°26'10" W.,
36°28'50" N.
Classification: Typic Torrifluvent
Depth
Horizon (cm) Description
Alc 0-1 Very pale brown (10YR 7/3) sandy silt; weak platy
a - surface crusts; soft, slightly sticky, slightly plastic;
strongly effervescence; split by desiccation cracks;
clear wavy boundary
A3ea 1-3 Very pale brown (10YR 7/3d) ‘clay loam; “moderate,
medium platy; slightly hard, sticky, plastic; dis-
persed, dark-gray organic matter; clear smooth
boundary
Cca 3+ Very pale brown (10YR 7/3) clay loam; weak,

medium subangular blocky breaking to a fine crumb;
soft to slightly hard, stocky, plastic; fine lamina-

tions and cross-beds preserved; layers of calcareous
but no visible carbonate

Ed



STRATIGRAPHY OF AREAS

The study area was divided into eight separate portions. The
first seven cover Corn Creek Flat and south; the eighth encompasses

Cactus Springs and. Indian Springs. See figure 2 for the precise

" locations. ‘ Lw/
. ¢ c )
© Areal ) Lo A l‘__b_,.i'l"‘ "MV.«’_
—_ - Ll A A
Area 1 contains the most exter}sive outcrc;ps of'Pleistocene o
strata ;n the study area. The section is nearly complete here (fig.
12), and most of the facies of units 0 and 2 can be easily seen;
The limits of modern erosion are in part controlled by the
varied lithologies of the Pleistocene strata. Ten to 12 m of downcutting
has occurred in the soft, noncalcareous sand-silt facies of units 0, 1, .
and 2. In the adjacent sand-gravel facies, incision decreases abruptly
and the wash gradients steepen. This probably due to the coarseness
of this facies and to the relativel& low competence of the dissecting
ephemeral streams that flow from the bajada surfaces. ' ' : i

Dissection also decreases basinward from the sand-silt fac1es,

Py

This must be due in part to the extensive carbonate litter that armors
most of the outcrops in the basin center. The carbonate nodu.le.f.sl réo;;::z.
in all descriptions, accumulated as lag after deflation and fluvial erosion
removed from the softer host sediments. Widespread deflation is qvi-
dent in the broad flats of badlands littered with only wind-faceted
carbonate rubble standing up to several centimeters in relief above the

41
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surface. These surfaces, which often lack any trace of fiuvial érqsion,
are generally developed on carbonate ledges that first appear in the
middle of unit 2., Most outcrops are eroded to this level toward the
basin center.

Unit 3g gravels underlain by unit 3a silts stand as erosion 01;11’.-
liers throughout area 1 (fig. 10). The outlier caps appear to cor;e}ate‘
with dark surfaces covering the sand-gravel facies fririging the dis-
sected ba.dlands. On aerial 'photographs, unit 3g outcrops delineate
sinuous paleochannels and broader gravel splays that encroached over
" the area at the end of the Pleistocene or beginning of the Holocene.
The paleochannels parallel modern stream courses, suggesting that the
drainage.configuration during unit 3g deposition was similar to that of
today. Paleocurrent directions of all units in area 1 are approximately
southﬁesterly.

Unit 0 and soil 2 have limited exposure, as shown in profile 1-
across the area. Soil 2 (fig. 7) is thoroughly churned by cicada bur-
rowing, whereas in unit .1 burrowing is only dispersed.- -Within -the

sand—s_xlt facxes. units 0, 1, and 2 are - difficult to d1stmgmsh and are
-.not g,lways separated by sharp d.lsconfbrxmtles. However, toward the *
middle of the basin, unit 2 is dxstmctly whiter a;nd more calcareous than
other units. Soil 3 is represented by a remnant calcic horizon and by

a marked increase in cicada burrowing toward the top of unit 2. Only
the lowest portion of the pedon is therefore preserved.

The inferences about the capillary fringe origin of carbonate

aré based largely on observations made in this area. In, all other

areas, except area 7, the sand-silt facies has been eroded. As such,
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the lateral variation in carbonate cementation cannot be  fully
appreciated in other than area 1

of Holocene f{ill.

Toward the basin center, outcrop heights gradually decrease
until Pleistocene sediments are buried under an undetermined thickness

The gradients of modern washes are slightly less than
the dip of Pleistocene strata, except for the sand-gravel facies where
the reverse is true.

The Holocene fill is dotte_d by gravel-;:apped
erosion remnants (unit 5g)- s:canding a.s much as 2 m above the adjacent
fine-grained fill (unit 5a)

" unit 3g,

These gravels are fresher than those of
and they contain stream-rounded carbonate nodules,
suggesting that they were deposited after Frosion of the calcareous
Pleistocene deposits on the flat margins had begun.

