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ABSTRACT

The alluvial cover on the nértheast slope of Sheep Mountain rep-
resents at least three multiple depositional and erosional events. Each
geomorphic surface is characterized by distinctive surface color tones
on aerial phétography and surface morphology; old, hiéhly dissected, high
relief fanglomerate/boulder, cobble gravels (Ql); flat, highly varnished
desert pavements (QZ); bar and swale, coarse cobble and boulder gravels
(Q3); and Recent stream deposits (Q4). The degree of cementation/soil
development, height of terrace above stream channel, and particle-size
~ distribution also characterize.each surféce.

. Polynomial equations 5nd statistical maps of the particle-size
‘distribution of surficial gravel show significant variations. Standard
deviation and mean size decrease substantially downstream from the moun-
tain front. Where the surface material has been in place and undisturbed,
smooth, black desert pavements have staﬁdard‘deviations of less than 1.0¢.
Young bouldery surfages with a bar and swale surface morphology, and older
highly dissected terrains have standard deviations of more than 1.0¢.

The mean particle size from the mountain front out to about 7 km
decreases by 2.17¢ (49.78 mm) with the most rapid change in the first
0.75 km of 1.50¢ and 0.50¢ in the remaining 5.00 km. Reasons for sorting
variability are due both to the original fluvial procésses and to post~

depositional weathering and erosional effects.



CHAPTER 1

INTRODUCTION

Purpose

Late Pleistocene to Recent sedimentary environments 6ffer 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 1arge‘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 1s 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 fanges 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 éer year. The mean daily high temperature is 41°C (celsius)
in summer, coﬁmonly 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.éf rain, all the streams are ephem-
eral. Most of the streams that comprise the drainage in the eastern half
of' the étudy area are discontinuous ephemeral streams that deposit on
alluvial fans. In the western half, all drainage is continuous to the
Gila Rivef. All drainage flowé 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 (0l-

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 ﬁegion 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



the general geologic make-up of the Gila Mountains. Olmsted, Loeltz,
and Irelan (1973) have prepared the most recent report on the area's

geohydrology, including a discussion of the alluvium on the piedmont of

the Gila Mountains.

General Geology

Southwestern Arizona is part of the Basin and Range Province of
the southwestern United States where narrow, long mountain ranges are
separated by wide alluviated valleys. Structural control is thought to
have been the mechanism for the geomorphic orientation where the moun-
tains are uplifted blocks of basement rocks (horsts) and the valleys are
downdropped.(grabens).

The northern Gila Kountains are a granite, gneiss, and schist
complex which has been pervaded by pegmae;te dikes. Structural informa-
tion is limited but a few faults have been mapped in the west side of
the Gila Hountains (Wilson, 1933).. Faults have been mapped north and
northeast of Sheep Mouﬁtain by Olmsted and others (1973). Folding has
not been recognized in the mountainrs in, or adjacent to, the study area.
Wilson (1933, p. 181) noted a general schistosity with a strike east-
west and dip of 30-85°S.

Mineralization appears to be sparse with only scattered prospect
holes to be found along the Gila Mountain range. Fortuna Mine has been
the only producing mine in operation during the late 1800's and early
1900°'s.

There is an indication in the field study area of past tectonic

activity. A mountain front scarp is prominent at the base of the



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 mo 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 photograpﬁs (Figé 2,
3, and 4) using an approximate scale of &1:34,000. Mapping consisted of
checking and expanding divisio; 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 ﬁo help differentiate between different geomorphic surfaces.

Field instruction was provided by W. B. Bull in the ébbreviated
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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vertical sections. Because of limited field time, only the western part .
of the area was used for a complete coverage of particle-size count.

The entire area has been traversed for the largest particle sizes, and
the distribution of particle-size in vertical section was made in Lizard

Wash. See Figure 5 (in pocket) for location of data sample points, and

stream and locality names.

Geomorphic Surfaces

A host of unique characteristics provided the means for rela-

. tively easy division of the major geomorphic surfaces and the subdivi-
sion of each unit. The area lends itself to interpretation of the
geology because of the distinct characteristics noted from aerial pho-
;ography with its different tonal grades of black and white, surface pat~
terns or morphology,'énd relative terrace heights observed in stereo.
Overall size of the clastic material, thickness of carbonate coating or
degree plugged soil horizon, and overall soil development were aids used
in the field. .The use of sedimentary structures was of limited use in.‘
the complete description of units. Figure 6 (in pocket) is a geologic
map of the study area.

The units are characterized by three types: 1) old, highly dis-
sected, high relief fanglomerate/boulder, cobble gravels (Ql); 2) flat,
highiy varnished desert pavements (QZ); 3) bar and'swale, coarse cobble
and boulder gravels (Q3 s and recent stream deposits (QA) (Figs. 2, 3,

4, and 7 in section).



a. S22» looking east. Notebook is b. Between SP2 and S37, looking west.
19 cm long. Shovel is 60 cm long.

Figure - 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.



Oldest Surfaﬁe (Ql)

The oldest surface is a highly dissected fanglomerate. 1Its'
light surface tone and dissection into a ridge and ravine topography make
it readily identifiable in aerial photography (Figs. 2, 3, and 4). 1In
the field, the unit is prominent as high ridges that may be seen from a
long distance. Ql 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 transpo;ted 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 Ql 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 Ql 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
863 (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 sﬁr-
face of Qe compared to the surface of Q2b‘ The slope of the surf;ce is
less than 1°. At the southern contact of Q2b and ch on the western side
of the study area, the difference in altitude between the surfaces in-
creases northward because the Q2c has a steeper gradient than Q2b' Such
variations in gradient suggest variations in base level in the Gila Valley
during the late Quaternary.

Soil profile for Q. (Appendix A) at point S, 1is similar to the
profile at §, for Q;;,- The major difference between the two is the de-
velopment of pebble coatings, 1-4 mm for Q2b and .5 mm for Q.3 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 deserﬁ pavement, its
B2 horizon, and its carbonate.accumulation in the Cca horizon. The cli-
matic situation, either atbthe time of or:subsequent to deposition of Q,
was moist enough to allow for some development of clays in a weak B, hori-
zon, possibly ﬁore 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 climéte had to be wet enough for the deVelopment of clays,

but arid enough for the precipitation of carbomate.
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The clay in the Q2 may not have totally formed in situ, as sug-
gested in the above paragraph. The clay could have formed in the source
alluvium held by vegetation on the hillslopes. When the vegetation died
due to more arid conditions, the eroded alluvium carried the clay with
it to be deposited in the Q2 alluvium.

The exposures in the area indicate the desert pavement‘unit was
at one time extensive, mantling all of the area except for the old highly
dissected Ql alluvium. The mantle of desert pavement has been eroded

away, as indicated by the remnants of Qga> and buried by the younger Q3

as seen in section (Fig. 7).

Stratigraphy (Qzl, Section measurements of the desert pavement

unit reveal a sandy gravel with minimal amount of argillic development
and a moderate degree of carbonate genesis evidenced by nodules and peb-
ble coatings of carbonate. Sections at points S99 564’ and 865 (Ap-
pendix - B) include descrip;ions of QZ' Thicknesses,of Q2 vary from 1.07-
3.10 m. Except for the section at 565’ which is part of Q2b’ it is not
possible to detgrmine which subunit of Qz the other section measurements
describe. The section measurements indicate that the desert pavement
unit was a relatively thin unit deposited under fluvial environment, dif-
ferent from what may exist at present, which does not have the energy to
transport as large material as it did in younger deposits.

