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FOREWORD

In May 1959 the Army Research Office requested that specific criteria
for terrain elements be devised as a basis for revision of AR T05-15
"Research and Development of Materiel, Operation of Materiel Under Extreme
Conditions of Environment," and Military Standards. Knowledge of the per-
centage frequency of occurrence of specific landform characteristics in
representative samples in the major geographic regionms of the world would
provide s realistic basis for this revision. Such data are essential for
the selection of testing areas for new equipment, and as a test of the
representativeness of these testing areas. Also, knowledge of the fre-
quency of occurrence of impassable natural obstacles and of unimpeded
routes is of special interest to the tactical commander in deciding where
he may expect his vehicles or those of the enemy to go and where they
will be stopped.

Quantification of landform measurements and description, essential
to frequency of occurrence determineations, has not been previously con-
ducted over large areas. The Corps of Engineers' Waterways Experiment
Station has proposed a system of landform clessification for small areas.
The Earth Sciences Division proposed that the common landforms in each
of the major regions, or those landforms most frequently encountered,
should be studied, e.g., dunes, badlands, canyons, and dry washes, using
the Corps of Englneers Waterways Experiment Station system. Previous
studies have attempted to quantify all aspects of terrain. This study
concentrates on a single type of landform presenting (1) a generalized
overview, (2) a selection of militarily significant features, and (3) an
analysis of these features. The variety of physical values which have
been found for this single type of landform precludes its treatment as
a "facet" under the British Military Engineering Experimental Establish-
ment Landscape Pattern Classification System.

This report is a survey of the physical characteristics and geo-
graphical distribution of alluvial fans. Based on an investigation to
determine, define, and portray the frequency of occurrence of these fea-
tures, most of the findings are in the form of maps, graphs, and tables.
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This report is the first of a serles on quantified description of
alluviel fans. A second report entitled "Aeriel Photo Interpretation
of Militarily Significant Features of Alluvial Fans" is in preparation.
A third report entitled "A Military Analysis of Alluvial Fans" will treat
the detalls of microrelief, defilades, and obstacles to movement of
military vehicles.

L. W. TRUEBLOOD, Ph.D.
Chief
Esrth Sciences Division

Approved:

DAIE H. SIELING, Ph. D
Scientific Director

W. W. VAUGHAN

Brigadlier General, USA
Commanding
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ABSTRACT

In this study a new technique is developed for analyzing available
world maps and aerial photographs in terms of frequency of occurrence of
terrain obstacles as related to capabilities of various types of military
vehicles. Employing this technique, an areal quantification of the geom-
etry of alluvial fans was completed for a total of seven l-degree quad-
rangles (1 degree Latitude x 1 degree Iongitude) of representative desert
terrain in the United States and West Pakistan.

The greatest development of alluvial fans is associated with moun-
tainous desert regions having wide valleys. Alluvial fans are not related
to high mountainous areas or to areas where the mountain mass has been
deeply dissected by steep, narrow valleys. Within desert reglons it was
noted thet landform date in one physiographic province were very similar
to those in the same type of province (such as a folded-faulted type) and
climate elsewhere. Except for similar provinces the agreement was not
close.

Approximately TO percent of all alluvial fans studied were 1 to 5
miles in length and had total slope gradients of 1 to 5 degrees. Gra-
dients up to 600 feet per mile have been measured on the upper slopes of
small alluvial fans. Nearly all alluvial fans have deep washes with ver-
tical walls which may be located near their spices or their aprons.
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PHYSICAL CHARACTERISTICS OF ALIUVIAL FANS

1. Introduction

Alluvial fans are water-deposited features at the mouths of canyons
emptying into wider valleys. They are fan-shaped deposits, consisting
of rock debris washed out of the highland in which the parent canyon is
located. In western United States approximately one third of all sur-
face material is alluvial. Because of their relatively gentle slopes,
good dreinage and sorted composition material, they are frequently used
for roads, sites for urban development, agriculture, etc., especially
in desert reglons where the playa is too soft and saline and the moun-
tains are too steep and composed of materials that are too hard for these
purposes, Military operstions in desert reglons, particularly in folded
and faulted areas (such as the Basin and Ranges physiographic region)
would realize definite advantages if sited on alluvial fans. Because of
this potential use, 1t is mandatory that detailed information be made
avallsble concerning these features.

a. Purpose

This report presents results of the first part of a U.S. Army
Natick Iaboratories Scientific Director's In-~-house Laboratory research
project., The research was conducted (1) to analyze the physical char~-
acteristiecs of alluvial fans in the desert areas of southwestern United
States, (2) to show their distribution, and (3) to measure, quantify, and
show the frequency of occurrence of their physical characteristics. Data
from alluvial fans in a desert ares in West Pakistan, as well as from
individual fans in humid areas in the United States. are included for
purposes of comparison. This report is the first of three on alluvial
fans which will present (1) a generalized overview of alluvial fans as a
distinct landform in desert regioms, (2) a selection of militarily sig-
nificant features of alluvial fans based on the interpretation of serial
photographs, and (3) an analysis of the military significance of micro-
relief, defilades and obstacles to movement of military vehicles, Some
of thsse influences were found in the present investigation (see Appen-
dix D).

b. Method of Study

Recognizing the impracticability of studying all the landforms
of a particular type, sampling was initiated by (1) inspection of small-
scale maps, (2) analyeis of individusl landforms on selected large-scale
maps, (3) detalled interpretation of these features shown on aerial pho-
tographs, and (L) field checking and measurement of questionable or uniden-
tifiable features. This sampling was augmented by comparative studies in
wvhich landform data from one area were evaluated wlth data from another




area. Every identifiable alluvigl fan detected on the small-scale maps
was measured on a total of 82 topographic (15 minute quadrangle) sheets
in the United States, covering 19,516 square miles of desert landscapes
(see Appendix B for list), and 32 topographic (15 minute gquadrangle)
sheets in West Pakistan (see Fig. 15). -

In order to establish a basis for comparing these data on a global
scale, and to eventually determine the total geographical distribution

of a specific alluviel fan type, data were compiled for 5 one-degree quad-

rangles (1° Latitude x 1° Longitude) within the sub-regions (physiographic
provinces) described below. These data fit into the Quartermaster Degree
Quadrangle Data Storage System*, where their relationship with 550 other
environmental factors can be found without recompilation or reorganiza-
tion.

While alluvial fan data compiled for degree quadrangle boundaries
will not agree with those commonly accepted for physiographic provinces,
they are usually within acceptable transition limits (see Figs. 3 and 14).
The study is intended to obtain a total of all significant data, and the
frequency distribution of these datse, rether than to be an exercise in
regional boundary decisions.

This research has been conducted in two mutually supporting phases:
laboratory investigations and field investigations. In both instances,
library research and training in technique preceded the actual work.

Laboratory Investigation

The following methods were used to differentiate landform types
shown on maps and aerial photographs.

(1) Map and aerial photo interpretation. Determination of total
number and areal occurrence of alluvial fans in each 15' topographic sheet,
and in each degree guadrangle. Determination of the general physical
characteristics of ideal-typical alluvial fan types by inspection on aer-
ial photos selected from the areas covered by each 15' topographic sheet.
Comparison of specific lapdforms on map sceles 1:25,000, 1:50,000, and
1:250,000, ' ;

(2) Stereocomparagraphy. Preparation of local relief, obstacle,
slope, and dralnage maps.

(3) Planimetry. Determination of total areas of landform types,
location and frequency of natural obstacles, and establishment of vehicle
passability areas.

* See: Digitized Environmental Data Processing, Research Study Report
RFR~-31 (revised), Earth Sciences Division, Quartermsster Research and
Engineering Center, Natick, Mass., May 1963
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Field Investigation

The following measurements were made of alluvial fan types in the
field:

(1) Total relief (elevation of apex minus elevation of apron).
(2) Length (apex to apron).

(3) Total width of the apron.

(4) Radii of curvature.

(5) Gradient (total, homogeneous segments).

(6) Geometry (entrance and exit profiles, number of obstacles in
three random lines, width and depth of fan head trench, width and depth
of three random distributaries).

It is recognlzed that each type of landform requires a different
series of measurements. The above are specifically for alluvial fans.

The Avawatz Mountain area (Fig. 3) of southern California was selected
for a detailed study of alluvial fans, inasmuch as a greater number of
these festures occur here than in any other area of similar size in the
United States. The Avawatz Mountains are located in the Basin and Ranges
physiographic region, an example of block faulting topography. Frequently,
this type of faulting has greater local relief, and more examples of this
relief than other landform types. Additional examples of this type of
topography are located in the Alpine-Himalaya Mountain chain of Furasia,
and in the system of mountain and rift valleys on the eastern edge of the
Arabian Shield.

For comparison, alluvial fans were measured in 2 one-degree quad-
rangle areas in the Baluchistan Group of mountaing in West Pakistan
(Fig. 14), which is a part of the Alpine-Himalays chain. Because of the
close agreement between this physiographic region and the Basin and Ranges
region, in climate, elevations and spacing of mountain magses, and in the
geomorphic processes which are or have been at work in the two regilons,
the physical characteristics of alluvial fans are closely analogous.

c. Limitation of the Present Study

The required topographic maps at scale 1:62,500 or larger were

_not available for many areas in the Basin and Ranges physiographic region.

The available msps afforded complete coverage of only 5 degree guadrangles
in this physiographic region. Varistions in delineation of details be-
tween map compilers prevent close comparabllity between landform dsta



obtained from neighboring topographic sheets. Wide contour intervals

(80 to 100 Peet) in many instances made the interpretation of landforms
difficult, particularly in the case of small alluvial fans or talus
cones. With such widely spaced contour intervals it is impossible to
delimit the alluvial fan apron, a significant feature of very low relief.
Tn some instances neighboring sheets had been mapped 80 years apart, and.
rectification was impossible. For close comparability, landform data
should be obtalned from maps or aerlal photographs of the same date.

Comparison of findings was possible with only one foreign desert
area, Baluchistan, West Pakistan, and this comparison was incomplete due
to the brief period of time allotted for field work and to the type of
map coverage avallable., Most of the available maps covering the desert
areas of West Pakistan were compiled prior to World War II, and some were
dated before World War I. While major landforms have not changed mark-
edly, minor landforms such as drainage features on alluvial fans have
been altered. In the field it was not possible to make the accurate
point-to~-point analysis of landform change with time since the last sur-
vey, due to the limited size of the field party (one man) and the lack
of long-distance survey equipment. Published maps do not cover the
entire Baluchistan Group Physiographic Region* at the scale of 1:62,500.
Also, the freguent use of hachures on these maps rather than
contour lines, as well as the wide interval and casual delineation of
these lines, precluded a study of landforms based on this source alone.

d.  Definitions

Terrain terms used in this report are defined in Appendix A,
_Authorities for these definitions or terrain terms are given where the

definitions are in agreement with the findings of this study. These may

not be the easrliiest definitions. No attempt has been made to interpret
or justify the wide variance in terrain definitions among the various
authorities.

Quadrangles of various scales were used in this study. The most
common were 15' Iongitude x 15' Latitude (scale 1:62,500), which are
referred to in this report as topographic sheets. Where more detailed
coverage is used, i.e., 7%' quadrangles, they are referenced to the map
scale (1:24,000, ete.). In order to relate the findings of this study
to the generalized or summarized materials available for other parts of
the world, some facts are given for degree quadrangles (1° Latitude x 1°
Longitudei, each of which includes 16 topographic sheets (15 minute x
15 min§te) at the scale 1:62,500 (see Figures ba, b, ¢, 4, e, and
15a, b).

* Cee: A. K. Lobeck, Physlographic Diagram of Asia, Geographical Press,
Columbia University, N. Y., 1945,
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e. History of Alluvial Fan Studies

In 1841, the French geologist Surell described the formation of
alluvial fans as a process beginning with Alpine torrents, which cut a
half funnel-shaped bassin de réception in the upper courses, while in
the lower courses the material was deposited in a cOne de déjection. In
1882, G. K. Gilbert described the formation of the alluvial fan process
"when the water leaves the margin of the rocky mass, it is always united
into a comparatively small number of streams, and it is by these that
the entire volume of detritus is deposited about the mouth of each gorge
in a symmetric heap of alluvium, a conical mass of low slope descending
equally in all directions from the point of issue." All authorities
agree that the deposition of alluvial material is the direct result of
stream flooding, and the accumulation of debris. In 1928, Blackwelder
noted that mud flow in certain fans constituted their greatest bulk. In
1954, Blissenbach suggested that there is a correlation between the arid-
ity of climate and a type of deposition on the fans. He noted that mud
flows tend to occur under more arid conditions, while stream flood
deposition appeared to be more common under wetter climatic conditions.

In 1897, McGee used the term "pediment" for the planed rock surface
developed by sheet flood erosion. Davis, in 1938, stated that stream
floods are characteristic of alluvial fan washes; altbough stream channels
may be dry most of the time, there are occasional floods of water down
them after heavy local rains. Davis preferred to call them "stream floods"
rather than sheet floods because of their spasmodic and impetuous flow.
Pediments may be stripped of the detrital cover through a deformational
increase in slope by faulting or tilting. Davis added that the process
of stripping is brought about by the formation of sheet floods and the
stream floods. In 1923, Pack recognized three periods of flooding in

‘arid mountains: the first a torrential stream flood, the second a mud

flow caused by the breaking up of debris in the mountain canyon, and the
third a period of dwindling stream flooding. In 1928, B3lackwelder stated
that the mud flow of the semi-arid mountain canyon is intermediate between
the bebtter known landslide and the ordinary stream flood. He stated that
the mud flow behaves more like the lava flow, gliding over the surface
without the internal churning that characterizes stream flooding. In
1935, Chawner added that mud flows quickly terminate with sharp, abrupt
edges and are deposited in definite sheets; in some localities they have
recurred regularly and are superimposed one above another in such a manner
as to form distinct terraces. Bull (1963) differentiated between the
physical characteristics of mudflows and water-laid deposits on alluvial
fans.




