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HEADQUARTERS 

QUARTERMASTER RESEARCH & ENGINEERWG COMMAND, »S ARMY 
OfPlCC Of THC COMMAND#« OCNOlAt 

NATICK, MA88ACHU#CTTi 

Major Gonoral Andrew X* MeUanar» 
The Quartermaster General, 
Washington 25# D. C* 

Dear General McNanarai 

Tills report, ’'Deaexrt. Flood Conditions in the White Mountains of 
California and llevada/ contains the results of more than a year*3 in* 
tensive study of field conditions and historical records. Based upon 
this research, the authors have formulated some principles for evaluating 
the relative safety of sites for communication routes, storage, and 
bivouacs in the vicinity of a desert mountain range. Application of 
these principles during military operations in similar terrain could pre¬ 
vent recurrence of incidents that in the past have cost lives and materiel* 

Sudden floods will always be a possibility in certain desert re/ions, 
but the research findings show that these floods are nearly always United 
to only a few canyons or even to a single canyon, and that certain canyons 
are more likely to have destructive floods than others. By analyzing the 
shape and other characteristics of a given canyon, its degree of flooding 
hazard can bo estimated. In addition, it Is shown that the relative safety 
of different parts of' the terrain below a canyon nvsuth varies considerably* 
These varying degrees of hazard on different sites, and the factors that 
determine them, should be considered especially in planning permanent or 
semipermanent installations at or near the base of a desert mountain. 

Sincerely yours, 

1 Incl 
SP-108 

*jâ _ G. CALLOWAY 
Major General, USA 
Commanding 
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PÜRÖUD 

lb has long been known that military operations in the vicinity of 
desert mountains are subject to hazards from oudden and unexpected floods« 
The records of World War II ooerationa in North Africa contain instances 
of drowning* dfur.age to material* and obstruction to operations as a result 
of such floods* Little has been known, however, concerning the relation¬ 
ship between degree of flooding hazard and the characteristics of the 
catchment area, or the relative safety of various parts of the alluvial 
fans at the base of a desert mountain range. 

To answer some of the questions concerning desert flooding hazards* 
a research contract (DÀÍ9-129-QM-565) was negotiated with the University 
of California, with Dr. John E, Kesseli, Associate Professor of Geography* 
as Principal Investigator. The University maintains a high altitude 
research station in the White Mountains, a desert mountain range on the 
California-Nevada border, and makes meteorological observations at two 
stations near the crest of the range. The facilities of the White 
Mountain Hesearch Station, the height of the range* and its location in a 
settled, arid region, made the White Mountains exceptionally suitable for 
a study of flooding conditions* 

An aasistüii; investigator, Mr. Chester B. Beaty, resided in the area 
for more than a year, studying the problem from the climatological, geo- 
morphological, and historical aspects. The results of his research are 
presented in this report. All maps and photographs were made by Hr. Beaty* 

AUSTIN KENSCHEL, Ph. D. 
Chief 
Environmental Protection 
Research Division 

Approved! 

CARL L. WHITNEY, Lt. Col., <$IG 
Commanding Officer 
QM IMcE Center Laboratories 

J. FRED OESTEKLING, Ph.D. 
Acting Scientific Director 
QM Research & Engineering Cunnand 
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DESERT FLOOD CONDITIONS IN THS WHITE MOUNTAINS, CALIFORNIA AND NEVADA 
»T 

INTRODUCTION 

1* Purpoag of sfcttdr 

Thia invostißation waa corvuucted to aoîiieva four major goals: 

a, determine the intensity ,->nd amount of rainfall that vdll result 
in flooding in deaert region^; 

b, determine the frequency, duration, and areal extent of floods 
within a selected are* 

c, determine the effect of floods upon the terrain and land 
utilization; 

d. observe, at close range, the behavior of floods in desert 
streams and record their obstructive and destructive effects* 

2« Choice of area 

The four goals determined the choice of the area in which the research 
was carried out. 

The White Mountains were chosen because the University of Caliiornia 
maintains two laboratories on their crest at which year-round weather ob¬ 
servations are made, and these would oe of value in determining precipita¬ 
tion intensities and absolute totals resulting in flooding of a specific 
degree of seriousness. 

The range is situated along the California-Nevada boundary line 
approximately half way between Lake Tahce and Las Vegas (see Figure 1 arid 
folded map at end of report}. It lies on the western border of the 
desert region of the Great Basin- but it is a true desert range as the 
adjacent valleys. Fish Lake Valley to the east and Upper Owens Valley to 
the west, are true deserts (Cold Desert, EWk according to the Koeppen 
classification), while the crest of the range has a atfcppe climate (Cold 
Steppe, BSJj)• The area is taken to be representative of other desert 
ranges to the east and south; if there are notable differences in climatic 
characteiistics they ore oß degree, not of type. 

A preliminary survey of the White Mountains revealed signs of recent 
flooding on coth flanks of the range, but they were mere numerous as well 
as more conspicuous on the west side of the mountains. Although both 
sides of the range were kept under surveillance for possible floods, and 
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Figur* 1. Location of the White Mountains, showing U.S, 
Weather Bureau stations within and near the study area. 

studied for effects of former floods, the investigation of the western flank 
proved more rewarding; more attention was therefor« given to that part of thft 
mountains. 

3. Methods of investigation 

The assembly of published data consisted of tho gathering of climatic 
records available for the White Mountains and the valleys flanking them and 
the collecting of reports of former floods. For the latter task, the file* 
of the Inyo Register of Bishop, California^ and the Inyo Indo pendent a of 
Independence, California, at the offices of the Chalfant Press, Bishop, which 
combined reach back to 1Ö72, were invaluable. 

For gathering original data, varied means were chosen. In order to sup¬ 
plement precipitation data-collected at climatic stations a number of rain 
gages were set out In selected locations (indicated on map at end of report) 
and visited after every rain or snowfall from September 1956 to October 1957« 
The record of these observations is assembled in the Appendix, 
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In order to observo floods first hand at close rnn^je, the Assistant 
lived in the study area frwt 3 August 1956 to 25 October 1957 and kept a 
constant watch on weather conditions in the mountains. In addition, he 
made arrangements with California and Nevada state and county road main¬ 
tenance crevr. and other local residents to be informed whenever news of % 
flood reached them. Unfortunately, no major floods occurred in the ‘»rea 
during the 15-month period of field work. 

An attemnt was also made to obtain eyewitness accounts of former 
floods. Several ranchers whs had witnessed destructive floods during the 
last decade were located and interviewed. Although rwre concerned with 
aving their fields or irrigation systems from, destruction than with an 

objective examination of the floods, they made observations which, coupled 
with other evidence, permitted a reasonable reconstmction of the events 
accompanying a major flood. 

Most informative, however, was the morphologic evidence of former 
floods. Therefore, a thorough study was undertaken of the flood-producing 
*.• myons and of their alluvial fans. Recent flood deposits inside and out¬ 
side the canyons were given particular attention, and some of them were 
carefully mapped. The morphologic investigation was greatly assisted jy 
vertical aerial photographs cf the White Mountains taken in 195A for the 
U.S, Geological Survey at a scale of 1:37,400 and made available for this 
investigation by the Department of Geography, University of California, 
Berkeley, 

The field investigation was carried out entirely by the Assistant. 
The final report was prepared by the Principal Invf*>* * gator and the 
Assistant. 
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PART r 
mmn* GEOGRAPHIC1 SETTI3JS 

1* Xorpholo^r 

Ä« The rani?» In general. 

•n t M0ï,îtal“ ^ 1)10 W03^®rnino3t of lha «baaiti ranges" 
r?bi^ ?e ?f southern Novada. The northern limit o>f tho ran^e is 

(7^ OO^foef ? b.v Montgoaerj Paòs, Novada (7,200' feet). Tigard Pafc 
soit^rn lilit of thl vif, rj f^ifcrni'1. ia generally accepted »s th« 
!?f n\ef" of lhs Mountniru, and their extensiv beyond that 
b^t. Pr.^Vn » h9 "“"o 0f Iny° KflnK0, The len«th of th® Wlaite Mountains bcUeen Montgomery Pass ,v>d Westgard Pass amounts to aboui 4.5 miles. 

‘»«U.. of this iÄ%„. 

VaHev” for wMeh^ raWîevi3 h'S th® northern extension of Owens -\lley. Tor which no name has yet been generally accentedL lb will be 

PetT Mes^T^w"3 Talley” ln thl3 r9^t. Pish, lake 
III*:*' lies east of ^ part of the range of interest t/s this study, 
nileL thC range attaln3 a width «hich increases from 10 niles m the north to approximately 20 miles in the southi- 

cent sector^f ^ leS3 ^P031"« ^ height t&an the adja- 
Peak nn°r °M h 3ieffa ?eTada a few ^1°3 to the west. .White Mountain 

SUf?it Í tl19 rang9* ha3 an elevation or 0/,,2/,6 feet, 
mf t^T »h?" ‘''hltn°y- Average elevations .oí the crest 

vary from 10,000 feet to approximately 13,000 feet. Upper- Owens Valiev 
has elevations ranging from 4,100 feet near Bishop to roughly 6,500 feet 
at the west foot of.Montgomery Pass. To the east, the floor of Fish L^ke 

av?rase ®leTati°n of approximately 5,000 feed,, local re- 
of four toei^nr af 6i000 t0 8'°C0 feet in horiîcrrtal distances 
As the crest of thl ' ^ "" fadients correspooilingly steep, the crest, of the range is everywhere close to its western margin. 

the moSsIpirz)!1560*31^ 3teeP °n th* Pri=ipit0U3 WEStei-n flanlc of 

(Knoo- Æ %«^eS3nnïiall3r 3 3in?Ie' larger tilted block 
and Mrt^9nf\^dera?n> ^37)- Relative tilting has been toward the east 
and pa ts of the western front of the range present many aS the time- 
honored morphologic features generally associated with recent faulting 
1 í , transition from mountain slope to- -valley fim is abruot 
producing a sharp and distinct boundary between the two. So large era-’ 
Payments, floored with alluvium, indent the general line of the fountain 
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b« Canyons 

Mountains? Tharo^Íe^somo^A1?3^1^ ípafad both 3Ído3 of the Whit* 
Silver Canyon Jn the south to Queeí KÂThÍT ?h **3t flank from 
of canyon mouths here is on the order^f Average spacing 
are fewer and have larger rafoVim °r °n0 t,wo 5• Major canyons 
Mountains. Worth of White ÎWnîn Peak’ °on thispid the ^ita 
are only seven major drainage basins- avira?«1^ ild° 2f th® rnnge' thera 
mouths Is four to five miles. ” ’ average spacing of thoir canyon 

1r.4f*,bX[f™Ä SSdflf11" - ».Wld. 
of extrema pftyslographlc youth. The notchar+h* g¿V° th® vl3Ual impression 
mountain mass aw relatively shall« they have carved*Into the 
feet per mile, and bedrock is eS«d ar® hlgh> UP to 2»°00 
Major east-side drainages generallr are in their courses, 
dients, between 600 and 1.000 feet^oer „iihei1 by much ßontler gra- 
physiographically speaking, they must b^rññ 1ffeer catchment areas; 
terparts on tbe west! 7 3t ^ con3idarabl7 alder than their ¿oun- 
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Profiles of trun*' cnnyona of drainage ayatema lit the White 
Mountain a can be ground into two contrasting typea: (1) the Falls 
Creek typo, steep to mouth of canyon; and (2) the Middle Creek type, 
steep in headwater area only and relatively gentle in lover main canyon 
(Figure U). In the area, gradients of the Kalla Creek profile type range 
from 1,200 to 2,000 feet per mile for main canyons, and the exceaaive 
steepnosa of the trunk canyon floor persists to the fan apex* Gradients 
of the Middle Creek type are high in the headwater area, up to 1,500 feet 
per mile, but lower main canyons are relatively gentle, with gradients 
ranging from 300 to 600 feet per mile. 

Although gradations exist between the two types in the White Moun¬ 
tains, valid generalizations can be made concerning their *real distri¬ 
bution. From Milner Creek north to Morris Creek on the vest side of the 
range, all canyon profilée are of the Falls Creek type. Queen Canyon in 
the north and drainage* south of Milner Creek on the vest flank have 
Middle Creec type profiles. On the east side of the range, all major,, 
drainage systems from McAfee Creek to Trail Canyon have the Middle Creek 
type of profile. 

'fepths v»f major canyons on both sides of the range are quite r'e- 
srectab]ö Elevation differences of 2,500 to 3>000 feet between canyon 
floors and adjoining interfluvial ridge crests are conroon. Relief is 
therefore large, not only between the main crest of the White Mountains 
B.nd adjacent valleys, but on the dissected flanks of t. s rountain mass 
as veil, 
• 

c* Alluvial fana 

Alluvial fans along the vest flank of the range are steep and 
sharoly delimited in their upper portions. Their lower extensions co*- 
lesceto form an alluvial apron or piedmont alluvial plain. Some display 
excellent evidence of recent flooding. The belt of fans .fringing the 
western front is two to' three miles wide and has a height of 600 to 
1,200 feet from fan perimeters to apexes. 