There is also a distinct difference between Q2 seen in section

as compared between the two major drainages of Long Valley and Lizard

Wash. For all the'QZ seen in section in the Long Valley area, these
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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 Q2 gravels along Lizard Wash, there are more
occurrences of fine: grained gravels with crude bedding, and the section
is also up to two or more times thicker. It must be noted thaé along
Lizard Wash, the finer grained gravels may, in fact, be overbank depos-
its and actually deposited differently than the majority of the Q2 de-
posits. Alohg'Lizard Wash, between S7 and 837 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 Qy differs greatly from the Q. The grain
size is notably finer (to be discussed later under Particle-size Distri-
bution in Section). Thére is also a distincﬁ color difference, light
gray matrix for Ql'and more of an orange color ﬁor the Qé due to its
clay content. The differences between Q and Q2 are probably due to the
variation in climatic and Eectonic control responsible for each one's

particular primary influence on disposition.

Bar and Swale Surface (Q3)

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 ba; 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 Q3
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°a)' This subunit is character-
J .

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 parti;le size at the
time of deposition. The Q3asubunit 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 bdul-
dery Q2 geomorphic surfaces. Since the alluvial material was coarser
when deposited than Qs and has not been exposed to surficial weathering
as long, we may expect Q3anot to have a smooth pavement.

The soil pit dug at point S17 (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 (Q3lf The first ob-

servable difference between Q3b and the older Q3a is the lack of



Figure 4.

34

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.
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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 Q3a' 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 Q3b surface is lower than the older bar and swale topograph-
ically. But where a'Q3b surface is adjacent to a Q3a 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 86 (Appendix A) reveals a
less well-developed carbonate coating on pebbles in the gravels. The
coatings are less than .S.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 A, horizon.

lSmall 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 (93 ). This third
ot

youngest deposit of bar and swale has been identified mainly on the basis
of its relative terrace height in relation to Q3b' It also has a moderate
amount of desert varnish and retains its original bar and swale morphol-
ogy. In the soil test pit at 313 (Appendix A) there is little soilvde-

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

Figure lO. smiil Fans on Q3b Surface. -- Located 1 km northeast of Long
alley. -
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to those that are so thin and discontinuous that the parent rock is

clearly visible through the carbonate.

Youngest Bar and Swale Surfaqeggqul, The youngest bar and swale
surfaces are those that parallel the modern, active washes. The desert
pavements are both unweathered and vefy lightly varnished and also retain
their original depositional characteristics. Soil development is minimal
with only an accumulation of a thin vesicular silt :zone in the A horizon.
There is no visible carbonate. accumulation, but the rock will fizz some
when acid is applied. Evidently, visible development of varnish occurs
more rapidly than accumulations of CaCO5 during the late Holocene climate.
Upon digging down a few centimeters below the vesicular silt, there is
only clean gruss,Athe same seen in modern stream beds.. . This subunit is
topographically lower than its preceding older subunits.

It should be noted that the breakdown for Q3a—d was established
on basically three criteria:i 1) relative terrace levels, 2) amount of
desert varnish rock weathering development on any one terrace, an&'3) the
degree of carbonate development in the Q3 gravels. While the terraces
stair-step down from Q3a to Q3d in the eastern half of the study area
around Lizard Wash, there are only three distinct terraces for Q3 in ;he
western half along Hidden Valley Wash.

I feel, based on the three criteria stated above, that Qsa-Q3c
are all equivalent throughout the study area. But the last terrace, Q3d’
along Hidden Long Valley Wash dges not have the relief as it does at
Lizard Wash and is subtly lower than Q3c; therefore, along the western

half, it is felt that Q3c and Q3d are inseparable and mapped as Q3c/d'
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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 (Q,). The most notable characteristic is the stra-

tigraphy of the Q3 when seen in section in any area. Whereas Q2 varies
in section, the bar and swale deposit generally are the same, a sandy
gravel with no sedi&entary depositional structure. It is coarser than
the desert pavement, but less than much of Ql' For.ali practical pur-
poses, Q3-has minimal carbonate cementation, is less compacted, and less
sorted than Q2° Q3 also has less alluvial clay than the Q, deposit55
The bar and swale deposits, described in section for locations
522, SBl,and 536 in Appendibe, 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, Ql’
Q2, and Q3, have their own distinct appearance (Figure 1la,b,c). Sur-

faces Q1 and Q are characterized by a very poorly sorted lag gravel,



Figure 11.

Comparison of Surficial Lag CGravels.

and b is 19 cm long.

The clipboard

— The notebook in a
in ¢ is 38 cm long.
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ranging from sand-size to boulders, while Q2 is characterized by a smooth
desert pavement with a better sorted lag gravel (Fig. 1llc).

The lag gravels on the Ql and Q3 surfaces, although similar in
sorting and maximum size, differ in their degree of weather%ng. The
granitic rock on the Q surface that is shown in Figure 1la‘has exten-
sively weathered. Granitic rocks tend to disintegrate into gruss while
the metamorphic, mafic rocks tend to weather along schistosity planes or
joint planes (Fig. 1lb). The bar and swale, Q3, gravels ;end to have
similar sorting as Ql’ but because of their younger age and nbt having
had the same amount of time for weathering, retain their original degree
of rounding from hydfaulic transport,'while in most cases, the Ql gravels
retain none of their original depositional shape.

The desert pavement gravels, QZ’ are by far ﬁhe best sorted of
any surfage. Composed of highly varnished lag gravels, this surface is
an expression of surface stability where the rocks have weathered in
place, and the resulting gravels are the resistant remnants of the ori-
ginal depositional gravels. Though the Ql gravels may be older than Q2
by an order of magnitude, the desert pavement gravels are a result of
source site softing and the mode of transport (Fig. 7) as well as weath-
ering undisturbed in place for the greatest time.

The appearance of the lag gravels for each surface is dependent
on a combination of §ariab1es. The most important is the original depo-
sitional size of the gravels. Rock type is another important variable.
Granitic type rocks erode easily to gruss (Fig. 1la), while fine-grained

mafic rocks are resistant to weathering and retain a thick desert varnish
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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.
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At this point in time, the Q4 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 exﬁosure 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, Ql’ 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
Ql 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 Ql deposits,
tﬁere was a long period of erosion and backcutting before the next unit,
Qo desert pavement, was deposited. The Q2 résts on, in section, both Ql
and flood-plain depgsits. The desert pavement deposits indicate a fluvi-
al enviromment where poorly sorted gravelly sediments were deposited with

little or no sedimentary structure being present in the exposures. The
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climate had to be moist enough for the formation of clays in the soils
to allow the orange color that is now observable to have developed. Yet,
it was not too wet because calic horizons also were developed.

Terrace height differences in the Q2 deposits indicates there were
degradational and aggradational fluctuations during the period of the
desert pavement deposits which probably coincided with shifts from full
glacial to interglacial climatic regimes (Hawley, 1975). There are three
depositional events separated by two erosional events for the Q2 unit.

