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CHAPTER 1

INTRODUCTION

Purpose

Late Pleistocene to Recent sedimentary environments offer an op­

portunity to examine geomorphic processes and to reevaluate the widely 

accepted concept of alluvium particle-size decrease in the downstream 

direction away from the source area of the alluvium. The purpose of this 

three-fold study is to examine fluvial systems in an arid region condu­

cive to weathering processes that produce large amounts of gravel and 

accomplish three objectives: 1) map the late Cenozoic geology, 2)

examine the particle-size distribution both on the surface of the geo­

morphic units and in vertical section, and 3) evaluate the methodology 

used in determining the size distribution.

Location

The study area is located along the Gila Mountains approximately 

40 km east-southeast of Yuma, Arizona, and on the Sheep Mountain alluvi­

al piedmont which borders the Gila River Valley. Sheep Mountain is the 

major physiographic elevation in the Gila Mountains (Fig. 1). The Gila 

Mountains are typical of the rugged, steep, narrow mountain ranges which 

trend northwest-southeast in the southwestern corner of Arizona. The 

highest elevation within 40 km of the study area is 960 m at Sheep 

Mountain.
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Climate

The climate of the study area is arid. At Wellton, Arizona, 10�

km to the northeast of the study area, records show a mean annual rain­

fall of 96 mm per year. The mean daily high temperature is 41°C (celsius)�

in summer, commonly above 43°C June through September, and a mean daily�

high of 20°C in the winter (Sellers and Hill, 1974). The temperature�

and rainfall are assumed to be fairly close to the means quoted for�

Wellton, Arizona.

Because of the small amount of rain, all the streams are ephem­

eral. Most of the streams that comprise the drainage in the eastern half�

of the study area are discontinuous ephemeral streams that deposit on�

alluvial fans. In the western half, all drainage is continuous to the�

Gila River. All drainage flows north and subsequently joins the Colorado�

River via the Gila River.

Vegetation is largely restricted to water courses because of the�

low annual precipitation. Plant types that dominate are Ironwood (01-�

neya tesota), cholla (Opuntia bigebuii), saguaro (Cereus giganteus), oco-�

tillo (Fouquieria splendens), and blue palo verde (Cercidium floridum).

Previous Work

Geologic investigations of southwestern Arizona are sparse. Work�

that has been done is mostly reconnaissance in nature. Little or no�

detailed geologic interpretation has been accomplished. * Ross (1923) dis­

cussed The Lower Gila River Region and recognized the alluvial terraces�

bordering the Gila River. Bryan (1925) and Wilson (1933) also recognized�

and commented on the alluvial units along the Gila River. They discussed
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mountains in the southeastern corner of the study area (Figs. 2, 3, and 

4, in pocket). The slopes behind outlier "A" on Figure 2 have triangular 

facets and V-shaped canyons. Other evidence is at the base of the slopes 

where the bedrock is extremely fractured and sheared. A fault set is 

located 2 km east of the study area along the mountain front. All these 

features indicate one or more periods of tectonic activity. Yet, just 

west of this area, the canyons are embayed with flat-bottomed washes, 

and the slopes lack a faceted exposure indicating little or no tectonic 

activity. The change from V-shaped to U-shaped valley floors, however, 

could well be a function of different rates of weathering and lateral 

cutting of the streams.



CHAPTER 2

CENOZOIC GRAVELS 

Method of Approach

Field studies were divided into two broad phases— mapping of the 

Cenozoic geology, and particle-size distribution. Initial examination of 

the area was with the use of U-2 high altitude, black and white photog­

raphy (Figs. 2, 3, and 4). Tonal differences and pattern changes associ­

ated with relief were used to make preliminary interpretation of the 

different units. Field mapping was done on aerial photographs (Figs 2,

3, and 4) using an approximate scale of ''<1:34,000. Mapping consisted of 

checking and expanding division of units and subunits initially interpreted 

from aerial photographs. Interpretation of units was supplemented by 

studies of soil profiles and stratigraphy of geomorphic surfaces. Also 

valuable was the use of relative heights of terrace above modern stream 

channels to help differentiate between different geomorphic surfaces.

Field instruction was provided by W. B. Bull in the abbreviated 

description of soil profiles (Appendix A). Several of the soil profiles 

were described by Dr. Bull as instructional examples and to familiarize 

the author with soil-description techniques. Credit for the descriptions 

is noted on each soil profile. Soil colors are referenced in the Revised 

Standard Soil Color Charts (Oyama and Takehara, 1967).

The next phase of the study was the acquisition of data for an 

examination of particle-size distribution both on the surfaces and in

6
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a.

