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SEDIMENTATION STUDIES IN THE VICINITY OF WILLCOX PLAYA,
COCHISE COUNTY, ARIZONA

by
Gordon L. Pine

ABSTRACT

Approximately 10,000 years ago. Lake Cochise 
existed at the present site of Wlllcox Playa. Now the 
area, which has no through drainage, is characterized by 
a playa surrounded by alluvial fans.

Intermittent streams, which flow on the surround
ing alluvial fans, have a braided pattern, and on the more 
gentle slopes of the fans, definite stream channels do not 
exist. In the present semi-arid environment, sand-size 
and larger material in the stream channels does not reach 
the playa floor.

Quartz-feldspar ratios and heavy mineral analyses 
of recent stream channel sediment samples show a corre
lation between materials in the samples and source area. 
Quartz-feldspar ratios appear to be the best means of 
correlation. Heavy mineral analyses yield predominantly 
epidote, cllnozoisite, zoisite, pyroxene, and amphibole
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although the relative proportions vary greatly among 
samples from similar source areas.

A detailed study of the Dos Cabezas area and 
certain core samples suggests that the sediments now 
obtained near the surface of the playa were deposited 
under pluvial conditions rather than the semi-arid condi
tions that exist today. ........

ill
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INTRODUCTION

Purpose of Investigation

Many of the present day bolsons in the arid south
west of the United States had lakes in their lowest areas 
during the late Pleistocene. The Willcox Playa of south
eastern Arizona is such an area where Lake Cochise existed 
during the late Pleistocene (Melnzer, 1913).

This investigation is a study of the various 
source areas of the sediments, characteristics of the 
sediments, and the characteristics of the drainage area 
surrounding the Willcox Playa.

Location of Area

The Willcox Playa is located just south of the 
town of Willcox in north-central Cochise County (see index 
map, fig. 1). The playa has an area of approximately 40 
square miles and is in the southern portion of the northern 
half of the Sulphur Springs Valley. State Highway 86 
bounds the playa to the north, and US Highway 666 borders 
the west edge. This northern half of the Sulphur Springs 
Valley has no through drainage; the bolson itself has an 
approximate area of 1,725 square miles. The U. S.
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Figure 1. Index Map of the Willcox Playa Drainage Basin



Geological Survey refers to this area as the Willcox Basin 
in ground water reports (Brown and White, 1961).

Physiography, Climate, and Vegetation

The lowest point in the Willcox Basin is the playa 
floor with an elevation of 4135 feet above mean sea level. 
The highest point on the drainage divide is Mount Graham 
in the Pinaleno Mountains which is 10,713 feet above mean 
sea level. The average elevation of the mountains surround
ing the basin is between 6000 and 65OO feet above mean sea 
level.

The basin is characterized by high temperatures in 
the summer (average maximum near 90° F.) and low temper
atures in the winter near or below freezing (Martin and 
Mattice, 1930). The majority of the precipitation occurs 
as localized thundershowers which contribute large amounts 
of water to a small area in a very short period of time.
The winter precipitation is derived chiefly from the normal 
storm movements from the northwest and secondarily from 
storm movements from the southwest. In general, both the 
kind and amount of precipitation are directly dependent 
upon the elevation of the area. The higher the elevation 
the greater the amount of precipitation; if the elevation 
is extreme, precipitation may occur as snow rather than 
rain.

3



4
Proceeding away from the barren playa floor the 

first plant encountered is a woody perennial. A little 
farther away one encounters salt grass, alkali sacaton, 
salt bush, and mesquite. On the slopes of the alluvial 
fans, Hilaria, Bouteloua, Arlstida, Sporaholus, and a 
variety of forbs are dominant, with mesquite locally 
abundant. The desert grasslands grade into oak and juni
per savanna which in turn grade into open pine forest 
above about 6500 feet (Martin, 1963).
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NATURE OF INVESTIGATION

Field Work

Sediment samples, consisting of detritus no 
coarser than fine pebbles, were collected from the stream 
channels draining toward the playa. At the same localities, 
the size and composition of the larger rock material in 
the channels were noted, and observations were made as to 
the approximate width and depth of the channel. Later on 
in the investigation, the widths of selected streams were 
measured by chaining; gradients were determined from topo
graphic maps.

