
Late quaternary deposition and pedogenesis on the
Aguila Mountains piedmont, southwestern Arizona

Item Type text; Thesis-Reproduction (electronic)

Authors McHargue, Lanny Ray

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:14:03

Link to Item http://hdl.handle.net/10150/557901

http://hdl.handle.net/10150/557901


LATE QUATERNARY DEPOSITION AND PEDOGENESIS 

ON THE AGUILA MOUNTAINS PIEDMONT, 

SOUTHWESTERN ARIZONA

by

Lanny Ray McHargue

A Thesis Submitted to the Faculty of the

DEPARTMENT OF GEOSCIENCES

In Partial Fulfillment of the Requirements 
For the Degree of

MASTER OF SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  8 1



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to borrow
ers under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author.

SIGNED: -"YT/VV AkJ. y
o

£ o ̂

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below:

WILLIAM B. BULL Date
Professor of Geosciences



ACKNOWLEDGMENTS

I would like to express my appreciation to Dr. William Bull of 

the University of Arizona for his suggestions and patience in regards to 

this thesis. I also received good advice and criticism from Dr. David 

Hendricks and Dr. Joseph Schreiber about the content of the thesis. I 

would like to specially thank Dr. Schreiber for the use of his labora
tory for more than a year.

Dr. Ran Gerson of the Hebrew University, Louis Fleischhauer, 

William Tucker, and Ernest Shih provided helpful criticism and advice 

about various aspects of my thesis. The typing of the rough draft was 

facilitated by the appreciated help of Gloria Duke and Carol Simons.

I am also grateful to the United States Air Force for providing 

access to the Aguila Mountains and surrounding areas.



TABLE OF CONTENTS

LIST OF ILLUSTRATIONS .............................  vi

LIST OF TABLES ............................................... viii

A B S T R A C T ...................................................  ix

1. INTRODUCTION ...............................................  1

Location ..........
Climate and Vegetation 

Modern ........

Page

Late Pleistocene and Holocene
Geology.................. .. . .

Tertiary ..................
Late Quaternary ............

2. A L L U V I U M ...................................................  13
Procedures for Study of Alluvium ......................  14
Slope and Relief of the Geomorphic Surfaces............  17
Deposition of Alluvium..............................  19
Mean Particle Size of Alluvium . .....................  24
Mean Particle Size of the Alluvium Gravel Fraction . . .  28
Fine-Particle Fractions of the Alluvium ................  31
Calcium Carbonate and C l a y ............................  34
Late Quaternary Alluvial Deposition ....................  36

3. DESERT PAVEMENTS......................   39

Procedure for Study of the Desert Pavements ............  40
Mean Particle Size of Gravel Fraction..................  40
Pavement Development and Parent Material ..............  43
Determination of the Amount of E r o s i o n ................  45
Distribution of Gravel in the Pave m e n t ................  48
Pavement Development ................................... 51

4. SOILS.......................................................  54

Procedures for Study of the Soils ............  . . . . .  54
Very Fine S a n d ......................................... 56
S i l t ............  58
C l a y ...................................................  62
Calcium Carbonate ....................................... 65

iv

0>
 L
n 
in
 

U>
 U
> 
H



V
TABLE OF CONTENTS— Continued

Page

Carbonate Coatings ..................................... 68
The Vesicular Horizon........................   71
Age Determinations of the S o i l ........................  73

5. CONCLUSIONS.................................................  77

A Hypothetical Case of Holocene Soil and
Pavement Development ................................. 77

Late Pleistocene and Early Holocene Soil Development . . 79
FURTHER R E S E A R C H ..........................    81

APPENDIX A: LABORATORY ANALYSIS . . . .  ..................  83

Sieving of the Gravel..............  83
Removal of Soluble Salts ............................... 83
Removal of Ca and Mg S a l t s ............................. 84
Separation and Sieving of the S a n d ....................  84
Pipetting of Silt and C l a y ............................  85
Calculations..........................................   85

APPENDIX B: SOIL DESCRIPTIONS............  88

APPENDIX C: PARTICLE SIZE DISTRIBUTION ....................  109

APPENDIX D: PARTICLE SIZE DISTRIBUTION FOR A e ............  127

REFERENCES CITED 129



LIST OF ILLUSTRATIONS

1. Location m a p ............................................... 2

2. Geologic map of the west Eagletails drainage
basin, Aguila Mountains ......................  ..........  7

3. Surfaces of Q-ja and showing pavement and
lack of vegetation ..............................  . . . . .  9

4. Surfaces of Q,. and showing pavement and
sparse vegetation ......................................... 11

5. Slope of the geomorphic surfaces...................... .. . 18

6. Mean relief between the bottoms of swales and
the tops of bars .................................  20

7. Histogram of typical bar-and-channel particle
distributions of ..........................  . . . . . .  22

8. Variations of the amounts of gravel, medium sand, fine
sand and silt, and clay for bars and channels of . . . .  23

9. Graphic mean particle sizes for samples collected
at bars and channels of ............ ....................  26

10. Mean of the gravel fraction from samples collected
at bars and channels of ................................. 27

11. Mean of the gravel fraction from samples collected 
at selected points along radial-line transects on
the alluvial fan ......................................... 29

12. Regressions of the mean of the gravel fraction..............  30

13. Slope of the alluvial geomorphic surfaces versus the
mean of the gravel fraction of the underlying alluvium . . .  32

14. The amount of fine particles (sand, silt, clay) in the
parent material ...........................................  33

15. The calcium carbonate content of the parent material . . . .  35

Figure Page

vi



LIST OF ILLUSTRATIONS— Continued

Figure Page

16. Mean of the gravel fraction of the pavement and
the gravel fraction of the underlying alluvium ............  41

17. AMG at selected sites along radial-line transects
on the alluvial f a n ....................................... 42

18. Linear regression between the average gravel particle 
size in the underlying alluvium of the geomorphic
surfaces and A M G ........................................... 44

19. Histogram showing net change from alluvium to pavement . . .  46

20. Variations of fine sand through coarse silt (2.5-5.0 4>)
with soil d e p t h ........................................... 57

21. Variations of medium through very fine silt (5-8 <f>)
with soil d e p t h ........................................... 59

22. Variations of the ratio of very fine silt (6.5-8.0 <J>)
to total silt (5-8 <)>) with soil d e p t h ....................  61

23. Variations of clay (8-14 <f>) with soil d e p t h ..............  63

24. Variations of the ratio of fine clay (11-14 4>) to
total clay (8-14 <j>) with s o i l .............................. 64

25. Variations of calcium carbonate with soil depth (percent
ages are based on total sample weight including gravel) . . 66

26. Variations of calcium carbonate with soil depth (percent
ages are based on the fine particle fraction of the
alluvium, only the gravel is excluded)...................... 69

vii



LIST OF TABLES

1. Late Quaternary alluvial geomorphic surfaces
on the Aguila Mountains piedmont ............................ 8

2. The ratio X/Y and the thickness (t) of the
alluvium removed to produce the pavement ...................  49

3. Textural properties of the vesicular horizon 
and approximate ages of the vesicular horizon
and the s o i l ...............................................  72

Table Page

viii



ABSTRACT

Distinctive alluvial geomorphic surfaces on the Aguila Moun

tains piedmont are the result of climatic change. Modern washes are 

eroding into the Holocene and late Pleistocene alluvium. Late Holocene 

alluvium contains the coarsest gravel. Middle-Holocene alluvium has 

been partly buried by younger deposits, and has a low slope. Early 

Holocene alluvium has a large areal extent and contains the finest 

Holocene gravel because it was formed under more humid conditions.

Desert pavements are significantly coarser than the underlying 

alluvium because erosion preferentially removes the smaller gravel 

particles from the pavements. They are best formed on alluvial surfaces 

that are slowly downwasting with a minimum of 5 to 15 cm of erosion 

necessary to form an initial pavement. Early Holocene pavements contain 

finer gravel particles than Middle Holocene pavements because they have 

been subject to weathering longer.

Holocene Torriorthents are more dependent on pavement formation 

than the late Pleistocene soils. They are characterized mainly by a 

vesicular horizon, which is composed of aeolian coarse-clay, silt, very 

fine sand, and calcium carbonate. Early Holocene Camborthids have 

incipient Cca and fine-silt horizons, indicating a brief period of 

deeper leaching. Late Pleistocene Haplargids were formed under semi- 

arid conditions.

ix



CHAPTER 1

INTRODUCTION

Holocene and late Pleistocene alluvial geomorphic surfaces 

west of the Aguila Mountains of southwestern Arizona provide an oppor

tunity to study the interrelationships between original deposition, 

pavement development, and soil formation. The purpose of this thesis 

was to observe how climatic changes in the arid environment affect 

fluvial deposition and further, how pavements develop and soil profiles 

form in the alluvium. The method followed was to (1) determine the 

nature of the sediments presently being transported in the washes and 

then make comparisons with late Pleistocene and Holocene alluvium,

(2) describe how surficial alluvium changes to desert pavement,

(3) analyze how soil development is affected by climate and the pave

ment and how it in turn affects the pavement.

Location

The thesis area is located in the west Eagletails drainage 

basin at the western Aguila Mountains piedmont (Fig. 1). The Eagle- 

tails are spire-like rock formations in the central Aguila Mountains. 

The thesis area is approximately 25 km southwest of Sentinel and 

situated in the Luke Air Force Range. The alluvial fan studied lies 

190-122 m above sea level. The altitude of the source drainage basin 

for the alluvial fan studied ranges from 520 m in the southern part 

of the basin to 270 m in the northern part. The mean slope of the

1
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drainage basin is 15-18° (tangent of 0.27 to 0.32), and for the

alluvial geomorphic surfaces in the drainage basin and on the fan,
oapproximately 1° (0.02). The drainage basin area is 3.7 km and for 

2the fan, 4.3 km . The drainage flows west from the fan to the San 

Cristobal Wash and then northward to the Gila River.

Climate and Vegetation

Modem

The climate is arid. For several stations (Dateland, Sentinel, 

Mohawk, Tacna) the mean annual rainfall ranges between 77 and 122 mm 

(Sellers and Hill, 1974). At locations higher in elevation (Ajo, Ajo 

Well, Organ Pipe Cactus National Monument), approximating the drainage 

basins upper reaches, the mean annual rainfall may range from 197-233 

mm. There are only 10-15 days of measurable rainfall at the lower 

elevations and 20-25 for the higher. Summer convective storms can 

produce up to 90 mm in one day, and most of the rain usually falls 

within a few hours. Winter precipitation is caused by polar frontal 

systems and are longer in duration. Wind velocity is maximum in the 

late summer, minimum in the fall, and increases to a secondary maximum 

in early spring. The mean annual temperatures range from 24°C at 

Mohawk to 21°C at Organ Pipe Cactus National Monument and extreme 

temperatures can be expected to range from 51°C in the summer to -12°C 

in the winter.

The vegetation is representative of the Arizona succulent 
varieties (Kearney and Peeples, 1951). Desert pavements are devoid of 

vegetation except for creosote (Larrea) on the late Holocene surfaces.
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Most other varieties are riparian: saguaro (Camegiea gigantia), pin

cushion cactus (Mamnrlllavid) , ironwood (Olneya) , mesquite (prosopis) , 
gray desert salt-bush (Atriplex polycarpa) t burs age (Franseria. 
deltoidea) > and palo verde (Cevoidiim). Ocotillo {Fouqu.ieryid) is found 

on the better drained hill slopes.

Late Pleistocene and Holocene

The climate of the late Pleistocene was semiarid. A substan

tial vegetational change occurred in southwest Arizona (Van Devender, 

1973 & 1977). Vegetation contained in packrat middens suggests an 

average lowering of plant communities by 410 m in elevation. Before 

12,000 B.P. an expansion of the chaparral into the present Sonoran 

desert lowland took place. The lower limit of the mesic woodlands 

(pinon, shrub live oak) was from 460 to 500 m in elevation; hence, 

only the highest elevations in the Aguila Mountains may have had this 

type of woodland. The more xeric juniper woodlands grew as low as 

260 m which would have covered the upper slopes of the Aguila Moun

tains. Desert plant communities were still present below 500 m. Some 

present desert species, palo verde and saguaro, were missing from 

Van Devender's Wellton Hills site even though some species, for 

instance, creosote and white bursage, were present.

The climatic change needed to produce the observed vegetational 

changes is in dispute. Van Devender (1973) proposes a late Pleistocene 

cooling of 1.8° to 3.9°C for the mean annual temperature and a precip

itation increase of 10.4 to 22.4 percent. However, Galloway (1970) 

and Brakenridge (1978) proposed a cold, dry climate during the latest
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Pleistocene. A 7c-8°C annual decrease in temperature would lower the 

evaporation rate 40 percent which would suffice to maintain pluvial 

lakes and, also, increase soil moisture enough to account for the 

vegetational changes (Brakenridge, 1978).

During the early Holocene, 11,000-8,000 B.P., the climate 

became more arid. Mesic woodlands were replaced by the more xeric 

woodlands above 500 m. At Van Devender's Wellton Hills site (elevation 

160 m) the riparian catclaw acacia, velvet mesquite, and green brittle- 

bush grew on the more rocky areas, and Mormon tea was common, although 

now it is rarely found below 370 m. Climatic conditions of the early 

Holocene were drier than the late Pleistocene but were moister than the 

present, which suggest that a lag period of glacial conditions may have 

persisted to 8,000 B.P. (Van Devender, 1977).

After 8,000 B.P. climatic and edaphic conditions became even 

drier. The xeric woodlands disappeared to be replaced by desert plant 

communities. Tree rings of bristlecone pine in the White Mountains 

of California indicate a widespread cooling after 3,000 B.P. (La 

Marche, 1978).

Tertiary

Geology

The Aguila Mountains are part of the Basin and Range province.

A basalt plateau covers the northern part of the range. Welded tuff, 

porphyritic dacite, a complex of breccia, agglomerates, flows and 

pyroclastics, rhyolite and latite, and tuff and pyroclastic rocks 

underlie the basalt (Tucker, 1979). High-angle faults strike N. 40° W.
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across the volcanics; however, the late Pleistocene and Holocene allu

vial geomorphic surfaces are not faulted. The drainage basin of the 

fan is underlain by 44% dacite, 24% tuff, 20% Holocene alluvium, 11% 

rhyolite and latite, and 1% breccias, agglomerates, and flows (Fig.

2).

Formation of the Aguila Mountains began after a period of tec

tonic quiescence during the Eocene. Calc-alkalic volcanism began 29 

m.y. ago and proceeded to 17 m.y. producing the dacite, rhyolite, and 

tuffs (Eberly and Stanley, 1978). Transition from calc-alkalic to 

basalt volcanism took place 16.9 to 15 m.y. ago during the basin and 

range disturbance (Shafiqullah et al., 1980). High-angle faulting 

continued to 8 m.y. ago. The Quaternary has been tectonically inac

tive.

Late Quaternary

The fan consists of several alluvial geomorphic surfaces of 

Holocene age (Qgc> Q^, Q^) and Pleistocene age (Qgy) and currently 

active stream channels (Q^) (Table 1). These alluvial units have 

distinctive sedimentology, topography, and soil profiles that are 

indicative of regional climatic control in much of the Mojave and 

Sonoran deserts (Bull, n.d.).

The Pleistocene (Qgy) surface is relatively flat, moderately 

dissected, and has a well-varnished pavement (Fig. 3). The alluvium 

of Pleistocene age are finer and better sorted than the Holocene - 

alluvium. The soils, Calciorthids or Haplargids, have thick Cca 

horizons which may mask argillic horizons and were formed under the
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Table 1, Late Quaternary alluvial geomorphic surfaces on the Aguila Mountains piedmont. —
The carbonate morphology (Roman numerals) is after Gile, Peterson, and Grossman 
(1965) and the soil nomenclature is after the United States Department of Agriculture 
(Soil Survey Staff, 1975).

Alluvial
Geomorphic
Surface Topography Soils

Age 
(B.P.)

04 Gravelly bars and channels of 
active streams;

Natural rock color 
2.5 YR 6/4 to 4/3

(Torriorthents) 0
to
100

Qsc Undissected;
Gravelly bar and swale; 
Incipient pavement; 
Incipient varnish 
2.5 YR 6/4 to 4/3

Vesicular A horizon; 
(Torriorthents) Stage I

2,000
to
3,000

Q3b Undissected;
Gravelly bar and swale; 
Developed pavement;
5 YR 3/4 to 3/2

Vesicular A horizon; 
(Torriorthents) Stage I

4.000 
to
8.000

Q3a Undissected to slightly dissected; 
Subtle bar and swale;
Well developed pavement;
5 YR 3/3 to 3/2

Vesicular A horizon; 
Incipient cambic;
Incipient Cca from 2-30 cm; 
(Camborthids) Stage II

8,000
to

13,000

Q2b Slightly to moderately dissected; 
Planar to slightly undulating surface; 
Well developed pavement;
5 YR 3/3 to 3/1

Vesicular A horizon 
Carbonate masked argillic 
Cca from 30-90 cm Stage III 
(Calciorthids-Haplargids)

70.000 
to
20.000



Figure 3. Surfaces of Q3a and Q2b showing pavement and lack 
of vegetation. —  Height of vegetation between 0.5 
to 2 m for top photo and 0.5 to 3 m for bottom 
photo. Photographs by E. H. H. Shih.



10

semiarid conditions of the latest Pleistocene. The oldest date of 

200,000 years for is inferred from the large amount of carbonate 

present, and the youngest of 70,000 years is inferred from the beginning 

of the Wisconsin glacial period. Thorium-230/Uranium-234 dating of 

calcium carbonate coatings on pebbles from the Vidal Valley, California 

gave minimum mean ages of 81,000 ± 11,700 years.
Bar-and-swale topography is diagnostic of the Holocene surfaces. 

The arid conditions of the Holocene have restricted soil development to 

a thin vesicular horizon below the pavement. Incipient Cca and Gamble 

horizons formed under the less arid conditions of the early Holocene. 

Lack of an argillic horizon places the date of after the semiarid 

conditions of the late Pleistocene. The middle Holocene alluvium of 

formed after the change to drier conditions after 8,000 B.P., but 

it is probably older than 4,000 years because of its dark varnish (Fig. 

4). The incipient varnish coating on clasts within the pavement of 

Qgc is thought to take approximately 2,000 years to form (Bull, n.d.).

The Holocene alluvial unit of comprise active stream channels 

and tributaries which lack pavement and varnish development. Soil 

development is minimal and confined to the bars.
Alluvial geomorphic surfaces that are not part of the alluvial 

fan are Q^, Q^, and Q^. The alluvial unit of forms the terrace to 

the north of the fan (Fig. 2) and is composed mostly of fine sand and a 

small percentage of gravel, less than 10%. It is moderately to highly 

dissected and has some lag gravel at the surface. The soil, an incip

ient Calciorthid, is moderately calcareous with thin continuous carbon

ate coatings on some clast and the soil contains some carbonate nodules;
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Figure 4. Surfaces of and showing pavement and sparse 
vegetation. —  Height of vegetation between 0.5 and 
1 m for top photo and 0.5 to 3 m  for bottom photo. 
Photographs by E. H. H. Shih.
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thus, Qa may date from the earliest Holocene because of the stage II 

carbonate development (Gile et al., 1965).

The alluvial unit of are debris flows that flank the Aguila 

Mountain slopes. Debris flows are bouldery deposits with a fine matrix 

and have, in come cases, formed levees. However, the fine-grained 

matrix has been removed leaving only varnished boulders on the hill- 

slopes. "Most debris flows of southwestern Arizona may date from the 
early Holocene (Bull, n.d.).

The alluvial unit of Qe is longitudinal dunes that trend west

ward on the terrace (Qa) to the north of the alluvial fan. Soil devel

opment in the sand has been negligible and vegetation has anchored small

areas on the dunes. The dunes have been active in the latest Holocene.



CHAPTER 2

ALLUVIUM

Fluvial erosion, transportation, and deposition of sediments in 

the arid environment are intermittent like the rainfall it is dependent 

upon. A daily rainfall of 3 mm and, particularly, 1 mm in 3 minutes 

is needed to initiate overland flow in Israel (Yair and Klein, 1973). 

Runoff in deserts depends more upon rainfall intensity than duration, 

which suggests that infiltration rate rather than soil saturation is 

important (Mabbutt, 1977). Initiation of channel flow requires 5 mm of 

precipitation. Of the 10 to 25 days of measurable rainfall at the 

Aguila Mountains only a few will initiate runoff and fewer will initi

ate channel flow if conditions are similar to those in Israel. The 

longer duration of winter precipitation is less conducive to flow events 

than the intensity of rainfall in summer conductive storms.