Figure

S22» looking east. Notebook is b. Between SP2 and S37, looking west.
19 cm long. Shovel is 60 cm long.
. Typical Sections of Alluvial Gravels along Hidden Valley Wash (S22) and Lizard Wash. —  

is highly cemented with calcium carbonate and has largest size boulders. Q2 is much finer 
grained than other units and has sufficient clay which allows it to be a cliff former, as 
is Q^. Both Q3 and consist of very poorly sorted, uncemented, bouldery alluvium. 00
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Oldest Surface (Q^)

The oldest surface is a highly dissected fanglomerate. Its* 

light surface tone and dissection into a ridge and ravine topography make 

it readily identifiable in aerial photography (Figs. 2, 3, and 4). In 

the field, the unit is prominent as high ridges that may be seen from a 

long distance. does not have any terraces. If any did exist, they 

were most likely destroyed by the erosion and dissection of the geomor- 

phic surface. Any soil development that might have been present on this 

unit has been stripped by erosion that is relatively active, not because 

of climate so much but because of the steepness of the hillslopes and low 

stability of the surface such that the material on the surface is rap­

idly transported to the base of the slopes.

Carbonate pebble coatings are found at the surface up to 8-10 mm 

in thickness. Because of weathering and erosion, one can assume even 

thicker coatings of calcium carbonate existed before removal. Appendix 

B contains the section descriptions for the stratigraphic sequence of the 

area mapped. The surface is distinguishable by its coarse, cobble- 

to boulder-size range of gravels with gruss matrix and the intense ce­

mentation of the material (Fig. 7).

The sediments lack prominent structure. It is basically a 

very poorly sorted material. Some crude bedding is seen 1 km downstream 

from the mountain front along the west side of Long Valley Wash at point 

£>63 (Fig. 5). This section (Fig. 8) is different from the alluvium of 

the same unit 50 m upstream in that it does have some crude bedding with 

depositional strike and dip of approximately N15°W, 7°NE (as determined
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pavement. Refer to Figures 2, 3, and 4 and note the markedly darker sur­

face of Q2c compared to the surface of Qgy. The slope of the surface is 

less than 1°. At the southern contact of and on the western side 

of the study area, the difference in altitude between the surfaces in­

creases northward because the has a steeper gradient than Such

variations in gradient suggest variations in base level in the Gila Valley 

during the late Quaternary.

Soil profile for Q2C (Appendix A) at point S^ is similar to the 
profile at $2 for Q^y. The major difference between the two is the de­

velopment of pebble coatings, 1-4 mm for Qg^ and .5 mm for Qg^* hence,

2b is older than 2c. As with the older subunit there is a B horizon with 

a marginal argillic development. The lower part of the B horizon most 

probably is transitional with the Cca horizon due to the occurrences of 

carbonate pebble coatings.

In summary, the desert pavement unit is recognized by its flat 

surface, its well-developed lag gravels forming a desert pavement, its 

B2 horizon, and its carbonate accumulation in the Cca horizon. The cli­

matic situation, either at the time of or subsequent to deposition of Q2 
was moist enough to allow for some development of clays in a weak B2 hori­
zon, possibly more pronounced than is observed in the unit now due to 

degradation of the argillic zone through time. This is supported by the 

accumulation of carbonate, both as nodules and also pebble coating de­

velopment. The climate had to be wet enough for the development of clays, 

but arid enough for the precipitation of carbonate.
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gravels are very poorly sorted with virtually no depositional structure 

such as bedding. The source rock for Lizard Wash is predominantly 

granitic, while for Long Valley Wash the source is predominantly meta- 

morphic, schistose, and amphibolitic.

Conversely, for the Qg gravels along Lizard Wash, there are more 

occurrences of finer grained gravels with crude bedding, and the section 

is also up to two or more times thicker. It must be noted that along 

Lizard Wash, the finer grained gravels may, in fact, be overbank depos­

its and actually deposited differently than the majority of the de­

posits. Along Lizard Wash, between Sy and S37 on the western bank, there 
are Q2 gravels very similar to the coarser gravels seen along Hidden Val­
ley Wash (Fig. 7).

The stratigraphy for Qg differs greatly from the Q^. The grain 

size is notably finer (to be discussed later under Particle-size Distri­

bution in Section). There is also a distinct color difference, light 

gray matrix for and more of an orange color for the Qg due to its 

clay content. The differences between and are probably due to the 

variation in climatic and tectonic control responsible for each one's 

particular primary influence on disposition.

Bar and Swale Surface (Q^)

The youngest deposits, except for the modern, active washes, are 

deposits of gravels and sand in coarse gravel bars and sandy swales. The 

morphology of the bar and swale deposits is relatively flat but with 

local relief varying up to 1 m due to elevation differences between boul­
der bars and adjacent sandy gravel swales. Surface color of the cobbles
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and boulders varies from the natural surface color of the rocks in the 

most recent depositional deposits with little or no desert varnish de­

velopment to very dark, black surface color due to extreme desert var­

nish development on the oldest bar and swale deposit. Subunits of Qg 

may be distinguished by variations of the above mentioned characteristics 

and also by differences in relative terrace heights which are indications 

of fluctuations in the depositional process.