Laboratory Work

The laboratory studies of the sediments consisted 
of the determination of quartz-feldspar ratio and a heavy 
mineral count of the sand-size fraction. The sand-size 
fractions (very coarse sand through very fine sand) were 
obtained by sieving using a set of Tyler standard screen 
sieves. The samples for sieving were split out of larger 
samples which averaged 650 grams in weight.

5
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Quartz-feldspar ratio

The samples for quartz-feldspar ratio determination 
were split from the five sand-size grades, each split con
sisting of enough grains to cover an area 1 x 2^ inches on 
a standard 1 x 3  inch glass slide. The grains were mounted 
in Lakeside JO cement; the slide consisted of small grains 
completely embedded in cement to larger grains which pro
truded from the cement. In order to insure an even stain
ing of grains and a satisfactory count, each slide was 
hand ground to expose a fresh, smooth surface. It was 
then etched with hydrofluoric acid fumes and stained with 
sodium cobaltinitrlte following the procedure of Bailey 
and Stevens (i960). This procedure left the feldspar 
stained yellow. Counts of 275 to 400 grains per slide 
were made through a binocular microscope. The counts 
were divided into three groups: quartz, feldspar, and
others (rock fragments). Results are given in Appendix I.

Heavy mineral count

Heavy minerals were separated from the light 
fraction using standard techniques (Krumbein and PettiJohn, 
1938). Usually the very fine sand (4 phi) fraction con
tained the most abundant heavy mineral crop, and separations 
were therefore made from this fraction. In several in
stances, where the 4 phi crop was small, it was necessary
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to make the separations from a composite of the 3 phi and 
4 phi fractions. Splits from the heavy mineral crops were 
then mounted in Caedax on a standard petrographic glass 
slide. Counts were made for an opaque-nonopaque mineral 
ratio by counting 100 grains. The opaque minerals of the 
unused portion of the heavy mineral crop were removed with 
a small Alnico magnet. This procedure removed the abun
dant grains of magnetite and ilmenite, leaving clean non
opaque fractions, thus facilitating the counting of the 
nonopaque grains. Slides were prepared, and counts of 
300 to 400 grains were made employing a micrometer stage 
and petrographic microscope. The identification of two 
minerals which could not be determined by optical methods 
was accomplished by x-ray techniques. Results are given 
in Appendices XX and III.



GEOLOGY OF THE AREA SURROUNDING THE PLAYA

The information concerning the geology of the 
area surrounding the playa was obtained from Arizona Bureau 
of Mines Geologic Maps, Ettinger (1962), Gilluly (1956), 
Jones and Cushman (1947)# Sabins (1957)# Southern Arizona 
Guidebook II (1959)# and personal field investigations.

Precambrian Rocks

Small isolated outcrops of Precambrian schist 
occur in the Plnaleno, Dos Cabezas, Dragoon, and Little 
Dragoon mountains, and in the northern part of the 
Chirlcahua Mountains. The schists, products of low- 
grade metamorphism, are associated with Precambrian 
granite and granite gneiss. Precambrian granite gneiss 
is exposed in the Plnaleno and Dragoon mountains.

Precambrian granitic rocks crop out in the 
Plnaleno, Dos Cabezas, and Winchester mountains, and in 
the northern part of the Chirlcahua Mountains. These 
granitic rocks include granite, granodiorlte, syenite, 
and associated aplite and pegmatite dikes. The textures 
of the granitic rocks vary from fine to coarse grained 
to porphyritic.

8
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Paleozoic Rocks

Paleozoic rocks are exposed in the southern 
portion of the Willcox Basin. The Cambrian, Devonian, 
Mississippian, Pennsylvanian, and Permian strata have a 
thickness of approximately 7*600 feet. Outcrops of Paleo
zoic sediments are usually of a restricted areal extent as 
a result of extensive folding, faulting, and later igneous 
activity; therefore, an undisturbed Paleozoic sequence 
from the Cambrian to Permian is rarely found. The Paleo
zoic sediments were deposited on a slowly subsiding shelf 
(Sabins, 1957) and consist of limestone or dolomite, with 
interbedded sandstone and shale.

