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ABSTRACT

The Willcox Playa, Cochise County, Arizona was the 
site of pluvial Lake Cochise. The playa is about 9.4 
miles wide and 9 miles long, and has an area of about 50 
square miles• However, Lake Cochise was much larger, 
having an area of about 120 square miles but was only 
about 35 feet deep. The lake probably last occupied the 
Willcox Basin during the Wisconsin glacial stage.

Preserved lake features include a beach ridge, 
bars, and lagoons. The beach ridge, composed of un
stratified gravel, sand, and mud resting on stratified 
bar deposits, is best formed on the east and west sides. 
Between the beach ridge and the playa proper are the near
shore sediments. These were sampled in five areas by 
using a hand auger. The auger holes were arranged in two 
lines and on a rectangular grid on the east side and in 
two lines on the west side. The holes ranged in depth 
from 3*5 to 20.1 feet and averaged 15 feet.

Cross-sections, based upon lithologic logs, show 
that grain size decreases from gravels and sands to muds 
in an offshore direction. Also the intertonguing rela
tionships between the lithologies represent a changing 
lake level. Notable among the nearshore sediments are two
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sandstone exposures that probably represent cementation of 
shallow water sands.

The slightly alkaline lake water abounded with 
ostracodes, and to a lesser degree, gastropods. The bot
tom water, however, may have been oxygen deficient as 
indicated by a thick accumulation of black mud.

Carbon-14 determinations of samples taken from 
5 to 8.4 feet have dates of about 20,000 years B.P. 
Sometime after this, as the climate became drier, the 
lake receded and dried up to leave the playa as a remnant 
of the former pluvial conditions.



INTRODUCTION

Purpose of Study

The Willcox PIaya area has "been the subject of a 
National Science Foundation-sponsored research grant since 
May 1962. The sedimentation studies have covered chiefly 
sediment provenancet sediment petrography, clay mineral
ogy, wind transportation and deflation, and subsurface 
stratigraphy. The purpose of this study was to determine 
the sedimentary characteristics of the beach ridge and 
nearshore deposits of pluvial Lake Cochise, in order to 
describe the environment of deposition and to permit the 
drawing of cross-sections to show the nearshore facies 
changes.

The main part of the field work was completed 
during June and July of 1964, and centered around obtain
ing samples from hand-augered holes in the nearshore 
areas. These samples, with previously collected ones, 
were studied using standard laboratory procedures to 
obtain the data upon which the conclusions are based.

Location

The Willcox Playa is about 3*5 miles south of 
Willcox, Cochise County, Arizona (Fig. 1). The playa is
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the lowest portion of the Willcox Basin, which is in the 
northern half of the Sulphur Springs Valley. The U. S. 
Geological Survey topographic map of the Cochise quad
rangle depicts the playa and part of the surrounding area 
(Plate 1).

Western access to the playa is by way of a dirt 
road at the Cochise Overpass on State Highway 666. East
ern access is by way of several dirt roads leading from 
the Kansas Settlement Road south of Willcox. A four-wheel 
drive vehicle is needed to travel across the sandy, mar
ginal dune areas, but once out on the flat two-wheel drive 
is generally sufficient. However, in the rainy seasons it 
is not possible to drive on the playa.

Climate

The climate is semiarid, averaging 11.12 inches of 
precipitation per year (U. S. Weather Dept, records, 1880- 
1959* in Smith, 1956). Fifty percent of the yearly pre
cipitation falls during the summer months of July, August, 
and September. This is the result of thunder storms 
caused by warm, moist, tropical air moving across the 
state from the Gulf of Mexico. Willcox has a secondary 
precipitation maximum during the winter season when storms 
from the Pacific Ocean travel across the state from 
southern California.
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Snow falls during the winter months. Nearly every 

year receives a trace, but only one out of three years 
has as much as five inches.

The average annual temperature is 59.6*F, with 
winter temperatures averaging in the fifties or low six
ties and summer temperatures in the nineties.

Vegetation

The playa proper is devoid of vegetation. In the 
marginal areas the nearest plant to the playa is Suadea 
torreyana. a short shrub. Beyond this the wind blown sand 
cover supports salt grass (Dictichis), alkali sacaton 
(Sporobolus airoides), salt brush (Atriplex tentiformis 
griffithsii, Atriplex canescens). mesquite (Prosopsis 
.iuliflora). and Yucca (Hevly and Martin, 1961; Martin, 
196$).

The mesquite is generally confined to the gravelly 
beach ridge, whereas the yucca is on top of the sand dunes.

Desert grasses which grow on the surrounding 
alluvial fans of the valley are dominated by Hilaria. 
Bouteloua. Aristida, Sporobolus. and a variety of forbs 
(Martin, 1963).

Previous Work

The earliest geological investigation of the 
playa was probably conducted by Thomas Antisell, M.D., a
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geologist on a railroad survey made from the Mississippi 
River to the Pacific Ocean in 1854— 55• At this time the 
playa was known as Playa de los Pimas.

0. E. Meinzer1s and F. C. Helton's Water-Supply 
Paper 520 was published in 1913; it is a very excellent 
and exhaustive study of the geology and ground water 
occurrences of the Sulphur Springs Valley. A. A. Stoyanow 
(1925) explored the possibility of oil prospects in the 
Willcox region. In 1926 Kirk Bryan and J. W. Gidley 
described a number of vertebrate fossils from the beach 
ridge of Lake Cochise, which is the name of the lake 
adopted by Meinzer.

A ground water study of the region was done in 
194-7 by R. S. Jones and R. L. Cushman of the U. S. Geolog
ical Survey. This was followed in 1952 by another U. S. 
Geological Survey Open File Report on the ground water of 
the area by D. R. Coates.

In 1961, U. S. G. S. Mineral Investigations Field 
Studies Map MF-231 by J. R. Cooper was published. This is 
a reconnaissance geologic map of the playa and surrounding 
mountains•

R. H. Hevly and P. S. Martin (1961) wrote a paper 
on the pollen content of the shore deposits of Lake 
Cochise. This was followed by another pollen analysis 
study of a 42 meter core from the middle of the playa by 
Martin (1963).
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The two most recent investigations of the playa 

were made by Gordon L. Pine (196$) who studied the drain
age and petrographic characteristics of the sediments 
coming into the playa, and by B. V. Pipkin (1964) on the 
clay mineralogy of the playa sediments. Both studies were 
part of National Science Foundation grant number 25746 to 
Dr. Joseph F. Schreiber, Jr., who also directed these 
studies.

Field Procedures

The field work centered around putting down 36 
hand-auger holes. A bucket-type soil auger three inches 
in diameter and eight inches long was used. Suitable 
lengths of V2 inch diameter iron pipe were added as the 
coring proceeded. The angering procedure was to core 
until the auger bucket was full; remove the entire assem
bly from the hole; clean out the sediment; take a sample; 
wash out the auger bucket and wipe down the pipe; and 
enter the hole again and continue angering. Samples were 
examined in the field with a 10-power hand lens with 
respect to lithologic type (sand, muddy sand, sandy mud, 
or mud), presence of heavy minerals, presence of calcar
eous material, ostracodes and other fossils, or any un*- 
usual features. A representative sample of each different 
lithologic type was taken from every core; about 720 
samples were collected. Lithologic breaks were recognized
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and noted by the rate of penetration and the different 
sounds produced as the cutting edges of the auger bucket 
contacted the various lithologic types.

Several mechanical and human limitations arose 
during the angering program. One mechanical limitation 
was the grade size through which one could auger. Obvi
ously, nothing near to or larger than the diameter of the 
auger could be penetrated; nor could a deep, very com
pacted unit. Also sediments with a high water content 
would allow the auger to penetrate, but the sample could 
not be retained in the bucket.

One human limitation is the length and weight of 
pipe that could be added to the auger, lifted, and placed 
in a hole by one person. The average final length of pipe 
used by the writer was 20 feet. Suction and friction were 
also encountered in the hole once the water table had been 
reached. These forces made the auger extremely difficult 
to extract in some instances, and when these forces became 
too great the hole was abandoned.

Laboratory Procedures

Laboratory studies included the size analysis of 
coarse- to fine-grained sediments, and the determination 
of quartz-feldspar ratios and the percent of calcium 
carbonate in the sediments.
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Size analysis»— The size analyses were based 

chiefly on a weight-loss method. A 35 gram sample was 
dispersed and then wet sieved through a 230 mesh Tyler 
screen that retained the sand fraction. The sand was 
dried and weighed so that the loss of mud could be com
puted. Then the sample was classified according to the 
following two component diagram:

100% 90 50 10 0
Sand, ______________ ,__________________LMud (silt & clay)0 10 50 90 100%

sand muddy sand sandy mud mud

A number of samples were treated as follows.
After dispersing the sample and wet sieving, the muddy 
water passing through the screen was retained in a stand
ard 1000 cc hydrometer cylinder. This silt plus clay 
fraction was pipetted to obtain the silt distribution and 
the silt clay break. These samples were then classified 
according to Folk (1964-, p. 27). Selected sand- and 
gravel-size samples were sieved employing V2-phi interval 
screens and the Tyler-Ro-Tap sieve shaker.

Out of the 446 samples studied, 368 were evaluated 
by the weight-loss method for the sand and mud percentages; 
68 were also pipetted to obtain silt and clay percentages; 
and 13 gravel or sand-size fractions were sieved on the 
Ro-Tap. Samples that were not processed were classified 
from either the field description, or by comparison with
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those for which analyses were made. These analyses and 
others previously obtained by Dr. Joseph F. Schreiber,
Jr., were used to characterize the sediments.

All sediment sizes are expressed in the phi (0) 
scale of Krumbein (1936, p. 38) where 0 = -logg grain 
diameter in millimeters. A phi (0) to millimeter conver
sion chart is given in Appendix A.

Quartz-feldspar ratios.--Quartz-feldspar ratios 
were determined from counts of grains which had been 
stained with sodium cobaltinitrite after the procedure of 
Bailey and Stevens (I960). The procedure requires etching 
the grains with hydrofluoric acid fumes and then treating 
the grains with the sodium cobaltinitrite solution. 
Potassium-rich feldspars are stained a bright yellow; 
sodic plagioclase with some potassium present are less 
intense in color; calcic plagioclases are not yellow in 
color, but may be recognized by their white opaque coating. 
Quartz grains are unaffected by the stain. The usual 
procedure is to mount the grains in Lakeside 70 cement on 
a glass slide. Larger and small grains are thus embedded. 
The slide is then ground by hand to expose fresh, smooth 
grain surfaces after which they may be treated with the 
hydrofluoric acid fumes.

The samples selected for study were chiefly finer- 
grained sands. The above procedure was followed, but the 
writer was unable to grind the slide so as to obtain
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several hundred exposed grains. The source of trouble 
arose during the mounting of the grains in the warm 
Lakeside 70 cement. Not all of the grains would settle 
to the glass surface, and this resulted in a rather uneven 
vertical distribution.

The remedy was to split the sample, place the 
desired size of sample in a white porcelain evaporating 
dish, add sufficient hydrofluoric acid to cover the grains, 
allow a ten second etching time, and then gently wash the 
sample in distilled water. The grains were then covered 
with the sodium cobaltinitrite solution added by means of 
a medicine dropper. After ten seconds the excess solution 
was washed free of the grains with distilled water. The 
grains were then dried, sprinkled on to the gridded black 
background of a standard micropaleontology slide, and a 
minimum of $00 grains per slide counted with the aid of a 
binocular microscope.

Total carbonate determinations.--The calcium 
carbonate content of the sediments was determined by a 
weight loss procedure. A 10 gram sample was washed in 
dilute hydrochloric acid until effervescence ceased, 
washed, filtered, dried, and the weight loss computed. 
However, this weight loss method was only approximate 
because it not only included weight loss by calcium car
bonate but by any salts dissolved from the sediments.



GENERAL GEOLOGY OF THE WILLCOX BASIN

Resume of Geology

Rocks of Frecambrian, Paleozoic, Mesozoic, and 
Cenozoic age occur in the Willcox Basin. The Frecambrian 
rocks are schists and granites in the Pinaleno, Dos 
Cabezas, Dragoon, and Little Dragoon Mountains.

The Paleozoic rocks include Cambrian, Devonian, 
Mississippian, Pennsylvanian, and Permian elastics and 
limestones. The Dos Cabezas Mountains, the Little Dragoon 
Mountains, and the Gunnison Hills have the most prominent 
exposures of Paleozoic rocks.

The Mesozoic rocks include Cretaceous sedimentary 
and volcanic rocks, and Laramide volcanics and granites. 
These are best exposed in the Red Bird Hills, the Little 
Dragoon and Dragoon Mountains , and the Dos Cabezas Moun
tains .

Cenozoic rocks consist of igneous rocks and sedi
mentary deposits. The igneous rocks are andesitic and 
rhyolitic tuffs and breccias, lava flows, and granitic 
intrusives. These rocks are widely distributed throughout 
the basin.

Covering the high or middle flanks of the mountain 
blocks are consolidated to semi-consolidated gravels,

11
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sands, and silts. The trough of the basin contains a 
great thickness of interbedded lenses of clay, silt, sand
stone, gravel, and conglomerate that were transported by 
streams and sheet runoff from the adjacent mountains• In 
the lowest part of the basin, lacustrine silts and clays 
were deposited in several ancient lakes that occupied the 
northern part of the Sulphur Springs Valley (Jones and 
Cushman, 194-7» P* 8). Apparently the earlier lake was 
more extensive than the more recent Lake Cochise (Meinzer 
and Kelton, 191), p. 74-). Evidence for this earlier lake 
comes from logs of wells drilled near Villcox (Jones and 
Cushman, 194-7, p. 8).

The younger lake, Lake Cochise, must have formed 
at a time when the climate of the region was more humid. 
The palynology study by Martin (1963, p. 444) found only 
one pluvial period, the Wisconsin, represented in a 42 
meter core from the middle of the playa. This has been 
further substantiated by radiocarbon dates from the core 
(Damon and others, 1963, p. 296). Dates determined from 
organic material and the carbonate fractions from 5 to 8.4 
feet are a little greater than 20,000 years B.C. Similar 
dates were later recorded from other areas (Damon and 
others, 1964, p. 97)• Thus when the climate became more 
arid, the lake gradually disappeared, leaving the playa as 
a remnant of the former pluvial conditions.
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The Villcox Playa area is a topographic basin as 

well as a structural basin. The Villcox Basin was formed 
by large northwest-striking faults typical of Basin and 
Range topography. These faults caused down-dropping of 
the valleys and the uplifting of the mountains of the 
region. The stratigraphic throw of these faults may have 
reached a maximum of several miles. Generally, the uplift 
increased from the Chiricahua Mountains northward to the 
Pinaleno Mountains, where the oldest crystalline rocks are 
more than 10,000 feet high. Since the uplift, the present 
physiographic features have resulted from erosion of the 
mountain blocks (Jones and Cushman, 194-7, p. 4).

Geomorphology

Drainage.— The streams in the Villcox Basin drain 
towards the Villcox Playa. The basin is bounded on the 
north and south ends by drainage divides. The northern 
divide is at the head of Arivaipa Valley; the southern 
divide is between Turkey Creek and Vhitewater Draw, among 
the buttes and ridges near the town of Pearce. Both 
divides were formed by sediments washed out from the 
Pinaleno Mountains in the north, and the Chiricahua Moun
tains in the south. The shape of the trough, however, may 
have also been a factor in the formation of these divides 
(Meinzer and Kelton, 1913, p« 25).
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Topographic maps show only a few intermittent 

streams actually reaching the playa. Two of these streams 
drain the southern flanks of the Winchester Mountains and 
reach the northwest corner of the playa. Another wash 
follows State Highway 86 down from Texas Canyon and also 
enters the northwest corner of the playa. Many other 
streams start from the surrounding mountains but never 
reach the playa. Notable among these is Walnut Wash which 
lies west of Cochise. This wash transports large quanti
ties of detritus from east of Texas Canyon, but leaves 
this load high on the slopes south of the Red Bird Hills. 
Big Draw drains the area south of Texas Canyon and enters 
the playa area between the Gunnison Hills and the Dragoon 
Mountains. Big Draw flows only after a severe summer 
storm. Many areas on the east and west sides of the playa 
are also flooded after summer rain storms.

Another notable feature concerning the drainage is 
the paleodrainage system. On aerial photographs ancient 
meander scars can be seen quite easily because mesquite 
trees grow over these gravelly areas, probably to take 
advantage of the good water-bearing qualities of the 
gravel. The meander scars are most common at the north 
and south ends of the playa. Streams from the north end 
of the basin and from the southern end of the Dos Cabezas 
Mountains, the Chiricahua Mountains, and the Cochise



Stronghold area supplied most of the sediment to Lake 
Cochise.