Alluvial fans in northern Fish Lake Valley measure four to six 
miles in width and thus are larger than those of the west side. Although 
elevation differences between perimeters and apexes are similar to those 
of the west side, that is, from #00 to 1,200 feet, the greater radial ex¬ 
tent of the east-side fans gives them in general much gentler slopes. 
Evidence of flooding on these fans is much less conspicuous than that on 
the smaller, steeper fans of the west flank of the range. 

Although the transition from fan surface to bedrock mountain front 
rer.erally is abrupt, narrow tongues or fineers of allüvino extend into 
the mountain mass above fan apexes at the lowur ends cf several drainage 
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-m oith-r »We ot the r>m:e. Theae extensions ^ 
not fcnie ... cr.tnjrontn nuch .v, have noon deacribeh ^ “Wer, 
lo^er ranees in the Kohave Tienerl and elsewhere (Qiyls, 3.93^), since th _ 
conlnct between the He fountains an t their alluvial aprons ^ ß.oneraUy 
straight, not nc-illopei. The extensions of alltvium into the mountain 
block rerrosent at best only the ver/ bc^inninç of the development ^ lru# 
emb'iyraents; they occupy only the slightly wider. 
canyons, and the transition from lower canyons to the fans pr)pei is 
•Vinipt * . 

host White Mountain fans are characterized by a radial channel pat- 
■ern diver,’inK outward from the well-defined apex rej-ion. Moot channels 
re former flood Chanels. The active channel on u^1;'f 

to entrenched below the general fan surface for at l°wt half of its 
course. Averap.e denth of this incisement is on the order of 10 to .0 feet 
r»ar fan apexes and decreases downs lope. Surface morphology «n the upper 
parts of most fans is characterized by vigorous ^icro-relief, brought 
a;,out bv the existence of alternate ridges and channels, extendin,^radi¬ 
ally from, apexes to one-third to one-half of the way down the fanslope. 
Local relief on the unper parts of fc.ns is on t..e order of 5 t 5 « 
Lower fan slopes nr- relatively smooth, although a few widely spaced dry 
channels create locally a micro-relief of 2 to 3 feet. 

Slopes of the steerest fans along the west flank range from 10 to 12 
degrees near apexes to 2 or 3 degrees in peripheral areas. °'er" 
all slope of west-side fans amount 1 : or 6 degrees. East-side fans 
generally are more gentle. The steepest fans here have sloPes in apex^ 
regions of 7 to 9 degrees, while their perimeters often approach horizon 
tality. Average slope of all east-side fans is only 3 to 4 degrees. 

The steepness of the alluvial fans is in direct relation bo the 
steepness of the mountain canyons providing the debris cut of which they 
^ constructed. Since fans fringing the western front, of the range are 
beine built by shorter, steeoer, physiographically younger streams, they 
are accortlingly steer,er than those along the east fiant. 

Arenl Geolory 

Major rock types 

Essential features of the surface geology are indicated on Figure 5. 
nislcillv the ’ihite Mountains consist of a granitic core flanged y 
belt of sedimentary, met amor rhic, and volcanic rocks. The granitic core 
unlrlies tL crest’in the northern third of the range, but trending more 
easterly than the crest it passes onto the eastern slope farther to the 
south, while the adjacent r-cst and the western flank are underlain / 
tret amorphic ard sedimentary rocks. 
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Of interest to this study is the bedrock expoeurs in #*ch 
drainage basin. Major ralleys in the northern third of the range are cut 
predominantly in granitoid rocks. Slopes within the mountains in these 
drainages tend to be steep# with co'islderable bedrock expoa^d. Veathering 
along Joint planes and other zones of weakness within the granitoid masse* 
produces an abundance of large* coherent blocks* some measuring many feet 
in length* In the southern two-thirds of the range, drainage basins ar* 
cut dominantly or exclusively in metamorphic and sedimentary rocks. In 
general* slopes in such terrain are less rugged, with fewer bedrock expo¬ 
sures and more gentle inclination. Weathering in this part of the s tudy 
»rsa produces many smaller pieces of rock* ranging up to fist-sized cob- 
! les and only occasional blocks 1 or 2 feet in diameter* in marked con¬ 
trast to the much larger number and size of blocks in the granitic areas 
to the north. 

b. Effect on canyon profila 

There is little evidence that bedrock differences alone within 
the study area account for the notable differences in canyon profile 
observed. Steep canyon profiles generally are associated with physio- 
graphically younger parts of the rango. Höre gentle canyon profiles, of 
approximately similar shape, occur in both granitic and metamorphic- 
sedimentary terrains. It seems more likely that canyon profile variation* 
should be attributed to different recent diastrophic activity in diverse 
parts of the range than to bedrock differences alone. 

c. Effect on narrownes s of canyon smthi 

The mouths of three west-side drainage systems. Cottonwood Canyon* 
Lone Tree Creek, and Milner Creek, are cut in a steeply tilted stratum of 
particularly resistant quartzite. The inherent toughness of this rock has 
resulted in the creation of exceedingly narrow, gorge-like stretches of 
canyon at these points. These carbon "narrows* are not common in the Whit* 
Mountains; other drainages on both sides of the range leave it in moder¬ 
ately broad lover canyon* cut in other rock types. The three west-side 
streams are unique in this respect, and the particular morphology of their 
lower trunk canyons and canyon mjutns has been * determining factor in the 
behavior of higher than normal runoff. 

d. Effect on size of debris in jTana 

Marked differences exist in the size distribution of debris in fan* 
built by streams coming from areas of different bedrock. Fans below gran¬ 
itic terrain consist of sand, cobbles* and numerous blocks of all sizes, 
averaging perhaps i* to 6 feet across; there is little material in the grav¬ 
el range, and little, if any, silt and clay. Surfaces' of fans built of 
granitic debris usually are rough, and the oresence of occasional blocks of 
extreme size far from canyon mouths (Fig. 6) Invites much speculation. 
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PißUM 6. Granit« boulder on Karblo Creek «llurial fan three- 
quarters of a ail« below epex, , Kote man standing at lower 
right of block. This is the largest of all boulder* seen on 
fans and measures apprcximatol/ 30 x 25 x 25 feet. 

Pans built of cate rial frees metamorphic and sedimentary terrain 
contain a large proportion of debris in the sand, gravel, and cobble 
range, with a few nediunsaiied blocks of 2 to 3 feet diameter. Block* 
6 to 8 feet in diameter or larger are very rare in these fan*. 

Effect on <*aoth of regollti^ 

Regolith depth is a function both of rate of weathering and 
steepness of slope. In general, granitic terrain n the northern part 
kÍ ia îharsct®r,ited hy atMP «l°p«aî .«»«haring hara m»/ 
be rapid, but the resdy romoyal of fins debris by gullying and rill cut* 
tins provenía tha accumulation of mor. thin Basil patches of very ehal- 
low rôgolltíi. The »ore gontle slope* of the southern part of the ranae 
which are underlain by metanorphic and eedlaentair bedrock have a nearly 
contlnuoue and thicker cover of weathered material. The upper portion^ 
of the regolith in thie part of the area moves dovnslope primarily in 
the form of email debris tongues or lobee, a type of mass covansnt which 
is influential in slope development and in the transportation of debrie 
toward major valley floor*. 
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Infiltration rates on more gentle slop«» v'th thicker ro-jollth ar« 
co^-iderably higher than on the steeper, practidily bare slope». Thu», 
surface runoff from metamorohlc and oedirH’r.tary terrain is likely to be 
less, for a given Amount of rain, than that frjr drainage» cut exclu-* 
sively in granitic rock typos. 

3.. CljjMta 

a. Yearly weather summary 

Generally, winters are wet and summers dry in the White Mountains. 
Winter precipitation is nsnociated with the pvissage of cyclonic storms 
which, in their west to east course, release a large proportion of their 
moisture over the Sierra Nevada, As a result, depth of winter precipi¬ 
tation is normally only moderate in amount in the White Mountains, even 
at higher elevations. 

During the summer months, May through October, occasional thunder¬ 
storms occur, especially over the higher part5 cf the region. Thunder¬ 
storm precipitation is sporadic, both in time and place, and reliable 
records of intensities and absolute totals are scarce. 

Temperatures are relatively moderate during the year throughout the 
area. Wintertime minima are occasionally below zero and summertime max¬ 
ima occasionally exceed 100°F. in the valleys during July and August, but 
equable sensible temperatures are the rule in all seasons. 

Frequent strong northerly and southerly surface winds occur from 
time to time, and the area is internationally known for the development 
of the "Sierra Wave" in Owens Valley during winter months. 

b. Climatic averages 

In Table I the available record of average ronthly and annual tem¬ 
peratures for U.S. Weather Bureau stations within and adjacent to the 
study area is assembled, and in Table II the(corresponding record of 
precipitation is piesented. Location of the'we .her stations is indi¬ 
cated in Figure 1. Station elevations and years of record are presented 
in Table III. 

Average annual precipitation over the study area is depicted in 
Figure 7. Precipitation distribution is about what would be expected, 
that is, it it¡ greater at the higher elevations. Precipitation distri¬ 
bution in tha northern White Mountains had to be estimated, but it is 
felt that the map representation is reasonably accurate. Valley resi¬ 
dents on both sides of the range are all but unanimous in their assur¬ 
ances that the part of the range between White Mountain Peak and 
Montgomery Peak receives the greatest amount of winter snow and the most 
f-equent summer thunderstorms. Personal observations during the contract 
period terded to bear out at least the former part of this contention 
(see Fig* 8). 
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TARLE III* Elevations asnd years of record of weather atation* 
within and .ai-djacent to the atudy area* 

Station 

Bishop 

Elyvation 

4,108 

Total year» 
of record 

49 

Coaidaie 

Pyer 

O-asie Ranch 

4*06 

4*975 

5,106 

Beep Spring School 5,225 

Lidii 

Tonopah 

Candelaria 

Basalt 

White Mt. I 

White MU II 

6,037 

6,»090 

6,180 

6,350 

10),150 

12^470 

16 

10 

16 

10 

? 

50 

17 

17 

10 

7 

16 

Years Operated 

1884-1918 
1944-1957 

1942-1957 

19/4-1957 

1903-1919 

1948-1957 

1912-1918 

1907-1957 

1889-1905 

1941-1957 

1948-1957 

1951-1957 
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C. gedornt dÍatribuH-Son of nroclpltntlon 

tallón lhrLT1¿ntCrR^ tn '•i’13 StU,,y i3 th0 dl^ribution of proclpl- 
^ °nM ? h y irí Tarlou!1 f’^3 °r lha rc^lon. Apparently th« 
Yhlt ..ounUIna correnponl to a dofinite boundary or transition zone be- 

with markedly different precipitation rÖßi.ea Fi^re 9 
illu3trates th* rhyUim of yaurly Drocipltatton for three otatiom one ort 
tno went sid. of the rantwo on the east side. 1 n3> 0fï 

'11 aboi and Unt^rS"^ between the distribution at 
il 3tai5c>na.ea3t of the fountains. Dishop has a tvpi- 

statWfW> rep;tm,e Wlth Pronounced sumer dryness. The other 
stations lack an obvious suinn.er minimum, and summer and winter precicita- 

M,» Th f?3t °f thB ^11° Mountains is invaded freouently dur In ' 
the susener months by moist air from the Gulf of Mexico. This cotentiilv 
unstable air is at times a prolific source of thunderstorm activity the^ 
the'morth-0' is. rBf.lec‘ed b/ the normal precipitation totals^for’ 
little of *b?, r0U'' 0cl°-':r ^ Tonopah and Oasis Ranch. Evidently 
the '■’hltl Pnn V*™’ normally Gets across the high barrier of 
t e ..'hite Mountains and into Owens Valley and areas beyond, to the west 
oummert me thunderstorm activity in these regions is dependent umn the 
importation of moist Pacific air, and the general circulationo^heat- 

?riT s rÄÄSÄfs? 
vinttttnS^Äs; or°even wT 

Precinltntion extremíes 

,. . 0f Greater Interest (to this study than averages or normals a« 

ÏecÂi^reSrf to“* TaU'! 17 ShoW3 the .«ntoïy tot” precipitation recorded at the various weather stations thus far. At all 
but one of the stations listed the maxima fall into the winter months 
over,her to April. The exception, Candelaria, is not only remarkable’'or 

t ’r ^fiod of its maximum, A-dgust, but also fir the size of that maxL^ 
which is exceeded at only three other stations. »aximua, 

Itot JnbtoiVifydntS ,ror Some °f th0 3t;itions the Mximum 2A-hour pre-ip. 
U.iUnn totals for each month during an approximate decade. Maximaagain 

P^ominantly into the «inter half-year, but Tonopah and Coaldale 
, ?} r ^L~r‘er maximum. Impressive values of 2/,-hour precipitation 
Sair n5“ a,'° als° 3ent at 0a3is Basalt" Äte 
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Dopcnd^hilUy of r*™*} 

within and adJ?cenlCto*th" atudy°area! wi^tvw'^a-cerM' Wcni,h8r ?tafcion* 

äSsäs!äH - 
stations, only 24-hou/totas. 1 ^ SUi<5a are n°b recorded ^ thss. 