Sizes of sediment particles transported in the stream will 

depend on sorting, sediment additions, and abrasion. Brief, flashy, 

channel flows are not conducive to well sorted sediments, because time 

for selective deposition and transportation is too short. The medium 

travel of bedload gravel was only between 50 and 80 meters per flood 

at Nahal Yael, Israel (Schick, 1970). Sediments are also added to the 

stream flow along the channel by incision of the stream flow into the 

streambed, lateral cutting into the stream banks, and also from runoff 
from surrounding slopes and surfaces, and aeolian dust. Abrasion

13
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during transport will reduce the size of the clasts and also those in 

the streambed that are too large to be transported. Abrasion is more 

dependent on streambed characteristics than particle roughness— a rough 

streambed will have a higher abrasion rate than a smooth streambed.

Large particles and particles with a high surface area to weight ratio 

will also have high abrasion rates (Carlson, 1974).

Sediment deposition on the fan will depend on discharge, slope, 
sediment concentration, and size. Sediment concentrations will increase 

progressively downstream because of incorporation of loose channel sedi

ments into the streamflow and abstraction of the discharge from the 

streamflow into the streambed. Higher sediment concentrations, larger 

particle sizes, and/or low discharges will deposit more sediments, 

build steeper slopes and form smaller fans. A higher discharge can 
transport debris on a lower slope because of higher flow velocities

and thereby the fan area is increased. Experiments by Hooke (1968) 
show that coarse grain size is correlated with steep slopes and fine 

grain size with low slopes.

Procedures for Study of Alluvium

Variations of depositional patterns from the late Pleistocene 

through the Holocene should be preserved in the alluvium. The approach 

of this thesis was to initially analyze alluvium in order that 

present and past depositional processes can be compared.

Parameters analyzed were slope, relief, gravel size, and the 

percentages of sand, silt, clay, and calcium carbonate (Appendix C).

The average slope, at each site, was determined from measurements made
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/

using a 50 m tape, transit, and measuring rod. The microrelief was

determined by measuring the height differences between five adjacent

bars and swales and then the mean was calculated. The surfaces of Q„zb
had almost no bar-and-swale relief, and in that case, just the height 

differences on the pavement were measured. Where practically possible, 

heights of the terraces above main stream channels or below adjacent 

terraces were measured.

Sediments from a suite of five sites along the major wash north 

of the fan were selected as being representative of alluvium. Two

samples (3-4 kg) were collected from a channel and bar at each site. 

Fortunately, the gravel transported in the washes on the Aguila Moun

tains piedmont is small enough to obtain a reasonable size distribution 

by sieving. Unfortunately, it was not possible to sieve particles much 

larger than -6<j> (64 mm); however, the percentage neglected amounts to 

no more than 5 percent of the sample. Even though samples of allu

vium contain mostly gravel and sand, they were analyzed also for silt, 

clay, and calcium carbonate content (Appendix C). This was done in 

order to compare alluvium in the wash with soil development in Holocene 

and late Pleistocene alluvium (Chapter 4).

Site selection of late Pleistocene and Holocene geomorphic 

surfaces was made by selecting sites at the same distance from the fan 

apex as the sample sites along the wash— this procedure minimizes one 

factor affecting deposition, distance from the mountain front. Samples 

were taken from alluvium do not represent a suite of samples collected 

at one point in time along a single wash as in the case of the sample 

suite. The degree of variation introduced into the data by sampling
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different washes of a given age of alluvial geomorphic surface is minor 

compared to the variations that exist in space along a given wash or in 

time between different ages of alluvial geomorphic surfaces.

Sites were selected near or on bars of the geomorphic surfaces. 

Sampling the swales would have introduced more problems than sampling 

the bars. Swales may not be channel deposits of a former wash, but 

instead, merely a topographic low point between alluvial deposits laid 

down at different times or they may have been a channel of a later date. 

Also, material eroded from the bars or eroded upslope from the swales 

will collect in the swales and change the composition of the alluvium 

underlying the swales. Bars are relatively easy to locate and the 

alluvium underlying the bars has undergone less alterations.

A soil pit was excavated at each site to collect samples and 

make soil descriptions. Samples (3-4 kg) were taken at various depths 

depending on soil horizons and depositional variations. Usually three 

to four samples were collected in the top 10 to 15 cm of the soil pro

file because soil development in the Holocene has been restricted to 

that thin soil layer. Samples were then collected approximately in 

10-cm intervals below the 15-cm depth in order to collect representa

tive samples of the alluvium. The pits were approximately 30 cm in 

depth in the alluvium of Q^, 40 to 70 cm for and Q^, and 110 cm

£or Q2b-
The samples were analyzed by the methods given in Appendix A.

The results for gravel size, percentages of fines, and calcium carbonate 

of three to four samples of alluvium from each site were then averaged 

to obtain an idea of the average conditions of deposition.
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Slope and Relief of the Geomorphic Surfaces 

Several types of depositional areas are present on the Aguila 

Mountains piedmont which are: the present washes and channels, the

late Pleistocene and Holocene fan alluvium, the colluvium at the base 

of the hillslopes, the Holocene alluvium in the watershed, the fluvial- 

aeolian deposits north of the fan, and the longitudinal dunes (Fig. 2). 

The alluvium of covers a small area at the southern extremity of the 

fan. The distribution of Q^a roughly parallels on the fan but also 

makes up most of the terrace alluvium of the watershed and the collu

vium. The alluvium of covers most of the head of the fan, but none 

is found in the watershed or near the toe of the fan. Fluvial-aeolian 

deposits (Qa) are north of the fan, and the longitudinal dunes (Qe) lie
on Q . a

Relief of the Holocene and late Pleistocene terraces on the

Aguila Mountains piedmont is low. The terrace of Q^c only averages

0.5 m above the streambed of except near the head of the fan where

the ephemeral stream of has downcut 1 to 2 m into the fan. Where

measured the terrace of Q , lies 0.4 m above the terrace of Q„ , 0.5 mJb Jc
below the terrace of , and is buried near the toe of the fan. The 

highest terraces (Qgy, Qq) lie approximately 1 meter above the terrace

of Q3a‘
Slopes of the geomorphic surfaces on the Aguila Mountains pied

mont are low and range from 0.25 to 1.25 degrees (tan 0.0041-tan 0.021). 

(Fig. 5). The surfaces of and have low slopes of less than 

0.75 degrees (tan 0.013). The higher surface slopes of Q^, Q-}c> and 

vary locally but have an overall slope of nearly one degree (tan 0.017).
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Site AG-24 (Qga) has a much lower slope because it may be located on 

colluvium near the hillslopes rather than on the fan. However, most 

variations in slope may be local slopes resulting from scour and depo

sition rather than an overall slope of the surface.

The relief of the bar-and-swale topography on the surfaces of 

the late Quaternary alluvium is much lower than the relief of the bars 

and channels of (Fig. 6). Some erosion of the bars is responsible 

for the low relief of the Holocene surfaces, but deposition in the 

channels and later in the swales has had the effect of decreasing local 

relief on the Holocene surfaces. Other processes are also responsible 

for changing the surface relief. Vegetation, usually creosote, will 

disrupt the planar surface and individual bushes will serve as sites 

for coppice dune formation thus the local relief will increase. For 

example, a slight increase in vegetational density away from the moun

tain front on the surface of Q^a may be responsible for the increase in 

relief. Relief on old pavements (Q^^) is due mainly to dissection, 

rather than bar-and-swale topography, which is very subdued. Bar-and- 

swale topography is more apparent on the surface of than on Q^, 

which is masked by vegetation.

Deposition of Alluvium

All sizes of the sediments from gravel to clay were analyzed 

to obtain an idea of their relative importance in an ephemeral stream. 

The typical particle distribution is dominated by gravel and coarse 

sand, but slight amounts of finer sediments are also present and are
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Figure 6. Mean relief between the bottoms of swales and the tops 
of bars. —  The data were collected at selected points 
along radial-line transects on the alluvial fan.
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important indicators of depositional processes in an arid stream subsys

tem (Fig. 7).

The four sediment size categories plotted on Figure 8 were deter

mined from the difference in the sediment composition and from the minima 

between any modes in the particle distributions. Sediment particles 

coarser than 0.5$ are composed of fragments of dacite, tuffs, and rhy
olite. The particles that range in size from 0.5 to 2.5$ (medium sand) 

include rock fragments and an increasing percentage of clear to frosted 
quartz. A slight mode around 2$ is observed in some samples. A reddish 

iron-strained frosted quartz, with a mode near 3.5$, predominates in 

the size category from 2.5 to 8$. Clay-size minerals, though typically 

composing only 1 percent of the total sediment mass, were analyzed 

separately.

The sediments of channels become progressively finer down

stream. The percentage of gravel and coarse sand decreases and of 

medium sand increases in the channel sediments downstream. Infiltration 

of water into the stream channel would decrease stream power and reduce 

the stream's ability to transport gravel and thus the gravel percentage 

will decrease. Also, abrasion of gravel will reduce the size of the 

gravel and hence its percentage in the alluvium and increase the percen

tage of rock fragments in the medium-sand category. Fine-sand, silt, 

and clay do not progressively increase downstream because they are 

mostly derived from the lateral cutting of the stream into Qq alluvium 

and downcutting into Holocene and Pleistocene alluvium. Other contrib

uting sources of fine sediments are from the weathering of rocks on
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Figure 8. Variation of the amounts of gravel, medium sand, fine
sand and silt, and clay for bars and channels of Q4. —  
The samples were collected in the down stream direction. 
The size range for gravel is (0.5# to -6#), medium sand 
(0.5# to 2.5#), fine sand and silt (2.5# to 8#), and 
clay (8# and smaller).
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hillslopes, deposition by wind, and overland flow from surrounding 
terraces.

Particle-size distributions of sediments from bars show fewer 

trends than from the channel sediments. Deposition of fine sand, silt, 

and clay on bars during the waning stages of flooding will decrease the 
gravel percentage in the bars. At any site of Q^, bars will vary in 

height and depositional conditions will vary from bar to bar; thus, 

finding representative bar sediment is more difficult than finding 

representative channel sediment. However, some sediment-size trends 

are apparent from the bars of Q^. The bars from the head to the upper 

midsection of the fan generally contain less sand than downstream.

This is caused by a low sediment concentration of sand and silt in the 

stream flow in the watershed and near the fan apex, hence less deposi

tion of sand on the bars than in the downstream direction.

Mean Particle Size of (L Alluvium

Two parameters were used to determine the mean size of the 

total sediment sample and the mean size of the gravel fraction of the 

sediment. One parameter, the graphic mean (Folk, 1974), is good for 

determining the overall size of the total sediment sample and gives a 

reliable idea of the very poorly sorted alluvial sediments average 

size. The second parameter, the mean of the gravel fraction of the 

sediments, was used because gravel may be a better or perhaps the only 

indicator of Holocene and late Pleistocene depositional conditions. 

Additions of fine sand, silt, and clay to the alluvium during pedogene

sis would make the graphic mean less reliable. Nevertheless, comparison



of the graphic mean of the total sample with the mean of the sample's 

gravel fraction was made in order to observe the relation between them.

The graphic mean of channel sediments (Fig. 9) decreases more 

rapidly downstream than does the mean of the gravel fraction (Fig. 10). 

There is a large decrease for both means from the watershed to the fan 

apex. However, the average gravel particle-size decreases slowly down

stream from the fan apex, whereas the graphic mean continues to 

decrease rapidly due to continued additions of fine sediments and 

selective deposition of gravel.

The average gravel size of the bars (Q^), like that of the 

channel, decreases rapidly at the mountain front but changes little 

downstream on the fan. The graphic mean of the bars, unlike the chan

nels, varies erratically downstream, depending largely on the amount of 

fine sediments in the bars.

Variations in the mean size of gravel clasts between the bar 

and channel are due partly to local depositional changes in the stream- 

bed and partly to errors caused by sampling and laboratory methods, but 

most variations are depositional. Only one sample was taken from a bar 

and one from a channel, so some variation would be expected. Some dif

ferences can be expected in the mean of the gravel fraction from 

sandier samples because determining the mean of samples with a smaller 

gravel fraction is less accurate. The average gravel size will vary a 

short distance spatially across the stream channel, and it will also 

vary down through the interbedded Holocene and late Pleistocene allu

vium. To determine the average mean of the gravel fraction accurately, 

more samples would have to be collected. The average standard

25
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Figure 9. Graphic mean particle size for samples collected at
bars and channels of Q^. —  The samples were collected 
in the downstream direction.
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Figure 10. Mean of the gravel fraction from samples collected
at bars and channels of Q^. —  Samples were collected 
in the downstream direction. The fines (sand, silt 
and clay) have been left out in computing the mean.
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deviation from the gravel mean, derived from all the data collected, 

can be expected to lie between 0.2 and 0.3(f) for the Q̂. and Holocene 

alluvium.
The graphic mean is the best method for showing the overall size 

distribution, but it is poor for determining depositional conditions for 
the Holocene alluvium. It is easily influenced by pedogenesis. Inter- 
bedded gravelly and sandy layers in the alluvium make it difficult to

determine the average graphic mean. Even though the mean size of the 
gravel fraction is a poor indicator of fluvial conditions, it is the 
most easily determined and reliable parameter and will be used for 
comparison of the Holocene and late Pleistocene alluvium.

Mean Particle Size of the Alluvium Gravel Fraction

The average size of alluvial gravel deposited on the Aguila Moun

tains piedmont has varied throughout the late Quaternary (Fig. 11). The 

Pleistocene alluvium contains the smallest gravel clasts except at the 

very sandy site AG-11 (Q^). Of the Holocene alluvial units, the 

alluvium of contains the coarsest gravel, nearly 0.5<f) larger than 
Q^. and the alluvial gravel sizes of and vary in between.

Linear regressions of the mean gravel size plotted against dis

tance show a constant decrease of size with distance (Fig. 12). The re

gression lines of Q_ , Q , and Q. are parallel, indicating a similar
JC 3a 4

rate of decrease of the mean gravel size toward the toe of the fan. The 

same parallel trend was found for Q^, Q^, and on the Gila Mountains 

piedmont by Schenker (1977). The regression of and Q^y have trends 

different from those of the other units but their linear regressions
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Figure 11. Mean of the gravel fraction from samples collected at 
selected points along radial-line transects on the 
alluvial fan
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Figure 12. Regressions of the mean of the gravel fraction. —  
Samples were collected at selected points along 
radial-line transects on the alluvial fan.
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were based on 3 and 2 points, respectively, unlike 5 for the other 

terraces. The coefficients of correlations of the regression lines 

were good and ranged between —0.8 to 0.95. The standard deviation from 

the mean ranged between 0.3 (Q^) and 0.1 (Q3(,)* The higher standard 

deviation of may be expected because the mean gravel size was calcu

lated from two samples at each site as opposed to three to four samples 

for the Holocene alluvium.

The effects of slope on the average gravel size is less clear 

than the effects of distance (Fig. 13). Correlations of the slope with 

the gravel mean was very poor for Q^a and Q̂ ,, with correlation coeffi

cients of -0.24 and 0.35, respectively. Good correlations were found 

for and Q3c» but the regressions indicated that steep slopes corre
sponded with small gravel sizes, which probably is not the case. Only 

had a regression line that indicated low slopes correspond with a 

small gravel size. The slope data may be unreliable because of the 

method used— measuring the slope over a 50-m interval may give results 

for local deviations in the slope and not the overall slope of the 

surface.

Fine-particle Fractions of the Alluvium 

Even though calculation of the graphic mean gave poor results, 

a plot of the total fine sediments contained in the parent material of 

the alluvial geomorphic surfaces will give comparable results (Fig. 14) 

14). For instance, the alluvium of and Q^a contains a high percen

tage of fine sediment from the lower midsection to the toe of the tan, 

as did Q^, with a minimum of fine sediments from the watershed to the
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Figure 14. The amount of fine particles (sand, silt, and clay) in 
the parent material. —  The samples were collected at 
selected sites along a radial-line transect of the allu
vial fan. The deepest material not located in a paleosol 
was considered the parent material, at a given site.
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upper midsection of the fan. Because of fewer data points,,the fine 

sediment trends of and are more difficult to ascertain, but 

both have smaller amounts of fine sediment in the lower midsection of 

the fan. The watershed and fan apex have had less fine deposition 

through time but the loci of maximum fine deposition may have varied 

over lower fan section. Climatic changes will cause the average dis

charge to vary with time, and the concomitant variations of stream 

power and sediment concentration will alter the location of maximum 

sediment deposition on the surface of the fan.

Calcium Carbonate and Clay

Some calcium carbonate and clay will be deposited in the allu

vium by aeolian and pedogenic processes. The initial content of clay 

and calcium carbonate was determined for only the deepest samples from 

the soil pits that were not located in a paleosol because clay and 

calcium carbonate can be added later to the alluvium by pedogenesis. 

High values of carbonate and clay were found in the alluvium of and 

site AG-11 (Q3a) because they did not contain alluvium that was not 

influenced by pedogenesis.

Percentages of calcium carbonate and clay in newly deposited 

alluvium are low. The content of calcium carbonate (Fig. 15) and clay 

(not shown but similar to that of the carbonate) is around 1 percent.
On the average, has a higher clay and carbonate content than 

or Q3b— between 1.5 and 2 percent. However, it is not certain whether 

even the deepest samples from Q3a have not been influenced by pedogene

sis; therefore, their clay and carbonate percentages are questionable.



WATERSHED FAN

co
if)<

yj
CL
Z<to

<h-
g
u.
o

58

apex upper
midsection

lower toe
midsection

AG-II

• •>.
.. y  • • ;

DISTANCE (km)

Figure 15. The calcium carbonate content of the parent materials.
The samples were collected at selected sites along a 
radial-line transect of the alluvial fan. Qgy and 
Site AG-11 of Q3a have no locatable parent material 
therefore the corresponding calcium carbonate values 
are too high.



Any clay or calcium percentage above 2 percent in the alluvium can be 

assumed to be pedogenic and not depositional.

Late Quaternary Alluvial Deposition 

Alluvial deposition on the Aguila Mountains piedmont was in 

response to climatic and vegetational changes. Vegetative densities 

during Pleistocene glacial stages were higher than during the Holocene 

because of cooler temperatures and moister soil conditions, and stabil

ity of colluvium on the hillslopes was increased. Moister soil condi

tions increased chemical weathering and along with increased time of 

weathering due to hillslope stability a smaller average gravel size was 

produced in the colluvium. The alluvium of is inferred to have 

formed by stripping colluvium off the hillslopes and its deposition on 

the piedmont before the Wisconsin glacial stage.

Climatic and edaphic conditions under which Holocene alluvial 

deposition and erosion took place are more definite. Warmer tempera

tures and drier soil conditions after the Pleistocene-Holocene boundary 

resulted in decreased vegetational densities and more barren hillslopes 

(Bull, 1979). Increased erosion removed the finer topsoil exposing the 

coarser colluvium below. The sediments removed were transported to the 

base of the hillslopes or out onto the fan as the alluvium of Q .

Early Holocene soils were moister than the late Holocene soils; 

thus, chemical weathering was more intense and colluvium mantled the 

hillslopes more than at present. As a result, the average gravel size 

found in Q^a is finer than in and Q^. High sediment concentra

tions raised the critical-power threshold of streamflow (Bull, 1979)

36
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enough that, even though the stream gradient increased, aggradation on 

the piedmont continued. Another possibility is that the gravel was 

deposited by small streamflows, which would mean that a steeper slope 

would be necessary to transport the sediment than if large streamflows 

had been dominant. Finally, more exposed bedrock and decreased collu

vium reduced fluvial sediment concentrations. Reduction of sediment 

concentration decreased critical power, and erosion and downcutting 

into the streambed decreased the stream gradient.

The eroded hillslopes exposed fine colluvium which had accumu

lated when soils were protected by vegetation during the late Pleisto

cene. Aeolian and fluvial erosion removed the fine colluvium, which 

was then transported to the valleys and mountain front and accumulated

to form the terrace of Q .a
The formation of debris flows (Q^) was enhanced in the early 

Holocene by reduced vegetation densities, steep slopes, short periods 

of intense rainfall, and exposed fine and coarse colluvium. Boulders 

and fines were transported by the debris flows, built levees on the 

slopes, and contributed to the aggradation of the valley floor.

The change to drier conditions after 8,000 B.P. further reduced 

vegetational densities and erosion again proceeded on the slopes with 

further alluvial aggradation on the fan (Qgy)* Less colluvium was 

exposed on the hillslopes after the early to mid-Holocene climatic 

change than during the more dramatic, late Pleistocene-Holocene cli

matic change. Sediment concentration increased in the watershed but 

not enough, to surpass the critical-power threshold of the stream and 

erosion continued on the terraces within the watershed. However, on
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the fan, sediment concentrations had increased, stream power decreased, 

and the threshold was not crossed. Deposition of the alluvium of 

occurred on the fan, but the stream gradient was not increased as much 

as in the early Holocene.