Topographic features.— The Villcox Basin, covering 
about 1700 square miles, is bordered by two parallel moun
tain chains, which extend from the Gila River in the north 
to Mexico in the south. The Chiricahua, Dos Cabezas, and 
the Pinaleno Mountains on the east side are larger and 
higher than the Winchester, Little Dragoon, and Dragoon 
Mountains on the west side. The mountains rise abruptly 
from the gently sloping valley; the slopes are steepest 
near the mountains and gradually become more gentle toward 
the center of the valley. Because of this, runoff leaving 
the rugged canyons in the upper slopes turns into sheet 
floods in the middle and lower slopes, and forms alluvial 
fans. These fans coalesce to form bahadas.

The alluvial fans cover a wider area on the east 
side of the basin than on the west side, because the moun
tains on the east side are larger and higher, and thus 
probably contributed more sediment than the mountains on 
the west side. This greater contribution of sediment from 
the east side has pushed the lake to the west (Meinzer and 
Kelton, 1913, p. 26).

Next inward toward the playa is the beach ridge. 
This is a low wave-built ridge of mud, sand, and gravel 
which generally follows the 4175-foot contour line. The

15



ridge is best developed on the west side of the playa* but 
is also present on the east side.

Toward the playa from the beach ridge are the lake 
deposits, which are mostly covered by a thin veneer of 
wind-blown sand. Sand dunes have formed on the north, 
northeast, and east edges of the playa. Topographically 
the dune area consists of ridges and small depressions. 
Many of these depressions have flat bottoms that become 
ponds during the rainy season. The dunes reach a maximum 
height of about 20 feet immediately adjacent to the playa 
where a cliff has been carved in the dune sands. At this 
locality the dune sands may be resting on lacustrine near
shore sands, silts, and clays. The dunes nearest the 
playa are composed not only of quartz-feldspar sand but 
also of sand-size fragments of playa crust. They also 
show excellent cross bedding (Fig. 2).

The playa is the lowest portion of the basin and 
has a maximum width of about 9.4 miles, and a maximum 
length of about 9 miles. However, the playa is triangular 
in shape and has an area of about 50 square miles. Al
though this was the site of pluvial Lake Cochise, the lake 
was not always confined to the present area of the playa. 
The lake was approximately 20 miles in length, 11 miles in 
its maximum width, occupied approximately 120 square miles 
or 7 percent the drainage basin, and had nearly 50 miles 
of shoreline (Meinzer and Helton, 1913, p. $4).

16



Figure 2. Cross-bedded dunes on east side of playa
between Lines A and B. Foreground material 
consists of sand eroded from dune face.
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The playa surface appears to be quite flat, how

ever, there is a difference in elevation of about one foot 
between the east and west sides (Plate 1). The playa is 
devoid of all vegetation except around the margin. Here 
Sueadea torreyana. a small shrub, grows. The Sueadea 
traps blowing playa crust fragments and forms Sueadea 
mounds. These tear drop-shaped mounds have their long 
axes parallel to the prominent winds from the west and 
southwest. The mounds average two feet in height and 
three to four feet in length. Once past these mounds, the 
playa is essentially flat.

During the rainy season, several inches of water 
will collect in parts of the playa. After the water has 
evaporated, the playa surface becomes mud-cracked.
Locally white patches of salt, mainly sodium chloride and 
sodium sulfate, develop. These salts are then easily 
blown away by the wind.



BEACH RIDGE DEPOSITS

Location

Bordering the playa on the east and west sides is 
a well-developed beach ridge that is the major preserved 
shore feature of Lake Cochise. Of the 50 miles of shore
line, only about 29 miles are defined by this shoreline 
feature. The beach ridge is about 14 miles long on the 
east side and about 15 miles in length on the west side.
In both areas the ridge follows the 4175-foot contour 
line. The ridge is absent at the north and south ends of 
the playa (Plate 1). The dimensions of the ridge are 
quite variable depending upon the location. The maximum 
developed areas are on the west side.

Vest Beach Ridge

The west beach ridge extends from sec. 17* T. 14
5., R. 24 E. in the north to sec. 25$ T. 16 S., R. 25 E. 
in the south. The best development is from sec. 6, T. 15
5., R. 24 E., to sec. 55, T. 15 S., R. 24 E. (Plate 1). 
Along this length, the ridge is as much as 400 feet in 
width. The width is difficult to measure because the 
ridge gradually grades into the lake sediments without too 
sharp a break. Of the two slopes, the foreshore slope is

19
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much steeper and shorter than the hack slope. East of 
VP-304 in sec. 33» T. 15 8., R. 24 E., the steeper fore
slope is about 100 feet in length, whereas the back slope 
is about 300 feet in length. The height of the beach 
ridge is equally difficult to measure because of the lack 
of a sharp break in the foreslope to form a base of the 
ridge. However, at VP-180 (sec. 32, T. 15 S., R. 24 E.), 
which is a man-made cut through the beach ridge, 10 feet 
of beach ridge sediments overlie 5-6 feet of cemented 
beach gravels that in turn rest on a base of lake clay 
(Pig. 3)• From other field observations, this 16-foot 
height is probably about average for the maximum developed 
areas.

Beach ridge sediments are exposed in numerous cuts 
across the beach ridge. The best localities are VP-130 
(sec. 7, T. 15 S., R. 24 E.), VP-370 (sec. 28, T. 15 8.,
R. 24 E.), and VP-180. Other pits have been opened in the 
beach ridge sediments for sand and gravel, but they are 
not well exposed because of surface wash, slumpage of the 
walls, and their use as refuse dumps.

Beach ridge samples from VP-130, VP-180, and VP- 
370 are sandy gravels according to Folk's classification 
(Folk, 1964, p. 46). The histograms of these samples 
(Fig. 4) show that the samples are bimodal with one peak 
in the pebble fraction (-50 to -40) and the other in the
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Figure 3. WP-180, man-made cut through west beach ridge;
upper 10 feet are unstratified beach ridge 
sediments; light-colored beds in channelway 
are stratified gravels and sands heavily coated 
with calcium carbonate. Playa surface shows 
salt coating in background.
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coarse sand fraction (00 to 10). The pebbles are mostly 
roller and disk-shaped.

At WP-130, a drainage cut in the beach ridge, the 
ridge contains more gravel than in many other localities, 
because the locality in the past probably received much 
sediment from Walnut Wash. The gravels in this exposure 
are also more highly cemented than in many other areas. 
WP-lJOa, a sample from the top gravel layer, contains 
23.50 percent calcium carbonate; WP-130b, about 20 inches 
down, contains 12.35 percent calcium carbonate; and WP- 
130c, at about 3 feet, contains 2.45 percent calcium car
bonate. The large amount of calcium carbonate in WP-130a 
may represent some recent calcium carbonate accumulations. 
At WP-180 the gravel is also well cemented and heavily 
coated with calcium carbonate.

East Beach Ridge

The beach ridge on the east side is not as well 
developed as the west one. Measuring dimensions on the 
east side is also very difficult. The ridge is in such 
gradational contact with the lake sediments that across 
the width the beginning and end of the ridge cannot be 
determined with any certainty. The east beach ridge can 
be compared with the west one in that the east ridge has 
gentler foreshore and backshore slopes, and is about half 
as high as the west beach ridge.
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The east beach ridge also has less gravel-size 
material than the west ridge. The average size is about 
1-1V2 inches. This smaller amount of gravel may be be
cause the eastern source is further away from the east 
beach ridge than the western source is from the west 
beach ridge.

Pebble Counts

Pebble counts were made for lithology at five 
localities on the west beach ridge. These were at VP-372 
(sec. 6, T. 15 S., R. 24- E}, VP-130, VP-137 (sec. 20, T.
15 S., R. 24- E), VP-370, and VP-180. East side localities 
were not used because the gravel was too thoroughly coated 
with calcium carbonate. The rocks were classified accord
ing to gross lithology, and at each locality at least 100 
pebbles were counted. Table 1 shows that at the first two 
locations, VP-372 and VP-130, gray volcanics are the most 
abundant rock type. Then at the next location southward, 
VP-1371 the gray volcanics drop to the least prominent 
rock type; and at VP-370 and VP-180 the gray volcanics are 
absent. The source of these gray volcanics is the Vin- 
chester Mountains to the north; the source for the other 
lithologies is from the mountains on the west and north
west. The southward decrease in gray volcanics is prob
ably the result of a southward-moving longshore current 
that had transported the gray volcanics down the



Table 1— Results of pebble counts 
expressed as percentages
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Rock Type VP-572 WP-150 VP-157 WP-570 VP-180

gray volcanics 55.30 40.71 .45red volcanics .75 12.85other volcanics .71quartz 3.78 4.28 28.69 71.25 26.87chert 3.05 .71 5.21 .88 6.87chalcedony .75quartzite 32.57 19.28 29-56 16.81 38.12
schist 2.85 15.04 7.07 6.25epidotic rock 
other metamorphi.es 1.42 1.87
granite 1.51 5.21 1.52 1.25limestone 2.27 17.14 17.82 2.65 18.75

shoreline. This current could be started by the predomi
nant southwesterly wind that could pile the water against 
the east shore, where some of the water would then move 
north and create a counterclockwise-moving current.

Structure and Origin

The upper portion of the beach ridge is structure
less, that is, it is not bedded. However, the lower units 
show bedding. This bedding is due to differences in grain 
size and degree of cementation (Fig. 5); shown in figure 6 
is some local cross bedding. The upper bed in figure 5 
also shows beds that are dipping westward away from the 
playa. Thus at one time this must have been the back- 
slope. This exposure was once more extensive, but was 
partially destroyed by the construction of Highway 666.



Figure 5. VP-130, north face of drainage cut through beach.
ridge, located on west side of playa along U. S. 666; well cemented, stratified sands and gravels of the units below the beach ridge proper; face 
of exposure strikes east.

Figure 6. Local cross-bedding in the lower units at 
VP-130; face of exposure strikes N. 23° V.
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The Arizona State Museum furnished a photograph (negative 
No., Ariz.:L:1$:17 GP), taken in 1935» of the same expo
sure before highway construction. This photograph shows 
that the upper part of the ridge is composed of structure
less sediments. Below these sediments are the playaward
dipping beds shown in figure 7* These foreslope beds are 
prominent because of a higher degree of cementation than 
the adjacent sediments.

According to Gilbert (1885)» a beach ridge will 
form in preference to other types of shoreline features 
when a lake bottom has a very gentle slope. Because a 
lake has a gently sloping bottom, the nearshore water is 
thus very shallow; and the waves will break at a consider
able distance from the shore. The agitation produced by 
the breaking waves will then build up a subaqueous bar. 
This bar is dependent upon longshore drift for its growth, 
and if transportation of detritus by longshore drift 
ceases, then the ridge will be eroded. Evidence for such 
longshore drift has been shown by the results of the 
pebble counts. As the ridge grows, it begins to rise 
above the level of the water. Then deposition of addi
tional sediment is due to storm waves tossing sand and 
gravel onto the ridge. At this point the beach ridge pro
per begins to form. This would explain why the lower 
units are bedded, and why the upper unit, which was de
posited as wave-tossed sediments, is structureless.
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Figure 7. Looking down the beach ridge from WP-130; 
cemented sand and gravel beds dip east a few 
degrees towards the playa at right; mesquite 
trees cover foreslope; telephone poles along 
highway in upper left corner follow the beach 
ridge.
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The beach ridge will be largest opposite the 

widest and deepest part of the lake, because here wind has 
the greatest fetch, and friction with the bottom is the 
least. Thus the east and west sides were the most favor
able areas for the beach ridge to form, because the north 
and south ends were the site of much fluvial activity that 
would prevent the formation of a beach ridge.

Between the beach ridge and the land, a lagoon is 
formed. Commonly, this becomes a marsh and is eventually 
filled in. These lagoonal areas were recognized by 
Meinzer and seen in the field by the writer. The lagoons, 
whose sediments include sand, silt, and clay, appear as 
broad flat areas behind the beach ridge.

The cross section of line E (Plate 2) shows a 
prominent topographic break between locations 6 and ?. The 
drop in elevation from location 7 to 6 is about 5*5 feet. 
This break is probably an erosional feature cut by the 
waves at a time when the lake was at a lower level. The 
general extent of this break was not determined, but from 
many places on the west side a sharp break in slope can be 
seen when looking eastward from the ridge towards the 
playa.



NEARSHORE SEDIMENTS

Location

The nearshore sediments are defined as those that 
are in an indefinite zone extending lakeward from the 
shoreline to somewhat beyond the breaker zone. The sedi
ments in this study take in the area from immediately in 
front of the beach ridge to the somewhat transitional zone 
where the sands give way completely to the mud of the cen
tral portion of the present playa. The distance involved 
is about one-half mile. The depth of water in which these 
sediments were deposited must have been rather shallow.
If the thickness of the unstratified sediments forming the 
top of the beach ridge can be presumed to represent mater
ial deposited above the highest lake level, then an esti
mate of the depth of the lake can be made. Using an 
average ridge elevation of 4-180 feet with a 10 foot drop 
to the highest lake level and a playa surface elevation of 
4135 feet, the lake was thus about 35 feet deep.

The nearshore sediments were studied in five 
areas. Three of these areas are on the east side (Fig.
8). Line A is in the prominent drainage in the northern 
half of sec. 35$ T. 14 8., R. 25 E., and consists of five 
holes, VP-340 to 344. Starting from the playa end, these
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holes were spaced 300, 313♦ 317, and 176 feet apart. The 
holes were located in the drainage channel so that they 
could begin at a lower elevation.

Line B is in the prominent drainage in the south
ern half of the same section as Line A. The line consists 
of 11 holes, VP-328 to 338. Starting from the playa end, 
these holes were spaced 220 feet, 150 feet, then six holes 
200 feet apart, and then 670 feet and 352 feet, for a 
total of 2,292 feet.

Area C, which is at the southern end of sec. 35,
T. 14 S., R. 25 E., is a group of closely spaced holes 
laid out on a rectangular grid 100 feet by 50 feet. The 
grid has a hole placed at each corner and at every mid
point of each side (the center of the grid included) for a 
total of nine holes, VP-357 to 365•

On the west side. Line D is in sec. 5 and 6, T. 15 
S., R. 24 E., and consists of 12 holes, VP-345 to 356, 
spaced 300 feet apart for a total distance of 3300 feet. 
(Fig. 9)• Line E is in sec. 33, T. 15 S., R. 24 E., and 
follows the east-west fence line. The line consists of 
six deep holes and six shallow holes spaced over a dis
tance of 2170 feet. The sedimentologic and other data for 
this line of holes was made available to the writer by Dr. 
J. F. Schreiber, Jr., who had previously collected the 
information.
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These areas were selected for study for three 

reasons: (1) they are readily accessible with a four-
wheel drive vehicle, (2) they represent locations where 
the distance between the beach ridge and the edge of the 
playa is at a minimum, and (3) these locations were 
thought best to show the nearshore facies changes•

Lithologies

Four basic lithologic types are involved in the 
facies changes. These are sand, muddy sand, sandy mud, 
and mud as described by means of the two component diagram 
Cp* 8). On the east side, in Lines A and B, the dominant 
lithology is muddy sand. This is followed in order of 
relative abundance by sandy mud, mud, and sand lithologies. 
Very few true sand units were found. Area C consists 
mostly of sandy mud, and lesser amounts of mud and muddy 
sand. This area is closer to the playa than are Lines A 
and B. Plates 2 and 3 show the lithologies and facies 
changes for Lines A and B and Area C. Appendices C, D, 
and E contain the lithologic logs for the holes of these 
areas.

On the west side, some additional types of litho
logies were recognized that involved the presence of 
gravels because the lines were closer to the west beach 
ridge. These additional lithologies, classified according
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to Folk (1964, p. 27), are gravelly muddy sand, gravelly 
sandy mud, sandy gravel, and muddy gravel.

In general, the sediments decrease in grain size 
towards the playa. Thus the first five holes in Line D 
consist chiefly of sandy muds and muddy sands, the other 
facies are represented to a lesser degree. The sixth hole 
contains mud and some sandy mud; the last six holes con
tain only various colored muds. Line E also has about the 
same lithologies as Line D. Plate 2 shows the lithologies 
and facies relations of Lines D and E. Appendices F and 6 
are the lithologic logs of the holes of these areas.