happened that weather stations closest to Ar^T^r u * ÎÎ , fton 

«y Ära«: :;ääs js 

Msmimm- 
Ss^ÄriäSe^ zr^ly th8 "Âar^t. 
amount caueht in the official rain gage, exceeded hY severa], times the 

recorded only 0.02 inch of rain that aftSm^on- thfrain 
nenrby must have been much more severe. ^ 1 th mountaina 

H . Aga}n 1x1 August 1957, minor flooding took place a? ^ IT q i 

afttos *2îâ‘£; ^ ?;* ä 
0.02 loch .0 “tuTS" =t““’" “ 

rainfiu^^^Lsdin^rfro'ifthïo^: °f flo°d;P«<lucing 
presented in Table V should be ^ Streme precipitation values 
fro, any giv„n frontal atom or 
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figures probably aro much moro representative of average or normal con¬ 
ditions than summertime values, but personal observations during the 
contract period Indicated that the distribution of procipioatlon even in 
large cyclonic disturbances was far from uniform over the area. Under 
these conditions, chance catches of .rainfall in various receptacles be¬ 
come of importance irr a consideration of the possible precipitation in¬ 
tensities and totals that may be attained. 

f. Accidental records of precipitation 

Numerous estimates of extreme thunderstorm precipitation in 
areas contiguous to the Write Mountains wore obtained. They were based 
on catches in empty watering troughs, wheelbarrows, tubs, pails, and sim¬ 
ilar receptacles. They were encountered in newspaper reports describing 
floods in the Silver Peak Range, Nevada; near Lone Pine, California, in 
southern Owens Valley; the Bodie, California area, north of Mono Lake; 
and **T’om m*nt* T.nue f1*»! n 4 m .... —1 — r .. . ‘rom near Laws, California, in the southern part of the study area. 
With but one exception, to be discussed below, no estimates for thunder¬ 
storm precipitation in the White Mountains proper could be found. 

The figures stated indicate totals of A to 5 inches in a period of 
2 to 3 hours for individual thunderstorms that happen to have centered 
over occupied areas. Short-time intensities during such heavy storms are 
difficult to estimate, but it seems probable that perhaps as much as 2 to 
3 inches may have fallen in an hour on occasion, -of which more than half 
fell in the first ?5 to 30 minutes, correspondIrg to a rate of ¿» or 5 
inches per hour for that period. 

These estimates are admittedly crude and subject to some degree of 
error. In ^articular, the shapes of the recepta«;]us for these accidental 
catches v.aried considerably, and depths of waU*r Jn the bottoms of these 
may well not have reflected accurately the total depth of precipitation 
that actually fell but may h?."e exaggerated Uie amount somewhat. But 
until a heavy, flood-producing ^in centers on one of the White Mountain 
stations It will not be possible to improve u.po i thee« estimates. 

The heaviest precipitation accurately recordtd anywhere within the 
general area occurred on 19 July 1955 Mum more than B inches of rain fell 
in slightly more than two hours on Chta.wvich riai, on the east flank of 
the northern White Mountains (Powell, D. ,*■ r«M jornl Communication, 1957), 
Th :atch was made in a portable rain gage. It was purely accidental; 
the observer happened to be in che area, happened t.o have a portable rain 
gage, and had carried it to the Flat on the chance that a heavy rain might 
fall. 

* Mr. Powell was a graduate student in Geography, University of California 
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Mr* Powellrn menoumnent indlc/ttes that reported valloy precipita¬ 
tion Qãtchosj aro obviously much smaller thnn amounts rocetved in the 
rr.otmtains from most storms. Totals recorded at valley stations can be 
taken as minima, and in most cases they should be doubled or even tri¬ 
pled to correspond to the probable mountain rain. 

/!. Vegetation 

There are three well-defined and easily reco/jniaable vegetation 
associations within the study area, plus an Alpine zone of relatively 
bare rogolith above timber line in the high White Mountains. 

a. Valley shrubs 

Coveidng all of the valley floors and alluvial fans and extend¬ 
ing into the mountains themselves for a short distance is an association 

ifeiiSZ. Shrubs. The total number of species is great, but the dominant 
plants make up a comparatively brief list. In the northern lowlands of 
the area, Great Basin sagebrush (Artemisia tridentata) is the predominant 
plant, with minor amounts of other shrubs, notably joint firs (Enhedra 
spp.), bifcterbrush (Purshla tridentata). and various buckwheats TËriogonum 
spp.). Farther south in the valleys, at lower elevations* sagebrush alL 
but disappearsr here, a rather extensive mixturo of shrubs replaces it: 
rabbit brush (Chrysothamrus sp.), salt bush (Atrlplox'son. ). greasewood 
(Sargobatna vcrmiculatus)t hop sage (Grayla spinosa), dalca (Parosela sp.), 
cotton thorn (Tetradymia spir.osa). and other lowland plants, This vegetal 
association blankets valley flats and alluvial fans and gives the impres¬ 
sion of a rather continuous cover (Fig. 10), However, this impression is 
misleading. There is no development of a turf or sod, and bare ground be¬ 
tween plants greatly exceeds the portion of surface actually covered or 
protected by vegetation. 

b, Plnyon-Gagebrush 

The Plnyon-Sagebrush association extends altitudinally from 
approximately 6,000 feet to about 9,000 feet. Most of the intermediate 
slopes of the White Mountains are covered by this association, but it 
should not be thought of as constituting a true forest, Pinyon pine 
( rinus mo no phy11a) and Great Basin sagebrush (Artemisia tridentata) are 
the dominant plants in this association, although along its upper border 
mountain mahogany (Cercocarnus sp.) and Juniper (Juninerus californica) 
locally become prominent. Individual trees are not closely spaced <n the 
Pinyon-Sagebrush zone, although here and there small patches of thick 
growth may occur. Sagebrush is rather uniformly interspersed among the 
pines, and a view from a distance provides an impression of more or less 
comnlete ground cover. This, however, is illusory; bare regolith covers 
perhaps A0 to 50 percent of the total area within this type, and slopes 
are by no means protected by vegetation. 
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Figur« 10. Valley Shrub vegetation on alluvial fan of Marble Creek. 
Host of the bushes are Great Basin sagebruah* recognizable by its light 
color* The few darker F'*nts in the fore- and middle-ground are bitter- 
brush. The density shown is typical for Valley Shrubs. The height of 
the largest bushes Is about ¿* to 5 feet. 

Figure 11. Bristlecone pine on crest of White Mountains. Levation 
here is about 10,500 feet. The trees have a height of 35 to UO feet. 
Bedrock is dolomite, which the High-Altitude Pines seem to prefer. 
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ÎO 500 r5°f 'aî?Ut 9*000 r«k to th* upper timber 1IM 
10 500 to U,000 feet is. the zone of HUh-AlUti.He Pie., (Tir m 

HedlFrE?'1ar^^^ 

d. Alpin« Zónñ 

“-f Äs^\;“ÄäÄ“ s r~gFï31lr 
rather w8UPveßeUted!h I^is 3tUdy area is radoubtedly 
overall control on surface runoff and ïnÎiUra irf?“0? T,** * ^neraî, 
tains. However its efferf ^ í. T afcl°n ratos 1" the tthite Moun¬ 
ts slight, ZVu primarily precIpiLuln^ofThl^^l:1,^ 
cant in a consideration of flooding in the range. ^ that iS 3ienifi~ 
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PART ir 

FEiOüDINS m THE WHITS MOUPfTAIKS 

1. Recorded floods Alineo 1^72 

A* ^nurcon of 1;¡¿format ion 

NoW3paper flllfrn at the office of the Chalfant Preas, Biahop, 
california, were conauillted for information concerning foruier floovis*. 
The newspaper record wubs back to 1Ö72, but a few years are missing 
during the early part (of the period. It can hardly be expected that all 
floods taking place wiitt'hin the area wro recorded by the Journals of the 
timo. Nevertheless, thic record as here presented ia believed to repre¬ 
sent a satisfactory aoimple, and generalizations derived from it are con¬ 
sidered to be valid.. 

When possible, Icnnol residents were consulted to corroborate news¬ 
paper accounts of specific floods within their memories. A few floods 
not reported in the pra.-ns were recalled by long-time local residents of 
the area, and four of tiihese that could be cross-checked by verification 
from two or more people; were added to the newspaper record. 

b. Distribution fen time during period 1B72-1957 

The number of ifloods per year mentioned in the newspapers dur¬ 
ing this period is shawm graphically in Figures 12 and 13. Figure 12 is 
based on all recorded UUoods, a total of 179, which occurred in an area 
bounded by lines joinlmg Mono Lake, California; Tonopah, »Nevada; Baker, 
California; and Mohave’,, California. In addition to the White Mountains, 
it thus includes the emrtern slope of the high Sierra Nevada south of 
Mono Lake and the Deathi 'Valley region, as well as part of the Mohave 
Desert. 

The number of floods per year during the historical period in the 
White Mountains alone tes presented m Figure 13, and covers a total of 
63 floods. 

Flooding occurrences in the ] arger area were investigated to see if 
the pattern established! ifor the White Mountains was comparable to that 
prevailing in adjacent «desert regions In general, the distribution in 
the historical period am well as the seasonal distribution for both the 
larger and smaller regxams display marked similarities. 

The two graphs (Fiifgs. 12 and 13) show similar trends in flooding 
occurrence; the most noc-able feature is the remarkable increase in re— 
oorted floods during thip last two or three decades. This increase coin¬ 
cides with a general imnrease in population in the affected area, an 
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extansîon of the highway network, and a. pronounced increase in the- number 
of cars using the road system. More people, more roads, and more automo- 
Míes in an area subject to flooding lead to one inevitable result; more 
floods will interfere with human activity and will thus be reported in the 
thtt’iiwi! Í* 1" th, available weather recoirls to indicate 
U-at cilmatic factors account for the Increase in the number of recortad 
floods during the last 20 to 30 years. Other investigators of flooding iir 

19W)! n0ted Sil”llar trandS in °th,!r ,re*8 (3*8> ln Particular, 

c Seasonal distribution 

., distribution of floods throughout the year (Fig, 14) is of 
considerable interest. About three-fifths, or 60 percent, of the recorded 
floods in the White Mountains and in the larger area have taken place 

îw'\;'UBn?p ^"ths, July and August. All of these have been th. 
result of cloudbursts, or thunderstorms, which are also predominantly ra- 
spcmsible for tho less frequent September floods. y ra 
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(*) 

fî00^1^ occurrence for each month during the period 1372- 
1917 in (a) the larger area; and (b) the White Mountains alone. 

^^8ing floods, from the standpoint of 
pnverty loss and highway washouts, have come during the winter mon*hs 
particularly in December and Januar*. Almost invariably thèse wintertime 
floods have been the result of wans rain on a snow cov^r, o oÆy he^ 
valley rains accompasying snowfall at higher elevations. ^ 

Flooding from snowmelt normally has come in late spring a»d earlv 

storm*"rainfall3' ^ *"d JUne’ ^ 0fte" ha3 bMn au£raented by thunder- 
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Rolntlve ^c^ity of floods during the spring months » February.to 
^pril, is the rr^Liw of a combination of circumstances. Frontal activ¬ 
ity is weakening then; average daytime temperatures art* too low for 
copious snowmelt; and météorologie conditions are not conducive to thun¬ 
derstorm activity. 

Moderately i^ivy rains, of frontal origin, are not uncowaon during 
the fall months, October and November, but usually they are accompanied 
by snow at higher elevations, and sines- the infiltration capacity of the 
mountain soils is high at this season relatively few floods have occurred, 

In general, then, floods in the .area can be arranged into three 
groups: 

sumer. 
(1) TV true Cloudburst Flood, occurring almost invariably in 

(2) Snowmelt Flood, taking place In late spring and early 
sismer; sometimes augmented by thunderstorm rainfall. 

(3) TV Tyintertime Flood, occurring as a result of warn rai* 
on snow, rain on frozen ground, or heavy rain in the lowlands accompa- 
nied by snow at iu.trier elevations. 

Virtually all of the historic floods within and adjacent to the 
White Mountains cam be assigned to one of these three classifications. 

<*• Areal distribution in White Mountains 

The areal distribution of recorded and observed floods in and 
immediately adjacent to the White Mountains during the period 1872-1957 
is shown on Figure 15. A concentration of reported floods along the 
west front of the range is conspicuous. Meteorologie factors may ac¬ 
count for this concentration, but it seems likely that other factors 
should be considered primarily responsible. Today, a major highway, 
U.S. 6, leads ncrJb from Bishop along the comcains and over Montgomery 
Pass; during the period 1882-1941, a narrow-gage railroad traversed this 
portion of the area; and during the whole period, mining activities and 
settlement have bees concentrated along the west flank of the range. 
Most of the floors reported in the local press or remembered by long¬ 
time valley residem* occurred along the highway or railroad, or in or 
near towns, mines, and other settled localities. 