The latest stage of alluvial deposition is the bar and swale se-
quence. As evidenced by the morphology, coarse gravel bars and sand
gravel swales, the streams were high -energy modes of deposition. The
relative lack of soil development and minimal accumulation of a petro-
calcic horizon indicéteé that this unit is relatively young. Again, as
for the previous unit, fluctuations in the depositional sequence has oc-
curred for the Q3 bar and swale unit. Due to interruptions of'the depo-
sitional process, there has been lateral and vertical erosion where
terraces have developed in the bar and swale deposits.

The youngestndeposits, Q4 active washes and sheet-wash, may well
be just a younger subunit of the bar and swale deposits, but for the
purposes of this study is cléssified separately. At this time modern de-
posits are being downcut and eroded as indicaﬁed by the exposure of root
crowns of the ocotillo and other plants. Also, the deep incision of
Lizard Wash near the mountain front would indicate an erosional event
though it may be reaching or have reached a state of equilibrium because

of the rather broad stream beds instead of the very narrow beds expected
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of an actively downcutting stream. 1In the northeastern area of the Q
unit at point B (Fig. 5), there is an entrenched section of meandering
stream in Q3d' The entrenchment of the present wash in Q3d would indi-
cate that at the final phase of Q3d deposition equilibrium was obtained,
at least on a small scale, and then, due to a fluctuation in climate,
eﬁtrenchment occurred rather ra?idly, 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 §f drain;ges. 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 conditionms.



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 1arger detritus, which must be accomplished in situ.

Most field descriptions of particle size have been qualitative.

A éingle 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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studies, but he uses too small a sample size to be significant. Lustig
(1965) also collected data for use in statistical analysis and his work
is the most complete to date. He presented isopleth maps, of largest
size, mean size, standard deviation, skewness, and kurtosis. However,
Lustig confines his statistical analysis to the fine granule to clay
siées. He uses Folk and Ward's (1957) graphic method to find mean size,
standard deviation, skewness, and kurtosis.

. The most widely accepted way, by sedimentologists, of statistic-
ally depicting the results of coarse-grained particle-size districutions
is duplicated from methods used for the fine-grained fraction of alluvi-
um. Most notable is Folk's (1974) method of graphic represent;tion of
standard deviation; skewness, and kurtosis. With the advent of computers

and, notably, the desk-top computer and plotter, fast, complete statis-

tical analyses are accomplished.

Method of Approach
for Size Distribution

Three sets of data were obtained for the examination of particle-
size distribution. The first set w;s conducted on the western half of
the study area. At 52 points (PD 1-52), approximately 100 and 200
particle-size measurements, depending on type of surface, record inter-
mediate axis with a size of 4 mm and larger (Fig. 14). Four millimeters
was used because ﬁhis was the smallest size which could be rapidly col-
lected and measured in the field.

The number of particle sizes measured is based on the formula

adapted from Krumbein and Graybill (1965, p. 165):
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n = (S{t(l"a/z) <m)})2
d

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(1-a/2) = stated probability level that is consideréd meaningful
for a given analysis

B
]

the degrees of freedom = (N-1)

2
]

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, Q and Q3 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 j;i.OO. 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.



41

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 ubslope 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 establishéd for the study. Due to time
restraints, the sample area was located on the western side of the area
where the Cenozoic alluvigl 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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a tick mark on the toe of each boot was picked up for the measurement

and its intermediate axis recordeg. Each.line was planned to be 20 paces
long. At the end of each line, a new line would be started two paces
north of the previous line. There were a total of five lines for a 100
sample count or ten lines for a 200 sample count. Since the relative pro-
portion of sediments, <4 mm, increased farther downslope, more steps were
taken between actual sample measurements §f alluvium >4 mm.

Data collected at each sample point fér the surficial particle
size count included tﬁe size measurement, the largest size particle with-
in about 15 m, and the slope of the surface. After the 52 péints on the
western side were surveyed for point counts of particle size, a grid was
established over the remainder of the study area and paced for the larg-
est particle size (LP 1-104). Locations of LP points are shown in Figure
14. Results of measurements are shown in Appendix D. At each grid in-
tersection (&400 m square spacing) the largest particle size was noted |
within approximately 15 m. The eastern and northeastern areas were not

surveyed because of the abrupt end of coarse material (>100 mm) on Sheet-

Wash Plain.

Data Reduction

Data from the particle-size counts at the.52 locations were re-
duced by the method of moments using a Hewlett Packard calculator program.
The general formulas are listed in Appendix E. The results of the
particle-size measurements were reduced to the mean, standard deviation,
skewness, and kurtosis.. Results of the data reduction are listed in

Table 3. The basic field data for occurrences of particle-size is



Table .3, continued.

SAMPLE MEAN RAW MEASURE OF DISTANCE

POINT PHI STANDARD KURTOSIS KURTOSIS DOWNSLOPE AXIS mm ALLUVIAL
(PD) SIZE DEVIATION SKEWNESS B g-3 IN KM n A B c SURFACE
32 -3.8316 0.8176 0.5605 2.8228 -0.1772 3.81 98 200 240 360 Qp,
33 -4.1939 0.8724 0.4403 2.8761 -0.1239 3.91 107 185 310 390 Qp.
34 -3.7646 0.8473 0.1365 2.7751 -0.2249 4.20 103 150 320 400 Q,,
35 -5.4534 1.6185 -0.3784  2.1174 -0.8826 4.18 204 500 530 965 Q3074
36 -4.9714 1.4412 -0.0175 2.0256 -0.9744 3.96 201 210 340 610 Qg
37 -4.0144 0.9163 0.0774  2.8431 -0.1569 4.75 104 120 320 600 Qg
38 -4.0170 0.9043 0.1846  2.4124 -0.5876 4.75 103 320 350 810 Q,,
39 -4.2843 0.8767 -0.0055 2.7451 -0.2549 4.80 102 85 145 320 Qy
40 -4.6154 1.4649- 0.4073  2.1982 -0.8018 4.78 208 340 480 655 Q3c/d
41  -3.9167 - 0.9074 0.4853 2.9717 -0.0282 5.00 102 100 350 405 Qyy,
42 -3.9393 0.7800 0.7096 4.1809 1.1809 5.25 103 290 295 560 Q,y
43 -3.8688 0.7942 0.1625 2.7079 -0.2921 5.50 101 260 340 560 Q,
44 -4.0529 0.9202 0.4789  2.7209 -0.2791 5.70 104 160 200 650 Q,
45 -3.8787 0.8446 0.6922 4.1744 1.1744 5.50 101 160 320 440 Q2b
46 -4.6121 1.4057 0.2179 - 2.0434 -0.9566 5.50 203 315 430 585 Q3c/d
47 -3.8915 1.0276 0.5545 2.9125 -0.0875 5.90 106 75 220 320 Qy
48 -3.8894 0.8826 0.7527  3.4228 0.4228 6.28 104 100 230 500 Q,
49 -5.1495 1.5105 -0.0971 1.8451 -1.1549 6.28 204 280 310 582 Q3c/d
50 -4.1548 0.9784 0.2686 3.0316 0.0316 6.45 105 100 190 300 Q,,
51 -4.4005 1.3772 0.2911  1.9740 -1.0460 6.75 206 288 340 635 Qg./4
52 -4.9717 1.5967 -0.1350 1.8688 -1.1312 7.10 203 340 340 490 Q3c/d

1y = Number of alluvial particles measured at a sample point.

Largest particle measured at a sample point locality.

3u/A = Unavailable--partially buried.