Facies Relationships

The facies relationships are one of interfingering 
and gradation between facies (Plates 2 and 3). Some units 
shown in the cross sections probably start lakeward as a 
mud, become a little more sandy to form sandy muds, and 
then become still more sandy to make muddy sands. This 
gradation is probably the natural phenomena, but for 
illustrative purposes the facies change symbol was used to 
show this gradation. The cross sections also show that 
besides the interfingering and gradation of facies, some 
units occur as isolated lenses.
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Textural Properties

The grain size of the sands is mostly in the finer 
grade sizes. Samples WP-335-ab, c, k, m, and n shown in 
the histograms of figure 4 generally have a mode from 30 
to 3.50. The graphic mean, Mg (Folk, 1964, p. 44), for 
these samples ranges from 30 to 3*620 and averages 3*30. 
The inclusive graphic standard deviation, O'j (Folk, 1964, 
P* 45), a measure of the sorting, ranges from .560 to 
.690, which is within the range of moderately well sorted 
sands. These samples are typical of the sand in the muddy 
sands and sandy muds of the playa. The only two excep
tions are in certain samples from Lines A and D. In Line 
A several samples contain more medium to very coarse sand. 
The sorting of these samples is therefore poorer. On Line 
D, samples that were near the beach ridge contain parti
cles from sand-size to pebbles (as much as 70 mm). How
ever, most of the sands in the muddy sands, sandy muds, 
and muds are in the finer grade sizes.

Visual observation of the sands for roundness show 
that the sands range from angular to well rounded. The 
angular grains are generally the very finest sand; sand- 
size limestone grains are rounded to well rounded.
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Mineralogy

The sands are composed of quartz, feldspar, acces
sory minerals, and some rock fragments.

Quartz-feldspar ratios.— Quartz-feldspar ratio 
determinations of selected samples show that the highest 
quartz-feldspar ratios are in the coarser grade sizes.
This is dramatically shown on Line D. Near the beach 
ridge at WP-356-s the ratio is 5*38; playaward at WP-35I-0 
the ratio is 3.80; and at WP-34-5-J» out on the playa, the 
ratio is 2.43. The same kind of relationship is also 
shown in Line E, in that the coarser sediments and muddy 
sands have higher ratios than the sandy muds or muds.

The ratios for Line B, starting at the playa and 
going east, are 1.0? at WP-328-d; 2.26 at WP-334-v; and 
1.49 at WP-337-s. The ratios for Line A, starting from 
the playa are .87 at WP-344-m; .67 at WP-342-h; and .92 at 
WP-340-q.

The low percentage of feldspar in the coarser 
grade sizes probably reflects the ease with which feldspar 
grains cleave. Quartz and feldspar grains could start out 
about the same size, but after some distance of transport 
the feldspars would be reduced in size by cleaving and 
winnowed away, while the quartz is relatively unabraded 
and remains behind.
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Accessory minerals.— Accessory minerals in the 

sediments are mainly the micaceous minerals. Green chlo- 
ritic flakes, bleached (?) biotite, and muscovite are 
quite abundant. The micas are particularly abundant where 
ostracodes are found in the sediments. This may indicate 
a hydraulic effect, in that the mica and the ostracode 
valves probably behave quite similarly because of similar 
size and shape. Thus the mica and the ostracode valves 
could easily be buoyed up and transported by the current. 
Other heavy minerals are epidote, magnetite, a few green 
pyroboles, and some rounded hematite (?) grains.

At VP-338, from a depth of 3*5 to 3*9 feet, some 
gypsum crystals as large as .2 inch were found. These 
gypsum crystals are probably authigenic because sand 
grains are embedded within the crystals.

Calcium carbonate content of the sediments.—  
Calcium carbonate occurs as white grains of calcium car
bonate, and as some rounded sand-size limestone grains. 
Many of the sand grains are cemented into larger composite 
aggregates by the calcium carbonate. The largest of these 
was found at VP-336 in a mud from 18.2-18.8 feet and is 
two inches long and one inch in diameter.

Generally the muds have the highest calcium car
bonate content, from 13*7 to 34-.0 percent. The black muds 
are lower in calcium carbonate than are the green muds.
The calcium carbonate content of the muddy sands is quite
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variable, from 1.7 to 19.0 percent. No correlation ex
isted between muddy sands that had a high mud content and 
muddy sands that had high calcium carbonate percentages. 
The one sand sample treated had 12.5 percent calcium car
bonate. Appendix B gives the results of the calcium car
bonate determinations.

Another occurrence of calcium carbonate is in 
sandy calcareous nodules behind the beach ridge. These 
nodules occur behind the beach ridge opposite Line B, and 
are found to the south in sec. 28 T. 15 S., R. 25 E.; they 
may be fairly continuous between these two points. These 
may represent calcium carbonate precipitation in a la- 
go onal environment.

Fossils

Ostracode valves and fragments are extremely 
abundant throughout the various facies. Fragments are 
more common than whole valves. Whole valves occur more 
commonly in the muds, and the fragments occur with the 
quartz-feldspar sands. Locally fragments constitute most 
of the sand-size fraction of the sediment. Gastropod 
shell fragments also occur in the muddy sands and sandy 
muds, but are not as abundant as the ostracodes.
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Shallow Water Sandstones

In the Croton Springs area (sec. 6, T. 15 S., E.
24 E.), two beds of sandstone overlie nearshore sediments. 
The sandstone beds are of limited extent; they are exposed 
along the 4150 foot contour in section 6 and disappear 
westward under soil and grass cover. These sandstone beds 
may be continuations of the cemented gravels in the beach 
ridge, such as those that occur at WF-150. The dip of the 
sandstones is less than one degree, but in the field a 
noticeable dip toward the playa can be seen.

The lower sandstone is 1 to 2 inches thick and is 
separated from the upper sandstone by about 8.5 feet of 
muddy sand. The contact between this muddy sand and the 
upper sandstone is very gradational because of irregular 
cementation of the upper sandstone. The upper sandstone 
is about one foot thick (Fig. 10). Towards the beach 
ridge, or in a westward direction, this upper sandstone 
forms a "pavement" that is 2 to 7 inches thick (Fig. 11).

The surface of the sandstone is very irregular and 
rather knobby in appearance. This irregular surface may 
be due to leaching of the calcium carbonate cement.

The lower sandstone is better cemented (49.1 per
cent calcium carbonate) than the upper sandstone (52.1 
percent calcium carbonate).



Figure 10. Sandstone beds on west side of playa at 
VP-356; upper sandstone forms a dipping 
surface towards the playa in the Croton 
Springs area; arrow points to lower 
sandstone.

Figure 11. Irregular and knobby surface of upper 
sandstone cropping out west of VP-356
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The histogram of the lower sandstone (Fig. 4) has 
a mode from 5.50 to 40. The graphic mean is 3.760 and the 
inclusive graphic standard deviation is .570, which is in 
the moderately well sorted range. The muddy sand between 
the two sandstones also has a grain size mode from 3«5 to 
40 (Fig. 4), a graphic mean of 3.30, and is moderately 
sorted, having an inclusive graphic standard deviation of 
.810. The upper sandstone has a grain size mode in the 
pan fraction, a graphic mean of 3.820, and is moderately 
well sorted, having an inclusive graphic standard devia
tion of .690.

A similar sandstone is exposed on the east side in 
front of the beach ridge between VP-337 and VP-338 in sec. 
35, T. 14 S., R. 25 E. This is probably the eastern 
equivalent to the west side sandstone.

At VP-337 the sandstone crops out at the surface, 
but at VP-338, which is 4 feet higher in elevation, the 
sandstone is about 4.5 feet below the surface. However, 
the bed is essentially horizontal.

This sandstone is well cemented (49.3 percent 
calcium carbonate) and resembles the west side sandstone 
in its weathering characteristics and statistical para
meters. The histogram in figure 4 shows a grain size mode 
from 30 to 3.50* The graphic mean is 3.620. The sand
stone is moderately well sorted, having an inclusive 
graphic standard deviation of .650. Thus all three of the
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sandstones are in the finer grade sizes and are moderately 
well sorted.

These sandstones are very similar in the position 
of their modes, mean sizes, and sorting (Table 2) with 
those of the sandy muds and muddy sands previously de
scribed from VP-335. Why these sands are cemented and 
the others are not is unknown.

Table 2— Comparison of statistical parameters between 
the sandstones and lake sediments
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VP-355 Lithology Mode Mean Size (Mg) Sorting (Oj)

ab sandy mud 5-3.50 3.40 .690c muddy sand 3-3.50 3.20 .630k muddy sand 3.5-4.00 3.60 .620
m muddy sand 2.5-3.00 3.30 •560
n muddy sand 3-3.50 3.00 .620

East side sandstone 3-5.50 3.60 .650Lower west side
sandstone 3.5-4.00 3.80 • 570Muddy sand between 
west sandstones

Pan
fraction 3.80 .690Upper west side

sandstone 3.5-4.00 3.30 .810

Interpretation of the Cross-sections

The cross-sections (Plate 2) show that many facies 
changes have been recorded in these study areas. Some 
units are pinching out towards the playa, whereas others 
are pinching out towards the beach ridge. Although the 
relationship is not as clearly seen on the east side as on



the west, the gravelly units, the muddy sands, and the 
sandy muds pinch out towards the playa; and the muds pinch 
out towards the beach ridge.

In contrast to these relationships is Area C. The 
fence diagram (Plate 3) shows that conditions of deposi
tion were rather uniform. This is because the area is 
smaller and is also further away from the beach ridge than 
some of the other holes. The lithologies of VP-328, which 
is the most playaward hole on Line B, are quite similar to 
holes of Area C, especially in the occurrence of the bot
tom green sandy mud and the abundant ostracodes.

The various facies reflect slight differences in 
the environment of deposition. The gravelly units and 
muddy sand represent a more active area of deposition than 
do the mud facies because these facies were in the beach 
environment where wave and current action were prevalent. 
In this beach environment, the sands were sorted, and the 
finer size material was winnowed out and carried to 
quieter waters.

The sandstones on the west side are most probably 
beach sands. These exposures are very close to the beach 
ridge, and before cementation these sands were probably 
acting as a beach in front of the beach ridge. This rela
tionship is not as clear on the east side.
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The sandy muds represent a lower energy environ

ment than that of the muddy sands. In these areas, the 
water was active enough to carry some sand but quiet 
enough to deposit muds.

The mud facies obviously represent a very low 
energy environment. The muds on Line D from UP-550-545 
are lake muds deposited well away from the breaker zone. 
However, not all of the muds represent this offshore 
environment. In Line E, many gravelly facies are in WP- 
95-116 and. in VP-69-78. Vest of VP-95-116 two mud facies 
are present. Here the gravelly facies probably represent 
a gravel bar or lens that created a lagoon, in whose quiet 
waters the muds were deposited. Other muds occur as iso
lated lenses. These probably represent deposition in a 
depression in shallow waters. The occurrence of mud in the 
gravelly and pebbly facies may be mud that settled into the 
gravels after the coarser units were deposited.

The black mud facies is the dominant lithology 
beneath the playa proper. A 42 meter core from the middle 
of the playa penetrated only this mud, and water wells 
drilled south of the town of Villcox and just north of the 
playa have passed through several hundred feet of black 
mud. The black mud is probably the product of an oxygen 
deficient environment. The black color is due to the 
presence of finely divided ferrous iron sulfides and some 
organic matter. The black color becomes a light brown
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upon oxidation. Also the mud gives off a strong hydrogen 
sulfide odor when treated with hydrochloric acid. 
Hydrogen-ion concentration measurements of the mud range 
from 8.5 to 9*5; Eh measurements are less than -100 milli
volts (Dr. J. F. Schreiber, Jr., personal communication).

Thus the interfingering facies shown on the cross- 
sections mean that the lake level must have fluctuated 
during its existence. These interfingering facies are 
somewhat analogous to the facies changes that took place 
during the Cenozoic in the Gulf Coast.



SUMMARY OF ENVIRONMENT OF DEPOSITION

The beach ridge and nearshore sediments of Lake 
Cochise were probably deposited under the following condi
tions :

1. The beach ridge sediments were deposited above the 
lake level by storm waves and are therefore struc- 
turless. These sediments are resting on bedded 
subaqueous bar deposits.

2. Longshore drift was active in transporting elastics 
southward along the west beach ridge. Less is 
known about the origin of the east beach ridge.

3. The sandstones were deposited in shallow water.
On the west side they are possibly a continuation 
of the cemented beach ridge gravels.

4. The nearshore sediments were deposited on a 
gently sloping lake bottom. The lake was shallow, 
perhaps having a maximum depth of 35 feet in its 
late stages.

3. The water of the lake was alkaline so to allow 
calcareous ostracodes and other invertebrates to 
flourish.

6. The facies occur as intertonguing wedges and iso
lated lenses and are thought to be the result of 
fluctuations in the lake level.

4?
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7. The bottom waters of the lake were probably oxygen 

deficient as shown by the black mud facies; how
ever, it is recognized that the black color may be 
post-depositional.

8. The lake probably had many marginal lagoons that 
formed behind the beach ridge.



APPENDIX A

CONVERSION CHART - MILLIMETERS TO PHI (0)

Wentworth scale
grade Phi (0) Microns Millimeters

boulder
cobble
pebble
very coarse sand 
coarse sand 
medium sand 
fine sand 
very fine sand 
coarse silt 
medium silt 
fine silt 
very fine silt 
coarse clay 
medium clay 
fine clay 
very fine clay

—8 256mm
-6 64mm
-1 2mm
0 1000 1mm
1 500 0.5mm
2 250 0.25mm
3 125 0.125mm
4 62.5 0•0625mm
5 51.2 0.0512mm
6 15.6 0.0156mm
7 7.8 0.0078mm
8 3.9 0.0059mm
9 2.0 0.0020mm
10 1.0 0.0010mm
11 0.5 0.0005mm
12 0.24 0.0002mm

Gravel

Sand

Silt

Clay
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APPENDIX B

CALCIUM CARBONATE CONTENT OF THE LAKE SEDIMENTS

Location Description
Depth,
feet

Percent
calcium
carbonate

WP-328f black mud 4.9- 6#0 16.9
W P -34-5m black mud 9.8-11.4 19.3
WP-336'a1 green mud 11.6-12.6 22.1
WP-346f green mud 3.0- 4.5 31.7
WP—350c green mud 1.5- 2.7 34.0
WP-355f brown mud 2*4— 3.0 23.0
WP-356p yellowish gray mud 10.9-11.6 13.7
WP-330v black muddy sand 15.2-15.7 8.2
WP-33W1 green muddy sand 6.4- 6.9 10.9
WP-338f yellowish gray muddy sand 1.9- 3.0 3.5
WP-340u green muddy sand 8.6-11.0 19.0
WP-340b1 green muddy sand 14.2-15.2 1.7
WP-342H black muddy sand 8.2— 9*0 1.8
WP-344m green muddy sand 5.8- 6.6 7.1
WP-354d yellowish gray muddy sand 1.7- 1.9 14.3
WP-35?e yellowish gray muddy sand 2.4- 2.9 16.4
WP-365n green muddy sand 7.7- 8.5 17.6
WP-356a yellow brown sand 0 1 • <3 12.5
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APPENDIX C

LOGS OF LINE A AUGER HOLES

Line A: Located in north half of sec. T.
14-8., R. 25 E. in prominent drainage striking N. 55° E. 
(Plate 1 and Fig. 8); drainage cuts through the sand dunes

WP-34-0: located at north end of Line A in gap between the
sand dunes; N. 77° E. and 176 feet from VP-54-1; surface 
elevation: 4-144.7 feet.

Sample Depth,
No. Description feet

a Silty sand, very pale orange 
(10 YR 8/2). 0 - #

b Sandy silt, very pale orange 
(10 YR 8/2). .3- •

c Muddy sand, very pale orange 
(10 YR 8/2). • 6— 1.

d Muddy sand, very pale orange 
(10 YR 8/2). 1.0- 1.

e Muddy sand, dark yellowish brown 
(10 YR 4/2). 1.6- 2.

f Sandy silt, dark yellowish brown 
(10 YR 4/2). 2*0— 2.

6 Sandy mud, dark yellowish brown 
(10 YR 4/2). 2.5- 2.

h Muddy sand, dark yellowish brown 
(10 YR 4/2). 2.8— 3.i Sandy mud, dark yellowish brown 
(10 YR 4/2). 3*0- 3*

j Silty sand, dark yellowish brown 
(10 YR 4/2). 3*3- 4.

k Muddy sand, dark yellowish brown 
(10 YR 4/2). 4.5- 4.