Deaty (1.963) pointed out that the greatest accumulation of debris on
fens, the chief depositional process, occurs durins the occasional inten-
sive dowmpouring of water in the catchment basin at the time of thunder-
storms, usually during the summer months in southwestern United States.
Petween these occasional storms most of these small canyons are dry. There
is some detrital accumulation on the canyon floor from landslides, rock
slices, solifluction, and aeolian accumulation., Also, small rains high in
the mountains may wash small amounts of gravel and sand into the canyon
tributaries, even though there may not bejany rain over the canyon itself.
The gradual accwmilation of all of this material prepares a detrital load
for the valley flood tc carry onto the fan. In the few instances where
streams flow continually in the canyon above a fan, it will be found that
the water is usually clear and only insignificant amounts of sand are be-
ing moved by its force between storms.

Considerable literature, mostly in text books, is available concern-
ing the development of alluvial fans and the dynamics of moving water as
an agent of erosion. Very little has been published, however, in the way
ol physical measurements of these features, and other than by Strahler,
there is a marked lack of published frequency of occurrence data on land-
forms. Authorities such as Dana, Grabau, Scott, Earley, and Vaughan have
included measurements of alluvial fans in studies on other subjects. Some
of these data are cited elsewhere in this report.

‘2. Physical Characteristics

a. Map Interpretation of Alluvial Fans

An alluvial fan must (1) be a fan-shaped deposit, and (2) be com-
posed of alluvial materials., It is recognized that in some instances the
alluvial surface deposits cover a pediment, talus, or even roek slump de=-
bris. The alluvial fan 1s indicated on a topographic sheet by contour
lines which curve or bend downstream %Fig. l). Contour lines along stream
ciaannels or in valleys bend upstream (Fig. 2).

In the mountain canyon, the contour lines bend upstream, but at the
apex of the fan near the mouth of the same canyon, they will bend down-
stream, which leaves a wide contour interval, indicating a leveling of the
gradient in the mountain drainage at that point. The spacing of contour
lines increases gradually down-slope on the fan but, usually, on the apron
or fan outskirt, these lines are more widely spaced or may not be shown
by any symbol if the contour interval is too great.
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(in some instances, the edge of the apron may be indicated by a fringe
of desert shrubs shown as a green tinted line on the topographic sheet -
(Ash Meadows (Nevada-California) and Furnace Creek (California)). These
plants are nourished by sub-surface drainage in the fan which approaches
the surface near .the edge of the apron. § In humid areas where the alluvial
Tan material is relatively sterile rathér than fertile as the flood plain
on which it was deposited, the entire fan from apex to apron is marked by
an absence of vegetation (see Philipp (Mississippi) topogrephic sheet).

there the downslope contour arcs are highly irregular due to dissec-
tion, it may be necessary to draw a mid-point arc segment on each down-
stream or upstream bend to obtain an appreciation of the true shape of
the feature. If these arc segments do not join, it is not likely that
the landform is an‘alluvial fan. The alluvial fan frequently has a stream
or intermittent channel indicated at or near mid point on the arcs., A
backwasting slope, which may be shown on a topographic map by a series of
dowvnslope arcs, will not have a streem channel (Fig. 2).

Slopes on three sides of Guadalupe Peak, Texas, were studied in the
field to determine indicators of difference between backwasting slopes
and alluvial slopes that would appear on topographlic maps. It was found
that although both features have similar map syrmbolization (i.e., con=
tour lines bending downstream) the backwasting slopes had gradients in
excess of 600 feet per mile in nearly all instances. VWhere land feastures
could be established definitely as alluvial fans, the smallest had upper
slope gradlents of from 300 to 600 feet per mile, and the largest had upper
slope gradients of from 50 to 250 feet per mile, The gradient of the adja-
cent valley was T feet per mile. (Also, see Figs. 6a, 6b, and 6c.)

The interpretation of alluvial fans from maps depends largely on the
accuracy of delineation of contcur lines on the map. In the United
States these are usually carefully plotted on topograpnic sheets. Fans
less than 1760 feet (one-third of a mile) in length usually do not appear
on topographic sheets at a scale of 1:62,500 but they are readily seen on
aerial photographs. Where the topographic sheet has a contour interval
of less than 40 feet, nearly all alluvial fans will be shown, and where
the interval is less than 10 feet, nearly all of the physical character-
istics of the fans will be shown. ’

b. Morphological Cycle

Small alluvial fans, or cones, form at the mouths oif {issures in
a fault scarp or transverse canyons in the valley side, elther by the gra-
dual sccumilation of water-lain material or by the deposition of this mate-
riel over a talus cone (Fig. 16a). Fans develop from the disintegration,
erosion and redeposition of material in a desert wountain catchment basin.
Ae the lans increase in size, the catchment basin also increases in size ‘
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until the original scarp well disintegrates and the fan apex moves uphill
Trom the former.fault scarp or valley side to the watershed crest (Tig.
16d). At this stage the fan covers the entire slope of the ranse on which
it is located; an example 1s seen on the north slope of the Tuneral loun-
tains, Big Dune (Nevada-California) topographic sheet (also, see Ting, 21).

(1) Gradation

Alluvial fans are g product of the gradation of mountain
masses by stream cutting and slope wash. All streems tend to form a graded
course. Where depositional processes are more active than the erosional
processes at the base of the flanks of desert mountains, alluvial fans are
produced by streams carrying debris from the highlands through tributary
canyons to trunk canyons. A decrease in gradlent and a reduction of veloc-
ity and transporting power at canyon mouths assist deposition at these
sites. Velocity loss is due to both lessened gradient and decrease in
volume by seepage into loose, permezble materisls, As the velocity of
mountain torrents begins to slacken, deposition occurs.{/The hegvier frag-
ments are dropped first, and as the flood subsides, finer and finer par-
ticles are deposited durlng the downslope movement. The finest material
ig deposited in the fan &pron. ) Y Concentrations of debris in trunk canyons
are deposited in the form of ailuvial fans at the foot of the mountain
mass.

(2) Deposition

'

{Debris flow deposition is highly irregular and is normally
interspaced with long periods of quiescence, during which unconsolidated
material accumilates on canyon walls and floors through normal weathering
processes. From time to time heavy rainfall shifts an enormous volume of
debris from the catchment basins of the mountains to the subjacent fans.
The steepness of slopes generally characteristic of desert mountain ranges
gives to the torrential spreams which develop after each rain storm such
en unusual velocity thaté?ery large boulders, 25 feet or more in diameter,
can be trapsported together with tremendous mdflows of cobble, gravel,

© and lottal.y When they emerge from the mountain valley onto the desert

floor the clirrent is suddenly checked and the burden of sediment is de-
posited at the mouth of the valley or redeposited in the subsequent storms.
During intervals between major rubble flows, while mass movements and other
slope processes, such as soil creep, rock drift, rainwash, etc., transfer
debris from canyon walls to trunk canyon floors within the catchment basin,
morphologic changes on the fan surfaces are minor.

(3) Stabilization

Soil and talus on canyon walls tend to become stabilized
during periods of quiescence. Davis (1930) states that "during the delay
in the recession of the basal slope by reason of its being talus-covered,
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the more active recession of the bare rock surfaces in the higher slope
will decrease the average declivity of the valley sides; and then, with
incraasiny development of a soil cover and with better establishment of
plant srowth upon 1t, the declivity of the valley side will be progress-
ively lessened untll all the slope above the retreating talus comes to be
cloaked with Tiner and finer detritus and covered with an increasingly
dense plant growth."

&
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{)Q%@”In 1913 A. C. Lawson proposed the name "fanglomerate" for the coarser
deposits of an alluvial fan., In 1917 W, H. Norton proposed the nanme
"sajada breccia"” for the same materials. The name fanglomerate seems to
be the more acceptable term. The age of fanglomerate deposits, which in
Death Valley fans are of the Nova formation, and which have been classi-
fied as Miocene by some students, and as Plio-Pleistocene by others, shows
the length of time that the fan~building processes have been going on in
these areas. Some of these deposits occur only 2 feet above canyon floors,
and some are as much as T5-100 feet above the floor. The position of these
deposits indicates that the canyons were first cut to a depth almost as
great as at present, and were then filled with alluvial sands and gravels
which lay undisturbed for a sufficient amount of time to permit cementation
and ccmpaction of the beds, and were then eroded to present depths. The
relative softness of the fanglomerate permitted a more rapid erosion in
the areas where the materlal was deposited than in the nearby areas of more
resistant rock, so that the fanglomerate was gradually sapped away during
the stream flooding in the canyon which carried the rough, sharper materials
from the weathered surfaces above the fanglomerate through the canyon to

- be deposited in the fan below. During this process most of the fanglomer-
ate deposits were carried away. The present deposition of fanglomerate on
the sides of the canyon shows that the present alluvial fans are the result
of rejuvenation of the mountain mass to a youthful stage following the
period when the present exposures were buried under a mantle of material
which has been largely redeposited. The present cuttiug in the fan itself
shows that much of the mantle of weathered materisl has been washed away
from the upper slopes of the catchment basin, and that erosion, particu-
larly at the head of the fan, is more active than the depositionel process.

(Dgep washes (greater than 10 feet vertical slope) may occur st any
point along the fan. They are especially prominent in the zone of degra~  ii:r 7
dation near the mountain face (fault scarp) where continued erosion and %'
stream cutting in the mountain canyon has sufficiently lowevred the gradient'’
at the fan apex to cause deep cutting into the fan alluvium. These washes
are the greatest obstacle to movement of either vehicles or trucops. How-
ever, they are usually not continuous for the full length »f the fan and
routes across nearly all parts of the fan can be found in the zone of ag-
gradation. }(In some instances these fan head trenches or wnashes may have
vertical ¢1iff sides from 10 to 50 feet in height, and total local relief
of 70 to 100 feet. ILarge boulders, boulder trains, steeply beveled ditches
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and potholes at the head of an arroyo are obstacles to movement on the
fan, and other micro-features may have slopes greater than the 25° for

short distances.’ Military vehicles may overturn in moving over rough
terrain with such slopes.

(4) Surface Composition

Composition of materials in the mountaln mass influences
the surface roughness of the fan, as well as the size of materials on fan
.gurfaces. {The deposits which constitute an alluvial fan are characterized

sr by their coarseness, the angularity and glight decomposition of their frag-

ments and their low degree of sorting.] layers of exposed fan deposits in
a road cut at the southern base of Montgomery Mountain on the Bullfro
(Nevada»California) topographic sheet showed thickness ranging from 178
inch of clay to 3 feet of cobble. McGee (1897) described the debris in
fans as "varying in thickness from nothing to 40 or 50 feet, "

Debris in fans below sections of granitic desert mountain ranges
consists of sand, cobbles, and numerous large boulders. Occasionally,
boulders of extreme size are found far from canyon mouths. This type of
fan surface tends to be rough. Debris in fans below metamorphic and
sedimentary sections of desert mountains contains a large proportion of
sand, pebbles and cobbles. These fans are characterized by comparatively
smooth surfaces with few large boulders. The size distribution of sur-
face materials on fans implies that debris flows contribute by far the
greatest amount of the material in the fans, and that deposition by run-
ning water is only of minor significance (Beaty 1963).

(5) Drainage

oy C} braided pattern is characteristic of streams flowing
 across alluvial” fans, and as a result of repeated channel shifting,
streams at some time flow down almost every possible radius of the fan.
Distributary channel changes are usually caused by the plugging of active
channels by rubble and large boulders umtil channel walle were overtopped
and the flood-flow turned to one side or the other to continue down the
fan along new courses.™ Abandoned channels are still identifiable below
the sites where large boulders were stranded. Large boulders are often
found at the upper end of sbandoned stretches of channel. In some in-
stances an assortment of small boulders, cobbles, and heavy masses of mud
will be found near the point of channel change. Fan mesas, frequently
topped with desert pavement, are isolated by these channel changes. Quite
frequently a flood~-flow of exceptional volume and violence bursts from a
canyon mouth to tear s channel across the whole width of the previously
accumilated fan mass, (Near the fan head such a trench may be 50 or more
feet deep and hundreds of feet wide. Below the channeled slopes of the
fan, the valley torrents (stream floods) become wide sheet floods or cut
characteristic washes (wide, flat-bottomed, steep-walled channels)f}
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In most of the msjor washes and larger valleys, a surficilsl deposit
of alluvial material occupies most of the wash or valley floor with gra-
dlients similar to those of the lower courses and aprons of alluvigl fans.
In nearly all of these washes and valleys small alluvial fans can be found
along their sides at the mouths of tributary canyons. In most instances
these fans are quite small and they terminate high on the valley side, or
coalesce with the alluvial material on the valley side even though there
is no evidence of other alluvial fan-bullding processes for the basal
material. This superimposition of fans upon older alluvial materisl and
the mixed nature of the material itself (talus, loess, boulders, etc.)
suggest that these deposits occurred early in Pleistocene times and that
recent tectonic asction has been responsible for the rejuvenation of the
alluvial fan process. In Death Valley, for exsmple, there are Pleistocene
benches formed from the alluvial materials on the valley sides. Remmant
splinters from the previously uplifted valley sides may interrupt the allu~
vial drainage pattern at any point from the apex to the apron. Also, the
dissection on the older, larger fans in some instances shows no relation-
ship to present drainage patterns.

Unconseolidated alluvial snd colluviel accurulations on tributary
canyon wells and on trunk canyon floors constitute the primary sources of
debris which will be eroded from the mountains and deposited on fans by
major rubble flows during or following heavy rainstorms. Canyons which
have been scoured of these deposits will not produce morphologically sig-
nificant debris flows for many years. (A build~-up of fresh materisl must
take place before canyons will again yield large amounts of rubble, This
process is dependent upon the chance concentration of heavy rainfall some-
where in a catchment basin, together with an accumulation of detrital
material in this basin.)