Sy
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-- Isopleth

Map Showing Mean Size of Gravels for PD 1-52.

interval 0.5 phi units.

Figure 15.
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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 (nofmal 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 Ql is very coarse
(boulder size) alluvium on the surface, the material has degraded and
relatively few large sized remnants of the original aliuvium 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 (Ql), both'process;s are evident. The large bouldefs, 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 (QZ) surfaces, with 1-2° of slope, are influenced almost totally by
in situ weathering of surficial grévels 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 ié 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 partiéle size varies in regard to a tendency
to have a narrow central mode or to "spread out." A normal curve has a
kurtosis of B - 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 (QZb) 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 thé 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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maximum distribution of material and will be very poorly sorted. The

kurtosis could therefore be expected to be negative and reflect a flat
distribution. At the other extreme are the low kurtosis values found
downstream in the desert pavement. Compare in Figure 20 the distribution
of PD 6 with PD 42, |The extremes in kurtosis; i.e., sorting, are appar-
ent. While the low kurtosis was attributed only to sorting, the high
value of kurtosis is probably due to two different facﬁors.

The two factors are stream sorting and, in the case of an old
desert pavement, effects of in situ weathering. As will be shown in the
following section, for a given stream system such as in the bar and swale,
the standard deviation decreases downslope, which indicates improved
sorting. With the desert pavement, its high value of kurtosis may be
partly attributed to original depositional sorting. The in situ weather-
ing of the alluvial material and its decay to a relatively smooth desert
pavement must be considered as another important factor that is reflected
by a high kurtosis value.

Overall, the map of the measure of kurtosis does not lend itself
as distinctly to identify individual geomorphic trends as did the pre-
viously discussed isopleth maps. The single notable trend is that low
(negative) values of kurtosis do seem to parallel the most recent washes;
i.e., Long Valley Wash. The modern storm events mix the sediment enough
to keep the distribution less than normal (platykurtic) while the addi-

tional factor of in situ weathering seems to add the extra sorting to

make the distribution mesokurtic.
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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 Q1 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 eQidenced 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 mm
contour on a granitic alluvial fan, how fast the isopleths drop off to
lower values. As one walks away from the mountain fro&t where granitic

Y

rocks predominate, the particle size drops off rapidly. 1In 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 e#amination. 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 regreSsioﬁ 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. 1In Figure 22 the lin-
ear regression for the 52 sample points shows a marked negative slope.
The linear regression explains 45.747% 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



Table 5. Regr'eséion Analysis Values for Skewness and Measure of Kurtosis. -- See Appendix

G for listing of PD sample points in each group.

SKEWNESS R
GROUP I IT (Q3c/4) 111 (Qyc) IV (Qyp) V (Qy)
n Order
Polynomial 1st 2nd 4th 1st 2nd 4th 1st 2nd 4th 1st 2nd 4th 1st 2nd 4th
&nﬂ ) .4053 © — ' - L7358 - - 1366 -—- - L2140~ — L1480 — -
rI(n® 16,43  16.56% 26.93% | 54.13% S55.36% 64.43% | 1.87% 38.72% 100X | 4.58% 20.90T 24.45% | 2,197  9.98% 36.00%
D.F.© .

Regd 1.00°. ° 2.00 4.00 1.00 2.00 4,00 | 1.00 2,00 4.00 | 1.00 2,00 4.00 1.00 2.00 4.00

Res® 50.00 49.00 47.00 10.00 9.00 7.00 | 3.00 2.00 0.00 | 7.00 6.00 4,00 | 11.00 10.00 _8.00
F Ratio 9.8 - '4.86 4.33 11.80 5.58  3.17 .06 .63 -— 0.34 0.79° 0.32 0.25 0.55 1.12
Regression 1is ’ .
significant 2.873x.  0.012 4.604x | 6.384x 0.027 0.087 | 0.822  0.613 - 0.578  0.496 0.852 | 0.627  0.593 0.411
at X.XX lever _ 1073 1093 _jwd V. ___ _ S S D
MEASURE OF KURTOSIS
Ryey L0977 — — ~.6918 — - -.1804 - -— -.3503 — - 0126 - -
r2(2) .951 . 2.22% 11.14% | 47.86% S51.40% 48.60% | 3.262  5.70% 100% | 12.27% 17.53% 31.85% | 0.02%  4.66% 25.18%

1

D.F. . . ’

Reg 1.00 - 2.00 4.00 1.00 2,00 4.00 | 1.00 2.00 4,00 | 1.00 2.00 4.00 | 1.00 2,00 4.00

Res 50.00  49.00 47.00 10.00 9.00 7.00 | 3.00 2.00 0.00 | 7.00 6.00 4,00 | 11.00 10.00 8.00
F Ratio .48 .56 1,40 9.18 4,76 2,48 .10 .06 - 0.98 0.64  0.47 .002 .24 .67
Regression is .
significant 0.492  0.575 0,249 0.013  0.039 0.139 | 0.773  0.943 - 0.355 0.560 0.759 | 0.965 0.791 0.631
at X.XX level

Correlation coefficient between x and y
ultiple correlation coefficient in percent

CDegrees of Freedom

Regression

€Residual

19
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virtually 100% confidence. Therefore, we may expect mean particle size
to decrease downslope.

In the above example, all 52 points used were from different al-
luvial surfaces (Group I, Table 4). To see if the correlation coefficient
and leo the F ratio might be improved, sample points were segregated ac-
cording to discrete alluvial surfaces and plotted. The four discrete al-

luvial surfaces were Q3c/d’ Q2c’ Q3b’ and Q hereafter called Groups

2b’
1T, III, IV, and V. Interestingly, overall, correlation did not improve
(Tables 4 and 5). Group II's regression of mean size is the only one
that improves significantly.

Figure 23 is the regression plot of the mean sizes of Group III.
Note that the first-order linear regression would appear to have a high
correlation, §ut in féct, does not (Table 4, Group III, ny). Plotting
points from one discrete surface is not, in itself, a guarantee of good
correlation. The reason for the lack of correlation to a regression may
be due to a too small amount of data points, coupled with the variance
or scatter of the measurements around the mean.

The regression analysis of the other statistical measurements,
standard deviation, skewness, and measure of kurtosis, yield less favor-
able results. The standard deviation has a greater than .60 correlation
coefficient for all 52 sample points, but only Group I, first-order, has
a highly significant regression. The remaining vary from a high of 81.77%

to a low of 4.3%Z. Note that Groups II and IV (bar and swale) do have a

higher level of significance than the other desert pavement groups.
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Skewness and measure of kurﬁosis results were statistically non-
significant except for two cases. Group I skewness did have a highly
significant regression though a low correlation coefficient. Measgre of
kurtosis of the bar and swale (Group II) yielded a relatively high corre-
lation coefficient and extremely strong F ratio. This regression would
indicate that the size distribution of’the modern bar and swale has a *
distribution that is spread out instead of becoming more centralized
downslope. This example may well be a case where one result should be
weighed and compared with the other parameters plus a geological knowledge
of the area. Since the significance levels of regression for measure of
kurtosis for Groups I, ILI, IV, and V are so very low, both correlation
coefficient and F ratio, one would suspect the 'good" results of -

Gfoup II.

From a qualitative inspection of the majority of regressions
plotted, the general trend of the slopes reflect a decreasing mean par-
ticle size downslope showing negative slopes on the mean size regression
for all groups except Group V. This exception is most likely because
the slope for the desert-pavement regression is very shallow and any error
in sampling or too small a sample size could alter the slope.