2
6
0
6
0
■5
8
0
3
5
9
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WP-34-0— Continued

1 Muddy sand, dark yellowish brown 
(10 YE 4/2).

m Muddy sand, dark greenish gray
(5 GY 4/1) and dark yellowish brown 
(10 YE 4/2).

n Silty sand, dark greenish gray
(5 GY 4/1) and dark yellowish brown 
(10 YE 4/2).

o Muddy sand, dark greenish gray
(5 GY 4/1) and dark yellowish brown 
(10 YE 4/2), heavy minerals.

p Muddy sand, dark greenish gray
(5 GY 4/1) and dark yellowish brown 
(10 YE 4/2).

q Muddy sand, dark greenish gray 
(5 GY 4/1).

r Silty sand, dark greenish gray 
(5 GY 4/1).

s Muddy sand, dark greenish gray 
(5 GY 4/1).

t Muddy sand, dark greenish gray 
(5 GY 4/1).

u Muddy sand, dark greenish gray 
(5 GY 4/1).

v Muddy sand, dark greenish gray 
(5 GY 4/1).

w Muddy sand, dark greenish gray 
(5 GY 4/1).

x Muddy sand, dark greenish gray 
(5 GY 4/1).

y Silty sand, dark greenish gray 
(5 GY 4/1).

z Muddy sand, dark greenish gray 
(5 GY 4/1).

a' Muddy sand, dark greenish gray 
(5 GY 4/1).

b 1 Clayey sand, dark greenish gray 
(5 GY 4/1).

4.9- 5.2 

5.2- 5-6 

5.6- 5.8 

5.8— 6*1

6.1- 6.5
6.5- 6.8 
6 . 8-  7.6
7.6- 8.1 
8.1— 8.6 
8.6—11.0
11.0-11.4
11.4-11.7
11.7-12.2
12.2- 13.3
15.3- 13.8 
13.8-14.2 
14.2-15.2



31? feet N. 67° E. from VP-34-1; surface elevation: 4144-.7
feet.

53
WP-34-1: located on east side of north trending fence and

Sample Depth,
No. Description feet

a Muddy sand, pale yellow brown 
(10 YE 6/2). 0 - .3b Muddy sand, pale yellow brown 
(10 YE 6/2). • 3- *9c Muddy sand, pale yellow brown 
(10 YE 6/2). .9-1.7d Muddy sand, pale yellow brown 
(10 YE 6/2). 1.7-2.4

e Muddy sand, pale yellow brown 
(10 YE 6/2). 2.4-2.6

f Muddy sand, pale yellow brown 
(10 YE 6/2). 2.6-2.8

g Muddy sand, light olive gray 
(5 Y 5/2). 2.8-3.2h Muddy sand, light olive gray 
(5 Y 5/2). 3.2-3.6

i Muddy sand, light olive gray 
(5 I 5/2). 3.6-4.2

d Muddy sand, dark greenish gray (5 G 4-/1). 4.2-4.6k Muddy sand, dark greenish gray 
(5 G 4/1). 4.6-4.91 Muddy sand, dark greenish gray 
(5 G 4/1). 4.9-5.Om Muddy sand, dark greenish gray 
(5 G 4/1). 5.0-5.5n Muddy sand, dark greenish gray 
(5 G 4/1). 5.5-5.70 Muddy sand, dark greenish gray 
(5 G 4/1). 5.7-5.9

P Muddy sand, dark greenish gray 
(5 G 4/1). 5.9-7.8

q Muddy sand, dark greenish gray 
(5 G 4/1), suction and friction too 
great to continue augering. 7.8-9.0



313 feet N. 60° E. from VP-341; surface elevation: 4141.8
feet.

54
WP-342: located on west side of north trending fence and

Sample
No. Description

Depth,
feet

a
b
c
d
e
f
g
h
i
d
k
1
m
n
o

Sandy mud, dark yellowish brown 
(10 YR 4/2).
Sandy mud, dark yellowish brown 
(10 YR 4/2).
Muddy sand, pale yellow brown 
(10 YR 6/2).
Muddy sand, pale yellow brown 
(10 YR 6/2).
Muddy sand, dark greenish gray 
(5 GY 4/1).
Muddy sand, dark greenish gray 
(5 GY 4/1), some brown area.
Muddy sand, dark greenish gray 
(5 GY 4/1).
Muddy sand, dark greenish gray 
(5 G 4/1).
Silty sand, dark greenish gray 
(5 G 4/1).
Muddy sand, dark greenish gray 
(5 G 4/1).
Silty sand, dark greenish gray 
(5 G 4/1).
Silty sand, dark greenish gray 
(5 G 4/1).
Muddy sand, dark greenish gray 
(5 G 4/1).
Muddy sand, dark greenish gray
(5 G 4/1), and some black (N 1) areas.
Muddy sand, dark greenish gray
(5 G 4/1), and some black (N 1) areas.

0 - .3 
.3- 1.0

1.0- 2.4 
2.4- 2.9 
2.9- 3.6
3.6- 4.7 
4.?- 5.2
5.2- 5.6
5.6- 5.9 
5*9- 6.6
6.6-  7.3
7.3- 7.6 
7*6—  8.2 
8.2— 9.0
9.0- 10.0
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elevation: 4-140.1 feet.
WP-343: located 300 feet N. 57° E. from WP-344-; surface

Sample
No. Description

Depth,
feet

a Muddy sand, very pale orange
(10 YR 8/6) to pale yellowish brown
(10 YR 5/2). 0 - .3

b Sand, very pale orange (10 YR 8/6) 
to pale yellowish brown (10 YR 5/2). .3- .6c Muddy sand, very pale orange
(10 YR 8/6) to pale yellowish brown
(10 YR 5/2). .6-1.0

d Muddy sand, very pale orange
(10 YR 8/6) to pale yellowish brown
(10 YR 5/2), heavy minerals. 1.0-1.9

e Muddy sand, dark greenish gray 
(5 GY 4/1). 1.9-2.2

f Muddy sand, dark greenish gray 
(5 GY 4/1). 2.2-2.7

6 Silty sand, dark greenish gray 
(5 GY 4/1), some black areas. 2.7-3.0

h Muddy sand, dark greenish gray 
(5 GY 4/1), whole gastropod shell
in core. 3.0-3.6

i Muddy sand, dark greenish gray 
(5 GY 4/1). 3.6-4.0

d Muddy sand, mixture of dark greenish 
gray (5 GY 4/1) and black (N 1). 4.0-4.4

k Muddy sand, mixture of dark greenish 
gray (5 GY 4/1) and black (N 1). 4.4-5.3

1 Muddy sand, dark greenish gray 
(5 GY 4/1). 5.3-5.6

m Muddy sand, mixture of dark greenish 
gray (5 GY 4/1) and black (N 1). 5.6—6.4

n Silty sand, dark greenish gray 
(5 GY 4/1). 6.4-7.7o Muddy sand, mixture of dark greenish 
gray (5 GY 4/1) and black (N 1). 7.7-8.0

P Sandy silt, black (N 1). 8.0—8.2
q Muddy sand, black (N l). some dark 

greenish gray (5 GY 4/1). 8.2-8.6
r Muddy sand, black (N 1). 8.6-8.9s Muddy sand, black (N l), suction and 

friction too great to continue hole. 8.9-9.2



56

drainage; 300 feet N. 55° E. from VP-3^3; surface eleva-
WP-344-: located at playa end of Line A but still in the

tion: 4137.1 feet.

Sample Depth,
No. Description feet

a Sandy mud, moderate yellowish brown 
(10 YE 5/4). CM#io

b Muddy sand, moderate yellowish brown 
(10 YE 5/4), some areas muddier than
others. .2— .8

c Muddy sand, moderate yellowish brown (10 YE 5/4). .8- 1.4
d Muddy sand, light olive gray 

(5 Y 5/2). 1.4- 2.2
e Sand, light olive gray (5 Y 6/1). 2.2- 2.4
f Muddy sand, dark greenish gray 

(5 GY 4/1), some black areas. 2.'4- 2.8
6 Muddy sand, dark greenish gray 

(5 GY 4/1), some areas more muddier 
than others. 2.8- 3.3h Muddy sand, greenish black (5 G 2/1) 
to black (N 1). 3.3- 3.7i Muddy sand, dark greenish gray 
(5 GY 4/1). 3.7- 4.0

d Sandy mud, black (N 1). 4.0- 4.4
k Muddy sand, dark greenish gray 

(5 G 4/1). 4.4- 5.4
1 Muddy sand, dark greenish gray 

(5 GY 4/1). 5.4- 5.8
m Muddy sand, dark greenish gray 

(5 GY 4/1).
No sample, probably muddy sand.

5.8- 6.2
dark greenish gray. 6.2— 6.6

n Muddy sand, dark greenish gray 
(5 GY 4/1), some black areas.
No sample, probably dark greenish

6.6— 7*0
gray muddy sand. 7.0- 7-7
No sample, black muddy sand. 7.7- 9.1No sample, black muddy sand. 9.1- 9.6
No sample, black muddy sand. 9.6—10.2

o Muddy sand, black (N 1). 10.2-10.6



APPENDIX D

LOGS OF LINE B AUGER HOLES

Line B: Located in south half of sec. 35» T. 14
S., R. 25 E., in a natural drainage striking approximately 
N. 80° E. and lying just south of an east-west fence; 
drainage forms a gap in the sand dunes; see figure 8 in 
text for map location.

WP-328: located at playa end of Line B on playa, 220 feet
N. 65° V. from VP-329; surface elevation: 4138.7 feet.

Sample
No. Description

Depth,
feet

a Sandy mud, moderate yellowish brown
(10 YR 5/4). 0 1 #

b Sandy mud, moderate yellowish brown
(10 YR 5/4). .6— 1.1

c Sandy mud, light olive gray (5 Y 5/2). 1.1- 3.8
d Sandy mud, light olive gray (5 Y 5/2). 3.8— 4.4
e Mud, black (N 1). 4.4- 4.9
f Mud, black (N 1). 4.9- 6.0
S Mud, black (N 1). 6.0— 6.8

Mud, black (N 1).
Muddy sand, dark greenish gray

6.8-14
(5 GY 4/1). 14 -15.4
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VP-529: located in drainage 220 feet 8. 65° E. of VP-528,
and 8? feet south of fence corner; surface elevation: 
4156.2 feet.

Sample
No. Description

Depth,
feet

a

b
c
d
e

f
6hi

i1
m
n

o
P
q
r

Muddy sand, very pale orange (10 YR 8/2) to pale yellow brown 
(10 YR 6/2).
Sandy mud, yellowish gray (5 Y 7/2) to light olive gray (5 Y 5/2).
Sand, yellowish gray (5 Y 7/2) to light olive gray (5 Y 5/2).Sandy mud, yellowish gray (5 Y 7/2) 
to light olive gray (5 Y 5/2).
Sandy mud, light olive gray (5 Y 5/2) 
to olive gray (5 Y 5/2), abundant heavy minerals.
Muddy sand, light olive gray (5 Y 5/2) to olive gray (5 Y 5/2).
Mud, black (N 1).
Sandy mud, greenish gray (5 GY 5/1). 
Sandy mud, greenish gray (5 GY 5/1) and some black streaks.
Sandy mud, black (N 1), ostracodes. 
Sandy mud, black (N l).
Muddy sand, black (N 1).
Muddy sand, black (N l).Muddy sand, green.
Muddy sand, black ?, no sample 
recovered.
Muddy sand, greenish black (5 GY 2/1). 
Muddy sand, greenish black (5 GY 2/l), abundant heavy minerals.
Muddy sand, greenish black (5 GY 2/1), 
abundant heavy minerals.
Muddy sand, dark greenish gray (5 GY 4/1).

0 -  .5 
.5- 1.0 

1.0- 1.6 
1.6— 1.8

1.8- 2.5
2.5- 2.7 2.7- 5.2 
5.2- 5.9
5.9- 4.64.6- 5.0 
5.0- 6.7
6.7- 8.78.7- 15.6
15.6- 14.4
14.4-15.8 15.8-16.6
16.6- 17.6 
17.6-18.2 
18.2-19.2
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WP-330: located in drainage 150 feet S. 83° E. from VP-
329♦ or 150 feet from fence corner along east trending 
fence and 105 feet south of fence at a right angle; sur
face elevation: 4137.7 feet.

Sample
No. Description

Depth,
feet

a
b
c

d
e
f
Sh
i
d
k
1
m
n

o
P
q

r

Muddy sand, very pale orange 
(10 YE 8/2).
Muddy sand, dark yellowish brown 
(10 YE 4/2).
Sand, very pale orange (10 YE 8/2) 
to pale yellowish brown (10 YE 6/2), 
several brown muddy sand layers.
Mud, green and brown.
Sandy mud, greenish black (5 GY 2/1). 
Muddy sand, greenish black (5 GY 2/1). 
Muddy sand, gray (N 4).
Muddy sand, grayish green (10 GY 5/2). 
Sandy mud, dark greenish gray 
(5 GY 4/1).
Sandy mud, dark greenish gray 
(5 GY 4/1).
Muddy sand, dark greenish gray 
(5 GY 4/1).
Muddy sand, dark greenish gray 
(5 GY 4/1).
Muddy sand, dark greenish gray 
(5 GY 4/1).
Muddy sand, dark greenish gray 
(5 GY 4/1).
No sample recovered, black muddy sand? 
Muddy sand, black (N 1).
Muddy sand, black (N 1).
Muddy sand, black (N l).
No sample recovered, probably black 
muddy sand.
No sample recovered, probably black 
muddy sand.
Muddy sand, black (N 1).
No sample recovered, probably black 
muddy sand.
No sample recovered, probably black 
muddy sand.
No sample recovered, probably black 
muddy sand.

0 — .16 
.16- .5

.5 - 1.1
1.1 - 1.3
1.3 - 1.5
1.5 - 1.91*9 2.4
2.4 - 2.7
2.7 - 2.9 
2.9 - 3.3
3.3 - 3.8
3.8 - 4.1 
4*1 — 4*6
4.6 - 5.4 
5*4 - 5*9
5.9 - 6.3
6.3 - 6.66.6 -  7.1
7.1 - 7.6
7.6 - 7.9
7.9 - 8.3
8.3 — 9*0 
9.0 - 9.6
9.6 - 11.0
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VP-330— Continued

No sample recovered, trace of green
muddy sand 11.0 -12.9

8 Muddy sand, dark greenish gray 
(5 GY 4/1) to greenish black
(5 GY 2/1). 12.9 -13.3

t Muddy sand, dark greenish gray 
(5 GY 4/1) to greenish black
(5 GY 2/1). 13.3 -13.8

U Mud, dark greenish gray (5 GY 4/1). 
No sample recovered, probably dark

13.8 -14.2
greenish gray (5 GY 4/1) mud.
No sample recovered, probably dark

14.2 -14.6
greenish gray (5 GY 4/1) mud. 14.6 -15.2

V Muddy sand, greenish black
(5 GY 2/1). 15.2 -15.7
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WP-330, or 350 feet from fence corner along east trending 
fence and south 115 feet of fence at a right angle; sur
face elevation: 4137.7 feet.

Sample N Depth,
No. Description feet

WP-331: located in drainage 200 feet S. 86° E, from

a Sand, yellowish brown (10 YE 5A). 0 - .08
b Sand, pale yellowish brown

(10 YR 6/2). .08- 1.2
c Mud, dark greenish gray (5 GY 4/1). 1.3 - 1.6
d Sandy mud, dark gray (N 3) to black

(N 1). 1.6 — 1*8
e Sandy mud, dark gray (N 3) • 1.8 — 2.0
f Muddy sand, dark gray (N 3). 2.0 - 4.1
S Muddy sand, dark greenish gray

(5 GY 4/1). 4.1 - 4.4
h Muddy sand, dark greenish gray

(5 GY 4/1). 4.4 - 4.7
i Muddy sand, dark greenish gray

(5 GY 4/1). 4.7 - 5.0
d Muddy sand, dark greenish gray

(5 GY 4/1). 5.0 - 5-5
k Muddy sand, dark greenish gray

(5 GY 4/1). - 6.3
1 Muddy sand, black (N 1). 6*3 ** 6.6m Muddy sand, dark greenish gray

(5 GY 4/1). 6.6 — 6.8
n Muddy sand, dark grayish green

(5 G 4/1).
No sample recovered, probably gray

6.8 - 7A
(N 3) muddy sand. 7A  - 9.7o _ Muddy sand, black (N 1). 9.7 -10.3

P Muddy sand, black (N 1). 10.3 -11.3
q Muddy sand, black (N 1)• 11.3 -H.7
r Muddy sand, black (N l).