The Q^c alluvium was deposited under slightly less xeric condi

tions of the late Holocene. However, changes caused by climatic shifts 

to drier conditions in the early and middle Holocene continued to cause 

erosion on the hillslopes. Erosion removed much of the colluvium on 

the hillslopes, baring even the coarser colluvium from deeper soil 

depths, which was then transported out onto the fan and filled earlier 

incised channels.

The present washes of are representative of the time periods 

between major fan building. The critical-power threshold has been 

exceeded and incision of stream channels into the fan is common. The 

alluvium in the washes of probably consist mostly of alluvium 

eroded out of the channel banks.



CHAPTER 3

DESERT PAVEMENTS

Initially desert pavements were thought to have been formed by 
deflation (Blake, 1904; Free, 1911). Sand and finer sediment were 

thought to have been removed from alluvium by the wind until the non- 

erodible sediments, mostly gravel, projected above the surface enough 

to give protection to the fine sediment (Chepil, 1950). The amount of 

fine sediment removed varied as the ratio of the volumes of the non- 

erodible and erodible sediments.

Fluvial erosion of the surface rather than deflation is real

ized to be the major process in pavement formation. The formation of 

a relatively impermeable surface crust by compaction and washing in of 

fine particles by raindrop impact protects fine particles from wind 

erosion (McIntyre, 1958). However, rain splash and surface runoff can 

also break up the crust and remove the sediment. The amount of sedi

ment removed diminishes with time as the amount of available fine 

sediment diminishes and gravel on the surface increases. In 5 years, 

an average of 15 to 20 mm of surface lowering on barren experimental 

plots in Israel caused formation of a lag gravel (Sharon, 1962).

Additions of gravel to the pavement may be made from the allu

vium by an upward vertical translocation of the gravel (Springer, 1958; 

Jessup, 1960; Mabbutt, 1965; Denny, 1965). Alternate wetting and dry

ing during and after rainstorms will cause expansion and contraction of

39
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clay in the alluvium below the pavement. Lifting of the gravel to the 

surface as in areas of repeated freeze and thaw create a gravel- 

depleted layer below the pavement.
Weathering of the primary clasts, alluvium gravel that has been 

added to the pavement, will produce smaller secondary particles (Cooke, 

1970). Particle splitting by solution and growth of salt crystals will 

disintegrate the larger pavement clast. Other weathering processes on 

the pavement may be by thermal expansion of salts, salt hydration, and 

frost.

Procedure for Study of the Desert Pavements 

At selected sites along radial-line transects of the alluvial 

fan, 3- to 4-kg samples of pavement were taken from above the vesicular 

horizon. In the laboratory the sample was seived and the particle dis

tribution was compared with the average particle distribution of the 

underlying alluvium (Chapter 2).

Mean Particle Size of Gravel Fraction 

The mean particle size of the gravel in the pavement (dacite, 

tuff, and rhyolite) is substantially larger than the mean particle size 

of the gravel fraction of the underlying alluvium (Fig. 16). The dif

ference between means of the alluvium and pavement (AMG) can be as much 

as 2$ near the lower midsection of the fan (Fig. 17). The smallest 

AMG, less than 1<{>, was found between the apex and the upper midsection 
of the fan.

The difference between AMGs is time dependent. For example, the 

alluvium of contains the coarsest gravel of the alluvial geomorphic
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Figure 16. Mean of the gravel fraction on the pavement and the gravel 
fraction of the alluvium. —  The samples were collected at 
selected points along radial-line transects on the allu
vial fan. The lower line segments represent the gravel 

' fraction of the alluvium and the upper line segments 
represent the pavement.
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Figure 17. AMG at selected sites along radial-line transects on 
the alluvial fan. —  AMG is the difference between 
the mean of the alluviums gravel fraction and the 
mean of the pavements gravel fraction.



surfaces but has a finer incipient pavement. The mean sizes of the 

gravel in the older pavements are similar even though the mean sizes 

of gravel in their alluvium are substantially different.

Pavement Development and Parent Material 

Initial pavement development is largely dependent on the tex

ture of the underlying alluvium. The average gravel size of the under

lying alluvium and the difference in mean sizes between the alluvium 

and pavement, AMG, are linearly correlated (Fig. 18). Generally, AMG 

increases as the size of the gravel in the alluvium decreases, indica

ting that there is a trend toward a preferred pavement distribution.

Less erosion is needed for development of pavement on an alluvium 

containing coarse gravel than for development of pavement on an allu

vium containing small gravel. The gravel size of the alluvium may 

become (< 4 mm) too small to permit formation of a stable pavement by 

erosion, because erosion will remove most of the small gravel from the 

surface of the alluvium and lowering of the surface will continue.

Sand and finer alluvium are removed from the pavement unlike 
gravel, but they still influence pavement stability and composi

tion. Comparison of Figure 14 and 17 shows that predominantly sandy 

alluviums are related to a large AMG. A desert pavement overlying a 

sandy-textured alluvium containing a fine gravel would be relatively 

unstable. Small gravel may be more easily removed from sandy alluvium 

because the resulting greater fluvial erosion of the surface would 

undermine the clasts more frequently making them easier to remove by 

runoff. Secondly, the small clasts would be allowed freer movement

I
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Figure 18. Linear regression between the average gravel particle size 
in the underlying alluvium of the geomorphic surfaces and 
AMG. —  AMG is the difference between the mean of the gravel 
fraction of the alluvium and the mean of the pavements 
gravel fraction.
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across the incipient pavement because the packing of the pavement would 

be less over sandier sites initially and large clasts would less fre

quently impede the movement of the smaller clasts. The net result is 

that over sandy sites a higher proportion of small clasts than larger 

clasts is removed, thus, the coarseness of the pavement is increased.

Determination of the Amount of Erosion
Smaller gravel along with the sand is removed from the alluvium 

and large gravel sizes become more concentrated; thus, the distribution 

of the gravel sizes in the pavement will change. In Figure 19, the 

percentage of a given clast size in the alluvium is represented as Y.

A percentage increase of a clast size in the pavement relative to the 

alluvium is designated as +X, and a percentage decrease as -X; ±X/Y is 

the net change between the percentages of gravel in the pavement and 

the alluvium for a particular clast size.

The minimum amount of erosion needed to form the pavement can 

then be calculated. The derivation of an equation to determine erosion 

proceeds as follows:

M = M (+X/Y) (1)e g

where

Me
Mg

mass eroded

mass of gravel in pavement sample (g)

Ve = M /d e f

Vg M /d g g

and
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GRAVEL 8 COARSE SAND DISTRIBUTION 
IN UNDERLYING ALLUVIUM a IN PAVEMENT (40

Figure 19. Histogram showing net change from alluvium to pavement. —  
The histogram is based on the average alluvium and pavement 
distribution of Q3a to Q35. Y is the percentage of a given 
particle size in the underlying alluvium. +X is the per
centage of gravel added to the pavement and -X is the 
percentage of gravel or sand lost.
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where

Ve

Vg

dg

= volume of eroded material

= bulk density of fine alluvium (g/cm ) 

= volume of gravel
3= density of gravel (g/cm )

3

then

t = (V + V )/A e g

where

t = thickness of original alluvial layer (cm)
2A = area of sample (cm )

which equates to

t
(+x /y )m k

df + /A

or

t
M_£A

If only the soil bulk density (dg) is known. Equation (2) 

be approximated and reduced to:

t = ((+X/Y) + l)d (M /A)) s g

(2)

can

(3)
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Unfortunately, the parameters A and dg were not taken in the 

field, so exact thicknesses derived from Equation (3) cannot be deter

mined. Also, the ratio +X/Y is variable, especially for the larger 

gravel sizes, hence the amount of error may be significant. Larger 

samples of approximately 40 kg would have to be taken to determine the 

ratio more accurately. Approximate thickness of the alluvium removed 

by erosion can be attained by estimation. The value of t can be rea

sonably approximated for the large gravel sizes from the estimated
2 ovalues for A of 2,500 cm and for dg of 1.6 g/cni (Table 2).

Varying thicknesses of alluvium have been removed to produce

the pavements on the Aguila Mountains piedmont. Only a minimum of 1 to

3 cm of alluvium was needed to be removed to produce the incipient

pavement of Qgc- No more than 5 to 15 cm of erosion was needed to

bring large clasts to the surfaces of Qou, Q„ , and Q„, . However, atjb 3a 2b
very sandy areas more erosion was needed to produce a pavement. It is 

estimated that AG-11, the sandiest site, needed 90-180 cm of alluvium 

removed, which is why a paleosol is relatively close to the surface 

(Appendix B). Symmons and Hemming (1968) attributed pavement develop

ment to deflation in the Southern Sahara and calculated that 2.7 to 

4.3 cm was removed, which is similar to that of the surface of Q^*

Distribution of Gravel in the Pavement 

The larger gravel, -5$ and larger, has required more erosion 

than the smaller gravel, -3$ to -44*, because +X/Y is generally much 

larger for larger clasts (Table 2). Even though the percentages of 

smaller gravel (-34*') clasts in the pavement are greater in the



Table 2. The ratio X/Y, and the thickness (t) of the alluvium removed to produce the pavement

Surface Site
X/Y Erosion (t), in cm

-5<J> -4(f) -3(f) -2(f) -1.5(f) -1(f) -5(f) -4(f) -3<f>

Qor AG-15 0.5 1.2 0.7 -0.7 —0.8 -0.9 1.2 1.8 1.4JC AG-22 ——— 0.6 ‘ 2.5 0.0 0.8 -0.9 ——— 0.8 1.7
AG-18 1.2 0.3 0.5 0.2 -0.6 0.9 0.5 0.6
AG-12 3.2 2.1 1.6 -0.5 -0.9 -0.9 2.4 1.8 1.5
AG-27 2.6 1.3 2.1 0.2 -0.7 —0.8 *1.6 1.0 1.3

Qoh AG-21 4.8 1.3 0.8 -0.8 -1.0 -1.0 4.3 1.7 1.3JD AG-17 10.4 3.1 0.9 -0.7 -1.0 -1.0 14.6 5.2 2.4
AG—10 41.7 4.7 0.1 -0.9 -1.0 -1.0 30.0 3.9 0.8

Qo* AG-14 7.6 1.3 0.6 —0.8 -1.0 -1.0 5.0 1.3 0.2Ja AG-24 10.7 2.5 0.7 -0.6 -1.0 -0.9 6.8 1.4 0.4
AG-20 12.7 „ 1.2 1.1 -0.4 -0.9 9.7 1.6 1.5
AG-11 *210.0 *43.0 10.2 0.0 -0.9 -1.0 *180.0 *40.0 9.7
AG-28 11.7 10.0 2.5 -0.1 -0.8 -1.0 6.0 4.7 1.2

Q7h AG-29 17.7 7.7 1.0 -0.9 -1.0 -1.0 13.1 5.4 1.42b AG-5 7.8 17.9 1.2 -0.9 -1.0 -1.0 7.2 15.2 1.8

a = estimated values



pavement than in the alluvium, most of the smaller sizes have been 

removed because the percentages of larger gravel clasts have increased 

even more markedly.

For example, granules with sizes from -1 to have been almost

eliminated from the pavement. Even most granules have been removed from 

the incipient pavement of — the few granules presently found on the

surface are due to additions from erosion. A sediment trap (Appendix C) 

set flush to the pavement from July to October 1979 collected mostly 

sand but also granular material, less than A mm (- 2<j>). It is apparent 

that particles less than 4 mm are being transported across the surface 

and eventually from it (Lowdermilk and Bundling, 1950).

The percentage of small pebbles in the pavement (4 to 8 mm) also 

has decreased relative to the percentage in the underlying alluvium but 

not as completely as percentage of smaller granular material. The per

centage of small pebbles in the incipient pavement of has either 

locally decreased or increased slightly due to varying amounts of 

fluvial erosion along the surface. However, both the pavements of 

and Qgy consistently had large decreases of small pebbles but the pave

ment of Q^a had moderate to no decreases in this size category. The 

surface of Q^a has been stable for a longer time than the surfaces 

of or (Chapter 4). The early Holocene surface contains 

secondary particles formed by weathering of the large clasts which 

resulted in an increase of small weathering products. The erosion 

rate for old, stable surfaces is low because erosion exponentially 

decreases as the packing of the pavement increases. With reduced 

erosion, the smaller gravel clasts that eroded from the underlying
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alluvium or were weathered from larger pavement clast are less likely 
to be removed.

The percentage of gravel larger than 8 mm (-3 ) becomes rela

tively greater in the pavement than in the underlying alluvium. Usu

ally the percentages of large clasts, —54) or larger, have increased the 

most with the exception of the large clasts in the pavement. The 

pavement of is still in the initial stages of development, and 

there has not been enough erosion to bring enough of the sparse larger 

gravel to the surface to develop a mature pavement.

Pavement Development

Initially deflation will remove medium and finer sand from the 

alluvium before the deflation is quickly attenuated by the development 

of a surface crust (McIntyre, 1958). Further erosion of granular and 

finer alluvium proceeds by raindrop impact and sheetwash. Even parti

cles larger than 4 mm are being removed but at slower rates. Gravel 

with particle sizes larger than 8 mm are being added to the pavement 

faster than removed, which causes a net increase, the amount of 

increase depending on the particle size.

Erosion of the fan surface is initially rapid but slows as the 

packing of the gravel on the surface increases. As erosion slows, 

less small gravel are removed, but even less small gravel from the 

alluvium are exposed, hence there may not be a net addition of small 

gravel to the pavement, but there may be formation of a basal pavement 

layer of these small gravel (Sharon, 1962). ^
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Even with a slower erosion rate, however, larger sizes will continue to 

be exposed on the surface faster than their slow removal rate, and 

their net percentage in the pavement will continue to increase more 

than those of the smaller gravel sizes.

As density of the pavement particles increases and erosion 

slows still further, progressively larger particle sizes will reach a 

point of no net-additions to the pavement. Packing of the gravel even
tually becomes dense enough so that further erosion and particle addi

tions to the pavement are minimal, thus the surface achieves stability.

Once a particle is just below or in the pavement it becomes 

subject to weathering processes such as salt splitting and wind abra

sion, which will reduce the size of the particle. Rapid erosion of an 

incipient pavement limits weathering of a particle because the resi

dence time for all except the largest particles, on the surface is 

short due to rapid removal. Once the surface is stabilized, the 

residence time for most particles has increased enough so that weather

ing becomes important.

Weathering causes a slight reduction in the overall pavement 

size over a long time period. Large particles will be reduced into 

smaller secondary particles by salt splitting. Removal of smaller 

particles will be less on a stable surface than on a rapidly eroding 

one, therefore the number of small secondary particles will increase 

slightly on the stable surface.

During periods of pavement stability, fine sediments slowly 

accumulate in the vesicular horizon just below the pavement (Chapter 

4). The amount of clay in the vesicular horizon increases with time
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from aeolian additions. Wetting from rainfall and the resulting 

swelling of clay will move gravel from the vesicular horizon upward 

to the pavement (Springer, 1958; Denny, 1965). Initially, only a small 

amount of gravel will be added to the pavement because of the low 

amount of clay in the vesicular horizon. Later, as the clay percentage 

increases, removal of the gravel from the vesicular horizon will accel

erate and may replace gravel losses on the pavement due to erosion and 
weathering.

Eventually, pavement stability will be reduced by depletion of 

gravel from the vesicular horizon and no further particle additions 

from it to the pavement, weathering of the larger particles, and creep 

of the pavement gravel (Denny, 1965). Erosion will increase because 

of reduced particle density and the decrease of large, stable parti

cles. The vesicular horizon will be removed along with some pavement 

gravel until a pavement is reformed from gravel from the underlying 

alluvium as was done in the initial stages of pavement development. 

However, erosion may proceed until the pavement is destroyed if a new 

pavement stability cannot be achieved.



CHAPTER 4

SOILS

The Holocene soils on the Aguila Mountains piedmont were formed 

under an arid climate. Soils developed in the alluvium of Qgc and 

are Torriorthents and soils dating from the early Holocene (Qga) are 
Camborthids. Soil development in the middle and late Holocene 

alluvium (Q^i Q^y) has been restricted mainly to a thin vesicular 

horizon just below the desert pavement. Besides a vesicular horizon, 

an incipient cambic horizon from 10 to 20 cm below the surface and an 

incipient Cca horizon from 20 to 30 cm below the surface has developed 

in the alluvium of Qga»

The late Pleistocene soils were formed mostly under a semiarid 

climate. The Calciorthid or Haplargid soils have developed in the 

alluvium. A vesicular horizon derived during the Holocene epoch has 

developed under the desert pavement. A bright reddish-brown horizon 

extends down to a depth of 25 cm, below which an indurated Cca horizon 

masks an argillic horizon (25 to 40 cm) in the Haplargids. The 

Calciorthids lack a pronounced clay horizon and are in the early stage 

III of carbonate morphology development (Gile et al., 1965).

Procedures for Study of the Soils

Pedons at selected sites on different alluvial geomorphic 

surfaces were described. Three to four soil samples (2-4 kg) were 

collected within 15 cm of the surface where most of the Holocene soil
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development has taken place. Below 15 cm, samples were collected from 

varying intervals of soil depth depending on soil or alluvial varia

tions. The maximum depths from which soil samples were collected were 

approximately: 30 cm (Q-^)> 40-60 cm (Q^y), 40-60 cm (Qga)> and 110 cm
(Qzy)• To determine the probable aeolian input to the soil, a sample 
of dust, designated as the Ae horizon, was collected from the soil 

surface at each site, and a sample of fine sediment was collected from 

a crevice in a hillslope boulder.

The soil samples that were collected from the study area were 

analyzed in the laboratory by the methods described in Appendix A. 

Calcium and magnesium salts were removed from the samples by dissolution 

with EDTA (ethylenedinitrilotetraacetic acid) and particle size dis

tributions of the remaining silicates were determined. The gravel and 

sand were sieved, and silt and clay were determined by the pipette 
method.

The usual size boundaries by Folk (1974) and Soil Survey Staff 

(1975) between sand, silt, and clay were not used in plotting textural 

variations with soil depth. Instead, the minima between modes in the 

particle-distribution curves determined boundaries between the size 

categories. These size categories were more useful in examining how 

pedogenic process affect particle distribution with soil depth. The 

size categories were very fine sand (0.177-0.031 mm), silt (0.31-

0.0039 mm) and clay (smaller than 0.0039 mm.)
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Very Fine Sand

The first modification of the alluvium after it is deposited 

is the addition of very fine sand. All pedons analyzed show an increase 

of very fine sand within 30 cm of the soil surface over that of the parent 

material (Figure 20). Generally 10 to 20 percent of the parent material 

is very fine sand, the amount being similar to that found in bars 

(Appendix C). At soil depths shallower than 20 to 35 cm, the percentage 

of very fine sand approaches 40 percent.

The probable sources of the sand are aeolian, sheetwash, and 

flood events. The fine, loose sediments on the soil surfaces are a 

source of the fine sediments in the soil and are composed of a 60 per

cent very fine sand, which is similar to the percentage found in the 
sample from the boulder crevice. The Ae horizon is mostly aeolian, but 

runoff will transport it, along with new material, across the surface 

of the soil. Infiltration from runoff into the soil may be the main 

mechanism for sand transport downward into the soil. Relatively low 

areas of the geomorphic surfaces may be subject to flooding from nearby 

washes and may receive deposits of fine sediments.

The differences that occur between the very fine sand percent- 

ges of pedons are related mostly to the original texture of the alluvium. 

For example, the maximum amount of very fine sand may be found in the 

Av, AC, or horizons. Interbedded gravelly and sandy layers in the 

alluvium may impede downward movement of very fine sand into the soil 

(Asamoa and Protz, 1972).

Very fine sand additions to the pedon are relatively rapid 

after final deposition of the alluvium, the process takes no more than
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Figure 20. Variations of fine sand through coarse silt (2.5-5.04)) with soil depth. —  The samples 
were collected at selected sites on alluvial geomorphic surfaces. General soil hori
zons shown in their approximate positions. Sites AG-12, 10, 11, and 5 are not plotted 
because their silt distributions were not analyzed.
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a few hundred years. The amount of sand accepted into the soil matrix 

is rapidly attenuated and approaches a limit of 40 percent of the 

total weight.