Mesozoic Rocks

Sedimentary rocks

Approximately 3,500 feet of Cretaceous strata are 
exposed in the southern portion of the Willcox Basin.
Post-Cretaceous tectonic activity and erosion have re
sulted in the Cretaceous sediments being restricted to 
small isolated outcrops.

Cretaceous strata are dominantly clastic and in
clude conglomerate, quartzite, siltstone, shale, and lime
stone. The limestone is relatively thin; however, the 
basal part of the Cretaceous consists of a limestone
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conglomerate that ranges up to 1,000 feet In thickness. 

Crystalline rocks

Crystalline rocks of Cretaceous age are exposed In 
the northeastern, southwestern, and south-central parts of 
the basin. Outcrops are relatively small and do not appear 
to have been extensive areally at any time.

The Arizona Bureau of Mines refers to these rocks 
as andesite; later, more detailed work in the Pat Hills 
(Ettinger, 1962) Indicates that the rocks are actually 
porphyritlc hornblende daclte, porphyritic andesite, and 
quartz diorite-granodiorlte. The porphyritic hornblende 
daclte is the dominant rock type, accounting for 60 to 70 
percent of the rocks present.

Cenozoic Rocks

Sedimentary rocks and sediments

Cenozoic sedimentary rocks, consolidated and un
consolidated, from clay- to gravel-size, are exposed 
throughout the area. The surrounding mountains are the 
source of these deposits which are at least 3,000 feet 
thick. Near the center of the basin, the site of the 
present day playa and formerly of Lake Cochise, a thick 
monotonous dark-colored silty clay occurs. Away from the
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edge of the playa, there is interfingering between the 
silty clay and coarser material. Fluctuation of the lake 
level and amount of material carried to the playa has 
produced a zone near the edge of the present day playa 
that shows much variation in lithology over short dis
tances, both horizontal and vertical.

Volcanic and related rocks

Cenozoic igneous rocks are exposed throughout the 
area. Detailed petrographic work has not been done on all 
of the Quaternary volcanic rocks; however, certain areas 
have been thoroughly investigated.

The most abundant Tertiary rock exposed is 
rhyolite, followed by basaltic or hornblende andesite, 
granite, and quartz monzonite and their related dikes.
The andesite, particularly near Pearce, is somewhat 
altered and includes associated flow breccias and tuff.
The rhyolitic rocks, sometimes referred to as welded tuff, 
include massive flows, flow breccias, agglomerates, and 
tuffs. The granite and associated dikes, particularly in 
the west, contain very few mafic minerals. The quartz 
monzonite in the Pat Hills also contains very few mafic 
minerals. The basalt in the northwestern part of the 
basin has not been studied; however, the basalt is proba
bly very young because of its fresh appearance and



position overlying Tertiary or Quaternary valley fill.



DRAINAGE CHARACTERISTICS

The Willcox Basin has no through flowing streams. 
All drainage flows or is tributary to a larger stream 
flowing towards the playa. However, as indicated on 
Plate II only two streams that show a definite channel 
ever actually reach the edge of the playa.

The drainage in the area is characterized by 
rather high gradients. The gradient at the head of some 
of the streams may be as high as 1,000 feet per mile; this 
gradient exists for only a short distance. Even in the 
lower portions of the drainages stream gradients are still 
quite high, averaging for all drainages approximately 50 
feet per mile. In only two cases, in the north-central 
and in the extreme southern parts of the basin, gradients 
are less than 50 feet per mile; they are never less than 
25 feet per mile. The change from steep to relative 
slight gradient has been one of the factors contributing 
to the development of alluvial fans between the mountainous 
areas and the playa (see figs. 2 and 3).

Drainage depths and widths were measured by pacing, 
chaining, or by estimation. Individual channels are 
usually neither deep nor wide. The largest drainage

13



Figure 2. A typical alluvial fan; this one is located
on the northwest edge of the Pinaleno 
Mountains.