No sample recovered, probably muddy
11.7 -12.1

sand, black (N 1). 12.1 -13.6
MS, dark greenish gray (5 GY 4/1). 13.6
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or 550 feet from fence corner along east trending fence 
and south 57 feet from fence at a right angle; surface 
elevation: 4140 feet.

WP-332: located in drainage 200 feet N. 72° E. of VP-551♦

Sample
No. Description

Depth,
feet

a Muddy sand, moderate yellow brown 
(10 YE 4/2). 0 - 1.4

b Muddy sand, moderate yellow brown 
(10 YE 4/2). 1.4- 2.0

c Sandy mud, light olive gray
(5 Y 6/1). 2.0— 2.6

d Muddy sand, olive gray (5 Y 4/1). 2.6- 5.5
e Sandy mud, olive gray (5 Y 4/1) and 

patches of darker green, and black
areas. 5.5- 4.7f Sandy mud, olive gray (5 Y 4/1) and 
patches of darker green, and black
areas• 4.7- 5.2

6 Sandy mud, olive gray (5 Y 4/1) and 
patches of darker green, and black
areas. 5.2- 5.6

h Sandy mud, black (N 1). 5.6— 5.8
i Muddy sand, dark greenish gray

(5 GY 4/1). 5.8- 6.2
j Muddy sand, dark greenish gray

(5 G 4/1). 6.2— 6.6
k Muddy sand, dark greenish gray

(5 GY 4/1). 6.6- 7.1
1 Muddy sand, dark greenish gray

(5 GY 4/1). 7.1- 7.8
m Sandy mud, dark greenish gray

(5 G 4/1).
No sample recovered, probably dark

7.8- 8.2
greenish gray (5 G 4/1), sandy mud. 8.2— 8.6

n Sandy mud, dark greenish gray
(5 G 4/1). 8.6- 9.5

0 Muddy sand, dark greenish gray
(5 G 4/1). 9.5-10.0
No sample recovered, probably dark
greenish gray (5 G 4/1), muddy sand. 10.0-11.0

P Muddy sand, dark greenish gray
(5 GY 4/1). 11.0-11.4
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VP-352— Continued

No sample recovered, probably dark 
greenish gray (5 GY 4/1), muddy sand. 11.4-11.9 
No sample recovered, probably dark 
greenish gray (5 GY 4/1), muddy sand. 11.9-12.6 

q Muddy sand, dark greenish gray
(5 GY 4/1). 12.6-12.8



elevation: 414-1.5 feet.
WP-335: located 200 feet N* 55° E. from VP-332; surface

64

Sample
No. Description

Depth,
feet

a Muddy sand, moderate brown (5 YR 4/4). 0 — *5
b Muddy sand, pale yellowish brown 

(10 YR 6/2) to dark yellow brown
(10 YE 4/2). .3- 1.2

c Muddy sand, pale yellowish brown 
(10 YR 6/2) to dark yellow brown
(10 YR 4/2). 1.2- 1.6

d Sand, pale yellowish brown
(10 YR 6/2). 1.6- 1.9

e Sandy mud, light olive gray (5 Y 5/2). 1.9- 2.4
e' Muddy sand, light olive gray

(5 Y 5/2). 2.4— 2.6
f Muddy sand, light olive gray

(5 Y 5/2). 2.6- 3.0
g Muddy sand, light olive gray

(5 Y 5/2), some parts muddier than the
rest. 3.0- 3.3

h Muddy sand, light olive gray
(5 Y 5/2), some parts muddier than the
rest. 3.3- 3.7i Muddy sand, dark greenish gray
(5 GY 4/1). 3.7- 4.0

d Muddy sand, dark greenish gray
(5 GY 4/1). 4*0— 4.6

k Muddy sand, dark greenish gray
(5 GY 4/1). 4.6- 5.2

1 Muddy sand, dark greenish gray
(5 GY 4/1). 5.2- 6.3

m Muddy sand, dark greenish gray
(5 GY 4/1). 6*3— 6.7n Muddy sand, dark greenish gray
(5 GY 4/1). 6.7- 7.50 Muddy sand, dark greenish gray

7.5- 7.9(5 GY 4/1).
P Muddy sand, dark greenish gray

7.9- 8.3(5 GY 4/1).
q Muddy sand, greenish gray (5 G 5/2). 8.3— 8.8r Muddy sand, greenish gray (5 G 5/2). 8«8— 9.1
s Muddy sand, greenish gray (5 G 5/2),

9.1- 9.4-abundant calcareous grains.
t Muddy sand, greenish gray (5 G 5/2). 9.4-10.0
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VP-555— Continued

Muddy sand* greenish gray (5 G 5/2). 10.0-10.6
Muddy sand, greenish gray (5 G 5/2). 10.6-11.8
Sandy mud, dark greenish gray 
(5 GY 4/1). 11.8-12.6x Muddy sand, dark greenish gray
(5 GY 4/1). 12.6-15.2y Muddy sand, dark greenish gray
(5 GY V I ) • 15.2-15A
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elevation: 4143.0 feet.
VP-334: located 200 feet N. 78° E. from VP-335> surface

Sample
No. Description

Depth,
feet

a Muddy sand, moderate yellowish brown 
(10 YR 5/2). 0 - .16

b Muddy sand, dusky yellow (5 Y 6/2). .16- .8
c Sandy mud, dusky yellow (5 Y 6/2). •8 — 1.4
d Sandy mud, pale olive (10 Y 6/2). 1.4 - 1.8
e Muddy sand, pale olive (10 Y 6/2). 1.8 - 2.7
f Muddy sand, grayish green (5 Gr 5/2). 2.7 - 5.5
g Muddy sand, pale green (5 G 7/2) to 

grayish green (5 G 5/2), sand frac
tion is composed of ostracodes and
muscovite. 3.5 - 4.0h Muddy sand, dark greenish gray 
(5 G 4/2), fewer muscovite and 
ostracodes. 4.0 — 4.6

i Muddy sand, dark greenish gray 
(5 G 4/1), a few ostracodes. 4.6 - 5.4

d Muddy sand, dark greenish gray 
(5 G 4/1). 5.4 - 6.2

k Muddy sand, dark greenish gray 
(5 G 4/1). 6.2 - 6.4

1 Muddy sand, dark greenish gray 
(5 G 4/1). 6.4 - 6.9

m Muddy sand, dark greenish gray 
(5 G 4/1). 6.9 - 7.6n Muddy sand, dark greenish gray 
(5 G 4/1). 7.6 - 8.0

0 Muddy sand, dark greenish gray 
(5 G 4/1). 8.0 - 9.4

P Muddy sand, dark greenish gray 
(5 G 4/1). 9.4 - 9.8

q Muddy sand, dark greenish gray 
(5 G 4/1). 9.8 -10.3

r Muddy sand, dark greenish gray 
(5 G 4/1). 10.3 -11.0

8 Muddy sand, dark greenish gray 
(5 G 4/1). 11.0 -11.5

t Muddy sand, dark greenish gray 
(5 G 4/1). 11.5 -12.2

U Sandy mud, dark greenish gray 
(5 G 4/1). 12.2 -12.7

V Muddy sand, dark greenish gray 
(5 G 4/1). 12.7 -15.2



VP-534--Continued

w Muddy sand 
(5 G 4/1).

X Muddy sand 
(5 G 4/1).

y Muddy sand 
(5 G 4/1).

z Muddy sand 
(5 G 4/1).

a* Muddy sand 
(5 G 4/1).

dark greenish gray 
dark greenish gray 
dark greenish gray 
dark greenish gray 
dark greenish gray

15.2
13.5 
14-.3 
15.0
15.6
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-13.5
-14.5
- 15.0
-15.6
—16*0
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VP-335 $ located 200 feet N. 80° E. from VP-335 in gap 
between dunes; surface elevation: 4144.8 feet.

Sample
No. Description

Depth,
feet

a Silty sand, pale yellowish brown 
(10 IR 6/2). 0 - .3b Clayey sand, pale yellowish brown
(10 YR 6/2). .3- 1.0c Muddy sand, pale yellowish brown 
(10 YR 6/2). 1.0- 1.5d Sandy clay, pale yellowish brown 
(10 YR 6/2), probably in alternating
beds of sand and mud. 1.5- 2.0e Clay, light olive gray (5 Y 5/2),
non stained spots. 2.0- 2.4

f Clay, brown, clay is crumbly. 2.4- 3.0
g Clay, brown, clay is crumbly. 3.0- 3.2
b Muddy sand, light olive gray

(5 Y 5/2). 3.2- 4.2
i Sandy clay, grayish green (5 G 5/2). 4.2- 4.5
j Muddy sand, grayish green (5 G 5/2). 4.5- 4.7k Muddy sand, greenish gray (5 GY 6/1)

to dark greenish gray (5 GY 4/2). 4.7- 5.51 Muddy sand, dark greenish gray
(5 GY 4/1). 5«3- 6.0m Muddy sand, dark greenish gray
(5 GY 4/1). 6.0— 6.5

n Muddy sand, dark greenish gray
(5 GY 4/1), some beds more muddy than
others. 6.5- 7.20 Muddy sand, dark greenish gray
(5 GY 4/1). 7.2- 7.6

P Muddy sand, dark greenish gray
(5 GY 4/1). 7.6- 7.9

q Muddy sand, dark greenish gray
(5 GY 4/1). 7.9- 8.2

r Muddy sand, dark greenish gray
(5 GY 4/1). 8.2— 8.6

s Muddy sand, dark greenish gray
(5 GY 4/1). 8.6- 9.5

t Muddy sand, dark greenish gray 
(5 GY 4/1), many calcium carbonate
grains. 9.5- 9.9u Muddy sand, dark greenish gray
(5 GY 4/1). 9.9-10.6
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VP-335— Continued

v Muddy sand, dark greenish gray
(5 GY 4/1), many calcium carbonate 
grains.

w Muddy sand, dark greenish gray 
(5 GY 4/1).
Muddy sand, greenish gray (5 GY 6/1). 
Muddy sand, greenish gray (5 GY 6/1), 
some white mud layers.
Muddy sand, greenish gray (5 GY 6/1). 
Muddy sand, greenish gray (5 GY 6/1). 
Sandy clay, gray green (5 G 5/2). 
Sandy clay, gray green (5 G 5/2). 
Sandy clay, gray green (5 G 5/2), 
calcium carbonate cementing sand 
grains into larger ones.
Sandy mud, gray green (5 G 5/2), 
calcium carbonate cemented sand 
grains.
Sandy silt, gray green (5 G 5/2), 
calcium carbonate cemented sand 
grains.
Sandy clay, gray green (5 G 5/2). 
Sandy clay, gray green (5 G 5/2), 
piece of cylindrical calcareous sandy 
mud 1 inch in diameter and 2 inches 
long.

i' Sandy clay, gray green (5 G 5/2). 
j * Sandy mud, brown.

10.6-11.7
11.7-12.6
12.6- 13.1
13.1-13.6
13.6- 14.0 14.0-14.5
14.5-15.3
15.3-15.7

15.7-16.2

16.2-16.7

16.7-17.3 17.3-18.2

18.2-18.8
18.8-19.4
19.4-20.1
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WP-336: located 200 feet N. 88° E. from VP-335 in hole in
drainage; surface elevation: 4143.7 feet.

Sample
No. Description

a Muddy sand, pale yellowish brown 
(10 YE 6/2), some heavy minerals, 
some parts more muddy than others. 

b Sandy mud, light olive gray
(5 Y 5/2), micas and ostracodea. 

c Sandy mud, light olive gray 
(5 Y 5/2).

d Sandy mud, light olive gray 
(5 Y 5/2).e Sandy mud, light olive gray 
(5 Y 5/2).

f Muddy sand, light olive gray 
(5 Y 5/2).

g Muddy sand, light olive gray
(5 Y 5/2), abundant ostracodea and 
muscovite.

h Muddy sand, light olive gray 
(5 Y 5/2).

i Silty sand, grayish green (5 G 5/2), 
some heavy minerals.

j Muddy sand, grayish green (5 G 5/2). 
k Muddy sand grayish green (5 G 5/2), 

some ostracodea.
1 Muddy sand, dusky yellow green 

(5 GY 5/2).
m Sandy mud, grayish green (5 G 5/2).
n Sandy mud, grayish green (10 G 4/2).
o Sandy mud, grayish green (10 G 4/2).
p Sandy mud, grayish green (10 G 4/2).
q Muddy sand, grayish green (5 G 4/2).
r Muddy sand, grayish green (5 G 5/2).
s Muddy sand, grayish green (5 G 5/2),

some white mud.
t Muddy sand, grayish green (5 G 5/2).
u Muddy sand, grayish green (5 G 5/2).
v Muddy sand, grayish green (5 G 5/2),

calcium carbonate cemented sand 
grains.

w Muddy sand, grayish green (5 G 5/2).
x Muddy sand, grayish green (5 G 5/2).
y Sandy mud, grayish green (5 G 5/2), 

some white mud.

Depth,
feet

0 “  .6 
.6- .8 
.8- 1.2 

1.2- 1.6 
1.6— 1.8 
1.8— 2.0

2.0-  2.2
2.2- 2.4
2.4- 2.9
2.9- 3.6
3.6- 4.2
4.2- 4.4
4.4- 4.5
4.5- 4.9
4.9- 5.1
5.1- 5.4 
5.4- 5.75. 7-  6.1
6.1- 6.7 
6.7- 7-2 7.2-  8.2

8.2- 8.9
8.9- 9.4 
9.4- 9.9
9.9- 10.5



WP-336— Continued

z Sandy mud, grayish green (5 G 5/2). 10.5-
a' Sandy mud, grayish green (5 G 5/2). 11.6-
b* Sandy mud, grayish green (5 G 5/2). 12.6-
c* Sandy mud, grayish green (5 G 5/2),

angered to 16.0 feet but could not 
retain any sample, was still in same 
grayish green sandy mud.

rHCVJKN 
rH rH rH
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WP-337* located 670 feet N. 76° E. from WP-336 in 
drainage cutting through the field; sandstone crops out 
here; surface elevation: 4151.5 feet.

Sample
No. Description

Depth,
feet

a Sandstone, yellowish gray (5 Y 8/1) 
to light olive gray (5 Y 6/1), fine- 
to very fine-grained, calcareous
cement. 0 - .3b Muddy sand, yellowish gray (5 Y 7/2). .3- .8c Silty sand, yellowish gray (5 Y 7/2). .8- 1.4

d Muddy sand, yellowish gray (5 Y 7/2). 1.4- 1.9
e Muddy sand, yellowish gray (5 Y 7/2). 1.9- 2.3f Silty sand, yellowish gray (5 Y 7/2). 2*3— 2*6
6 Muddy sand, yellowish gray, many whole

ostracodes. 2.6- 3.4
h Silty sand, light olive gray

(5 Y 5/2). 3.4- 4.8
i Muddy sand, light olive gray

(5 Y 5/2). 4.8- 5.0
0 Muddy sand, light olive gray

(5 Y 5/2). 5.0- 5.3k Silty sand, light olive gray
(5 Y 5/2). 5.3- 6.21 Muddy sand, light olive gray
(5 Y 5/2). 6.2- 7.0

m Muddy sand, yellowish gray (5 Y 7/2). 7.0- 7.3n Muddy sand, yellowish gray (5 Y 7/2). 7.3- 7.80 Muddy sand, yellowish gray (5 Y 7/2). 7*8— 8.1
P Muddy sand, yellowish gray (5 Y 7/2). 8.1— 8*3
q Muddy sand, light olive gray

(5 GY 6/1). 8.3- 9.3r Muddy sand, light olive gray
(5 GY 6/1). 9.3- 9.9s Muddy sand, light olive gray
(5 GY 6/1). 9.9-10.7t Sandy mud, light olive gray
(5 GY 6/1). 10.7-11.2

u Sandy silt, light olive gray
(5 GY 6/1). 11.2-12.0

V Muddy sand, light olive gray
(5 GY 6/1). 12.0-12.4

w Sandy mud, yellowish gray (5 Y 7/2)
to light olive gray (5 Y 5/2). 12.4-12.6

X Sandy mud, green, stopped in this unit. 12.7
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same drainage; surface elevation: 4155.4 feet.
WP-338: located 352 feet N. 72° E. of VP-337 and in the

Sample
No. Description

Depth,
feet

a Sandy mud, very pale orange 
(10 TR 8/2). 0 - .3b Muddy sand, very pale orange
(10 m  8/2). • 3” .6c Sandy mud, very pale orange 
(10 YR 8/2). .6-1.3d Sandy mud, very pale orange 
(10 YR 8/2). 1.3-1.6e Muddy sand, very pale orange 
(10 YR 8/2). 1.6-1.9f Silty sand, yellowish gray (5 Y 7/2). 1.9—3«0

g Muddy sand, yellowish gray (5 Y 7/2). 3.0-3.5h Muddy sand, yellowish gray (5 Y 7/2) 
to light olive gray (5 Y 5/2). 3.5-3.9i Muddy sand, light olive gray 
(5 Y- 5/2), sandstone at 4.5 feet, 
stopped hole. 3.9-4.5
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WP-359s located in small pond in sec. 351 T. 14 
25 E. (Plate 1) behind cliff face in dunes; hole 
of only tree growing in pond; surface elevation: 
feet.
Sample

No• Description

a Mud, pale yellow brown 
(10 YR 6/2 to 7/2). 

b Clay, dark yellow (10 YR 5/2) to 
dusky yellow (10 YR 2/2). 

c Clay, dark yellowish brown (10 YR 4/2). 
d Mud, dark yellowish brown (10 YR 4/2). 
e Clay, dark yellowish brown (10 YR 4/2). 
f Muddy sand, dark yellowish brown 

(10 YR 4/2).
g Muddy sand, dark yellowish brown 

(10 YR 4/2).
h Muddy sand, light olive gray

(5 Y 5/2), abundant heavy minerals, 
i Muddy sand, light olive gray (5 Y 5/2), 

abundant heavy minerals. 
j Muddy sand, light olive gray (5 Y 5/2). 
k Sandy mud. dusky yellow green

(5 GY 5/2) to grayish olive green 
(5 GY 3/2).