The slope of the regressions for standard deviation is steep for
all 52 points with lesser slopes for the other subgroups within and an-
other increasing slope for Subgroup V. Generally speaking, sorting im-
proves downslope. The slopes of the regressions for skewness for all
five groups are positive, indicating that the distributions are more

right-skewed the further downslope the alluvium with the majority of



CHAPTER 4
PARTICLE-SIZE DISTRIBUTION IN SECTION

Generally this study has dealt with the size distribution at the
surface of the different alluvial units. It was apparent from the begin-
ning>of the study that the range of sizes of alluvium on the surface was
not indicative of the size distribution in section; i.e., buried (Table
6). At the least, a superficial examination of the size distribution was

to be made to compare size distribution at the surface of alluvial units

with that in section.

Method

Lizard Wash was selected to do the particle size count in sec-
tion. This wash offered the best and most continuous stratigraphic expo-
sure in the area. Six points (Fig. 5) were selected with location SPl on
the east fork of Lizard Wash and SP2 on the west fork. The two points
were the first locations at the head of the washes where a good represen-
tative section existed. The farthest point downstream, SPG’ was located
where the last section was available before the sides of the wash lost
their vertical consistency and relief. At each of the six locations, ap-
proximately 200 counts were measured at each unit (Ql’ Q2, Q3) except for
SPS, where Q1 was buried.

The method for selecting the actual particles to count was with
the use of wire mesh'apprdximatel& 1 x 2 m. One hundred grid points on

the wire were identified with paint. At the first few sample locations,

67
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the wire grid had to be moved only once to acquire the necessary 200
measurements. But farther downstream where the fines (less than 4 mm)
were more abundant, the gri& was moved as many as four times.

Since mosﬁ of the particles are fairly well cemented in place,
only the larggst of the two exposed axes were measured. It is possible
that the intermediate axis may be the buried axis. Another problem was
the lack of cementation of Q3. Q1 and Q2 are well cemented and have ver-
tical walls, but Q3 is uncemented and loose with rounded slopes. It was
assumed that the surficial material on the hillslopes was representative

of the underlying Q3 deposits. The wire grid was therefore laid on the

surface for Q3.

Results

The basic field data for occurrences of particle-size is pre-
sented in Appendix H. Table 7 lists the statistical data reduction.
Two first-order poiynomial regressions have been plotted (Fig. 24), re-~
gressions of mean size and standard deviation. An analysis of variance
is summarized in Table 8. Reduction of the data was held to a first-
order polynomial because of the small number of data points being used.

The most noticeable resultvof regression for mean size on Figure
24 is the slopes for Ql’ Qs> and Q3. Even though each unit is represen-
tative of a certain size regime, the three slopes are nearly paréllel.
This could indicate that the variables influencing the transport of the
alluvium at different periods of time was similar, but that the sizes of
materials being furnished from the areas were different. The second in-

teresting fact is the relative order of each regression.
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The statistical results indicate that the sample size was not
large enough for highly significant correlation, although the correlation
coefficient is better than -.63 (Table 8). The assumption that mean par-
ticle size does decrease downslope with distance is significant at an
80.47% level of confidence. This is a high enough value to indicate that
this small number of points may give a representative indication of size
distribution.

Polynomial regression of the standard deviations given in Figure
24 has the same ;elative rank order of curves Ql’ Q, and Q3, but with
Q3's slope being quite different from the other two slopes. Its' stan-
dard deviation or improvement in sorting does not improve as rapidly as
Ql,and Q2. Note that the regressions of standard deviation for all three
alluvial units are closely grouped.

The AOV table (Table 8) for standard deviation yields some unex-
pected results. For Ql’ the correlation coefficient and significancé
levels are rather low. But for Q2 and Q3, the correlation coefficients
are very high and Q2 has highly significant F ratio. Q3 is significant
at the 0.029 level. It may téerefore be said that the standard deviation
(sorting) does decrease (improve) downslope with Q2 improving more rapidly
than Q3.

This examination of particle size in section is brief, but does
indicate that mean particle size is larger, .5-1.0¢, in section where the
alluvial material has had some protection from surface weathering and deg-

radation. Both surface size distribution and size distribution in section

have negative slopes.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS
FOR FUTURE STUDIES

Conclusions

The late Cenozoic alluvial deposits on the Sheep Mountain Pied-
mont represent an alternating sequence of deposition and erosion of al-
luvium. The oldest alluvium, Qi’ characterized by high relief, highly
dissected ridges of fanglomerate and cobble/boulder gravels, is most
probably a result of ﬁectonic activity and the subsequent uplift (rela-
tive?) of the Gila Mountains. Tectonié uplift provided steep>va11ey
slopes, narrow valley floors, and steep stream gradients needed for the
deposi;ion of substantial thicknesses of bouldery alluvium. It is con-
cluded that Ql is the last response to tectonic activity in this part of
the Gila Mountains. Subseduent cycles of erosion and deposition are
climatically controlled.

Downcuttiné and lateral stream action, induced most probably by
an arid climate, removed large amounts of Q1 alluvium. Three terrace de-
posits (QZa,b,c) are the result of a climatic change (late Pleistocene?)
which provided a wetter climaﬁg for three periods of net deposition.
Climatic perturbations with reduced run-off and a short period of flashier
flow of streams resulted in the erosional hiatus between Qasb 3 pge-
From the stratigraphic occurrences along the major washes, QZ alluvium
most certainly had wide aerial extent in the study area. The Holocene,
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along Lizard Wash and also attempt to determine if the well cemented tuf-
faceous siltstone material is, in fact, volcanic ash in origin and date-
able. A more complete understanding of the Quaternary geology would
include studies of the alluvial deposits from the western boundary of this
study area to the northern extent of the Gila Mountains at the locality
of the Kinter Formation.

The results of any statistical study are dependent on sample
size, Thereforé, acquisition of the largest amount of data practical
should be ébcomplished over a large area. The large numbers of size de-
terminations necessary to study poorly sorted alluvium are time consuming.
An altérnate method, such as vertical photographs of alluvium where par-
ticle size counts.may be made on a screen, should be explored.

One variable ignored during this study was rock type. Future
studies should include the type of rock as another variable in the analy-
sis of size distribution. Direction and distance of the alluvium was
based on the present-day drainage and measured perpendicular to the pre-
sent mountain front. Future studies might try to equate movement along
paleodrainage directions as determined from indications of transport di-
rection in remanent bar and swale trends. Finally, a study of particle
size should, if possible, include the complete ranée of sizes instead of
eliminating the smaller fraction. The inclusion of the smaller fraction

(<4 mm) would most likely enhance the undérstanding of the depositional

processes.



Parent material:

Vegetation:

Soil moisture:.
Infiltration when wet:
Land use:

Depth (cm)

Horizon
6-0
A2 0-6
B2 . 6-22
Cca 22-72
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Amphibolitic schist, granite, pegmatite quartz,
and feldspar

Barren

Air dry

Poor?

Unused

Description

Smooth desert pavement, variable depth, varnish
on top of schist cobble is black (7.5YR 1.7/1),
underside of cobble is bright brown (2.5YR 5/8).