Long-time voller residents have expressed the opinion that more 
severe thunderstorms have occurred in the vicinity of White Mountain 
Peak than along otVr parts of the crest (Minneberry, P., Personal Ccra- 
nunication, 195^: Hobinson, D., Personal Coiununication, 1957). Person¬ 
nel of the U.S. weather Bureau station at Bishop noted that the White 

30 

kvÆÇïÎ:#::« 

WèMM 

• ..* -,-.-. 

k-.V.VA^VA^V'/^- 

. - , •> ,»>>’X 

mmm 



\w 

m 

m 
'V1 

tíi 

Mountain Peak sector of tho moro may well be a Uiunderator» "breedin* 
«round (Pyle, B., Personal Communication, 1956). It is certainly true 
thnt in recent years there his been an apparent concentration ofthun- 

ï’îJïï18 of th0 White Mountains. However, Figure 
15 shows a rather regular distribution of floods alon¿ the west'aide of 
the range with only a slight concentration below the Write Mountain Peak 
nCtar’ «ïï bolieV9d tllat over ‘•'»o yea, . the distribution of observed 
f r°° f concentration and lack of concentration in direct rel». 
tin to thn density of settlement and the frequency of travel on the 
m.ijor remaa of an area. 

«. Major floods 

, -, . ,Tho Sfriousneas of a given flood is a purely subjective matter. 
r ^l0°a a,w0r °US r’3 h0U3e i3 3HePl away, or one's fields are 
covered ,d.h coarse debris; a flood is serious if major lines of commu- 
niention are cut, or if human lives are lost. Bit morphologically sig- 

m fl°odsTmay occ|lr in unoccupied areas and will thus be ignored 
or mentioned only very briefly in the local press. Consequently, the 
seriousness of a given flood frequently is difficult to determine, es- 
pecially many years after tho event. 

Tfc* MaJ°r flo°d3 Ar® indien ted in the ijrapîis of Figures 12^ 13, and 14. 
These were considered to be major because in each case serious damage was 
done to human habitation, other structures, or main lines of corar,única- 
lions; or human lives were lost. The seriousness of the great majority 
of the reported floods could not be determined satisfactorily from a 
nonHnVf he newsPaP?r a=a°unts, and it is possible that more major 
floods have occurred than are shown in the graohs. 

nr i trTbUtÍOn °í m'?P°r rloods in time and throughout the year is 
In the number of reported major floods shows an 

ln th, 3ec°nd bnlf of the historical period, correspondit«, as 
-¿o1 V e^Pfcted, to the increase in population in the area. In the 

■;CT ln3 aiT’ I,0WtfVer- maJ°r floods appear to have been more or 
less evenly spaced in time during the historical period. 

A concentration of major floods in the summer months is very evi- 
Tho«’ P\rtiTarly C7 bÎ!0 1*reer arna for '-hich data are available. 
Thus, not only are cloudburst floods numerically most imrortant in and 
tiÍeCenThis bas h K°unhains, but often they have been quite destruc¬ 
tive. This has been notably true along the southern cart of the eastern 
Sierra Nevada slope, along which are located a federal highway, a rail- 
the entire area03 * ^.ucduct, but the general trend prevails over 
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By far tho moat froquent typo of damage reported in tho newa- 
pa^rs hf.s been debris across or washing out of highways. Major roads 
within the region have been built on alluvial fans fringing mountain 
masnes, and secondary roads leading Into tho rangos almost invariably 
are in canyon-floor locations over at least part of their length. In 
both cases Hooding has caused damage. Often tho reported damage has 
been no more than a thin film of cobbles and finer material covering 
short stretches of roadway crossing normally dry channels. Railroad 
washouts have sometimes been more serious in that several hundred feet 
of rained roadbed on fan surfaces has been carried away. Secondary 
canyon-floor roads within the mountains have often suffered damage and 
occasionally have been dejtroyed for thousands of feet. 

Damage to structures and cultivated land within the area has been 
relatively limited. Most of the farm land is not on alluvial fans but 
on flatter areas at their lower margins, and only infrequently have 
cultivated acres been damaged severely by floods issuing from the moun¬ 
tains. Secondary damages to farms and ranches have come about as a re¬ 
sult of- the destruction of canyon-mouth intakes for irrigation systems* 
and it has thus occasionally happened that ranches huve been without 
water for a week or more during critical periods of the growing season. 

Small-scale mining has been carried out in the past in most of the 
White Mountain drainages; occasionally cabins and out-buildings on can¬ 
yon floors have been swept away by a flood. But very few miners or res 
idents have been so foolish as to put buildings in locations of such 
obvious flooding danger. 

Duration of floods 

Normally, flooding as a result of summertime cloudbursts is a 
comparatively brief phenomenon. Thunderstorm ram of flood-producing 
intensity rarely has lasted mere than two or throe hours; usually the 
heaviest precipitation han been of little mure than an hour's duration. 
Actual flooding may take place in no nur* than /,0 or 50 minutes, that is, 
as a typical flash flood. The high water crest with its mobile debris 
surges down the main channel within tne maintains and out onto the fan 
surface relatively shortly after tne heavy rain has fallen. After such 
an outburst, higher than normal water flow may continue in the affected 
drainage for -°/» to hours Thunderstorms can deliver water to catch¬ 
ment areas at rates greatly exceeding infiltration capacities of water¬ 
sheds; overland f1"W then quickly develops and runoff may be rapidly 
enneentrated into the main canyon of the drainage basin. 

Flooding from snowmelt runoff is usually of longer duration and of 
correspondingly lesser intensity It commonly may last for about a week 
or ten days. Flood danger is stated to be particularly groat in late 
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nftprnoon or ovenlm;. Observations of a snowmelt flood period, made in 
June 1957, are discussed in a later section of this report. Rato of snow¬ 
melt runoff is affected directly by maximum dally temperatures, and great 
daily variations of snowmelt discharge have been experienced whenever 
wC/nperaturo fliictiKitlonn from dny to dny wore larger 

Wintertime flooding ns a result of prolonged frontal rains usually 
has been a lowland phenomenon, and crests normally have been reached only 
cieX,YBri0d díy\°í hoavy Precipitation. High discharge in the 
creeks has usually lasted for two to fsur days. Minor crests in smaller 
individual st ‘earns within the mountains may occur as a result of tempo- 
rary landslide damming. It has only been during periods of prolonged^ 

nrom ,?ÍCi r'nnní^< th'lt 8aturatlon of soils be«n sufficiently deep to 
promote Ir.ndsliding «is an additional cause of severe flooding* 

h. Frequency of flooding 

MonnMi™ 3u^Jec“vs estimate of flooding frequency within the White 
Mountains alone based upon the newspaper record, gives six to eight 
floods per decade, of which one to three can be classified as serious 

J10? 5' T'le!e estimates are undoubtedly low, as all Hoods very 
probably have not been recorded. The same frequencies seem to hold true 
California0^ ^1^3Íza in the general desert region of southeastern 
California and southwestern Nevada. For the area as a whole, the flood 
frequencies are greater since they are the result of the swmiation of 
the floods in the smaller arc.is. 

« of the cyclical occurrence of floods is to be found 
in the historical record. As noted, the marked increase in the number 
of reported flooas in the last three decades can probably be traced dir¬ 
ectly to an increase in population in the area and not to identifiable 
météorologie factors. Wet years follow dry years in the study area, but 
flooding occurrence remains sporadic and unpredictable. 

Floods of the last decade 

More definite information concerning floods in the White Mountains 
is available for the last decade. A few eyewitnesses were located who 
remembered three major flood years quite vividly. In one of these the 
floods were of such intensity that they left prominent morphologic evi- 
ence which, in conjunction with the eyewitness accounts, permits a 

satisfactory reconstruction of the events. Morph>logic evidence from 
the more recent floods is less satisfactory, but ;t is sufficient to 
allow a reasonable reconstruction to be made. 

a- The floods of £6 July 1952 

Heavy thunderstorm rain on that date caused flooding in four 
canyons of the White Mountains, of which three, Milner Creek, Lone 
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(1) Precipitation 

Eycbotlinr^ly heavy rains foil alon« tho croat ,->r ib* 
ranp.e °n the afu^.oon of 26 Joly 1952, and wore obviously concentrated 
in the vicinity of Whit, Mountain Peak! The weather station SïoaeattJ 
-ho flooded «areas in oreratlon that voar vna r ° eat . 
irately 13 airl Ine rail-.-3 fn>ra tho headwater'areaa of't he ^ffeïtedTai^' 

that "date!3 ^11°° r°COrded “ 2/*"hou‘' total °f 0.33 inch 0? ^^ on 

Ranchers in Upper Owens Valley who observed the heavy rains in the 

^iSÂÂtt&i&ÂísrÂ-aôL. 
hiït rît T ! faln was htiavy enough f»so that we couldn't see the 
bulk of the mountains for an hour or so“ (Symons W Jr r 
muni cat ion, 1956), but no estimatos of actual totalste available ^ 

KTh ! £°tal dUr1^ the tW0-h0ut- «f -axi^ precipitation 
tL ! • en n,any14me3 the °-33 inch received at ’.-.hite Mountain Í n: *“ä s s;;rto ™ ™‘" ss? ™:- 

(2) ElgPilinfl in Milner Creek, Lone Tree Creek, anrf 
Cottonwood Canyon " -- 

ppf. ^ „ ,, The flooding of these drainages can be considered to- 
fn«» • VÍt WaS ofLthe same ly?0 !" all three streams. Tho similar- 

and Seology of the three systems are in all 
probability responsible for the similarities in resulting floods? 

(3) Eyewitness accounts 

Tnnrt t*%£»/» r , , ^0Ur oyGwitne3S03 the floods from Milner Creek 
vidnHT i m66?1 an? C°ttonwcod Canyon were located. Two of these pro- 

ided relatively valuable informtion concerning floodinr on tiie Cotton 
informsfrYve ^ aUuvial r?-n3’ ^e other t^o had le5S informative evidence regarding Milner Creek and its fan. 

'^nesses of the Cottonwood Canyon and Lone Tree Creek flood» 
(.wlliam Symons, Jr., for the fonner and Robert Cashbau^h for the Ut- 

fi G Y* nr* Vip Q 1 #-¾ r* ^ ^ ^ ... 
. •-» ■ xuniLv* .ma HOD 

tor; were stc.-kmen whose ranches are located on fan margins two tr 
miles from the canyon mouths (see Figures l6 and 1?). From these %ee 
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ranchea almost tha whole extent of the nearby fana la visible. Cn the 
Cottonwood Canyon fan the flood passed over Kr. Symons* ranch and-orrth* 
Lone tree Cree'< fan it passed within half a mus, of Hi. Cashbaugh’s ranch. 

The witnesses of the Milner Creek flood were on a ranch fron which 
the south of Milner Creek canyon is not visible and from which only part 
of the fan can be seen. Consequently, their observations serve only to 
corroborate parts of the evidence given by the better-situated observers. 

The combined testimony of all <of the witnesses leads to the following 
reconstruction of events on the f.ins: 

1 Approximately two hours after the heaviest rain 
in the rwitainn, that is, at about 1800 hours, loud rambling and roar¬ 
ing noises were heard apparently emanating fron the lower•canyons of the 
affected drainages. It was agreed by all observers that these noises 
were not thunder since the storm h«d already abated by that tine. 

2 About one-&alf hour after the rumbling noises in 
the canyons were heard, tongues of debris were seen advancing dovnslope 
on the upper parts of the fans of Cottonwood Canyon and Lone Tree Creek. 
The debris from a distance of about one mile had the appearance of a 
moving rampart or wall of boulders and mud a few feet high, without vis¬ 
ible water (W. Symons). 

2. The moving debris was preceded and accoaranied 
by a low, rolling, translus cent cloud of dust, which presumably was 
thrown up from the dry fan surface .as the viscous material advanced down- 
slope (R. Cashbaugh). 

4 The material moved dovnslope in a series of 
wave?, or surges, each succeeding wave apparently overtaking the pre¬ 
ceding one and advancing farther dbwn the fan surface (tf. Symons). The 
advancing tongues of debris tended to follow the stream channels until 
these shallowed on the lower parts -of the fans. Here,, the debris spread 
out and assumed the fom of broad, thin, discontinuous sheets of tud 
(W. Symons and R. Cashbaugh). 

j> The debris, flows on the fans were accompanied by 
noises likened by one of the obseriers to "the sound of a thousand 
freight cars bumping together simultaneously" (R. Cashbaugh). Presumably 
the noise carre from the pounding together of boulders in the flows. 

6 7ne material was moving over the lower, more 
gentle part of the Cottonwood Canyon fan at a speed estimated to have 
been "about as fast as a man could dog-trot," perhaps 4C0 to 600 feet per 
minute. On this part of the fan tbs moving mass was about 1 to 2 feet 
thick and seemed to have greater fluidity than it possessed when first 
observed on the upper part of th* fan (W. Symons: by this time the flow 

r::r 

,:<} ./, 1 ( ip . ] £>y. 
m m 

1/ÖM1 

Î# •--••:# • 
» /- /- /- /* /- /’•-/••. 