Figure 3. Aerial view of the alluvial fan at the mouth 
of Stronghold Canyon East. The stream (light 
area in the center) no longer has a definite 
channel in the foreground.
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observed is at sample location number 133 where the chan
nel was 8 feet deep and 250 feet wide. The majority of 
the individual channels are characterized by depths of one 
to three feet and widths of 10 to 50 feet. Although 
drainages are shown as a single stream on topographic maps 
and Plate II, they usually consist of a series of one, 
two, or several individual channels, similar to those de
scribed above, in a low depression which may be up to 
500 feet wide. The braided drainage pattern is charac
teristic of the Wlllcox Basin in general and the northern 
portion in particular. Plate II shows just the major 
drainages. Many smaller drainages which either flow into 
these or flow for a short distance and then cease are not 
on Plate II or topographic maps of the area.

The streams in the basin are intermittent or 
ephemeral and flow chiefly after storms. During the 
summer when precipitation is due mainly to thundershowers 
and is concentrated in the higher areas of the basin, a 
stream may be flowing while the area to the sides of the 
flowing stream may be dry. The short duration of flow is 
attributed to high evaporation and infiltration. Figure 
4 shows a stream channel in the northern part of the 
basin near sample location number 235 following a typical 
summer thunderstorm. The channel is approximately 75 
feet wide and the debris on the road indicates that the



Figure 4. Stream channel approximately % mile north 
of sample location 235. The lower portion 
of the road to the right is covered with 
debris left by high stream water.





water was about three feet In depth. No evidence of such 
a flow could be found approximately three miles downstream. 
This high infiltration rate and lack of long distance flow 
is characteristic of all the streams.

In areas where gradients are high, all grade sizes 
of sediment are being moved downstream. However, most of 
the material carried by the streams flowing on the alluvial 
fans is sand-size or less, although some pebbles and 
cobbles may be present. In general, streams obtaining 
sediments from rhyolitic rocks contain more coarse sand- 
size material than material obtained from other sources.

As was previously stated, only two of the streams, 
located in the northwestern corner of the playa, ever 
reach the playa. These streams do not have a definite 
channel and carry only silt- and clay-size material to the 
playa when they do flow. The drainages lose their identity 
as a stream on the lower portions of the alluvial fans. 
Figure 5 taken at sample location number 133 looking down
stream shows a definite channel; most of the material is 
sand-size, but pebbles and cobbles are also abundant.
Also see figures 6 and 7. Figure 8 taken approximately 
one and one half miles downstream does not show a definite 
channel, nor is any significant amount of material moving 
toward the playa.

17



Figure 5. Walnut Wash looking downstream from sample 
location 133. The channel is approximately 
250 feet in width and contains many cobbles 
and boulders.

Figure 6. Walnut Wash looking upstream from sample 
location 131 and approximately one mile 
downstream from figure 5. The channel is 
greatly reduced in width (approximately 
75 feet). Note the reduction in the amount 
of cobble- and boulder-size material.
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Figure 7. View from a windmill at location 131 looking 
downstream. Stream channel is indicated by 
arrow and ends in grass at the right edge of 
the picture.

Figure 8. View looking northeasterly across the grassy 
area Just beyond the definite stream channel 
and approximately 300 feet northeast of 
location 131.
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Where the drainages lose their identity as definite 
channels and spread out, the position of the water flow can 
be identified by a change in vegetation (fig. 9). In the 
lowest areas because of more moisture, there is apparently 
more chemical weathering; at least, better soil develop
ment occurs in the spreading area than on the adjacent 
high areas. Because of the better soil more grass is 
found in the spreading areas.

Although no sand-size material is found in these 
grassy low areas, water does flow in them as shown by 
the bending of the grass in a downstream direction. An 
interesting feature developed in one of these grassy areas 
near Cochise was a "wash-out" (fig. 10). Apparently the 
flowing water, because of a lack of vegetation, cracking 
due to drying, or possibly animal burrowing, found several 
places where the soil could be more easily eroded. The 
several depressions left by the removal of the soil are 
about three feet deep; the largest has an area of 
approximately 250 square feet.

20



Figure 9. View at the approximate center of section 
1, R. 23 £ • i T. 16 S. Better soil develop
ment in low area is indicated by grasses. 
Slopes in the background are gravel covered. 
Compare the vegetation on the slopes with 
that in the low area. Bending of grasses 
indicates water moved from the left to the 
right.