It is not clear how
these gravel outliers correlate with the numerous cut-and-fill terraces

that border the larger washes passing through the dissected badlands.

T

2

At least three such distinct Holocene terrace fills are evident,
grouped under unit 5alg

all
Area 2
& '1

Th; complete Pleistocene section is exposed in area 2, mcludmg
several' unit 4 spring mats (fig. 13).

N 2 wrp ¥

"\"h"v '
d

Erosion has removed the sand-silt
facies of units 0 and 2, but shallow exposure of the other facies occur
in several of the washes (fig. 14). One of these wash exposures is

depicted in figure A-2 (appendix). Unit 0 has tentatively been identi-
fied as those sediments capped by a moderately developed soil shown in
figure 14. i

scribed for area 1.

Unit 3a/g stands as erosional remnants in the manner de-
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controlled phreatic environment by evaporation and evasion of CO2 off
of a capillary fringe. He noted that cement in the vadose zone tends to
be more pendular or asymmetrical, which does not appear to be the case

Qith carbonate here.

Genesis of Secondary Carbonate

Haynes (1967) recognized several possible sources for the dense
carbonate in Unit D (unit 2). Some carbonate may have been precip-
itated in the bottom muds of .shrinking lakes near the end of Unit D
deposition (Haynes, 1967, PpP. 32, 78). Amorphous nodules of dolomitic
composition found in Unit D are interpreted to reflect this process.
Carbonate may also have been precip'itated off a capillary fringe
(Haynes, 1981, personal communication) (fig. 33). Some cementation in
the upper 30 cm of Unit D was interpreted to'bev the result of S4 pedo'-
genesis (Haynes, 1967, p. 32). o '

.The nodular carbonate ix"x.both study areas is a mixture of
sand, silt, ana clay detritus (usually 70 percent -by .weight of tﬁe
entire ‘nodule) cemented By ‘micritic calcite. In this réspect it is like
many lacustrine marls. Where not recemented, howe.ver, marls are
generally soft and are found in rather uniform, massive beds. In co'rx;'
trast, the carbonate in this area occurs.as hard, dispersed to nearly
coalesced nodules often displaying pseudomorphism. This clearly sug-
gests that the carbonate is largely if not completely secondary cemen-
tation rather than a primary precipitate from a lake. |

The carbonate does not appear to be pedogenic either, except

where found in proximity with other soil horizons (or with
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Figure 33. Relationship of sedimentary facies to emergent water
table in Unit D time .
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disconformities, suggesting the erosion of them). Carbonate of the

basin-margin facies is dispersed over meters of thickness rather than .

" concentrated in discrete layers. The numerous and mature A and B

horizons one would expect with such a distribution are lacking. As

noted before, microscopically the carbonate appears to be now
Toward the basin center, prominent ledges of carbonate of units 0 and
2 have no associated B horizon (where the section is extant under unit
3). Although erosion and the formation of soil 3 are inferred to have
followed the deposition of -unit 2, accumulation of this large wvolume of
carbonate cannot be reasonably accounted for in such a short span by
normal pedogenesis. Haynes.'s (1967) data indicate a hiatus of at most
7,000 years (20,0(_)0 to 13,000 years B.P.) between Units D (unit 2) and
El (unit 3?). Some of the cementation in Uni; D (unit 2), howevex.-,
may be attributed, as Haynes suggested, to pedogenic overprinting.
Several lines of evidence point to a capillary fringe origin for

. 7/ . LT
the carbonate. First is its megascopic distribution. The occurrence of

nodular carbonate within.the lateral facies is bounded by a distinct .and
smooth upper limit. This boundary dips slightly less toward the basin
center than does the host strata. Thus the carbonate boundary cross-
cuts stratigraphic boundaries (fig. A-l:" in ap:'pendix-). In the lateral
facies on area 1, carbonate first appears in unit 0, whereas basinward
it is found at about the middle of unit 2. Cari:onate was therefore be-
ing precipitated during and probably after unit 2 time, not as a pri-
mary precipitate but by secondary overprinting that crosscut seve.ral

stratigraphic boundaries. This distribution follows the pattern expected

of a paleowater table, one several meters below the surface in the
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marginal fine-grained facies and one alternately emerg.ent and subsur-
ficial toward the; basin center (figs. 33 and 34). In map view, the line
defining the outermost occurrence of secondary carbonate is very
regular where strata are well exposed, as in area 1.