¢ The growth and coalescence of a series of alluvial fans takes place
by repeated lateral shifting of stream courses across the fans. When
%ectOnic movements along the mountain front occur, or when stream cutting
on the valley floor results in a steep-sided base on the alluvial out-
skirt, a secondary alluvial fan or a series of these may be formed at the
base of the steep slopes, such as the secondary fans in the Narrows at
the base of Confidence Hills, Confidence Hills (Californis) topographic
sheet,

(6) Type Classification

Alluvial fans may be classified primarily into arid and
humid types because of the distinct physical characteristics of these
lendforms 1in each region. This report is concerned primarily with allu-
vial fans in arid climatic regions, inasmich as the greatest number and
largest sizes of these features are found where rainfall is extremely in-
frequent but torrential when it does occur.
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For purposes of comparison, some notes on alluvial fans in humid
climatic regions have been inecluded. An attempt to correlate mean annual
reinfall with alluvial fan characteristics was not successful, however.
The Jordan Narrows (Utah) and Sierra Estrella (Arizona) areas receive 16
inches of rain annually, but alluvial features in the former area are
grass-covered and show little erosion; in the latter they are covered with
heavy bush and are marked by prominent washes. Mean rainfall in both the
Yazoo Delta (Mississippl) and the Sequatchie Valley (Tennessee) is 52
inches, but alluvial features in the former area are barren, eroded gravel
piles;, while in the latter they are heavily forested mounds. However,
there is little spparent difference between the physical characterlstics
of alluvial fans in the Amargose Desert with 6 inches of annual rainfall,
and those in the Guadalupe Mountains with 10 inches of annual rainfall.
Thege data are preliminary findings from sample areas only, and should not
be construed as verified generalizations.

¢. Alluvial Fans in Arid Climates

The greatest development of alluvial fans occurs in arid and semi-
arid regions. jhe urbanized sreas in northern Utah, as well as most of
the cultivated areas in that state and neighboring regions are located on
alluvial fans. ffAlluvial fans in the Lske Bonneville area have a distinc-
tive character because the mountainous border immediately adjacent to the
former Pleistocene lake is partially covered by benches (heavy beds of ‘
sand and gravel) which mark the former shore lines. Alluvial fans formed
at the base of these benches are largely composed of the bench material.
Because of the cover of grass, scrub oak and mountain mahogany on most of
these areas, the present development of the fan is slow and usually occurs
only through the washing of fines from the catchment basin.

Fourteen alluvial fans in the Jordan River Valley were examined in
the field. These fans are shown on the Jordan Narrows (Utah) topographic
sheet only by a wlder spacing of the contour lines on the lower slopes of
the Traverse Mountains (contour interval of 20 feet). They are not posi-
tively identifiable from map symbolism at the scale of 1:250,000,

A reconnaissance was made of the Sierra Estrells in south-central
Arizona from the Gila River to the eastern slopes of Picacho Pesk. (In
this ares the alluvial fans were clearly identifiasble by the density and
bright green color of the vegetation., The palo verde, cacti, acacis, mes-
quite, and other forms grew in thick clumps on the fans, particularly on
the lower skirts, but were sparse elsewhere. By way of contrast, 1t was
noted that the vegetation on the alluvial fans in the Death Vealley region
is more dense only in the stream channels at fanheads and at stream sur-

facing points elsewhere.%

Drainage on an alluviael fan in an srid region follows a dendritic
_pattern. The major mountain valley stream that carries detritus to the
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fan naturally bifurcates repeatedly down the fan slope beyond the canyon
mouth (Fig. 21). (The heavy load of material deposited near this opening

frequently causes an “accumilation of debris or gravel "plug" in an active
channel, diverting subsequent flow to one side or the other) Freguently,
also, heavy accumulations of debris on one side of the fan will cause de-
formation of the fan shape, resulting in grester erosion of midfan detri-
tus on the other side and extending the fan apron on that side. (This
action was not observed in humid climate fans. )

-

<

e oA %ontinued erosion resulting in a change in the gradation of the moun-
Al tain stream will cause the formation of a fanhead trench, "which may extend
the entire length of the fanj(but rarely bisects the fan as in humid re-
glons). Former midfan surfates may be isolated above this new drainage,

and erosion in the form of a wash may cut into the lower surfaces of adja-
cent fans (see Fig. 13). The deposition from this wash mey be spread over
a wide area in the valley below or may accumulste at a change in grade in
the form of a temporary low-angle fan.
Pt There isuno apparent relationship between the size of alluvial fans
in arid regions and the ares of drainage in the mountain basins above them.
For example, the large fans at the mouths of Furnace Creek and Fall Canyon
are approximately the same size (each more than 3 miles in radius) but the
Fall Canyon drainage basin covers 18 square miles, (Fig. 9b) while that of
Furnace Creek covers 222 square miles and connects with Greenwater Valley
to the south and Ash Meadows to the east by low divides (Fig. 9a). The
very small but similar fans at the mouths of Sheep Canyon and Gold Valley
(radii less than 1 mile) are fed by basins 10 and 22 square miles in ex-
tent, respectively (Fig. 10a & b). The medium size fans at the mouths of
Red Wall Canyon, Rhodes Wash, Mosaic Canyon, and Confidence Wash are each
approximately 2 miles in radius, but the areas of thelr catchment basins
are 9.2, 31.5, 4.2, and 17.1 square miles, respectively (Figs. 7 and 11).
.QAAlthough a direct relationship may be expected betweép the amount of ero-
sion and the amount of deposition within a given system, this balance is
5 frequently upset by diastrophic or tectonic movement, aggradation or de-
" gradation of drainage lines, redeposition of detritus, stream capture,
density of rock in the mountain mass, rates of weathering, and variability
or frequency of heavy rainfall,

é?here is a definite relatlionship between the probability of flooding

\' in these drainage basine and their aresal extent. The chance of the occa-
sional rainstorm eroding a new channel or causing a mudflow is much
greater in the larger basins.) Flash floods mey occur in theése areas
after a distant storm.’ In the small basins an earth or rock slide or even
just a freshening of the vegetative cover on mountain valiey slopes may
result from a single rain, unless it is unusually heavy and is centered
directly over the basin (Kessell and Beaty 1959).

A

Most of the field studies related to this research effort were con-
ducted in Death Valley, California, and in nelghboring sr2as of Nevada
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inasmuch as the incidence of alluvial fans of all types appeared from in-
spection of 1:250,000 scale maps to be greater in these regions than in
any other part of the United States. The results of this study are listed
in Tables I through VII in Appendix C. Techniques used to obtain these
date are discussed later in Section 3, Incidence and Measurement of Allu-
vial Fans, together with an interpretation of these data for the United
States and also those for West Pakistan. Each of the major physical ele-
ments of the landform (radii, slope gradient, width, etc.) are treated
separately in the tables; combined measurements for individual fans in
arid climates are shown in Figure 5.

9
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d. Alluvial Fans in Humid Climates

Alluvial fans are rarely found in humid climates because of the
frequency of rainfall. Flood waters carry away any deposition of debris
in catchment basins or at points of increased grade. Such flood watérs
increase in gpeed with increasse in grade, deeply eroding any landform
bordering the stream bed. Only where tectonic movements or accelerated
erosion of main streams have created a steep cliff for tributary streams
to cross, is alluvial deposition likely to occur in the form of a fan in
humid climatic reglons., Such depositions are short lived because of sub-
sequent erosion which quickly cuts a deep chammel across the entire fan
and distributary channels are deepened with each rain until only traces
of the original alluvial deposition are left on the side of the main val-
ley. The only exception to this general rule is in narrow tributary val-
leys where small_alluvial fans have been developed by the occasional ero-
sion of an upper slope drained by intermittent stresms, Where physical
conditions favor the development of an alluvial fan in humid climatic
regions, these deposits usually are deltas rather than alluvial fans.*

On eastern borderlands of the Yazoo Delta (basin) the loess cliff

tops are approximately 100 feet above the floodplain (particularly near
. the Tallahatchie River). Tributary streams have cut into these cliffs

and deposited alluvial material (gravel mixed with red clay) on the flood

plain. In most instances, these streams have subsequently cut down to
_."grade through the alluvial fan, cutting it into two parts. In many places
s the fans are used as pasture, location of farmstead, or as gravel and clay
pits. The material removed is used for road surfacing and gives a distinc-
tive red color to country roads; side roads surfaced with floodplain mate-
rials are black. The vegetation on these fans is markedly more sparse
than that in the surrounding .features due to the sterility of the gravel.

'y

N
.

¥ In 1903 William Morris Davis wrote "Hoang (sic) Ho, (the world's) largest
alluvial fan, issues from its inclosed velley 300 miles inland from the
present shoreline at a height of about L4OO feet above sea level.'" This
so-called alluvial fan is actually a delta, as are most of these features
in humid regions. Although the upper slopes of this feature are alluvial
and fan shaped, the lower surfaces were deposited under water.
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Along these cliffs, represented by the Philipp (Mississippi) topo-
graphic sheet, 17 alluvial fans were positively ldentified. The largest,
on Jackson Creek was 1.75 miles in length (the "fan" at the outlet to
Askelmore Creek is 3.2 miles in length, but it is so deeply dissected in
po many distributaries by subsequent drainage that the original shape and

~dimensions of the fan are indistinct and difficult to identify except for -

the red color of the gravel beds on the flood plain). The smallest allu-
vial fan shown on the map was 960 feet from apex to apron. However, some
fans measured in the field were only 150 feet in length. The apex of the
Jackson Creek fan was only 50 feet sbove the flood plaln. Jackson Creek -
had cut a channel 10 to 15 feet in depth through this alluvial fan.

The narrow, deeply cut valleys in the Cumberland Plateau in Tennessee
show few true alluvial fans. In most instances, stream action has been
sufficient to prevent the deposition of tributary stream alluvial loads
on valley sides. The valley is characterized by erosion rather than depo-
sition. The Sequatchie Valley is one of the few that is sufficlently wide
for alluvial fan development, but here the valley sides sre heavily wooded
and deep trenching would be required to "prove" the landform type. Else-
where in the region streams meander in wide valleys, and have eroded most
of the alluvial material.

On the Whitwell (Tennessee) topographic sheet (scale 1:2L4,000) two
small fans are located in the vicinity of Red Hill School. These are 3600
and 2600 feet in length, and the apex of each is 120 feet above the flood
plain. At the mouth of Alum Cove is a fan 1580 feet long and 80 feet above
the Sequatchie River. Other true alluvial fans may be found in this region,

" but they will be much smaller and more difficult to identify in the field.

Many humid climatic regions contain no alluvial fans. In a degree
quadrangle selected at random in central Maine there were no identifiable
alluvial fans. However, there were numerous small deltas at the mouths
of streams emptying into lskes or slow-moving or meandering streams in
this area.

Temporary alluvial fans of low relief may be found in humid regions
during or immediately after a flood which deeply scours stream banks, leav-
ing a steep slope for tributary streams to cross. In most instances the
tributary stream will merely erode this bank to grade, but where the trib-
utary stream is carrying a heavy load of silt or mud, thase materials will
be deposited in the form of a fan at its mouth on the bank of the main
stream. The next rise in the water level of the main stream, as well as
continued scour of the tributary stream, usually removes zll traces of
this deposit.

e. Classification of Alluvial Fans

i AT T

Alluzialﬂfans may be classified by physical types. In humid eli-
matic reglons deeply dissected or fragmented fene may be found. These are
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; Haiso found occasionally in arid climatic regions together with superimposed,

coalesced, and s econdagx alluvial fans. Secondary fans are formed usually
at the base of an older. fan when uplift or scour has resulted in a cliff-
edge where new deposition takes place., Coalesced fans are formed where
drainage lines from the parent mountain mass are closely spaced, or where
growing fans tend to deposit on each other's flanks, creating a continuous
mantle of alluvial material along the base of the mountain front. Super-
imposed fans may occur at any place in the midfan when a change of orien-
tation of the drainage lines creates a new fan-shaped deposit over an older
deposit, usually with a different angle of slope, from a new apex point.
When the deposition of a superimposed fan 1s caused by an over deepening
of a wash on the mid-fan surface, it is sometimes called a secondary allu-
vial fan.

Alluvial fans may also be classified by size. Small fans have shallow
distributaries, are steep and usually less than 3500 feet in radius (Figs.
16a end 16b). Medium-size fans are deeply trenched, and may have old fan
surfaces isolated between active distributaries (Fig. 16c). These fans
are usually two-~thirds of a mile to 3 miles in radius. Large fans, greater
than 3 miles in radius, are widely trenched, may contain inselbergs, and
may extend back to the watershed boundary (Fig. 164).

om0 Alluvial fan types depend on climate, nature of local relief, type
of drainage (such as (1) a well~integrated drainage system within the moun-
tain basin, or (2) numerous small streams running independently to the
valley), hardnéss of the rock on exposed mountain valley walls, diastro-
phism and age.

£. Chenge with Flash Flooding

On July 25, 1950, the effect of a thunderstorm on the landforms
in Death Valley was observed by the writer. At a temporary weather station
established at Furnace Creek Airport by the U.S. Army Quartermaster Death
Valley Expedition, 0.7 inch of rain was recorded. This was only half as
mich as the heaviest rainstorm ever recorded in the valley. In normal
vears the rainfall in July in this valley is 0.08 inch. However, orogra-
phic influences produce much greater ampounts of rain in the surrounding
mountains., Almost hslf of the average annual rainfall occurred in this
one storm. Rain fell from T7:35 p.m. to 10:30 p.m. and brought the air
temperature down to T1°F at that time, the lowest temperature of record
since early in June that summer.

The storm was concentrated in the Furnace Creek catchment basin, a
relatively large drainage area of about 220 square miles on the west slopes
of the Funeral Mountalins and on the northern slopes of the Black Mountains
extending nearly 25 miles to the southeast. The nearly dry bed of Furnace
Creek at the point of its entry into Death Valley at the head of a 3.25
mile long alluvial fan which is elevated 280 feet above the present valley
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floor playa, is only 55 feet in width. Behind this narrow opening the
valley bifurcates again and again in all directions, and reaches a maximum
width of 12 miles.