1 Sandy mud, greenish gray (5 GY 6/1). 
m Muddy sand, greenish gray (5 GY 6/1). 
m1 Muddy sand, gray.

S., R. 
just west 
4153.5

Depth,
feet

0 -  1.0
1.0- 2.4 
2.4- 5.05.0- 8.0 8.0— 9.0
9.0- 9.7
9.7- 10.6
10.6-11.2
11.2-12.4
12.4-12.8

12.8-13.0
13.0- 14.0
14.0- 14.8 
14.8-15.0



APPENDIX E

LOGS OF AREA C AUGER HOLES

Area C: A 100 foot "by 50 foot grid located at the
extreme southern end of sec. 55, T. 14- S., R. 25 E., 50 
feet from power pole 75 and parallel with the power lines 
(Plate 1 and Fig. 8); area is flat, surface elevation:
4-158 feet.

VP-557t located at the northwest corner of the grid; 
surface elevation: 4-158 feet.

Sample
No. Description

Depth,
feet

a Sandy mud, moderate yellowish brown 
(10 YR 5A). 0 - .5

b Sandy mud, grayish orange (10 YR 7/4) 
to moderate yellowish brown 
(10 YR 5/4). .5- «6

c Sandy mud, yellowish gray (5 Y 7/2), 
some heavy minerals. .6- 1.7

d Sandy mud, yellowish gray (5 Y 7/2), 
some parts more muddy than others, 
ostracodes. 1.7- 2.4

e Mud, yellowish gray (5 Y 7/2), 
ostracodes. 2.4- 2.9

f Sandy mud, yellowish gray (5 Y 7/2), 
ostracodes. 2.9- 5.4

6 Sandy mud, yellowish gray (5 Y 7/2), 
some red hematite (?) grains. 5.4- 5.0

h Sandy mud, dark greenish gray 
(5 GY 4/1). 5.0- 5.5

i Sandy mud, dark greenish gray 
(5 G 4/1), ostracodes. 5.5- 6.0

75
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WP-357— Continued

j Sandy mud, dark greenish gray 
(5 G 4/1), some ostracodes. 6.0- 7.5

k Sandy mud, dark greenish gray 
(5 G 4/1). 7•5— 8*01 Sandy mud, dark greenish gray 
(5 G 4/1). 8*0— 8*5m Sandy mud, mixture of dark greenish 
gray (5 G 4/1) and black (N 1). 8*5- 8.9n Sandy mud, black (N 1). 8.9- 9*5o Sandy mud, black (N 1). 9*3-10.4

P Sandy mud, black (N l).
No sample, probably black sandy mud. 
No sample, probably black sandy mud. 
No sample, auger covered with green 
(5 GY 4/1) muddy sand.

10.4- 10.710*7-12.4
12.4- 13*8
13*8-15.0
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the north end of the grid; surface elevation: 4-138 feet.
WP-358: located at the center of the east-west side at

Sample
No. Description

Depth,
feet

a Sandy mud, moderate yellowish brown
(10 YR 5/4-). 0 - .8

b Sandy mud, yellowish gray (5 Y 7/2),
a few ostracodes. .8- 1.6

c Sandy mud, yellowish gray (5 Y 7/2). 1.6- 1.9
d Sandy mud, yellowish gray (5 Y 7/2), 

ostracodes, heavy minerals, and
hematite (?) grains. 1.9- 2.4

e Mud, yellowish gray (5 Y 7/2). 2.4- 2.9
f Sandy mud, yellowish gray (5 Y 7/2). 2.9- 3.2
g Sandy mud, yellowish gray (5 Y 7/2). 3.2- 3.8
h Sandy mud, yellowish gray (5 Y 7/2). 3*8— 4.0
i Sand^- mud, yellowish gray (5 Y 7/2). 4.0- 4.4
d Sandy mud, dark greenish gray

(5 GY 4-/1). 4.4- 4.9
k Sandy mud, dark greenish gray 

(5 GY 4/1), ostracodes. 4.9- 5.21 Mud, pale olive (10 Y 6/2) at top and 
then grades into dark greenish gray
(5 GY 4-/1) at bottom, ostracodes. 5.2- 5.6

m Sandy mud. dark greenish gray 
(5 GY 4/1), abundant ostracodes. 5*6— 6.2

n Sandy mud. dark greenish gray 
(5 GY 4/1), heavy minerals,
ostracodes. 6.2— 6.7o Sandy mud, dark greenish gray 
(5 GY 4/1), ostracodes. 6.7- 7-5

P Sandy mud, dark greenish gray
(5 G 4/1), ostracodes. 7.5— 8.0

q Sandy mud, dark greenish gray
(5 G 4/1). 8.0- 8.9

r Sandy mud, black (N 1). 8.9— 9»ls Sandy silt, black (N 1). 9.1- 9.7t Sandy mud, black (N 1). 9.7-10.0
u Muddy sand, dark greenish gray

(5 GY 4/1). 10.0-10.4
V Silty sand, black (N 1). 10.4-11.3
w Sandy mud, black (N 1). 11.3-12.0

No sample, probably black sandy mud. 12.0-14.0
X Muddy sand, dark greenish gray

(5 GY 4/1). 14.0-15.1
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VP-359i located at the northeast corner of the 
surface elevation: 4138 feet.

Sample
No. Description

a Sandy mud, moderate yellowish brown 
(10 YB 5A).

b Sandy mud, moderate yellowish brown 
(10 YB 5/4).

c Sandy mud, yellowish gray (5 Y 7/2), 
ostracodes.

d Sandy mud, yellowish gray (5 Y 7/2), 
a few ostracodes.

e Sandy mud, yellowish gray (5 Y 7/2), 
ostracodes, hematite (?) grains, 

f Mud, yellowish gray (5 Y 7/2). 
g Sandy mud, yellowish gray (5 Y 7/2). 
h Muddy sand, yellowish gray (5 Y 7/2), 

bottom part more muddy than the rest, 
i Sandy mud, yellowish gray (5 Y 7/2), 

ostracodes.
d Sandy mud, yellowish gray (5 Y 7/2), 

ostracodes.
k Sandy mud, yellowish gray (5 Y 7/2), 

ostracodes.
1 Sandy mud, yellowish gray (5 Y 7/2).
m Sandy mud, yellowish gray (5 Y 7/2)

and dark greenish gray (5 GY 4/1), 
ostracodes.

n Sandy mud, dark greenish gray
(5 GY 4/1), abundant ostracodes. 

o Sandy mud. dark greenish gray 
(5 GY 4/1), ostracodes. 

p Sandy mud, dark greenish gray 
(5 GY 4/l), ostracodes. 

q Sandy mud, dark greenish gray 
(5 G 4/1).

r Muddy sand, mixture of black (N 1) 
and dark greenish gray (5 G 4/1) 
sand.

s Muddy sand, black (N 1).
t Muddy^sand, dark greenish gray

No sample, probably black sandy mud. 
No sample, probably black sandy mud.

grid;

Depth,
feet

0 - .5 
.5- .9 
.9- 1.4

1.4- 1.9
1.9- 2.3
2.3— 2.9
2.9- 5.5
5*5- 5.6 
3.6- 4.0
4.0- 4.3
4.3— 4.9
4.9- 5.0

5.0- 5.5
5. 5-  6.0
6.0- 7.1
7.1- 7.5 
7.5- 8.4

8.4— 8.8 8.8-10.0
10.0- 10.5 10.5-H.O
11.0- 11.5



79

VP-559— Continued

No sample, probably black sandy mud. 
u Muddy sand, dark greenish gray 

(5 GY VI).
11.5-13.7
13.7-15.3
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VP-360: located at middle of the north-south side on the
west side of the grid; surface elevation: 4138 feet.

Sample
No. Description

Depth,
feet

a Sandy mud, moderate yellowish brown 
(10 YR 5/4), ostracodes. 0 - .5b Sandy mud, yellowish gray (5 Y 7/2). .5- 1.7c Sandy mud, yellowish gray (5 Y 7/2), 
ostracodes. 1.7- 2.4d Mud, yellowish gray (5 Y 7/2), 
ostracodes. 2.4- 2.9

e Sandy mud, yellowish gray (5 Y 7/2), 
ostracodes. 2.9- 5.5f Sandy mud, yellowish gray (5 Y 7/2). 
Sandy mud, yellowish gray (5 Y 7/2),

5.5- 5.4
S 3*4— 4.6ostracodes.
h Sandy mud, yellowish gray (5 Y 7/2), 

ostracodes. 4.6- 5.0
i Sandy mud, yellowish gray (5 Y 7/2), 

ostracodes. 5.0- 5.1
d Mud, yellowish gray (5 Y 7/2), 

ostracodes. 5.1- 5-5k Sandy mud. dark greenish gray 
(5 GY 4/1), ostracodes. 5.5- 5.61 Sandy mud. dark greenish gray 
(5 GY 4/1), ostracodes. 5.6— 7*0

m Sandy mud. dark greenish gray 
(5 GY 4/1), ostracodes. 7.0- 7.4

n Sandy mud, dark greenish gray 
(5 G 4/1), ostracodes. 7.4- 7.8

0 Sandy mud, dark greenish gray 
(5 G 4/1). 7.8- 8.3

P Sandy mud, dark greenish gray 
(5 G 4/1). 8.3— 8.9

q Sandy mud, mixture of black (N 1) and 
dark greenish gray (5 G 4/1). 8.9- 9.2r Sandy mud, black (N 1). 9.2— 9«8

a Muddy sand, dark greenish gray 
(5 GY 4/1). 9.8-10.4
No sample, probably black sandy mud. 10.4-10.9t Muddy sand, dark greenish gray 
(5 GY 4/1), ostracodes. 10.9-11.9
No sample, probably black sandy mud. 11.9-15.5
No sample, probably black sandy mud. 13.5-15.8

u Muddy sand, dark greenish gray 
(5 GY 4/1). I3.8—14.0
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VP-360— Continued

No sample, probably muddy sand, dark 
greenish gray (5 GY 4/1),
Muddy sand, dark greenish gray 
(5 GY 4/1).

v
14.0-14.6
14.6-15.7
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tion; 4138 feet.
WP-361: located at the center of the grid; surface eleva

Sample Depth,
No. Description feet

a Sandy mud, moderate yellowish brown
(10 YR 5/2). 0 - .7

b Sandy mud, yellowish gray (5 Y 7/2),
a few ostracodes. .7- 1.5c Sandy mud, yellowish gray (5 Y 7/2). 1.5- 1.7d Sandy mud, yellowish gray (5 Y 7/2). 1.7- 2.3e Mud, yellowish gray (5 Y 7/2). 2.3- 2.6

f Sandy mud, yellowish gray (5 Y 7/2). 2.6- 3.1
g Sandy mud, yellowish gray (5 Y 7/2). 5.1- 3.5h Sandy mud, yellowish gray (5 Y 7/2),

hematite (?) grains. 3.5- 5.0
i Sandy mud, yellowish gray (5 Y 7/2). 5.0- 5.1
j Sandy mud, light olive gray (5 Y 5/2) 

at top, grades into dark greenish 
gray (5 GY 4/1) at bottom, abundant
ostracodes. 5.1- 5.4k Sandy mud, dark greenish gray
(5 GY 4/1), ostracodes. 5.4- 6.6

1 Sandy mud, dark greenish gray
(5 GY 4/1). 6.6- 7.5

m Sandy mud, dark greenish gray
(5 G 4/1). 7*5- 8.0

n Sandy mud, dark greenish gray
(5 G 4/1). 8.0— 8.6

0 Sandy mud, dark greenish gray
(5 G 4/1). 8.6- 9.0

P Sandy mud, dark greenish gray
(5 G 4/1). 9.0- 9.5

q Sandy mud, black (N 1). 9.5- 9.7r Sandy mud, black (N 1). 9.7-10.0
a Muddy sand, dark greenish gray

(5 GY 4/1). 10.0-10.3No sample, probably black sandy mud. 10.3-11.5No sample, probably black sandy mud. 11.5-12.6
No sample, probably black sandy mud. 12.6-13.7t Muddy sand, dark greenish gray
(5 GY 4/1). 13.7-15.0
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WP-362; located at the center of the north-south side on
the east side of the grid; surface elevation:

Sample
No. Description

a Sandy mud, moderate yellowish brown 
(10 YB 5A).

b Sandy mud, moderate yellowish brown 
(10 XR 5/4).

c Sandy mud, moderate yellowish brown 
(10 YR 5A).

d Sandy mud, yellowish gray (5 Y 7/2).
e Sandy mud, yellowish gray (5 Y 7/2),

abundant ostracodes.
f Mud, yellowish gray (5 Y 7/2), a few 

ostracodes.
g Sandy mud, yellowish gray (5 Y 7/2). 
h Muddy sand, yellowish gray (5 Y 7/2). 
i Sandy mud, vellowish gray (5 Y 7/2), 

hematite (?) grains, 
j Sandy mud, dark greenish gray 

(5 GY 4/1), a few ostracodes. 
k Sandy mud, yellowish gray (5 Y 7/2).
1 Sandy mud, yellowish gray (5 Y 7/2)

at top, grades into dark greenish gray 
(5 GY 4/1) at the bottom, ostracodes. 

m Sandy mud, dark greenish gray 
(5 GY 4/1), ostracodes. 

n Sandy mud, dark greenish gray
(5 G 4/1), some parts muddier than 
others.

o Sandy mud, dark greenish gray 
(5 G 4/1).

p Sandy mud, mixture of dark greenish 
gray (5 GY 4/1) and black (N 1). 

q Sandy mud, black (N 1). 
r Muddy sand, dark greenish gray 

(5 GY 4/1).
s Muddy sand, dark greenish gray 

(5 GY 4/1).
No sample, probably black sandy mud.
No sample, probably black sandy mud.
No sample, probably black sandy mud.
No sample, muddy sand, dark greenish 
gray (5 GY 4/1).

4138 feet.

Depth,
feet

0 — «3 
• 3- *6 
e 6— .8
.8- 1.3

1.3- 2.0
2.0- 2.9 
2.9- 3.2 3.2- 3-7
3.7- 4.1
4.1- 4.5 
4.5- 5.2

5.2- 5.5 
5.5- 7.3

7.3- 7-8
7.8- 8.6
8.6- 9.1 
9.1- 9.8
9.8—10.8
10.8-11.611.6-12.6
12.6-13.2
13.2-13.7
13.7-15.1



WP-363J located at the southwest corner of the grid; 
surface elevation: 4138 feet.
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Sample
No. Description

Depth,
feet

a Sandy mud, moderate yellowish brown
(10 YB 5/2). 0.0- 0.2

b Sandy mud, yellowish gray (5 Y 7/2). 0.2- 1.3c Sandy mud, yellowish gray (5 Y 7/2),
ostracodes. 1.3- 2.2d Mud, yellowish gray (5 Y 7/2),
ostracodes. 2.2- 3.1e Sandy mud, yellowish gray (5 Y 7/2). 3.1- 3.4f Sandy mud, yellowish gray (5 Y 7/2), 
hematite (?J grains, ostracodes.