Figure 10. View taken at approximately the same locality 
as figure 9 showing a typical "wash-out" in 
the grassy low area.
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RESULTS OF INVESTIGATION

General Statement

Pettijohn (1957) has stated that both light and 
heavy minerals may be used as a guide to the provenance 
of a sediment; of the two heavy minerals are usually more 
reliable. Light and heavy mineral analyses may also be 
used in the determination of maturity of sediments. 
Numerous examples of the values of heavy mineral and 
quartz-feldspar ratio have appeared in the literature in 
recent years. Hooper (1961) used such studies to char
acterize the provenance of Cretaceous sediments in central 
Wyoming.

Petrographic Characteristics 

Quartz-feldspar ratio

The following examples will help illustrate the 
relationship of the quartz-feldspar ratios of stream 
sediments to their source area. The stream channels from 
which samples 172, 219, 221, 230, and 232 were obtained 
drain areas in which essentially only granitic rocks crop 
out. The quartz-feldspar ratio for these samples ranges

22
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from 1.40 to 2.51. Samples 121, 131, 165, 166, and 223 
derive much of their material from sediments or sedimen
tary rocks. These samples have quartz-feldspar ratios 
ranging from 1.05 to 3.55. No samples were obtained from 
stream channels whose primary source of material was 
schistose or gneissic rocks. However, samples 218, 235, 
237, 240, 241, and 246 were collected from streams that 
flow upon schist or gneiss for a significant portion of 
their length. These samples show quartz-feldspar ratios 
ranging from 1.46 to 3.11.

In general, samples obtained from streams which 
derive their materials from granitic, sedimentary, schis
tose, gneissic rocks, or recent alluvium contain more 
quartz than feldspar. The amount ranges from slightly 
more than one to approximately three and one half times 
more quartz than feldspar.

Sediment samples 167, 224, 243, 253, 260, and 
267 were obtained from streams that derived the majority 
of their sediment from a rhyolitic source. Quartz- 
feldspar ratios range from 0.39 to 0.79. Stream samples 
derived from a rhyolitic and andesitic source, 168, 169, 
170, and 264, show quartz-feldspar ratio values ranging 
from 0.55 to O.87. Sediments derived from rhyolitic and 
from rhyolitic and andesitic sources contain approximately 
one and a third to three times more feldspar than quartz.
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Heavy minerals

The heavy mineral analyses generally complement 
the results of the quartz-feldspar ratios, although the 
analyses in some instances show significant variations 
among samples derived from similar sources.

Of all the analyses the opaque-nonopaque ratios 
are probably the least reliable because of the method of 
sampling. In collecting sediment samples, a point was 
made to collect from visible concentrations of opaque 
minerals (usually black magnetite grains). If the non
opaque heavy minerals were not concentrated with the mag
netite because of the hydraulic ratio effect, comparison 
of opaque-nonopaque ratios would give erroneous conclu
sions. Due to the hydraulic ratio effect, small minerals 
of high specific gravity are found associated with larger 
minerals of a lower specific gravity. Comparison of 
analyses of samples obtained from visible concentrations 
of opaque minerals with those obtained where there were no 
visible concentrations could possibly result in erroneous 
conclusions obtained from opaque-nonopaque ratios and 
nonopaque counts.

Samples of material derived from granitic sources 
show opaque-nonopaque ratios ranging from 0.35 to 0.85; 
the range for samples derived from sedimentary sources 
is 0.61 to 2.92. Samples obtaining significant amounts



of material from schistose and gneissic rocks have opaque- 
nonopaque ratios ranging from 0.13 to 0.38. Sediment 
samples which have rhyolitic sources show opaque-nonopaque 
ratios ranging from 0.49 to 1.82 whereas a combination of 
rhyolitic and andesitic source yields a ratio that ranges 
from 0.35 to 1.54.

Analyses of nonopaque heavy minerals were not as 
distinctive as other analyses. All of the samples were 
characterized by two groups of minerals; E-C-Z (epidote, 
clinozoisite, zoisite) and pyroboles (pyroxene and amphi- 
bole). These groups represent between 50 to 85 percent of 
the total nonopaque heavy minerals.