Dull orange (7.5YR 7/4 to 6/4), clayey silt;
vesicular, slightly hard to hard, sticky, plas-
tic; abrupt smooth boundary.

Bright orange (7.5YR 5/6) sandy gravel; massive,
loose to soft, non-sticky, slightly plastic,
gradual wavy boundary, locally orange (2.5YR
6/8). Has common coarse, prominent CaC0, nod-
ules light yellow orange (7.5YR 8/4), .5-2 mm
CaCO3 pebble coatings.

Light gray (7.5YR 8/2) to light yellow orange
(7.5YR 8/3) sandy gravel; massive, hard to ex-
tremely hard with few pockets, loose sand below
60 cm, non-sticky, non-plastic, gradual, wavy
boundary. Thickness of pebble coatings 1~4 mm,
non-plugged zone.

Qza—-Oldést-Désert Pavement Surface a; S3

Described by:
Location:
Landform:

Slope exposure:
Slope steepness:
Parent material:

Vegetation:

Soil moisture:
Infiltration when wet:
Land use:

Horizon Depth (cm)

6-0

W. B. Bull

54

Smooth, flat ridge area

North

0050 ] .
Amphibolitic schist, granite, pegmatite quartz,
and feldspar

Barren

Air dry

Poor?

Unused

Description

Desert pavement hint of bar and swale variable
depth, varnish on top of cobbles is black (7.5YR
1.7/1), side is black (7.5YR 2/1), bottom is
orange (5YR 6/8).
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Qy,=—Oldest Desert Pavement Surface at Sq

Described by:
Location:

Landform:

Slope exposure:

Slope steepness:
Parent material:
Vegetation:

Soil moisture:
Infiltration when wet:
Land use:

Horizon Depth (cm)
1-0
10 cm max
A2 0-3
A3 3-8
C2ca 8-27
C3ca 77-83+

A. R. Schenker and W. B. Bull

S

Fiat, smooth desert pavement
North-facing

0°50' to 1°10'

Amphibolitic schist, granitic rocks
Sparse '

Air dry

Poor?

Unused

bescription
Varnished, loosely packed desert pavement

Light yellow orange (10YR 8/3); clayey silt,
vesicular, slightly hard, very sticky, plastic
to very plastic; abrupt, wavy boundary.

Dull orange (7.5YR 7/4), silty sand, large crumb;
slightly hard to hard, non-plastic; clear, wavy
boundary.

Remnants of B horizon have been eroded and en-
gulfed by A horizon. Patches of reddish soil in
A horizon are bright brown (2.5YR 5/6).

" White (9/ ) sandy gravel; massive; slightly hard,

slightly sticky, slightly plastic; clear wavy
boundary.

Dull yellow orange (10YR 7/3) sand.

Note: Pebble coatings are as thick as 11 mm but only 2-4 mm are laminar;
the remainder is highly cemented sand.

Scattered pebble coatings on surface suggest the erosion of the

B3ca horizon.

Described by:
Location:
Landform:

Slope exposure:
Slope steepness:

c—-Second Intermediate

Bar and Swale Surface at S13

A. R. Schenker and W. B, Bull
513

Bar and swale terrace surface
Northeast

Oosot



Horizon Depth (cm)
A2 0-1
c ' 1-44
NOTE:

83

Description
Bright yellowish brown (10YR 6/6); silt; slightly
vesicular; slightly hard, slightly sticky, non-
plastic; abrupt, smooth boundary.

Dull yellowish orange (10YR 7/3), silty sand,
massive; soft, non-sticky, non-plastic. Upper
part of horizon has a hint of alluviated silt.

Slightly coarser and looser towards the bottom
of pit.

As much as 10-15 cm erosion around ocotillo crowns, which grow in
first-order rills.

May be minimal profile (no Cca horizon) for bar and swale surfaces
in Sheep Mountain study area.

Described by:
Location:
Landform:

Slope exposure:

Slope steepness:
Parent material:
Vegetation:.

Soil moisture:
Infiltration when wet:
Land use:

Horizon Depth (cm)
10-0
A2 0-1

Q3 ——First Intermediate Bar

and Swale Surface at' S

15

A. R. Schenker and W. B. Bull

S

Bag in dissected bar and swale surface near fan-
head (mainly bars)

Northeast

’ 2050( .

Quartz monzonite, less than 207 amphibolite
Scattered creosote, cholla, ocotillo
Air dry

Excellent
Unused

Description

Gravel bar with highly fretted granites with 1 cm
thick layer of gruss and weathered rock frag-
ments between boulders. Varnish on granitic
rocks.

Top grayish-brown (5YR 4/2)

Bottom dull reddish-brown (5YR 6/3)

Top dull reddish-brown (5YR 4/3)

Bottom dull reddish-brown (5YR .5/4)

Top dull reddish-brown (5YR 5/3)

Bottom dull orange (5YR 6/4)

Dull yellow orange (10YR 6/3); sandy silt; ve-
sicular; slightly hard, slightly sticky, plastic;
abrupt, wavy boundary.



Described by:
Location:
Landform:

Slope exposure:
Slope steepness:
Parent material:

Vegetation:

Soil moisture:
Infiltration when wet:
Land use:

Horizon Depth (cm)
4-0
A2 0-2
B3ca 2-7
Cca 7-58
II 58+

Described by:
Location:

Landform:

Slope exposure:

Slope steepness:
Parent material:
Vegetation:

Soil moisture:
Infiltration when wet:
Land use:
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Qop—-Intermediate Desert
Pavement Surface at S

18
A. R. Schenker and W. B. Bull
S18 |
Smooth, black desert pavement
North
2°00°

One-fourth quartz monzonite, three-fourths am-
phibolitic schist and mafic intrusives

Barren

Air dry

Poor?

Unused

Description
Gravel of desert pavement.

Bright yellowish-brown (10YR 7/6), silt; vesic-
ular; slightly hard, slightly sticky, plastic;
clear, wavy boundary.

Biight brown (2.5YR 5/8), silty sand; large sub-
angular crumb structure; soft to hard, sticky,
slightly plastic to plastic; clear, wavy boundary.

Light yellow-orange (7.5YR 8/3); sandy gravel;
hard, decrease in hardness and has a few sand
pockets with increasing depth. CaCO3 coatings
1-4 mm, generally 1-2 mm.

Coarse-grained grussy sand, pebbles have no
CaC0, on top; are weathered and have less than
% mm CaCO3 on bottoms.

Q.b::Intermediate Desert
%avement Surface at S30

A. R. Schenker

S .
Figt, smooth desert pavement, hint bar and swale
Flat

0°30"

Quartz monzonite, amphibolitic schist, pegmatite
Barren

Air dry

Poor

Unused



centimeters unless other-

Table 9., Abbreviated Soil Reconnaissance Pits. -—- All measurements in
wise noted. .
i
SITE S:02| Sn1 533 Sa4 Sas | 526° | S4;° 5459 S33° S35 | S3s Sue S5, |S4s Terr. 2 | S;q Terr. 3| S,q Terr. &
TYPE
toroG- | B.5.8 | B.S. |[B.S. |B.s. |B.s. |B.s. |p.p.% |bD.P. D.P. B.S. p.P. D.P. B.S. B.S. B.S. B.S.
RAPHY, -
Ay 0-16| 0-15 { 0-20| o0-10} 0-7 | 0-18 | 0-19 0-10 0-10 | 0-7 |0-23 0-8 0-38 0-12 0-14 0-34
A, 16-18 | 15-17 {20-21{ 10-11| 7-8 18220 |19-21 |10-11 | 10-11 | 7-9 R3-24% 8-9 |38-39 12-155 14-16 Agy
35-35.5

21-2917 A3 Ay 1<.5 mm
K 39-44 Jgt.’s-sa
B B B

11-18 12-23

c 21-59 120+ Cy
- .4 - 9-19
Cca 18-32 | 17-30 11-20|. 8-15 Plugged | Plugged | 23-50 | 9-12 ModPlug [ 19-55+ 15.5-49.5+ 16+ 6+

29-43 | 18-38+ p4-57 .
I 32+ | 30-45+ 20+ | 15+ 43-80+ 50-60+ | 12-30457-66+ 44-54+

: <.5 om <,5 vm

3Cca horizon has CaCO, on top of rock loosely holding gruss.
bsurface appears to be older Q. Very bouldery.