The very fine sand is responsible for the dominant colors found 

in the Holocene soils. A small amount of hematite on the very fine 

grained quartz was found to form the red colors in soils in the Sonoran 

Desert (Walker and Honea, 1969). The hematite staining is formed by 

the presence of biotite and hornblende in the parent material, moisture 

to release and transport the iron, and a dry period to dehydrate the 

iron (Cooke and Warren, 1973). The result of the iron staining is a 

dull orange to orange (SYR 6/4 and 6/6) color on the sand in the washes, 
in the dust, in the soils of and and in the parent material of

Increased iron staining in the B horizon of has produced a 

bright reddish-brown (SYR 5/6) cambic horizon.

Silt

The silt percentage decreases logrithmically from the soil sur

face downward through the pedon. The vesicular horizon contains most 

of the silt, up to 30 percent, however, some silt has been illuviated 

down to a depth of 20 cm for and Q^, 45 cm for Qga > and perhaps 

60 cm for (Figure 21). The parent material contains 1 to 2 percent 

silt, which is similar to the percentage in the bars of Q^.

Unlike the very fine sand content, silt content in the pedon is 

more time dependent. The younger alluvium of Qgc has no more than 10 

percent silt in its Av horizon; whereas the Av of has 30 percent. 

The varying silt content in different pedons along the same geomorphic
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Figure 21. Variations of medium through very fine silt (5-8<}>) with soil depth. —  The samples were
collected at selected sites on alluvial geomorphic surfaces. General soil horizons shown 
in approximate positions. Sites AG-12, 10, 11, and 5 were not plotted because their silt 
distributions were not analyzed. The dashed line of AG-29 represents the silt percentage 
which was based on the fine sediments only. Ln
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surface is also dependent on the time of surface stability at the 

location of the pedon. Any erosion of the surface would remove much 

of the silt contained in the Av horizon. At older stable surface 

locations (3,000-8,000 years) the silt content will approach a limit 

of 25 to 30 percent.

The ratio of very fine silt to the total silt decreases with 

soil depth (Fig. 22). The ratio is approximately 0.5 in the epipedons 

of Qga > and and decreases to 0.2 to 0.3 in the and

horizons. The epipedons and Cns of have similar ratios. The ratio 

ranges between 0.2 to 0.4 in the fine sediments on the soil surface; 

higher values were caused by the inadvertant scrapping off of Av 

horizon sediments from below the Ae horizon during collection of the 

dust sample. The ratio is higher for the Av than Ae horizons because 

very fine silt is preferentially illuviated from the Ae into the Av 

horizon (Wright and Foss, 1968)

Below a depth of 35 cm the ratio of very fine silt to total 

silt in Qga and Q^y increases from 0.3 to 0.4 through 0.5, but the 

total amount of silt does not increase as may be expected in a paleosol 

(Fig. 21). The ratio increases more dramatically for Q^y than Q^.

The percentage of total silt of C^y increases between 25 and 35 cm 

below the surface, just above the very fine silt horizon. The Pleisto

cene silt horizon may have formed from weathering of gravel in the 

alluvium during times of moister soil conditions. Coarse silt is 

weathered from the gravel and is not illuviated below a depth of 25 to 

30 cm, but a smaller percentage of fine silt that was also formed from 

weathering was illuviated below a depth of 35 cm (Kuenen, 1969).

60
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Figure 22. Variations of the ratio of very fine silt' (6.5-8.0<t>) to total silt (5-8#) with soil depth.
—  The samples were collected at selected sites on alluvial geomorphic surfaces. General 
soil horizons shown in their approximate positions. Sites AG-12, 10, 11, and 5 are not 
plotted because their silt distributions were not analyzed.
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Clay

Clay-size material has a distribution through the pedon similar 

to that of the silt (Fig. 23). Like silt, most of the clay is located 

in the Av horizon and decreases with depth. The maximum soil depth that 

clay-size material is illuviated to in the alluvium of and is 

18 to 20 cm, and in the alluvium of Qga, 40 to 45 cm. An argillic 

horizon from 25 to 40 cm in depth of the late Pleistocene soil of site 

AG-5 is present, if gravel is excluded from calculating the percentage, 

however, there is only a slight increase of clay at that depth in the 

pedon of AG-29.

The amount of clay-size material does not exceed 30 percent in 

the Ay horizon. As the clay is illuviated into the Av horizon, the pore 

spaces become restricted and limit further clay additions. Further

more, as the calcium carbonate percentage increases in the Av horizon, 

clay migration through the horizon will slow down or cease because 

calcium carbonate tends to prevent dispersion of clay minerals 

(Birkeland, 1974).

Host of the clay-size material is coarse as shown by the ratio 

of fine clay to total clay (Fig. 24). For the soils of the early 

Holocene and late Pleistocene, the ratio in the Av horizon was approxi

mately 0.15 which is similar to that contained in the fine sediments of 

the Ae horizon. As the amount of coarse-clay-size material decreases 

with depth in the pedon, the ratio increases from 0.3 to 0.5, which is 

similar to the ratio found in the parent material. The ratio for 

and those from deep within pedons of other geomorphic surfaces may be 

questionable because they are subject to weighing errors such as errors
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Figure 23. Variations of clay (8-14<f>) with soil depth. —  The samples were collected at selected sites 
on alluvial geomorphic surfaces. General soil horizons shown in their approximate posi
tions. The dashed lines of AG-5 and 29 represent the clay percentage which was based on 
the fine sediments in the soil sample— the gravel is excluded.
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Figure 24. Variations of the ratio of fine clay (ll-14<j>) to total clay (8-14#) with soil depth. —  
The samples were collected at selected sites on alluvial geomorphic surfaces. General 
soil horizons shown in their approximate positions. The dashed line sections represent 
uncertainty of the clay ratio because the total clay comprises less than 1% of the total 
silicate mass.
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caused by slight moisture changes upon the surface of the weighing 

beakers, which is significant when the total amount of clay is small, 

near or less than 1 percent of the weight of the laboratory sample.
The argillie horizon in the soil should contain more fine 

clay because it should be illuviated down into the soil from the soil 

surface (Smith and Buol, 1968). A complete particle distribution was 

not done for AG-5, so the amount of fine clay in the argillic horizon 

is unknown. The pedon of AG-29 has a slight clay percentage increase 

from 25 to 40 cm in soil depth, but may have a slight increase of fine 

clay. The ratio of fine clay to total clay increases to 0.6 in the 

argillic horizon (95-110+ cm) of AG-29 paleosol (not shown in Fig. 24).

Calcium Carbonate

The calcium carbonate was removed from the soil samples by 

EDTA dissolution, which also removes magnesium carbonate, calcium 

sulfate and other more soluble silts. In the field, gypsum was not 

observed in the pedons so its percentage in the soil will be considered 

to be much less than that of CaCOy The EDTA solutions from the AG-5 

soil samples were analyzed by atomic absorption for Mg and Ca content. 

The magnesium carbonate removed from the soil samples was 1 percent of 

the total weight loss by EDTA dissolution, which was equivalent to 3 

to 8 percent of the calcium carbonate in the soil. The difference in 

percentages is due to the different dissolution times for Mg and Ca.

Calcium carbonate accumulations in the soils, like accumulation 

of silt and clay, has been mostly limited to the epipedon during the 

Holocene (Fig. 25). The initial CaCO^ content found in Ae horizon.
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Figure 25. Variations of calcium carbonate with soil depth (percentages are based on the total sample 
weight including gravel). —  The samples were collected at selected sites on alluvial geo- 
morphic surfaces. General soil horizons shown in their approximate positions.
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the soil of Qgc > and Cn horizons of and Qg^» range between 1 to 3 
percent of the total sample weight. There is almost no increase of 

CaCOg in the epipedon of Qgc» there is an increase to 7 through 9 per

cent for Qgk* and perhaps to 12 to 15 percent for the epipedon of Qga* 
The variations of the CaCOg percentage in the epipedons along a geo- 

morphic surface are related to the stability of the surface. Any ero

sion will remove the epipedon and CaCOg accumulations would begin anew. 

Calcium carbonate accumulates in the soil more slowly than sand, silt, 

or even clay so its percentages in different pedons will vary more due 

to erosion.

Calcium carbonate is leached to slightly greater depths in the

pedons near the fan apex and in the watershed. The maximum amount of

CaCO is located below the Av horizon in the AC or B- horizons at sites 3 1
AG-14 and 24 (Qga)• The Av horizon of site AG-21 (Qg^) can broken 
up into two units, the lower one containing more CaCOg. Runoff may be 

higher in the watershed and near the fan apex than farther out on the 

fan and infiltration may be more effective.

Common fine mottling is found between 20 and 30 cm below the 

surface of early Holocene alluvium. The percentage of CaCOg at that 

depth does not increase relative to the surrounding horizons, if the 

percentage is based on the total sample weight (Fig. 25). However, if 

the gravel is excluded from the calculations, there is a very slight 

CaCOg increase between 20 and 30 cm (Fig. 26). Apparently, the 

incipient Cca horizon of Qga does not need a large increase of CaCOg to 

form fine mottling. Fine mottling is within 5 cm of the soil surface 

at site AG-11 because of extensive erosion at that site (Chapter 3).
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Late Pleistocene pedons contain common to many medium mottles 

below a soil depth of 25 to 30 cm (Fig. 26). There is an increase of 

CaCOg in the fine sediment fraction at that depth for both sites AG-5 

and AG-29. However, in the pedon of site AG-29 the percentage does not 

increase if gravel is included in the calculations. As CaCO^ accumu

lates in a unit volume of soil, the CaCO^ percentage in fine sediments 

will increase more rapidly if there is gravel present to confine the 

soil solution to a smaller volume (Gile, 1975).

Carbonate Coatings

The surfaces of gravel clasts will acquire a coating of carbo

nate with time. Calcium carbonate will form coatings on gravel larger 

than 4 mm and will form nodules smaller than 4 mm. The actual amount 

of carbonate per unit soil mass could not be determined because the 

amount of CaCO^ on the surface of the gravel could not be determined 

by the laboratory procedures. If all gravel in a typically very gra

velly soil on the Aguila Mountains piedmont were completely coated with 

a 1-mm CaCO^ layer, as in the soil of the amount of CaCO^ would

add approximately 10 percent to the carbonate percentages found by 
analytical means. A 0.1- to 0.2-mm discontinuous coating would cause 

no more than a 1 percent change from the experimentally derived carbo
nate percentages.

Calcium carbonate coatings on gravel in the alluvium of 

were similar to those found in washes of Q^. Only a few clasts had 

thin, patchy coatings and were usually located in places on the clast 

protected from abrasion during fluvial transport. Most coatings on
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Figure 26. Variations of calcium carbonate with soil depth (percentages are based on the fine particle 
fraction of the alluvium, only the gravel is excluded). —  The samples were collected at 
selected sites on alluvial geomorphic surfaces. General soil horizons shown in their 
approximate positions.
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the clast were formed in soils upstream or upslope from the place of 

deposition. However, gravel within 20 cm of the surface of the pedon 

at site AG-27 had a few thin continuous coac:.ngs, which were caused 

by a slightly higher percentage of CaCO^ in the soil (Fig. 26).

The CaCOg coating progressively covers more of the clast with 

time. Most CaCO^ coatings on the clast in the alluvium of are thin 

and discontinuous, but there are a few thin continuous coatings on 

gravel within 20 to 25 cm of the soil surface. Thin continuous coatings 

up to 1 mm thick were common in the soils of Qga» Thin coatings were 

prevalent on clast within 10 to 15 cm of the surface of otherwise

most of the gravel from greater depths had 2-to-3-mm coatings. Gravel 

less than 5 mm in size were weakly cemented by carbonate.

Growth of CaCOg on gravel is mainly time dependent, but it is 

also influenced by the texture of the surrounding soil. For example, 

the sandy pedon at site AG-11 contains gravel with coatings up to 2 mm 

thick, unlike other Q^a pedons. Even though the CaCO^ percentage in 

the fine sediments is similar to other pedons, the amount per unit soil 

mass is higher because of less gravel (Fig. 25). Movement of solution 

through the surrounding soil to the surface of the gravel clast would 

involve larger amounts of bicarbonate and thus accelerate carbonate 

deposition. Nevertheless, thick coatings on clasts are not apparent 

in the CaCO^-rich, gravel-depleted Av horizon. The gravel in the Av 

horizon is usually silt covered, which may prevent CaCO^ from forming a 

continuous coating over the clast. Also, expansion and contraction of 

clay during wetting and drying may disrupt the flow of bicarbonate to 

the surface of the gravel.
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The Vesicular Horizon

The vesicular horizon (Av) is the predominant horizon developed 

on Holocene alluvial geomorphic surfaces. Trapped and expanding air 

caught below the pavement after a rain forms the vesicular structure 

(Evenari, Yaalon, and Gutterman, 1974). All epipedons on the Aguila 

Mountains piedmont display this vesicular structure. Even in the 

alluvium of Q^c , a weak vesicular structure was present, even though 

the pavement was less densely packed, vegetation was abundant, and 

CaCOg content was small. The vesicular structure was more pronounced 

in the mid to early Holocene soils because densely packed pavements 

covered the Av horizon and more CaCOg cemented the vesicular structure.

The thickness of the Av horizon generally becomes greater with 

age unless it is subject to erosion (Table 3). Addition of clay, silt, 

fine sand, and carbonate along with the removal of gravel will change 

the horizon’s texture and its permeability. Due to preservation of an 

increasing number of vesicles by more effective CaCOg cementation, 
fluids containing trapped air will reach greater soil depths during 

times of wetting.

The relative amount of gravel in the vesicular horizon decreases 

as aeolian silt and clay are added to the horizon (Table 3). Neverthe

less, the gravel percentage declines in the oldest vesicular horizons 
of Qgy and Qga , even after addition of fine sediments has slowed down. 

Unlike the pavement, which has a coarsening particle size distribution 

with time (Chapter 3), there is little change in the gravel particle 

distribution of the Av horizon when compared to that of the alluvium 

below. The mean size of the gravel fractions is approximately the same



Table 3. Textural properties of the vesicular horizon and approximate ages of the vesicular 
horizon and the soil

Thickness Gravel Age of Av Age of
Site cm % Silt/Clay Ca Salts/Clay Horizon Years Soil Years

AG-15 3 60 1.04 0.39 — —  — 40
AG-22 2 36 2.33 0.51 — — — 990
AG-18 2 49 2.94 0.60 120 600
AG-12 1 66 — — — 0.29 590
AG-27 2 36 1.21 0.29 230 2,530

Qlb
AG—21 5 21 1.20 0.29 2,380 7,880
AG-17 2 30 0.77 0.22 290 2,020
AG-10 1 68 — 0.26 50 580

Q3a
AG-14 3 15 1.35 0.30 820 2,690
AG-24 5 19 1.19 0.24 890 8,100
AG-20 4 7 0.78 0.48 3,020 6,720
AG-11 3 8 — —  — 0.83 2,600 11,120
AG-28 2 24 0.89 0.36 550 7,020

Q2c
AG-29 2 6 1.69 0.52 1,360 26,420
AG-5 2 — —  — — 930 41,550

4̂
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because the percentage of each particle size has decreased similarly.

No particle size of gravel is preferred during removal by wetting and 

swelling of clay (Springer, 1958). If gravel is removed by this process 

two prior conditions must be met: (1) the desert pavement must be fully
developed and stable and (2) enough clay must be added to effectively 
remove the gravel.

The silt-to-clay ratio of the vesicular horizon depends on 

its position on the alluvial fan (Table 3). The silt-to-clay racio of 

Qgc is high and variable but the ratio for and is low and 

declines away from the mountain front. Near the fan apex and in the 

watershed, clay-size material is illuviated to greater depths in the 

soil than the silt, giving the Av horizon a siltier texture.

The ratio of CaCO^ to clay is time dependent as well as posi

tion dependent because CaCO^ is added to the Av horizon more slowly than 

the silt or clay. Nevertheless, the low ratio of CaCO^ to clay for 

near the mountain front is due to leaching because solutions of bicarbo

nate will reach greater depths in the pedon than will the clay and 

especially silt.

Age Determinations of the Soil

Age determinations for the soils were attempted by the method 

developed by Machette, 1978. This method has limitations so the results 

derived from it are questionable, but the method is still useful for 

obtaining an idea of relative ages of Holocene soils.

The equation used was:

Cs ■ <C3P3 - ClPl)d
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where:

Cg = total amount of added CaCOg (g CaCO^/lOO g soil)

= present CaCO^ content (g CaCO^/lOO g soil)
= original CaCO^ content (g CaCO^/lOO g soil)

Pg = present bulk density (g/cm3)

= original bulk density (g/cm3) 

d = thickness of horizon (cm)

The bulk densities of the alluvium, P^ and P^, were not taken
3in the field but were estimated to be 1.6 g/cm , and present bulk

3density, P^, for the Av horizon was estimated to be 1.5 g/cm (Springer, 

1958). The value of Cs for the Av horizon could be negative if were 

approximately equal to as in the pedons of Qgc* However, is 

usually larger than C^, and Cg will be positive.

The rate of CaCO^ accumulation in the soil is influenced by 
the fan's being downwind from the Colorado River and downwind from the 

playa and stream channels associated with the San Cristobal Wash. An 

approximate figure for the CaCO^ accumulation rate was determined by 

selecting pedons that have the highest values for Cg from each alluvial

geomorphic surface and dividing Cg by the ages of the alluvial geomor-

phic surfaces obtained from climatic inferences. If an age of 3,000

years is assumed for the alluvium of then the CaCO^ accumulation
3rate for site AG-27 was 0.20 g/cm years. If an age 8,000 years was

2 3assumed for site AG-21 (Q^) > the rate was 0.24 g/cm /10 years, and
2 3for 13,000 years the rate for AG-11 (Qga) was 0.21 g/cm /10 years. To

2 3calculate the soil ages for all sites, the higher rate of 0.24 g/cm /10
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years was used because it probably is closer to the actual rate.

Erosion will remove some CaCO^ so the actual amount of carbonate illu-

viated into the soil was higher. The Pleistocene accumulation rate for
2 3site AG-5 was 0.15 g/cm /10 years but uncertainty as to the actual 

carbonate content of the soil will influence the result of the accumu

lation rate greatly.

Calculations for CaCO^ content in the Av horizon give a minimum 

age of stability of the soil surface. Erosion of the surface has 

removed the Av horizon and the accumulated CaCO^, and calculations of 

CaCOg accumulated since the time of erosion will give a minimum age.

The age will be a minimum because some CaCO^ is leached through the Av 

horizon into lower horizons and no longer contain all the CaCO^.

The ages of only a few hundred years derived for the soils of 

Q^c indicate that most of the geomorphic surface is undergoing the 

accelerated erosional process of initial pavement formation. The 

surfaces at most sites have not been stable for more than a few years 

and at the most 200 years. Even areas on the surface of (sites 

AG-10 and AG-17) have undergone recent erosion.

After the surface becomes stabilized by the development of a 

mature pavement, CaCO^ accumulations in the pedon have a longer resi

dence time. Geomorphic surfaces of Q^a and some areas on (AG-21) 

have been stable for a minimum of 1,000 to 3,000 years. The average 

size of the pavement gravel is reduced because they were exposed to 

longer periods of weathering. For instance, even though the age 

derived for the soil of indicates a late Pleistocene age, the age 

of the Av horizon possibly indicates that less time has elapsed since
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erosion took place on the surface of than . Even though the 

average size of the gravel in the alluvium of is smaller than that 

in Qga» the average size of the gravel in the pavement of is larger 

than that of the more weathered gravel in the pavement of Q^.



CHAPTER 5

CONCLUSIONS

A Hypothetical Case of Holocene 
Soil and Pavement Development

Holocene soil development began soon after alluvial deposition. 

Additions of very fine sand to the soil was rapid and was derived from 

both stream and aeolian sources. Surfaces overlying sandy alluvium 

underwent more erosion from runoff than those overlying gravelly allu

vium, and the resulting pavement development was rapid but soil develop

ment was slight. Vegetational density was relatively high on the sur

face because the infiltration rate was still high and salinity of the 

soil was low (Musick, 1975). Vegetation impeded runoff across the 

surface and also formed sites for coppice dunes. Burrowing of rodents 

brought soil to the surface, but sheetwash carried surficial material 

down into the burrow; thus, fine sand was added at depth in the pedon. 

Alluvial terraces that were lower than the height of the water in the 

washes received silt and clay by occasional flooding.

Climatic conditions became drier, which brought on renewed 

erosion of colluvium on the hillslopes and deposition of new alluvium 

on the fan. The former geomorphic surface was then higher in relief 

relative to the washes and channels on the fan. Erosion of the surface 

by runoff was accelerated slightly and the gravel in the desert pave

ment began to approach optimum packing density. Coarser textured allu

vium required less removal of surface material to form a mature desert
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pavement. Areas of the surface that achieved stability earlier than 

other areas retained aeolian material on the epipedon longer, and the 

soil became more developed. Weathering by salt splitting reduced the 

average gravel size of the pavement. Clay increased in abundance in the 

vesicular horizon, which accelerated varnish development on the clasts 

in the pavement (Potter and Rossman, 1977). Vegetation decreased on 

the pavement because of the buildup of salts in the soil and decreased 

infiltration. Bars were gradually eroded from which sand and silt were 

transported to the swales and deposited, this process smoothed the ori

ginal depositional surface.