Oldest Bar and Swale Surface (Q„ ). This subunit is character- — — — ---------------------------tja—

ized by its bar and swale morphology, dark desert varnish developed on 

the larger gravels, and by minimal accumulation of pedogenic clay. Some 

carbonate development was seen in soil test pits. Surface material is 

very weathered and reduced in size from its original particle size at the 

time of deposition. The Qgasubunit has desert pavements that are 

transitional in appearance between the bar and channel morphology of the 

active stream channels and the smooth desert pavements of the less boul- 

dery geomorphic surfaces. Since the alluvial material was coarser 

when deposited than Qg and has not been exposed to surficial weathering 

as long, we may expect Q^not to have a smooth pavement.

The soil pit dug at point S ^  (Appendix A) revealed little clay 

development, which is typical of bar and swale subunits, but that there 

is a considerable accumulation of carbonate pebble coatings that are up 

to .5 mm in thickness and completely coat the rocks (Fig. 9).

First Intermediate Bar and Swale Surface (Q^). The first ob­

servable difference between Q. and the older Q- is the lack ofub da
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Figure 4. Pebble Coatings on Cobbles. —  Out of Q^a at S^. Coatings 
are continuous around rock but have been broken away during 
digging of pit. Atypical for surfaces as a whole.



well-developed desert varnish. There is desert varnish on the gravels 

but more of an intermediate coating, not as well-developed as the dark, 

almost black coatings of Q^. The bar and swale morphology is more dis­

tinct as would be expected of a younger surface with less time to be sub­

jected to degradation by weathering.

The surface is lower than the older bar and swale topograph­

ically. But where a surface is adjacent to a Qga surface the dif­

ference in height above the present stream channel generally is small. 

However, the two surfaces are easily recognizable from tone differences 

on aerial photography. A soil profile pit at (Appendix A) reveals a 

less well-developed carbonate coating on pebbles in the gravels. The 

coatings are less than .5 mm in thickness, they occur only on the tops of 
the rocks, and they do not completely coat the rock. There are carbonate 

filsm on pebbles 12-22 cm below the top of the A2 horizon.
Small fan-like depositional deposits can be observed on the west 

side of the study area (Fig. 10). These fans indicate an overloaded 

stream was in operation during the period of deposition of this subunit.

As it deposited its load, the path of the stream moved laterally to a 

higher gradient bed.

Second Intermediate Bar and Swale Surface (Q^ )_. This third 

youngest deposit of bar and swale has been identified mainly on the basis 

of its relative terrace height in relation to Q^. It also has a moderate 

amount of desert varnish and retains its original bar and swale morphol­

ogy. In the soil test pit at S ^  (Appendix A) there is little soil de­

velopment except for some carbonate coatings on pebbles less than .5 mm

20
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KILOMETER .

Figure 10. Small Fans on Surface. —  Located 1 km northeast of Long 
Valley.
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The reason for the differences in the prominence of the terrace 

sets between Lizard Wash and Hidden/Long Valley Washes is probably due 

to different drainage area sizes and lithology. Lizard Wash has a small 

drainage area of mostly granitic type rock while Hidden/Long Valleys are 

much larger watershed areas and the lithology is predominantly meta- 

morphic rock. The rock type can affect the incisement of a drainage 

area and the larger the drainage area, the more averaging of runoff and 

fewer flash floods may be expected.

Stratigraphy (Qj). The most notable characteristic is the stra­

tigraphy of the Qg when seen in section in any area. Whereas varies 

in section, the bar and swale deposit generally are the same, a sandy 

gravel with no sedimentary depositional structure. It is coarser than 

the desert pavement, but less than much of Q^. For all practical pur­

poses, Qg has minimal carbonate cementation, is less compacted, and less 

sorted than also has less alluvial clay than the Qg deposits.

The bar and swale deposits, described in section for locations 

S22* Sg^,and S^g in Appendix B, are generally coarse sandy gravels with 

a relatively clean matrix and little or no soil development. Gruss is 

the predominant matrix material for most of the bar and swale deposits.

Surficial Lag Gravels

The surficial lag gravels for each of the alluvial surfaces, Q^, 

Q2> and Qg, have their own distinct appearance (Figure 11a,b,c). Sur­

faces and Qg are characterized by a very poorly sorted lag gravel,
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Figure 11. Comparison of Surficial Lag Gravels. —  The notebook in a 
and b is 19 cm long. The clipboard in c is 38 cm long.
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Figure 12. Terrace Set at —  On eastern side of Long Valley Wash
looking southwest. Note truck on road in center right of 
picture for scale. It is hypothesized that these terraces 
are equivalent to Qg^-d* as capped on Figure 6.