 Cold surface.
Ay might be remanent of B horizon.

dpebble coatings 5.0 mmm. On surface of ground find 15 mm pebble coatings.
®Pebble coatings greater than 3 mm .on surface. Pebble coatings in Cca horizom

greater than 12 mm.
C--evidence of old B horizon vith +5 am 61003 pebble coatings. In Cca horizon

CaCOJ is 1 mm, Where plugged, still soft.
8Bar and swale. .
Desert pavement.

ground.

Very varnished and rocks fretted, CaC0Oy pebble coatings all over

L8
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Thickness

i ) (meters)
Sandy gravel, brownish gray (10YR 4/1) (salt and

pepper) soft, massive; loose clean stream gruss some

subtle graded bedding exhibited, about 6 mm thick,

some dark lines where heave minerals deposited, cob-

bles all have some carbonate coating, may be second

generation. : 0.75

Sandy silt, dull yellow brown (10YR 6/4), loose to

hard, massive, some very weak carbonate nodules in

hard aggregates, overall well sorted, large sand to

medium pebbles. Few cobbles strung out in thin beds,

cobbles have complete carbonate coating less than

.5 mm thick. _ 1.80

Bouldery, gravel, sandy, light yellow orange (10YR
8/3) to dull yellow orange (10YR 7/4) massive well
cemented, extremely hard. 2.64+

5.49+

Section measurement

Location ~ S.

Q3

36
Lag gravel. : 0.03

Sandy gravel, light yellow orange (10YR 8/4); massive,
vesicular. ‘ 0.02

Gruss gravel, graded bed sequence, light yellow orange
(10YR 8/3). 0.25

Gruss gravel, dull yellow orange (10YR 7/4); multiple
sequences of graded bedding, soft, massive. 0.97

Sandy gravel, orange (7.5YR 6/6); massive, hard to very
hard, hint of graded bedding but very poor. Medium to
coarse pebble gravel. 0.80

Sandy gravel, orange (5YR 7/6); massive, hard to very

hard. Overall fine grained (less than 3 mm) with

stringers of pebbles about 40 mm. Pods of carbonate,

light gray (7.5YR 8/2), parallel bedding, 40 x 90 cm.

Also have some pods in vertical. Above this part of

section have CaCO, pebbles coatings, well cemented .
gravel; x bedding, cut and £ill channel. 0.94
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Thickness

(meters)
(16.9%Z organic carbon, U.A. Ag) 20 cm below top of
this part of section. 1.27

Ql Boulder fanglomerate with sandy gravel matrix, dull
orange (1lOYR 7/2) for sandy gravel to light gray
(7.5YR 8/1) for cemented plugged zone. Sandy gravel,

massive, loose gruss, carbonate nodules massive, hard
to extremely hard. 1.15+

Section measurement

Location - 864

' Q, Lag gravel with well-developed desert varnish. 0.06

Vesicular silt, light yellow orange (1OYR 8/3); massive,
soft, slightly sticky, slightly plastic. 0.01

Sandy gravel (gravel up to 105 mm) light yellow orange

(10YR 8/3); massive, soft, slightly sticky, non-plastic

to slightly plastic. The top .18 m rock fragments

coated with orange (5YR 7/8) stain. A 3.43

Flood-plain Deposits

Silty sand to sand, light yellow orange (7.5YR 8/3);

massive; soft to hard, non-sticky, non-plastic. At

bottom this part section have nodules, up to 10 mm, white
calcareous material. Also clay nodules are present at

the same level. Clay description same as below. Very

poor, thin, parallel discontinuous bedding is present. 2.50

Silty sand to sand, dull orange (7.5YR 7/4); massive;

soft, slightly sticky, plastic. Have beds of hard to

very hard sandstone (10 mm), light yellow orange (7.5YR

8/3), non-sticky, non-plastic. Three sets of crossbeds

are present. In the bottom one meter clay nodules are

present, 10-35 mm in diameter. There are two distinct

colors of clay nodules, dull orange (5YR 7/4) and light .
yellow orange (7.5YR 8/3). 3.00

NOTE: Upstream 1 km in the same sand unit (flood-plain)
there are gypsum roses.



APPENDIX C
FLOOD-PLAIN DEPOSITS

A sand- to finé~size unit is observed in a stream cut on the
western edge of and underl&ing a surface unit, QZb,-at point 364 (Fig.
25). There is not any surface exposure of this unit. Viewed in sectién,

- the unit is very striking because of two characteristics: 1) the overall
color is light yellow-orange, 2) the part of the section is anomalous
because of its well-sorted, sand-size make-up,as described in.the section
~ description, 864 (Appendix B). There is a disconformity at the top of the
unit with the overlying unit in the section.

Sedimentary structure is best developed in these deposits as com-
pared to all other units discussed in the study area. The lower half of
the unit has a well-defined set of crossbeds while the upper half is more
massiﬁe with very poorly defined bedding. The scale of these crosébeds
1s indicative of a large river such as the Gila River.

Nodules of clay balls and a white carbonate material are found at
site 864 (Fig. 26). The clay balls are two different colors, as described
in the vertical section description. It is thought that the clay was
probably deposited as a clay bed or layer and then torn up and trans-
ported as a clast to the location where it is now observed. The distance
of transportation is probably not too great, as there is not any thick
pebble armor that has been picked up by the clay, but it does have a
1ight sand coating. The clay is roughly 75 cm thick along one bedding
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APPENDIX D

LARGEST PARTICLE-SIZE MEASUREMENTS

97

LP. A B c
1 600 900 1180
2 300 400 500
3 1340 1800 13601
4 380 640 750
5 750 1400 1500
6 1550 3100 3480
7 240 450 666
8 560 1150 6101
9 3001 1400 1600

10 670 690 430
11 300 520 640
12 1000 5001 2030
13 400 600 900
14 400 890 1000
15 320 580 730
16 300 520 970
17 300 450 680
18 460 630 5901
19 270 430 740
20 400 440 480
21 160 270 400
22 280 360 650
23 500 1000 1100
24 600 700 1500
25 340 770 930
26 500 890 1160
27 360 700 1020
28 300 460 540
29 390 560 770
30 150 200 250
31 1200 1700 1900
- 32 310 450 550
33 600 600 920
34 450 . 880 1000
35 450 920 1050
36 360 440 730
37 260 330 640
38 90 90 125
39 250 480 630
40 230 300 420
41 300 520 580