After another climatic change to even drier (or perhaps 

wetter) conditions, erosion increased on the hillslopes along with 

deposition of more alluvium on the fan. Eventually incision of the fan 

lowered the surface of the washes below the former surfaces of the fan. 

The initial alluvial geomorphic surface was then even higher in posi

tion above the washes and due to increased gradient the peripheries of 

the geomorphic surface became more incised. Erosion of the surface may 

have temporarily increased but it also exposed coarse gravel from the 

alluvium which was left on the surface and pavement stability was 

restored. In areas on the geomorphic surface that did not undergo much 

erosion, fine silt, coarse clay, and CaCO^ continued to increase in the 

vesicular horizon, but each process at different times eventually 

reached a point where further additions were limited. Gravel became 

depleted in the vesicular horizon due to expansion and contraction of 

clays during wetting and drying of the epipedon. The small amount of 

gravel removed from the vesicular horizon was added to the pavement



79

and replaced gravel that was weathered to smaller sizes and removed by 

runoff.

The arid Holocene geomorphic surface achieved its greatest 

stability when the desert pavement and the vesicular horizon were 

developed and the relief of the surface above the drainage was not 

excessive, that is, if incision of the washes placed the surface of the 

fan even higher above the drainage, erosional instability of the sur

face would increase. Renewed erosion and incision of the geomorphic 

surface would proceed longer than during previous times of climatic 

and erosional instability, until a new pavement had been formed in res

ponse to a different climate and local relief. If the relief or the 

rainfall, and hence the runoff, became too high, erosion would proceed 

until the pavement was destroyed and the soil removed.

Late Pleistocene and Early Holocene Soil Development 

Soil development at greater depths in the late Pleistocene 

alluvium indicate that more soil moisture was present, leaching was 

more effective, and chemical weathering was more important than in 

Holocene soils. The presence of a Bt horizon indicates that soil 

development proceeded for a substantial period of time. Later engulf- 

ment of the Bt horizon by a calcic horizon was caused either by a 

change to drier climatic conditions or a reaction to the clay increase 

in the Bt, and the calcic horizon was raised in the pedon because of 

lowered permeability. In Holocene time, soil development of allu

vium has been restricted mainly to the vesicular horizon. A less



80

developed vesicular horizon and coarser pavement gravel than the early 

Holocene surface of Q^a may indicate that the surface of has under

gone more recent erosion than Q^.

The alluvium of was subject to slightly moister soil condi

tions in the early Holocene than in the late Holocene. An incipient 

Cca horizon from a depth of 20 to 30 cm and an incipient fine silt 

horizon below 35 cm indicate that leaching and weathering was more 

effective for a brief period of time, but the amount of available soil 

moisture was much less than during the latest Pleistocene.



FURTHER RESEARCH

This thesis covered the topics of alluvial deposition, pavement 

and soil development, relating mostly to the Holocene. A similar study 

done at the Gila, Whipple, or Big Maria Mountains would help define 

Pleistocene conditions of deposition and soil development.

A more extensive study of Holocene gravel would refine knowledge 

about deposition and pavement development. The study could save time 

by ignoring the long and detailed analysis of silt, clay and carbonate; 

thus, more sites, possibly 10 to 20, along the geomorphic surface could 
be studied. To obtain better results for surface erosion, attention 

should be made to the soil bulk density and the area from which the 

pavement samples are taken. To obtain more accurate percentages of 

coarse gravel, at least 10-kg samples should be collected, if practical. 
Rock type influences the size of the gravel being deposited on the 

piedmont and may limit some studies because sieving samples that con
tain very large gravel may be impractical.

A detailed study of a small section of the pavement could be 

made. A transect of 10 to 20 soil pits across one or more geomorphic 

surfaces could be used to observe how the X-Y ratio varies within a 

small distance across bars, swales, and the incised edge of the pave

ment. Such a study would be useful in determining how position on the 

geomorphic surface influences pavement evolution. Another possible 

study would involve a transect of closely spaced sites down a slope.
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Several transects on surfaces of different slopes may help determine the 

effect of slope on the rate of pavement evolution.

A study of the gravel content in alluvial geomorphic surfaces 

along a transect from the Colorado River to elevations just higher than 

areas such as Avra Valley that contain present desert pavements would be 

useful to determine what climatic, vegetational, or topographic condi

tions limit desert pavement development. This may be useful in making 

inferences about the extent of Pleistocene pavement. Variations of 

runoff, vegetational density, and the type of soils below the pavement 

may affect the size of the gravel being removed from the surface. Thus, 

a change in climatic conditions may change the nature of the pavement 

or may eliminate the pavement itself. The texture of the pavement may 

be coarse or fine depending on the conditions under which it is formed.

Only a brief glimpse of dust deposition was made in this study. 

A further study may look at the local or regional amounts and varia

tions of dust deposition. A better determination of calcium carbonate 

accumulation would be helpful in determining soil age. A grid of dust 

traps over the Aguila Mountains and piedmont would help determine the 

average rate and variations of dust deposition caused by local topo

graphic, vegetational, and microclimatic factors.



APPENDIX A

LABORATORY ANALYSIS 

Sieving of the Gravel

1. A sample of 2 to 4 kg was weighed on a Mettler balance and 

placed in a stack of sieves (-5, -4, -3, -2, -1.5 and -1.0(f) 
sizes).

2. A Tyler Ro-Tap, a mechanical sieve shaker was used for 10 

minutes to separate out the gravel.

3. Each gravel particle-size interval along with the fine sediment 

in the pan was weighed separately. A count was made of the 

aggregates and nodules larger than -l<f) so an approximate per

centage could be determined for the granules. It is suggested 

that in future research that only gravel larger than -2(f) be 
sieved because the aggregates could then disaggregate in 

distilled water or EDTA (ethylenedinitrilotetraacetic acid) 

during later laboratory procedures.

Removal of Soluble Salts

1. A sample of approximately 30 g of fine sediment was obtained 

by using a sample splitter, placed in a 50-ml beaker and 
weighed.

2. The samples were placed in an oven, dried at 105°C for an hour, 

cooled, and weighed on a Mettler balance.
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3. The sample was placed in a 1000-ml beaker, which was filled 

with 900 ml of distilled water, and the solution was allowed 

to settle overnight or until it was clear.

4. The solution was siphoned off and the sample was transferred 

into a 150-ml beaker, dried in the oven, which may take over

night, cooled, and weighed.

Removal of Calcium and Magnesium Salts

1. The sample was placed in a 1000-ml beaker with 600 ml of 

prepared EDTA solution at pH 11 (Bodine and Fernald, 1973).

2. A Bunsen burner was used to boil the solution for one hour to 

dissolve most of the Ca-Mg salts out of the soil.

3. After the solution cooled and the sediment settled out, the 

EDTA solution was siphoned off. The solution sometimes was 

saved for atomic absorption analysis.

4. The 1000-ml beaker was filled with 900 ml of distilled water 

and the solution was allowed to settle overnight. The solution 

was siphoned off and the beaker was again filled with distilled 

water. The solution was allowed to settle from three to seven 

days. In some cases, a couple of drops of HC1 was needed to 

flocculate the clays to help them settle out of solution.

Separation and Sieving of the Sand

1. Half of the solution in the 1000-ml beaker was siphoned off, 

and the remainder was stirred and wet sieved with a 4<}> sieve.
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2. The suspension of silts and clays was saved in a 1000-ml beaker. 

The sand mixture collected in the wet sieve was transferred to

a 50-ml beaker, dried, cooled, and weighed.

3. The sand was placed in a stack of sieves intervals from 4 

to -l<i>) and placed in the Ro-Tap for 15 minutes.

4. Each size interval was weighed by a beam balance. The remaining 

silt was removed from the pan and added to the previously 

removed suspension of silt and clay in the 1000-ml beaker.

Pipetting of Silt and Clay

1. Calgon detergent (2.48 g/1) was added to the suspension of silt 

and clay and stirred.

2. The suspension was placed in a 1000-ml graduated cylinder, 

stirred, and the fall rates of the particulates were timed so 

as to coincide with intervals with silt and l<t> with clay 

(Folk, 1974).

3. Aliquots of 25 ml of suspension at each time interval were 

withdrawn and placed in 50-ml beakers, evaporated until dry, 

cooled, and weighed.

Calculations

1. Determination of the weight of silt and clay was calculated 

after weighing the beakers containing the dried silt, clay, 

and Calgon mixture

w  , —  w  —  w  =  wsb b o s

(Wg)(40) = W

and



86

where,

2 .

3.

Wsb = weight of sample and beaker 

= weight of beaker

Wc = weight of Calgon in beaker —  approximately 2.48g/40.

Wg = weight of sample in beaker

Wt = weight of total sediment in the 1000 ml graduated 
cylinder at the time of removal 

W * = weight of total sediment in the graduated cylinder from 

the previous time of removal 

Wfines = weight of silt or clay in the sample 

Determination of the weight of the size intervals of sand 

(Wsand^ and gravel (^grave^) was found by directly weighing 
them on a balance.

Determination of a splitting factor (X) was done so that the 

weights of sand through clay in the total sample could be 
obtained.

therefore.

XWsand = Tsand

XWfines = Tfines
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Wlg = weight of the initial large sample (2 to 4 kg)

Wss = wei8ht: of t^e small sample, approximately 30 g 
Tg = computed total weight of the sand interval in the large 

sample

Tfines = computed total weight of the silt or clay interval in 
large sample

4. Determination of the percentages for each size interval from 

gravel through clay, was obtained by:

^sand + tfines + ^gravel
T T Msand* fines' gravel = P

where,

= total weight of silicate particles 

P = percent of each particle size interval in the total of 

silicate particles

5. Determination of calcium and magnesium salt loss (L) was 
obtained by:

- T, = L

Tw = initial total weight of large sample

where



APPENDIX B

SOIL DESCRIPTIONS*

*Soil horizon designations are after Birkeland (1974)
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Site AG-15 (Q^ )

Surface:

Location
Vegetation
Slope
Relief -
Classification -

0.53 m above (present wash), inside watershed,
mostly creosote, ironwood, palo verde.
0.9°, facing west.
0.1 to 0.3 m, average of 0.2 m; bar and swale. 
Typic Torriorthent

Horizon
Depth 
in cm Description

Pavement 6-0 sandy gravelly surface, mostly dacite and tuff; 
maximum clast size 320 mm; no observable varnish.

Ae 0.2-0 very fine sandy loam; 5YR 6/6, orange; some plant 
detritus; loose; non-sticky, slightly plastic.

Av 0-3 very gravelly loamy sand; SYR 6/6, orange; clast 
silt covered, very few discontinuous carbonate 
coatings; soft, vesicular; non-sticky, non
plastic; plant roots; boundary abrupt and wavy.

ci 3-20 very gravelly loamy sand; 7.SYR 6/6, orange; 
loose; non-sticky, non-plastic; plant roots; few
thin carbonate coatings; gradual wavy boundary.

20-29+ very gravelly loamy coarse sand; 5 YR 6/6, orange; 
loose; non-sticky, non-plastic; few plant roots; 
very few discontinuous carbonate coatings.

Cn
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Site AG-22 (Qy )

Location - 1.36 m above Q,, near fan apex.
Vegetation - mostly creosote.
Slope - 0.8°, facing west.
Relief - 0.03 to 0.1 m, average 0.05 m; bar and swale, and

coppice dunes.
Classification - Typic Torriorthent

Surface:

Depth
Horizon in cm Description

Pavement 6-0 sandy, gravelly surface, mostly dacite and tuff,
maximum clast size 690 mm, though mostly 250 mm; 
no observable varnish.

Ae

Av

AC

Cn

0.2-0 very-fine sandy loam; SYR 6/4, dull orange; some 
plant detritus; loose; non-sticky, slightly 
plastic.

0- 1 gravelly fine sandy loam; SYR 6/4, dull orange;
very few continuous coatings; soft, vesicular; 
non-sticky, slightly plastic; plant roots; 
boundary abrupt and wavy.

1- 12 gravelly very fine sandy loam; SYR 6/4, dull
orange; loose; non-sticky, slightly plastic; few 
discontinuous carbonate coatings; plant roots; 
gradual wavy boundary.

12-38 very gravelly loamy sand to loamy coarse sand; 
SYR 6/4, dull orange; loose; non-sticky, non
plastic; few discontinuous carbonate coatings; 
boulder at bottom of pit.

R 38+ boulder.



Site AG-18 (Q^ ) 91

Location - 2.07 m above Q^, upper mid-section of fan.
Vegetation - mostly creosote.
Slope - 1.0°, facing west.

Surface:

Relief ■ 0.15 to 0.22 m, average of 0.19 m; bar and swale, 
and coppice dunes.

Classification -• Typic Torriorthent

Depth
Horizon in cm Description

Pavement 4-0 sandy gravelly surface, dacite and tuff, maximum 
clast size 130 mm; no observable varnish.

Ae 0.2-0 very fine sandy loam; 7.SYR 6/6, orange; some 
plant detritus; loose; non-sticky; slightly 
plastic.

Av 0-2 gravelly very fine sandy loam; 7.SYR, 6/6 orange; 
clasts covered with silt; soft, vesicular; non- 
sticky, slightly plastic; plant roots; boundary 
abrupt and wavy.

AC 2-8 very gravelly and very fine sandy loam; SYR 6/6, 
orange; very few discontinuous carbonate coat
ings; loose; non-sticky, slightly plastic; plant 
roots; boundary graduate and wavy.

C1 8-18 very gravelly loamy coarse sand; 7.SYR 6/6, 
orange; few discontinuous carbonate coatings; 
loose; non-sticky, non-plastic; few plant roots.

Cn 18-30+ very gravelly coarse sand, 7.SYR 6/6, orange; 
few discontinuous carbonate coatings; loose; 
non-sticky, non-plastic; few plant roots.
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Site AG-12 (Q3J

Surface:

Location
Vegetation
Slope
Relief

Classification

- 0.52 m above Q4, lower section of fan.
- mostly creosote.
- 0.15°, facing west.
- 0.05 to 0.15 m, average of 0.09 m; bar 

and coppice dunes.
- Typic Torriorthent

and swale.

Horizon
Depth 
in cm Description

Pavement 2-0 sandy gravelly surface, dacite and tuff, maximum 
size 80 mm; no observable varnish.

Ae 0.2-0 very fine sandy loam; 7.SYR 6/4,dull orange; 
loose; non-sticky, slightly plastic.

Av 0-1 very gravelly fine sandy loam; 7.SYR 6/4, dull 
orange; soft, vesicular; non-sticky, slightly 
plastic; few discontinuous carbonate coatings; 
plant roots; bounardy abrupt and wavy.

AC 1-6 very gravelly very fine sandy loam; SYR 6/4, dull 
orange; loose; non-sticky, slightly plastic; very 
few discontinuous carbonate coatings; plant roots

C1 6-12 very gravelly loamy fine sand; SYR 6/4, dull 
orange; some discontinuous carbonate coatings; 
loose; non-sticky, non-plastic; boundary gradual 
and wavy.

Cn 12-27+ very gravelly, or gravelly loamy sand; SYR 6/4,
dull orange; few discontinuous carbonate coatings; 
loose; non-sticky, non-plastic; few plant roots.



Site AG-27 (Q^)
93

Location - 0.19 m above Q^, near toe of fan.
Vegetation - mostly creosote but less than the sites

closer to the mountain front.
Slope - 1.22°, facing west.
Relief - 0.10 to 0.20 m; bar and swale, and coppice dunes.
Classification - Typic Torriorthent

Surface:

Horizon
Depth 
in cm Description

Pavement 1-0 sandy gravelly surface, dacite and tuff, maximum 
size 40 mm; very little observable varnish.

Ae 0.2-0 fine sandy loam; SYR 6/4, dull orange; loose; 
non-sticky, slightly plastic; some plant 
detritus.

Av 0-2 gravelly very fine sandy loam; SYR 6/4, dull 
orange; soft to slightly hard, vesicular and fine 
crumb structure; slightly sticky, slightly 
plastic; some plant roots; few discontinuous 
carbonate coatings; boundary abrupt and wavy.

AC 2-15 gravelly very fine sandy loam; SYR 6/4, dull 
orange; loose; non-sticky, slightly plastic; very 
few discontinuous carbonate coatings; few plant 
roots; boundary gradual and wavy.

C1 15-25 gravelly loamy sand; SYR 6/4, dull orange; loose; 
non-sticky, non-plastic; some discontinuous 
carbonate coatings; boundary gradual and wavy.

Cn 25-36+ very gravelly coarse sand, 7.SYR 6/4, dull orange;
loose; non-sticky, non-plastic; few discontinuous 
carbonate coatings.



Site AG-21 (Q^ )
94

Surface:

Location - 0.34 m above (L and 1.7 m above Q,, near fan 
apex. c

Vegetation
Slope
Relief
Classification -

- none.
- 0.2 to 0.4°, facing west.
- 0.15 to 0.5 m, average of 0.3 m; bar and swale.
- Typic Torriorthent

Depth
Horizon in cm Description

Pavement 4-0 dacite and tuff, some blocks up to 2700 mm; 
varnish, SYR 3/4 to 4/3 on top, and 5YR 6/6 to 
5/6 on bottom.

Ae 0.2-0 very fine sandy loam; SYR 6/4, dull orange; loose; 
slightly sticky, slightly plastic.

Av1 0-2 silt loam; SYR 6/4, dull orange; slightly hard, 
vesicular and fine crumb structure; slightly 
sticky, slightly plastic; silt covered pavement 
clasts; boundary abrupt and wavy.

Av 2 2-5 gravelly silt loam; SYR 6/4, dull orange; 
vesicular and fine crumb, hard; slightly sticky, 
slightly plastic; discontinuous carbonate coating 
on buried pavement clasts; boundary abrupt and 
wavy.

AC 5-12 very gravelly sandy loam; SYR 6/4, dull orange; 
loose; non-sticky, slightly plastic; discontinuous 
carbonate coatings, and a few continuous; 
boundary wavy.

C^ . 12-20 very gravelly loamy coarse sand; SYR 6/4, dull 
orange; loose; non-sticky, non-plastic; few thin 
continuous carbonate coatings; boundary gradual 
and wavy.

Cn 20-45 very gravelly (loamy) coarse sand; SYR 6/4, dull 
orange; loose; non-sticky, non-plastic; few thin 
continuous carbonate coatings; boundary gradual 
and wavy.

45-60+ gravelly loamy sand; SYR 6/6, orange; loose; non- 
sticky, non-plastic; very few discontinuous 
carbonate coatings.

II



Site AG-17 (Q^ )
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Surface:

Location - 0.39 m above upper mid-section of fan.
Vegetation - few creosote.
Slope - 0.7°, facing west.
Relief - 0.20-0.25 m for bar and swale, average of 0.20 m;

0.15-0.20 m for coppice dune.
Classification - Typic Torriorthent

Horizon

Pavement

Ae

Av

AC

C1

Depth
in cm Description

0-4 dacite and tuff, maximum size 75 mm; varnish,
SYR 3/4 to 3/2 on top, SYR 6/6 to 5/6 on bottom 
of clasts.

0.2-0 very fine sandy loam; 7.SYR 6/6, orange; loose; 
non-sticky, slightly plastic.

0-2 gravelly loam; SYR 5/8, bright reddish brown;
slightly hard, vesicular and fine crumb; slightly 
sticky, slightly plastic; clast silt covered; 
boundary abrupt and wavy.

2-8 gravelly very fine sandy loam; 5YR 5/6, reddish 
brown; loose; some fine crumbs; non-sticky, 
slightly plastic; few continuous carbonate coat
ings; boundary gradual and wavy.

8-17 gravelly loamy sand; SYR 6/6, orange; loose; non- 
sticky, non-plastic; some thin continuous coat
ings; boundary gradual and wavy.

17-38+ very gravelly loamy to coarse sand; SYR 6/6, 
orange; loose; non-sticky, non-plastic; some 
discontinuous carbonate coatings.

Cn
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Site AG-10 (Q3L)

Surface:

Location
Vegetation
Slope
Relief

Classification

- 0.56 m below Qga » lower-mid section of fan.
- some creosote.
- 0.85°, facing west.
- 0.05 to 0.08 m, average of 0.07; subtle bar and 

swale, and coppice dune.
- Typic Torriorthent

Horizon

Pavement

Ae

Av

AC

C1

Cn

Depth
in cm Description

0-3 dacite and tuff, maximum size 100 mm; varnish,
SYR 4/3 - 4/2 on top, and 5YR 6/6 to 6/4 on 
bottom.