At this point in time, the deposits appear to be approaching steady 

state, as indicated by the wide, flat beds of the continuous ephemeral 

streams. The Sheet-Wash Plain in the northeast seems to indicate some 

degradation as indicated by the exposure of ocotillo root crowns by as 

much as 30 cm. But overall, there seems to be net deposition.

Summary of Alluvial Geology

Two diagrammatic cross sections (Fig. 13, in pocket) have been 

drawn to show the terrace sequence of alluvial deposits. The oldest de­

posit, Q p  has the,highest topographic relief and each subsequent younger 

deposit is topographically lower.

The alluvial history of the Sheep Mountain piedmont has been and 

still is one of alternating deposition and erosion. Most probably, the 

deposits are the result of tectonic activity when the Gila Mountains 

had enough uplift to create a gradient that allowed a large amount of 

material to be shed from the mountain slopes and form widespread alluvial 

fans. Evidence for this idea is the large amount of material that must 

have been deposited to allow what may be seen today to persist— the large 

size of the material and its subsequent very poor sorting. Also, most of 

the valley floors have changed from being V-shaped to U-shaped.

After the events leading to the deposition of the deposits, 

there was a long period of erosion and backcutting before the next unit, 

Q2 desert pavement, was deposited. The Q2 rests on, in section, both Q1 

and flood-plain deposits. The desert pavement deposits indicate a fluvi­

al environment where poorly sorted gravelly sediments were deposited with 

little or no sedimentary structure being present in the exposures. The
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of an actively downcutting stream. In the northeastern area of the 

unit at point B (Fig. 5), there is an entrenched section of meandering 

stream in Q^. The entrenchment of the present wash in would indi­

cate that at the final phase of deposition equilibrium was obtained, 

at least on a small scale, and then, due to a fluctuation in climate, 

entrenchment occurred rather rapidly, fast enough that this section of 

wash did not have time to straighten. The streams that are now active 

in the lower portion of Long Valley Wash tend to be more of a braided 

system of drainages. Sheet-Wash Plain outwash in the northeastern part 

of the study area is the result of discontinuous ephemeral streams losing 

their ability to carry any sediment, therefore depositing the sediment in 

a sheet-wash type of depositional environment.

The ages of the alluvial units in the Sheep Mountain Piedmont 

range from pre-Pleistocene to the present. Fluctuations of deposition 

and backcutting since the Pleistocene have resulted in a series of ter­

race deposits, each an indicator of changing conditions.



CHAPTER 3

SURFICIAL PARTICLE-SIZE DISTRIBUTION

My second goal was to study the variations of the size of gravel 

and the geologic environments affecting the size distribution. I also 

wanted to develop a methodology to use in other field areas for similar 

determinations.

Previous Investigations

Much work by previous investigators has considered the size dis­

tribution of sand-size and smaller sediments. This is probably the re­

sult of the relative ease of studying sediments like beach sands and 

sand dunes. Samples may be taken into the laboratory where mechanical 

analyses are made. Sand-size alluvium and larger particles have general­

ly not received equal attention. This is partly due to the difficulties 

in sampling the larger detritus, which must be accomplished in situ.

Most field descriptions of particle size have been qualitative.

A single proven technique of field sampling of coarse-grained detritus 

has yet to be published. Plumley’s (1948) classic article on the Black 

Hills Terrace Gravels is an early attempt to deal with gravels and sta­

tistical parameters of gravel size distribution.

Wolman (1954) offers a method of sampling material from a river 

bed. He provides a sampling method for a flowing stream, but this method 

also works for sampling material in an arid landscape. Denny (1965), in 

his discussion of alluvial fans, attempts to statistically quantify his
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n =

where n = necessary sample size (to be within d of the true mean of the 
population)

d = the acceptable error from the true mean particle size

s = the standard deviation of the sample

t(l-a/2) = stated probability level that is considered meaningful 
for a given analysis

m = the degrees of freedom = (N-l)

N = the total number of points (variates in the sample.

Because of the difference in sorting of alluvial surficial de­

posits, Q2 desert pavement, and coarser alluvium, and surfaces, the 

required number of particle measurements for a certain stated degree of 

probability varied. A chart was compiled to determine the number of 

counts needed for a probability level of .95 (Table 2).

From sample size counts of 100 particle measurements, initial 

mean and standard deviation for the desert pavement and the bar and swale 

deposits were obtained. The initial range for standard deviation for 

the desert pavements was less than + 1.00. For the bar and swale mater­

ial, the standard deviation was determined to range between 1.00 and 2.00. 