A closer view of the carbonate tends to support this interpre-
tation. In vertical exposures, the degree of cementation is distinctly
" zoned in all facies, a.lthough the zonation is most obvious in. thé cal-
careoﬁs sand-silts. In unit 0 and lower unit 2, platy carbonate and
.cicada burrow nodules are dense and well cemented. JIn the .transition
zone above (fig. 35), cementation decreases. Nodules are crushable
with the hands bt.xt still erode from the outcrop in distinct forms. At
the top of the transiti‘on zone, ofxly the exteriors of cicada burrows are
cemented, showi_ng that cementation proceeded from the outside inward.
Secondary nodules disappear near the top of unit 2, although all the
primary’ forms and structures they. mimicked below persist. Hard cicada
nodules in a thoroughly biotufbated zone at the very top of unit 2 are
intérpreted. based on their position rather than morphology, to belong
to the C horizon of S3‘. Figures 33, 34, and 35 show the proposed

relationship of the cementation zones to the position of the water table.

3 ¢

The well-cemented zone is seen to have been clos;._s_t to t‘be water table.
Cementation decreases upward as capillary moisture probably once did.

" Semeniuk and Meagher (1980) described a similar pattern of
cementation off of a capillary fringe in coastal southwestern Australia.
Carbonate in that area was precipitated in a variety of forms in sands
within a 1.5-m capillary zone above the water table. Varieties included

rhizoconcretionary, mottled, massive, laminary, and breccioid. The
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calcareous mudstone focies

colcareous sand-silt facies

vadese
zone

zone of
copillary rise | -}:

phreatic
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Exglanation

1. Mixed platy and cicada nodules.

2. Mottled carbonate, in places showing overprint of pedogenic
carbonate.

3. Massive ledges of carbonate grading updip into semi-continuous
ledges in the sand-silt facies.

4. Recumbent rod nodules, possibly molds of fallen reed. :

5. Dispersed carbonate in both units 0 and 2 resulting from prob-
ably older water table lows.

Figure 34. Carbonate morpholog1es in relatmn to a lowered
water table dunng and after Unit D time .
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pedogenic calcification
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rootlet molds(3}).
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Figure 35.

Zones of carbonate cementation and their postulated -
positions relative to the capillary fringe and water table. -- Capillary

draw of solutions saturated with Ca’® and HCOs- .may have been from
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carbonate morphologies seen in the calcareous mudstones best match the
Australian forms, except for the absence of late-stage laminar carbonate
developed on massive ledges in the Corn Creek mudstones. In the
Australian example, seasonal fluctuations of the water table tended to
distribute the carbonate over a broad vertical exposure. Short-term
fluctuations like this, as well as longer term ones, may account for the
wide vertical dispersal of carbonate in the Corn Creek area. A
substantial portion of the depse ledges in the c‘;-.tlcareous mudstoﬁes of .
unit 2 may have -been precipitated not when the bodies of"standing.
water were present but only after the final lowering of the water table
in post-unit 2 ‘time.

Hunt (1966, p. 87) noted the presence of carbonate nodules in

perched gravels and in fine-grained strata on the edge of a Death Val-

ley playa 1.5 to 2 m above the present capillary fringe. From this he

inferred the former presence_of-a water. table_at that height.
.—————'——'—"—_’.‘——— ———————

"Sedimentary textures and degree of induration exercised some

‘control on the distribution of carbonate nodules in a pattern befitting

secondary cementation by -migrating ground water. In the sand-silt and

calcareous sa.nd-sili ifa.cies, segregated sand and silt occur in 5- to
10-cm intervals. The srpéller pore size in the silt Peds set up a
stronger capillary draw than did the coarser sand. The sands probably

2and

served as conduit beds to ascending solutions saturated with ca’
HCO . These were drawn toward the silts and then were evaporated or
COZ lost or both. Carbonate precipitated at nucleation centers set up

at various intervals along the continuous silts. Not all silt beds are

cemented, and carbonate where it does occur in the lateral facies rarely
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extends more than several meters laterally. Platy nndules sometimes
protrude into adjacent sand beds.

Px;eferential cementatio.n of cicada burrows and other forms can.
be similarly explained. Uncalcified burrows are usually harder and
more tightly packed than the surrounding undisturbed strata. Such a
packing differential would, as in the case of the sand-silts, cause solu-

tions to be drawn toward the smaller pores of the burrow sediment.

" The disrupted margins of the burrow may have served as conduits to

passing solution, as did the inner tube of the rod nodules. Perching
would then have occurred in the adjacent fine-grained or tightly packed
sediments. Patterson (1967) reported a similar affinity of cement-
bearing solutions for fine-grained beds. .

Within more homogeneous sediments such ag the ca.lca.reous mud-
stones, the distribution of carbonate ié less patterned. . Mottled car-
bonate can be randomly dispersed or ai‘ranged into disfcinc':f: beds and -

semi-continuous ledges. The lack of internal structure in these nodules

reflects the bioturbated condition of the calcareous mudstones.
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