0.2-0 very fine sandy loam; 7.SYR 6/4, dull orange; 
loose; non-sticky, slightly plastic.

0- 1 very gravelly loam; 7.SYR 6/4, dull orange;
slightly hard, vesicular and fine crumbs; slightly 
sticky, slightly plastic; clast silt covered, 
boundary abrupt and wavy.

1- 6 very gravelly very fine sandy loam; SYR 6/4, dull
orange; loose; non-sticky, slightly plastic; some 
thin continuous carbonate coatings; boundary 
gradual and wavy.

6-15 very gravelly loamy sand; SYR 6/4, dull orange; 
loose; non-sticky, non-plastic; few thin 
continuous carbonate coatings; boundary gradual 
and wavy.

15-51+ very gravelly loamy to coarse sand; SYR 6/4, dull 
orange; loose; non-sticky, non-plastic; very few 
thin continuous coatings.
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Surface:

Location
Vegetation

- 4.90 m above , inside watershed.
- none on pavement, chollas and grass on the

Slope
Relief

dissected pavement.
• 1.25°, facing north.
- 0.10 to 0.15 m average of 0.13 ra; subtle bar and 
swale.

Classification -- Typic Camborthid

Depth
Horizon in cm Description

Pavement 4-0 dacite and tuff, maximum size 250 mm; varnish, 
SYR 3/3 to 5YR 3/2 on top and 5YR 5/6,bright 
reddish brown on bottom.

Ae 0.2-0 very fine sandy loam; 7.SYR 6/6, orange; loose; 
non-sticky, slightly plastic.

Av 0-3 silt loam, SYR 5/6, bright reddish brown, vesicu
lar, and fine crumbs; slightly hard; slightly 
sticky, slightly plastic, boundary abrupt and 
wavy.

3-9 very gravelly loam; SYR 6/6, orange; loose and 
some fine crumbs; slightly sticky, slightly 
plastic; some continuous carbonate coatings (1-2 
mm thick); boundary gradual and wavy.

B2 9-20 very gravelly fine to coarse sandy loam, 7.5 to 
SYR 5/6, bright reddish brown; loose and a few 
fine crumbs; non-sticky, slightly plastic; few 
thin continuous carbonate coatings; boundary 
gradual and wavy.

C1 20-30 very gravelly loamy coarse sand, SYR 6/6, orange; 
loose; non-sticky, non-plastic; thin continuous 
carbonate coatings, few fine distinct mottlings; 
boundary gradual and wavy.

II 30-37+ very gravelly loamy coarse sand; SYR 5/6, bright
reddish brown; loose; non-sticky, non-plastic; 
continuous carbonate coatings.
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Location - 2.29 m above Q^, near fan apex.
Vegetation - none, except grasses on dissected areas.

Surface:

Slope - changes rapidly from 1.0* to 0.1*, facing south
west.

Relief
Classification -

- less than 0.07 m; no bar and swale.
- Typic Camborthid

Depth
Horizon in cm Description

Pavement 4-0 dacite and tuff, maximum size 60 mm, varnish, on 
top, SYR 3/3 (larger sizes) to SYR 3/2 (smaller), 
on bottom SYR 5/6.

Ae 0.2-0 very fine sandy loam; SYR 6/4, dull orange; loose; 
non-sticky, slightly plastic.

Av 0-5 silt loam; SYR 6/4, dull orange; vesicular, 
slightly hard; slightly sticky, slightly plastic; 
some silt covered pavement clast; boundary abrupt 
and wavy.

5-10 gravelly loam; SYR 5/6, bright reddish brown; 
loose; slightly sticky, slightly plastic; clast 
silt covered; boundary gradual and wavy.

B2 10-22 gravelly to very gravelly fine sandy loam; SYR 5/6, 
bright reddish brown; loose; non-sticky, slightly 
plastic; some continuous carbonate coverings (1-2 
mm).

22-29 gravelly fine sandy loam; 7.SYR 5/6, bright red
dish brown; loose; non-sticky, slightly plastic; 
common fine distinct mottles, thin continuous 
carbonate coatings; boundary gradual and wavy.

Cn 29-60+ very gravelly loamy sand to fine sandy loam; SYR
6/6, orange; loose; non-sticky, non-plastic; some 
thin continuous carbonate coatings.



Site AG-20 (Ck ) ------------ i^a—
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Location - height above other surfaces unknown, upper mid-
section of fan.

Vegetation - none to little on pavement.
Slope - 1.10°, facing west.
Relief - 0.02 to 0.33 m, average of 0.13 m, subtle bar and

swale.
Classification — Typic Camborthid

Surface:

Depth
Horizon in cm Description

Pavement

Ae

Av

B1

B21

B22

C1

Cn

2-0 dacite and tuff, maximum size 110 mm; varnish, on 
top, SYR 3/7 (large clast) to SYR 3/2 (small 
clast), on bottom, 5 YR 5/6, bright reddish brown.

0.2-0 very fine sandy loam; SYR 6/4, dull orange; loose; 
non-sticky, slightly plastic.

0-4 loam; SYR 6/6, orange; vesicular, and fine crumbs, 
slightly hard; slightly sticky, plastic; silt 
covered clasts; boundary abrupt and wavy.

4-7 gravelly loam; SYR 6/6, orange; loose, and some 
fine crumbs; slightly sticky, slightly plastic; 
silt covered clasts; boundary abrupt and wavy.

7-17 gravelly fine sandy loam; SYR 5/8, bright reddish 
brown; loose to soft, some fine crumbs; non- 
sticky, slightly plastic; discontinuous to 
continuous carbonate coatings, few fine distinct 
mottles at 9 cm; boundary clear and wavy.

17-22 very gravelly coarse sandy loam; SYR 5/8, bright 
reddish brown; loose; non-sticky, non-plastic; 
common fine distinct mottles, discontinuous 
carbonate coatings; boundary clear and wavy.

22-34 very gravelly loamy sand, SYR 5/8, bright reddish 
brown; loose; non-sticky, non-plastic; 
discontinuous coatings; boundary diffuse and wavy.

34-43+ very gravelly loamy coarse sand; SYR 6/8, orange; 
loose; non-sticky, non-plastic; few continuous 
carbonate coatings (1-2 mm).



Site AG-11 (Q^ )
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Location - 0.56 m above Q_,, lower mid-section of fan.
Vegetation - little on pavement.
Slope - 1.28, facing west.

Surface:

Relief 0.08 to 0.21 m, average of 0.15 m; very subtle 
bar and swale.

Classification - Typic Camborthid

Depth
Horizon in cm Description

Pavement 3-0 dacite and tuff, maximum size of clasts 60 mm, 
varnish, on top, SYR 3/3 (large clast) to SYR 3/2 
(small clast), on bottom, 2.5YR 5/8.

Ae 0.2-0 very fine sandy loam; 7.SYR 6/4, dull orange; 
loose; non-sticky, slightly plastic.

Av 0-3.5 loam; 5-7.SYR 6/4, dull orange; vesicular, fine 
crumbs, slightly hard; slightly sticky, plastic; 
silt covered clasts; boundary abrupt and wavy.

B1 3.5-11 fine sandy loam; SYR 5/8, bright reddish brown; 
loose; non-sticky, slightly plastic; common fine 
distinct mottle, continuous carbonate coatings 
(2-3 mm); boundary clear and wavy.

B2 11-32 very fine sandy loam; SYR 5/6, bright reddish 
brown; loose, but included are some fine angular 
blocky peds; common fine distinct mottles, 
continuous carbonate coatings, (2-3 mm), non- 
sticky, slightly plastic; boundary clear and wavy

II 32-38+ gravelly fine sandy loam; SYR 5/6, bright reddish
brown; hard; non-sticky, slightly plastic; many 
fine prominent mottles, continuous carbonate coat 
ings (2-3 mm).



Site AG-28 (Q^ )
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Location - 0.4 m above Q. , near toe of fan.
Vegetation - some creosote!
Slope - 1.05°, facing west.
Relief - 0.1 to 0.3° m, average of 0.2 m; very subtle bar

and swale.
Classification - Typic Camborthid

Surface:

Horizon
Depth 
in cm Description

Pavement 2-0 dacite and tuff, maximum size 60 mm; varnish, on 
top, SYR 4/2 (large clast) to SYR 3/1 (small 
clast), on bottom, 2.5 YR 6/S-6/6.

Ae 0.2-0 loam; SYR 6/4, dull orange; loose; slightly 
sticky, slightly plastic.

Av 0-2 gravelly loam; SYR 6/4, dull orange; vesicular 
slightly hard; slightly sticky, slightly plastic; 
silt covered and soma continuous carbonate coat
ings; boundary abrupt and wavy.

B 2-7 gravelly very fine sandy loam; SYR 6/4 to 6/5, 
dull orange to bright reddish brown; loose; non- 
sticky, slightly plastic; mostly discontinuous 
carbonate coatings, some continuous; boundary 
clear and wavy.

C11 7-20 fine sandy loam to gravelly fine sandy loam; SYR 
6/4, dull orange; loose, few angular crumbs; non- 
sticky, slightly plastic; few thin continuous 
carbonate coatings, few fine faint mottles; 
boundary clear and wavy.

C12 20-23 gravelly loamy sand; SYR 6/4, dull orange; loose; 
non-sticky, non-plastic; mostly discontinuous
carbonate coatings, common fine distinct mottles; 
boundary clear and wavy.

23-61+ very gravelly loamy sand to coarse sand; SYR 6/4, 
dull orange; loose; non-sticky, non-plastic; thin 
continuous carbonate coatings, few fine faint 
mottles.

Cn
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Site AG-29 (Q^)

Surface:
Location
Vegetation
Slope
Relief

- 0.91 m above Q3a» upper midsection of fan
- none on pavement, grasses in the dissected areas
- 0.8°, facing west to southwest.
- 0.05 to 0.15 m, no bar and swale, relief due to 

dissection.
Classification - Typic Calciorthid

Depth
Horizon in cm Description

Pavement 3.0 dacite and tuff, maximum size 50 mm, varnish, 
on top, SYR 5/3 (on large clasts) to 5YR 3/1 
(small clasts) on bottom, 5YR 6/8 to 5/8.

Ae 0.2-0 loam; 5 to 7.SYR 6/4, dull orange; loose; 
slightly sticky, plastic.

Av 0-2 loam; SYR 6/4, dull orange; vesicular, slightly 
hard; slightly sticky, plastic; some clasts are 
old pavement remnants; boundary abrupt and wavy.

2—6 loam; SYR 6/6 to 5/6, orange to bright reddish 
brown; loose to some fine angular blocks; 
slightly sticky, plastic; few fine distinct 
mottles, discontinuous carbonate coatings; 
boundary clear and wavy.

B^2 6-13 gravelly fine sandy loam; SYR 5/6, bright red
dish brown; loose; non-sticky, slightly 
plastic; few discontinuous carbonate coatings, 
few fine faint mottles; boundary clear and 
wavy.

B21 13-21 gravelly fine sandy loam; SYR 5/8, bright red
dish brown; soft; non-sticky; slightly plastic; 
discontinuous carbonate coatings, common fine 
distinct mottles; boundary gradual and wavy.



103
Site AG-29 (Q^) (continued)

Depth
Horizon in cm Description

B22ca 21-47 very gravelly coarse sandy loam; SYR 5/8 to 5/6 
slightly hard; non-sticky, slightly plastic; 
continuous carbonate coatings (1-2 mm), few 
common fine to medium prominent nodules; 
boundary gradual and wavy.

Clca 47-80 very gravelly coarse sandy loam to loamy coarse 
sand; SYR 6/4, dull orange; slightly hard to 
hard; non-sticky, slightly plastic; continuous 
carbonate coatings (1-2 mm), some pebble cemen
tation, common medium prominent mottles; 
boundary gradual and wavy.

C2=a 8°-95 very gravelly coarse sandy loam; SYR 6/4, dull 
orange; slightly hard to hard; non-sticky, 
slightly plastic; continuous carbonate coatings 
(1-3 mm), many medium prominent mottles; 
boundary gradual and wavy.

II 95-110+ very gravelly coarse sandy loam; SYR 6/4, dull 
orange; hard; non-sticky, slightly plastic; 
continuous coatings (1-3 mm), many medium 
distinct mottles



104
Site AG-5 (Q^)

Surface:
Location - height with respect to other surfaces unknown, 

lower mid-section.
Vegetation - none on pavement, grasses and creosotes on the 

the dissected areas.
Slope
Relief

- 0.9°, facing west to southwest.
- 0.09 to 0.28m; no bar and swale, relief due to 

dissection.
Classification - Typic Haplargid

Depth
Horizon in cm Description

Pavement 3-0 dacite and tuff, maximum size 120 mm; varnish, 
on top, 5YR 3/2 (large clasts) and SYR 3/1 
(small clasts) on bottom, SYR 5/8 to 6/8.

Ae 0.2-0 very fine sandy loam; SYR 6/6, orange; loose; 
non-sticky, slightly plastic.

Av 0-2 loam; 7.SYR 6/6, orange; vesicular, slightly 
hard; slightly sticky, slightly plastic; silt 
on clasts; boundary abrupt and wavy.

Bn  2-7 (gravel unknown) loam; SYR 6/4, dull orange; 
loose, some angular blocks; slightly sticky, 
slightly plastic; discontinuous carbonate 
coatings; boundary clear and wavy.

=12 7-15 (gravel unknown) silt loam; SYR 5/8 to SYR 4/8, 
bright reddish brown and reddish brown; soft; 
slightly sticky, slightly plastic; fine con
tinuous carbonate coatings; boundary clear and 
wavy.

B2 15-32 (gravel unknown) loam; SYR 5/8, bright reddish 
brown; soft; slightly sticky, slightly plastic; 
thin continuous carbonate coatings, few fine 
distinct mottles; boundary clear and wavy.

B2tca 32"52 (Gravel unknown) loam; SYR 6/6 to 6/4, orange 
to dull orange; hard; slightly sticky, plastic; 
many medium prominent mottles, continuous car
bonate coatings (1-2 mm); boundary gradual and 
wavy.
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Site AG-5 (C^) (continued)

Depth 
Horizon in cm Description

C 52-92ca very gravelly coarse sandy loam; SYR 6/4 to SYR 
5/4, dull orange to dull reddish brown; hard; 
non-sticky, slightly plastic; common medium 
distinct mottles, continuous carbonate coatings 
(1-2 mm); boundary gradual and wavy.

II 92-112 very gravelly loam; SYR 6/4 to 7/4 dull orange; 
hard: slightly sticky, slightly plastic; many 
medium prominent mottles, continuous carbonate 
coatings (2-3 mm).
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Channel Deposits

Site AG-16

Surface:
Location
Vegetation
Slope
Relief

- inside watershed.
- ironwood, palo verde, creosote.
- 1.95*, facing west.
- 0.25 to 0.52 m, average of 0.35 m.

Channel - very gravelly coarse sand; SYR 4/4, dull reddish 
brown; loose; non-sticky, non-plastic; very few 
discontinuous carbonate coatings.

Bar - gravelly coarse sand; SYR 6/6, orange; loose; 
non-sticky, non-plastic, very few discontinuous 
carbonate coatings.

Site AG-23

Surface:
Location
Vegetation
Slope
Relief

- near fan apex.
- ironwood, creosote.
- 1.1*, facing west. 
— 0.3m.

Channel - very gravelly coarse sand; SYR 4/6, reddish 
brown; loose; non-sticky, non-plastic; few 
discontinuous carbonate coatings, few thick 
(3-5 mm) discontinuous carbonate coatings•

Bar - very gravelly coarse sand; SYR 6/6, orange; 
loose; non-sticky, non-plastic; very few 
discontinuous carbonate coatings•

Site AG-19

Surface:
Location
Vegetation
Slope
Relief

- near upper mid-section of fan.
- ironwood, creosote on channel banks.
- 1.15”, facing west.
- 0.3 m (bar and swale)
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Site AG-19 (continued) 

Channel -

Bar

Site AG-13

Surface:
Location
Vegetation
Slope
Relief

Channel

Bar

Site AG-30

Surface:
Location
Vegetation
Slope
Relief

Channel

very gravelly coarse sand; SYR, dull reddish 
brown; loose; non-sticky, non-plastic; very few 
discontinuous carbonate coatings.

very gravelly coarse sand; SYR 6/6, orange; 
loose; non-sticky, non-plastic; very few 
discontinuous carbonate coatings.

near lower mid-section of fan. 
ironwood, saguaro, brittlebush.
1.1°, facing west.
0.08 to 0.26 m, average of 0.17 m.

very gravelly coarse sand; 7.SYR 6/4, dull 
orange; loose; non-sticky, non-plastic; very few 
discontinuous carbonate coatings.

gravelly loamy fine sand, 7.SYR 6/6, orange; 
loose; few discontinuous carbonate coatings.

near toe of fan. 
ironwood, saguaro, creosote.
0.6°, facing west.
0.25 to 0.4 m, average of 0.3 m.

gravelly coarse sand; 7.SYR 6/6 orange; loose; 
non-sticky, non-plastic; very few thin discon
tinuous carbonate coatings.

very gravelly coarse sand; SYR 6/4, dull orange; 
loose; non-sticky, non-plastic; very few thin 
discontinuous carbonate coatings.

Bar
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Site AG-25 

Location

Site AG-26S 

Location

Aeolian

- 3.75 m above Q,. North terrace, north of the 
upper mid-section of fan.

- sample from the upper section of terrace; fine 
sand; SYR 6/4, dull orange; slightly hard; non- 
sticky, non-plastic; almost no gravel.

- sample from the lower section of the terrace; 
loamy fine sand; SYR 6/4, dull orange; slightly 
hard; non-sticky, non-plastic: some discon
tinuous carbonate coatings, few fine faint 
mottles.

- longitudinal dune, far north on the North 
terrace; 5 meters in height and length of 
approximately 0.5 kilometers; presently con
solidated by vegetation.

- sand; 7.SYR 6/6, orange; loose; non-sticky, 
non-plastic; no gravel.



APPENDIX C

PARTICLE SIZE

Particle size percentages are based on total silicate weight. 

Gravel mean is the mean size based on the gravel fraction. Graphic 

mean is the mean size of the overall sample. Carbonate percentages are 

based on total sample weight (2 to 4 kg). The total particle size 

distributions for AG-5, AG-11, AG-10, and AG-12, were not analyzed. 

Particle size percentages are based on fine particle fraction only for 

the top of the profile of site AG-5 because the gravel was not col

lected in the field. The gravel, sand, silt, and clay boundaries are 
after Folk (1974).
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Table C-l. Site AG-15 (Q^)

Depth
(cm)

Gravel, <f> Size Sand, <p Size

-5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 28.0 33.1 31.0 6.6 0.6 0.3
0-3 8.6 18.3 16.6 10.9 3.0 2.3 1.3 2.0 2.0 2.3 2.2 2.3 2.8 3.5 6.6 5.7
3-11 6.5 16.5 18.5 9.9 2.3 2.1 2.2 2.8 2.6 2.6 2.3 2.3 2.9 3.8 7.7 6.0

11-18 6.9 14.9 17.1 11.8 3.2 2.4 2.1 2.4 2.6 2.8 2.6 2.4 3.0 3.8 7.3 5.8
24-29 10.8 15.6 18.6 12.5 3.8 3.3 1.5 2.5 2.7 2.9 2.5 2.2 2.7 3.2 5.5 4.2

Depth
(cm)

Silt, <f> Size Clay , <f> Size
CaCO . 