■/’ -/. ¿■gwwp: Vt -- vy^-ys,. 

[v> V* J 



È V-V 

C*%5T 

■,ú¿.u-:.£.z,-:^\: 

mmà 

•\7\-\' •*. ».i -, 

kVlRk + % %Kk9ltliT 
«1114 PUT/ MILi 

. - . i - ■;" - . ■ 

kmmm —---C».70 WlLll-*- 

VlRTtCAL • «13ft HOXIZOMT4L 

?-• ksi -‘v-N 

Figur« 13. Profiles of trunk canyons of Cottonwood Csnyon 
Lana Tree Creek, and Hilntr Creek. 
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hirt rMc(i....f ths m}rT„ of hin nnch ynrd so that he was in an excellent 
position to- make this closr-ran^ observation). owellent 

. _ _ , „ 2 t'!8 debris flows on the Cottonwood Canyon an<! 

R CalhbauS! in3 ^316,1 ^ "llnUU3 l° h0Ur (W‘ S^ons mi 

, , 2 th» door is flows had come to rest, hirh 

(V.Xlons añd“?UCashbaSÍ)íhre# S3r3lem3 f°r ^ to '‘3 hou” 

,, „ 2 Reposition of 3 to 10 inches of silt on parts of 
from thls hi«h water from Cottonwood Canyon 

The witnesses of the Milner Creek flood heard loud rumbling noises 
in lower Milner Canyon. Some time afterward they drove to the mouth of 
the canyon to chock a pipeline, but by the time they reached thTlocaf- 
toX end d®P03ltion °" lhe uP!leI* Part of the Milner Creek fan had cone 
the ennvni "^.“f330* ^ prmarily muddy water were then rushing out of 
Xe f»y n' Hl<ih Water flow hera ^ntinued for approximately 36 hours 
after the occurrence of the debris flow. This testimony thus reinforces 
that of Mr. Cashhaugh and Mr. fiyraons. reinforces 

Unfouunately, no witnesses could be located who had observed events 
riXT PfaCe XXuX mountain C'Wons. Consequently, the behavior of 
siiii hiter3 awdide?rÍS .i mJor cany°n3 «an only be inferred fwm the f available morphologic evidence» 

(b) Observed morphologic effects 

held in ihn M Vi ■:T Ph .1?. .-.of the drainage basins. The three creeks 
tlin PniUh Í X ^ 0f lIe ran,je' tha area adjacent to ’.vhite Moun- 
tain Peak. Their average gradients are among the steepest in the range 
amounting to 1,200 to 1,600 feet per mile (Fig. 18). m are cut 3’ 
rily in metamorphic terrain which provides abundant debris of easily 

loCer^rX16 31ZeS\ AU threa e:<hibit an extreme narrowing of the^ 
lower trunk canyon at or above the canyon mouth (Fig. 19), which is cut 
xnto a particularly resistant red quarts. At their narrowest the« 
canyons are no more than 20 or 30 feet across on their floors. These 
ofn?952!tinnS e>Certed a docldeci influence on the behavior of the floods 
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Fièvre 19. Milmtir Creek bedrock .narrows and daa 
at foot of lower ¡falls. Men on dan give scale. 

Soma Idea of the depth, of mobile debris in the various canyons during 
the floods was gained from ain examination of lower canyon walls. Patches 
of mud and cobbles were found 40 to 60 feet above present canyon floors in 
all three drainage systems„ Indicating that depths of debris and water of 
at least 40 to 50 feet were attained at several locations. Only at partic¬ 
ularly narrow parts of the car yens and at canyon mouths, however, did such 
depths of material accumulât«, and it is certainly not implied that at the 
height of the floods there w«re continuous masses of viscous debris of this 
thickness flowing through lewer canyons. 

Evidently temporary damss were formed at the canyon constrictions, 
building up behind piles of Hunger boulders ani tree trunks. Temporary 
damming at canyon narrows ha* been noted elsewhere, particularly in' drain¬ 
ages along the Wasatch front in Utah (Pack, 1923), on the southern flank 
of the San Gabriel Mountains in southern California (Taylor, 1934; Krumbein, 
1942), and on ti.e northern si!-Je of the San Gabriel Mountains (Sharp and 
Nobles, 1953). It is logical! to assume that damning of some sort during 
flooding would take place in- uny drainage system characterized by extreme 
constriction? in its trunk cusnyon. 
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Collapse of fclíft 'lamo from below or liowncuttintf-from the top pre¬ 
sumably r'*loi-iJod aur<»efl of debris and water intermittently, and the 
movement of material down-canyon and-onto' fan surfaces must have been 
far from uniform. Testimony of ranchers in Upper Owens Valley indí¬ 
calos Urt debris movement on fans was apparently conditioned by its 
intermittent release from canyon mouths, and the presence of mud patches 
hif»h on the wills of the canyons at and immediately above the canyon 
mouths argues strongly for the postulated sequence of events, that is, 
the formation and collapse of temporary dams, at least at the narrowest 
sites. 

Depths of mobile debris in stretches of canyon between constrict¬ 
ions wore evidently much more moderate. Judging from traces of mud and 
cobbles along these sections of the canyons, they averaged perhaps # to 
10 ' "t in the lower sectors of all throe streams. 

The consistency of the material during the floods is problematical, 
but the debris remneants are now well solidified and resemble concrete, 
with gravel, cobbles, and smaller boulders set in a well-cemented matrix 
of sand and finer material. The heterogeneous distribution of debris of 
all siaes in these remnants indicates lack of sorting by running water 
and suggests that the material moved in the form of a well-wetted, co¬ 
herent mass of mixed debris, that is, a mixture of mud and boulders. 
The flowing debris must have had the appearance of the material of the 
Wrightwood, California, mud flow, which was described as resembling 
"freshly mixed cone re te11 (Sharp and Nobles, 1953) • 

The source areas for the debris which left its marks scores of feet 
above canyon floors at constrictions are somewhat conjectural. All three 
creeks are today flowing on or very close to bedrock for most of the 
length of their trunk canyons. Also, in each drainage system one of the 
headwater branches is characterized by flow on or near bedrock, while ad¬ 
jacent headwater branches are alluvium-!loored and display clumps of 
smaller vegetation which murl pre-date the heavy rains of 1952 since they 
in no way differ from the shrubs on adjoining canyon walls. Obviously 
the bare rock branches must have been cleared of debris relatively re¬ 
cently and appear to have been the sources of the debris flows of 1952, 

In the headwater areas there is no evidence of landsliding as a 
source of debris during these floodsj there are no fresh landslide scars 
on slopes, nor are there remnants of debris tongues or lobes on tributary 
or trunk canyon floors. 

There is no morphologic evidence at the junction of tributary can¬ 
yons with their trunk canyons to indicate that tribitary canyons contrib¬ 
uted any notable amounts of debris to the floors of the main canyons dur¬ 
ing the floods. The floors of the tributary canyons still have a con¬ 
tinuous alluvial cover and support patches of vegetation similar to that 
growing on adjacent slopes. 
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Thus th# conclusion is all but inescapable that th® hniv 
debris involved in these floods came from the floors of the trunV 
yon, and from one of the uP1»r branche» of each aJaUaí *” 

rl^,ITlêtTwl3,eX<:8nUrlt ovldßllco of «»oval of debris from the 
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creek Ixh! han Riibsequently cauned the death, i'f tho Irwa on the terraces, 
as their root iiyntomn no longer can tap »»wund w.iter or water rro^a the 
stream itself. 

In the other two drainaiven, Milner Cre*ilti und Lone Tree Creek, narrow 
terrace remnants are present for more than m ¡mile above the mouths of th« 
canyons, but their formation cannot be date«!! ’by oyo-witnoas accounts, 
They stand 5 to 10 feet above tho creek l>ott*:mi3 and indicate a recent re¬ 
moval of debris to this depth. In analog w.VLh tho well-dated removal of 
debris in lower Cottonwood Canyon, it is poa.wulated that all or the major 
part of the removal in Milner Creek and Lone Tree Creek was accomplished 
•y tho floods of 1952. 

Following Movement of debris on trunk c.ur;yon floors, high water flow 
continued for some time. Presumably this hi,£h valer removed some of the 
material remaining on canyon floors after the? debris flows had passed, 
but it is impossible to determine how much oüiluvium may have been shifted 
onto the fans in this manner. 

In summary, then, the major morphologic «effect of the floods in 
those drainage systems, as inferred from the- ■'available morphologic evi¬ 
dence, was the removal of five to ten and in {places 20 feet of alluvial 
and colluvial fill from the floors of the tnmik canyons, leaving the 
streams today flowing in bedrock channels ovw much of their course. 

Morphologic evidence and effects on fans. Two major 
morphologic effects were brought about on thir fans by the floods of 1952, 
the addition of debris to fan surfaces and the deepening of active chan¬ 
nels. Evidence of the former is much more ccinspicuous, and the present 
surface morphology of all of the fans is characterized by tho still- 
recognizable deposits of the floods (Figs. 21. and 22), Evidence of chan¬ 
nel deepening is *^uch less obvious, but estimrtes by local residents and 
field examinations indicate that some lowering» of channel floors took 
place during the floods. 

Debris deposition on each of the fans wat:, in the form of a long, 
relatively narrow strip of material extending radially from the apex to 
near the margin (Figs. 16, 1?, and 23). The ¿lowing debris masses fol¬ 
lowed the pre-existent active channel on eacfo fan. 

On the upper thirds of the fans the decries was genei ally confined 
within the prerexistent active channels, whidh had a depth of 10 to 15 
fert. The average width of the debris flows Ihere was about 100 to 150 
feet. In a few places, however, debris overtopped channel walls, and 
short tongues or fingers of material spreai diagonally away from tho 
rain debris masses. The largest of these tercrues spilled out of tho 
active channel near the apex of the Lone Tree- Creek fan (see Fig. 17), 
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nnd, natntainLníT a A Mi of ?00 foet, advine d 703 feet d3-nslopo. Its 
derx>a*w8 attain thicknoacea of 2 to U feet* A sonewhat narrower and 
longer ton^je brrm. leJ off fron the debrla flow of Cottonwood Canyon in 
this sector of its fan. 

In the riddle third of the fans» where the incised channels shal¬ 
lowed to around 5 feet* the debris masses increased their width by over¬ 
topping channel walls and spreading or dividing laterally. On the 
Cottonwood Csr.yon fan (Fiß, 16) the increase in width was gradual, except 
"’or a momentary widening at a major bend of the active channel. Here, 
«■he flow assumed »a \ndth of úOO feet, but ¿flimedlately boiow, it narz’owed 
to 100 feet and in the next mile gradually wide lied to feet. On the 
Lone Tree Creek fan (Fig. 17) the widening of the flow in this sector was 
rather abrupt, changing from a width of 200 feet to one of 500 feet with¬ 
in less than a quarter of a mile. Thin greater width was maintained for 
half a mile. Half a donen short and tv*o longer loben branched off from 
the main flow in this sector. Cn the Milner Creek fan {Fig. 23) the 
shallowing of the active channel caused a sudden widening which induced a 
division into first two, then three arms, which cc?cbined, cover an area 
nearly a mile in length and attain a greatest width of close to h:»lf a 
mile. 

On all three fans the blocky debris flows ended about two-thirds of 
the way down the slopes. Beyond these points the blocks become scarce 
and the deposits indicate that the material ass tnei the consistency of 
viscous mud with a liberal admixture of small rubble. In thi* form the 
flows advanced in numerous narrow tongues (Milner Ire ok) or in two broad 
lobes (Lone Tree Creek and Cottonwood Canyon) another quarter of a mile 
or half a mile down slope. 

The change from debris flow to mud flow was gradual and thus less 
abrupt than indicated in Figures 16, 17, and 23* 

'C depth of deposited debris tends to deoreaí* cicwr. slope from the 
fan •* xes. On the upper third of the fans the defwsits attain thick¬ 
nesses of 6 to ft feet.* Isolated patches c: debris abevu the min depos¬ 
its, as well as the height of the channel rides wU-ro overtopping took 
place, indicate that the debris flews asruned a greater volume during 
passage and attainei thicknesses cf 15 to 20 feet during the occurrence 
of some of the surges described by eyewitnesses. 