A comparison of the heavy mineral counts from 
samples 219/ 221, 230, and 232 (granitic source areas) 
shows the wide range of variation that occurs. Pyrobole 
counts differ by as much as 350 percent, E-C-Z by l4o 
percent, apatite by 500 percent, zircon and biotite by 
350 percent; other minerals present in small amounts differ 
by more than 500 percent. Groups of samples from the 
other sources (rhyolitic, sedimentary, etc.) also show 
variations in the number and proportion of heavy minerals 
present.

A few generalizations can be made about the char
acteristic heavy minerals studied. Source areas charac
terized by gneissic rocks yield sediments containing
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large quantities of pyroboles; high biotite counts are 
obtained from sediments derived from rhyolitic rocks; and 
samples high in E-C-Z and pyroboles and low in other heavy 
minerals are derived from schistose rocks. High zircon 
counts from a sample indicate a granitic or sedimentary 
source area. Rhyolitic and andesitic source areas yield 
sediments containing large amounts of apatite.

Dos Cabezas Area and Core Samples

Generally, the farther that sediments are trans
ported the greater becomes the ratio of stable minerals 
to nonstable minerals. Such minerals as zircon, garnet, 
apatite, biotite, and tourmaline increase in abundance at 
the expense of E-C-Z and pyrobole. Intrastratal solu- 
tioning also affects this ratio. In a similar manner, the 
greater the length of transport and the greater the distance 
from the source area, the larger the quartz-feldspar ratio 
becomes.

The portion of the drainage basin in and around 
the Dos Cabezas Mountains was studied in more detail than 
the rest of the basin (see Plate I). The reasons for 
selecting the Dos Cabezas area for a more detailed study 
were the great variety of rock types which include almost 
all the rock types found surrounding the basin except 
granite gneiss; the large number of stream channels; and



accessibility. Sediment samples were collected from sev
27

eral positions along each stream channel. The samples 
obtained from the lowermost portions of the streams, such 
as numbers 149, 152, and 158, show a higher proportion of 
stable minerals (particularly zircon) than samples from 
upstream. Downstream there is a general increase in the 
opaque-nonopaque ratio. The shape of the minerals could 
possibly account for this ratio change. The opaque 
minerals, which consist mostly of magnetite, are usually 
well rounded whereas nonopaque minerals are frequently 
somewhat angular because of crystal habit or cleavage.
Even though the magnetite grains have a higher specific 
gravity than many of the nonopaque minerals, apparently 
the rounded shape has a greater effect than specific 
gravity on the ease with which minerals are moved down
stream. The lowermost samples show about a ten percent 
Increase in quartz over feldspar when compared to samples 
obtained closer to the head of the stream.

Samples 274, 275, 276, and 277, show no increase 
in the stable minerals relative to the nonstable minerals. 
The core samples show a high proportion of E-C-Z and 
pyrobole and relatively few stable minerals. Opaque- 
nonopaque ratios are generally small and quartz-feldspar 
ratios are near one except for one sample, number 275, 
which is 5.22.
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If the core sediments had been deposited under the 

same conditions existing today, then an extremely high 
proportion of stable heavy minerals, zircon in particular, 
would be expected from the core samples; however, this is 
not true. The sediments from the cores might have been 
deposited at a time when there was more precipitation.
Under these conditions, erosion and transportation would 
have been so rapid that there was little time for the 
weathering of unstable heavy minerals and the concentration 
of stable heavy minerals. The hacksaw edges of some 
amphibole fragments suggest chemical weathering in place 
and thus very little downstream movement (Pettijohn, 1957). 
Thus even in the semi-arid climate chemical weathering of 
sediments in stream channels appears to be taking place to 
produce a higher proportion of stable minerals farther 
downstream or away from the source area.

Several possibilities might explain the discrep
ancy between core and stream samples. The core sediments 
may have been deposited by a through flowing stream, 
suggesting a source outside the present day basin. Beach 
ridges, the thick clay of the playa, presence of ostracodes 
in the clay, and present day drainage all suggest existence 
of a former lake; therefore, the possibility of through 
drainage seems doubtful. The shallow depth of core sedi
ments suggest a young age. Major changes in the type of



sediment being eroded and transported from the surrounding 
mountains in such a short time does not seem probable.