A particle count of 100 for the desert pavement and 200 for all other 

surfaces was determined to be the most time practical to stay at a "d" 

value of less than .50^ and a standard deviation <2.0. The number of 

particle-size measurements was held close to these numbers except for 

variations due to restraints at some locations.
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Observations of particle size were limited to 4 mm and larger; 

thus there was not an accounting of the relative proportions of measured 

alluvium versus unmeasured alluvium. The finer, unmeasured material acts 

as matrix for the surrounding medium of the larger alluvium and there is 

a change in the relative proportions of <4 mm to coarser material depend­

ing on where the material is located. Even though no quantitative com­

parison was taken, it is safe to say that upslope near the mountain front 

the coarse alluvium predominated with the finer material becoming pre­

dominant downslope.

Near the mountain front, a rock 4 mm or larger was observed under­

foot at virtually every step. When the traverse was paced in the modern 

wash 6 or 7 km downslope from the mountain front, 5 to 10 steps would 

sometimes be needed before encountering a particle of alluvium of 4 mm 

or larger.

The locations of the sample points in the study area were deter­

mined on a square grid drawn on a photographic base (scale ''<1:15,000). 

Initially, points were to be located on a grid with the use of random 

numbers. Once a sample pattern was generated with random numbers, it was 

evident that to eliminate "holes" in the pattern over the area, over 200 

sample points would have to be established for the study. Due to time 

restraints, the sample area was located on the western side of the area 

where the Cenozoic alluvial units were best defined and a grid pattern 

of points was established with negligible increase in bias due to the

lack of randomness.
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Table 3, continued
SAMPLE
POINT
(PD)

MEAN
PHI
SIZE

STANDARD
DEVIATION SKEWNESS

RAW
KURT0SIS

6

MEASURE OF 
KURTOSIS 

8-3

DISTANCE 
D0WNSL0PE 

IN KM n1
AXIS mm2 

A B C
ALLUVIAL
SURFACE

32 -3.8316 0.8176 0.5605 2.8228 -0.1772 3.81 98 200 240 360 ^2b33 -4.1939 0.8724 0.4403 2.8761 -0.1239 3.91 107 185 310 390 Q2c34 -3.7646 0.8473 0.1365 2.7751 -0.2249 4.20 103 150 320 400 Qzb35 -5.4534 1.6185 -0.3784 2.1174 -0.8826 4.18 204 500 530 965 Q3C/d36 -4.9714 1.4412 -0.0175 2.0256 -0.9744 3.96 201 210 340 610 Q3b37 -4.0144 0.9163 0.0774 2.8431 -0.1569 4.75 104 120 320 600 ^2b38 -4.0170 0.9043 0.1846 2.4124 -0.5876 4.75 103 320 350 810 ^2b39 -4.2843 0.8767 -0.0055 2.7451 -0.2549 4.80 102 85 145 320 Qzc40 -4.6154 1.4649 0.4073 2.1982 -0.8018 4.78 208 340 480 655 ^3c/d41 -3.9167 0.9074 0.4853 2.9717 -0.0282 5.00 102 100 350 405 Q2b42 -3.9393 0.7800 0.7096 4.1809 1.1809 5.25 103 290 295 560 ^2b43 -3.8688 0.7942 0.1625 2.7079 -0.2921 5.50 101 260 340 560 ^2b44 -4.0529 0.9202 0.4789 2.7209 -0.2791 5.70 104 160 200 650 ^2b45 -3.8787 0.8446 0.6922 4.1744 1.1744 5.50 101 160 320 440 Q2b46 -4.6121 1.4057 0.2179 2.0434 -0.9566 5.50 203 315 430 585 Q3c/d47 -3.8915 1.0276 0.5545 2.9125 -0.0875 5.90 106 75 220 320 Qzb48 -3.8894 0.8826 0.7527 3.4228 0.4228 6.28 104 100 230 500 ^2b49 -5.1495 1.5105 -0.0971 1.8451 -1.1549 6.28 204 280 310 582 ^3c/d50 -4.1548 0.9784 0.2686 3.0316 0.0316 6.45 105 100 190 300 Q2b51 -4.4005 1.3772 0.2911 1.9740 -1.0460 6.75 206 288 340 635 Q3c/d52 -4.9717 1.5967 -0.1350 1.8688 -1.1312 7.10 203 340 340 490 Q3c/d
In = Number of alluvial particles measured at a sample point. 
^Largest particle measured at a sample point locality.
% / A  = Unavailable— partially buried.

U i
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distribution. This grouping may be the result of flowing water which can 

more easily carry away the finer gravels and leave behind the coarser 

particles of gravels.

The positive values tend to dominate over the desert pavement 

material, indicating a distribution grouped toward the fine end of this 

survey. The zero isopleths (normal distribution) tend to be prevalent in 

the areas of the recent washes. Note that the old dissected alluvium 

generally has values of positive skewness. Even though is very coarse 

(boulder size) alluvium on the surface, the material has degraded and 

relatively few large sized remnants of the original alluvium material re­

main, as indicated by the positive skewness.