The depth of the blocky debris in the middle third of the fans, 
where spreading could take place, is only 2 to 3 feet, atii the material 
left in the nui flow deposits is thinner scill, a foot or less on an 
average. 
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ni» jjftpth or *>.* pre-ejdstont active channel on all of the fans was 
sufficient to con. .r.e the «reator bulit of the fluid debris to these 
channels for between one-third and two-thirds of the radial length of the 

slnn»P^r « 13 e° prUV°nt floodlnS there and to extend down- 
slope the confined flow of water and debris until shallowing of the chan¬ 
nel permits spreading of the two. 8 cnAn 

The eomr..Î!r^hi- d»P«3lts on the fans greatly exceeds the width. 
Ilone on H^ ÍÍ7 °f debrl3 extend two to three Kilos down- 
slope on the alius.al surfaces, In contrast to maximum widths of Indivi¬ 

se ^an cir5lns of /,00 to. 500 feet and an overall width of the 
affected area of 1,0:0 to 3,000 feet. 1 ltl of th* 

Water content of the moving debris casses on the fans Is hlehlr 
nMssion^r’h/w^^f.10 ey?witnMS accounts, the masses gave m im¬ 
pression of high nuidlty, yet where snail tongues of debris spilled out 
of main channels during the floods they did not continue to flow for anr 
fSlde ^S,w9’ fe3^ketth9 »deepness of the fans. There Is no clear V 
Chanel ê Wf^r ^rained fr0B the losses that spilled out of maim 
channels after t.ey had come to rest. At present, all of the debris om 
fan surfaces is well-solidified and looks like concrete, suggesting a 

ir'chtwo^ yCo?fiStrCr "a tlm3 0f “veaent, Wate^ content of the 
th¡ flow aidCr \°W WaS c=a3Urad durin8 tb« occurrence of ' 
Kobles lO?l/ n £ J5 ,t0 30 P!rcent by (Sharp and 
vaned’l^.’vJ. ^ f3?^* tn a33U::e that percentages pre- 

.tba White y^untain flows of 1952, since in both cases ths be- 
Kîar f he durins tha nood3 143 later appearance were 

„oa.Ín/he.Ír C0Ur3!3 d0Wn tha fans the adhered closely to the 
underlying topography. The main masses were guided by the pre-existent 
Channels and followed all of their bends. The tongues of debris which 

chann81 «alla, and the different branches"of 
the fanS T^ToP0*’ í?lloVed °ld flGcd channels in their courses down 
thatfthe mohn! Pw a herenC? t0 rathBr »hallow depressions suggests 
was not ♦ i ra°VlnS at aUCÎ1 slow ratas that it» marnent urn as not sufficient to overcome even minor surface irregularities. 

event™?« w” deb^ls fl0W3 today, several years after the 
.1.3 3Um distinctive. In cross section they are concave upward, 

with well-defined lateral ridges 3 to 6 feet wide and 2 to 4 feet high 
along parts of their margins (Fig. 2/,). Evidently the central part of 
these debris flows had greater fluidity than the margins, and arterial 
folioP^tw43 lep !trfd*d *lonß tha ^5”- Subsequent water runoff 
followed the centers of the flows and removed a certain amount of mate- 
rlAl, tenclniî to tocen„uate the ridge-like characteristics of the 
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Fl^ur« 24. Latertl rldgof along «dg« of 1952 d«bri« flou nw 
apex of Cottonvood Canyon fan. Ona rldga «xtend# dlagonallj 
aeróos picture fren lower left cornar and is about 3 Feet hlg£ 
and 5 feet wide at the base. A Beconi ridge can be seen ca 
opposite side of fresh deposits. Cultivated fields In back* 
ground are Syaons ranch, near which the lower end of the debris 
flow ie fisibls. 

Lateral ridges along Alaskan Bud flows have been tensed "cadflow 
leTeos" (Sharp, 1942), and the tern "aoraine1 has also been used to 
describe elmilar features on Bud flows in Turkestan (Ricknera, 1913). 
The lateral ridges along the nargina of the White Hountain debris flows 
of 1952 reoemble both natural leyeea and glacial eoraines, the former 
in that they are represented in plan by a pair of closely spaced, wind¬ 
ing, linear rldgelets, tho latter in the eteepness of their sides and 
their composition, which is characterised fcy a heterogeneous laixtur* of 
debris of all sises. Along margins of the White Mountain flows there 
is a gradation fro» a moraine-like shape and composition of the ridges 
on upper fan surfaces to leree-llke silt deposits near fan perimeters. 
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Channel deepening to'i*: place over approximately the upper third to 
•half of. each fan, and the material thus excavated wae transported beyond 
the lower end of th" debrin and mud flows where it was deposited as sand 
and silt in a braidin'* system of flood channels on the lower fan and in 
broad, thin masses of fine material on the flatter land beyond. 

Property damirçe resulting from these floods was moderate. Intakes 
to irrigation pipelines at the mouths oTthe three canyons were destroyed, 
and the ranches dependent upon these streams were without water for approx¬ 
imately ten days. Water and fine debris from the drainage basins streamed 
across the valley highway (U.S. 6) at several locations, but the pavement 
ttoelf was not seriously‘damaged, and at no time war. traffic halted for 
more than a few minutes. An unsurfaced road to a pyrophyllite mine on Lone 
Tree Creek, which had been routed along the edge of the stream channel on 
the fan, was covered by the fresh debris for most of its length (see Fig. 
17). In relocating this road, it was shifted to the northern margin of th* 
fan, a position of much greater safety. Luckily, there were no structures 
or other man-made installations directly in the path of the main masses of 
debris. 

(3) Flooding in Leidy Creek 

(a) Eyewitness account 

Only one bona fide eyewitness of this flood was lo¬ 
cated. This man, an employee of one of the larger ranches on the floor of 
Fish Lake Val3ey, observed the heavy rains in the mountains during the 
early afternoon, and later, about 1700 hours, heard a heavy roaring and 
rumbling in the Leidy Creek drainage (Johnson, 0., Personal Communication, 
1957). He immediately drove to the mouth of the canyon and walked one- 
third of a mile up-canyon to inspect the irrigation intake for the ranch. 
When he reached it he noticed a broad tongue of fresh debris a short dis¬ 
tance up-canyon in which he could detect slight movement along the lower 
margin. He had the impression that the creeping movement of the debris 
tongue was just coming to a halt. He noticed thcat the creek had a much 
higher than normal discharge at this time and stated that the high water 
continued for to 36 hours thereafter. This description tallies well 
with eyewitness accounts of the floods on the other side of the range. 

(b) Observed morphologic effects 

Morphology of the drainage basin. Leidy Creek is 
one of the larger and more important east-side drainages and can be con¬ 
sidered typical in morphology of the big drainage systems on that side of 
the northern White Mountains. The profile of the main canyon is charac¬ 
terized by a relatively steep upper portion and a long, moderately gentle 
lower segment (Fig. ?6). It i** cut in both granitic and met .amorphic ter¬ 
rain; because of these bedrock differences it is possible to check source 
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areas ícr specific debris deposits* “nie upper portions òf the main 
forks, heading a short distance north of White Mountain-Peak In the 
highest part of the rango, wore glaciated during the Pleistocene; 
the ac*t recent glaciers, although asall, left corainal deposits of 
exceedirxly fresh appearance* The lover main canyon is deeply allu¬ 
viated and contains well-preserved segments of matched terraces 50 
to 75 feet above the valley floor along its entire length* 

Morphologic evidence and effects in canyon* The 
heavy rains of July 1952 produced considerable debris movement on the 
floor of the trunk canyon within the mountains; the large debris flow 
came to a halt about one-quarter of a mile above the canyon mouth (Fig* 
27)* Ihe lowor portion of the main cany°n floor, which widens markedly 
about erne mile above the canyon mouth, was covered with coarse, blocky 
debris to a depth of 2 to 3 feet (Fig. 23)* 

hi 

*\V. 

- tv , \> 

Figure 3* Looking downstream in lower Leidy Canyon from s 
point about one-half mile above mouth* The row of trees 
the right of the stream cut marks the approximate margin of 
the 1^52. debriu flow, which spread to cover most of the can¬ 
yon fleer in the middle-ground of the photograph* Note well- 
defined, sloping terrace at left of stream channel, which 
supports a thrifty growth of plnyon pine* 
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i clear superposition of three or nor- sheets of blccky debris is 
recognizable in the deposita^ which suggests that the material came down 
in surges* Here and there an overlapping of the debris sheets is notice¬ 
able* indicating that the Liter a arges advanced a bit farther than the 
earlier onos* A amalar overlapping cf flood deposita was also reported 
by Elack\^elder (191S)* The bulk of the debris consists of motargorphic 
material« Since outcrops of metamorf&ic jock in this drainage basin are 
fomd primarily in the crestai area* the debris must have originated well 
up in the catchment area* One branch in the headwaters of the trunk can- 
yon is again completely cleared cf debris, while neighboring branches are 
still alluviated* The debris thus orxrirated in one headwater branch and 
toe main canyon* as was the casa in vest-sid drainages* 

Following debris deposition in. the lower trunk canyon* high water 
dissected the deposits and shifted finer material cut of the mountain 
mass and onto the fan surface* 

Kcrphologlc evidence and effects on fan* Since the 
debris flow did net reach the apex of the fan* no material was added to 
its upper half* and the major agent of morphologic change was running 
water* The high wat-er which followed debris deposition in the lower 
brisk canyon deepened the active chancel zr, the upper third of the fan 
approximately 3 to £*. feet (G* Johnson}* The material thus renttved was 
spread on the lover third of the fan in a series of relatively thin 
deposits in and adjacent tc half a doren sr.allow channels which 
functioned as distributaries to the main channel cn the fan margin. 

. The total morphologic effect cf this flood cn the fan was thus very 
slight. Flood water simply flowed across tae fan surface in existing 
channels and event»rally reached the lew point in Fish Lake Valley by fol¬ 
lowing a aeries of man-made ditches across the valley floor* 

Cl} Crasa risen of ficéis in the four canyons 

1- is evident that considerable differences existed be¬ 
tween the behavior cf flood waters in leliy Creek and in the three west- 
side drainages discussed above* In particular* movement of significant 
volumes of coarse debris in the lei ay Creek drainage system was confined 
to the trunk canyon floor within the mountains and did not reach the fan 
surface. 

It is believed that the most important physiographic factor respon¬ 
sible for the differ rat behavior of the flcud in Leidy Creek was the rel¬ 
atively gentle gradiert of the lower main canyor. E*/idently a consider¬ 
able proportion of trae petential and actual energy cf the flood was 
expended in this length of canyor; velciity ,r the moving debris dropped 
rapidly as the gradient lessened* and whatever inertia it may have had in 
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the steeper^ headwater area was quickly «Ussipated. Additionally, the 
floor of lower Leidy Creek is relatively broad and permitted ready 
¿Dreading of the debris, causing a further loss of momentum. In short, 
as the gradient lessened, the bulk of the coarser debris load was dropped, 
and only muddy water emerged from the canyon mouth, causing little damage 
on the f"n^ ' " 

In contrast, the stc*^ gradient of the west-aide streams allowed 
debris movement to continue .eyond canyon mouths, and as it spread onto 
the fan surfaces it could cause greater damage. 

b. The flood of 19 July 1955 

This flood affected only Indian Creek, on the east side of the 
White Mountains, 

(l) Precinitatlcn 

This flood is the only one for which moderately accurate 
precipitation estimates are available. A portable rain gage had been 
carried to Chiatovich Flat on the afternoon of this date, and 8.25 inches 
of rain were there received in approximately two and one-half hours 
(Powell, D., Personal Communication, 1957). According to Mr. Powell, the 
heaviest rain was concentrated on Chiatovich Flat and in the south foric 
of Indian Creek; adjacent drainages showed no evidence of high water 
after the passage of the stora. Thus, the areal extent of the intensive 
precipitation was 11 sited perhaps to no more than 1 or 2 square tulles. 
White Mountain II, 10 erales south of Chiatovich Flat, recorded only 0.13 
inch of rain on that day, and White Mountain I, 16 miles south, had only 
0.03 inch. 

(2) Flooding in Indian Creek 

(a) Eyewitness accounts 

Toe observer on Chiatovich Flat had little oppor¬ 
tunity to see the effects of the heavy ram in the lower trunk canyon of 
Indian Creek poorer. Fresh gullies and small tongues of debris were no¬ 
ticed on the steeper slcr-es of the headwater «area of the south fork of 
the stream after the r?ms had passed. 

Fish Lake Valley residents reported hearing the usual rumbling and 
roaring sounds in the Indian Creek drainage, although much of this noise 
may have been thunder in the storm from which the heavy rain came. 

High water emerged from the mouth of the canyon approximately one 
hour after the period cf heaviest rain. 
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(bj Observad mortvhologle efféci» 

# ^ , ^ . Mo^pbologr_of the drainage basin. The south fork 
or indlan Creek heads near the east end of Chlatovlch Plat tt an eleva« 
tinn of approxlavitely 10,000 feet (Pi¿* 29), Th.e profile of the canroit 
ts similar to that of Leiter Creek In that It has a steep headwatere 
portion and a much gentler lower segment. The lover main canron 
terraced and floored with alluriun. Slope» In the upper portion of the 
basin are steep and have a shallow regolith; bedrock outcrops are ooozson 
here. Canyon narrows are absent In the lower main canyon. 