* j
3.4- 4.4

6 Sandy mud, yellowish gray (5 Y 7/2). 4.4- 4.9
h Sandy mud, yellowish gray (5 Y 7/2). 4.9- 5.5i Sandy mud, yellowish gray (5 Y 7/2), 

hematite (?) grains. 5.5- 5.6
3 Sandy mud. dark greenish gray 

(5 GY 4/1;, ostracodes. 5.6- 5.9k Sandy mud. dark greenish gray 
(5 GY 4/1), ostracodes. 5.9- 6.21 Sandy mud. dark greenish gray 
(5 GY 4/1;, ostracodes. 6.2- 7.3m Sandy mud. dark greenish gray 
(5 GY 4/1;, ostracodes. 7*3- 7-8n Sandy mud, dark greenish gray 
(5 GY 4/1). 7.8- 8.30 Sandy mud, dark greenish gray 
(5 GY 4/1). 8.3— 8.6

P Sandy mud, mixture of dark greenish
gray (5 GY 4/1) and black (N 1). 8.6- 9.0

q Sandy mud, black (N 1). 9.0- 9.6
r Sandy mud, black (N 1). 9.6- 9.9

No sample, probably black sandy mud. 9.9-10.18 Muddy sand, dark greenish gray
(5 G 4/1).
No sample, probably dark greenish

10.1-10.4
gray (5 G 4/1) muddy sand. 10.4-11.3t Muddy sand, dark greenish gray
(5 GY 4/1).
No sample, may be muddy sand, dark

11.3-11.8
greenish gray (5 GY 4/1). 11.8-12.7
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VP-365— Continued

u
No sample, may be black sandy mud 
Muddy sand, dark greenish gray 
(5 GY 4/1).

12.7-15.8
13.8- 15.6
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the south end; surface elevation: 4-138 feet.
WP-364-: located at the center of the east-west side on

Sample Depth,
No. Description feet

a Sandy mud, moderate yellowish brown
(10 YE 5A). 0.0- 0.3

b Sandy mud, yellowish gray (10 Y 7/2). 0.3- 1.3c Sandy mud,.yellowish gray (10 Y 7/2). 1.3- 1.8d Sandy mud, yellowish gray (10 Y 7/2),
abundant ostracodes. 1.8- 2.4

e Mud, yellowish gray (10 Y 7/2). 2.4- 2.7f Sandy mud, vellowish gray (10 Y 7/2),
hematite (?) grains, ostracodes. 2.7- 3.1

g Sandy mud, yellowish gray (10 Y 7/2),
3.1- 3-4some parts are muddier than others.

h Sandy mud, yellowish gray (10 Y 7/2). 3.4- 4.4
i Sandy mud, yellowish gray (10 Y 7/2). 4.4- 4.8
d Sandy mud, yellowish gray (10 Y 7/2). 4.8- 5.0
k Sandy mud, light olive gray

(5 Y 6/1). 5.0- 5*21 Sandy mud, light olive gray at top, 
grades into dark greenish gray 
(5 GY 4/1) at bottom, abundant
ostracodes. 5-2- 5.4

m Sandy mud, dark greenish gray 
(5 GY 4/1), abundant ostracodes. 5.4- 7.3n Sandy mud, dark greenish gray
(5 GY 4/1). 7.3- 7.6o Sandy mud, dark greenish gray
(5 GY 4/1), ostracodes. 7.6- 8.2

P Sandy mud, dark greenish gray 
(5 GY 4/1). 8.2- 8.7

q Sandy mud, mixture of dark greenish
gray (5 GY 4/1) and black (N 1). 8.7- 9.2r Sandy mud, black (N 1). 9.2- 9.7

s Muddy sand, dark greenish gray
(5 GY 4/1).
No sample, may be dark greenish gray 9.7-10.3
(5 GY 4/1) muddy sand. 10.3-H.3No sample, may be black sandy mud. 11.3-12.1
No sample, may be black sandy mud.
No sample, muddy sand, dark greenish 12.1-13.7
gray (5 GY 4/1). 13.7-15.0



h a

surface elevation: 4158 feet.
WP-365: located at the southeast corner of the grid;
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Sample
No.

a
b
c
d
e
f
g
h
i
jk

n
o
P
qr
8

Description
Depth,
feet

Sandy mud, moderate yellowish brown 
(10 YR 5/4). 0.0- 0.5
Sandy mud, yellowish gray (10 Y 7/2), 
ostracodes. 0.5- 1.4Sandy mud, yellowish gray (10 Y 7/2), 
abundant ostracodes. 1.4- 2.5
Mud, yellowish gray (10 Y 7/2)• 2.5- 2.9Mud, yellowish gray (10 Y 7/2). 2.9- 3.2
Sandy mud, yellowish gray (10 Y 7/2). 5.2- 5.8
Sandy mud, yellowish gray (10 Y 7/2), 
ostracodes. 3.8— 4.9
Sandy mud, yellowish gray (10 Y 7/2). 4.9- 5.0
Sandy mud, yellowish gray (10 Y 7/2). 5.0- 5-3
Sandy mud, yellowish gray (10 Y 7/2). 5.3- 5.4Sandy mud, dark greenish gray 
(5 GY 4/1), ostracodes. 5.4- 6.9Sandy mud, dark greenish gray (5 GY 4/1) . 6.9- 7.3Sandy mud, dark greenish gray 
(5 G 4/1), ostracodes. 7.3- 7.7Sandy mud, dark greenish gray 
(5 G 4/1), ostracodes. 7.7- 8.1Sandy mud, dark greenish gray 
(5 G 4/1). 8.1- 8.5Sandy mud, mixture of dark greenish 
gray (5 G 4/1) and black (N 1). 8*5— 8.8Sandy mud, black (N 1). 8*8— 9*5Muddy sand, dark greenish gray 
(5 GY 4/1). 9.5- 9.8Muddy sand, dark greenish gray 
(5 GY 4/1). 9.8-10.5No sample, probably dark greenish 
gray (5 GY 4/1) muddy sand. 10.5-10.9No sample, may be black sandy mud. 10.9-11.3No sample, may be black sandy mud. 11.5-12.0
No sample, probably black sandy mud. 12.0-15.5No sample, muddy sand, dark greenish 
gray (5 GY 4/1). 15.5-14.4
No sample, muddy sand, dark greenish 
gray (5 GY 4/1). 14.4-16.0
No sample, muddy sand, dark greenish 
gray (5 GY 4/1). 16.0-16.7



APPENDIX F

LOGS OF LINE D AUGER HOLES

Line D: Located in southern part of sec. 6* I. 15
S., R. 24 E.; line starts near base of 4150 contour line 
and extends eastward down a drainage to the playa (Plate 1 
and Figure 9); area is known as Croton Springs.

VP-345: located at playa end of Line D, is out on the
playa♦ 300 feet east of VP-346; surface elevation: 4138
feet.

Sample
No. Description

Depth,
feet

a
b
c
d
e
f
6
h

Mud, moderate yellowish brown 
(10 YR 5/4).
Mud, light olive gray (5 Y 5/2)♦ 
ostracodes.
Mud, light olive gray (5 Y 5/2), 
ostracodes.
Mud, light olive gray (5 Y 5/2), 
crumbly.
Mud, light olive gray (5 Y 5/2), 
crumbly, some ostracodes.
Mud, light olive gray (5 Y 5/2), 
some ostracodes.
Mud, light olive gray (5 Y 5/2)* 
some ostracodes.
Mud, light olive gray (5 Y 5/2), 
some ostracodes.
Mud, dark gray (N 3), bluish tinge.
Mud, dark gray (N 3), some green areas.

0.0- 0.5
0.5- 1.3 
1.3- 1.8
1.8- 2.4
2.4- 2.9
2.9- 3.4
3.4- 4.2
4.2- 5.7 
5.7- 6.5
6.5- 7.2

i
j

88



hd 
o 
p 
0

WP-545— Continued

k Mud, black (N 1), but has a bluish
tinge, some green areas. 7.2- 8*5

1 Mud, black (N 1), but has a bluish
tinge. 8.5- 9.8Mud, black (N 1), some green areas. 9.8-11.4
Mud, black (N 1), some green areas. 11.4-13.3
Mud, black (N 1), some green areas. 13.3-14.3
Mud, black (N 1). 14.3-15.2

89
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elevation: 4138 feet.
WP-34-6: located 300 feet N. 85° E. from VP-3^7;

Sample
No. Description

a Mud, moderate yellowish brown 
(10 YR 5/4).

b Mud, light olive gray (5 Y 5/2), 
some ostracodes.

c Mud, light olive gray (5 Y 5/2).
d Clay, light olive gray (5 Y 5/2), crumbly.
e Mud, light olive gray (5 Y 5/2), crumbly.
f Mud, light olive gray (5 Y 5/2), 

crumbly.
g Mud, light olive gray (5 Y 5/2), many 

ostracodes.
h Mud, light olive gray (5 Y 5/2), some 

ostracodes.
i Mud, black (N 1), but has a bluish 

tinge.
j Mud, light olive gray (5 Y 6/1).
k Mud, black (N 1), but has bluish

tinge.
1 Mud, black (N 1).
m Mud, black (N 1).
n Mud, black (N l), slightly crumbly.
o Mud, black (N 1).
p Mud, black (N 1).

surface

Depth,
feet

0 *0—  0.6
0.6— 1*5
1.5- 2.1
2.1- 2.6 
2 *6—  3*0
3.0— 4.5
4.5- 5.2 
5.2- 6.1
6.1- 7.0 
7.0- 7.3
7.3- 8.3
8.3- 9.7 9.7-11.211.2-12.0

12.0- 14.0
14.0- 15.0
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elevation: 4138 feet.
WP-3^7: located 300 feet N. 85° E. from WP-3^8; surface

Sample
Ho. Description

Depth,
feet

a Mud, moderate yellowish brown
(10 YR 5/4). 0*0—0*6

b Mud, light olive gray (5 Y 5/2). 0*6-0*9
c Mud, light olive gray (5 Y 5/2), some & *■

ostracodes. 0.9-2.1
a Mud, light olive gray (5 Y 5/2),

crumbly, some ostracodes. 2.1-2.5e Mud, light olive gray (5 Y 5/2),crumbly. 2.5-3.0
f Mud, light olive gray (5 % 5/2), some

ostracodes. 3.0-4.1
g Mud, light olive gray (5 Y 5/2). 4.1—4*6
h Mud, light olive gray (5 Y 5/2). 4.6-5.4
i Mud, light olive gray (5 Y 5/2). 5.4-5.8
j Mud, black (HI), but has bluish

tinge. 5»8—6.3k Mud, black, some yellow and green
areas, some ostracodes. 6.3-7.0

1 Mud, light olive gray (5 Y 5/2). 7.0-7.3m Mud, light olive gray (5 Y 5/2). 7.3-7.8
n Mud, black (HI). 7.8-8.1
o Mud, black (HI). 8.1-8.5
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elevation: 4-138.1 feet.
WP-348: located 300 feet N. 85° E. from WP-3^9;

Sample
No. Description

a Mud, moderate yellowish brown 
(10 YE 5/4).

b Mud, light olive gray (5 Y 5/2), 
some brown areas.

c Mud, light olive gray (5 Y 5/2), 
some ostracodes.

d Mud, light olive gray (5 Y 5/2), crumbly.
e Mud, light olive gray (5 Y 5/2), 

crumbly.
f Mud, light olive gray (5 Y 5/2), 

some ostracodes.
g Mud, light olive gray (5 Y 5/2).
h Mud, light olive gray (5 Y 5/2).
i Mud, light olive gray (5 Y 5/2),

some ostracodes. 
j Mud, black (N 1), abundant 

ostracodes.
k Mud, light olive gray (5 Y 5/2).
1 Mud, black (N 1).
m Mud, black (N 1), some green areas,
n Mud, black (N 1), some green areas,
o Mud, black (N 1).
p Mud, black (N 1).
q Mud, black (N 1).

surface

Depth,
feet

0*0— 0*5 
0.5- 1.1
1.1- 1.9 
1.9- 2.5 
2.5- 2.8
2.8- 3.4
3.4- 4.0 
4.0- 4.7
4.7- 5.7
5.7-  6.26.2- 7-1 7*1— 8.8 
8.8— 9*59.5- 10.4 

10.4-11.3
11.3- 14.4
14.4- 15.3
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WF-34-9: located 300 feet N. 84-° E. from WP-350; surface
elevation: 4138.2 feet.

Sample
No. Description

Depth,
feet

a Mud, moderate yellowish brown
(10 YE 5/4). 0.0- 0.2

b Mud, light olive gray (5 Y 5/2),
some brown areas. 0.2- 0.3c Mud, light olive gray (5 Y 5/2),
some brown areas. 0.3** 0.7d Mud, light olive gray (5 Y 5/2),
some brown areas, some ostracodes. 0.7- 1.1e Mud, light olive gray (5 Y 5/2). 1.1- 2.2f Mud, light olive gray (5 Y 5/2),crumbly. 2.2- 2.4

g Mud, light olive gray (9 Y 5/2),
crumbly. 2.4- 2.9

h Mud, light olive gray (5 Y 5/2),
ostracodes. 2.9- 3*31 Mud, light olive gray (5 Y 5/2),
abundant ostracodes. 3.3- 4*1

d Mud, light olive gray (5 Y 5/2). 4«1— 4*8
k Mud, light olive gray (5 Y 5/2). 4•8— 5*81 Mud, black (N 1), abundant

ostracodes. 5*8- 6.1
m Mud, black (N 1), bluish green areas,

some ostracodes. 6.1— 6*7
n Mud, black (N 1), bluish green areas. 6.7- 7*60 Mud, black (N 1). 7*6- 8.2
P Mud, black (N 1). 8.2- 9*4
q Mud, black (N 1). 9*4- 9.9r Mud, black (N 1). 9.9-11*6
s Mud, black (N 1). 11.6-13.4
t Mud, black (N 1). 13.4-17.2



elevation! 4139.2 feet.
WP-350: located 300 feet S. 78° E. from VP-351i surface

Sample Depth,
No. Description feet

a Sandy mud, moderate yellowish brown 
(10 YE 5/4). 0•0— 0•

b Mud, light olive gray (5 Y 5/2), some 
ostracodes. 0.6- 1.c Mud, light olive gray (5 Y 5/2), some 
ostracodes. 1.3- 2.d Mud,- light olive gray (5 Y 5/2), some 
ostracodes. 2.7- 3.e Mud, light olive gray (5 Y 5/2). 5.9- 5.f Mud, black (N 1). 5.0- 6.

6 Mud, black (N 1), some ostracodes. 6.5— 8«h Mud, black (N 1). 8.3-11.i Mud, black (N 1). 11.6-12.
d Mud, black (N 1). 12.3-14.k Mud, dark greenish gray (5 GY 4/1). 14.1-16.

6
5
7
90
5
56
31
2
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elevation: 4139.8 feet.
WP-351: located 300 feet N. 86° E. from VP-352;

Sample
No. Description

a Muddy sand, yellowish gray
(5 Y 8/1).

b Mud, light olive green (5 Y 5/2).
c Mud,, light olive green (5 Y 5/2),

some ostracodes.
d Mud, light olive green (5 Y 5/2), 

crumbly, ostracodes. 
e Mud, light olive green (5 Y 5/2), 

crumbly, ostracodes. 
f Mud, bluish gray (5 B 5/1), some green areas.
g Mud, black (N 1), ostracodes.
h Mud, black (N 1).
i Mud, black (N 1)»
j Mud, dark greenish gray (5 GY 4/1),

some black areas, ostracodes. 
k Mud, dark greenish gray (3 GY 4/1),

some black areas, abundant ostracodes. 
1 Mud, dark greenish gray (5 GY 4/1). 
m Sandy mud, dark greenish gray 

(5 GY 4/1).
n Sandy mud, dark greenish gray 

(5 G 4/1).
o Sandy mud, dark greenish gray 

(5 G 4/1).
p Mud, dark greenish gray (5 G 4/1).

No sample, probably dark greenish 
gray mud.
No sample, probably dark greenish 
gray mud.

q Sandy mud, dark greenish gray 
(5 G 4/1).
No sample, probably dark greenish 
gray sandy mud.
No sample, probably dark greenish 
gray sandy mud.