% J

Mean $ Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 Gravel Graphic

Pvmt -4.4
0-3 3.9 1.4 0.9 0.6 0.1 0.3 0.2 0.2 0.5 0.5 0.2 0.8 0.8 -3.8 -1.2
3-11 3.9 1.5 0.7 0.5 0.3 0.3 0.2 0.1 0.4 0.3 0.1 0.9 1.5 -3.7 -1.0

11-18 3.7 1.4 0.6 0.5 0.4 0.1 0.1 0.2 0.2 0.6 0.2 1.0 1.2 -3.6 -1.0
24-29 2.5 0.7 0.6 0.2 0.2 0.1 0.1 0.1 0.1 0.5 0.0 0.8 1.2 -3.7 -1.5
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Table C-2. Site AG-22 (Q^^)

Depth
(cm)

Gravel, <f> Size Sand, <j> Size

-5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 2.9 31.0 50.2 14.7 0.9 0.4 _ _

0-2 — 1.7 14.1 12.0 4.7 3.8 2.5 2.6 1.9 1.8 1.6 1.8 2.5 4.6 11.0 10.7
2-6 _ 6.7 16.3 11.2 4.6 3.6 3.1 2.4 2.0 2.0 1.7 1.9 2.6 4.3 10.1 9.5
6-11 — 11.4 12.0 16.1 5.1 3.9 2.4 2.0 1.7 1.8 1.9 2.2 2.7 4.3 9.7 8.8

18-22 20.2 20.1 9.5 9.2 3.6 2.8 2.0 2.0 1.7 1.8 1.6 1.7 2.0 3.0 6.2 5.4
36-38 - 15.7 16.5 14.3 5.2 4.0 3.0 3.1 3.1 3.1 2.7 2.5 2.6 3.6 6.9 5.6

Depth
(cm)

Silt, 4> Size Clay , Size
CaCO

%

Mean <p Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 Gravel Graphic

Pvmt. _ _ — -3.7 —

0-2 9.4 4.3 2.5 1.3 1.0 0.6 0.7 0.2 0.6 1.0 0.4 0.8 1.4 -2.8 1.2
2-6 8.0 3.6 1.7 0.9 0.7 0.3 0.3 0.4 0.3 0.9 0.3 0.7 1.9 -3.1 0.4
6-11 6.4 2.5 1.4 0.8 0.1 0.3 0.3 0.1 0.5 0.6 0.5 0.5 1.7 -3.0 -0.1

18-22 3.4 1.4 0.5 0.3 0.3 0.2 0.1 0.1 0.2 0.3 0.2 0.4 1.1 -4.4 -1.7
36-38 3.7 1.4 0.7 0.3 0.3 0.3 0.1 0.1 0.3 0.5 0.1 0.5 1.5 -3.3 -0.6
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Table C-3. Site AG-18 (Q^)

Depth
(cm)

Gravel, <P Size Sand, <P Size

-5.0 -4.0 -3.0 -2.0 —1.5 —1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 16.4 21.6 38.5 20.7 2.0 0.9 _

0-2 5.0 7.8 13.6 17.6 5.0 1.0 1.0 0.7 0.9 1.1 1.9 2.8 5.1 9.6 7.4
2-6 — 17.3 22.8 16.2 5.2 1.1 1.3 0.7 1.1 1.2 1.7 2.1 3.7 6.6 5.1

11-15 4.7 16.2 26.0 17.3 7.3 2.4 2.6 1.7 2.5 2.5 2.7 2.3 2.7 3.4 2.1
27-30 10.6 17.7 25.6 16.7 7.5 2.2 1.8 1.5 1.9 2.0 2.2 1.9 2.2 2.6 1.5

Depth
(cm)

Silt, <j> Size Clay , <f> Size
CaCO 

% J

Mean <f> Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 Gravel Graphic

Pvmt. _ _ -3.7 —

0-2 7.5 2.6 1.7 1.7 0.9 1.4 0.6 0.8 0.6 0.7 0.2 0.9 1.5 —3 • 1 0.0
2-6 5.0 1.7 1.0 0.9 0.7 0.8 0.4 0.6 0.8 0.7 0.5 0.9 1.0 -3.4 -0.8

11-15 1.7 0.5 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.2 0.2 0.4 0.8 -3.4 -1.8
27-30 1.1 0.3 0.2 0.1 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.3 0.5 -3.6 -2.4
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Table C-4. Site AG-12 (Q^)

Depth
(cm)

Gravel, <p Size Sand, <f> Size

-5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 26.2 25.0 40.3 7.7 0.6 0.3 _
0-1 — 15.0 26.8 16.9 4.5 3.3 0.9 1.1 0.8 0.7 1.2 1.8 2.2 2.4 4.6 4.3
1—6 — 9.5 23.3 13.4 3.8 3.2 1.0 1.5 1.2 1.3 2.1 3.5 4.1 4.4 7.9 7.1
6-10 — 12.8 15.8 14.2 4.3 3.1 0.9 1.2 0.9 2.0 2.1 3.5 4.5 4.9 9.3 8.3

12-19 6.3 8.0 17.1 15.0 4.5 3.3 1.0 1.6 1.3 1.8 3.6 5.4 5.6 4.7 7.2 5.7
20-27 - 3.3 13.0 13.0 4.4 3.6 1.5 1.6 1.3 1.9 3.9 6.6 7.5 7.2 10.9 8.8

Depth
(cm)

Silt, <J> Size Clay, <p Size
CaCO

%

Mean 4> Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10.0 11.0 11-14 Gravel Graphic

Pvmt. _ _ -4.1 _

0-1 10.6 3.2 0.9 -3.3 -0.9
1-6 10.6 2.1 1.3 -3.3 -0.5
6-10 11.4 1.7 1.0 -3.2 -0.3

12-19 6.9 1.2 1.3 -3.3 -0.7
20-27 9.7 1.8 1.8 -2.8 0.8
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Table C-5. Site AG-27 (Q^)

Depth
(cm)

Gravel, <J> Size Sand, <j> Size

-5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 3.3 19.1 54.9 20.5 1.6 0.7
0-2 - 8.4 14.5 9.1 2.1 1.7 1.2 0.8 0.6 0.8 1.6 3.4 4.3 4.9 8.1 7.7
2-6 - 4.4 12.0 12.0 3.0 2.0 1.6 1.2 0.8 1.2 2.3 4.5 5.9 6.5 10.6 9.56-12 - 0.7 12.9 16.5 3.8 2.6 1.3 1.1 0.9 1.3 2.5 4.9 6.3 6.7 10.6 9.7

18-22 - 6.4 15.3 16.8 4.6 3.2 2.4 2.3 1.7 2.1 4.3 6.7 6.9 5.8 7.3 5.7
34-36 - 9.9 19.7 17.9 5.4 4.4 4.0 3.0 1.7 3.7 3.8 5.9 5.8 4.2 4.2 2.7

Depth
(cm)

Silt, <}> Size Clay , <t> Size
CaCO. 

% J

Mean # Size

4.5 5.0 5.5 6.0 6,5 7.0 7.5 8.0 9.0 10.0 11.0 11-14 Gravel Graphic

Pvmt. -3.5
0-2 6.5 3.7 2.3 2.0 2.3 2.1 1.7 1.0 2.6 2.5 2.9 1.3 2.7 -3.4 1.8
2-6 8.1 3.5 1.6 1.3 1.0 1.1 0.6 0.1 1.5 1.7 1.7 0.7 2.9 -3.0 1.3
6-12 7.0 3.6 1.3 1.3 0.8 0.5 0.5 0.0 0.8 1.2 1.0 0.6 2.8 -2.7 1.2

18-22 3.7 1.6 0.5 0.5 0.4 0.2 0.2 0.0 0.4 0.4 0.5 0.3 1.3 -2.9 -0.1
34-36 1.6 0.7 0.2 0.2 0.1 0.2 0.1 0.0 0.1 0.2 0.2 0.2 0.8 —3 • 1 -0.9
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Table C-6 . Site AG-21 (Q^)

Gravel, <J> Size Sand, <p Size
Depth
(cm) -5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 17.5 43.3 35.8 3.4 0.0 0.0 0.0
0-2 - - 5.1 2.1 0.4 0.3 0.2 0.2 0.2 0.1 0.2 0.4 0.9 2.8 8.7 9.52-5 10.2 5.2 5.8 5.3 1.8 1.3 0.4 0.6 0.5 0.6 0.7 0.8 1.1 2.2 6.0 6.5
7-10 - 8.8 17.7 20.6 6.2 5.5 2.1 2.8 2.4 2.3 2.2 2.3 2.3 2.6 4.1 3.515-20 - 27.2 17.7 13.8 4.4 3.8 2.8 2.7 2.0 2.0 1.9 2.1 2.2 2.4 3.6 3.1

24-29 - 11.9 22.4 18.4 4.6 3.5 2.4 2.7 2.9 3.4 3.9 4.4 4.0 3.5 4.0 2.9
38-40 9.0 20.0 20.3 13.5 4.3 3.3 2.9 3.0 2.6 2.4 2.3 2.3 2.2 2.3 3.0 2.3
65-67 - 5.8 16.3 15.3 4.7 3.7 3.4 2.9 2.4 2.5 2.5 2.9 3.4 4.5 8.3 7.5

Depth
(cm)

Silt, 4> Size Clay , 4> Size
CaCO

%

Mean <p Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 Gravel Graphic

Pvmt. -4.3
0-2 8.5 5.3 3.8 5.2 5.4 5.8 5.4 4.5 7.8 8.2 6.4 2.7 7.2 -3+ 6.2
2-5 5.8 3.6 3.0 3.4 3.7 4.4 4.0 3.3 5.9 6.2 5.4 2.3 9.2 -4.1 2.9
7-10 3.0 1.8 1.2 0.1 0.7 0.8 0.8 0.8 1.2 1.4 1.3 0.8 3.0 -2.9 -0.5

15-20 2.4 1.0 0.8 0.5 0.4 0.4 0.4 0.3 0.5 0.7 0.5 0.3 2.1 -3.7 -1.5
24-29 1.9 0.8 0.5 0.3 0.1 0.2 0.1 0.0 0.3 0.4 0.2 0.4 1.5 -3.2 —1.2
38-40 1.7 0.7 0.3 0.3 0.1 0.1 0.2 0.0 0.2 0.3 0.1 0.2 0.7 -3.7 -1.8
65-67 6.3 3.2 1.2 0.8 0.4 0.3 0.3 0.1 0.5 0.3 0.3 0.3 1.7 -3.0 0.1
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Table C-7. Site AG-17 (Q^)

Gravel, 4» Size Sand, <}> Size
Depth
(era) -5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvrat. 15.4 37.2 41.6 5.5 0.2 0.1 — — — —

0-2 - 6.7 10.4 7.6 2.9 2.0 0.5 1.2 0.9 1.2 1.4 2.6 3.4 5.7 10.5 8.02-8 3.5 5.6 13.4 10.0 3.0 2.2 0.9 1.8 1.4 1.9 2.3 4.1 5.0 7.4 11.4 8.58-14 - 1.7 13.2 11.6 4.3 3.8 2.3 3.0 2.0 2.6 3.0 5.0 5.7 7.8 11.6 8.316-21 2.7 7.6 27.5 18.5 6.0 4.7- 2.9 3.0 2.0 2.0 1.9 2.8 3.2 4.4 6.4 1.535-38 10.7 17.0 17.3 7.1 6.4 3.8 4.6 3.1 2.9 2.8 3.9 3.7 4.1 4.9 3.2

Silt, <t> Size Clay , <J> Size Mean <f> Size
Depth CaCO-
(cm) 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 % 3 Gravel Graphic

Pvrat. _ _ _ -4.10-2 7.6 2.9 1.7 1.7 1.2 • 1.7 2.1 2.2 2.4 3.6 3.6 4.3 3.1 -3.2 2.52-8 7.8 2.3 0.9 0.9 0.5 0.4 0.6 0.1 0.9 0.7 1.2 1.5 3.0 -3.3 0.98-14 7.4 2.0 1.0 0.5 0.3 0.2 0.4 0.1 0.4 0.3 0.6 1.1 2.2 -2.8 0.916-21 7.4 1.0 0.5 0.3 0.3 0.1 0.1 0.1 0.0 0.3 0.0 0.7 0.9 -3.0 -0.835-38 2.5 0.8 0.2 0.0 0.3 0.1 0.0 0.0 0.0 0.2 0.0 0.6 0.7 -2.9 -0.9
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Table C-8 . Site AG-10 (Q^)

Gravel, (ft Size Sand, <p Size

Depth
(cm) -5.0 -4.0 -3.0 —2 • 0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 32.5 40.7 24.8 1.8 0.1 0.1
0-1 - 15.0 38.8 11.7 1.6 1.2 0.2 0.3 0.3 0.3 0.4 0.7 1.3 1.8 4.3 4.41—6 17.0 17.6 18.3 9.5 2.5 1.7 0.4 0.9 0.7 0.7 0.9 1.4 2.4 3.1 6.1 6.06-14 2.9 7.0 26.1 23.5 6.2 4.1 1.1 1.5 1.1 1.1 1.4 2.2 3.3 3.5 5.4 4.315-21 - 5.4 26.6 29.3 6.9 4.7 0.9 1.4 1.1 1.0 1.0 1.7 2.9 3.2 5.1 4.0

22-28 1.4 7.2 20.1 35.9 8.2 5.2 3.7 4.4 2.5 1.5 1.1 1.2 1.3 1.1 1.6 1.428-35 1.7 11.0 20.2 21.9 6.3 4.7 1.8 2.6 2.1 2.1 2.2 3.0 3.8 3.5 4.6 3.4
44-51 - 5.0 26.6 21.4 6.5 5.2 1.1 2.0 2.0 2.3 2.7 3.7 4.5 3.7 4.1 2.7

Depth
(cm)

Silt, <}> Size Clay, (j) Size
CaCO

%

Mean <p Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10.0 11.0 11-14 Gravel Graphic

Pvmt. —4.6
0-1 10.8 7.1 1.9 -3.5 -1.0
1-6 8.7 2.2 1.7 -4.1 —1.6
6-14 4.5 0.8 1.2 -3.0 -1.1

15-21 4.4 0.5 0.8 -2.9 -1.1
22-28 2.1 0.3 0.9 -2.7 -2.1
28-35 4.3 0.7 1.2 -3.0 -1.2
44-51 5.6 0.8 0.9 -2.8 -1.0
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Table C-9. Site AG-14 (Q^)

Gravel, <|i Size Sand, (j> Size
Depth
(cm) -5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 33.4 28.8 33.8 4.0 0.1 0.0
0-3 - 1.2 5.8 4.8 1.4 1.5 0.4 0.5 0.5 0.5 0.6 0.6 1.5 3.4 9.9 10.2
3-0 7.0 19.5 19.8 8.4 2.4 2.9 0.3 0.6 0.7 0.8 0.8 0.9 1.5 2.4 5.1 4.39-14 12.4 19.7 18.5 10.3 3.0 2.6 0.9 1.1 0.9 1.0 1.1 1.2 1.8 2.5 4.8 3.6

14-20 4.0 21.8 24.6 14.7 4.4 2.4 2.8 2.0 1.5 1.6 1.5 1.4 1.7 1.9 3.1 2.4
25-30 2.0 6.9 12.7 27.9 11.5 9.0 3.6 4.9 3.4 2.6 2.0 1.6 1.7 1.6 2.3 1.7
34-37 5.7 9.1 25.7 20.6 5.2 3.8 3.2 3.0 2.2 2.3 1.8 1.6 1.7 1.8 2.7 2.3

Depth
(cm)

Silt, 4» Size Clay , <f> 1Size
CaCO

%

Mean <}> Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 Gravel Graphic

Pvmt. _ „ -4.4
0-3 8.6 4.3 4.0 4.8 3.9 5.1 3.6 4.3 6.2 5.7 4.4 2.6 5.7 -2.9 4.5
3-9 3.2 2.3 1.4 1.5 0.8 1.8 1.2 1.5 2.4 2.7 2.4 1.5 4.0 -3.8 -0.6
9-14 2.9 1.6 0.9 1.2 0.5 1.3 0.5 0.6 1.7 1.3 1.6 0.8 2.7 -3.9 -1.3

14-20 2.2 0.7 0.7 0.3 0.5 0.3 0.3 0.3 0.5 0.8 0.7 0.7 1.2 -3.6 -1.7
25-30 1.2 0.5 0.5 0.2 0.2 0.3 0.2 0.2 0.2 0.3 0.2 0.5 1.5 -2.5 -1.5
34-37 1.8 0.8 0.7 0.8 0.2 0.5 0.3 0.3 0.3 0.6 0.3 0.7 1.4 -3.2 -1.5
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Table C-10. Site AG-24 (Q^)

Gravel, <p Size Sand, <(> Size

Depth
(cm) -5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 15.1 34.8 43.9 6.1 0.1 0.0
0-5 - 2.3 8.2 6.3 1.3 0.9 0.8 0.5 0.3 0.3 0.4 0.8 1.2 2.2 6.3 7.2
5-10 - 3.9 7.2 9.0 2.3 2.1 1.3 1.1 0.6 0.9 1.2 2.3 3.0 4.3 9.6 9.7

10-18 - 2.9 14.0 12.3 3.6 2.6 2.1 1.3 1.1 1.0 1.7 3.1 3.8 4.5 8.4 8.1
18—24 - 6.3 16.8 14.8 4.0 3.0 1.7 1.1 0.9 1.1 1.6 3.5 4.0 4.5 6.8 5.8
30-37 - 7.9 21.7 18.2 6.1 4.6 2.5 1.9 1.2 1.1 1.8 3.7 4.3 4.1 4.7 3.4
45-52 - 18.2 27.8 16.3 4.0 2.7 1.5 1.4 0.9 0.8 1.4 3.0 3.5 3.0 3.4 2.4
56-60 5.1 7.6 35.7 18.2 4.2 3.2 1.5 1.2 0.7 0.7 1.5 3.4 3.8 3.1 2.8 1.6

Depth
(cm)

Silt, <J> Size Clay , Size
CaCO- 

% J

Mean <{> Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 Gravel Graphic

Pvmt. -4.0
0-5 7.3 6.9 4.5 4.5 4.5 4.5 3.9 3.5 5.0 4.8 8.2 3.5 5.1 -3.1 3.9
5-10 8.5 5.2 3.8 2.9 3.1 2.3 2.1 2.3 2.9 3.2 2.7 2.7 7.2 -2.9 2.7

10-18 6.8 3.4 2.7 1.7 2.3 1.6 1.6 1.3 2.3 2.2 1.9 2.0 5.5 -2.9 1.7
18-24 4.3 2.7 2.2 1.8 1.0 1.8 1.0 1.0 1.9 2.4 1.8 2.4 4.5 -3.0 1.0
30-37 2.3 1.2 1.4 0.8 1.1 1.0 0.5 0.9 0.9 1.0 0.7 1.3 4.1 -3.0 -0.6
45-52 1.5 1.0 0.8 0.6 0.2 0.1 1.0 0.5 0.6 0.5 0.6 0.8 2.4 -3.4 -1.4
56-60 1.0 0.5 0.3 0.4 0.4 0.5 0.5 0.1 0.6 1.0 0.4 0.8 2.0 -3.3 -1.6
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Table C-ll. Site AG-20 (Q^)

Gravel, 4> Size Sand, <t> Size
Depth
(cm) -5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 14.4 25.6 48.6 10.8 0.4 0.1
0-4 - - 1.8 3.0 2.6 1.8 0.7 0.6 0.8 0.8 1.3 2.1 4.7 10.8 8.5
4-7 - 3.5 8.6 8.0 5.5 1.5 1.6 1.4 1.5 1.4 1.8 2.3 4.4 8.6 6.7
7-13 - 2.4 11.7 14.2 9.6 3.3 2.9 2.1 2.3 1.9 2.5 2.9 4.5 7.9 5.9

15-22 - 8.3 26.6 21.6 9.9 3.2 3.1 1.8 2.1 1.9 2.4 2.3 2.6 3.2 2.1
27-34 3.1 10.7 16.6 17.0 11.9 4.6 2.5 1.5 1.8 1.8 2.6 2.9 3.6 4.9 3.5
41-43 . - 15.4 25.7 18.9 11.7 3.7 3.0 1.4 1.7 1.7 2.2 2.0 2.3 2.8 1.9

Depth
(cm)

Silt, 4> Size Clay , <#> Size
CaCO- 

% J

Mean <J> Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 Gravel Graphic

Pvmt. _ _ _ _ _ -3.8
0-4 7.7 5.3 3.2 3.5 3.1 4.2 3.1 3.8 6.9 7.1 8.1 4.7 12.8 -2.4 5.64-7 6.0 4.1 3.8 2.6 1.5 2.5 1.6 1.8 3.5 6.0 5.8 4.2 6.1 -2.9 3.37-13 5.3 3.8 3.0 2.4 1.0 1.5 1.0 0.6 1.3 2.2 2.0 1.9 3.4 -2.7 1.215-22 1.7 1.3 1.1 0.8 0.5 0.8 0.3 0.3 0.7 0.5 0.5 0.7 1.9 -3.1 0.427-34 3.0 1.4 1.1 0.8 0.4 0.7 0.2 0.4 0.7 0.6 0.5 1.2 1.3 -3.1 —0.841-43 1.5 0.9 0.5 0.3 0.4 0.3 0.2 0.3 0.3 0.4 0.1 0.7 0.7 -3.2 -1.6
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Table C-12. Site AG-11 (Q^)

Depth
(cm)

Gravel , <p Size Sand, <p Size

-5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 21.3 43.5 29.9 5.0 0.3 0.1 _