Pollen analysis of shallow core sediments (Helvy 
and Martin, 1961) from the Croton Springs area, which is 
located along the northwest edge of the playa, indicates 
that the sediments were deposited under pluvial conditions. 
The core samples on which heavy mineral analyses were done 
were obtained from about the same elevation or lower ele
vations than the Croton Springs samples. This seems to 
support the idea that the samples in the cores, numbers 
274, 275, 276, and 277, were deposited under pluvial con
ditions. Under such conditions, apparently there is so 
much erosion and transportation that stable heavy minerals 
are masked by very abundant nonstable minerals in the
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SUMMARY

The Willcox Playa area is a basin of internal 
drainage characterized by intermittent stream flow which 
has left a braided pattern on the alluvial fans. In the 
headwater areas, gradients are extremely high. They 
average approximately 50 feet per mile on the lower slopes 
of the fans. Although the stream channels may be quite 
large (8 feet in depth and 250 feet in width), only two 
small drainages reach the playa. Most of the definite 
stream channels fade out before actually reaching the 
playa. Under the present conditions, material of sand- 
size and larger is not being carried to the playa.

Petrographic studies of recent sediment samples 
from stream channels show a correlation between source 
area and type of material obtained from the stream chan
nels. Rhyolitic and rhyolitic-andesitic source areas 
yield sediments that have quartz-feldspar ratios of less 
than one; all other sources or combinations of sources 
yield values greater than one. Opaque-nonopaque heavy 
mineral ratios and nonopaque counts show greater variations 
among samples from similar sources than do the quartz- 
feldspar ratios. Sediments from granitic, schistose, and
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gneissic sources have opaque-nonopaque ratios of less than 
one; other sources yield ratios that range from less than 
one to almost three. Nonopaque counts, which are dominated 
by epidote, clinozoisite, zoisite, and pyrobole, show such 
variation among samples, that few generalizations about 
their source can be made. In general, gneissic rocks 
yield high pyrobole, rhyolitic rocks high blotlte, schis
tose rocks high epidote, clinozoisite, zoisite, and pyro
bole, granitic and sedimentary rocks high zircon, and 
rhyolitic-andesitic rocks high apatite.

A detailed study in the Dos Cabezas area suggests 
that the core sediments should have a high stable to non
stable heavy mineral ratio. The stable to nonstable 
heavy mineral ratio becomes larger in the stream sediment 
samples the greater the distance from the source area. 
However, core samples taken near the edge of the playa 
actually show relatively low stable to nonstable heavy 
mineral ratios. Therefore, the material in the cores was 
probably deposited under pluvial conditions when there 
was little time for concentration of stable minerals 
because erosion and transportation were too rapid to 
allow weathering of nonstable minerals to take place.
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APPENDIX I - RESULTS OF QUARTZ-FELDSPAR GRAIN COUNTS

Sample Quartz Feldspar Other Total
121 259 73 172 504124 103 212 • 13 328
131 256 92 19 367140 186 109 2 279145 249 58 4 311149 169 97 8 274152 240 58 5 303158 206 89 3 298161 187 113 6 306
165 168 160 15 343166 174 150 28 3521|7 92 205 16 313168 141 211 11 363169 150 173 8 331170 l4l 257 3 401171 205 181 5 391172 242 128 2 372175 248 72 7 326
177 225 74 8 307178 151 156 2 309218 224 72 8 304219 208 83 5 296221 169 121 4 294223 189 113 2 304224 63 240 6 299226 115 154 35 304227 74 267 4 345230 187 101 7 295232 186 127 6 319235 176 117 6 299237 207 94 3 304240 211 114 1 326241 188 129 6 323243 111 l4l 48 300246 185 112 3 300253 103 201 4 308259 95 143 47 285260 106 195 26 327264 109 195 7 311265 169 155 24 348267 §9 226 1 316270 85 223 1 309271 171 108 23 302274 150 157 307275 266 51 317276 188 114 3 305277 159 161 1 322

Quartz-FeldsparRatio

2.78
1.71
4.291.74
4.12
I ' . H
1.051.16
0.49
O.67
O.87
0.55
1.13 
1.89 3.44 
3.04 
0.97 
3.11 
2.51 1.40
1.670.41
0.750.28
1.851.46 
1.50 
2.20
1.851.46 
0.791.65 
0.51 0.66 
0.54 
0.56 
1.09 
0.39 0.38
1.58
0.96
5.22
1.65 
0.98
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APPENDIX II - RESULTS OF HEAVY MINERAL GRAIN COUNTS:

OPAQUES VS. NONOPAQUES
Sample No. Opaque Nonopaque Total Opaque-

Nonopaque Ratio
55 56 53 109 1.06121 76 26 102 2.92124 64 59 123 1.08131 67 51 119 1.31i4o 69 38 107 1.82145 57 57 114 1.00149 83 31 114 2.68152 78 26 104 3.00156 66 53 119 1.25158 78 59 137 1.32161 15 99 114 0.15165 47 77 124 0.61168 45 95 l4o 0.46169 28 81 109 0.35170 59 79 138 0.75171 51 91 142 0.56175 85 42 127 2.02177 32 89 121 0.36178 38 70 108 0.54218 41 113 154 0.36219 58 68 126 0.85221 66 83 149 0.80223 53 70 123 0.76224 6? 38 107 1.82226 64 39 103 1.64227 53 58 111 0.91230 39 89 128 0.44232 28 80 108 0.35235 12 95 107 O.13237 16 111 127 0.14240 30 86 116 0.35241 29 76 105 0.38243 50 52 102 0.96246 30 87 117 O .35253 63 4l 104 1.54259 57 60 117 0.95260 35 72 107 0.49264 §3 4l 104 1.54265 64 53 117 1.21267 60 44 104 1.36270 110 17 127 5.87271 90 39 129 2.31274 11 146 157 0.08275 18 103 121 0.18276 20 89 109 0.23277 76 59 139 1.29



APPENDIX III - RESULTS OF HEAVY MINERAL
Sample No. E-C-Z Biotite Zircon Pyroboles

55 169 7 17 60
121 183 10 26 35124 98 16 21 120
131 102 2 6 160
140 137 6 6 108
145 158 8 22 55
149 151 5 97 17156 142 21 36 49152 99 2 83 61
158 117 18 58 60
161 147 — — 6 78
165 191 7 25 52
168 98 12 58 95169 91 41 50 57
170 105 45 35 90
171 171 10 36 56
175 163 9 53 14
177 247 3 2 7178 187 8 10 59218 148 9 76 42
219 121 37 56 41
221 154 21 40 41
223 143 1 20 123
224 154 12 9 47226 54 123 18 76
227 126 7 23 133230 118 23 27 100
232 118 11 17 135
235 92 7 26 167
237 61 14 16 266
240 109 3 17 150

Garnet
11 
31

10
14
22
13
j
17
5
710
1

2

VO COCO H
 COCO C

O
t-r-H

 C
-O

O
-d- h

-C
-

H 
frV

O

f COUNTS: NONOPAQUES
Apatite Tourmaline Others Total

712
13628186182
30222
20
36
30

22
41
29
I24
7 248 
151

2

1

2

6
1

20
3

S
348
$
29
2§
27
3711
36
43
31
25
195222
58
35

1
36 11
39

305340 
319 313 318
311 
319 
305 
305
319
313342
314 
310
334 
338 
314 
323 318
335 318
341
312 302 
335 
333 360 
316
343 
369320 U)-s



APPENDIX III - RESULTS OF HEAVY MINERAL GRAIN COUNTS: NONOPAQUES (CONTINUED)
Sample No. E-C-Z Biotlte Zircon Pyroboles Garnet Apatite Tourmaline Others Total

241 148 4 8 110 1 10 73 354
243 54 57 7 152 2 9 1 32 314246 43 —  — 21 255 1 1 « •  w 22 343
253 24 106 33 85 3 4 1 67 323
259 45 88 5 127 —  — 3 36 304
260 8 63 1 203 3 9 mmmm 13 300264 45 30 67 59 12 80 «— * ■ 41 334265 220 mmmm 4 19 1 4 —  —- 55 303267 112 59 36 47 6 7 — — 34 301
270 54 13 50 123 1 43 mmmm 32 314
271 216 6 14 16 7 11 mmmm 34 304274 63 3 19 223 8 1 15 332
275 210 3 9 43 15 16 2 11 309276 73 • »  — 11 208 2 4 • »  • » 10 308
277 156 2 24 88 9 10 —  — 15 304

u>00
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