Depth,
feet

surface

0.0- 0.4 
0.4- 1.0
1*0— 2*0
2.0— 3*4
3.4- 4.0
4*0— 3.6 
5.6- 6.3 
6.3- 8.2 8.2— 9*8
9.8-10.1
10.1-10.7
10.7- 11*3
11.3-11*8
11.8- 12.6
12.6-12.9
12.9-14.3
14.3- 15.5 
15.5-16.4
16.4- 17.3 
17.3-17.8 
17.8-19.0
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elevation: 4-140.5 feet.
WP-352: located 300 feet N. 82° E. from WP-351; surface

Sample
No. Description

Depth,
feet

a Sandy mud, light olive gray
b Mud, light olive gray (5 Y 5/2).
c Mud, light olive gray (5 Y 5/2),

some ostracodes.
d Mud, light olive gray (5 Y 5/2), crumbly.
e Mud, light olive gray (5 Y 5/2).
f Sandy mud, light olive gray 

(5 Y 5/2).
g Sandy mud, grayish green 

(10 GY 5/2).
h Sandy mud, grayish green 

(10 GY 5/2).
i Sandy mud, mixture of grayish green 

(10 GY 5/2) and dark greenish gray 
(5 GY 4-/1).

j Sandy mud, dark greenish gray 
(5 GY 4-/1).

k Sandy mud, dark greenish gray 
(5 G 4/1).

1 Mud, dark greenish gray (5 GY 4/1).
m Sandy mud, dark greenish gray 

(5 GY 4/1).
n Sandy mud, dark greenish gray 

(5 G 4/1).
o Mud, dark greenish gray (5 G 4/1).
p Sandy mud, dark greenish gray 

(5 G 4/1).
q Muddy sand, dark greenish gray 

(5 G 4/1).
r Sandy mud, dark greenish gray 

(5 G 4/1).
s Muddy sand, dark greenish gray 

(5 G 4/1).
t Pebbly muddy sand, dark greenish 

gray (5 G 4/1).
u Muddy sand, dark greenish gray 

(5 G 4/1).
v Muddy sand, dark greenish gray 

(5 G 4/1).

0.0- 0.2 
0*2— 0.4
0.4- 1.3
1.3- 2.6 2.6— 3.6
3.6— 4.2
4.2- 4.5
4.5- 5.2

5.2- 5.9 
5.9- 7.0
7.0- 7.5
7.5- 8.2
8.2- 9.0
9.0- 9.6 
9.6-10.3
10.3- H . O  
11.0-12.1 
12.1-12.5 
12.5-13.5
13.3- 14.0 
14.0-14.9 
14.9-15.4



WP-352— Continued
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w Sandy mud, dark greenish gray 
(5 G VI).x Sandy mud, grayish green 
(5 G 5/2).

y Sandy mud, grayish green 
(5 G 5/2).

15.4- 15.8 
15.8-16.5
16.5- 17.0
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elevation: 4-141 feet.
WP-353: located 300 feet N. 82° E. from VP-352;

Sample
No. Description

a Pebbly sand, pale yellowish brown 
(10 YE 6/2).

b Sandy mud, light olive gray 
(5 I 5/2).c Sandy mud, light olive gray
(5 Y 5/2), some shell fragments.

d Sandy mud, light olive gray 
(5 Y 5/2), shell fragments.

e Muddy sand, light olive gray 
(5 Y 5/2), shell fragments.

f Sandy mud, light olive gray 
(5 Y 5/2).

g Mud, light olive gray (5 Y 5/2), 
crumbly, some ostracodes.

h Sandy mud, light olive gray 
(5 Y 5/2), ostracodes.

i Sandy mud, light olive gray
(5 Y 5/2).

j Sandy mud, mixture of light olive 
green (5 Y 5/2) and greenish gray 
(5 GY 6/1).

k Sandy silt, greenish gray 
(5 GY 6/1).

1 Sandy mud, greenish gray
(5 GY 6/1).

m Muddy sand, dark greenish gray 
(5 G 4/1).

n Silty sand, dark greenish gray 
(5 G 4/1).

o Muddy sand, dark greenish gray 
(5 G 4/1).

p Sandy mud, greenish gray
(5 GY 6/1).

q Sandy mud, greenish gray 
(5 GY 6/1).

r Sandy silt, dark greenish gray 
(5 G 4/1).

s Muddy sand, dark greenish gray
(5 GY 4/1).
Gravelly unit, forced to stop.

Depth,
feet

surface

0.0— 0.1 
0.1- 0.7 
0.7- 1.1 
1.1- 1.6 
1.6- 1.8 
1.8- 2.2 
2.2— 3.1 
5.1- 5.7
5.7- 4.4

4.4- 4.6
4.6— 4.8
4.8- 5.7
5.7- 6.5
6.5- 6.9
6.9- 7.4
7.4— 8*6
8.6- 9.5
9. 5-  10.0

10.0-10.3
10.3-
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elevation; 4-142 feet.
WP-354: located 300 feet N. 58° E. from VP-353;

Sample
Ho. Description

a Muddy sand, yellowish gray 
(5 Y 7/2).h Muddy sand, yellowish gray
(5 Y 7/2).

c Muddy sand, yellowish gray
(5 Y 7/2).

d Muddy sand, yellowish gray (5 Y 7/2).
e Muddy sand, yellowish gray (5 Y 7/2).
f Muddy sand, yellowish gray (5 Y 7/2).
g Pebbly sandy mud, greenish gray

(5 GY 6/1).
h Pebbly sandy mud, greenish gray 

(5 GY 6/1).
i Pebbly sandy mud, greenish gray

(5 GY 6/1).
j Pebbly sandy mud, greenish gray

(5 GY 6/1).
k Pebbly sandy mud, greenish gray 

(5 G 6/1).
1 Mud, dark greenish gray (5 GY 4/1). 
m Sandy mud, dark greenish gray 

(5 GY 4/1).
n Mud, light olive gray (5 Y 5/2).
o Mud, light olive gray (5 Y 5/2).
p Mud, light olive gray (5 Y 5/2).
q Sandy mud, light olive gray

(5 Y 5/2).
r Sandy mud, light olive gray 

(5 Y 5/2).
s Sandy mud, light olive gray 

(5 Y 5/2).
t Sandy mud, light olive gray 

(5 Y 5/2).u Muddy sand, light olive gray 
(5 Y 5/2).v Sandy mud, light olive gray 
(5 Y 5/2).w Sandy mud, light olive gray 
(5 Y 5/2).

Depth,
feet

surface

0.0- 0.3 
0.3- 1.2
1.2- 1.7
1.7- 1.9
I. 9- 2.7
2.7- 3-3
3.3- 3.6 
3.6- 4.0
4.0- 4.5
4.5- 5.3
5.3- 6.06.0- 6.2
6 . 2-  6.66.6- 7.2 
7.2- 8.7
8.7- 9.8
9.8- 10.2 
10.2-10.6 
10.6-11.0
11.0- 11.4
II. 4-12.1
12.1- 13.4 
13.4-15.1



elevation: 4144.9 feet.
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VP-355: located 300 feet N. 58° E. of VP-356; surface

Sample Depth,
No. Description feet

a Muddy sand, pale yellowish brown 
(10 YE 6/2). 0.0-1.0t Muddy sand, pale yellowish brown 
(10 YE 6/2). 1.0-1.3c Muddy pebbly sand, pale yellowish 
brown (10 YE 6/2). 1.3-1.7d Pebbly muddy sand, light olive 
gray (5 Y 5/2). 1.7-2.8e Sandy mud, dark greenish gray 
(5 G 4/1). 2.8—3*0f Pebbly sandy mud, dark greenish gray 
(5 G 4/1).
Gravel became too large to continue

3.0-3.2
angering. 3.2-
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WP-356: located at west end of Line D, in gully near base
of cliff (Plate 1 and Fig. 9); surface elevation: 4-14-7.9
feet.

Sample Depth,
No. Description feet

a Muddy sand, pale yellowish brown
(10 YE 6/2). 0•0— 0*7b Muddy pebbly sand, pale yellowish
brown (10 YR 6/2). 0.7- 1.0c Muddy pebbly sand, light olive gray
(5 Y 5/2). 1.0- 1.9

d Muddy pebbly sand, light olive gray
(5 Y 5/2). 1*9— 2*8e Sandy mud, dark greenish gray 
(5 GY 4/1). 2.8- 3.6

f Sandy mud, dark greenish gray 
(5 GY 4/1). 3.6- 3.8

g Sandy mud, mixture of dark greenish 
gray (5 GY 4/1) and brown, composite
color pale brown (5 YR 5/2). 3.8- 5.1h Sandy mud, grayish green (5 G 5/2). 5.1- 5.8

i Sandy mud, grayish green (5 G 5/2). 5.8- 6.3
j Sandy mud, pale yellowish brown

(10 YR 6/2). 6.3- 7.1k Sandy mud, pale yellowish brown
(10 YR 6/2). 7.1- 7.71 Muddy sand, yellowish gray (5 Y 7/2). 7.7- 8.1m Muddy sand, yellowish gray (5 Y 7/2). 8.1— 8*7n Sandy mud, yellowish gray (5 Y 7/2). 8*7- 9.80 Sandy mud, yellowish gray (5 Y 7/2). 9.8-10.9

P Mud, yellowish gray (5 Y 7/2). 10.9-11.6
q Muddy sand, yellowish gray (5 Y 7/2). 11.6-12.5r Muddy sand, yellowish gray (5 Y 7/2). 12.5-13.58 Muddy sand, yellowish gray (5 Y 7/2). 13.5-15.4



APPENDIX G

LOGS OF LINE E AUGER HOLES

Line E: Located on an east trending fence line
forming the boundary between sec. 28 and 33» T. 15 S., 
R. 24 E.; line starts at the northeast fence corner of 
sec. 33 and extends westward along the fence for 21?0 
feet.

VP-59-60: located at the northeast fence corner of sec.
33» T. 15 S., R. 24 E.; surface elevation: 4141 feet.

Sample
No. Description

Depth,
feet

59 Clay, brown. O.O-O.6
60 Clay, green. . 0.6-1.3

Note: This hole was later deepened to 16 feet; had black
mud from about 4.0 feet to bottom.

Location: 2, located 125 feet westward along the fence
line from the northeast fence corner of sec. 33; surface 
elevation: 4141 feet.

Sample
No. Description

Depth,
feet

a Muddy sand, yellow. 0.0-0.6
b Clay, green. 0.6-
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line from the northeast fence corner of sec. 33; surface 
elevation: 4141 feet.

Sample Depth,
No. Description feet

a Muddy sand, yellow. 0.0-0.6
b Clay, green. 0.6-

Location: 4, located 375 feet westward along the fence
line from the northeast fence corner of sec. 33; surface 
elevation: 4142 feet.

Sample Depth,
No. Description feet

a Muddy sand, yellow. 0.0-0.3
b Clay, green. 0.3-

Location: 5» located 525 feet westward along the fence
line from the northeast fence corner of sec. 33; surface 
elevation: 4142 feet.

Sample Depth,
No. Description feet

a Muddy sand, yellow. 0.0-0.3
b Clay, green. 0.3-

Location: 3» located 250 feet westward along the fence
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Location: 6, located 670 feet westward along the fence
line from the northeast fence corner of sec. 33» surface 
elevation: 4-142.5 feet.

Sample Depth,
No. Description feet

a Muddy sand, yellow. 0.0-0.6
b Clay, green. 0.6-

Location: 7» located 770 feet westward along the fence
line from the northeast fence corner of sec. 35; surface 
elevation: 4148 feet.

Sample Depth,
No. Description feet

a Muddy sand, yellow. 0.0-1.0
b Clay, green. 1.0-



from the northeast fence corner of sec. 55; surface eleva
tion: 4150.5 feet.

Sample Depth,
No. Description feet

105
VP-61-68: located 895 feet westward along the fence line

61 Sandy mud, yellow. 0.0-0.5
62 Sandy mud, yellow. 0.5-0.6
65 Sandy mud, yellow. 0.6-1.5
64 Muddy sand, yellow. 1.5-2.0
65 Sandy mud, green. 2.0-5.0
66 Sandy mud, green. 5*0-4.0
6? Clay, green. 4.0-5*0
68 Clay, green, light olive gray (5 Y 5/2). 5*0-6.0



from the northeast fence corner of sec. 33; surface eleva-
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VP-69-78: located 1195 feet westward along the fence line

tion: 4154 feet.

Sample Depth,No. Description feet

69 Gravelly muddy sand, yellow. 0.0-0.370 Gravelly muddy sand, yellow. 0.3-0.6
71 Gravelly sandy mud, light olive 

green (5 Y 5/2). 0.6-1.372 Gravelly sandy mud, light olive 
green (5 Y 5/2). 1.3-1.5Sandy gravel, light olive green 
(5 Y 5/2). 1.5-2.0
Gravelly sandy mud, light olive 
green (5 Y 5/2). 2.0-3.5

73 Muddy sand, light olive green 
(5 Y 5/2). 3.5-4.0

74 Muddy sand, light olive green 
(5 Y 5/2). 4.0-5.0

75 Muddy sand, light olive green 
(5 Y 5/2). 5.0-5.576 Sandy mud, green. 5.5-6.8

77 Mud, green. 6#8-8#0
78 Mud, green. 8.0-8.3
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line from the northeast fence corner of sec. 55; surface 
elevation: 4156 feet.

WP-95-116: located 1500 feet westward along the fence

Sample Depth,
No. Description feet

95 Gravelly sandy mud, yellow. 0.0- 0.5
96 Gravelly sandy mud, yellow. 0*5” 0.6
97 Gravelly sandy mud, yellow. 0.6- 1.1
98 Gravelly sandy mud, yellow. 1.1- 1.4
99 Gravelly muddy sand, yellow. 1.4- 1.8
100 Muddy sand, yellow. 1.8- 2.1
101 Muddy gravel, yellow. 2.1- 5.0

Muddy gravel, yellow. 5.0- 5.5
102 Mud, green. 5.5- 4.5
105 Sandy mud, green. 4.5- 4.8
104 Sandy mud, green. 4.8- 5.1
105 Sandy mud, green. 5.1- 5.5
106 Sandy mud, green. 5.5- 5.6
107 Sandy mud, green. 5.6- 5.9
108 Sandy mud, green. 5.9- 6.8
109 Sandy mud, green. 6.8— 7 *4
110 Sandy mud, green. 7.4- 7.6
111 Mud, green. 7.6- 7.9
112 Muddy sand, green. 7.9- 8.1
115 Sandy mud, green. 8.1— 8.8

Sandy mud, green. 8.8- 9.4
114 Sandy mud, green. 9«4— 9.6
115 Sandy mud, green. 9.6-10.2
116 Sandy mud, green. 10.2-10.4
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from the northeast fence corner of sec. 55; surface eleva
tion: 4158 feet.

VP-79-94-: located 194-5 feet westward along fence line

Sample
No. Description

Depth,
feet

79 Sandy mud, yellow. 0.0- 0.5
80 Sandy mud, yellow. 0.5- 0.8
81 Mud, yellow. 0.8- 1.5
82 Mud, yellow. 1.5- 2.5
83 Mud, yellow. 2.5- 3.484 Mud, green. 5.4- 5.6
85 Mud, green. 5.6- 6.0
86 Mud, green. 6.0- 7.0
87 Sandy mud, brown and olive. 7.0- 7.5
88 Muddy sand, green. 7.5— 8.0
89 Muddy sand, green. 8.0- 8.5
90 Muddy sand, green. 8.5— 8.6
91 Muddy sand, green. 8.6- 9.0
92 Muddy sand, green. 9.0-10.2
92a Muddy sand, green. 10.2-12.0
92b Sand,, green. 12.0-12.2
93 Muddy sand, green. 12.2-14.0
94 Muddy sand, green. 14.0-14.5
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WP-304: located at west end of Line E, 2170 feet west of
northeast fence corner of sec. 35; surface elevation:
4159 feet.

Sample Depth,
No. Description feet

a Sandy mud, brown to black soil. 0.0- 1.0
b Sandy mud, brown. 1.0- 2.3
c Muddy sand, gray. 2.3- 5.4
d Muddy sand, gray. 3*4— 4.0
e Muddy sand, orange. 4.0- 5*0
f Sandy mud, yellow green. 5.0- 5*5
6 Muddy sand, gray. 5*.5- 6*5
h Sandy mud, brown. 6.6- 7*5
i Sandy mud, brown. 7*5- 7*8
d Muddy sand, brown. 7*8- 8.2
k Mud, brown. 8.2- 9*1
1 Sandy mud, green and brown. 9*1- 9*5
m Gravelly sand, yellow gray. 9.5-10.5
n Gravelly sand, red. 10.5-10.8
0 Muddy gravel, pinkish gray. 10.8-11.0
P Gravelly muddy sand, gray. 11.0-11.6
q Gravelly sandy mud, brown. 11*6—12.4
r Gravelly muddy sand, brown. 12.4-13.9
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