Positive skewness could be the result of two processes, gravity 

and in-place weathering. On the highly dissected, steep slopes of the 

oldest surface (Q^), both processes are evident. The large boulders, be­

cause of slope angle, move downslope, leaving the finer material as the 

majority of alluvial material. Also much of the surficial material weath­

ers in place and is reduced to a smaller particle size. The desert pave­

ment (Q2) surfaces, with 1-2° of slope, are influenced almost totally by 
in situ weathering of surficial gravels to smaller sizes.

Standard deviation was plotted to evaluate the sorting of the 

sampled alluvium. As the value of standard deviation becomes smaller, 

the sorting of the alluvium improves. Ideally, a zero standard deviation 

would mean perfect sorting; i.e., only one size at a sample location. 

Isopleths of standard deviation are plotted in Figure 18.
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Generally, the highest values of standard deviation, poorest 

sorting, are near the mountain front. There is a general trend for the 

values to decrease downslope to the north. Long Valley Wash exerts its 

influence and higher values of standard deviation parallel the wash down- 

slope. The highest values (poorest sorting) are representative of the 

bar and swale and highly dissected old alluvium. Conversely, the lowest 

values (best sorting) occur on the areas of desert pavement. The poorest 

sorting occurs where the alluvium is being constantly mixed and the best 

sorting, for this set of data, is where the alluvium is tending toward a 

surface of equilibrium because of rock weathering and decay.

Kurtosis, or peakedness of distribution curve, is plotted in 

Figure 19 to examine how particle size varies in regard to a tendency 

to have a narrow central mode or to "spread out." A normal curve has a 

kurtosis of 3 - 3 (the measure of kurtosis), where the result is: 1)

zero, the curve is mesokurtic; 2) a positive value, the curve is lepto- 

kurtic; or 3) a negative value, the curve is platykurtic (Arkin and 

Colton, 1970, p. 190).

Overall, the isopleths indicate predominant areas that are posi­

tive with the highest areas being on the desert pavement (Qg^) at the 

northern end of the map. The most predominant "low" is immediately east 

of the mouth of Long Valley. The trend of "highs" in the desert pavement 

and "lows" at the mountain front is to be expected.

At the mountain front where a stream is discharging to the valley, 

the sediment load is at its maximum due to the stream* s confinement and 

inability to infiltrate. Therefore, the stream load will have the
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The last isopleth map shows the largest particle size. The 104 

LP locations and 52 PD locations each had the largest alluvial particle 

plotted in millimeters and then contoured (Fig. 21). The influence of 

the different alluvial deposits controls the contours. The deposits 

are outlined by the 500 mm contour. The 500 mm closures are influenced 

by large detritus being deposited in the bar and swale deposits which 

also parallel the modern washes. Closures of smallest size (200 and 300 

mm) predominate around desert pavement surfaces. The largest closure 

along the mountain front of 3000 mm. is located on an alluvial fan. The 

100 mm contour marks the boundary of the coarse, active wash material 

with the sheet-wash sands in the northeastern part of the study area.

Source-rock material, weathering, and the hydraulic action of 

washes are factors responsible for particle-size distribution. Granitic 

and metamorphic rock types have different rates of weathering. Granitic 

rocks weather to gruss readily, as evidenced by the lack of a good des­

ert varnish. Metamorphic rocks tend to be more resistant and have well- 

developed varnish. Note on Figure 21 in the lower right at the 3000 ran 

contour on a granitic alluvial fan, how fast the isopleths drop off to 

lower values. As one walks away from the mountain front where granitic 

rocks predominate, the particle size drops off rapidly. In contrast, on 

the western side where the metamorphics predominate, the size distribution 

tends to be higher further north; e.g., desert pavement area.

Regression Analysis

Isopleth maps were drawn to permit a visual, qualitative analysis 

of the trends in the particle-size distribution. The reduced data from
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the 52 sample locations were also plotted using regression techniques for 

a more quantitative examination. Regression analysis allows both the de­
termination of an equation for the data and an Analysis of Variance 

(ANOVA) to determine the confidence that may be placed on the derived 
equation for a particular distribution. Regression analysis on four val­
ues versus distance downslope was examined. These values for mean size, 
standard deviation, skewness, and the measure of kurtosis are presented 
in Tables 4 and 5.

A calculator program was used that gave the confidence level for 
a particular regression. As an example, for mean size Group II, first- 
order polynomial in Table 4, the regression has a 0.0017 level of confi­

dence, or we can be 99.9883 percent confident that the equation is valid. 

At the other extreme in Table 4 is Mean Size Group III, second-order 

polynomial, where the equation has only a 20 percent chance of being 

valid. The regression curves and their respective regression equations 
are presented in Appendix G. Only significant regressions are discussed 
here.

The primary objective is to examine the particle-size distribution 

downslope. Using the ANOVA, the null hypothesis may be stated that there 

is not any change of mean particle size downslope. In Figure 22 the lin­
ear regression for the 52 sample points shows a marked negative slope.