' During the storm all the water collected in tributary gullies and
~“upper valleys quickly filled the gorge to a depth of 25 feet in front of
' Purnace Creek Inn. The force of the rushing water rolled huge boulders
! as great as 6 feet in diameter, together with great quantities of smaller
¢ rocks, bushes, gravel and mud. This torrent continued to race through the
| gorge with no apparent weakening for at least 2 hours after the rain had
stopped, even though the flood began to rise within a few minutes after
the rain started. The stream was still bank-~full 12 hours later.

t

oL

When the rain first hit the ground on the upper slopes of the catch- .
ment basin it created a slow moving mud-flow which increased in speed as
the rain continued to fall and the mud became thinner. Much of the heav-
ier debris was dropped on the alluvial fan near the mouth of the stream
as the water content of the flood decreased by eveporation from the heat i,
of the ground and through seepage and subsurface drainage into the loosely ;
' consolidated materials of the fan over which it was flowing. Also, the A
. numerous, shallow distributaries on the fan spread the flood over a wide W
area as it entered Death Valley proper. Any increase in the size of the .
- fan was hardly noticeable, however, with this amount of deposition. .

& f !The flood eroded the road bed of California State Highway No. 190
9/ near Furnace Creek Inn to depths of from 6 to 8 feet, and deposited clay,

' sand, and rock rubble to depths of from 1 to I feet over other parts of
the road within a mile of the Inn (Fig. 18)." In some places it was possi-
ble for road gangs to scrape a temporary road through the flood debris;

in other areas an entirely new road bed had to be constructed. A month
after the storm some sections of the main roads in Death Valley were still
impassable to vehicles without heyheel drive.l

‘Great amounts of gravel and heavy rock rubble were washed over the
apron, taxiways and runways at Furnace Creek Airport rendering them un-
usable and necessitating complete reconstruction of the landing surfaces
(Fig. 19). Irrigation flumes, gauglng stations, and ditch gates serving
ffurnace Creek Ranch were clogged by the accumilation of sand and mud
brought down the irrigation canal by flood water! Seversl stone cairns
over 3 feet high which the writer had constructed on the elluvial fan
above the ailrport were washed out, and the general pre~flood surface
arrangement of sand, rock and clay on the fan was completely <hanged by
the shifting meanders of the water which passed over it. 014 channels
were filled with debris and new channels were cut. Water nearly 1 foot
deep overturned a set of heavy metal platform scales on the packed gravel
L of the apron in front of the hangar. ‘A veneer of clay approximately 1
% inch thick was laid over the entire hangar area and in many places on the
~ upper fan surface (Fig. 20)/! :
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The limits of flooding were sharply defined by the evidence of new
deposition or new erosion of the surface features of the valley. Xour
miles north of Furnace Creck Inn there were no signs of flooding, and even
on some of the surflfaces of the fan above Greenland Ranch there were small
patches of ground which had not been covered with water, even though rain
fell in all parts of the valley. ©Small stream beds 5 or 6 miles from the
storm center were marked by fresh salt crusts evaporated from water which
had been carried a great distance from the storm area. The valley playa
received surface and subsurface water from the flood and was completely
covered with water on the morning after the storm. Tor several days salt
crystallized over the entire valley floor between the alluvial Tans on
either side. Salt crystals were also seen on many of the clay beds ex-
posed at different places above the valley floor. This erystallizetion
was due primarily to the evaporation of water which had become conteri-
nated with salt while flowing over former shore-lines of salt water lakes,
or which had seeped through salt-bearing alluvium. By noon ol the follow-
ing day, the entire fan surlace was dry, and the heavy clay deposits in
distributary pools were only slightly plastic.

Much of the valley floor is normally covered with a crusted mi:cture
of clay, sand and salt, the surface of which has a rough, brownish appear-
ance, This crust was only from 0.25 to 0.5 inch thicly, and crumbled as
one walked over it. It covered a loose wet sand, salt and alkaline mix~
ture of from 1 to 3 inches thick. In many places this wet laver is under-
lain by a hard salt bed varying from 2 to 6 inches in thickness, strong
enough to support a considerable weight, such as a 6 x 6 truck or similar
vehicle. Below this laver are alternating layers of mud, salt, and sand.
These alternate layerings of salt, sand and other materials indicate an
accumilation of many years of flood debris which is gradually filling the
valley. The whiteness of the valley floor was slowly changed as wind and
dust removad some of the surface crystallization and effloresence and soil
particles were deposited in drifts over the salt,

3. Tneidence and Measurements of Alluvial Fans

a. -Areal Occurence

Alluvial fans and bajadas occupy 31l.4 percent of the southwest
United States deserts (Clements et al, 1957, p. 106). However, in smaller
areas these features dominate the landscape. In Death Valley alluvial fans
cover approximately 1100 square miles, or 38 percent of the National Monu-
ment; but over T3 percent of the main valley floor is covered by alluvial
fans. It is possible for alluvial fans to be formed in nearly all regilons;
however, the contributary circumstances for optimum fan development may
not occur in every region. Alluvial fans reach their greatest development
in arid regions. In humld regions alluvium mey be carried to the sea to
be deposited in the form of deltas, but such drainage systems, rainfsll
conditions, and continuous flow of water, occur rarely in arid regions.
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Arid region rainfall usually occurs in the form of thunderstorms and result-
ing [loods carry heavy loads of debris from drainage basins to the valley
below. Where conditions are optimum for alluvial fan development, there
may be only a few large fans, such as on the Silurian Iake (California)

- topographic sheet, rather then many small ones. The greatest numbers of
fans in a topographic sheet are ususlly found in a folded-faulted locality

. with several inselbergs and with only 1,000 to 2,000 feet of relief, Al-

‘ though alluvial fans are valley features rather than mountain features,”
they depend upon the relief obtained with low mountain elevation [or their
greatest development, and upon the type of material and erosion within the
tributary mountain valleys and catchment basins for their specific materiaL

constituency and growth.

At the base of cliffs of low relief, alluvial fans may develop after
a thunderstorn but subsequent storms may radically alter their form and/or
even their location. .Alluvial fans do not develop in large dune fields,
or in soft rock. Alluvial fans are usually not found: (a) in high moun-
talns, especially those that are deeply dissected; (v) on the floors of
large valleys which are partly covered with dunes or lava fields; (c¢) in
well-developed drainage or in large washes; (d) in very low relief; (e)
in areas with large water bodies; or (f) in places with numerous small
‘hills of insufficient height for alluvial fan development. In areas of
bajadas a single fan is usually difficult to isolate for study. When
coalesced, an alluvial fan may lose its identity as a separste landform.

b. Alluvisl Fane in the United States

Total numbers of alluvial fans were determined for 5 degree-quad-
rangles in the Basin and Ranges region in southwestern United States for
convenience of comparison with other world areas. The application of this
plan was limited, however, by the sporadic coverage of tcpographic sheets.
In many regions it is not possible to obtain unlntexrupkad 16-sheet cover-
age at a scale of 1:62,500 for a single degree-quadranglc. A total of 3876
alluvial fans of all sizes were identified and analyzed. An average of 19k
large fans (greater than 3000 feet in length and width) per l-degree quad-
rangle and 11.h per topographic sheet were found. The greatest numbers of
identifiable fans were found in the Avawatz Mountains of California (see
Fig. 3), a total of 1011 fans in a single degree-cuadrangle. The other
degree quadrangles had 686, 681, 633, and 790 fans of all types, respec-
tlvely'(ngs. La through he) The greatest number of fans identified on
a single topographic sheet was 116 (lLeach lake, a part of the Avawatz Moun-
tains area). The average number of fans found per topogsraphic sheet in the
above areas was 63, 39.5, 42.5, 49.3, and 42.8, or an average of L7.5 per
sheet for the entire study area (82 sheets). For purposes of comparison
with topographic sheets in other regions of the same physiographic type,
it is essential that similar contour intervals, similar catum control, and
similar symbolization from similar photogrammetric methods be used in order
to obtain the same kind of information from the sheets.
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(1) Radius

Figures ha through he show the per-sheet incidence of allu-
vial fans by size. In this sorting, an arbitrary classification was made,
in which the first number given for each topographic sheet is the number
of fans with radii greater than 3500 feet, the second number those that are
between 1700 and 3500 feet, and the third number those less than 1700 feet
in radius. Table I shows the total numbers of fans in the large group.

The largest number of these fegtures was in the short radii group. Only
1058 alluvial fans in a total of 3876 identified in this survey had radii
greater thahi 3500 feet, and the number of "large" fans in the United
States (greater than 3 miles in length) is relatively low.

1

o

Table I shows the incidence of both long and short radii for large
fans in a random sample of 588 of the first group of fans in the above
series in the United States. Data are not included for small or medium
alluvial fans, and the percentage incidences apply only to the large fan
group. Although this large size group contained some of the questionable
lendforms that could not be verified in the field, 277 fans were found to
be 3 miles or more in length, only 55 fans were longer than 5.9 miles. The
longest landform in this group, over 16 miles, may be more properly classi-
fied as an "alluvial plain.” However, the average alluviel fan is much
smaller. For example, the radii of alluvial fans in the Catalins Mountains,
Arizons, average 4 miles, while those in the Black Hills, Arizona, average
500 feet (Blissenbach, 1954, p 177). The radius of a true aliuvial fan
may8b§ as great as 40 miles under exceptional conditiomns (Grabau 1913,

D 563).

(2) Contour Spacing

The spacing of contours increases from higher to lower
elevations. On the Achenbach fan (western slope, Organ Mountsins, New
kaica), the spacings are 0.2 mile for the 5,000-foot contour, 0.35 mile
for 4,900 feet, 0.75 mile for 4,800 feet, and 2.2 miles for 4,700 feet.
On the Soledad fan (also on the western slope of the Organ Mountains) the
spacings are 0.38 mile for 5,200 feet, 0.45 mile for 5,100 feet, 0.9 mile
for 5,000 feet, 1.6 miles for 4,900 feet, 3.8 miles for 4,800 feet, and
5.2 miles for ﬂ,?OO feet. Contour spacings continue to increase per unit
of decrease in elevation so that contours become essentially parallel.

In these areas the individual fans coalesce leterally to form alluvial
piedmonts (Ruhe 1964, p 148).

]

¥

Contour spacings were measured only on upper fan surfaces, because
of the difficulty in determining the outer limit of outwesh in the zone
of aggradation. In many instances this outer limit is indistinct becsause
of aeolian deposition; in others it is highly irregular, leaving a thin
serrated pattern which changes with each storm. Reported radii meesure-
ments were made on the right, left, and mid-line of the alluvial fan from
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the apex downslope to a definite break in slope characteristics. At this
point a measurement was taken across the fan from left to right through
the mid-line terminus.

Measured radii show definite deformation to the right or left on
medium and large-size fens, and these have been indicated where each radius
is of a different length. Where only one radius is short, an old raised
fan surface will be found on that side. Where radii are of the same
length, the fan is usually small. Short widths usually indicate a steep

-upper-fan slope.

(3) width

Width data (Table VI) are given for some alluvial fans in
this study, but these figures must be interpreted in each case. Many
coalesced alluvial fans are narrow. They are bordered by wide washes on
either side, and the meandering of these washes results in a variety of
widths. The widest area on en isolated fan is at the outer fringe in the
zone of aggradation, which ususlly cannot be identified on a topographic
sheet at the scale of 1:62,500. Computation of width by use of total radii
length and angles of outer radii is not satisfactory due to the surface
deformation of most fans. The measured surface distance, in most instances,
cannot be related to the plan width distance because of the varied amounts
of deposition.

(k) Microrelief

An analysis of the microgeometry in a typical alluvial fan
apron (low relief area) transect, consisting of 3 parallel lines 50 feet
in length (selected at random), showed that the greatest local relief in
this short distance was 34 inches from plan level (Fig. 12). The greatest
relief was 14.8, 5.04, and 6.48 inches,respectively. This apparent dif-
ference was caused by lines of large boulders across the transects. If
the actual base surface of this portion of the alluvial fan were used, the
grestest relief would be 12 inches or less. Microrelief increases rapidly
upwards on the alluviel fan surface. The fanhead trench on the same slope
had total relief greater than 50 feet, and vertical slopes greater than
10 feet.

‘The total gradient of the alluvial fan surface rarely exceeds 10°
(Dana 1894, p 194-195; Eckis 1928, p 223; Scott 1932, p 2iy; Fardley 1938,
p 1408). Some authorities report no slope angle greater than 5% or 6°
(Lawson 1915, p 25; Vaughn 1922, p 341). Blissembach (1954, p 176) re-
ports 5° gradients on the Aubrey Cliff fans in Arizona, ard 9° on fens in
the Black Hills of Arizona. He states that "surface angles greater than

5° are characteristic of the upper half or more of small alluvial fens
with a radial extent of a few hundred feet like those of the Black Hills
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of Arizona. large alluvial fans such as those of the Santa Catalina
Mountains, Arizona, with a radial extent of about U4t miles exhibit angles
greater than 5° only within the upper one-twentieth or less of their
extent."

The overall gradients of alluvial fans in this study were computed
(where all measurements are expressed in feet):

Elevation of Apex - Elevation of Apron x 57.3
Radius of Apex to Apron

Gradient in degrees =

or (where measurements are in both feet and miles):

Relief in feet
Length in miles

Gradient in degrees = x .0108522T272

These gradients were computed for a sample of 588 large alluvial fans
(with radii greater than 3500' from apex to apron) in the United States,
and findinge are given in Table II. Approximately half (296) of this sam-
ple had gradients between 1.5° and 3.0°, 416 fans of the 588 in the sample
had gradients between 1° and 3.5°. The greatest angular measurement for
an entire fan was 9° for those studied in the United States. It is rec-
ognized that much steeper slopes are found in small areas within the fan
itself (see Figs. 1 and 21).