LP A B C
91 25 45 50
92 130 160 270
93 45 75 90
94 300 300 650
95 55 67 100
96 250 290 500
97 A 440 700
98 65 85 130
99 300 300 350
100 300 390 720
101 85 90 100
102 60 80 120
103 240 290 560
104 50 95 120

lGround surface to top of rock.
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APPENDIX F

BASIC FIELD DATA FOR OCCURRENCES OF
SURFICIAL PARTICLE-SIZE DISTRIBUTION
FOR SAMPLE LOCATIONS PD 1-52
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Sample

PHI SIZE-INTERMEDIATE AXES3a

Location] -2 -3 =4 -5 . -6 . -7 -8 -9 -10
PD OCCURRENCES
33 2 2 21 21 30 11 10 6 4
34 9 8 26 16 25 13 4 1 1
35 9 10 18 9 13 13 21 13 39 22 24 6
36 9 4 27 20 25 13 20 27 23 17 12 3
37 7 6 17 21 23 14 12 3 0 1l
38 4 8 21 19 23 9 14 4 1
39 3 3 12 21 24 15 17 4 3
40 10 14 .32 29 26 20 20 12 18 8 14 5
41 4 10 24 18 23 11 6 3 3
42 2 5 25 26 25 11 6 1 1 1
43 5 5 26 22 23 10 8 2
44 2 8 24 18 25 8 12 3 4
45 4 8 22 24 27 7 5 1 2 1
46 7 23 25 24 22 16 32. 13 18 13 8 2
47 8 11 23 22 16 7 12 4 1 2
48 3 7 33 20 18 11 6 4 1 1
49 5 8 29 16 20 9 26 19 27 18 20 7
50 6 4 16 20 27 11 12 5 2 2
51 12 23 35 20 27 18 21 12 21 13 4
52 16 12 21 14 21 9 24 19 29 15 16 6

45izes in one-half phi intervals.

€01



JEAN SIZE IN 1 () LNITS

8.0

POLYNOMIAL REGRESSION EQUATIONS
1ST, 2ND, 4TH ORDER
GROUP 1

Y = 5.9174 - 0.5464% » 0,0455X
& Y = 5,982 - 0.9272x + 0.4310xZ -0.1756x3 + 0.0088x%

.3.0 b
20
0 1 3 3 5 6 7 s
DISTANCE, IN KILOMETERS
2.0
POLYMOMIAL REGRESSION EGUATIONS
1ST, 28D, TH ORDER
70fF SROWP 1] ¢ 111
1 Y« 6,063 - 0.1991X
2 Y= 6.0718 - 0.2385 + 0.0058x2
GROUP 11-R3c/p & Y= 5,956 « 0,0568X  0.0817%x2-0.0049%5 + 0.0045%
. 1 Y-4,3129- o.ow;: 007
2 Yo 8,668 - 0,1283X + 0.
.5,0"\ 4 Yo -0.2008 + 6.3288X - 3.083312 « 0,6256x3 - 0.0a52%*
Rl N
E +
2
£
= 30 GROUP 111-02¢
o
it 2
é 1 R a————
40l
Yy
3.0

3 ]
DISTANCE, IN KILOMETERS
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STANDARD DEVIATION, IN PHI (¢) UNITS

STANDARD DEVIATION, IN PHI (4) (MITS

2.5

2.0

0.5

2.5

2.0

104

25

POLYNORIAL REGRESSIGN EQUATIONS
1ST, 2ND, 4TH ORDER
GROUP 1
1 ¥ = 1,6382 - 0,1058X
2 Y - 1.9340 - 0.3864X + 0.0417x2
4 Y= 1,858 - 0.3092X + 0.0536x2 - 0.0126x + 0.0024x"

GROUP 110 /p

3 L] 5 6 7 8
DISTANCE, I KILOMETERS

POLYNORIAL REGRESSION EQUATIONS
1ST, 24D, GTH ORDER
GROUP 11 & 111
.6683 = 0,0320X
TS - 0,1340% « o.omx% "
.8012 - 0.A110X + 0.2018x2 - 0,0388x3 « 0.0025¢"

L8741 + 0.0015X
.8129 + 0.0458X - 0,0069x2
6360 = 2.6690X + 1,8240x2 - 0317563 + 0.0252¢%

LN N ]
=t st s

N AN o
<<« <=
Noo

GROUP 111-G¢

A A 3, "

3 8 5 ® 7 3

DISTANCE, IN XILOMETERS
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.5

SKEWNESS, IN PHI (¢) UNITS

SKEWNESS, IN PHI (4) URITS

+1.0

0.5

0.5

0.5

POLYNOMIAL REGRESSION EQUATIONS
1ST, 2ND, 4TH ORDER
GROP1
1 ¥ =-0.1612 + 0.0771X -
2 Y« -0.1834 + 0.1038X - 0,0040x2 3 .
4 Y e -0.3745 + 0,7718X - 0.5018x2 + 0.1206X° ~ 0.0031X
< +- -+

-

" i 4 e A

1 2 3 3 s 6 7
DISTAMCE, IN KILOMETERS

POLYNGMIAL REGRESSION EQUATIONS
1ST, 28D, 4TH ORDER
GROUP 11

1 Y = -0,5578 + 0.1020X
2°Y = -0,6022 + 0.1706X - 0.0101x2
§ Y = -0.4879 - 0.0982X » 0.0331x2 + 0.0109x3 - 0.0018x

GROUP 11~ O3¢/p

" ‘ A 2 2

3 4
DISTANCE, IN KILOMETERS
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SKEWNESS, IN PHI (¢) UNITS

09,
GROUP V-2
POLYNOMIAL REGRESSION EQUATIONS
1ST, 28D, 8TH ORDER
GROUP Y -
A 1 Y =0.2045 + 0.0367X
2 Yo 1816 - 0.6350X » 0,0683:2 2
4 Y -82,7512 + 81.2062X - 18.2796x2 + 2.131203 - 0,1158x%
o5l
.Lo 1 A N I A A
0 1 3 3 s s 7

DISTAMCE, IN KILOMETERS
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+1.5 ¢

MEASURE OF KURTOSIS, [X PHI (4) URITS

GROUP 111-0g¢

POLYNOMIAL REGRESSION EQUATIONS
1ST, 2XD, &TH ORDER
GROUP 111

1 Y= 0.0475 - 0.0777
2 Y = 0.7230 - 0.5667X + 0,0765X2
4 Y= -64,8859 + 95.1191X - 29.2676XC + 1072175 - 0,833

L I 1 I

+LS,

MEASURE OF KURTOSIS, IR PHI (HUNITS

GROUP [¥-Qy,

~

3 L} S
DISTANCE, 1N KILONETERS

o

POLYNOMIAL REGRESSION EQUATIONS
1ST, 2%, §TH ORDER
GROUP IV
1 Y. -0,7587 - 0.0732X
2 Y. -0.5119 - 0,2506X + u.o«mui2 3
8 Y= 0.394 - 3.7196X » 3.5723x¢ - 1,3496x3 « 0.2675x}

3 L] 5 6 7

DISTANCE, IN KILOMETERS

113
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APPENDIX H

BASIC FIELD DATA FOR OCCURRENCES OF
PARTICLE-SIZE DISTRIBUTION IN SECTION
FOR SAMPLE LOCATIONS SP 1-6Q

1,2,3
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