The linear regression explains 45.74% of the "proportion of total vari­

ation about the mean Y" (Draper and Smith, 1966, p. 26). By using an "F" 

ratio, it is determined that the regression is indeed significant with
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�Â
D�

����
��

�	�����
�	���

3MI

���2��������	��	������	B������� �
3��(�@��(�T�1����	� �

�������

3� 2���I(I4IM���M(@HMGK
@� 2�E�I(435H���M(IHGHK�c�M(MHII:F
H� 2���I(4HH@���M(4@5@K�c�M(HF3MK@��M(35IGKF�c��(���KH

�
I
U

6A�C

�I(M

�H(M

�F(M

�@(M����� [� �� ZZZZZZZZ g( ((( J � ((((((( ( (((((( � V� ( J ( ((( ( ( (((((( (( (
M� 3� @� F� H� I� G� 5� L

�������	(� ���>����	�	��

���2��������	��	������	B������� �
3��(�@��(�H�1����	� �

��������� �� ���
3� 2�E�G(MHGF���M(3443K
@� 2���G(M53L���M(@FLIK�c�M(MMILK@
H� 2���I(4IFG���M(MIGHK�c�M(ML35K@�M(MHH4KI�c�M(MMHI�
3� 2���H(F3@M���M(M3H4K
�� ����������������� �!�������""!� #� �� $ � �
H� 2����M(@HHH�c�G(F@L�K���F(MLFFK@�c�M(G@IGKF���M(MHI@�

�������	(� ��� >� �� �	� 	� �



��
��

��	��
�����

(��
���1

��S
cV

�����
��

�����
�����

	2�
�

3M

�������	(� ���>����	�	��

C� >� �� 7� &� �� A� �� �
�������	(� ���>����	�	��



3M4

���2��������	��	������	B������� �
3��(�@��(�H�1����	� �

�� ���
3� 2�E��M(3G3@�c�M(M553K� Z
@� 2�E��M(3L4H�c�M(3MFLK���M(MMHMK@� Z Z
H� 2����M(F5HI�c�M(553HK���M(IM3LK@�c�M(3@MGKF���M(MM4�/

�������	(� ���>����	�	��

���2��������	��	������	B������� �
3��(�@��(�H�1����	�

3� 2�E��M(II5L�c�M(3M@MK
@� 2����M(GM@@�c�M(35MGK���M(M3M3K@
H� 2�E��M(HL54���M(M4L@K�c�M(MFF3K@�c�M(M3M4KF���M(MM3LKN

������ �����;$P!

���� ��� 	(� ��� >��� �	� 	� �



���

���2��������	��	������	B������� �
3��(�@��(��������	� �

�������
3� 2���M(@��I�c�M(MFG5K� Z
@� 2���3(L@3G���M(GFIMK�c�M(MG�4K@� �� (� (
� 2 � ���@(5I3@�c��3(@MG@K���3�(@54GK@�c�@(3F3@KI���M(33IaN

�������	(� ���>����	�	��



33F

���2��������	��	������	B������� �
3����@����H�1����	� �

������ ���
3� 2���M(MH5I���M(M555K
@� 2�E�M(5@FM���M(IGG5K�c�M(M5GIK@� Y
H� 2����GH(LLI4�̂ �4I(�43K���H4(@G5GK@�c�3M(5@35KI���M(LFF5�

�������	�� ���>����	�	��

c3(I��

���2��������	��	������	B������� �
3����@�����������	� �

G � M= ���
3� 2����M(5IL5���M ( M 5 +
@� 2�E�M(G334�_�M(@IMGK�c�M(MHM3K@
H� 2���M(F4GH���F(534GK�c�F(I5@HK@���3(FH4GKF�c�M(3G5F�

�������	�����>����	�	��



���	���K�1

��������	������������������	��	�� �� �
�������	����	����������������� �	����� �

���������	����������� ��� ��GM
 � " � �

33I



�	�	�	��	�

��&*%�� 1(� -% � �!��!%�� �(� � ( �� 345M�� ��-�*)�*$-��+��#! )O� $!���0�� !���*%� �
)��*�)<� �-�%�)� -% ��!�����!!&)�� ��9�2!�&(

���-%�� > ( �� 34@I�� �#���-"-0!�$!�%���� ��*8!%-<� �(� �(� ��!�(� ���7���=-���
��""����-"���H44�� HFG�"(

������ =(� � ( �� 345I�� ��!+!�"#*$� ��$�!%*$� -%-��)*)�!.� �#���* -����0*!%<
�""(� @(I��� �* -����$��-����%��-�*!%���-�*!%�� �%*�)� 3�-% � @�*% �
��$��-����-$�!����0��-�*!%���5IPM5M(

��%%��� �(� �(�� 34GI�� ����7*-��.-%)� *%� �#����-�#��-�������0*!%��-�*.!�%*- �
-% ���7- -<� �(� �(� ��!�(� ���7�����!.(��-"���HGG�� G3�"(