The factors of slope and relief are determined directly from the allu-
vial fan profile. Slope in percent is computed:

33-1-100
X

VWhere y is the difference in elevations between two adjacent high and low

points, and x the horizontal distence between those points. If a slope

is divided into homogeneous segments (i.e., each with the same horizontal

length) and labeled ab, bc, cd, de, ef, etc., the actusl microgeometry of

the slope can be determined. For example, where point (a) is 2 feet above
plan level, and point (b) is 3 feet above plan level, slope of the portion
sb is determined

Y3 - Y2
S = el .. 100
X1 - X0

In order to determine the actual horizontal plan length of & slope,
regardless of its gradient, the correction may be computed:

-p
Sd' d
cosline Sa
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Where sd is the measured slope distance, py is the actual horizontal dis-
tance, and Sg is the slope angle. Data given in Figures 5 and 8, and in
Tables I, II, VII, and VIII are based on these formulae. Similar compu-
tations are made for the portions of the profile be, cd, etec.

Relief is determined:

r=3y¥m=JYn

Where yp and y, are the elevations of adjacent high and low points in a
segment of the profile. For example, relief of the profile segment ab men-
tioned. above may be computed: : :

r=y3-Yp

Slopes and relief of the alluvial fan profile may be analyzed statisti-
cally by determining the values of these factors for equal segments along
the line of traverse 2 4. Analysis of frequencies of slope and relief
units can therefore be made:

Xy - Xg =Xy - X) =Xg - Xy oeeon
(x7 = xg) + (% - x7) + (x3 - Xp) eee. =8y

Frequency curves can then be drawn such as on the histogram data shown in
Figures 8a and 8b.

¢. Alluvial PFans in West Pakistan

In West Pakistan a total of 346 large alluvial fans were identi-
fied and measured on 32 topographic sheets in 2-degree quadrangles (an
average of 10.8 per topographic sheet, scale 1:62,500). Cnly 29 small and
medium-size fans (less than 3500 feet in maximum radius) were measured in
this study. An average of 173 large fans were found in each degree quad-
rengle. However, numerous other small fans were noted during the field
investigation and on aerial photographs which could not be positively iden-
tified on l-inch~to-l-mile scale maps. In this area 317 large fans exhib-
ited physical characteristics similar to those studied in the United States
deserts.

Gradients of 90 percent of the measured alluvial fauns in West Pakistan
were 4.5° or less, and 40 percent were between 1° and 2°. s in the United
States, the upper surfaces of the alluvial fans, or fan mesas, were not
steep, but the sides of dry washes at the base of these features or near
their apices may be vertical cliffs. See Figure 8 and Table IV. Detailed
slope segment measurements of the large fan immediately west of Quetta
were made by Mr. A. Ahmed Abbasi of the University of the Punjab.
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The maximum radii of 90 percent of the measured fans in West Pekistan
were L.5 miles or less, and 45 percent were between 1 mile and 2.5 miles.
On the Afghanistan-Pakistan border north of Nushki, 12 slopes were esti-
mated to be 13.3 miles in maximum radius, and may actually be longer, but
accurate delineation of slope termini could not be made in Afghanistan.
Some alluvial fans in this reglon may have much greater radii than those
meagured. A larger sample would tend to smooth the curve which could be

inscribed for these data on Figure 8. Such a sample would probably extend

the incidence of extreme values. For example, longer fens may be identi-
fied in the Chagal region west of Nushki. A great proportion of the land-
forms on the west flank of the Tabina Plateau extending to the floor of
the Dasht-i-Margo are alluvial plains rather than fang. Some of these
features may be classified as backwasting slopes.

Only 11 alluvial fans in the 317 large fan sample were more than 4.5
miles in width. Approximstely 50 percent of all the fans measured were
between 1 mile and 2 miles in width. See Table VI. The alluvial fans in
West Pakistan were less frequently coalesced than those in southwestern
United States, and therefore width data could be obtained more readily.
However, the indistinct delineation of landforms on the maps used imposed
a possible error of 0.1 to 0.3 mile in these measurements.

No pattern of incidence of alluvial fans could be found from an
analysis of the 32 individual 15-minute topographic sheets included in
the 2-degree queadrangles investigated in West Pakistan. The greatest num-
ber of fans identified on any of these sheets was 38 (sheet K-10), and the
next greatest number wes 23, on an adjoining sheet (K-11). One sheet
(K-l4) contained no identifiable fans, 3 sheets showed 3 fans and 3 showed
5. A meaningful curve of width, gradient or radii data could not be drawn
for any of these sheets. It may be possible to derive such information,
however, from an aerial photographic aenalysis of 15-minute quadrangles.
With available map sources, realistic frequency of incidence curves can
be dravn only for degree quadrangles in West Pakistan,

In order to further test the comparability of the alluvial fans in
the Basin and Ranges region with those in the Baluchistan Group region,
s random sample of 100 fans in each of these regions was evaluated. Tt
was noted that aspproximately TO percent of all alluvial fans in the sam-
ples were from 1 to 5 miles in length and had gradients of from 1 to 5
degrees in both reglons. Some alluvial fans in United States deserts
were shorter than those in West Pakistan, but slightly smaller gradients
were noted in West Pakistan at all lengths. In the two 100 landform sam-
ples West Pakistan had 19 alluvial fans larger than 6 miles, United States
had 3. The United States sample had 10 alluvial fans less than 2 miles
in length, the West Pakistan sample had 2. The United States sample had
17 alluvial fans with gradients greater than 5 degrees, West Pakistan had
10; but the West Pakistan sample had 17 alluvial fans with gralients of
less than 1 degree, the United States sample had 3. In general, these

. differences between the two reglons are not significant.
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L, Conclusions

a. Application to Military Problems

Knowledge of the frequency of occurrence of impassable natural
obstacles and of unimpeded routes is of special interest to the tactical
commander in deciding where he may expect his vehicles or those of the
enemy to go and where they will be stopped. Such knowledge is also valu-
able to personnel in determining design criteria for new military vehicles,
as essential data for the selection of testing areas for new equipment,
and as a test of the representativeness of these testing areas.

This investigation has found that{alluvial fans, the landform most
often used for military highway construction and off-road travel in the
desert areas of the world, contain natural obstacles impassable to pres-
ent military vehicles. Many washes on these fans have vertical slopes
greater than 5 feet, which will stop any present military vehicle, and
all faus have vertical distributary slopes of 24" or greater which extend
from their apex to their aprons which will stop many of the smaller mili-
tary vehicles.} The M-5, 13-ton high~speed tractor will be stopped by an
18" obstacle, as will the T-U6 amphibious cargo carrier, the M-36 9-mm gun
motor carriage, and the M-29 amphibious cargo carrier. The T-101 105-mm
rifle motor carriage, the M-36B2 9-mm gun motor carriage as well ss most
light and medium track vehicles will be stopped by a vertical obstacle 2
feet high. All wheel vehicles except the BARC, LARC, GOER, and 5-ton
trucks with tire size smaller than 1L00 x 20 will be stopped by a 2-root
vertical obstacle. All heavier track vehicles, including the M-60 tank
will be stopped by a vertical obstacle L feet high. Data are from
TM 9-2800-1 dated 1953 (with supplements and changes).

Obstacles in each part of a fan may be classified as: non-trafficable,
modifieble by dozer-blade, negotiasble with winch-assistance, or vehicle
negotiable. This determination 1s made by comparison of the performance
characteristics of each vehicle with the landform characteristics given
above,

The greatestiobsﬁacle to vehicular or foot troop movement on slluvial
fans is the deep wash. QFashes occur near the gpex, as a Tanhead trench,

or in midfen distributarles; they are usually steepest near the mountain

face (in the zone of degradation). Large boulders, boulder trains, steeply
beveled ditches, potholes at the head of an arroyo, are obstacles to move-
ment and other microfeatures may have slopes greater than 25° Ior short
distances, but the wash may have vertical cliff sides .from 10 to 50 feet
in height. These slopes are not continuous and routes acrcss nearly all
parts of the fan can be found.) The alluvial fan wash is a route of easy
access from the valley to the “mountain canyon. (@rossfan movement is usu-
ally easiest in the zone of aggradatiog}) A speclal report in preparation




on "Aerial Photo Interpretation of Militarily Significant Features of Allu-

vial Fans" shows the difference in wash characteristics between the various

types of fanms.

Quantification of landform dimensions, and analyses of these date have
provided facts for systematie application and represent a departure from
treditional narrative description of physical features of the landscape.
The change in physical characteristics of landforms can be explained with
type examples selected from map studies. Newly discovered features of"
these landforms, such as the levelling of slopes at the alluvial fan aplices
can be explained in such a way that the nature and extent of these features
are immediately associated with them rather than being the subject of addi~
tional field investigations. New techniques of mep and aerial photointer-
pretation permit a rapid analysis of landforms over a wide area and at the
seme time obtain details finer than those obtalnable from previously used
techniques, except field plane-tabling. Previous studies have tended to
concentrate on a single alluvial fan or a single small area.

b. Comparison of Alluvial Fans

In & study of 82 topographic sheets (15' quadrangles) showing
landforms in the Basin and Ranges region in the United States, a total of
3876 alluvial fans of all sizes were identified and analyzed. In this
study an average of 11.L large fans (greater than 3000 feet in length and
width) per topographic sheet were found. In 32 topographic sheets of the
same scale representing the Baluchistan Group region in West Pakistan, a
total of 346 large fans (average 10.8 per sheet) were identified and ana-
1lyzed (Fig. 15a and b). It is possible that Pakistani maps would show as
many medium- and small-sigze fans per unit area if the same techniques were
used in compilation of the maps. Some questionable or unquestionable fea-
turee in West Pakistan may have been alluvial fans, which would have re-
sulted in even closer agreement than that obtained.

A comparison of large fans in selected degree quadrangle samples in
the two above-mentioned areas shows an average of 194 in the United States
and 173 in West Pakistan. Such information is directly applicable to world
mapping schemes and serves as a ready basis for comparison of landforms in
one region with those of another, or as a basis for determining the repre-
sentatives of a given region.

i In a random sample of 100 alluvial fans in each of these regions, 1t
was noted that approximately 70 percent of all alluvial fans were from

1 to 5 miles in length and had gradients of from 1 to 5 degrees in both

regions. Some alluvial fans in United States deserts were shorter than

- those in West Pekistan, but slightly smaller gradients were ncted in West

Pakistan at all lengths. In the two 100 landform samples West Pakistan

had 19 alluvial fans longer than 6 miles, United States had 3. The United
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States sample had 10 alluvial fans less than 2 miles in length, the one
for West Pskistan had 2. The United States sample had 17 alluvial fans
wvith gradients greater than 5 degrees, West Pakistan had 10; but the West
Pakistan sample had 17 alluvial fans with gradients of less than 1 degree,
the United States sample had 3.

These facts, together with the graphic and tabular material in this
report, are directly applicable to design criteria determinations. Agen-
cies responsible for the preparation of revisions of AR TO5-15 pertaining
to the critical limits in terrain which must be considered in the engineer-
ing and design of military equipment, will find useful informstion on allu-
vial fans in the data presented here, Further studies are required, how-
ever, in order to prepare a complete statement for terrain. ‘

c. Further Studles Needed

The results reported above require verification by additional re-
search in a program consisting of similar studies of (1) alluvial fans and
related landforms in other desert areas of the United States, (2) similar
features in other world deserts, (3) other desert landforms in each of the
above areas, and (4) significant lendforms in each of the major regions of
the world, in order to provide a basis for meaningful milltaxry application
of the data. In order to obtain an spplication of the areal extent of
natural obstacles and critical microgeometry found in the above studies,
it will be necessary to conduct a series of aerial photographic interpre-
tations of these landforms by representative types or by sub-reglon
incidence.

Studies in new techniques for a quick and accurate appraisal of land-
forms over large areas in the field by a small party, or by a single indi-
vidusal, are mandatory. The necessity for a field party to te encumbered
with heavy, bulky and team-opersted equipment in order <o conduct the
type of research described above precludes rapid completion of thes
investigations. ‘

Specific studies of alluvial fans, especially those which relate these
features to the structure and form of the parent mountain mass, the gra-
dient of the stream in the mountains, the relief of the mountain front,
and the length of this front, should be conducted. The frequency of inci-
dence of types of alluvial fans in gilven areas should be investigated to-
gether with the percent of incidence of critical features _such as cliffs,
deep ditches, pot-holes, boulder trains, etc.) in these arcas as well as
the size of sreas involved in each case. The relationship of fan-bullding
processes to climate, and the evaluation of "dead" fans as related to past
climates should be investigated, especially where the requlired drainage
lines are no longer used but may be found as an obstacle to movement in
an unexpected location.
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AFPPENDIX A

Glossary

a

Alluvial Apron - recently deposited alluvium on the surface of a
piedmont (Tuan 1959)

<

Alluvial Bench - a gravel piedmont at the foot of a mountain range
formed by the coalescence of neighboring alluvial fans as they
enlarge their boundaries (Hobbs 1931)

Alluvial Cone (Gilberq 1882) see Alluvial Fan

Alluvial Fan - a body of detrlital sediments built up by a mountain
stream at the base of a mountain front (Blissenbach 1954)

Alluvial Outskirt = an Alluvial Piedmont at the fringe of & hard-rock ‘
piedmont (Tuan 1959)

Alluvial Piedmont Slope (lahee 1941) see Compound Alluvial Fan
Alluvial Plain ~ a depositional surface with gentle slopes (McGee 1897)
Alluvial Terrace (Von Engeln 1949) see Alluvial Bench

Angle of Repose ~ the angle of internal friction in loosely deposited
materials (King 1962)

Arroyo - the deeper continuations of washes extending to the mouths of
mountain canyons (Von Engeln 1949)

Backwasting Slope ~ creep of debris, mud and rock waste on a flowing
slope (Sharpe 1938)

Badland -)a. land area with fine drsinage texture, gullying (Thornbury
1954

Bajada (Blackwelder 1931) see compound alluvial fan

Bajada Breccia (Norton 1917) see Fanglomerate

i

Bassin de Réception (Surell 1841) see Drainage Basin
Bolson - a basin rimmed by mountains (Thormbury 1954)

Catchment Basin (Anstey 1951) see Drainage Basin
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APPENDIX A (con't)
Colluvium - alluvial debris mixed with talus carried by slope wash
(Thornbury 1954)

Compound Alluvial Fan - lateral coalesence of singie alluvial fans
(Blissenbach 1954). :

Cone de Déjection (Surell 1841) see Alluvial Fan

Creep - imperceptible mass transport of material on gentle slopes
(Von Engeln 1949)

Desert Pavement - smooth floor of coarse angular and subangular rock
fragments, particularly on the upper surfaces of desert fans
between washes (Von Engeln 1949)

Diluvium - older elluvium, consolidated beds of sand and gravel
deposited in Pleistocene time (Anstey 1957)

Drainage Basin - a mountain valley system consisting of the watershed
of a single stream and its tributaries (Mackin 1948)

Dry Delta (Hobbs 1931) see Alluvial Fan

Dry Wash - Dry Stream Bed - an intermittent stream cha.nngl, particularly
the floor of the course (Thornmbury 195k) o

Fan-Apex -~ Fanhead - the area of the alluvial fan close to the point
where the parent stream emerges from the mountain (Blissenbach

1954 )
Fen-Bsy ~ & fanhead reaching far into the mountain canyon (Davis 1938)
Fanhead Trench -~ deep channel at the head of a fan (Thormbury 1954)

Fan-Mesa - an Alluvial Fan remmant left standing in the process o
degradation of a fan (Eckis 1928) ‘

Fanglomerate - the coarse deposits of an alluvial fan (I.awbh 1913)

Graded Stream - slope of stream bed, provides velocity required to
transport load supplied from the Drainage Basin (Mackin 1948)

Gravel Plug - deposition of coarse debris in & shallow wasb (Eckis 1928)

Ingelberg - mountain island isolated by erosion (Davis 1905)
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APPENDIX A (con't)
Lottal - aqueous clayey mixtures formed by mass movement down hill-
slopes (King 1962)

Midfan -~ area between the fanhead‘and the outer, lower margins of the
fan (Blissenbach 1954)

Mudflow - mass movement of coarse material together with aqueous fines
caused by the breaking of debris dams in the mountain canyons

(Pack 1923)

Pediment - the planed rock surface near the base of a mountain front
(McGee 1897)

Piedmonts - foothills (Davis 1902)
Plays - level plain site of dry lake bed (Thormbury 1954)

Rainwash - sheet erosion, a process of backwasting in desert areas due
‘to torrential rainstorms (Schumm 1956)

Rock Drift (Sharpe 1938) see Creep
Rockfan - deposition of coarse materisl where the retreat of a mountaln
front has let streams operate on the so0lid mass of the range

(Johnson 1932)

Rock Plane - a pediment which may or may not be covered with alluvium
(Johnson 1932)

Sheetflood - broad sheets of storm-borne waters which move in a system
of smsll enmeshed channels rather than in definite stream courses
(McGee 1897)

Streamfloods -~ the spasmodic and impetuous flow of water Jown stream
channels after local heavy rains (Davis 1938)

Sub Alluvial Bench (Lawson 1915) see pediment

Talus Slope - a body of detrital sediments built up predominantly by
gravitational sliding (Blissenbach 195L)

Wadi (Von Engeln 1949) see Dry Wash

Zone of Aggradetion - the outer zone in the drainage area of a desert mour:
tain range where deposition of alluvium is greatest (Johnson 1932)
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APPENDIX A (con't)

Zone of Corrosion - the intermediate zone in the drainage area of a
desert mountain range where lateral cutting by streams is greatest
(Johnson 1932)

L]

«

Zone of Degradation - the inner zone in the drainage areas of a desert
mountain range in which vertical down-cutting of streams reaches
its maximum (Johnson 1932)
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APPENDIX B

List of U.S. Topographic Sheets (15' x 15' 1:62,500)
(in the sequence studied)

Confidence Hills
Siluvian Hills
Baker

Shoshone
Wingate Wash
Tecopa

Soda lake
Grapevine Peak
Funeral Pesk
Ryan

EBagle Mountain
Ash Mesdows
Bennetts Well
Big Dune
Furnace Creek
Emdgrant Canyon
Telescope Peak
Stovepipe Wells
Chloride C1liff
Bulifrog
Marble Caxyon
Goldstone Iske
Topopal Spring
Iathrop Wells
Rare Mountain
Tin Mountain
Quall Mountains
Teefort Mountalns
Cave Mountaln
Alvord Mountain
Avawatz Pass
Red Fass lLake
Leach Lake

Lane Mountain
Kerens

Flynn

Colton Well
Fenner

Bagdad

Cadlz

Danby
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43,
L,
L5,
46,
b,
L3,
Lo,
50,
51.
52,
53.
5k,
55.
56.
57
58,
59.
£0.
61.
& ®
63.
€h.
65.
66,

Egsex

Iead Mountain
Bristol Laeke
Cadiz Lake
Milligan

Valley Mountain
Tule lLake

Cadiz Valley
Iron Mountains
Dogskin Mountain
Sutcliffe
Nixoun

Fireball Ridge
Keno

Spanish Springs Valley
Wadsworth

Two Tipa

Mount Rose
Virginla City
Churehdll Butte
Silver Springs
Careon City
Taylon

Como

T P S,
Wabuska

i

PRy

L Valley
nehle Creek
Velley

neon Mountain

oy

ranes

ot e gt ey

Walti Hot Springs
Robarts Creek Mountain
Garder Yalley

Tiamond Springs
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APPENDIX C

TABLES OF MEASUREMENTS OF

SOUTHWESTERN UNITED STATES AND WEST PAKISTAN

X
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TABLE I
Percent Incidence of Length, Large Allu¥ial Fans¥* l
in the United States and Pakistan .
Length Pakistan United States .
in Miles (Total 346) (Total 588) )
Percent Number Percent Number .
0.5 8.38 28 0.85 5
o.s-o.i 3.18 11 3.23 19
1.0-1. 17.05 58 9.18 5k '
1.5-1.9 11.27 39 14,12 83
2,0-2.4 17.05 59 : 13.10 7
2.5-2.9 8.38 29 12.93 76 '
3,0-3.k4 9.83 34 09.18 5k
3.5=3.9 4,62 16 09.18 54
h,0-4,b k.05 14 06.80 Lo
k,5-k4,9 5.4k9 19 05.44 P l
5.0=5.4 1.15 L 05.12 30
5-5-509 0057 2 02.014- 12
6.0-6,4 144 5 03.57 21 '
6.5=6.9 0.86 3 0.51 3
T.0=T. 4 0.86 3 1.53 9
7.5-T.9 0.57 2 0.68 1 l
8.0-8.4 0.57 2 0.85 5
8.5-8.9 0.28 1 0.51 3
9.0-9.4 0.28 1 0.34 2
905'999 Oo28 l 0.17 l l
10.0-10.4 0.28 1 0.51 3
10.5-10.9 - 0 0.34 2
11.0=11.k - o} - 0 .
11.5-11.9 - 0 0.17 1
12.0-12.4 0.28 1 - 0
12.5-12.9 - 0 - 0 '
13.0-13.4 3.75 13 - 0
13.5-13.9 - 0 - 0
14,0-14 .4 - 0 - 0
1k.5-1k4.9 - 0 - 0 ' l
15,0-15.4 - 0 - 0
15.5-15.9 - 0 - 0
16.0-16.} - 0 0.17 1 '
16.5=16.9 - 0 - 0
* Jarge alluvial fans for the purposes of this study do not include those .
with radii of less than 3500 feet from apex to spron.
o |




TABLE II
l Percent Incidence of Gradient, Large Alluvial Fans¥
p In the United States and Pakistan
l Gradient Pakistan Unlted States
) in Degrees (Total 317) (Total 588)
l Percent Number Percent Number .
0.5 00,63 2 C.17 1
0.5-0.9 0T.57 24 1.87 11
l 1.0-1.L 20.50 65 10.20 €0
1.5-1.9 19.24 61 15.81 93
2,0-2,4 08.83 28 19.38 11k
' 2.5-2,9 10.73 3k 15.13 89
3.0-3,h - 08.20 26 10.20 60
3.5=3.9 06.62 21 9.01 53
l L, 0=k, 06.62 21 6.12 36
h,5-k.9 01.89 6 4,08 oL
5.0-5.4 02.75 8 3.57 2l
565=5.9 00.63 2 2.38 1k
l 6.0-6.k 01..58 5 0.85 5
£.5=-6.9 01.89 6 0,68 L
T.0=T.k 00,9k 3 0.3k 2
I 7.5-T7.9 00.63 2 0.17 1
8.0-8.4 00.31 1 0,34 2
8.5-8.9 - 0 0.17 1
l ©9.,0-9.k 00,63 2 0,17 1
9.5=9.9 - 0 - 0
10,0-10.k - 0 - 0
10.5-10.,9 - 0 - 0
' 11.0-11.k - o) - 0
11.5~11.9 - 0 - 0
12.0-12.)4 - 0 - 0
l 12,5-12.9 - 0 - 0
13,0=13.4 - 0 - 0
1305"1309 - O b O
1k ,0-1k.4 - 0 - 0
' ’ 14.5-1%.9 - 0 - 0
15.0-15.4 - 0 - 0
15.5-15.9 - 0 - 0
l-- 16.0-16.4 - 0 - 0
16.5-16.9 - 0 - 0
' ¥ large alluvial fans for the purposes of this study do rot include those
with radii of less than 3500 feet from apex to apron.
| \




TABLE III
Number of Alluvial Fans per Topographic Sheet by Length Class '
in the United States ‘ .
Shaet No. at Length>3500* at 1700'=3500" at< 1700! Total No. l
1 3 8 20 58 l
2 1 -8 9 18
3 17 16 15 48
L 5 23 1k Lo l
5 11 10 10 3
6 19 12 11 42
T 12 25 15 52 .
8 12 3 3 18
9 6 17 14 37
10 10 : 13 11 34
11 21 31 1k 66 l
12 8 13 9 30
13 18 15 19 52
1k 8 15 11 3 I
15 15 2k 8 k7
16 4 21 1k 39
17 6 18 12 36 l
18 11 18 T 36
19 14 22 10 L6
20 11 20 20 51 ,
21 T 10 10 27 l
22 5 24 3 60
23 1 9 10 20
2k 2 22 15 39 l
25 18 15 15 48
26 12 28 5 45
27 18 i 20 102 '
28 12 58 22 9
29 12 Lo 25 T
30 14 26 8 48
31 12 Ly 26 82 ’ l
32 21 36 16 T3
33 15 66 35 116
3k 20 30 20 70 . I
35 15 22 10 Iy d
36 16 12 6 34
37 13 13 .3 29
38 13 23 6 k2 l
39 12 23 21 56
= |




l TABLE III (cont'd)
l Sheet No.  at Length>3500'  at 1700'-3500'  at<1700'  Total Fo.
. Lo 11 23 21 55
41 16 ‘ 16 26 58
l 42 10 10 : 5 25
. 43 } 15 36 30 81
L 8 23 10 b1
i 45 9 11 9 29
L6 10 10 1k 3k
b7 16 9 21 L6
. L8 13 : 21 10 N
k9 8 5 14 27
50 10 14 9 33
51 16 26 20 62
l 52 13 29 25 67
53 18 25 21 6k
54 23 26 25 Th
l 55 19 20 31 70
56 : 13 3 11 55
5T 12 ~ 17 10 39
' ‘ 58 ‘ 26 20 6 52
59 . 1k 11 12 37
60 10 12 11 33 -
61 18 26 14 58
l & 1 21 6 8
63 6 1L 5 25
6k 7 13 1k 3k
' 65 15 22 12 ko
66 12 15 6 33
67 10 30 27 67
& o 31 5 b
. 69 2 27 10 39
TO 6 12 8 26
1 21 9 N 3L
i 7 29 3 20 79
T3 9 18 3 30
Th 8 " 6 18
' . 5 20 22 O 51
76 15 12 10 37
T 17 L 3 2
.. 78 17 23 5 45
| 1
80 12 18 7 37
81 1k 27 16 57
l 8 16 17 20 53
l Totals: 1043 1687 101 3831
43




TABLE TV

Alluvial Fan Gradlents per Topographic Sheet
(50 USA, 32 Pekistan)

Topographic Sheet Numbers
Gradient (degrees) 1 2 3 L4 5 6 7 22 27 28 29 30 3 P 333 3k

Less than 0.5 1 | 1
0.5 = 0.99 1 1 2 L
1.0 - 1.h9 2 1 k1 2 5 ¥ 1 5 2 1 28
1.5 - 1.99 2 3 2 1 1 1 2 b 1 3 2.7 29
2.0 - 2,k9 1 b o1 2 1 3 1 2 3 2 5 4 8 37
2.5 - 2.9 4 Y1 1 5 1 1 1 3 1 2 3 2 1 3
=~ 3:0- 3.h9 9 3 2 2 1 1 1 2 1 1 L 2 2 2 33
p
3.5 = 3.99 3 1 1 4 2 L1 1 1 3 21
4.0 - kb9 4 2 1 1 8
4.5 - 4,99 2 1 101 11 1 2 1 1
Above 5,0 5 1 5 2 2 1 16

30 1 17T 5 11 19 12 5 18 12 12 14 12 21 15 20 224

Note: See Appendix B for list of topographic sheet titles and Figure L for locations.
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TABLE IV (Cont'd.)

Alluviael Fan Gradients per Topographic Sheet
(50 USA, 32 Pekistan)

Topgraphic Sheet Numbers

x

Total

" Gradient (degrees) 8 9 10 11 12 13 1k 15 16 17 18 19 20 23 24 25

Lese than 0.5

0.5 = 0.99 1 2 1 1 5
1.0 = 1.k9 1 1 1 L 1 8
1.5 - 1.99 1 L 2 1 1 1 3 L 17
2,0 - 2,49 2 1 2 2 1 4 2 1 15
2.5 = 2,99 9 2 1 1 3 1 1 18
3.0 - 3.49 1 1 2 2 2 3 1 1 3 1 17
3.5 = 3.99 2 L2 5 2 3 1 3 2 1 1 25
4,0 - kb9 2 3 3 2 2 1 5 1 5 2L
L,5 - 4,99 1 1 1 1 2 1 1 1 2 2 13
Above 5.0 6 3 6 1 1 1 2 1 2 23
Total: 2 6 10 21 8 18 8 15 4 6 11 14 11 1 2 18 165

Note: See Appendix B for list of topogrephic sheet titles and Figure 4 for locations.



TABLE IV (Cont'd.)

Alluvial Fan Gradiente per Topographic Sheet
(50 USA, 32 Pekistan)

Topographic Sheet Numbers

Gradient (degrees) 20 ko 48 W7 46 L5 Mh 43 k2 41 ko 39 38 37 36 35 Total

Less than 0.5

0.5 - 0.99 2 2

1.0 - 1.h9 2 y 3 2 2 1 3 4 2 2y

1.5 - 1,99 L 1 3 2 ¥ 4 2 y 3 5 1 6 3 2 5 iy g

2.0 - 2.49 3 T 6 4 5 1 2 2 2 6 3 3 4 3 7 4 G

2,5 - 2,9 Yy 1 1 2 4 6 3 4 1 3 L4 2 35
& 3.0 - 3.49 1 1 1 2 1 3 1 10

3.5 -~ 3.99 1 1 1 2 1 1

L,o - L. ko 1 3 L

4,5 « 4,99

Above 5.0 2 2 1 1 1 1 8

Total: ‘ 10 8 1k 16 10 9 8 11 17 16 11 12 13 13 16 15 199

Note: See Appendix B for 1ist of topographic sheet titles and Figure 4 for locations.
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TABLE IV (cont'd)

Alluvial Fan Gradients per Topo phic Sheet

(50 USA, 32 Pekistan

Topographic Sheet Numbers

4

Gradient (degrees) *K1 X2 K3 Kb K5 K6 K7 k8 K9 KIO KI1 K12 K13 KIk KI5 K16 Total

less than 0.5 2 2
0.5 - 0.9 Y 5 3 1 2 2 2 21
1.0 - 1.49 2 3 5 5 5 3 2 3 2 7T L3
1.5 - 1.9 5 1 1 3 5 5 2 2 3 34
2.0 - 2.49 3 3 1 3 1 12
2.5 - 2,99 1 1 2 6 1 2 17
3.0 - 3.49 1 2 5 2 2 1%
3.5 - 3.9 3 1 2 b 8
L,o - 4.k9 1 8 1 1 1 12
4.5 - 4.99 1 1 1 3
Above 5.0 1 1 1 3
Total 7 10 3 3 10 11 17 17 24 13 1k 17 169
¥ Tee Pigure 15 for Pakisten topographic sheet number locations.



TABLE IV {Cont®d.)

Alluvial Fan Gradients per Topographic Sheet
(50 USA, 32 Pakistan)

Topographic Sheet Numbers

Gradient (degrees) *N1 N2 N3 N4 J5 J6 J7 J8 J9 JIO Jl1 J12 J13 Jik J15 J16

Less than 0.5

0.5 - 0.99 1 2 3

1.0 - 1.49 2 3 2 1 3 3 2 2 1 22
1.5 - 1.99 1 2 2 3 6 5 1 1 3 2 1 27
2.0 - 2,49 1 1 1 1 in 1 ) 1 3 2 16
2.5 - 2.99 2 2 3 L 2 3 1 1 17
& 3.0 - 3.4 1 3 3 ¥ o1 12
3.5 - 3.9 1 3 b 3 1 1 13
4.0 - b.Ug 2 2 1 1 | 3 9
b5 - k4,99 1 1 1 3
Above 5.0 1 2 2 3 1 1 2 5 1 2 b 2 26
Total: 513 13 11 9 2 5 3 6 9 7T 12 6 6 11 10 148

¥ See Figure 15 for Pakistan topographic sheet number locations.
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TABLE V
Alluvial Fan Radii per Topographic Sheet
(50 USA, 32 Pakistan)

Topogrephic Sheet Numbers

22 27 28 29 3 3 P 33 3  Total

Radii (miles) 1 2 3 L4 5 6 7
Less than 0.5 1 2 4
0.5 = 0.99 3 1 1 2 1 8
1.0 - 1.h49 T 1 3 2 1 1 2 2 1 2 1 2k
1.5 = 1.99 10 L 1 7T 1 2 T 6 2 2 3 2 54
2.0 - 2,49 1 1 2 2 2 2 5 1 3 3 3 2 5 2 3L
2.5 - 2,99 5 1 2 2 2 1 1 1 1 3 1 5 & 3 3
S 3.0 - 3.49 2 3 1 1 1 2 5 2 3 20
3.5 = 3.99 1 2 1 31 1 2 4 1 3 20
4,0 - kA5 11 3 1 3 1 1 1 12
L.5 - 4,99 1 1 2 1 1 1 T
Above 5.0 2 1 1 1 1 2 1 9
Total: 30 1 17 5 11 19 12 5 18 12 12 1+ 12 21 15 20 22}

Tote: See Appendix B for list of topographic sheet titles and Figure 4 for locations.




TABLE V (Cont'd.)

|
Alluvial Fan Redii per Topographic Sheet
(50 USA, 32 Pakistan) ' |

Topographle Sheet Kumbers

Radii (miles) 1 K2 K3 Kb K5 K6 K7 K8 K9 K10 K11 K12 K13 Kk KI5 K16 Total

Less than 0.5 ik 10 5 ' 29
0.5 = 0.99 2 3 3 2 10
1.0 = 1.k9 1 1 b 1 12 6 5 3 1 1 2 37
1.5 = 1,99 1 2 1 2 31 3 1 2 ¥ 1 1 3 25
2,0 - 2,49 6 3 5 5 1 1 3 1 2 1 27
2.5 - 2,99 2 1 3 3 1 3 1 1 1 & 20
8 3.0 - 3.k9 3 2 1 3 2 2 1 & 18
3.5 - 3.9 b 1 2 1 1 1 10
4,0 - 4,h9 1 1 1 1 1 1 6
b5 - 4,99 5 3 1 1 1 1 12
Above 5.0 1 1 2 4
Total: T 10 3 3 1011 17 17 38 23 14 2 12 5 6 198

* See Figure 15 for Pakistan topographic sheet number locations.
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TABLE V (Cont'd.)

Alluvial Fan Radii per Topographic Sheet
(50 USA, 32 Pskistan)

Topographic Sheet Numbers

Redii (miles) %M1 N2 N3 N+ J5 J6 J7 J8 Jo J10 J11 Ji2 713 Jnb J15 J16  Total
Less than 0.5
0.5 - 0.99‘ 1 1
1.0 = 1.k9 1 3 8 1 3 13 2 22
1.5 - 1.99 2 2 3 2 1 1 2 1 14
2,0 - 2,49 1 2 1 2 5 3 1 3 1 2 3 2 3 3 3P
2,5 - 2,99 2 3 1 1 1 1 9
3.0 - 3.b9 L 6 1 3 2 16
3¢5 = 3499 1 3 1 1 6
4,0 - b,bg 2 1 1 L 8
4,5 - k.99 1 3 , 2 1 T
Avove 5.0 3 1 9 h L 4 5 2 1 33
5 13 13 11 9 22k 5 3 6 9 T 12 6 6 1 10 148

% See Figure 15 for Pakistan topogrsphic sheet number locatioms.



TABLE v {Cont'd.)

Alluvial Fan Radii per Topographic Sheet
(50 USA, 32 Pakistan)

Topographic Sheet Nuwmbers

Radii (miles) 50 49 48 L7 LE k45 L K43 L2 L1 Lo 39 38 37 36 35 Total
Less than 0.5
0.5 = 0.99
1.0 - 1.k9 101 2 1 2 1 8
1.5 = 1.99 1 2 1 1 1 2 3 2 3 16
2.0 - 2,49 3 1 3 2 1 2 1 2 15
2.5 - 2,99 1 L 5 1 1 1 3 101 2 1 21
¥ 3.0 - 3.49 2 1 1 1 1 2 3 1 o2 2 20
3.5 = 3.99 1 1 1 1 1 L o2 1 2 2 1 2 19
Lo - 4.k 2 1 1 3 3 3 1 1 2 1 18
L5 « k99 1 2 3 1 2 1 2 2 1 15
Above 5,0 6 6 37 5 4 5 2 6 4 Lk s 7 3 67
Total: 10 8 1k 16 10 9 8 11 17 16 11 12 13 13 16 15 199

Note: See Appendix B for list of topographlc sheet titles and Figure 4 for locations.
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TABLE V (Cont'd)

Alluvial Fan Radii per Topographic Sheet
(50 USA, 32 Pakistan)

Topographic Sheet Numbers

Radii (miles) 8 9 10 11 12 13 14 15 16 17 18 19 20 23 24 25
Less than 0.5 1 1
0.5 - 0.99 1 5 1 2 2 11
1.0 - 1.k9 € 2 2 11 2 i 1 b1 1 22
1.5 = 1,99 1 2 1 1 2 1 2 1 2 13
2.0 - 2.49 3 1 L 5 1 2 1 1 2 11 6 28
2.5 - 2,99 1 1 2 3 1 2 3 1 1 2 1 5 23
3.0 = 3.19 11 3 1 1 2 1 2 i1 1
3.5 = 3.99 1 2 3 3 2 1 2 1 15
4,0 - 4.hg 3 1 1 2 1 1 10
4,5 - k.99 2 1 2 1 11 1 1 10
Avove 5.0 T 3 3 2 2 3 3 1 18
12 6 110 21 8 18 8 15 L 6 11 1k 11 1 2 18 165
fote: See Appendix B for list of topographic sheet titles and Figure 4 for locations.



TABLE VI

Alluvial Fan Widths per Topographic Sheet
(16 USA, 32 Pakistan)
Topographic Sheet Numbers

Width (Miles) 50 49 48 L7 U6 45 kb U3 k2 W1 kO 39 38 37 36 35 Total

Le_*ss than 0.5

0.5 - 0.99 2 1 1 1 3 ¥ 1 3 1 5 1 2 25

1,0 - 1.h9 L 8 7 3 3 4 2 4 3 3 5 710 T 8 ()

1.5 = 1.99 1 4 1 2 2 1 2 K 8 2 2 1 2 3 35

2,0 - 2,49 b3 2 3 3 2 1 3 1 1 3 1 5 32
W 2.5 = 2,99 2 2 2 1 2 2 1 1 1 1 1 2 18
" 3.0 - 3.k9 1 1 2 2 1 1 1 8

3.5 = 3.99 1 1 1 1 b

L,0 - k. ko 1 1

4,5 - k99

Above 5.0 1 1

Total: 10 8 1k 16 10 9 8 11 17 16 11 12 13 13 16 15 199

Note: See Appendix B for list of topographic sheet titles and Figure 4 for locations.
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TABLE VI (Cont'd.)

Alluvisl Fan Widths per Topographic Sheet
(16 USA, 32 Pakistan)

Topographlc Sheet Numbers

Width (miles) *K1 K2 K3 Xh X5 K6 K7 X8 X9 X10 K11 K12 K13 X1k KI5 K16 Total

Less than 0.5 ik 10 5 29
0.5 - 0.99 T 3 2 8 1 1 T 1 30
1.0 = 1.49 3 3 1 2 1 L+ 7 3 T 6 5 2 3 2 2 51
1.5 = 1.99 L 2 1 T k& 3 5 3 2 3 3k
2.0 - 2,49 2 11 3 4 3 3 1 1 1 Lk 2 26
7 2,5 - 2,99 L L 1 1 1 1 2 3 1 18
3.0 - 3,19 1 11 1 2 6
3.5 = 3.9 1 1
L,0 - 4.h9 . 1 1 2
4,5 - 4,99 1 1

Above 5.0 |
7 10 3 3 10 11 17 17T 38 23 1+ 22 12 5 6 198

* Zee Figure 15 for Pekistan topographic sheet number locations.




TARLE VI (Cont'd.)

Alluvial Fan Widths per Topographic Sheet
(16 USA, 32 Pakistan)

Topographic Sheet Numbers

Total

Width (miles) M1 M N3 Nk J5 J6 J7 J8 J9 JI0 J11 J2 J13 nbk J15 J6
 ILess than 0.5 |
0.5 = 0.99 3 6 7 2 1 19
1.0 - 1.49 L 4 3 3 8 4L 2 3 2 3 5 2 2 L5
1.5 - 1.99 1 2 & 11 1 3 3 2 3 3 L4k 21 29
2,0 - 2,49 1 1 1 3 3 1 2 ‘« 1 2 3 18
g 2.5 - 2.9 1 1
3.0 - 3.49 2 1 3 6
3.5 - 3.99 2 1 9 3 1 2 18
4.0 - bhg 3 1 3 1 8
k.5 - 4,99
~ Above 5.0 3 1 4
5 13 13 11 9 2 5 3 6 9 T 12 6 6 11 10 148

* See Figure 15 for Pakistan topographic sheet number locations.
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Nunbher of Alluvlial Fane by Length and Gradlent in the United States

TABLE VII

Less Length (in miles)
- than
Gredient (degrees) 1 1 2 3 kb 5 6 7 8 9 10 13 Total
Less than 0.5
0.5 =~ 0,99 U 1 9
1.0 = 1.49 9 1 11 9 4 8 2 2 1 2 59
1.5 - 1.99 1 16 22 25 15 9 2 3 2 2 o7
2,0 - 2,49 2 21 26 22 1T 13 9 3 2 1 1T
2.5 - 2,99 1 22 25 22 8 8 L 1 91
3.0 - 3.49 3 16 19 11 110 2 2 63
3.5 = 3.99 6 12 19 8 5 3 1 1 55
4,0 = 4,49 1 16 15 6 1 39
h.5 - 4,99 2 g8 6 4 3 1 1 25
over 5.0 8 21 12 4+ 1 1 boo1o1 1 5k
Total: 24 141 159 1k 72 1 27 13 8 3 5 1 609



TABLE VIII

Nunber of Alluvisl Fans by Length and Gredient in Pakisten

Less Length (in miles)
) than

Gradlent (degrees) 1 1 2 3 L 5 6 7 8 9 10 11 12 13 Total

Less than 0.5
0.5 = 9.99 2 3 5 6 6 1 2 1 26
1.0 - 1.49 11 20 2 3 2 2 2 1 3 64
1.5 - 1.9 17T 10 11 1 1 1 101 9 62
2.0 - 2.49 1 1 1 2 3 28
& 2.5 .2.9 13 1 3 2 1 1 3
3.0 - 3.hy p 8 5 3 L 1 26
3.5 - 3.99 1 10 T 2 1 21
4.0 - kb9 2 7 9 1 1 1 21
* 4,5 - 4,99 5 1 6
over 5,0 13 3 3 3 1 & 1 1 29
Total: 17 98 8 51 33 6 9 5 3 2 1 1 112 37

* ¢ . i ‘ v
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l TABLE IX
Length of Sample Alluvial Fans in United States Deserts
l (in feet)
) (Random semple of 10 slluvial fans on each of 10 topographic 15' sheets)
' Alluvial Right Mid Left
Sheet No.* Fan No. Radius Redius Radius . Width
' 1 1 1901 1901 1901 253%
2 2323 233 2323 3168
‘ 3 1478 1478 1267 1901
IR 27485 2745 253h 3801
i 5 k22l 4646 1224 bo13
6 27h5 2745 2745 2534
T 5280 5280 5hol 6336
l 8 1689 1901 1689 2323
9 3379 3379 3590 3590
10 2956 2956 2956 3801
3 1 LEU6 5069 LEu6 . 4013
. 2 3590 3590 3590 2112
3 5913 5913 5913 3590
: b 2112 2112 2112 2745
' 5 3168 3379 3379 27h5
6 kL35 TS L646 2745
T 4435 hh35 h6h6 hoolk
l 8 5280 5702 5702 5401
9 3168 3168 3168 . 233
) 10 3590 ‘3801 3590 3590
6 1 253k - 2956 3168 3379
i 2 168 1689 1689 253,
3 La2k 422k Lok 6547
- L 3590 - 3801 3168 3379
- . 5 5913 5913 5280 5702
6 3801 - 22k 3801 ook
T 4013 4435 4013 2956
I 8 3379 4013 3801 3801
9 3801 ook 3801 ool
10 4013 L4 35 ho13 2956
-8 1 L2l 4013 22} 5913
il 2 253 253} 253 3379
3 5280 6124 6547 5491,
L 2112 2112 2323 3168
l . 5 2956 2745 27hs 3379
6 2112 2112 1901 253k
T 253k 253k 2112 3168
l 8 5491 6547 4857 6969
9 6547 6758 6758 5069
: 10 6336 6336 5280 5913
' ¥ See Appendix B for topographic sheet titles, and Figure 4 for locations.
' 59




TABLE IX (Cont'd.) : l
Length of Sample Alluvial Fans in United States Deserts . ;
(in feet) ‘ '
’ i
(Random sample of 10 alluvial fans on each of 10 topographic 15° sheets) §
Alluvial Right Mid Left / l
Sheet No. Fan No. Radius - Radius Radius width S
11 1 3590 3801 3590 3379
2 3379 Lo13 4013 3801 . l
3 5280 5069 5280 5069 :
L 2745 2956 2745 Lo13
5 2745 2056 2715 2956 ]
6 4646 1646 yook 3801 |
T Lh35 Lehe 5069 5702 : 1
8 4857 4857 L4857 6758 l
9 3801 3590 3801 Lo13 ‘
10 4435 h435 435 L6U6 ;
13 1 1689 1689 1267 2323 ;
o 2 2112 Y (1 2745 4h35 '
3 1901 2112 1901 2956
b 1901 2112 1901 2745 1
5 1056 1056 1056 1901 l
6 1478 2112 1478 2956 g
T 1689 2534 1689 3379
8 5913 = 5913 5913 5913 ]
9 633 6336 6336 5913
10 2956 2956 2956 2956 L
15 1 2323 2323 2323 L4646
: 2 14013 4435 Lo13 L435 l
3 - 3379 3379 3379 3801
L 3168 3168 3168 3801 : |
5 2323 2745 2323 2323 '
6 3590 3590 359 3590 ,
T 1901 1901 1901 2956 - :
8 3590 3801 4013 2745
9 k013 B35 4857 3168 l
10 2112 2112 2112 2745
25 1 3590 3590 3379 2T
2 2112 1901 1901 2323 : '
3 1901 2112 1901 1901
4 2323 2323 2323 1901
5 1689 1689 1478 1478 ; l
6 1478 1478 1267 1689
7 11901 1901 1901 1901
8 2534 2956 253k 253k T
3 6121 612 6121 633 i
10 3590 3590 3590 4224
. & l




l TABLE IX (Cont'd.)
' Iength of Sample Alluvial Fans in United Statee Deserts
' (in feet)
- (Random sample of 10 alluvial fans on each of 10 topographic 15' sheets)
' Alluvial Right Mmd Left

| Sheet HNo. Fan No. Radius Radius Radius Width

l 26 1 NTIT R TTS Leh6 5702

2 5913 6336 6758 6336

3 5491 5491 5913 6750

h hooh y6h6 ook 5069

' 5 5280 5280 5280 6336

6 5491 5913 5913 612k

T 33719 3801 3319 3801
l 8 k013 B35 k013 i85T
9 3801 3801 h22k 5913 -

10 3590 3590 3590 ka2l

l 29 1 3379 3379 3379 2112

2 3168 3168 3168 3590

\ 3 3590 3801 3590 3168

Ll 3590 3590 3590 2534

I 5 3379 3590 Lo13 5280

6 3801 4013 5069 5280

T 5280 5280 4857 4857

l 8 3168 3168 3168 16i6

9 2323 2323 2323 3168

l ) 10 5280 4857 5280 INITS
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APPENDIX D

Obstacles to Military Vehicles

Vertical Climb Limits: Vehicles which will be
(natural obstacles) stopped by these obstacles:

' 48 inch

.

-

18 inch - = = = = = = = = = = = = = = = = = M-5 Tractor

T-46 Amphibian

M-36 Gun carrier

M-29 Amphibian

M-116 Personnel carrier
M-35 Truck

M~52 Cargo vehicle
M-12T7 Cargo vehicle

24 INCh = = = = = = = = =« = ®w = . - - - - - T-101 105mm carrier

' M-36B2 Gun carrier
M-113 Personnel carrier
M-114 Personnel carrier
XM-U434 Truck

XM-548 Cargo Vehicle

------------------ BARC
* LARC
GOER

M-60 Tank

60 iNCh = = = = = = = = = = = = = =« = = = = all track and wheel vehicles

*
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H7°wW

00 - Sheet Number

| large fon total 3500 :
L Middle fan total 1700°-3500"

—
00-00-00 —+ Smalil fan total 1700

(00)

Tetal per sheet

NUMBER OF ALLUVIAL FANS,

BASIN AND RANGES REGION

Lists of Topographic Sheets

(Scale 1:62,500)

116°wW

36°N

36°N

L}

5 | 41 6
11-10-10 30-8-20 5-23-14 19-12-11
(31) (58) (42) | (42)
27 33 31 )
18-64-20 15-66-35 12-44-26 1-8-9
(102) (116) (82) (18)
22 28 32 3
5-24-31 12-58-22 21-36-16 17-16-15
(60) (92) 73) (48)
34 30 29 7
20-30-20 14-26-8 12-40-25 12-25-15
(70) (48) (77) (52

35N

35°N

1170w

l'

Total Quad 1011

Average Quad 63

Figure 4a
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Q ———- Sheet Number
s e ot 3500 NUMBER OF ALLUVIAL FANS, |
00500 mall fan roral 1760 BASIN AND RANGES REGION .
Lists of Topographic Sheets
. (00} Total per sheet [Scale ]52,50"] > l
37°NE g37°N -

26 8 20 25 23 |
12-28-5 12-3-3 11-20-20 18-15-15 1-9-10 '
(45) (18) (51) (48) (20) l
21 I8 19 14 24 l
7-10-10 11-18-7 14-22-10 8-15-11 2-22-15 .
(27) (36) (46) (34) (39) '
36°30'b 36°30° l

16 I5 10 i2
4-21-14 15-24-8 10-13-11 8-13-9

(39) (47) (34) (30)
17 I3 9 I .
6-18-12 18-15-19 6-17-14 21-31-14 l

(36) (52) (37) (66)
36°N; ?36°N .

g Total Quad 633 Average Quad 39.56 5

Figure Ub l
- i




4

00 ————- Sheet Number

L Large fan total '3500"
—t Middle fan total®1700'-3500"

—
00-00-00— Small fan total 1700

NUMBER OF ALLUVIAL FANS, |

BASIN AND RANGES REGION

Lists of Topographic Sheets

Figure ke

T3

R (Scale 1:62,500) .
ST 36 37 w8 |
15-22-10 16-12-6 13-13-3 13-23-6
(47) (34) (29) (42)

39 40 41 42
12-23-21 11-23-21 16-16-26 10-10-5
- (56) (55) (58) (25)

43 44 45 46
15-36-30 8-23-10 9-11-9 10-10-14
(81) (41) (29) (34)

47 48 49 50
]6-?-21 13-21-10 8-5-14 10-14-9
(46) (44) (27) (33
T Total Quad 681 Average Quad 42.5



S P NUMBER OF ALLUVIAL FANS,
L i fon ot g 2500 BASIN AND RANGES REGION |
Lists of Topographic Sheets
(00)———-Total per sheet [Scale ]62,500] '
40°N§ §40°N -
51 52 53 54 |
16-26-20 13-29-25 18-25-21 23-26-25 '
(62) (67) (64) (74) l
55 56 57 58 |
19-20-31 13-31-11 12-17-10 26-20-6 '
(70) (55) (39) (52) l
59 60 6l 62 '
14-1112 10-12-11 18-26-14 11-21-6 ’
(37) (33) (58) (38)
63 64 65 66
6-14-5 7-13-14 15-22-12 12-15-6 '
(25) (34) (49) (33) '
’ 39°N; - ;39°N '
& Total Quad 790 Average Quad 49.3
Figure u4d l .
Th .




116°45'W

00 ~———1Sheet Number

| Large fan total 3500’
L Middle fan total 1700'-3500°

—
00-00-00—1 Small fan total 1700

(00)

L Total per sheet

NUMBER OF ALLUVIAL FANS,

BASIN AND RANGES REGION

Lists of Topographic Sheets

{Scale 1:62,500)

115045'w

40°45'N

L]

39°45'N

"
l'

67 89 69 70
10-30-27 11-31-5 2-27-10 6-12-8
(67) (47) (39) (26)
71 72 73 74
21.9-4 29.30.20 9.18-3 8-4-6
(34) (79) (30) (18)
75 76 77 78
20-22-9 15-12-10 17-4-3 17-23-5
(51) (37) (24) (45)
79 80 8l 82
15-12-18 12-18-7 14-27-16 16-17-20
(45) (37) (57) (53)
Total Quad 686 Average Ouad 112.8L |

Figure le
5

115045°%

40°45'N

39945°N
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COMPARATIVE SLOPE GRADIENTS

ALLUVIAL FANS AND
BACKWASTING SLOPES
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Catchment Basin - Fall Canyon
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Figure 9b
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Catchment Basin - Sheep Canyon
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Figure 10a
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Catchment Basin - Gold Valley
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Figure 10b
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Catchment Basin - Red Wall Canyon
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Catchment Basin - Confidence Wash

Figure 11b

Catchment Basin - Rhodes Wash

Figure llc
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Catchment Basin - Mosaic Canyon
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' Figure 11d
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Microgeometry of a Portion of Grotto Canyon Fan

66

Minor Distributaries on Three Paralle! Transects Ten Feet Apart and Fifty Feet in Length

Average iciief-shown in inches for euch 10 fooi interval

Figure 12
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N-S TRANSECTS OF SALT CREEK (DRY) 8 DEC. 1963
(AVAWATZ FAN)

Sand Gravel Clay  Stratified
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0Q ——+ Sheet number
' NUMBER OF ALLUVIAL FANS
BALUCHISTAN GROUP
l (00}~ Total per sheet
' ) K-1 K-5 K-9 K-13
(7) ‘ (3) (17) (22)
' K-2 K-6 K-10 K-14
I (10) (10) (38) (12)
. K-3 K-7 K-11 K-15
1 (3) (1) (23) (5)
' . K-4 K-8 K-12 K-16
| l (0) (17) (14) (6)
N Total Quad 19 Average Quad 12.38
Figure 15a
l ' 101




NUMBER OF ALLUVIAL FANS l
BALUCHISTAN GROUP
w (00— Total per sheet w '
J-5 J-9 J-13 N-I l
(9) (6) (6) (5) '
J-6 J-10 J-14 N-2 I
(22) (9) (6) (13) l
J-7 J-1 J-15 N-3 '
(5) (7) m (13) '
J-8 J-12 J-16 N-4 '
(3) (12) (10) (1) '
Total Quad 148 Average Quad 9.2 i
Figure 15b .
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BLOCK DIAGRAMS OF ALLUVIAL FAN SEQUENCE MORPHOLOGY

*

a. New Talus Cone b. Initial Development of Fan

Initial Coalescence of Fans d. Old Coalesced Fan

-

Figure 16

-
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Figure 17. Fanhead trench at niouth of Corkscrew Canyon. TNote the
stratification of the diluvial beds which stand as
remnants on either side of the present trench. The age
of recent erosion can be gppreciated by the size of the
vegetation on the floor of the wash.
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Figure 18. Boulders transported by flood water on the alluvial fan near
Furnace Creek, Note the fresh sppearsnce of the vegetation
at the base of the fan.
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L3

L

E Figure 19, Litter-strewn flood wash near the hangar at Furnace Creek
Alrport. The 1light colored streaks are clay deposlts.
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Figure 20. Clay wash on the alluvial fan near Furnsce Creek
Californias. This area recelved only a very light flood.
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Figure 21.

Alluvial fans near the Amargosa River at Saratogs Spring.
Smell alluvial fans and talus cones are shown in the
lower center of this aerial photograph. A deeply
dissected middle size fan is shown in the right center,
and an old age coslesced fan is shown in the upper left
of the photogreaph.
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