0-3 - - 1.7 3.5 1.5 1.0 0.7 1.2 0.9 1.1 1.3 2.2 4.1 5.5 10.2 9.8
4—8 - - 1.9 6.1 2.6 2.6 1.9 2.4 2.4 2.6 3.0 5.0 7.2 7.5 12.2 10.5

11-18 - - 1.5 1.7 1.0 0.0 0.7 1.3 1.5 2.0 2.7 5.3 2.0 11.3 15.2 14.0
23-30 - - 3.9 8.6 3.4 2.5 0.7 1.5 1.5 1.8 2.9 5.5 8.6 9.0 14.0 11.4
32=35 - 1.3 3.0 7.0 3.0 2.7 1.4 3.1 2.5 2.8 3.4 6.0 8.7 8.7 12.8 10.0
35-37 — 3.6 9.7 7.8 3.5 3.4 0.6 1.1 1.5 1.9 2.8 5.1 8.2 8.3 11.7 9.3

Depth
(cm)

Silt, <j> Size Clay, <j> Size Mean 4> Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10.0 11.0
CaCO

11—14 % J Gravel Graphic

Pvmt. -4.3 _

0-3 35.9 18.7 15.4 -2.4 5.1
4—8 25.3 6.8 6.5 -2.2 -

11-18 27.6 6.6 6.6 -2.4 -

23-30 19.6 5.2 5.3 -2.3 -

32-35 18.7 4.9 6.9 -2.4 -
35-37 17.5 4.2 6.7 -2.9 -
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Table C-13. Site AG-28 (Q3a>

L\

Gravel, <j) Size Sand, 4) Size
Depth
(cm) -5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 3.2 37.4 42.5 15.9 0.8 0.2 _ _ _ _ _

0.2 - 3.6 7.3 9.2 3.1 1.1 0.8 0.5 0.6 0.8 1.1 2.4 3.6 4.4 8.2 8.1
2-7 - 2.1 4.9 12.2 1.9 1.5 0.6 0.9 0.9 1.3 2.0 3.7 5.4 6.1 10.6 9.7
7-11 - - 4.0 7.2 2.7 2.0 1.0 1.7 1.3 1.9 3.0 5.4 7.1 7.4 11.9 10.9

13-20 - 0.4 6.5 8.8 3.1 2.8 1.5 1.8 1.7 2.5 3.9 7.0 8.4 7.8 11.7 9.2
20-23 - 2.7 4.1 11.8 3.8 3.4 2.5 2.4 2.0 2.8 4.2 7.0 8.2 7.2 10.0 8.8
31-35 - 0.9 17.1 22.8 5.3 3.8 2.6 2.0 1.5 1.9 2.9 4.8 5.5 4.8 6.6 5.5
56-61 — 6.3 20.6 26.1 7.4 5.6 5.7 3.8 2.5 2.2 2.6 3.4 3.0 2.2 2.5 1.9

Depth
(cm)

Silt, <f> Size Clay, <J> Size
CaCO * 

%

Mean (fi Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 Gravel Graphic

Pvmt. _ -3.8
0-2 7.5 4.2 3.0 2.5 2.5 2.6 2.6 2.6 5.1 6.3 3.5 2.8 6.3 -2.9 3.2
2-7 8.1 4.2 2.7 1.7 2.1 1.2 1.8 1.4 2.9 4.6 3.6 2.3 5.9 -2.8 2.7
7-11 8.9 4.5 2.7 1.8 1.5 1.2 1.3 1.2 1.7 3.3 3.1 1.6 6.7 -2.5 2.7

13-20 8.3 4.4 2.4 1.1 0.6 0.4 0.7 0.3 1.1 0.8 1.2 1.6 4.1 -2.6 1.7
20-23 6.7 4.2 1.9 1.3 0.5 0.3 0.5 0.6 1.0 0.6 0.5 1.2 4.3 -3.5 1.4
31-35 4.1 2.5 1.5 0.7 0.2 0.6 0.3 0.2 0.8 0.5 0.2 0.8 2.8 -2.7 -0.1
56-61 1.3 1.0 1.5 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.3 1.8 -2.8 -1.3

122



Table C-14. Site AG-29 (Q2b)
■-xss-sr-ar-* * •-s-~-rz=T-m -t"

Gravel, <f> Size Sand, (p Size
Depth'
(cm) -5.0 -4.0 -3.0 —2 • 0 -1.5 -1.0 -0.5 0 .0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 20.5 47.3 29.3 2.8 0.0 0.0 _ _

0-2 - 2.0 0.7 2.3 0.7 0.8 0.9 0.6 0.5 0.6 0.8 1.2 2.8 4.7 11.6 11.2
2-6 - 6.0 2.2 3.7 1.5 1.3 1.3 1.0 0.9 1.1 1.1 1.9 3.9 5.9 13.2 11.7
6-13 - 6.4 3.6 6.4 3.3 2.9 2.8 3.0 1.6 1.6 1.6 2.2 4.0 5.6 11.0 9.8

13-21 5.5 10.5 2.8 11.4 4.9 3.7 2.9 2.3 1.7 1.7 1.7 2.3 3.6 4.5 8.1 7.4
21-28 - 5.4 10.4 21.1 9.1 7.1 5.1 2.7 2.1 1.7 1.6 1.7 2.3 2.6 4.4 4.0
33-38 - 12.4 13.6 24.9 9.0 6.2 4.1 2.4 1.5 1.1 1.1 1.2 1.5 1.7 3.0 2.8
47-57 - 7.7 19.2 25.0 8.2 6.6 4.8 2.0 1.3 1.0 1.2 1.4 1.7 1.8 3.1 2.8
62-65 7.7 8.0 18.3 23.9 8.0 6.4 4.4 2.7 1.5 1.1 1.1 1.2 1.4 1.4 2.3 2.2
75-77 - 3.6 18.4 23.0 8.7 7.2 5.5 2.9 1.7 1.4 3.1 2.2 2.4 2.3 3.7 3.3
88-92 - 3.2 13.7 23.6 8.9 6.7 5.2 2.6 1.7 1.7 2.4 2.9 2.9 2.7 4.2 3.7
97-100 - - 9.5 24.9 10.1 8.9 8.0 2.7 1.9 1.7 1.9 2.2 2.2 2.2 3.4 3.0

108-110 - 3.3 9.8 26.1 10.7 8.9 7.0 3.3 1.8 1.4 1.3 1.5 1.7 1.9 3.1 3.0

Silc, <|> Size Clay, (p Size Mean <P Size
Depth
(cm) 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10.0 11.0 11-14

CaCO. 
% J Gravel Graphic

Pvmt. _ _ _ _ -4.4 _

0-2 9.3 5.0 4.7 3.8 3.5 3.4 2.9 1.9 5.7 5.9 6.6 5.9 12.4 -2.8 5.5
2-6 9.4 5.0 3.9 3.7 2.7 2.6 1.3 0.7 4.0 2.3 3.4 4.5 8.5 -3.4 3.5
6-13 5.8 8.2 3.1 2.8 1.9 2.0 0.6 0 .8 2.2 1.8 1.7 3.6 7.5 -2.8 2.5

13-21 5.8 4.4 2.8 2.1 1.4 1.5 0.6 0.4 1.4 1.6 0.8 2.4 6.2 -2.9 0.9
21-28 3.4 2.3 2.0 1.8 1.1 1.3 0.7 0 .3 1.6 1.0 0.7 2.5 6.2 -2.5 0.1
33-38 2.3 1.7 1.4 1.3 1.2 0.9 0.4 0.5 1.1 0.7 0.6 2.0 3.6 -2.7 -0.7
47-57 2.6 0.8 0.6 1.0 0.7 1.0 0.8 0.7 1.3 0.8 0.6 1.4 3.3 -2.7 -0.8
62-65 1.7 1.0 0.2 0.7 0.5 0.7 0.6 0 .3 0.8 0.5 0.3 1.1 2.1 -2.9 -1.5
75-77 2.1 1.4 0.2 1.0 0.5 0.8 0.7 0.3 1.0 0.6 0.7 1.6 4.0 -2.6 -0.6
88-92 2.3 1.7 0.5 1.2 0.6 1.5 0.5 0.5 0.4 1.3 1.0 1.0 4.3 -2.5 -0.3
97-100 2.2 1.7 0.3 1.2 1.3 0.7 1.0 0.5 1.4 1.5 0.7 5.1 7.8 —2 • 3 0.1

108-110 2.3 1.9 0.8 0.9 1.1 0.7 0.9 0.6 1.1 1.1 0.9 3.2 6.9 -2.4 -0.2
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Table C-15. Site AG-5 (Q2b)

Gravel, <(i Size Sand,  ̂Size
(cm) -5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Pvmt. 14.2 48.6 34.8 2.4 0.0 0.0 _ _ _ _

0-2 - - - - - - 0.5 0.5 0.4 0.5 0.4 1.0 2.7 5.0 14.1 16.5
2-7 - - - - - - 0.2 0.4 0.3 0.4 0.7 1.4 3.5 6.2 16.2 15.4
8-15 - - - - - - 1.4 1.9 1.5 1.6 1.6 2.1 3.8 4.7 8.5 8.6

21-25 - - - - - - 2.4 3.2 2.0 1.7 1.7 2.4 4.2 5.3 8.2 7.7
32-36 - - - - - - 5.0 6.0 3.5 2.8 2.8 3.4 3.9 4.0 5.8 5.9
28-42 - - - - - - 2.1 3.9 3.8 3.7 4.3 4.7 4.7 4.5 6.2 6.0
51-55 - - - - - 5.8 10.0 7.2 6.8 7.4 6.7 5.1 4.1 4.8 4.5
60-62 - 1.4 16.4 26.2 9.1 7.5 2.9 4.4 2.9 2.5 2.5 2.3 1.9 1.5 ' 2.0 2.0
69-72 5.9 2.3 13.4 26.8 9.5 8.6 2.5 3.9 2.5 2.1 2.1 1.9 1.6 1.4 1.9 1.8
84-86 - 1.9 13.9 21.6 10.7 10.1 4 .3 5.6 3.3 2.4 2.1 1.7 1.5 1.4 1.8 2.0
95-98 2.0 4.5 15.1 25.0 9.6 8.6 1.9 3.5 2.2 1.8 1.6 1.4 1.3 1.2 1.7 2.0

110-112 - 1.8 19.8 29.9 7.6 7.4 1.9 2.6 1.9 1.7 1.7 1.7 1.9 1.9 2.4 2.7

Depth
(cm)

Silt, (f> Size Clay, # Size Mean <J>Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 fl.O 9.0 10.0 11.0
CaCO. 

11-14 % J Gravel Graphic

Pvmt. _ _ _ -4.3 _

0-2 43.6 15.7 9.7 - -

2-7 46.6 9.0 5.1 - -

8-15 53.2 11.2 10.3 - -

21-25 48.6 12.5 7.8 - -

32-36 35.8 21.0 28.4 - -

38-42 38.5 17.8 27.3 - -

51-55 21.7 16.3 25.2 - -

60-62 6.9 7.6 7.6 -2.5 -0.4
69-72 6.5 5.6 3.9 -2.6 -0.8
84-86 8.2 7.3 4.8 -2.4 —0 • 2
95-98 8.6 7.2 7.6 -2.6 -0.3

110-112 15.4 6.8 14.4 -2.7 -
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Table C-16. Sites AG-16, AG-23, Ati-19, AG-13, AG-30; Bars (B) and Channels (S)
Gravel, <f> Size Sand, <() Size

Site -5.0 -4.0 -3.0 -2.0 -1.5 -1.0 -0.5 0 .0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

16(S) 20.2 28.6 23.3 11.1 2.9 2.5 1.2 1.9 1.9 2.3 2.0 1.2 0.5 0.3 0.2 0.1
16(B) 8.0 4.7 9.1 7.1 3.1 3.3 2.3 4.6 6.0 8.4 9.0 8.4 6.5 5.0 6.1 3.5

23(S) 4 .6 12.0 22.4 20.3 7.0 6.2 5.1 5.9 4 .8 3.8 2.7 1.8 1.1 0.6 0.6 0.4
23(B) - 10.1 26.1 27.5 7.6 5.1 3.3 3.1 2.4 2.6 2.5 2.1 1.6 1.3 1.7 1.1

19 (S) 8.1 6.9 15.1 18.3 7.4 6.9 5.2 7.8 6.5 6.0 4.7 3.6 1.9 0.7 0.3 0.1
19(B) - 8.2 19.1 18.0 5.7 4.8 3.3 4.1 4.6 6.6 7.2 6.1 4.0 2.6 2.6 1.3

13(S) 1.1 5.2 37.6 16.6 4.4 3.6 1.7 2.1 2.1 3.2 6.0 7.1 4.4 2.0 1.4 0.6
13(B) 3.5 2.2 7.8 9.2 3.2 2.6 2.0 1.8 1.2 1.7 3.4 5.6 6.6 6.6 12.6 12.1

30 (S) 2.5 14.5 17.5 6.7 5.3 4.8 4.7 3.8 5.0 9.9 12.7 7.4 2.4 1.2 0.4
30(B) - 6.8 19.1 19.2 5.8 3.9 3.1 1.9 1.6 2.3 5.2 8.8 8.8 5.3 4 .3 2.0

Site
Slit, 4) Size Clay, <p Size

CaCO. 
% J

Mean <p Size
4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10.0 11.0 11-14 Gravel Graphic

16 (S) 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.1 0.0 0.1 0.6 -4.2 -3.7
16(B) 1.7 0.8 0.5 0.2 0.1 0.4 0 .0 0.1 0.1 0.4 0 .0 1.0 1.8 -3.5 —0.1
23(S) 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 _ -3.1 -2.2
23(B) 0.6 0.3 0.2 0.1 0.0 0.0 0 .0 0.1 0.1 0 .1 0.1 0.6 0.2 -2.9 -1.8

19(S) 0.1 0.0 0.1 0.1 0.0 0.0 0 .0 0.0 0.0 0.1 0.0 0.3 1.5 -2.9 -1.7
19(B) 0.6 0.2 0.1 0.1 0.1 0.1 0 .0 0.2 0.0 0.2 0.0 0.6 1.6 -3.0 -1.2

13(S) 0.8 0.4 0.7 -3.4 -1.6
13(B) 15.9 2.0 1.8 -2.9 1.4

30(S) 0.3 0.4 0.0 0.1 0.0 0.0 0.1 0.1 0.0 0.1 0.2 0.0 1.2 -2.6 —0.6
30(B) 0 .9 0.3 0.0 0.1 0.2 0.1 0.1 0.1 0.0 0.0 0.4 0.1 1.1 -2.9 0.9

125



Table C-17. Fluvial and Aeolian Samples. North Terrace; Ag-25 Lower (L) and Upper (U) Samples.
Longitudinal Dune AG-26. Sediment Trap on Pavement (DP). Material from a crevice found 
in a debris flow Boulder (PH).

Depth
(cm)

Gravel, <J> Size Sand, <f> Size

-5.0 -4.0 —3*0 -2.0 -1.5 ■-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

25 (L) 0.9 1.6 4.4 2.0 1.2 1.0 0.7 1.4 3.2 8.2 14.6 14.2 17.9 12.7
25 (U) —  — - 0.0 0.1 0.0 0.0 0.1 1.6 7.5 13.6 16.5 14.8 20.2 14.1
26 —  — — — — — — — 0.1 2.1 7.7 22.4 31.7 18.0 12.0 4.0
DP —  — - - 0.6 1.3 6 .0 4.4 4.5 3.6 3.2 3.7 6.0 10.3 21.2 14.9
PH 8.1 16.2 18.1 2.5 1.8 0.9 0.7 0.2 0.1 0.1 0.3 1.0 3.0 8.0 7.3

Depth
(cm)

Silt, <t> Size Clay , Size
CaCO

%

Mean <j> Size

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10 .0 11.0 11-14 Gravel Graphic

25 (L) 8.0 2.4 1.0 0.5 0.2 0.7 0.1 0.2 0.9 0.0 0.4 1.7 4.4 -2.6 2.8
25 (U) 5.9 1.3 0.5 0.4 0.1 0.9 0.0 0.3 0.6 0.0 1.2 1.1 6.4 - 2.8
26 1.0 0.5 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 - 2.3
DP 10.2 4.4 2.6 0.0 1.2 1.1 0.0 0.0 1.0 0.7 0.0 0.0 3.7 - 2.6
PH 7.3 4.8 3.2 3.3 2.1 1.8 1.8 1.2 2.3 1.9 1.6 0.5 3.6 -3.1 1.5
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APPENDIX D

PARTICLE SIZE DISTRIBUTION FOR Ae

The horizon is the covering of dust on the surface of the 

vesicular horizon. Particle size percentages are based on the total 

silicates in the fine sediments only. Carbonate percentages are based 

on total fine sediment weight (100-200 g). The sand, silt, and clay 

boundaries are after Folk (1974).
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15
22
18
12
27
21
17
10
14
24
20
11
28
29

Site

15
22
18
12
27
21
17
10
14
24
20
11
28
29

Sand, <(> Size Silt, <P size
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

3.5 3.5 2.8 3.0 3.0 3.5 5.4 9.2 21.0 17.0 12.3 4.8 2.5 1.9 0.8 0.7
6.6 5.2 3.8 3.4 3.0 3.1 4.4 7.7 16.7 15.9 13.2 4.7 2.9 2.0 1.3 1.0
4.7 4.5 2.2 2.3 2.3 3.6 5.2 9.9 19.1 15.1 14.6 5.9 3.6 2.5 1.3 1.0
3.0 2.9 1.9 2.2 3.7 5.9 7.8 9.2 17.8 16.6 33.0
2.1 1.7 1.3 1.5 3.5 6.9 9.0 10.0 14.8 13.2 11.2 5.9 4.1 3.4 2.6 2.0
3.7 2.4 1.3 1.0 1.0 1.4 3.0 5.9 14.2 13.8 12.8 7.3 6.3 5.0 5.1 2.2
3.8 2.8 1.7 1.8 1.7 3.0 4.4 8.0 16.0 12.8 14.2 6.0 4.8 4.3 2.2 3.0
1.9 1.8 1.6 1.7 1.9 3.0 5.3 7.3 14.9 13.4 33.9
2.9 2.6 1.7 1.5 1.3 1.6 3.7 6.7 21.6 10.6 12.3 8.8 4.7 5.3 3.7 2.8
3.1 1.9 1.1 1.0 1.8 1.6 3.3 5.9 14.2 14.8 14.8 10.6 7.1 5.3 3.5 1.8
3.9 2.3 1.7 1.6 1.3 2.3 3.9 8.2 16.0 13.5 12.8 7.7 5.0 4.4 3.2 3.1
2.0 2.8 1.9 1.8 2.3 4.0 6.8 8.8 16.8 15.1 35.e
1.1 1.0 0 .9 0.7 1.5 2.9 5.2 6.4 11.7 12.1 10.8 5.7 4.4 4.8 4.6 4.5
2.2 1.9 1.2 1.1 1.0 1.4 3.6 6.0 14.3 13.2 12.4 6.5 4.8 5.7 4.4 3.9

Clay, $ Size ■ CaCO 
% J

Sand
2.5-5

Silt
5-8

Clay
8-14

F. Silt (6.5-8) 
T. Silt (5-8)

F.
T.

Clay (11+) 
Clay (8+)7.5 8.0 9.0 10.0 11.0 11-14

0.2 0.8 0.8 0.5 0.5 2.5 3.5 69.7 6.9 4.3 0.4 0 .6
0.9 0.7 1.2 1.3 0.8 0.8 3.1 62.6 8.8 4.1 0 .3 0.2
0.6 0 .3 0.1 0.1 0.1 1.1 2.7 69.8 8.8 1.4 0.2 0.5

3.8 1.4 - _ 3.8
1.4 0.9 1.4 1.0 1.1 1.0 1.2 64.1 14.4 4.5 0 .3 0.2
2.8 1.6 3.1 2.3 2.2 1.7 4.0 57.0 23.0 9.3 0.3 0.2
2.0 1.0 1.7 1.4 1.1 2.2 2.0 61.4 17.3 6.4 0.7 0 .3

13.4 2.6 - - 13.4
1.8 1.1 1.4 1.8 0.8 1.5 2.2 63.7 19.4 5.5 0.7 0.3
3.6 1.2 2.0 0.4 1.0 0.0 2.7 63.6 22.5 3.4 0.7
1.5 1.5 2.0 1.7 0.9 1.9 2,2 62.1 18.7 6.5 0 .3 0.3

1.8 2.6 - - 1.8
3.2 2.8 5.6 3.8 3.5 2.9 3.0 51.9 24.3 15.8 0.4 0.2
2.2 1.9 3.1 3.6 2.6 3.3 9.5 56.0 22.9 12.6 0.4 0.3
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