��-"���� �(� �(� -% � �+*�#�� 1( �� 34GG�� �""�*� � ��0��))*!%�-%-��)*)<� '!#%
=*����-% � �!%)�� ��9�2!�&(

�!�&�� �(� � ( �� 345H�� ����!�!0��!.� )� *+�%�-����!$&)<� 1�+"#*������(� �!(�
��)�*%(

�!�&�� �(� �(� -% �=-� �� =(� �(�� 34I5�� ��-8!)� �*7����-�O� -� )�� ��*%� �#��)*06
%*.*$-%$��!.�0�-*%�)*8��"-�-+����)<� '!��(� �� (� ����!�(�� 7(� @5�
"(� FJ@G(

�*���� �(� 1( �� 345I�� 1!�!$�%��)!*�)� -% � )!*��0�!+!�"#*$����-�*!%)� *%�-%
-�* ���0*!%�!.� )!��#��%���9���:*$!<� B�-�(� ��)(�� 7(� I�� "(� F@3�FGM(

�*���� �(� 1( �� �����)!%�� �(� � ( �� -% ���!))+-%�� �(� �( �� 34GI�� �!�"#!�!0*$-� �
-% �0�%��*$� )�/��%$�� !.� $-��!%-���-$$�+��-�*!%�*%� �)����)!*�)< �
�!*���$*�%$�� A�(� �(� ��"�(� �0�*$������D�� 7(� 3M3�� %!(� I�� "(� FH5�FGM(

1-9����� '(� = ( �� 345I�� �#�� �)���� )!*��0�!+!�"#!�!0��"�!;�$�<� ��9���:*$!
��!�(� �!$(� ��* ��!!&�@G�� "(� 3LF�3LI(

>��+��*%�� =(� �(� -% ���-��*���� �(� �(�� 34GI�� �%�*%��! �$�*!%� �!�)�-�*)�*$-� �
+! ��)� *%�0�!�!0�<� �$��-9�1*����!!&��!( �� ��9�2!�&(

�-��+-%�� �(� 1( �� 345F�� �-�$*�+�$-��!%-���$�+�%�-�*!%�!.�-���7*-�� .-%)� *%
)!��#��%���7- -<� ��!�(� �!$(� �+��*$-�����(��7(� LH�� %!(� 4�� "(� FM3F�
FM@L(

��)�*0�� �(� > ( �� 34GI�� ��-)�*$� )� *+�%�-�*!%�*%����"� �"�*%0)��-�����
�-�*.!�%*-<� �(� �(� ��!�(� ���7�����!.(� �-"���FI@���� "(� 3F3�34@(

335



� I ���
� � C�  � � �



���� � � � � � �  !!��� !�� � �

� � � � ��

!!��� !��

�� "� ���

� � !����

��� � � ��

!!��
!��� �� 

#�$%�&� ��� ��'�$�(')�*� �('�� ��*(+��,� �(-&��� (,.� �(-'�&� /��,+� 0(�&� 1��-� ���� 	&���$�*(�� �%�2&3� +�'�$�(')�*� -('�
� � � 4 5 6 � 7 6 8 � � � � � � � 5 6 � � � �
96 / � � � 	 6 � � 4 � 6 � 4 6 � � �! " � �



(��+,-

���������

�	���� �����������

;� � �
M

� � � 4 5 6 � 7 6 8 � � �� � � � 5 6 � � �
������� !� �� �	������	� ������ �������� �� �� �� ��	� �� �� ��� � � � � � � � �� � � � 	 � � � � � � 	 � ����

����������� ������ �������� ��������� ����������	�
���� ������� �� ���� ���� ������������



���
� � � � �  

!!��� !��

8��"�;��

8��� � � ;�

�� "� <�

�� !�� ��

� � � � ���

!!��� !�

���6

�4��6� �� =� ! � � � � �

�������	� ���� ��� ����� 	������	� ��������

��� � ���� ��������� ���������

����� 	������� � � ��� � �� � ��������
9 6 / � � � 	 6 � � 4 � 6 � 4 6 � � ! " � �

3455
0(�&� 1��-� ������ 	&���$�*(�� �%�2&3� +�'�$�(')�*� -('��
#�	�86� �� 	&���$�*� �(' �&� �>� �* � $&� � �$3� $&,&�(� �>&. � 1 � � - � ;����,� ?!"��@�

4&,�>��*� $&���$3� -(''&.� A3� �*)&,B&�� ?!" � � � C ! " � �@







�����	� ��� &	������ ������$ ��%� ���� �
" �		65����	��� �%� ����#�
&�	��

�(�� $# �%&� � � �� ( � (��# � ) * ) � �� � ! ) $ * �%$ � ) � � >?��





�

F�I'



� � � � � �

� � �

� � �


