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In May 1959 the ,'~ Research Office requested,tn&t specific criteria
for terraiIi elements be devised. as abasie for revis:lon of AR705-15
tlResearch and De¥eJ.~tof*ter1el,operationefle-t:eriel"tJnderErlreme
Conditions of Env1'ronment, If and M111ta:ry ,Standards. KIlowl,dge of the per­
centage freqllency "ofoceu.rrence of· specific 1&ldf0X'mcb&p:acter1stics in
rePresentative ss.n:tPle,s in.the'.jor .geographic regions of the world would
provide a realistic basis for this revision. Such dataareessentlal for
the selection of :te$tinga,reas for new equipment, aIle}, as a test of the
representativeness Qfthesetestig areas. Also,know;ledge e>fthe' fre­
quency of occurrence ofi:m.pll,s$able"natural obstacles anQ. of unimpeded
routes is of speci~interest·tothetactical comma.ilaser in deciding where

JD8Y,expecthis"'vehicles or those of the enemy to gp' and where they
will be, stopped.

Quantification of l_dfo:rnl measuremel.'lts anddes'eripti()n, essential
to frequency of, occurrence dete:rminations, has not been' 1P'reviously con­
ducted over largea.~eas. The C0:t1>sof' Eqineers' Waterwsys Experiment
Station has proposed a system of landfonn.classif1.eat~onforsmUlarea.s.
The Earth Sciences Divislon proposed tn&t the common landforms in each
of thepajor regions, ~r those landforms most frequent.lY encountered,
should be studied, e.g., dunes, badlands, canyons, ,'an~dry washes, using
the Corps of Engineers Wa.te~s Ebq'>eriment Station. qstem. Previous'
studies .have atteqrted· to quantitYalJ. aspects. of .ternl,in. ,TlUis study
concentrates on a s:l.ngJ,e type ,of landform present1.ng ,'(I) a. generalized
overview, (2) a selection ofm1litariJ.y significant feature~~ and (3) an
analy'sis of these: feat'\.1res. The variety ofphy-sical values Wh.ich have

for thiss1ngle type of l~dform precludes its 'treatment, as
"under the Brit1sh Military EDgineerlngExper1mental Establish­

Landscape Pattern Classitieat10n .System.



This report is the first ota.serieson quantified description of
alluvieJ..fems.. A.seeondreport entitled uAerialPhotoInterpretation

.of Milita.rilySignificant Features of Alluvial Fans" is in preparation.
A third report entitled nAMilitary Anal.Ysis of Alluvial Fans"willtreat
the details ofmicrorelief,def11ades, and obstacles to IOOvement of
military-vehicles. .
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PHYSICAL ·CHARACTERISTICS. OF ALI1JVIAL FANS

1. Introduction

Alluvlal.fans are water-deposited features at the mouths of canyons
emptying intonder valleys. They are fan-shaped .deposits, consisting
of rock debris washed.outofthe highland.in17hich the parent canyon is
located. In western United States approxilnately one third of all sur­
facemateriaJ.. is a.l.luviaJ.. Because of their relatively gentle slopes,
good. drainage and sorted compositi.on material, they are ·:frequently ·used
for sites urban de"trelopment, agriculture, etc·., e~pecially

in where th~ .playa ·iEi too.sdJ't· .and· saline theIOOun-
tains steepandcomposedof·ma.terial.stha.t~retoo for
purposes" lv1ilitary operations in desert regions, in folded
and faulted a,reas(suchas the Basin andRangesphysiotsraphic region)
would realize definite advantages if sited on alluvial Because
this potential use, it is mandatory that detailed informa,tion ~be ma,de
aval1ableconcerning these features.

a. PupPOse

This report presents results of the first part of aU.S. A.rmy
Natick Laboratories Scientific Director's In-house Laboratory research
project.. The reseal"'ch was conducted (1) to analyze the phy"sicalchar­
acteristics of alluvial fans in the desert areas of southwestern United
States, (2) t·o show their distribution, and (3) to measure, quantify, and.
show the frequency of occurrence of theirphy"s1caJ.. characteristics. Data
from alluvial. fans ,in a desert area in West Pakistan, -well as from
individual fans in humid areas in the United States f are included for
purpos,es of comparison. This report is the first of thrf~e on alluvial
fans which will present (1) a generalized overview of al.:Luvialfans as a.
distinct landform in desert regions, (2) a selection of 7nilitariJ.y sig­
nificantfeatures of alluvial fans based on the interpretation of~ aerial.
photographs, and (3) an analysis of the military significance of micro­
relief, defilades and obstacles to IOOvement of militar:y vehicles. Some
of these influences were found in the present investigation (see Appen­
dix D).

b. Method. of Study

Recognizing the impractica.bility of studying all the landfonns
of a particular type, sampling was initiated by (J_) illspection of small­
scale maps, (2) analysis of individual landfonns orl seleeted large-scale
maps, (3) detailed interpretation of these .featul·es S}10-VHl on aerial p11o­
tographs, and (4) field checking and measurement of questionable or lUliden-·
tifiable features. This s~ling was augmented by compa':ative studies in
which one area were



area. Every 'identifiabl>e ··aJ.luvial.fan .. detectedon .the small-scale naps
was measured on a to~41 of 82topograpbic (15 minutequacirangle ) sheets

theUnited States', covering 19,5l6squar~milesof.desert landscapes
see Appendix B for list), and 32 to:p0grl.iPhic (15 ~te quadrangle) .

sheets in West >Pakisi;an {see Fig. 15). /

IIlordertoestabllshabasisfor comparing these, d~taonaglobal
and tcr .. eventually,determine·. the .· •. totaJ.geographieaJ,. .. distribution

ofaspeclficalluvialfantype,data,werecompiledfor,;50ne-degr:equad­
rangles •• (10 latitude. x .•1 0 Longitude)· Within .the sUb"re~ons.·.(p11,ysiographic
provinces) desGribed. below. These data fit into theQUBJ;'termaS'terDegree
QuadranglefutaStorageSystem*,where theirrelations;hip with 550 other
environmental factors,·canb,e found Without recompilation .or .reorganiza-

vlhile alluvialfandatacompile'd fordegreequadr~glebotmdaries
notagreewithtbose. commorJJ.y accepted for .. physiographic.provinces

they are usu.a.J..lywithin acceptable transition limits (see Figs. 3 and 14).
The study is intended: to obtain a total of all significant data, and .the
frequencydistributioIlof these data, rather than to b,e>8.nexercisein
regional bounda.ry dec"lsions.

Thisresearch~sbeen conducted in twomutually$upporting phases:
investigations' and field investigations. In'bo~hinstances,

research andtraining1n technique preceded the ,actual work.

Laboratory Investigation
I

following methods were used to differentiate lalldformtypes'
...... .I..ll.""n.... on .••··Illa.ps .and' .aerial,·p.,botographs.

Map and. aerial photo interpretation•.... Determina:i;ion of total
and areal occurrence of aJ.J..y-vialfans1n each 15'topographic S.·he~t,

degree quadrangle. Determinat10n of the general physical
of ·ideaJ.-typicalalluv1alfan types by inspe~t1on'ons.er­

fromtheares,s covered by each 15't<;>pographic sheet.
specific 1 forms .··on .map scales 1:25,000, 1: 50,000, and

(2) Stereocomparagraphy. Preparation'of local relief, .·.obstacle,
slope" .,anddrainagema,ps.

(·3) Planlmetry: •.... o Determination .. of" total areas of landform. types,
location and frequencyofnaturaJ.. obstEj,cles,andestablis1}mentofvehicle
passability. areas • 0

* See: Digitized En\Tiroronental Data Processing, Research study Report .
RER-31. (revised) ,EarthSciences Division, Quartennastf3'~ Res~arch and
Engineering Center, Natick, Mass., ·Ma.y.,.1963
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Field .·Investigation

The following measurements· were made .of·..alluviaJ. fan .. types in the

field:

(1) Total relief' (elevation of' apex minus elevation Of'apron).

(2 ) Length {apex to apron).

(3) Total.widthof·the apron.

(4) Radii ·of curva~ure.

(5) Gradient (totaJ..,hoJOOgeneoussegments).

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

It is recognized that each type of landform requires a different
series of measurements. The above are specifically foralluviaJ.fans.

'The Avawatz :r.buntainarea (Fig. 3) of southern California was selected
for a ·detailed study of .alluviaJ.. fans"inasmuch as a greater number of
these features occur here than in any other area of ·similar size in the
United States. The Avawatz M:>untains are located in the Basin and Ranges
physiographic region, an example of block faulting topogra.phy. Frequentl.y",
this type of faulting has greater local relief, and more examples of thlf)"
relief than other landform types. Add!tionaJ. examples of this type of
topography are located in the Alpine-Himalaya Ivbuntain chain of Eurasia,
and in the system .of mountain and rift valleys on tlle eastern edge of the

Arabian Shield.

For comparison, alluvial fans were measured in 2 one-degree quad­
rangle areas in the Baluchistan Group of mountains in '~est Pakistan
(Fig. 14), which is a part of the Alpine-Himalaya chain. Because of the
close agreement between this physiographic region and the J3a.sin and Ranges
region, in climate, elevations and spacing of mountain masses, and in the
geomorphic processes which are or have been at 'WOrk in the two regions ,
the physicaJ. characteristics of alluvial. fans are close~y analogous.

c. Limitation of the Present Stu~

The required topographic maps at scale 1:G2, 500 or larger were
{ not available for many areas in-the Basin and Rangesphystographic region.

The available ma,ps afforded complete coverage of only 5 degree quadrangles
in this -physiographic region.- Varia.tions in delineation of details be­
tween map cOlnpilers prevent close comparability between landform data

3
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neighboring topographic sheets. "Widecontour interv-als
) many instances made the inter'pretation of 'landforms

particularly in the case of small alluvial fansoT talus
such widely" spaced contour intervals it is impossible to

t:healluvia1:fan apron, a significant feature 6f.very' low relief.
instances neighboring sheets had been mapped 80 years apart, and~

v ..... ;.!........ " ..~\" ..... v·....l was impossible. For close comparabiltty, landfor:m data
obtained fromma.ps or aerialpbotographs ofth~sa.me date. ~

CompEtr1sonof ffndingswa,s'possiblewith only one foreign desert
Baluahistan, Heat Pakistan, .and this compa.ris9~ws.Sinc01IlPlete.d1.le

period ,of time allotted, for field work and to tIle type ,of
available. Ivbst of the availablema.pscovering the desert
Pakistan were co:rnp11ed prior toWorldWa:r II, and some were

.World .War I. While major landforms have not changed mark-
landforms such as q.rainage featuresonalluviaJ..fans have

Inthef1elditwasnot'possibleto~ethe accurate
point-to-pointanalysis o.flandform change with time since the last 8ur­

to theltirrltedsizeof the field party (onema,n) ~dthe lack
long-distance survey equipment • Published :rna,ps do not cover

Baluchist~GroupPhysiogra.phicRegion*at the seale ofl :62, 500.
frequent use of hachureson these maps rather than

as well as the wide interval and casual deline'ation> of
precluded,astudy of 'landforms based on this source alone.

Terrain terms used in. this report are defined in Appendix A.
the.se definitions or terI'ain terms aregivenvlllere the
in agreement with the findings of this study. Thesemay

earliest definitions. No attempt ,has been made 'to interpret
wide variance tnterm1ndefinitions among the various

of variou$scaleswere used in this ,study. The most
x15 t Latitude{scale 1:62,500), which are

,"~"''''':'lI'"", astoP96Ea.J;?hic,' sheets. ,WhE!re ,mo:re, detailed
r-k'quadrangles, they are.referenped to the map

000, etc.). In order to relate the findings of this study
to the generalized ,orsunrmarized materials ava.ilableforot~lerparts, of
the world{somefactsare {Siven for degJ:'ee g,uadrangles (1<1. Latitude Xl <I

Longitude), each of which .includes 16 topographic sheet.s (15 minute X
15 minute) at the scale 1:62,500 (seeF1gures4a, b,c,d,e,and
15a, b).

"* See: / A. !<:.I..obecl(,Phy"siographicDiagram of" Asia, Geographical frees,
ColumblaUniverstty, 'N. Y., 1945.
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e. History of Alluvial Fan Studies

Inl841,theFrench geologist, Burell described the formation of
alluvial fans as a process beginning with Alpine torrents,wlIich cut a
halffurmel-shaped bassin de reception in the upper courses, while in
the ·lower course~ .the material was deposited .. in .a·· cane de d€jection. In
1882,G. K.Gilbert clescrib'ed the formation of the alluvial fan process "
flwhenthewaterleavesthe margin of' the rocky mass, it is always united
into a comparatively sma.llnurnberof streams, and it is by these that
the entire volume of detritus is .deposited abou.t<themouth of each gorge
in asymmetric heap of a,lluvium,aconicfil mass of low slope descending
equally in all directions from.the pointor'issue." All authorities
agree.that the .depositionofalluvialmaterial is the direct result
stream flooding,and the accumulation of debris. In 1928, Blackwelder
noted tha~ mud flow in certain fans constituted their. greatest bulk. In

that there is a correlation between the
~~~~~~~~_~-~~---~-~~~~~-__-0~~- brithefans. He noted that m~

conditions, wl1iie's~rream

commonunder.wetter cliroatiQ conditions.

In 1891, McGee used the term "pediment 11 for> the plarled rock surface
developed by sheetflood erosion. Davis, in 1938, stated stream
floods are characteristic of alluvial fan washes; alttoug11 stream channels
maybe dry most of the time, there are occasional floods afwater 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 maybe 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
streamfloods • Irr,... l24.3,., ..PaG~ ...;r.E2PQg~.~~~?:.~)}}:·_~~:periods ,.0f. floodingin

.J!r,;b.~ _rno.1lllt.a.iJlft: _ ~P;~c.. :rirstatorrential str~a.rn. flood,the second a mud
fJ.-01N~~uE)~,9-.~:xthebre~ingup of debris in the mOillltain canyon, and the
tbird...a ....p..erJ..6.d:.. o.r'dWil1dlingstream flooding. In 1928, Blackwelder stated
that the mud flow of the semi-arid mOillltain canyon is irrtermedi.ate between
the better known landslide and the ordinary strealnflood. He stated that
tl.1e mlld flow behaves more like the lava flow, gliding over the surface
withollt the internal churning that characterizes stream flooding. In
1935, Chawner added t11atmud flows quickly terminate with sharp, abrupt

arldare deposited in definite sheets; in some localities they have
regUlarly and are superimposed one above another in such a rr~nner

distinct terraces. Bull (1963) differentiated between the
characteristics of mudflows and water-laid (ieposits all alluvial

5



Beat:{{12,g3) p()i:nted 0tlt that "thegr~atest accurnulatio~ of debris on
fClns, c!1~~f~¢1~positionnl.process,occursdurip,ztl1e 9Qcasional inten-

do\·rrlpourill{SQ~rwatel" in "f::;11ecatchrnen-t basin at ,tIle time of thunder­
usuall~ldl1ring<thesun'B'ller months in southweste~rnlJnited States.

Det'Vleen ~l'1eSebCcasional··storms Inost, oftllese ·sI1lall. canyons. are dry. There
detrit a1",gQGUJIlu.l~ti()pontIlec~II{On floo~rfr;omlandsliCies, rock
solifluction, anc.. aeolian accumulation. AJ.f)O, SITlCtlll"ctins high in

mountains may W"ashslna.llamountsof'gra',el andsa.:ndintotlle canyon
tri1Jutaries, even though there may not bel any l~ainovefthe CQ.r)~)'-on itself.
The gradualae.cU11n.tl::ltionof all of this mat<erial prepares adetritaJ. load

the floodtocarlj{ onto the fon. In the few'lnstances where
flo1.rcon~~nuall:YJ.ntJl~car.tYonabove a fan, it will be found that

water is u.sually clear and \onlyinsigrlificant amount.sofsandare be­
Inovedbyitsforce b.etween storms.

Considerable literature, mostly in text boolts,is a"ailable concern­
tlledevelopmentof alluviaJ.·.. fans and the dynamics of moving water a.s

agent Of" erosion. Very little has been pUblished, however, in the'W'aY
phy-sicalmeasurements of these features, and other than by Strahler,

is a marked lacl~ of pUblished frequency of occurrence data on land­
Authorities such as Dana., Grabau, Scott, Earley,andVaughan have

included- measurementsofaJ..luvia.l fans in studies on othe:rsubjects. Some
data are cited elsewhere in this report.

P&sical Characteristics

a. }1ctp Intet:Pretationof.A11uviaJ..Fans

Ana.1luvial fan must (1) be a. fan-shaped deposit, and (2) be com­
:rnt:),teriaJ..'s. It is recognized that 1nsome instances the

surfacedeposits .cover a pediment, ." taJ.us , or ". even ..ro~k .Sll.urtp· .de-
alluvial fall isindica.ted on a topographic sheet by contour

CllrV.e ..or .. he.D.d.dO"tm.stream (Fig......•.1). Contour lines along stream
valleys bend upstream (Fig. 2).

canyon, the contour lines bend upstream, but at the
mouth of the sarnecanyon, they will bend down-

a wide contourinterval,indicating a leveling of the
mountain drainage at that point. The spacing o,r contour

lines.increases gradually down-slope on the fan put, 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.

6



nsome instances, ~heedge of the apron may D,e indicated
of desert shrubs shown as a green tinted line on the topographic sheet\
(l\.shrv1eado,.,s( Nevada-California)<'and Furnace Creek (California)). These \
:plant.~' are nour:1.shedby sub-surface" d.rainage· in the ·fan \-l11ichapproaches
the surface nearrt¥eedge of the apron. J:rL!!~9-are!tsw~eret~e~\Xvia.1
ff1ltJ1lB,~~~ia:r.~~~~~~~ivelysterile rath r thanfeftile as the flood :plain
o-~~'·'·~ffI·ch~'-·it·waff'·'aep6s·tted,theentire fan from .apex· .to "apron
an absence of vegetation (see Philipp (l1ississippi) topographic sheet

\'!here thedoWrlslope contour arcs. arehighlyirregtiLardue
tion, itlne..y benecessa:ryto draw amid-pointarcsegmerrt on
strearnor' upstream bend to obtaina.nappreciation Of the true

\ the feature. If these arc segments do nat ,join, it. is not - ,
the landform an'a11uvialfan. ThealluviaJ. fanfrequerrtly
or channel indicated at or near midpointO!lthe
back"Wasting which' maybe shown on a topographic mt:1]?

downslope arcs, will not have a streemchannel (Fig. 2) It

Slopes on three sides of Guadalupe Peak, Texas,
field to determine indicators of difference between
and, alluvial slopes that would appear on topographic Inaps,~

that although both features have similar map symbolizatioll .e., con-
tour lines bending downstream) tl1e backwasting slopes had gradients
excess of 600 feet per mile, in. nearly, all instances. \'mere
could be established definitely as alluvial fans , the srnaJ~est

slope gradients of from 300 to 600, feet per mile, and the largest
slope gradients of from 50 to 250 feet per mile. The gradient of
cent valley was 7~reet per mile. (Also, see Fi'gs. 6a,61J, and

The interpretation of alluvial fans from maps depends
accuracy of delineation of contour lines on the map. In the United
States these are usuaJ.ly carefully plotted on topograpllicsheets.

than 1,760 feet (one-third of a mile) in .lengtl1 usually do not
on tQpographicsheets 'at a scale of 1:62,500 but they- are rea.dily
aerial photographs. Where the topographic sheet has a COl1tour
of lessthall 40· feet , nearly all alluvial fans will "be Sl10wn, and W!lere
tIle lntervalis less than 10 feet, nearly all of tIle charact,er-
istics of the fans 1nlwlbe shown.

b. ~;1o?J2h()?~()gi~~,Cycle
"~'Y.<';t"W;*---i:<~~);;i:8~:_"'-I:::c;-~''>:;''_'''''','~j;~.'X--:4''",,,';';"~+>:-,,_~~~.:"'-k'~-

B.mal~ 13,:gllyialfans, or cones,- form at the J1Outhsof fIssures in
a".,.f~llJ...!.. ~~arp or transverse canyons in the valley side, either loy the gra­
dtlal- -"accwnulation of water-la.in material or by the deposition of this ma.te-
rial over a ta;Lusc6ne (Fig. 16a) • Fans develop frorfi the di.sintegration,
erosion and redeposition of material in a desert HlOtmtain catcl1ffient hasin.,
As the ,Cans increase in size, the catchment basin also increases in size "



origillal scarp~~~lldisintegratesandtb.efan "apeJ{nlQvesup~~~,?_l

former ,faUlt scarp ():f valley side to tIle 1ImJterslle(lc::"est(Fig'~.~

.~!l~~, ....~.~ ...~.~.~t~~f~cove:rs . the entire .....•$J.()P~ .... oftlieransc on ·.~.,hiC11
located; ~~~~].eisseenon the north slope of tIle Funeral 1·loun-

Big Dune (Nevada-California) topographic sheet (also, see • 21).

(1) Gradation

"A6;r.u\f~?Jl·fans ~eapr()CJ.llct.of the.'. grad.ation .... ofn1olLUtaiJ;l
masses byst.:rea.Ui cutti.~aJ:l(l .E;lopewash • .All. streatrlstend to. form a graded

'fueJ:c(~depositionaJ.processes aremorea.ctivetha.!l the erosional
at the base ·ofthe flanks of desert .mountains, .alluvial fans are

i1Jo.L\"J'I;.&.,",II.,"",_-..A.' by 'streams carrying debris from the highlands through tributary
trunk c~ons. Ap.~g:r~EJ,se in ..... grad1el1t.~~ .....~ ..... ~e~uction .ofveloc­

-{j:r~g.ll?PQ~~:rl.gpc>~r.,.~t.... <:a.ny9n .mouths .ass1st,~."deposit~9n.• ·at .....these
Velocity:IQE;s~iE;dueto both lessenedgradieIlt~ddecreasein

seepage intolpose, permeable ma.terials.Asthevelocity of
~ .•~,,,~ .....,d, torrents begins .toslacken,deposit1on '.'occ~s. (The heavier fra.g­

are dropped ,first, and as the nood subsides, finer and finer par­
are deposited during t~~· downslope movement • ".Thet·iIl~st material

d~~;~i:diint~~/~::8iIlJl~:~:1n~:;i~:St~~ ~~~~i~fiih;~uni~ons
mass.

(2) De;pQsitiQn

flow deposition is hi PJ-yirregularand is 'normally
long periods of quiescence dux-ingwhichunconsolidated

accumulates on c~onwallsand,floors throughnormaJ. .weathering
1)rEDC~~Sf>es timetot1me heavy- rainfaJ..l shifts an enormous volume of

the catchment···· basins of the' mountains to the SUbjacent fans.
of'Slopee ..generall.y ·.characteristicof ·desert. mountain ranges

thetorrenti~.sp~~which develop after each rain stormsllch
velocity .tll.at ~t7'~~~~:boulders,25 feet or more .. in diameter,
sportedtoget r Wlthtremendous mudflows of'cobble, gravel,

they emerge 'fromthe'mountain'valley onto·the desert
checked and the burden. of sediment is de­

mouth the va1.1ey or redeposited in the subsequent storms.
During ". .' between major rubble flows, while mass movements and other
slope processes, such as soil creep,rock.drift,.rainwash, etc., transfer
debris from ca.nyonwallsto trunk caDY'on floors wIthin the catchment basin,
morphologic changes on the fan surfa.ces are minor.

(3) Stabilization

Soil and talus on ca.nyonwallstend to> bec.olne stabilized
during periods of quiescence. Davis (1930) states that ltduring the delay
in the recession of the basal slope by reason of its being talus-covered,

8



T:loreactive recession of the bare rock surfaces in the
lril1 deC:fease the a 1terage declivity of the valley sides ; and
incr~~asirl{~ de"\leloplnentof asoil cover and with better esta,blishment
plrtnt growth upon it, the declivity of the valley side wil~ be
ively lessened··.··untilall t11c slope above 'the retreating
cloa'KeuyTithfiner and finer detritus and covered with an
del1se "plant growth. H

l~1t%~,

lilt .""" ..,,). ..' '" . ' n' ' U

OQ.~\J ~,J;i,19:.t:,aA.C~~Y?"f),9:r:lP,~()pqt)~d the name .... fanglomerate
fl~P9,~.~'~~ef,,~?,~~':lyltU-•.. fan. In .. 1911 .. W• H. ·Norlon···.·proposed

"u}ii:t:jada'iJreccia"tor the same material.s. The .name fanglo:rnerate
be the more acceptable term. The a.ge of f'anglomeratedepqsits,
,J2~,§:tlt":}~~.J.:l,~1l__,,f,aJls,.are .of the. Novaforma.tion,andwhich have been classi­
fied as ~/1iocene by some students, and as Plio-Pleistocene by others,
the length of time that the fan-building processceshave been
tlleseareas of these deposits occur only 2 feet above canyon
and some areas much a.s75-100feetabove the noor. The position
dE:,1PQsit s indicates that the canyons .. werefirst cllt to a deptha.1rllOst as
areat as at present, and were then filled with alluvial sands, gravels
which' lay'lU1disturbed for a sufficient amount of time to permit cementation
and cODlpactionofthe beds, and were then eroded to present depths. The
re1ativ~ softness of the fanglomerate permitted a l1lC>re rapid erosion in
the areas where the material was d~osited than in the nearby areas of more
resistant 'rock, so that the fanglomerate was gradually sapped during
the 'stream flooding in the canyon which carried the rou~sll,

from the weathered surfaces above the fanglomerate thrOl1€~11 tlle canyon to
be deposited in the fan below. During this process JOOst of the fanglomer­
ate deposits were,carried a~. The present depqsiti.oll fang;lomerateon
the sides of tIle canyon shows that the present alluvial fans are the resul"~

of rejuvenation of the mountain mass to a youthful stage following the
period when the present exposures were buried under a mant~le of material
which has been largely redeposited. The present cutt:Lng in tIle fan itself
SllOWS that much of the mantle of' weathered material I1B,S been washed a~
from the upper slopes o:fthe catchment basin, and that era'sion, particu­
larlyat the head of the fan, is more active than the depositional process.

~ep washes (greater than 10 feet vertical slope) may occur at any
point along the fan. Th.~are ~spec~a.llY prominent in the zone of degra­
dation near the motUltain face (fault scarp) where contintled erosion and",C
stream cutting' in the momrtain canyon has sufficiently lo\~ered the gradient!
at tIle fan apex to cause deep cutting into the fan alluviu'm~ fI1hese washes
are the greatest obstacle to movement of either vehicles or How-
ever, they' are usually not continuous for the full lell,gth. of tIlE: fan &~d

routes across nearly all parts of the £an can be·found in the zone of ag­
gradation. )(IJ:l~()me instances these fan head trenches or washes may have
vertical c1iff sides from 10 to 50 feet in hei~~t, rold total loc8~ relief
of 70 to 100 feet. Large boulders, 09~der trains, steel)I:! beveled ditclles
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th~p.ead of an arroyo are obstacles tOIDOvetnent on the
mfcro.-features may have slopes greater tha.nthe25 Ct for

Milltary vehicles may overturn in moving over rough
slopes.

Surface.· CO!!P9sition

C9mpQsitionof materials in· the mountain mass in:rluences
surface roughness of the fan, as well as the size of tnaterialsonfan

"' ........ lI_"t'"-"... "".",h_· g~.g.~O!tltELwh1chconstitute an alluvial fan are chaxacterized

meIl~~e~d~~§;~i~~~;'~~:;e~P::riing1q
·'••~~.' :iC=:~ii~ o~e::i~s~g-

a cut "at '. the southern base of Iobntgomery M:>untain on the BullfrO~
(Nevada-California ) topographic sheet showed thickness ranging from 1/8

to 3 feet of cobble. McGee (1897) described the debris in
uvarying in thickness from nothing to 40 or 50 teetlO u

fansbelollsect.ionsof .granitic. desert .. mountain ranges
",,"V.ll...l.U..I.. w 'V'1Ilool' ofsand,co]jbles,·a.tlCl.:g~:r-9~slar€;~ })()~9-t::;$ • Occasionally,

of extremes1ze aretoundfar f'romcanyonmouths. This. type of
surface tends to berougb.Debris in fans belo'W ~a.mt:>n>hic and

seetionsofde,e:rtmountMnI,containsa J.a,rgeproport1onof
...,......."t!Io'..."',.,..., and cobbles. These tans are characterized .bycomparat1vely

with few large boulders • The size distribution of ·sur­
on ·f8i1s1Jnpllestbat'debr18 flows contr1butebyfar the

amount ofthemater1elin thef'ans,andthat deposition by l"tUl- .
-.............. __. is only of minor significance (Beaty 1963).

braiciE!d.pattern.lscharacter1st1c of .. stre8Jllll flowing
i"ans,a.nd. asa result of repeated channel shifting,
tirile flow dOlm,.almost every possible raqiu$ of the fan.

cb.a:nr1elcbangese.,re.11as~causedby the plugging of act!ve
rubbleandlargeboulder.s until channel .. walls were overtopped

flood-flow turned toonesideortheothertocontlnue down the
along courses. Abandoned channels are still identifiable below
sites ere Iarge oulders were stranded. I.a:rge boulders are often

found 8tupper end· of abandoned stretches of. channel. In some in­
stances an assortment of '$lIIall.boulders, cobbles, and heaVY'lDasses of mud
Will be fOund near the point of cha.nnelchange. Fan mesas, frequently
topped With desert pavement, are isolated by these channelchsnges. Quite
frequently$. flood-f'lOW'Ofexceptional volume and violence bursts from a

c..aDYo.n .mout.h.. tot.ear· a.. I.. i.•,.••..•C.......• hanne.l a.c.ro.. as .. t he. who1.e width Of.th.e previOUSlyaccumulated fan mas,S'. \ Near the. fan head such a .trench :tnaY be 50 or zoore
feet deep and hundreds· of fee'twide. Below thecba.n.neled slopes of the
fan, the valley torrents (strea.mfloods) become wide sheet floo<ls or cut
cha.I'acteristic washes (wide, fIat-bottomed, steep-walled cba.n.nels)
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(6) ,TYPe Classification

AlluVial fans :may be classified primarily lnto arid and
humid types because of the distinct physical characteristlc5 of these
landforms in each region. This report is concerned priIrllll~ily with allu­
vial fans in arid climatic regions, inasmuch as the greatest number and
lal"ge~tsizes of these features are found where rainfall is extremely in­
frequent but torrentiaJ.. when it does occur.

UnG.9P~Q:J..+~~~~:l:1l~t4.·..,.aJ.l4~9P.l.lyiaJ.. 'accumulations on
canyo~'.~.ij~~·~·~~~<1,·on1;~ca.nyonfioors constitute the primary" sources of
deb:r1..s ... whi C2!l.wi±l.be .ex-ocled '. trom.tlle.lllOuntains and depoeited on, fans by
major rubble~J..()~~uringor- following heavy rainstonns. Ca.nyonswhich
havebeenscouredo:f these deposits will not produceD:lrphologicall.y sig­
nificantd.ebris flows for many years. (A build-up of .• fresh materiaJ. must
takeplacebeforeca.nyons willagainy1eldlarge amounts of rubble. r.rhis
process is dependent upon the chance concentration of hea'vy rainf'all some~

where in,s. catchment basin, together with an ~ccumu1.at1on ofdetritaJ.
ma.teriaJ.. in this basin.)

~~<' ,~) "~r '~'\

~(~;}"¢"~The_-_,~owt~h._~d_,~,~~~scenceof a series of' alluviaJ.. f~UlS takes place
!:r~~~~~ ..~~tel"al shifting of· stream courses across tIle fans. When

t~ctori.!c<111Qvements .. aJ..ongthe mountain :front .. occur, or whell stream cutting
Q:Q~'t~~~~'VJY1,~_tloor.~Ee.f?~tsin a~teep-sldedbaseon the alluvial out-
~k.+~,a,secondarya.lluv1aJ..fan·ora series ofthe8e~' at
base of the steep slopes, 8uchasthe secondary fans in Narro~

'the base ofConf1denceHills, Confidence Hills (Ca..lifornift) topographic
sheet.

InIOOst of the major washes and larger valleys, a surf1ciaJ.deposit
ofalluviaJ..materiaJ.. "occupies most of the wash or valley·' floor .·with gra­
dients similar to those of the lower courses and aprons of.aJ.J.uviaJ..· fans ••
In nearlyaJ..1 o,f these washesandvalleyssmallalluV1.aJ.. fans can found

c aJ..ongtheirsides at the mouths of tributary canyons. Inmost1nstances
these fans are quite .··smaJ..la.nd theyte:r'IDinate high on the valley or
coaJ..eseewiththe,aJ..1uViaJ..materlaJ..onthevalleys1deeventhough there

, .~ is no evidence ofotheralluViaJ.. fan-building processes for the ·....~.oJI~
mater1aJ.....~!L~:t"~s~t1()n.ofJ;~~l.1.p<?~.o*<l~:t" aJ.l\lvlaJ,..lJl3,teriaJ. and
th~.~~.JJat~E:-·()~-the)1If!.",er1a.1.L~13E:~•.(t.~'ll~L~?E:f3s, bo11lders,.· etc •• )
sugget'rttba.t tbes,edE!P<-1s1ts. occurred~eiiIY..!liJ~~~f13:t-~E:Iletimesand that
recentt~ctonicactionha.sbeenrespon.1.h1e--.,~,for.,the:'rejuvenat:f..on.... of' .... the
aJ..luviaJ.fanprocess. InDeathValley,'forexa.mple, there are Pleistocene
benchesformedfrom<thea:lluViaJ.. materiaJ..s ontheva.lley- sides. Remnant
eplintersfromthe previously upll:rtedvalley sidesmayinterrupttheallu­
ViaJ.. dra1nagepattern at ·atlY·point from the apex to the' apron. Also,the
dissect1onontheolder,largertans in some instances shows no relation­
ship to present drainagepatternse



For purposes of comparison,s9me notes on alluvial fans in humid
regions have 'been included. An attempt to. cott(!late;meaIlannual

'l,04lI- ..........._ with al.luvial.fancharacteristicswas not s~ccessful,·however•
.__.... _- Narrows (Utah) and Sierra Estrella (Ariz0na) areas receive 16

ofrainannually,butaJ..1uvial features in t~efo:nnerareaare
andsho'W' little erosion; in thelatterthey.are covered with

bush and are. me.:rkedbyprominentwashes. Meanrainfa.l1 .tnboth the
Delta. (Mississippi) and the Se~tchie Valley (Tennessee) .is 52

, "I1""U'·'ns.;;;.C!' butalluvialfeatures1ntheformer area are barren,erodedgrave.l
while inth.e' latter they are heavily forested mounds • ..However,

apparent difference between the physical chara.cteristics
in Amargosa Desert with 6 inches of annual rainfall,

the Gua.dalupe:Mountains .with 10 ··inches of annual rainfall.
preliminary. findingsfrom··sample areas only, and· shoUld not

as verified·· .·.generaJ..1zat1ons.

A1.1.uvialFans in Arid Climates

The greatest deve1p:pment of alluvial fansoccUTsinarid and semi­
eurbanizedarea,s innorthernUtah,aswell as most of

areas 'in that state and.neighboring res:ionsarelocated on
AlluVia.lfansintheLake Bonneville area haveadistinc­

because the mountainous borderimmediately.adjacent to·the
Pleistocene lake is parlial.ly covered by benches (heavy-beds of :

) which mark the former shore lines. Alluvial fans formed
ofthesebenchesarelargelycom.posedof the bench material.

of.tll~:qQ'V'E!:rof' gr~ss,sqruboakandmounta.1nma,hogt;nyontIbet of
the > present development .... Qf .. the fan •.. is slow and. ··usuallyoccurs

washipg Qf fines from· the catchment basin.

al.luvialfans in the Jordan River Valley were exa.m1nedin
These fans are shown on the Jordan Narrows (Utah ) topographic

by·a wider ·spacing of the contour 11nes on. the lover slopes of
··I~A"l!"'.~~~'O MJuntains(contour Intervalof 20 feet). They are not posi-

from mapsymb91ism at thescal.eofl :250,000.

A reconnaissance was ma.de of. the Sierra Estrella.· in ..·sQuth-central
Arizona the Gila River to theessternslopesofPicacho Peak _(In
this area alluvial fans wereclearlyidentifia.ble by the density and
bright green color of the vegetation. Thepa.lo verde,·eacti,a.cacla,mes­
quite, and other forms grew in thick clumps' on the .fans, particula.rly on
thelowerskirts,but were sparse eJ..sewhere. By .'WaY .. of' contrast, .it was
noted that the vegetatlon on the, alluvial fans in the Death Valley region
'iemore dense only in the stream channels atfanheadsandat stream sur-
facingpolnts,elsewhere.) .

;///

D:ral~~.··<?~ .......•·§A.... ~+y.rt~faninan··.···a:rid· ·region..follo.~ .. a .dendritic
.~._.,~~~.~,~~....The ma.jor mountain valley streamtbat carries detritus to the
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fEUlnlttl.lrflJ..kYplfuI-~ate8:r~~~t,~9J.Y;9-2!1Il.t!l.e,fanslope beyondthE!·C!~9n
~1.l:th ... ··,•.( Fig. .21.).. '. The _~h~~Y1i_,4-~Q....Q_f_...~lOO-t,~:r1g,--g~ s ~t~~.~~~~f.thiso:pening
f'requent;Q(,~~\ls~fI ,~~El£s}lll1U1.ationof-debris,orgii.v-e:r·'pl~'tiIlan active
channel, di"~rting'su,bsequent flQ'W.,ttLonfLSideQ!'...l~=.!,~i).erl. Frequently,
also, .Qea."Y~c.:S~tl.~~~~~~.?~d.~1?ri..~.gJlQne.·.s.lde··Qf. ~,l>.~ ... fan .....·'W:I.~~ause· .. de...
fo~~~:~;i·~~ijJ)~!J.~:·fEUl.',~~:pe,' :resulting ·in ··greate~,eroslQJ1:Qfmiafa.n.detri-
tusqn·'thesrt;.l!~rs:i.g.e.~ndextendingthefaBaprQI}..()Iltbat side. (This
actlo~,,~f3.J:1Qt,.... Qbs.eI2led,in .. httmid,cl1matefans. ) . ,

(""(;:, f\ "\
ontinue .'e~(),f3i.,Q~,~e~ult~g~na _,~~ge. in the g;rada.ti()n(J~·the llX)un-

taill ..13~ t:er:un'Wil:t~~Y~e .:the•.-formation .ot. a faphead. t rencp., ~'Whi~~~ extend
the .ent~re len~,? ".of"the...f~'{but rarely bisects the fan as in humid re­
gions) • F():t'Itl~J.'inIclf'~~lg':fa6es .may:.beiaola.tedabove this new drainage,
a.nderQ~~,Qo;r:l~,~!,!,,~tJ~~-~',fQ~,cJfa.~shlOOrYGutintothelowersurfaceBof adja.­
ceI1-tf~s(see ·Fig. "13). Thedeposltionfrom this wa.sl1 may spread over
a wide area the valley below or may accumulate at a change in grade in
the form of a. temporary low-angle fan.

, L & ., ~l.l,·,.·.'.''''''·''t.'''' a"·,,.•..,.,..,,·,•.•,"',,'.·.·.·.'.•')..,.,,",..:,.'.,.'i\;. ¥~) :f"'-'-,~~._,--'f:-<'~\~':1A~%,~t~~}"t"-'"~1~l,,~S~ "~ ",~ ~~ -~ ~ ~.,;

"_Th,~:r_e'",-,is,~,~Q,-·&pparent"pel&tj.J' ship,c,,,be:t:ween,,,,.the., size of' alluvial fans
lIl.flr;td.r~eg1.Q:os""andthe.areaofdrai_na.g~,.. int!le .... J.llOllntain bas~n5 abovethe~~

For example,. the' large fans at the mouths of Furnace ·Creek andFaJ.l CaJ1Y'on
areapproxima.telythe. same size (each more thall 3 miles in radius) but. ·tIle
Fall GaJ1Y'on drainage basin covers 18 square miles, (Fig. 9b )whiletha.tof'
Furnace. Creek covers 222 ···squaremiles and .connects 'With Greenwater Va.lley
to thesouthand.··AshMeadows·· to the east by lowdlvides (Fig. '98.). The
verysma.ll but similar fans at the mouths of Sheep Canyon and Gold Valley
(ra.dii less ··than 1 mile) are fed by basins 10 and"2~,:square .. miles in ex­
tent, respectively (Fig. lOa & b). The·medium size'~an8 at the mouths of
Red Wall Canyon, Rhodes 'Wash, Mosaic CaJ1Y'on, and Confidence .Wash are .each
approxinately2 miles in radius, but the areas of th~~r catchment basins
are' .9.,2, 31.5, .4.2, .and 17.1 square miles, respect1v~.·'y (Figs. 7 and:: ll).
Although a-,direct .. :r~~~t~9~shiP .. nay be expected betwee_~pe.. 8JOOunt of..ero­
s~q+l~Ci ..tbeamountof deposition 'Within a given syste~,·'thisbalanceis

frequently upset .by. diastrophic 0;1: tectonic movement, aggrada.tion or. de­
gradation of drainage lines,. redeposition of detritUB ,st'r~fiin.... ca.pture,
densitY.of rock'in the :roountain mass, rates of weathering, and variability
or frequency of heavy rainfall.

\~here1.sa.d~f:1nite rela.tionship between the probability of flooding
in these .drainage basins and their areal extent. The chB..1Jce, of the occa-
sional"rainstonn eroding a new channel or causing 8. mudflow 'ls much
~e8.~eri!lthe larger ~asins.) Flash floods may occur in these areas
af't;er a distant storm. In the small. basins an earth or rock slide or even
just a freshening of the vegetative cover on mountain valley slopes may
result from a single rain, unless it is' unusually 11eavy and is centered
directly over thebasln (Kesseli and Beaty 1959).

~st of the field studies rela.ted to this research effort were con­
ducted in Death Valley, California, and in neighboring areas of Nevada



/ /

...I.. ..i..&.C.JrIiJJ,J,J,,\A.""'..LJ. as the incidence of alluvial fans of all types appeared from in­
of 1:250,000 scale maps to be greaterinthe~eregionsthani~

part of the United states. The resultsoftll1s ~tu~ are listed
I .through vII itl Appendix C. '. Techniques used to' obtain· these

discussed later in Section 3,.IncidenceandMeasurement of·A1lu-
Fans, together with a.ninterpreta,t~onof.thesedataforthe.United

~+tIJ' "".e!."" and alsothosefarlvest Psk1stan. Each of the~jor phy"sicalele-
.&.J.A>_ , of the landform (radii,81ope~adient,w1dth,etc.)aretreated;

the 'tables; com.binedmea.surements for individual fans in
""' .......L..i.a.K:.v .....,...,. are shOwn 'in Figu.re· 5-

in Humid" Clima,tes

fans are rarely found in .. h1.'UDid climates .. because. of the
of rainfall. ..,;,¥tS)9q,~-t;~~:r~,~~~n",,~~~Yt:tny.2:~<?§l~"t;!Qn". Q:(,,§ebris

!-ni~~~t~;DJJrJ.eIlt 1ia,~inE).():r.~t'~~P9i:rrts ..ofincreased grade. Suchfi60d W'S:te'rs
speedwitp. increase in grade, .·deeply eroding'anY landform

the' stream bed. Q:gJy",where tectonic· movementsq:r,acGe~l~~~ated
~in .. s~reamshave created a steep .clifffortribtltary,.~~reams

cross, is .. alluvial dE!POsition -likely. to. occur in ,the· formofa'-"'~fa.n.in
humid...·••..c11matlc<rJ~~Q~lS·. .SUch~",g,~Qs1tions ... ar~. short.l1vedbeeau§e of. ·sub­
seq\l.~p:~ero,~~onwhi'chquicklycutsa deep.cbannel across the entire fan

d1stributaI:;Y chatmelsa.redeepened with each rain until only traces
original alluvialdep<:>s1tion are left on the side of the, main val­

onlY .exception t.othisgeneralruleis .in narrow, tributary val­
small_alluviaJ.fanshave been developed by the occaslQ~,:ro­

slope drained by intermittent streams. Wherephysical
conditions the development of an alluviaJ,.fan iIlhtUnidcl!,roatlc

th~t;~ ...•.depositsus.uallyare,.delt.~~,~~thert~ •. ·aJ,.luvial ... fans .•*
of the Yazoo Delta (basin) the loeQs cliff

feet above the floodplain (parl1cularly near
,"""'J..6A~'V"''''''''''''''_ River. Tributary- streams have cut intothe,se cliffs
...... __ ..'" __ aJ..luviaJ.rnateria.l (gravel mixed with ·red clay) on the flood

instances, these streams have subsequently cut down to
alluvial fan, cutting i~into two ·parts. In· many places

......y''-:'.~ •.~tI..~.....,,, ...... offa:rmstead,Qras gravel and clay
road surfacing and gives. adistinc­

country roads; side roadssurfacedwithfiood.plain ma.te­
vegetation on· these· fans·. is markedly more 'sparse

.~Yl:ar!'o1.md;t:ug,¥~~J.':eatJJJz.eJ~..,gg~ ,.~~~t the .. ··st,er11.ity ···of······ the,·· gravel.

*In 1903 W:tlliamM:>rris Davis wrote "Hoang (sic) Ho, (tl)eworld 's) largest
alluvial fan, issues from .its inclosed. valley 300 miles inland from the
present shoreline at.aheight of about 400 feet a.bove "sealevel .. " This
so-called alluvial fan is actuaJ.lya delta, as are IOOst of these feat'ures
in. hUmid regions. Although the upper slopes of this feature are·alluviaJ.
and farlsbaped,·the lowersurfa.ceswere.deposited underwater.
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Along these cliffs, . represented by the Philipp (Mississippi )topo­
graphic sheet, 17alluvialfansverepositively identified. The largest,
on Jackson Greek, 'WaS 1.75 xnilesin length (the "fan" at the outlet to
AskaJ.moreCreekis 3.2xniles inlength,but it is so deeply dissected in
so many distributaries by subsequent drainage that the original shape and

,dimensions of the f'anare indistinct and difficulttoidentif'yexc~t.for

the red color of' the .gravel beds ·on. the flood plain). The sma,llestallu­
vial fan shown on the map 'WaS 960 feetfrotn apex to apron. However, some
fans measured in the field were only 150 feet in length. The
Jackson Creek fan was only 50 feeta,bove the floodplain.. Jackson Creek"
had> cut 'acbatmell0 to '15 feet .. in depth ·through this alluvial fan.

~.~..,., ...~,~.~', ~ ..~:.~~~1J.~,.,Y~~il.~s.tn ....th~~Gumberland .. Plat~.fJ,y. ... in·· ... Tennesse,e
~ll()~~~~~~tgetgl,~Yi:a+l'~s... In rOOs1iinstances, s1ir~~ ~~1i!911 b.!3.~?:en
'~uft!Q~'~~r~r~~_Q_,pr~y~p"f.;tl.le-'d~sition '. of tributary streamallurta.r "loads
Q:Q._~~~ysid~s The valley is characterized by erosion rather than depcJ­
sition. The Sequatchie Valley is one of the few that is sufficiently wide
for alluvial fan development, but here the valley sides are heavily 'WOOded
ant!de~p trenching. would be .required to "proven the landform type.. Else­
where in the region streams meander in wide valleys,and have eroded most
of the alluvial" material.

On the W'.hitwe11 (Tennessee) topographic sheet (scale 1:24,000) 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 Altun Cove is a fan 1580 feet long and 80 feet above
the Sequatchie River. other true alluvial fans ~ be found in this region.,
but they will be muchsIDa1.1er and more ,difficult to ident.ify in the field.

I

~ 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 SIDELll deltas at the mouths
of streams emptying into lakes or slow-moving or meandertng streams in
this area.

Temporary alluvial fans of low relief may be found in humid regions
during or innnediately after a nood which deeply scours stream"bariks, leav­
ing a steep slope for tributary streams to cross. InDX)st instances the
tributary stream will merely erode this bank to grade, bllt where the trib­
utary stream is carrying a heavy load of 'silt or mud, t:b.ese materials will
be deposited in the fonn of a fan at its mouth 'on the bank ()f the Il.l8tin
stream. The next rise in the .water level of the main str·eam, a.s well as
continued scour of the tributary stream, usually removes ell traces of
tl1.ts..... 9.~Q--si~

e. Classification of Alluvial Fans

muYial ...,fans ... may be classified b,y physical types.
or!raeented fltns may



also found occas~C>~:I.:Y:j.n~idclima:~.ic regionstog~'t.lfe:I".\dthsu~eri!UEosed,

coa.1es~e~,..... ~..~~colldarY a.l1llvialfa.p.s~· -.. Seco:ndary'. faJ+~ ar~. fo.IfIled\lsually
attbe.b~~~rQfr~"Q.4.p.~r~fanwhenuplift()rscour~sresult~d ina~~"i-:ef­

edge where new d~~sition takesplage. Coalesced .:ransareformed~h~re

drainageline~f:r().Illtl;1~parentmountain mass .are~+Qs.~+y~paced,or~.,!here

grow:i,ngfanlS .ten(i .. 't0 depolSit. on each other's flanks ,creating acontinu'Ous
of.alluvialma.terial along the base of themountainfro:nt •. ·SUJZer-

~/""e't£:lt.n qccur at a11Yplaceinthemidfanwhen.a change ofQrien-
v,-""v~"........ of.. . .drainage lines creates.an~wfan-shaped.depoSitoye_~all.~lder

u$ually ldtha different angle of slope, fr()IIl~1'!~W'apeJCP9frit·;

deposition of a superimposed .. fan is caused by an over·· deepening
mid-fansur.face,itis sometimes called a . secondary allu-

fans ~y"alsob~.c:lass1tied.by"size. .S~~lf't7fL1~~ye, ..sha,llow
a,re~steepandusuaUy].essthan3500 ~~~~~!.lE~~:!..~S (Figs.

16b). Meditnn-sizefans aredeepJ.y trenched, and may have old fan
_'Il,!!~""""'''''_.r::::l.«",. isolatedbe-t~e.na,ctivedistributaries(Fig. 16c). These"fans

two-thirds of a mile. to 3 miles inrad1us.Lars.~.. ~~p.s,greater
radius, .ar~ wi-~E!J.y -trencl1.ed, .... may .. contain inseibe"rgs,and

~end back to the watershed boundary (Fig. 16d).

fan typ~sdepel1donclimate,··nature Qflocal r'elief, t~rpe

as (l) well-integrated drainagE! system within themotm­
(2)numerouss:m,all streams running· independently to the

of the rock .on·..··.exposed mounta.in.valley walls ,diastro-

25, 1950, the effect of~a..thunderstormon the landforms
'WaS observed by the writer.At a temporary. weather station

'"'''''''' ..''..A....lIo..... '''''4-'-A· at ~Urnace Creek Airport by the U.S. Army Quartennaster Death
Expedition, 0.7 inch o.frain was recorded. This was only· half as
the rainstorm ever ·recorded in the valley. In normal.

July in this valley is O. 08 inch. However,orogra-
1n:rJ.J.lerlc.e~s produce'l11Uch greater amounts of rain in the su,rrotU1ding

Almost half of the average annual rainfall occurred in this
fell from 7:35 p.m. to 10=30 p.m. and brought the air

~1rY'I'lIl"'t..o.'lI""""""·''II'''''I.et!t down to nO;F at that time, the lowest temperature (:>f record
since early in June thatsunnner.

The.stormwa.sconcentratedin the Furnace Creekc~tchment basin, a
relatively large drainage area of about 220 square miles on the west slopes
of the Funeral M.:>untains and. on· the' northern slopes of the Bla.ck ;M:)untair15
extendingnearJ.y25 Inilestothe southeast. The nearly dry bed of Fu:rnace
Creek at the point of its entry into Death Val.ley at the head of a 3.25
m.11elong alluvial fan which· is elevated 280 feet a,bovethe present valley
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floor playa, ,is on.1Y55 feet in width. Behind this narrow opening the
valleybifurcatesagainandaga,in in all directions, and reachesamaximu.m
width ,ofJ2 miles.

'During the storm all the water "collected ,in tributary gul.l.iese.nd
,l'uppervalleysquicklyfilledthe gorge to a depth of 25 feet· in front of

FUrnace Creek Inn. Theforce.of the rushing water rol1~d huge boulders
as great as"6. feet "'in". diameter, ,together ,with great quaJ'ltities of "smaJ.ler
rocks, bus'hes, gravel and mud. This torrent continued to race throu.gh
gorge with no apparent weakening for at least 2 hours after rain
stopped, even though the flood began to rise .wi.thins.
the rain sta.rted. The stream was ,still bank-f'ull 12 hours la.ter.

When the rain first hi:tthe ground on the upper slopes of the catch-
mentbasin it created a slow InOving mtld-flowwhichincreased speed
the ra.in to fall and the mdbecame thinner. :Much of the
ierdebris was dropped on theaJ....luvial fan near the mouth of the
as the water content of the flood decreased by evaporation the
of the ground and through seepage and sUbs~rfacedrainage into the
consolidated materials of the fan over which it was flowing. Also,
numerous,shallowdistr1butaries on the fan spread the flood a Wide
area as it entered Death Valley proper. Any increase in the of the
fan was hardly noticeable, however, with this a.mo1.ll1t of deposition..

'The flood eroded the road bed of California State Highway No. 190
near ,'FUrnace Creek Inn to depths of from 6 to 8 feet , .anddeposited clay,
sand,and rock rubble to depths of from lto 4 feet over other parts of
the road within a niileof the Inn (Fig. 18) • In some places it waspossi­
bleforroadgangsto scrape a temporary road through the flood debris;
in other areas an entirely new roadbed had to be constI'1lcted" A Inollth
after the stann some sections of the main roads in Death Valley were still
impae;sable to vehicles without4-wheel drive. r

;. , " " " , .
Great amounts of gravel and heavy rock rubble were 1Na.shed over the

apron', taxiways and runways at Furna.ce Creek Airport rend.ering them un­
usable and necessitating complete reconstruction of the landing

19). Irr1gationflumes, gauging stations, and ditch gates
F'urnaceCreek Ranch were clogged by the accunrulation of sand and rnud

down the "irrigation canal by flood water! Several stone cairns
over 3 feet high which the writer had constructed on t'he alluvial fan
above the airport were washed out, and the general pre-flood surface
arrangement of sand, rock and cl~ on the :fan 'Wa.S completely changed by
tIle shifting' meanders of the water 'which passed over it lilOld 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
,of trle apron in front of the hangar. IA veneer of clay aIJProxima.tely 1
inch thick was laid over the entire hangar area~ and tn !TI£'LllY places on tl1e
upper fan surfa.ce (Fig. 20).1
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limits of flooding were sharply defined by the evidence of new
or new erosion of the surface features of the valley. Four
of li'u.rnace Creek In.ri tllere vTerenosigns of flooding,andeven

the surface.softhefan above Greenland Eanch·there were small
of ground which had not been .covered wit11 .·water, even though .1

1 ain
fell in al1pal~s of the valleJf • Small strearn b.eds5 or 6 miles fr01i the

center were marked by fresh sa;Lt crusts evaporated from water "VThich
been carried a greatc1istancefromthe starnl a::..'"ea. Thevalle:r pla:)ra

surface· and subsurface· water from the flood .and vras complet~ly 'Ji

wit 11. water on the lnorningafter· the storm. For se"'leral da::/s salt
over the entire valley floor betvTeen the allu\ria:lfans on

cr;/~stalswere also seenonman.:1 of the clay beds ex­
places above the valle:yfloor. 'r11is c~Jstallization

to the evaporation of water which had become cont81nj.- I
salt whileflo1ving over former shore-lines of ,

seeped through salt-bearing alluvium. By noon of the follow-
fan surface1va,sdry, aIld tile heavy clay' deposits in I

pools we~e onJ_yslightly plastic.

r·fuch valley floor is normally covered with a cru.sted I
cla.y,sand a.nd salt, the su:rfaceofwhich has a rOtlgh, bro1'mish appear­

ance. rrllis crust wasonl~lfromO.25 to 0.5 inchthiclt, and crumlJled as
wal}\.edover it. It covered a loose wet sand, salt andalk:alille mix- I

Ito3 inches thick. In ma.ny-placesthis wet laJrer is under-
a hard salt bed varying from 2 to 6 inches inthiclcness, strong

support a considerable weight, such as a 6x 6 truck or similal~
Below this layer are alternating layers of mud, salt, andsand~ I

alternatelayerings of salt, sand and<ot11ermaterialsindicatean
mans· ye~trs offload debris 'tvhich is graduallJ! filling the

whiteness of the valleyfloor-wasslowl~lchanged as wind and I
some of the stlrface crystallization and ef-'floresence and soil

were deposited in drifts over the salt.

Incidence and Measurements o:f Alluvial Fans I

Alluvial :fans andbajadas occupy 31.4 percent of the southwest I
United deserts (Clements et aI, 1957, p.lo6). I-Iowever, in srraller
areas these features. dominate the landscape. In Death Valley alluvial fans I
coverappr()ximately:llOO square miles, or 38 percent of the National~lonu- - .
ment;btit over 73 percent of tp.e main valley flooriscQvered by alluvial
fans. It:Ls possible for alluvial fans to be formed in nearly all regions;
however,·tl1e contributary circ~tancesforoptimwn·fandevelopmentmaY".1
not occur in every region. Alluvial fans reach their greatest development
in arid regions. In hUInid .regions alluvium may be carried to the· sea to
be deposited in the form of deltas, but such drainage systems, I
conditions, and continuous now .o:f water, occur rarely in arid regions.
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Arid region rainfall usually occurs in the form of thunderstorms and· result­
ing floods carr'JlleavY" loads of debris from drainage basins to the valley
below. .. \fuerecondttlonsare opt:trnumfor alluvial fan d.evelopment,there
llla,y be only a fevT l.arge<fans, such as on the Silurian h9J'(e (California)
topogl-'aphic sheet,ra'thertl1an .;many.smaJ..lones •. The greatest numbers of
fans in atopog~raphic sheet are usuaJ.lyfound in a folded-faulted locality
with severalinselbergsand with only 1,000 to 2, 000 feet of relief. Al-

''6 thougl} ,alluvial fans are "Valley featmtes rather tha11 mountain

t~e~~..·~~E~E~~"~~MgPQ~""",!:?:~~=~~=f .....•.~~ ..~.~i?~d ..•~~ .•~..~ .. ,69!~II1,9~:t??-.~ •..rt•.....•~~~'J"at ion'.. . . .their
g'i·~.at'·Ei~t tl§}l§lQJ2m~rit-;··••~hcr .upon tl1e t:rPe 'of' ·rnaterial. and ero~sion·within the
'"t.l:iJ2.1!t,~~""JnQunt.aino,v:aJ.leys,@,,pq. catc lunentbas ins·· £'0r their spec i fie material
c()~~~tttl.t?:t?-~Y.·.·~~.<3.g:r.'Qwth.

At the base of cliffs of 101,1 relief, alluvial fans may after
a 'tl1understormbtlt subsequent storms may radical~v alter' their form and/or
even t l1ei r .' . ~1Qlu~t".~~,;.,[.~D_§",9-~ J~~~ ~~y.~J.Qlt, J.n_.l,~~.~,g,~..gW)~,.~~~~.~·.s,
or ...in.~s():t't. ~~()c~~.. p14u.\[i.~.J?-.rlsare~llsii8i~LYrrotJound : ..(a) .~~.~ highIllOUll-
I~n~~ll~£I~~;x~.:thQ~~:thata.redeeI>lydissected; (b )onthefloors of
.~~l,g.:rge,~,,,%}lal1eYQYlhicharepa.rtlycovered with dunes or lava fields; .' (c) in
~l1;de:veloI>ed.drairr~geor in large washes; (d) in very 10v1 relief; (e )
~~.~.,rJ~~~withlarge,-mtel~bodies; or (r) in places ,ntll rltunerous small

'·11J~j..lsofinsuffi9ienth~ightforalluvial fan development.. Inareasof
bajadasa single fan is usua1.lydifficult to isolate for study. When
coa4--esced, an alluvial fan may lose its identity as a separate landform.

b. Alluvial Fans in the Un!ted States

Total ntunbers of alluvial fans were determined for 5 degree-quad­
ranf~les in the Basin and Ranges regie!l in soutl1western United States for
convenience of comparison with other world areas. The application of thi's
plan was limited, 'however, by the sporadic coverage of topographic sheets.
In man~l regions it is not possible to obtain uninterrupted 16-sheet cover­
age ata scale of 1:62,500 fora single degree-quadrangle. A total of 3876
alltlvial fans of all sizes were identified and analyzed. An average of 191.~

large fans (greater than 3000 feet in length and width) per I-degree quad­
rangleand ll.h per topographic sheet were found. The Greatest numbers of
identifiable fans -were found in the Ava-wa.tz l-lountains of California (see
Fig .. 3), a total of 1011 fans in a single degree-quadrangle. The other
degree quadrangles had 686, 681, 633, &'tJ.d rr90 fans of all types, respec­
tively (Figs.' 4a through 4e). The greatest ntunber of fans identified on
a single topographic sheet was 116 (Leach lake, a part of the l\vawatz ~bun­

tains area). The average number of fans found per topoGraphic sheet in the
above areas 'WaS 63, 39.5, 42.5, 49.3, and 42.8, or an average of 1+7.5 per
sheet for the entire study area (82 sheets). For pUl"J)oses of compari son
with topograp11ic sheets in other regions of the same phy"Eiographic ty-p~,

it is essential that similar contour intervals ,similar ci.atum control, and
similar symbolization from similar photogrammetric methoeLs be used in orde::r­
to obtain the same kind of informa.tion from the sheets.
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(1) Radius

Figures 4a through4e show the <per-sheet incidence of allu­
vial fans by size. In thissorting,anarbitrary classi.fication was ma,de,
in which the first number given for each topographic sheet is the number

fans with radii greater than 3500 feet, the .. second number those that are
be~t;we~en 1700 and 3500 feet, and the thirdnumbertho'se/fess thaIl 1700 feet

radius. Table· I shows the total numbers of fans in the large group.
nu.rriher of these features was in the short radii •group. Only

fansinatotaJ..of3876 identified in this survey had radii
3500feet,andthenumber·of t'large tt fans in the· United

..,...,..........,.•...,...,....IC:,.."... than miles in length) is relat1velyloW'.

Table sho'Wsthe incidence of both long and short radii for large
arandomsatnple of 588 of the first group of fans in the above

in . Unlte~-States., Data are not included for Ismall or medium
fans,andthe.percentage incidences apply only .to the large fan

group. Although this large size group contained some of the questionable
landforms that could not be verified inthe:f1eld, 277 fans were found to

3 miles or more in length, only,55 fanswerelong~rthan5.9 miles. The
longest landform in this group, over 16 miles, rrs,y be more properly classi-
fied an ualluvialplain." . However, the average alluvial fan is .much

For .example, the radii of alluvial fans in.the Catalina1vbuntains,
average 4 miles, while those in the Black Hills, Arizona, average
(Blissenbach, 1954,pl77). The radius of a trueaJ..luvialfan

as great as 40 miles under exceptional conditions (Grabau 1913,

Contour Se:c1;gg

The spacing of contours increases from higher 1:~o lower
On. the Achenbach fan (western .slope. Organ ~unt6i#ins, New ­

the spac1ng~ a.re 0.2 mile for the 5, 000-foot contour, 0.35 mile
feet, 0.75m11e for 4, 8ooreet, and 2.2 miles for 4,700 feet.

,...,,""'....-"'.._- fan (a.lsoon the western slope of the Organ 1vbumtains) the
are o. 38 m:ile~or 5,200 f~et,0.45 mile fot' 5,100 feet, 0.9mile
feet 1.6 mi' sfor 4,900 feet, 3.8 miles for 4,800 feet, and

5 4,700 feet. Contour spacings continue to .increase per unit
of decrease elev~tion sothat····contoursbecome essentially parallel.

these areas the individu.aJ..fans coalesce laterally to form alluvial
pledmonts (Ruhe 1964,p148).

Contour spacings were measured only on upper fan surfaces, because
of.···thedifficulty in .determitllng the outer limit of outwash in the zone
of aggradation. Inlllit.lyinstances thisouter11m1t is ~ndistinct because
of aeolian deposition; in others it ·18 high1yirregU.1ar,leavtng a
serrt;ltedpattern ·whichchanges.····w:l.th each storm. Reported. radi.i ............,;..<ilu ...........

ment~weremadeonthe right, left, and mid-line ofthealluv:l.al
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the apex ,downslope to adef.inite 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 definitedeformatlon to the right orle:rton
medium and large-size fans, ..·and these .have been indicated where .each radius
isofadifferent 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 raniS-u.sually small.· Short ·widths .. usually ·.indicate .a steep
uppe~.... 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. »my
coalesced fans are narrow. They are bordered by wide washes on
either side, and the meander1ngof these washes res'Ultsin a variety-of
widths., The widest area on an isolated fan is at the outer fringe in the
zone of aggrada"tion, whiehusua.lly cannot be iden"t1fiedon a "topographic
sheet at the scale of 1:62,500. Computation of width by u~seof total rad:f.i
length.andangles ··of outer radii is not satisfactory due to the surface
deform8.tion of lJX)st fans. The measured surface distance, in most instances,
cannot be rela.ted tothep1anwidth d1staneebecause of the varied amounts
of deposition.

(4) Microrelief

An analysis> of the microgeometry in a typical alluvial fan
apron (low. relief area) transect, consisting of 3 paral.lel 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 bo'Ulders across the transects. If
the actual·base surface .of this portion of the alluvial fan were used, the
greatest relief .would be 12 inches or less. Microrelief increases rapi~y
upwards on the alluvial fan surface. The fanhead trench o,nthe same slope
had total relief greater than 50 feet, and vertical slopes greater than
10 feet.

,,~_The total gradient of the alluvial fan surface rarelJr exceeds 10°
(Da.n8.189~'P 194..195; Eckis 1928, p 223; Sco"t"t 1932, p Eardley 1938,
p 1408). .Some authorities report no slope angle greater thaL. 5° or 6°
(lawson 1915, p 25 jVaughn 1922, P 341) • Blissenbach (1954, p 176) re­
ports 5° gradients on the Aubrey Cliff fans in Arizona., and 5i o on fans in
the Black Hills of Arizona. ~ st~~~_~_.tbat "surface angles greater than
,5 o are.characteristico:r-the. upper ha.lf or more of small alluvial fans
~tl1 a<"._ra.di-&l ex:tento£-a· few hundred feet like those of the IP-ack_IJ:i._llB

21



Arizona. . Large alluV'ialfans 8uchasthose ottheSantaCa.talina
W,untains,Arizona,w1tha radial extent of about 4m11esexh1b1tangles
greater than 5· only Within the upper one-twentietho~le8sof their
extent.· ..

The .ove:rallgradi~~s.of alluvial fans .in this study wre com,puted
(wh.ere all...·. m.easurements,'·are exp.. ·ress.ed in teet):.............

Gradient in degrees> = Elevatiotl.·of~ex.- •Elevation of Apron. x •• ~1·~
,. .. Radius ···of .. Apex· to Apron

(where measurements· are in botll, feet and miles):

G'· ·.~'dieMt 1.······ •....... de '" ·e. :: Relief in feet . O·l'·OS···.. &::22.,'•''7'072·' ..
... g, .LA l.I. gre B '. Length in miles x • "'~

These gradientswereeollPtitedfora sample of ;88large alluvial fans
radii greatertban 3500' from apex to apron)1n th~>United States,

and .findings are .. given in Tabl.e II. Approximately· bal.f" (296) of this ssm-
.ple bad gradients bet~1.5° and 3.0·, 416 fans of' the 588 inthellallXple
. bad gradients between 1- and 3.,·. The .greatest·angu.larmeasurement for

en1>irefanwas 9°forthosestudled intheUn1ted St_tell;. It isree­
zed that much steeJeJ:' .. slopes are found In8DBJ.lareaswi,thin the fan

(see Figs. 1 and 21). '

The factors_of slope and relief. are determined directly from the,anu-
fan profile• Slope in percent i8computed: .

'8. L 1OOx

the difference in elevat1onsbetween' t-wo adjacent high and low
x the' horizontal. distance between those' points. Ira slope

into homogeneous segments (i.e., each with the same horizontal
labeled ab, be, cd,de,ef, etc.,theactuaJ. microgeometryof

...."' " ~a.n be dete:rmitled. :Forex8JI!Ple,where point (a) is 2<f'eet above
plan level, and point (blis 3 feet above plan level, slope of t.he portion
abie .determined:

Y3- Y2
S = 100

Xl -xC

In order to determine the actual horizontal plan length ot a slope,
regardlessofitsgrIIrdient, the correction may be computed:

--Pd
sd- ---...............--­

cosine'Sa
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c • Alluvial Fans in West Pakistan

23

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

::D x

Xl - Xo :: X2 - Xl =x3 - X2

(Xl - xO) + (~ -,Xl) + (x3 - ~)

r = Y3 - Ya

Slopes relief of the alluvial fan profile may be a:nalyzed statisti- .
cally by determining the values of these factors for equal segmentsaJ..ong ·
the I1ne ·or·traverse Ex. Analysis of frequencies·· of slope· and relief
units can therefore be made:

Gradients of 90 percent of the measured allu\rial fallS in West Pakistan
were 4.5° or less, and 40 percent were between 1 0 and 2 0

• liS 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 DJ. Detailed
slope segment measurements of the large fan immediately west of Quetta
were made by Mr. A. Ahmad Abbasi of the University of the Punjab.

Where sd is the measured slope distance,:Pd is theactua.l horizontal dis­
tance, and Sa is the slope angle. Data given in Figures 5 and 8, and in
Ta.bles·· I, II,··. VII, and.·. VIII ·.··are based ·on .. theseformulae. Similar compu­
tationsaremadefortheportions of the profile be, cd, etc.

Relief is determined:

r= .. Ym - Yn

Where YmandYnare the elevations of adjacent high and low points ina
segment ··of theprof1'le. For example, .. relief ·of the profile segment ab men.-
t ioned. aboveJrB,y becompu.ted:

In West Pakistan a total of 346 large alluv;'al fans were identi­
f,iedand measured on 32 topographic sheets in 2- degree quadrangles. ( an
average of 10.8 per topographic sheet, scalel:62 ,5CYJ ) II Only 29 small and
medium-size fans (less than 3500 feet in maximwn radius) w"ere measured in
this study. An average of 173 large fans were found in each degree quad­
rangle. 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 l,axge fans exllib­
ited physical characteristics simdlar to those studied in the United States
deserts.



Themaximumrl3,dii ,of 90 percent of the measured f~s in West Pakistan
were. 4.5 miles or less,and 45 percent were between 1 mile and 2.5 miles.
Otlthe '. Afghanistan-Pakistan .' border.. north ·..of Nushki, t2 ".slopes were ..est1­
mated to be 13. 3milesinma,xilIIUlD. radius,' and mayaetuaJ.ly be longer, but
accurate delinee,tionofslope terminicou1.dnot, bemadf!.in. Afgh1J.nistan.
Some alluvial· fans in this region lJJI3.Ybave muchgr~ter ',radii .than ". those
measured. A largers8JllP1e vou1.dtend to smooth th~>c~ewh1chcou1.dbe

inscribed for these deta on Figure 8. Suchasamplewo~dprobably extend
incidenceofext:reme, values•. For example, longerfan8~ybeidenti­

fied 1ntheChagairegionwest of. Nusbki., ..'A great. propOrtion of .the land­
forms onthe'~westna.nkofthE!TabinaP~teauexte:ndi~ to the floor of
the De,sht-i-Ma,rgoarea.l.luvialplains rather .thanfans~ Some of the'se
+.~.I"Ib+""""~.~ may beclas'f,Jlfiedas backwastingslopes. "

Onlyll alluvial fans in tbe3171argefansamplellere more than 4.5
in width. APl>xoximately50 percent of all the ~anBmeasuredwere

between 1 mile and2~lesinwidth•. See.Tablevr •. 'mle< alluvial fans in
West Pakistan were less 'frequently coalesced thantho~einsouthwestern

United States, and therefore width data cou1.dbeobtaiped more readily •
However, the indistinct delineation of landforms onthe mt3.,ps used imposed

possible,. error· ofO.,1.toO.3 ·mile ·inthese measurem~p:ts.

patternof1ne1dence of all.uvi~fanseou1.dbefoundfrom an
of the 32' individual15-minute topographic sheets ,included in

quadrangles investigated in West Pakistan. . Thegreatestnum­
:l.den-t:l.:f:l.~on any .o:f -theseshee'ts was 38 .(~b.ee't K..10), .and-the

next greatest number was 23, on an adjoining sheet (K-a.!). One sheet
(K-4 )con-tained .no 1Cientl:fiable :fans, 3 .sheets s1lc>wed3:fa,ns and 3 showed
5- A meaningful curve of width, gradient or radii data cou1.d not be drawn
for . thesesheet8•. It rraybe possibletoderivesuch<information,

from an aertalphotographic .analysisof15-mintlte q~drangles.

available map sources,r~istic frequency of incidencf:' C1lrVes can
-..... v...""!I'lI'.III.& only for· ..d~gr'ee·. 'quadranglesinWe8tPakiBtan.

to ftlrthertest.thecompara.bilityof the;a.).luvialfansin
the and Ranges 'region .. 'W'1thtboseintheBaluchistan Group region,
a random sampleoflOO's in each of these regions was'evaluated. It
was noted . '. approximately 70 percent of all alluvial fans in theSe.m-
pleswerefrom 1 to 5 miles in length andhadgradient~offromlto5"
degrees i.n both regions. Some alluvialfsns inUnitedSte.tes deserts
were. shorter, than those in West.· Pakistan, but slightly .. amal1er .gradients
were noted in West Pakista,n ata.ll1engths.. In the twol001and:foI'm.sam­
plesWestPaltistanJm.d. 19 alluvial fans larger than 6 miles, United States
m,.a3. The Un:l.t.edStatessatttple had 10 al1uvial:fans .1ess tha.fi2 miles
in length, the West Pakistan sample had 2 • .... TheUn1ted?iiatessatttplehad
17 alluvial fans withgrad,ientsgrea-ter than 5 degr~s,Wes't Pakistan bad
10; but the west PakJ~.~tan~le had 17 alluvialfans.,rithgrad.lents of
less thanldegree,;t,lle UnitedStates~lehad3. In',general, these

. differences between the two regions are> not significant ..
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It .. Conclusions

a... ApElicatton to MilitatyProblems

Knowledge of the frequency of occurrence of impassable natural
obstacles·andofunimpeded··routes·····is .·of'special.·interestto .the ·tact1cal
commanderindeciding-wliere he may expect his vehicles or those of the
enenJy'to go and ltherethey will be stopped. Such knowledge is also valu­
able to persormel In determining design criteria f'or new military vehicles
as essentia.1dataf'orthese1ection of'·testingareas f'oi' new equipment,
·and as a test of the representa.tiveness of these testing areas.

Th1sinvestigation ba.sf'ound that(a.l.luviaJ. f'ans, the landform most
oftenusec1 formilital:Jfhighway construction and off-road travel in the
desert areas of the world, conta,innaturalobstacles impassable to pres­
ent milital:Jf vehicles. M9..ny.washes· on these fans ... ba.veverticalslopes
greater than 5 feet, which will stop any present military vehicle, and
all fansba.ve vertical distributal:Jfslopes of 24" or greater whicherlend
from their .apex ·totheir aprons which will stop many of the smaller mili­
tary .vehicles The M-5, 13-tonhigh-speed ·tractor will be stopped by an
18" obstacle, as will the T-46 amphibious cargo carrier, the M-36 9-mm gup
motor c~rriage,a.nd the M-29 amphibious cargo carrier. The T-10l l05-mrn
rifle motor carriage,· the M-36B2 9;.mm gUll motor carriage·.as well .as.· most
light and medium. track vehicles will be stopped byavertical obstacle 2
feet high. All wheelvehicles ~ce;pt the BARC, LARC,GOER, and 5-ton
trucks with tire size smaller than 1400 x 20 inll be stopped by. a
vertical obstacle. Allheavler track vehicles, including the fv1-60
will be stopped by a vertical obstacle 4 feet high. Data are from
TM 9-2800-1 dated 1953 (with' supplements and changes).

Obstacles in each p~ of' a fan may be classified as: non-trafficable,
modifiable by dozer-blade, negotiable with Vinch-assistance,or vehicle
negotiable. This det,ermination 1s made by comparison of the performance
characteristics of each vehicle with the landform characteristics given
above.

The greatest obstacle to vehicular or foot troop movement on alluvial
f'ans is .the deep wash. t:'ashes occur nearthe apex, asa fanhead trench,

">Qrin.,.mJ..gJ:'~n"~distrlb.uta,rles;"theyare llSua.lly steepest near the mountain
face (in. the zone of <,fegradation). Large boulders, boulder trains, steeply
beveled ditches, potholes at the head of an arroyo, are obstacles to move­
mentand. other microfeatures may have slopes greater than 25 0 for short
distances, JLut· the,J!llkSh~m.gy_ ..~ave ve~~~a.1cl.i~f,s"i.des ..from.lO to 50 feet
2E-~1:t~., These slopes are not continuous and routes across nearlY all
parts. of'thef'an can be found~ The alluvial f'an wash is a route of' easy
access from the valley to the nx>untain canyon. ~:rossfa.n IOOvement is usu­
ally easiest in the zone of aggradation~ A special report in preparation



on "Aerial Photo rnte*etat~onofMilit8.rtlySignifice.nt i Features otA1J..~"
vial. Fans usho'W'S . the dif:f'erence in wash characteristics between tb.e,v~i()uS
types of fans'.

Quantificationo:t' landf'cmn dinlensions,and ~ses of these data. nave
provided. facts for ~stematic application and represent a departure from
traditional narrative description.of physical features of the .landscape.
The change in physica.). characteristics ofJ.andforms can bee,tplained with

exa.mples. selected from map studies. .. Newly discovered features .of ..'
landforms, such as the levelling of slopes at the 'allUVial. fan apices

explained in sugh away that, the nature and extent of t,hesefeatures
immediatelyas$ociated .with them rather ···than beirlg .·thesubjectof addi-

invest;i.gations. New teclm1quesot~map arid aeria.lphotointer­
1U.......... "'~"v .....""...... pernrltarap1d~sls of landforms over a wide a.rea and at the

tinle obtain details finer than those obtainable from previously used
teclmlques ,except .. fie);d .plane-tabling. PreVious studies have tended to
concentrateonasingleaJ..luvial fan or a .single small area.

b. Co~1s0nofAll.uvia.1 .Fans

Ina study of ··~·topographic sheets (15 'quadrangles) shoving
landforms in the Basin ~dfu1,ngel3 region in the United States, a tot8J.of

alluvial fans afall. 'sizes we.re identified and~ed. In this
anavera.ge of u~4 large fans {greater than 300P feet in length .and
per topographic sheet .were .found. In 32 topographi.c sheets·. of the

scale representing the Ba.1uchistanGroup region in west Pakistan, a
'total of 346 large fans (average 10.8 per sheet) were identified and ana­
lyzed (Fig.15a and'b). It is possible that PakistanitnfJ,ps would show as
mel1Y medium- and sll'J8J..l-sile fans per unit area if thesametec~hn1queswere

used cOIlIpi:tatio:p.ofthemaps. Somequestions.bleorunque~ions.bletea­
West Paki8tan mayhave been alluvial fans , whichwoUd havere­

teven· .c1oser';a,gx-~enJ.ent ... than that obtained.

\"V.lw.t.X~....... g""r.L.A. qflargefans in selecteddegree quac1;rangJ.e samples in
above-mentioned areas shows an average of 194,in the United States

West Pakistan~ Such informa,tion 1s di:rectlyapplicableto world
mapping .scllemes' and serves asa ready basis for comparison of ··landforms in
one region with those of another, or as a basis for determining therepre-
sentatives ·ofa·· .given .region.

In arandoms~leof.looalluvialfans in each. 9fth~se regions, it
wa.snoted tbtit approximately 70 percent o~ alI alluviSJ.fans were from
Ito 5milf~sin length andnad gradients df from 1 to 5 degrees in both
regions,~ Some aJ.luviaJ.··fansinUnited States deseI'ts'Wel7e shorter than
those in West. Pakistan, butslightly sma:ller e;re4ients were noted in West
Paltistan at. a.lJ.lel:lgths.Iri· the two 100 landformsa.tIlP!Le$ West Pakistan
ba,d·.19alIuvial fans,,:longer than. 6 miles, United Sta.teshad 3. The United
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States samplehadlO\alluviaJ.fanslesstban2 miles in length, the one
for West Pakistan had 2. The United States sample had 17 alluvial 'fans
with gradients greater than 5 degrees, West Pakistan had 10; but the West
Pakistansample·.had17al1uv:i.s.l fans ·withgradientsofle.ss·.than·l degree,
the United States sample had 3. '

These facts ,together w1thth~....• gI;aphic and .tabulaJ7 .material in this
report, .. are directIy applicable .to .design .crtterla determinations. Agen­
Ciesres})On~iblefortheprepa.rationofreVisionsofAR705-15pertaining
to the critical limits. in terrain which.must:be cons1deredin the engineer­
ing and desigIl of military equipment,will fil:ld useful lnformationonall.u­
vial·· fans in the data presented .here. :FUrther studlesare required, how-
ever, in order ·topreparea complete statement for· terrain. I

c • Fu.rtherStud1esNeeded

The resultsreportedabove·require verification by additional re­
search in a program consisting of similarstudiesof(l} alluvial fans and
related landforms in other desert areas of the•United Stat.es, (2) similar
features. otherworld deserts, (3) other desert).andfoI'lIlS in each of the
above areas, and (4) significant landforms in eachaf the nBjor regions of
the world, in order' to provide abasia for meaningful mil:l.tary application
of the data • In order to obtain an application 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-region
incidence.

Studies in new techniques for a quick and accurate appraisal of land-
fOrnlS()ver large areas in the field by a small party, or a singleindi..
vidual.,aremanda,tory •... Thenecessity fora field party to. be encumbered
W1thh4~avy,bulky and team-operated equipment in order to conduct the

of research described above precludes rapid completion·of·these
investigations.

Speci:fic studies of alluvial fans, especiEU.Iy those whichl~ela.te these
features to the structure and form of the parent lOOuntain <mass, the gra­
dient ofthestream.lnthe mountains, the relief of the mountain front,

length of this front, should be conducted. The frequency of inci­
of tJ'Pes ofaJ..luvialfans in given areas should be i11vestigated. to­

gether wi~h the percent of incidence of critical. features such as cliffs,
deepdttches, pot-holes, boulder trains, etc. )in these art~af; as well as
thes1~~e of areas involved in each case. The relationship of fan-building
procesnes to climate, and the. evaluation of ndead" fans as related to past
climates should be. investigated, especialIy where the required drainage
lines are 'no longer used but ~ be found as an obstacle to' m:>vement in
an une7pected.locatlon.
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APPENDIX A

Gloss!!:rY

AlluvialAprolr-.reeently depos1tedal.1u.vium on thesurfaceofa
piedmont(Tuau 1959)

Alluvial'Bench a gravel p1edDl>nt'st"thefootof's, mountain x-ange
form.edbythecoalescence ofneighbor1ng all.uviaJ. fans as they
enJ.ar~theirboUDdaries(Hobbs 1931)

Alluvial Cone {Gilberq 1882) see Alluvial Fan.

AlluVial Fan - a body ofdetr1talsedimentsbuilt up by ar.nountain
streaJnatthebaseofa mountain front (Blissenbach 1954)

Alluvial Out8klrt - an Alluvial Piedmont at the fringe of a bard-rock
piedmont (Tuan1959)

AlluVial Piedmont Slope (Lahee 1941)' see Compound Alluvial Fan

Alluvial Plain, .. a depositional surface with gentle sl.opes

Alluvial Terrace (Von Engeln 1949) 'see,.AlluVialBench

Angle of Repose- the angle of internal friction in 1ooselydeposited
materials (King 1962)

Arroyo - the: deeper continuations of washes extending 'to the 'mouths ofI.

lOOurrtain cany-ons (Von Engeln 1949)

Backwasting Slope -creep of debr1s,mud and rock waste on a floYing
slope (Sharpe 1938)

Badland - a land area with fine drainage texture,8U-Uy1ng (Thornbury
1954)

Bajada ,(Blackwelder, 1931) see compound alluVial :fan

Bajada Breccia (Norton 1917) see Fanglomerate

~ss1n de Recep-t1on (Surell 1841) see Drainage Basin

Bolson - a basin rimmed by llDuntains (Thornbury 1954)

catchment'Basin (Anstey 1951) see Drainage Basin
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APPENDIX A (con't )

Colluvium .. -.aJ.luVial,debri'Drl.Xed With talus oarr1edibyslopewash
(Thornbury 1954)

Compound Alluvial··.Fall·····- lateral coalesence of ... 81llgle·••. al1uvial· .f'ans
..(B11ssenbacb 1954).

c8ne den.;ject1011··(S11rell·1841) 8eeAlluvialFan

Creep .. -imperc.t1\11emas8transport ot mater1alongentleslopes
(Von EngelnJ..,949) ,

Desert .. Pavement ".•.• SDDE>th noor •.or coarse angular. and .ln1.b~ rock
fragments,~~1cu.larly.()~the upper su.rfaces,Qfdesert .tans
betweenwasbefiJVonEnge~1949)

Diluvium- olderalluvium,eonsolidatedbedl of .sand>a.ndgravel
deposited in.Pleistocene time (Anstey. 1957)

DraiDfi,ge Basin -& ~untainvaJ.ley system con81st~of.thewatershed
of .a single stream and its tributar1e15 (Maek1n"l,948>

Dry Delta (Hobbs 1991) see Alluvial Fan

Dry Wash .. DJ;y···Stream.Bed - ~·interm.ttentstreamcwm~l,particularly

the floor. of the course (Thornbury ~954J' "

Fan-Ape:x:- :Fanhead- the Qreaofthe alluvial fanc1,?se tO~hepo1nt

where .. the pe.rent· stream ·~erges ·tromthe mountaip. (BJ.i8senbach
1954) .

Fan-Bay - a fanheadreachingfa,r into the! DOuntain c8.IJ3T<:>n(~v181938)

FanheadTrench- deepc]Jannel~tthe.headat: a fan (Thornbu.:ry 1954)

F$n-Mesa-an A1luvi~Fs.nre111!18Dtle:ftstand1ng111 the processor,
degradation ofatan(Eck.1~ 1928)' '\

Fanglomerate-t.he, coarsedepos1tsot anaJ.l\1v1alf~{L$.wsc:in1913)

Graded Stream - slc>peot8t~bea,providesve1oe1tyr~qu~redto

transport load 8upplied f:romthe Drainage Basin (Mack1.11 1948)

Gravel Plug- depos1t1onQtc~se"debrlsinasba).lO"! ••b, (Eck18 1928)

!n.selberg-mount$inls1.and1lfo!atedby erosion ( ~v181905 )
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APPENDIX A (con 't )

Lottal -aqueous clayey mixtures formed by mass movement down hil.l-
slopes (King 1962 ) .

Midfan- area between the fanheadand the outer, lower margins of the
fan .(B1issenbach 1954)

}.bdtlow -massmovement of co.arsemateria.J, together with e.queousf'ines
caused by thebreak1ng ot debris ·..a..sinthemountalu/canyons
(Pack 1923) .

Pediment- t·he planed rock surface near the base ofa lDO\lJJ.tainfront
(McGee 1897·)

Piedmonts -foothills(Davis 1902)

Playa -level plain site of dry lake bed (Thornbury 1954)

Ra1nwash .. sheeteroslon, a process of backlntsting in desert areas due
'to torrential. rainstorms (Schumm 1956)

RockDr1ft (Sbarpe1938)s~eCreep

Rockfan -depo&ition of coarse material where the retreat of a mountain
front bas let streams operate on the solid mass of the range
(Johnson 1932)

Rock Plane - a. ped1mentwhich mayor may not be .covered with alluvium
(Johnson 1932)

. '.' . . . . \
Sheetflood-broad sheets of storm-borne waters which move in .8. system

of small enmeshed channels .rather than in definite stream courses
(MeGee 1897)

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

Sub Alluvial Bench (La.wson 1915) see pediment

Talus Slope - a body of detrital sediments built up'predominantlyby
gravitational sliding (Blissenbach 1954)

Wadi (Von Engeln 1949) see Dry Wash

Zone of .Aggradation - the outer zone in the d~ainage area of a desert mOtIJ1"

taln ~ge whe~e deposition or alluvium is greates~ (JOhnson 1932)

35



APPDDIX A (con It )

36

ZOne of'. Corroston- th~. :lnt(!l'medla~e'..~Qne1nthedra1ns.ge areaof'.8.
desert mountain··· range.· .. vhere;···lateral ···cutt1rJ.g.·· .by ·stz-ealDS. is .· .... greatest
(Johnson19~)

ZOne of'Degra.dation -the .itu1er ...z()neu. thedra1nage area<o~.adesert
mounta1nrangein which ven*caldown-cutt1ngofstreatJlSreaches
its maxll1U11<(John8on 1932) ,



List u.s. Topographic Sheets (15 ' x15' 1:62,500)
(in the . sequence .stUdied)

APPENDIX· B

1. Con.fidenceHills
2., Siluvia:n Hills
3. Baker
4.- Sho~hone

5. Wingate
6. Tecopl
7. Soda
8.
9-

10.
llt
12.
13. Bennetts WeD..
14. Dune
15 Creek
16-. Canyon
17.
18.
19,1
20.
21.

e 1>¥8Jl,J ".u..l V~~...&.AJl.

Tin 1II............. ',,_+ ..... ""Ii

Quail :Mountains
Teefort ¥Dunta1ns

33~ I~ch Lake
34~ ~~e MOuntain
35. Kerens
36..Flytill
37. Colton Well
38. Fenner
39. Bagdad
40. Cadiz
41~ Danby

TT~

78.
79. \\falti Springs
80 f!) I{ol)ex"ts Cr'eek lvbuntaln
81. C~qrderJ 'Talley
82~ Diamond Springs





APPENDIX C

TABLES OF· MEASumMENTS ·OF

SOUTHWESTERN UNITED STATES AND WEST PAKISTAN
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5
19
54
83
77
76
54
54

,40
~
30
12
21

3
9
4
5
3
2

,1
3
2
o
1
o
o
o
o
o
o
o
o
1
o

NUlllber

0.17

0;17

United'" Sta.tes
(Total 588)

o!8,
3,.23
9.18

14.12
13.10
12.93
69.18
09.18

.06."80
05.44
05.,12
02.04

:03.57
0.·51
J..53
0.68
0.'85
0.51
0.-34
0.17
0.51
0.34

Pereel].t
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28
11
58
39
59
29
34
16
14
19
4
2
5
3
3
2
2
1
1
1
1
o
o
o
1
o

13
o
o
o
o
o
o
o

TABLE"I

Number

Pakistan
(Total 346)

0.28

;3.75

8.38
3.18

17.05 '
11.27
17'.05
8.38
9.83
4.62
4.05
5.49
1.15
0.57
1.44
0.86
0.86
0.57
0.57
0.2'8
0128
0.28
0.28

.Percent

percent· .Incidence<ofLe~h,>~ge ·.·.AllutialFans*
inthe/Un1ted·States',andPakistan

* Large alluvtaJ,-tans tor 'the P\U";pOsesofthis 81;~dy do nO'b include those
vith rad11of·'les8 .tbatJ.3500feet from apex to apron.

0.5
5-0.9

1.0-1.4
.9,
.4

2415-2.9
3.0-3.4
.5-3.9
0-4.4

.5-4.9
5.0-5.4
5.5-5.9
6.0-6.4

, 6.5-6'~9
7.0-7.4
7.5..7.9
8.0-8.4
8.5-8.9
9.0-9.4
9.5-9$9

10.0-10.4
5-10·9

.0-11.4

.5-11.9
12.0-12.4
]2.,-12.9
13.0-13.4
13.5-13·9
14.0-14.4
14.5-14.9"
15.0-15.4
15.5-15.9
16.0-16.4
16.5-16.9



41

1
11
60
93

114
89
60
53
36
24
21
14

5
4
2
1
2
1
1
o
o
o
o

Number

Unit·edStates
(Total 588)

0.17
1.87

10.20
15.81
19.38
15.13
10.20

9.01
6.12
1~.o8

3.57
2.38
0.85
0.68
0.34
0.17
0.34
0.17
0.17

Percent

2
24
65
61
28
34
26
21
21

6
8
2
5
6
3
2
1
a
2
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Number

TABLE I!

Pakistan
(TotaJ.31.7)

00.63
07.57
20.50
19.21t
08.83
10.73
08.20
06.62
06.62
01.89
02.75
00.63
01.58
01.89
00.94
00.63
00.3l

00.63

Percent

Percent Incidence,pfGradient ,Large ·.AJ.1uvia.1Fans*
In the United States and Pakistan

* Large alluvial fans for the purposes of this stuay do not include
with radii of less than 3500 feet from apex to a.pron.

Gradient,
in Degrees

0.5
0.5-0.9
1.0-1.4-
1.5-1.9
2.0-2.1t.

2.5-2.9
3.0-3.!t-
3.5-3.9
1~.o~4. 1+
l~. 5-4.9
5.0-5.!~

5.5-5.9
6.0-6.4
6.5-6.9
7.0-7.4
7.5-7.9
8.0-8.4
8.5-8.9
9.0-9.1~

9.5-9.9
lO.O-lO.lt
10.5-10.9
11.0-11.4
11.5-11.9
12.0-12.4
12.5-12.9
13.0-13.4
13.5-13.9
14.0-14.4
14.5-14.9
15.0-15.4
15.5-15.9
'16.0-16.4
16.5-16.9

•



TABLE nI

Number ..ot.AJJ.'I.tV4alF$i8perc~~pb1cSheet. ~by .~h ·01&88
'1ntheU.tedStates

58
18
48
42
31
~

52
18
37
34
66
30
52
34
47
39
36
36
46
51
27
60
20
39
48
45

102
92
71
48
82
73

116
70
47
34
29
42
56

20
9

15
14
10
'll
15
3

:14
11
14
9

19
11
8

14
12
, ,7
10
'20
10
31
10
15
15

5
20
22
25
8

26
16
,35
20
10
6
<i
6

21

8
,8

16
'23
10
12
25
3

17
13
31
13
15
15
24
21
18
18
22
20
10
24
9

22
15
28
64
<58
40
26
44
36
66
30
22
12
13
23
23

30
'1

"17
5

11
'1'9
12
12
6

10
,21

8
18
'8'

15
4

,6
11
,,14
11

7
5
1
2

18
J2
18
12
12
,14
']2

21
15
20
15
16
13

:,13
12

1
2
3
4
5
6
7
8
9

10
11
12
13
14

27
28
29
30
31
32
33
34
35
36
37
38
39



TAJ3LEIII (cont'd)

Sheet•... No. at iLensYh .~. 3500' at.. 1100 '-3500' at<17oo'

40 11 2·3 21
41 16. 16 26
42 10 10 5
43 15 36 30
44. 8 23 10
45 9 11 9 29
46 10 10 14 34
47 16 9 21 46
48 13 21 10 44
49 8 5 14 27
50 10 14 9 33
51 16 26 20 62
52 13 29 25 67
53 ~8 25 21 64
54 23 26 25 74-
55 19 20 31 70
.56 13 31 11 55
57 12 17 10 39
58 26 20 6 52
59 14 11 12 37
60 10 12 11 33
61 18 26 14 58
62 11 21 6 38
63 6 14 5 25
64 7 13 14 34
65 15 22 J2 49
66 12 15 6
67 10 30 27
68 11 3J- 5
69 2 27 10,
70 6 12 8
11 21 9 4
'72 29 30 20
73 9 18 3
74 8 4 6
75 20 22 q

76 15 12 10
77 17 4 3
78 17 23 5
79
80 12 18 7 37
81 14 27 16 57
82 16 17 20 53

Totals: 1043 1687 1101 3831

43



:l.

4

2'8

29

37

36

33

21

8

16

,2 1

· 7

2 5 4 8

2 3 '<'2 1

4 2 2

1 3

4

4

2

5

2

2

:3

3

211

1 1

1

2 1

1

1

1 1

4

1

1

5 18 12 12 14 12 21 15 20 224

1

21

51

1 ••···.···.····4

21

5 2

4 2

30 l' 17 5 U 1912

~----------------

Topographic •••. Sheet •• Numbera

Qraaient~aeees> ). 2 ~. 1+' 5 (; '1' 22 21 ~8a9 qO 31 ~ 33

Note: See Append.ix Bfor listottopographicsbeet ·i;itles and Figure 1+.forloca.tions.

LesstbanO.5 1

0.5-<.0.99 1

'1.0. -1.49 2

1.5 ." ."1,.99 2 3

2.0····.···....... ,2.49 4 1 2

2.5" .. ·.·2.99 14- 1 1

t:
3.\0··.· ... ·3.49 :3 2

3.;'."'3.99 3 1 1

4.0'·······4.49 2 1

li.;-4jJ:99 2 1 1 1

Above 5.0 '1



TABLE· IV (Cant 'd.)

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

Topgraphic Sheet Numbers

(degrees) 8 14 16 18
\

Gradient 9 10 11 J2 13 15 17 19 20 23' 24 ·25 Total

Less than 0.5

0.5 - 0.99 1 2 1 1 5

1.0 -1.49 1 1 1 4 1 8

1.5 - 1.99 1 4 2 1 1 1 3 4 1T

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
+:-
\Jl 3.0 3.49 1 1· 2 2 2 3 1 1 3 1 17-

3.5 - 3.99 2 4 1 5 2 3 1 3 2 1. 1 ~5

4.0 - 4.49 2 3 3 2 2 1 5 1 5 24

4.5 - 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: 12 6 10 21 8 18 8 15 4 6 n 14 11 1 2 18 165

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

- -



8

199

Total:

11122,

2
2

2 4 3 2 2 1 3- 4 1 2 24
4 1 3 2' 4 4 2 4 1 5 1 6 :3 2 5 47
:3 7 6 1.1- 5 1 2 2 2 6 :3 3 4 3 7 4 62

4 1 1 2 4 6 3 4 l' 3 4 2 35
1 1 1 2 1 3 1 10

1 1 1 2 1 1 7
1 3 4

10 81k 1610 9 8 11 17· 16 n 12 13 13 16 15

-----------

Topographic. Sheet Numbers

AJ.luvial Gradients Topographic _...._~_ v

(50 USA, 32 Pakistan)

Gradient (deg::;:ees)

Less than 0.5

0., -0.99

1.0 .. 1.49

3.5-3.99

4.0 -4.49

4.5 .- ". 4. 99'~-

Note:· See Appendix B for 11st of tOPOgraphic sheet titles and Figure 4 for locations.

Total:

- -

2.0-2.49

2.5 .. 2.99
4=""
0\ -3.0 - 3.49



3

3

2

21

1696

- ---

5

2 2 1 1

2 7 5 1

2 3 It. 3

3 1 1

2 1 2 1

2 1 1

2 1 1

1

1

1

2

1

3

1

2

1

2

3 1011 17 17 24 13 14 17 12

TABLE IV (cant td)

------
Alluvial Fan Gradients per.TOPO~.. ·· PhiCSheet
. (50 USA, 32 Pakistan)

7103

15 for

- -•

Total:

Topo~phic Sheet Numbers

Gradient (desreea) *ICI. K2 K3 K4 K5 K6K.1 K8 K9 10.0 . Kll Kl2 .. 10.3· ·10.4 1O.~ 10.6 ·Total



Topographic Sheet Bumbers

Gradient .... (degpees ) *n B2 N3 54 J5 J6 J1 J8 J9 JlO J11 J12 Jl3 Jl4 J15 Jl6

Less than 0.5

0.5 - 0.99 1 2 3

1.0 -1.49 2 3 2 3 J. :3 3 2 2 1 22

:1.; - 1.99 1 2 2 3 6 5 1 1 :3 2 1 27

2.0 - "2.49 1 1 1 1 4 1 1 1 3 2 16

2.5 - 2.99 2 2 3 4 1 3 1 1 17
g

3.0 3.49 1 3 3- 12

3.5 -<3.99 1 3 4 3 1 1 13
4.0 - 4.49 2 2 1 1 3 ,9
,4'.5 '- 4.99 .1 1 1 3
Above 5.0 1 2 2 3 1 1 2 5 1 2 4 2 26

~------------ - - I

« ~. ·Ie- -

6 6 11 .10 1485 13 13 11 922 5 3 6 9 7 J2Total:

* See Figure 15 for ··.~istan ·topographic sheet number .locations.



TABLE-V

Alluvial Fan Radii per To;pograJ)h1e Sheet
(50 USA, 32-Pak.istan)

TopographicShe~Numbers

.~

Radii -(miles) '4 6 28 29
--.

32 33~~~ 34 .tI'otal'1 2 3 5 7 22 27 30 3±

Less than 0.5 1 1 2 4

0.5 -0.99 3 1 1 2 1 8

1.0 - 1.49 7 1 3 2 1 1 2 2 1 1 '2 1 24

1.5 -1.99 10 4 1 7 1 2 7 6 2 2 3 2 7 54

2.0 -2.49 1 1 2 2 2 2 5 1 3 3 3 2 5 2 34

2.5 - 2.99 5 1 2, 2 2 1 1 1 1 3 1 5 4 3 32

~

3.49 1 2 5 2 3 20\0 3.0 - 2 3 1 1

3-5 - 3.99 1 2 1 3 1 1 1 2 4 1 3 20

4.0 - 4.49 1 1 3 1 3 1 1 1 12

1~. 5 - 4.99 1 1 2 1 1 1 7

Above 5.0 2 1 1 1 1 2 1 9

5 18 12 12 14 12 21 15 20 224

- --

Figure 4ror loca;tions.

--

list of topograptdc sheet titles

30 1 17 5 II 19 J2Total:

---------.
-,.



- -

6 198

- --

3 1011 17 17 38 23 14 22 12 5

- - - --

T 10 3

* See Figure 15 for Pakistan topographic sheet number locations.

Total:

Sheet· Numbers

Rad11(mUes) *K1R2 K3 K4 IGK6 !£T K8 K9 no Kll IO.2 10.3 :ra..4, 10..5 10..6 TotaJ.

Less than 0.5 14 10 5 29

0.5 - 0.99 2 3 3 2 10

1.0 - 1.49 1 1 4 1 12 6 5 3 1 1 2 37

1.5 -1.99 1 2 1 2 3 1 3 1. 2 4 1 1 3 25

2.0 -2.49 6 3 4 5 1 1 3 1 2 1 27

2.5 -2.99 2 1 3 3 1 3 1 1 1 4 20
V't

3.490 3.0 - 3 2 1 3 2 2 1 4 18

3.5 - 3.99 4 1 2 1 1 1 10

4.0 - 4.49 1 1 1 1 1 1 6

4.5 • 4.99 5 3 1 1 1 1 12

Above '.0 1 1 2 It.

- --



TABLE V (Cont'd.)

AlluviaJ..FanRad11 per Top:>graphic Sheet
(50 USA, 32 Pak1sta.n)

Topogralh1c Sheet Bumbers

Radii. (miles) *Nl N2 N3 lf4 J5 J6 XI J8 J9 .nO Jl.l m .n3 Jl4 .n5 n6 TotaJ..

Less than 0.5

0.5 .. 0.99 1 1

1.0 -1.49 1 3 8 1 3 i 3 2 22

3..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 32

2.5 .. 2.99 2 3 1 1 1 1 9
VI

3.49 4 6· 1 3 2 16I-' 3.0 ..
3.5 .. 3.99 1 3 1 1 6

!4..0 - 4.49 2 l~ 1 It- a

4.5 -4.99 1 3 2 1 7

Above 5.0 3 1 9 J~ 4 5 2 1 33

11. 922 536971.2 6 6 11 10 148

-------- -

5 13

-

____.m _

'* Figure 15 for



)

Numbers

Less than 0.5

0.5 - 0.99

l~O - 1.49 1 1 2 1 2 81

1.5.- 1.99 1 2 1 1 1 2 3 2 3 16
2.0 - 2.49 3 1 3 2 1 2 Jt 2 15
2.5 - 2.99 1 4 5 1 1 1 3 1 1 2 1 2l

\." 3.0 3.49f\) - 2 1 1 1 1 2 3 1 4 2 2 20

3.5 - 3.99 1 1 1 1 1 4 2 1 2 2 1 2 19
4.0 - 4.49 2 1 1 3 3 3 1 21 1 18
4·.5 - 1.i.99 1 2 3 1 2 1 2 2 1 15
Above 5.0 6 6 3 7 5 4 5 2 6 4 4 5 1 673

Total: 10 8 14 16 10 9 8 11 17 16 11 12~ 13 13 16 15 199

See AppendixB for list of topogra.phic sheet titles and.Figure 4 :for loca.tions.

------------- - - I



TABLE V (Cant '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 -1.49 6 2 2 1 1 2 1 1 4 1 1 22

1.5 - 1.99 1 2 1 1 2 1 2 0' 1 2 13

2.0 - 2.49 3 1 4 5 1 2 1 1 2 1 1 6 28

2.5 - 2.99 1 1 2 3 1 2 3 1 1 2 1 5 23

\J"t 3.0 3.49 1 1 3 1 1 2 1 2 1 1 14w -
3.5 - 3.99 1 2 3 3 2 1 2 1 15

4.0 - 4.49 3 1 1 1 2 1 1 10

4.5 - 4.99 2 1 2 1 1 1 1 1 10

Above 5.0 ,
3 3 2 2 3 3 1 18..L.

12 6 10 21 8 18 8 15 4 6 11 14 11 1 2 18 165

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

- - --., - - -- - - I



Topographic Sheet Numbers

Wldth(Miles) 50 49 48 41 46 45 44 43 42 41 40 3938 37 36 35 Total

Less than 0.5

0.5 .. 0.99 2 1 1 1 3 ~ 1 J 1 5 1 2 25,

1.0 -1.49 8 7 3 3 4 2 4 3 3 5 7 10 7 8 75

1.-5 .. 1.99 1 4 1 2 2 1 2 4 8 2 2 1 2 3 35
2.0·· .. 2.49 4 3 2 3 3 2 1 3 1 1 3 1 5 32

VI 2.5 .. 2.99 2 2 2 1 2 2 1 1 1 1 1 2 18..r=-

3.0 - 3.49 1 1 2 1 1 1 1 8

3.5 - 3.99 1 1 1 1 4

4.0 .. 4.49 1 1

4.5 - 4.99

Above 5.0 1 1

Note : See AppendixBforliBtoftopographic sheet titles andFigure4forlocations
Cl

199

- - - --

10 ~8 14 16 10 9 8 11 17 16 U" 12131316 15

)---------

Total:



"*IQ.,K2K3 K4 K5,", K6 ,IqK8 K9 10.0 Kll KJ.2 10.3 Kl4 10.5 n6

14 10 5

7 3 2 8 1 1 7 1

3 3 1 2 1 4 7 3 7 6 ,5 2 3 2 2

4 2 1 7 4 3 5 3 2 3

2 1 1 3 4 3 3 1 1 1 4 2

4 4 1 1 1 1 2 3 1

1 1 1 1 2

1

1 1

1

topogrfJ..phic sheet number locations'.

- -

1

2

1

29

30

51

34

26

18

6-

Total.

6

-

5

TABLE VI (Cont'd.)

Topographic Sheet Numbers

3 10 11 17 "·17 38 23 14 22 12

AlluviaJ. ,Fan Widths per Topographic 'Sheet
(16 USA, 32 Pak.istan)

- -

7 10 3

* See Figure 15 for

Width (miles)"

Less than 0.5

0.5 - 0.99

1.0 - 1.49

1.5 - 1.99

2.0 - 2.49

V1 2.5 - 2.99
\J1

3.0 - 3.49

3.5 - 3.99

4.0 - 4.49

4.5 - 4.99

Above 5.0

- --



* See· Figure 15 for Pakistan topographic sheet number locations.

-

4

148

1

6 11. 1067 12

- - - --

95 13 1311 9 22 5 3· 6

9 6 7 2. 1 19

1+ 4 3 3 ,8 4 2 3 2 3 5 2 2 45

1 2 4 1 1 1 3 3 2 3 3 4 1 29

1 1 1 3 3 1 2 1 2 :3 18

1 1

2 1 3 6

2 1 9 3 1 2 18

3 1 3 1 8

Topographic Sheet Numbers

*:N1 N2 N3 N4 J5 £6 Jl J8 J9 JJ.O ....Jll JJ,2 ..•.. .n.~ •. J:l.4 J:l.5 .n.6 Total

Above 5.0

3.0- 3.49

3-5 - 3.99

4.0- 4.49

4.5- 4.99

Width ...• (miles)

Less than 0 -5

0.5-0.99

1.0-1.49

1., -1.99

2.0- 2.49

VI 2.5·- 2.990\ .

;;----------



1 609

-

o153841 27 1324 141 159 114 .72

------

Total:

TABLE· VII

Number of Alluvial Fans by Length and Gradient in the United States

Less Length {i.n .miles)
than

Gradient (degrees) 1 1 2 3 4 5 6 7 8 10 11 12 13 Total.•

Less than 0.5

0.5 - 0.99 4 1 3 1 9

1.0 - 1~49 ,9 11. 11. 9 4 8' 2 2 1 2 59

1.5 .. 1.99 1 16 22 25 15 9 2 3' 2 2 97

2.0 .. 2.49 2 21 26 22 17 13 9 3 2 1 1 117
\Jt
~ 2.5 .. 2.99 1 22 25 22 8 8 4 1 91

3.0 - 3.49 3 16 19 11 10 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

1+.5 - 4.99 2 8 6 4 3 1 1 25

Over 5.0 8 ,21 J2 4 1 1 4 1 1 1 54



--------

Length (in miles)

1 __2 ~ 4 5 6 7 8 9 10 11 12. 13 Total'

Les'. tban.··.'O.5

0.5 - 9.99 2 3 5 6 6 1 2 1 26

1.0 - 1.49 11 20 20 3 2 2 2 1 3 64

17 10 11 11 1 1 1 1 9 62

2.0 ..2.49 1 11 11 2 3
\J1 14 2Q) 2.5··· .. ··.·.2.99 13 3 1 1

3.0 --3.49 5 8 5 3 4 1 26

3.5 - 3.99 1 10 7 2 1

4.0 - '4.49 2 7 9 1 1 ,1 ~·.21

• 4.5 --"4.,99 5 1 6

OVer 5.0 13 3 '3 3 1 4 1 1 29

Total: 11 98 84 51 33 6 9 5 :3 2 1 1 1 12 317

..- - --



~1l•. of'SUJp1..· lUuv1&1.J'fq18 ..inum.te4 .· States .DeS'~8
, (in 'teet) ,

(~""':LeotJ.OauuV1alf'an8()n. each Q~lO .!~gre.Ph:tc3:5 "~8)

'Alluvial Right Mid Left
Fan No., Radius Badius ,Radius W14th

J!L

6,

'1 1901 1901 1901
2 2323 2323 2323
3 1478 1478 1261
4 2745 2745 2534
5 ~4 4646 14224
6 2745 2145 2145., 5280 5280 5491
8 1689 1901 '1689
9 3379 3319 3590

10 :2956 2956 2956
1 4646 5069 4646
2 3590 3590 3590
3 5913 5913 5913
4 2112 2112 2112
5 3168 3319 3319
6 4435 4646 4646
7 4435 4435 4646
8 5280 57<12 5702
9 3168 3168 3168

10 3590 3801 3590
,1 2534 '2956 3168
2 1689 1689 1689
3 4224 ~4 4224
4 3590 3801 3168
5 5913 5913 5280
6 3801 4224 3801., 4013 4435 4013
8 3319 4013 3801
9 3801, 1J224 3801

,10 4013 4435 4013
1 4224 4013 4224
2 2534 2534 253l l-

3 5280 6124 6547
11- 2112 2112 2323
5 2956 2745 2745
6 2112, 2112 1901
7 2534 2534 2112
8 5491 6541 4857
9 6547 6758 6758

10 6336 6336 5280

3379
5491
3168
3379
2534
3168
6969
5
5913

* See AppendixBfortopograpb1caheet titles, and

59





61

'l'ABLEIX (Cent 'd.)

Alluvial Right Mid Left
Fan No. Radius Radius Radius Width

1 4646 4646 4646 5702
2 5913 6336 6758 6336
3 5491 5491 5913 6750
4 4224 4646 4224 5069
5 5280 5280 5280 6336
6 5491 5913 5913 6124
T 3319 3801 3319 380J.
8 4013 4435 4013 4857
9 3801 3801 4224 5913

10 3590 3590 3590 lt224
1 3379 3379 3379 2112
2 3168 3168 3168 3590
3 3590 3801 3590 3168
4 3590 3590 3590 2534
5 3319 3590 4013 5280
6 3801 4013 5069 5280
7 5280 5280 4857 4857
8 3168 3168 3168 4646
9 2323 2323 2323 3168

10 5280 4857 5280 4646

26-

Length of Sample Al.luvial Fans in United State. Deserts
(in teet)

(Random \,a.m;pleof 10 alluvial tans on eachot 10 topographic 15 t sheets)

Sheet .. l'o~
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63

60 inch - -- - - - - - - - - - - - - - - - a..U track and wheel vehicles

481nch - - - - _ .. _- - .. - - • - - - - - - BARe
• LARC

GOER
M-60 Tank

M-5Tractor
T-46 Amphibian
M-36 .. Gun .. carr1er_
M-29· Amphibian
M-1l6·· Personnel carrier
M-35 Truck
M-52 Cargoveh1ele
M-127 Cargo· vehicle

Vehicleswhichvill be
stopped ·by· .th8se.obsta.eles:

- - - .. - ....

APPENDIX D

Ob'stacles .to Military-Vehicles

24 inch-.- .. -- -- -- _ .. - - - ~- - - T-101I05mmcarri~r
M-36B2 Gun carrier
M-1l3 Personnel carrier
M-1l4Personnel carrier
XM-434 Truck
XM-548Cargo Veh1cle

181nch - --.-

Vert1calClimbL1m1ts:
(natural··obst~ele8)





DEATH VALLEY, CALIF.

AllUVIAL FAN
1





GREENWATER, CALIF,

BACKWASTING SLOPE

o ~, __
CONTOUR INTERVAL 40 FEET









3

2

6

(18)

(42)

1-8~9

19-12~ll ,

Lists of Topographic Sheets
(Scale 1:62,500)

31

32

41

(42)

(82)

5-23-14

. 12-44-26

NUMBER OF ALLUVIAL FANS,
BASIN AND RA'NGESREGION

33

28

(58)

(116)

30-8-20

15-66-35

27

22

(31)

(102)

...-..-- Large fa ntota13500'
Middle. fan· totaL1700'·350'l)'.
Small fan total 1700' .,'

11-10-10

18..64-20

5-24-31 12-58-22 21-36-16 17-16-15

(60) (92) {73} (48)

I
34 30 29 7

I
I

20-30-20 1.4-26-8 12-40-25 12-25-15
I

I
(70) (48) (77) (52)

1350 N
350 N

~
it

0 Total Quad 1011 Average Quad 63
0

!::';
:£

Figure 4&

71





Figure .4e
73

Lists of Topographic Sheets
(SCaI81:&2,500)

NUMBER OF .. ALLUVIAL FANS,
BASIN ANDRANG'ES REGION

Averale Quad 42.5Tata'i Quad 681

Toto 1 per shee,i

Shee,t Nun4be r':
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Catchment Basin - Fall Canyon





Catchment Basin. Sheep Canyon
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Catchment Basin - Mosaic Canyon





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

Microgeometry of a Portion of Grotto Canyon Fan
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Figure 12
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BLOCK DIAGRAMS OF ALLUVIAL FAN SEQUENCE MORPHOLOGY

a. New Talus Cone

c. Initial Coalescence of Fans

Figure 16
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b. Initial Development of Fan

d. Old Coalesced Fan
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