.... ,, , . Morphologic evidence and effects. In canyon. Slopet 
within the headwater area of the south fork of the drainage were aerorelj 
gullied In places by the hsavy rain# Trains of debris lead downward fro« 
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Figure 29. Plan of Indian Creek drainage basin showing location of 1955 
debris flow. Base from U.S.G.S, White Mountain Peak topographic quad— 
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th^ ^ulîiM, indicaUng that mAter^al wa» thua shifted toward h.wJ onto 
the floor of the canyon Tributary canyons on the sputheastern side of 
the south fork contributed debris to the floor of the main canyon, as 
evidenced by remnants of small debris flows extending from their mouths- 
to the main canyon floor* 

A larger debris flow developed on the floor of the south fork and 
continued downstream rast the Junction with the north fork, reaching al¬ 
most to the canyon mouth (Fig.29). Debris, deposited on the trunk canyon 
rloor below the Junction reached a thickness of throe to four feet, as 
-•.ensured in the stream cut. Following debris doposition here, high water 
flow developed and a certain amount' of channel scouring took place. 

The Indian Creek flood of 1955 in the canyon was remarkably similar 
to that in Leidy Creek in 1952 in many respects, The notable difference 
was that in Indian Creek a large proportion of the debris which flowed 
along the floor of the. lower trunk canyon came not from the floor of the 
upper canyon itself, but rather from adjacent slopes and floors of trib¬ 
utary canyons. 

Morphologic evidence and effects on fan. Primarily* 
dirty water issued from the canyon mouth onto the Indian Creek alluvial 
fan following the heavy rain within the mountains. Accordingly, the 
major morphologic effects were similar to those pioduced on the Leidy 
Creek fan by the flood of 1952. That is to s&yu there was channel deep¬ 
ening on the upper third of the fan, judged to be about 3 to /* feet in 
places, and re-deposition of the finer debris thus removed on the lower, 
peripheral parts of the fan. Excess water from the fan followed indis¬ 
tinct natural channels and raar.-made ditches across the floor of Fish Laks 
Valley to the low ooint, collecting there in a temporary playa lake. 
Morphologically the effect of the flood on the fan was slight. 

The total morphologic effect of this flood both within the mountains 
and on the fan appears small, considering the probable intensity and ab¬ 
solute total of the ram responsible for it * It is possible, however, 
that rain falling in the catcnraenfc area of the south fork of Indian Creek 
was not as intense as that measured on Chxatovich Flat. 

(c) The floods of 25 July 195o 

These floods occurred in the same three west-side 
drainage basins in which large floods took place in 1952, chat is, Milner 
Creek, Lone Tree Creek, and Cottonwood Canyon. Although these floods 
happened in the beginning of the contract period, neither the Principal 
Investigator nor the Assistant was in the study area at that timo, and,an 
invaluable opportunity to observe flooding at first-hand was thus lost. 
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(l) Precipitation 

Heavy raina again fell in the headwater areas of the thro« 
drainage basine on 25 July 1956, Absolute amounts and intensitieo could not 
bo detormined. The weather stations closest to the area, White Ptain I 
and White Mountain II# recorded 2/»-hour totals for that day oft r »poctively^ 
0,56 inch and 0*26 inch of rain* Residents of Upper (Xvens Vallej. reported 
that the rains of July 1956 appeared to be at least as heavy as those of July 
1952 when serious flooding and debris flowing took place, but the flcoda of 
1956 wore comparatively mild in their effects. The comparison made by the 
local ranchers is admittedly subjective, but it is given for completeness 
of record* 

(2) Flooding in Milner Cr^ekt Lone Tree Creek» and 
Cottonwood Canyon 

(a) Eyewitness account» 

Local valley residents were particularly cognizant 
of the heavy cumulus uuildup over the White Mountains on this date because 
of the relative recency of the serious floods of 1952* But their fears 
were not realized; no debris flows cama from the canyons, only high water* 
The heaviest rains fell during the early afternoon, from .about 1300 to 
I50O hours, and high water developed in the drainages within less than an 
hour after the period of maximua precipitation* The high water built up 
to crests of maximum discharge in about 45 minutes and subsided to some* 
wh ‘ ' ighor than normal flow in a slightly longer period. Irrigation 
sys intakes were once again destroyed by the high water, but little 
debris was carried out of the canyons by the flood waters. Although at 
time of highest water there '.fas evidently considerable noise in the lower 
trunk canyons, none of the ranchers who paid attention to these floods 
reported hearing exceedingly loud rumbling and roaring noises such as 
occurred in 1952* 

(b) Observed morphologic effects 

Morphologic evidence and effects in canyons. When 
visited ten days after the event, these canyons showed surprisingly littl« 
morphologic evidence of these recent floods. There was no evidence of the 
shifting of large volumes of debris in the main canyons, either in the 
form, of stranded remnants of debris on the sides of trunk canyons or in the 
form of patches of material on their floors. The only evidence consisted 
of marks left by muddy water on canyon walls and occasional small piles of 
fresh sand and silt on the creek banks* These indicated that depths of $ 
to 10 feet were attained at the narrowest parts of the canyons. 
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Morpholopjc ovidgncg and effects on i.’ins- Tho 
major morphologic effect on the fans was the deepening of active chan* 
nola In npox regions and ro-deposition of finer material on f«i- j>erime^ 
ter». Marine the relatively brief period of high water, chnnnei scouring 
took place on the upper portions of alluvial fans of all three stream 
systems. As is usually the case, it Is imi>ossible to get more than a 
very rough estimate of just how much deepening actually occurred: esti¬ 
mates based on testimony of the most reliable local resident.1’ vary from 
2 to il» feet. 

Material removed from channel floors in the uppur third olf fans was 
carried downslope and redeposited in peripheral portions of tfoe fans. 
Floodwaters charged with this finer debris remained in main channels 
about two-thirds of the way down the fans; only on the lower third was 
there any spreading of water into numerous branches and sheets- No im¬ 
portant channel course changes occurred during these floods. 

Comparison of the 1956 and 1952 floods. The floods 
of 1952 in these three drainage systems produced extensive morphologic 
changes in lower trunk canyons within the mountains and on the- .alluvial 
fans. The floods of 1956 consisted primarily of water in all three 
drainages; a minor amount of debris was moved from canyons to fan sur¬ 
faces, but the major effect was to deepen principal channels ora the fans, 
particularly near apexes. The differences between the two years .are re¬ 
markable and demand an explanation. 

The much shorter duration of high water flow suggests that the rains 
of 1956 were in all probability less intense than those of 1952,, despite 
the tendency of the valley ranchers to ascribe the more recent floods to 
equal or heavier precipitation. 

It seems very probable that difference in behavior of floodwaters 
in the two years was at least in part due to differences in the availa¬ 
bility of debris in the canyons. One of the major morphologic effects 
of the 1952 floods was the flushing out of debris from the truidk canyons, 
leaving essentially bedrock channels over their greater length. Although 
similar amounts of rain may have fallen in 1956, lack of significant 
amounts of debris in main canyons prevented the development of debris 
flows and allowed relatively rapid runoff. Streams quickly reached a 
high water stage and receded from it just as rapidly. Minor volumes of 
material probably were moved into main canyons from tributary valleys 
during the period of intensive rain, but the total amounts bromght in 
were small and were easily carried off by normal stream processes. 

Assuming this reconstruction of events to be accurate, a fundamental 
relation emerges: Given sufficiently excessive water in a drainage basin, 
its flooding behavior in the trunk canyon and on the fan will H-argely be 
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controlled by the ninount of debris on. the floor of the trunk canyon*. 
Lar#;.« amount a ■of debris in the main channel within the ranee should re¬ 
sult'in flood« jroducine debris flows and mud flows which may travel a 
considerable diistance down the fanS| with high water following debris 
deposition* Bedrock v^ley floors, in contrast, will prorpot? rapid run¬ 
off of muddy water; the most important effect on fans will be deepening 
of the active -channels*. Once most of the accumulated loose alluvium is 
flushed from tlhe floor of a major canyon by a large flood, it would be 
expected that the canyon would produce nothing but high water floods un¬ 
til normal movement of debris from tributary canyons and slope retreat 
had resulted iin the accumulation of sufficient alluvium and colluvium on 
the canyon floor for the development of another large debris flow. 

Thus, clo^e examination of the condition of the floor of the trunk 
canyon of a mountain drainage system ought to provide one guide to a 
determination» -of the flooding potentialities and possible destructive 
effect of high» water in that drainage basin. 

3. Minor tMooidinr during contract period 

No serious flooding took place in the study area while the Assistant 
was in the field. Floods and flood effects actually observed first-hand 
were thus miner in both volumes of water involved and physiographic 
changes produced. Nevertheless, it was possible to make close-range ob¬ 
servations during one period of snowmelt flooding and of two small cloud¬ 
burst floods. However*, no wintertime flooding occurred during the con¬ 
tract period. 

Snowr.Ælt flooding in. west-aide drainages. 28 May to ? June 19iZ 

(l) ¡Weather prior to flooding 

Snow pack in the White Mountains was considerably below nor¬ 
mal until May 1957. A prolonged series of frontal stoms crossed the 
area during tbc period 7-25 May, resulting^ in relatively heavy raine at 
.lower elevations and much snow in the mountains above 9,000 feet. This 
was the wette-rt May for most of California for 25 to 30 years. Cool wea¬ 
ther, with broken to overcast skies, persisted in the area until about 26 
May at which, ttime the last oloudiness of the frontal systems moved out of 
the region ano warm, dry air moved in. During the next two weeks, days 
were hot in tine valleys, reaching continuously to over 95°F in Bishop, 
and warm in tine mountains. Nighttime temperatures were relatively hißh, 
even at higher elevations. White Mountain II, elevation 12,470 feet, had 
average daily minima of 34°F during the period, and White Mount lin I, ole' 
vation 10,1501 feet, experienced daily minima of around 3ß°F. 

(2) Snowmelt runoff 

The persistent high temperatures brought rapid melting of 
the accumulated snow pack and caused a rise in discharge in all creeks, 
' his increase In runoff was especially evident in Cottonwood Canyon, 
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PTrfr^f flvor?iln0r Creeíc> sain^ thr«« strewn* thAt floovJed 
seriously in July 1952* an4 again lesa seriously in Uuly 1956, 

T - _ ^Zí rihl P loí hi?b WAt8P ln 1957» both Cottonwood Canyon and 
Lone Tree Crook were^delivering relatively clear water to their canyon 

tÍüe of maxljnuw flow- The two ranches uaing water fro» 
these drainages have arrangements for diverting it to pipelines so that 

flow in old chAr<!Td diarhar£* waa U30d' living relatively little to 
here ^ ^ chARn815 acr°35 thö Tans, and no marked flooding developed 

The Mili.er Creek pipeline intake box, however, is so constructed 
is eajily filled with debris during periods rf high dischar«e 

and diversion is thus ineffective. This happened in late Hay and early 
June 1957, and tne full discharge followed the creek channel^across the 
fan, creating minor flooding and an opportunity to observe the event* 

C3) High water in Mtioer Creelr 

. . L?wer Mil^r Crfe!< ^yon is characterized by an extreme 
narrowing about one and one-half miles above the canyon mouth. At fchi» 

70rf>et- the^floo/of theTn*13 ^ ** aôfre^te droli df approximately . z*.* ;hf .ao?r of the valley is here only 20 to 30 feet wide. The 
pipeline intake is situated at the very foot of the lower fall- in aeon 

mint eXio?d3 Í11 th!i way acr^33 the Mnyon rioor at "thla 
IMint (see Figure 19). A grill of 5-inch "I" beams on top of the bo* 
prevents large boulders fron lodging in it but permits cobbles, gravel 
?wS+i!d v° ln T*1® snowmelt runoff brought sufficient debris 
the rLt8 0rXthbeCr9 rilled' ar4 th8 mi flw of «Uner ëÎeek surged Sä. the rest of the lower canyon and out onto the fan. * 

/ ? the w<!ek of snowm«H was characterized by marked 
obiAin^ h d3 °f mxiJr and alnilnuni flow- In terras of estimated voliuw# 
obtained by very rough measurements of surface velocity and channel croas 
eotxon, minimum discharge was on the order of 25 to Lo cubic feet oer 

toCson f r te'diately belou the .-lirrows, and maximum discharge vw L<X> 
to 500 cfs for short periods of time Normal discharge at this Mm of 
year is on the order of 10 to 15 :fs. Maximim How occuSed S IbZl 

200 hours and minimum flow at about 1/jCO hours. This suggests thnf a 
took approximately 10 to 12 hours for one afternoons sSeïî to »ach 
the canyon mouth in the form of the day’s crest The wS,i . 
from headwater area to the narrows Äut seven SleS dlSliWC* 

(a) Behavior of runoff in lower canvnn 

The short section of lower Milner Creek einven KaIau ♦ v,« 
narrows widens gradually downstream to 200 feet aid ia apStlÍ Sth^ 
deeply alluviated. The present mam channel in this st^Uh of ca^ L 
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LArfl* quint it les of debris very obviously vwere coming from some 
place iip.it re is; the major source was found to be narrow terraces of fresh 
material left stranded on lower canyon wails by the flood of 1952 (Fig. 30á\ 
Qbdercuttins cf these terraces was observed to» occur core or less continu¬ 
ously at sow place during periods of high wattmr* caving much coarse ms- 
t-rrial and arcsiderabie fines into the channel.. The flow coming over the 
iiiim at the lo<*r falls in the narrows was extremely dirty (Fig, 31 ). and 
boulders up to three or four feet in diameter were being moved, A certain 
•wnount of undercutting and caving went on in fcbe lower canyon, but the 
•amount of material added to the total load of tube stream in this manner was 
r.»3>t great. 

Observations in the lower canyon at fixed points indicated that con¬ 
stant change in channel shape may take place without appreciable deepening 
erf the channel itself. The main strand of current swings back and forth 
across the width of the channel within remarkably short periods, .and grav¬ 
el and cobble bars are quickly built and Just a.s quickly washed away (Fig. 
J2;), Relatively fixed obstacles in the channel,, such as large boulders 
a-cid partially baried logs, control the course otf the nain strand of current 
to a certain extent, but temporary masses of cabbies and gravel, built ani 
torn apart by the stream itself, seen to be morte important in bringing 
about shifts in the position of the main strand. 

From tire to tire 1 'gs would become straniUed on shallow bars at an 
.ingle to the main current. It was but a matter <of minutes before debris 
accumulated upstream from the logs, creating new„ tenpDrary obstacles and 
thus bringing about further course changes. Hanik cave-ins deflected the 
main strand of current from one side of the channel to the other but oc¬ 
curred less f-equently. 

These course changes of the main strand of .current were observed to 
take place so rapidly that any given part of the channel in the lower can¬ 
yon would barely be recognizable 5 or 10 minutes after first sight of it. 
Yet throughout the process of ever-changing channel shape, channel depth 
remained essertially constant Material moved downstream dis continuously, 
perhaps 10 or 20 feet at a spurt. It would be ¿..vc .rented into temporary 
midstream or siie-chanr.el bars which might pern^st lor 10 or 15 minutes. 
Its they were wished away, cobbles and gravel wa«iild be shifted downstream 
another few feet, a^ain to be lodged in a tempocrary resting place. .In 
tMs manner, raterial from above the narrows ' a® transported through the 
lower canyon ar.d onto the fan. 

(b) Sehavior of runoff on fan 

On the Milner Creek alluvial L^-an, high water followed 
tibe creek channel on the upper two-thirds of this surface, after which it 
dtri ded into hilf a dozen branches which followed old channels downslope 
to the highway. Here, man-made dikes diverte«! lit into ditches leading to 
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WffJr® 31, Tlo* ovor Kllner Cr«ek Inthîc# box during the 
Period of 8no«Mlt flooding of Junu 1957% Coaparu wltb 
Figur# 19. 

Figur« 32, Bar construction and chang# In couru# of xain 
etr&nd of current in lower Milner Creek canyon* (a) Ini-» 
tiil position of Bain strand of currant; (b) changed shape 
four ninutes later. The newly enarged bar persisted for 
eight ninutes and was then washed away. 
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oilYerta. Dolow th® highway, the flow follovtd an ar^stoooalng channel 
pattirn, rauniting into a alnglt strand near th® southw®flt®rn «dg® of 
ihr fan, frort wbera a singl® charm®!, cut in finer naterial, lod th® 
dwindling water onto the valley flat south of th® fan* Her® sh®tt depo¬ 
sition of silt and fine sand tooW plact* 

‘The main channel on th® fan i® entrenched, and runoff during thi® 
period never* got out of this trench# Only during the first couple of 
days of high water did it ever cover all of th® channel floor, which !• 
here 15 to 20 feet vid®. However, during tb® course of a day's high 
water, the smaller, shallower channels within th® aa^r cut wer« under¬ 
going constant change, similar to that ohaerred In th® lower iCanyon, but 
generally much less rapidly. The major were of the water over the upper 
two-thirds of H* fan consisted of debris transportation; the channel in 
any given section was constantly changing shape (Fig. 33)* hut no deep¬ 
ening could be detected despite prolonged ohservattorw 

Shifts in the position of the main strand of current took place In 
essentially the sane manner as in the lower canyon and were caused by 
the came processes; buildups of debris behind stranded logs, construct¬ 
ion of temporary gravel and cobble bars at the foot of straight reaches, 
deflection by minor bank cave-ins. 

.re was obviously a considerable loss of volume of the stream by 
infiltration between the bedrock narrows asd the lower part of the fan. 
The result was a loss in velocity end carrying power. Deposition, as a 
dominant process of the stream, began about cne-haif mile above tha 
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Figure 33. Changing channel location on Kilnsr Creek fan. (a) Initial 
shape and position of main strand of current, (b) Position and shape 
15 minutes later. Ho discernible deepenirvr occurred during this 
interval. 
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hi^iway» whera chancos in channel ahapa took place oapocially frequently 
and rapidly. Milner Creek» Just below the narrows at the head of th* 
lower canyon, w*¿ moving boulders up to 3 or 4 feet in diameter during 
the daily period of maximum high waters; at the highway the maximum size 
moved at highest water was 6 to Ö inches. Below the highway fine gravel 
was rolled in shallow channels, and sand and silt wore carried in suspen- 
alon* but very little coarser material was moved* 

Of considerable interest were the observable effecta on the fan 
brought about by the rise of water; slow «at first, but quite rapid as the 
lali'ÿ maximum flow was attained. During the first hour of the rise the 

• xisting channel appeared to be deepening by a few inches, and an apparent 
ot.ibility of channel shape and location was maintained. But when a cer¬ 
tain critical volume and velocity wore attained, the construction of g*av¬ 
al and cobble bars began; it was then only a matter of minutes until the 
main strand of current was thrown against one bank or the other and under¬ 
cutting and concomitant bar construction below the cave-in points assured 
that deflections of the current would continue. Pieces of driftwood large 
enough to «alter channel shape bogan to move after the first hour of rise* 

(cl Flood damage 

Plugging of the pipeline intake at the Milner Creek nar¬ 
rows deprived the ranch using this stream of irrigation water and hydro¬ 
electric p*ower for more than a week. The int«\ke box was not destroyed but 
simply filled with fist-sized and smaller debris, and flow of the stream 
thereafter went over it and into the lower canyon. 

Damage to the highway crossing the fan was limited to a certain 
amount of undercutting of the downhill side at four places where culverts 
became plugged and the full flow of the stream went across the paved sur¬ 
face. At these points, »mall w.aterfalls were formed, the plunge pools of 
which effectively ate away the weaker fill beneath the pavement. At no 
time was water crossing the road more than 8 or 10 inches deep; most of 
the time it was no more than U or 5 inches (Fig. 34)* Traffic on the high¬ 
way was slowed do»wn over a five-hundred foot stretch, but at no time was 
it halted. 

(4) Hlgn water in lene T^ae Creek, and Cottonwood Canyon 

Lone Tree Creek and Cottonwood Canyon were also delivering 
considerably greater than normal volumes of water to their canyon mouths 
during the period of snowmelt runoff. Daily maximum discharge in thess 
drainages was orn the order of eight to ten times the volume of minimum 
flow; the ratio 'jras thus somewhat lower th«an that of Milner Creek. 

However, because of the absence of easily erodable fresh debris on 
or near the floors of these canyons, their water was relatively clear, 
even «at maximum discharge. Also, the arrangements for diverting these 
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Figure 3U. Hunoff from Milner Creek crosaing U,3, 6 on fan 
during period of snowmelt flooding in June 1957. Pour euch 
sites in a five-hundred-foot atretch of highway, at which 
culvert plugging occurred, experienced flooding of thia sort. 

streams into irrigation pipelines were such that most of the flow could 
be utilized to fill reaervoire on the ranches. Consequently, only small 
volumes of water were left to flow down the main channel on each fan. 
Most of this water was absorbed in the upper parts of the permeable chan- 
nols on the fan, and relatively little reached fan perimeters and even¬ 
tually found, its way the valley highway. Thus, the high water in these 
drainage systems produced insignificant morphologic effects on the fane 
and no damage to the higi/way. 

(5) High water in other west-side stream systems 

Drainage systems north of Cottonwood Canyon which wero also 
being fed by snowmelt at thia time displayed remarkably different regimes 
of flow. Most of those are relatively woll-alluviated in their lower 
trunk canyons,^with a vigorous growth of riparian vegetation, indicating 
that serious flooding has not occurred in them for some time. Discharge 
in these canyons increased gridually at the onset of the warm period, but 
rather than exhibiting notable daily fluctuations it tended to remain 
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somewhat higher than normal throughout the entire period, creating over 
fi four to five day interval and receding to normal flow in a like time* 

It ia postulated that alluvium on trunk canyon floora here ac4.ed as 
a very officient reservoir for snowmelt water, releasing it gradually and 
thus equalizing discharge throughout the day* Presumably there is a 
limit to this "sponge" effect, but it waa not reached in these drainages 
during the period under discussion. These stream systems might well be-» 
have differently under the application of brief, torrential rains such aa 
those which fell In Milner Creek, Lone Tree Creek, and Cottonwood Canyon 
In 195?. But it is of interest to note the decided difference in the be- 
..ivior of snowmelt runoff in drainages with deeply alluviated trunk can¬ 

yons compared with that in creeks which have been flooded recently and 
therefore have comparatively clean trunk canyon floors. 

b. Cloudburst flooding in Deep Spring Valley, 20 August 1957. 

(l) Precipitation 

During the period IB - 22 August 1957 warm, moist, unstable 
air from desert regions to the southeast moved into western Nevada. 
Thunderstorm activity was pronounced east of the White Mountains, and 
minor flooding was reported to have occurred nt isolated places over much, 
of western Nevada* Afternoon cumulus.buildups over the White Mountains 
during this period wore impressive but heavy, flood-producing rains did 
not fall in the highest part of the range. Minor flooding did occur in 
the west end of Deep Spring Valley, located in the southern part of th# 
study area. This flood was not observed first-hand; the site was visited 
2U hours after the event. 

A heavy rain fell in the mountains north of the highway traversing 
Deep Spring Valley on the afternoon of 20 August 1957, but the weather 
station at the Deep Spring School, about, six airline miles from these 
mountains, recorded only 0.02 inch of rain that afternoon. Obviously, 
the rain in the highlands must have been much more severe. One small, un¬ 
named drainage, about U square miles in area, seemed to have received the 
bulk of the heaviest precipitation; adjacent drainage systems showed no 
indication of excessive runoff. 

(2) Morphologic effects and damage 

Morphologic effects of this flood were limited. Traces of 
mud on lower canyon walls indicated that flood waters were 3 to t feet 
deep at the mouth of the normally dry canyon. T1« water was approximately 
one foot deep in channels just above the. highway. Cobbles and boulders up 
to a foot and one-half in diameter at and just below the canyon mouth ap¬ 
peared to have been recently moved, but only fine sand, silt, and minor 
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Figur« 35* Diagramatic sketch map of minor cloudburst flooding 
in Deep Spring Valley, 20 August 1957. Traffic was held up fop 
about one hour vhile highway was cleared of debris» 

amounts of fine gravel had been shifted at the highway where the slope 
of the fan surface is lees than one degree. Water stayed in the single 
main channel on the fan about one-third of the way down, then developed 
a braided pattern in intermeahing channels (Fig. 35). A shallow strmaa 
of water was held in the highway right-of-way for a few hundred feet Tby 
man-made dikes and raised shouldurs on either side of the road. 

It was imposslbl. to determine to what extent the main channel 
within the mountains and on the fan had been altered. Material depos¬ 
ited on the highway was predominantly in the sand and silt range, with 
minor amounts of gravel, and it is quite probable that it came from 
channel floors close to the highway. Presumably some channel deepeni- 
ing on the upper part of the fan must have taken place, but in the ab¬ 
sence of an accurate knowledge of the pre-flood morphology no reliable 
estimate can be made. 
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WAÄr*a hooding of U.S. 6 between Baaalt And 
aaÎI*' N7a<U» on ^ Auguit 1957. The effect of the ditch 
4 íii on flood runoff was to concentrate surface flow 

and direct It across the highway at the few indicated site«. 

f ' - y ^ . ., h'SSy?r "• 

- -.„.,v,-. V -^.:232½ _ . ^-;ts 

pífv Thllnif °^dsbrl3 across highway north of Silvar 
Paak, Nevada. The flooding was brought about by the heavy rain 
°f, ^ ^13.4 1'57' Tie truck raarka the center of the sheet of 
ceoria which crosses the road from loft to right. 
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be concentrate! into a sln^ie channel. Host of the Vnito Kountain 
rainages are of this type; that is, all of their surface runoff taust 

leave the mountain front by way of the single, larEe channel on the 
7 í °ÍA Tlr trunk oftnyoni Thi3 Physiographic arrangement means 

simply that Urge amounts of water will be delivered to fan apexes in 
single channelsj such floods will thus have a great deal of poiential 

work^on^the^fans^° to d° 4 ;iiKnlricant amount of morphologie 

In contrast, runoff from a broad, gentle alluvial surface, such as 
a bajada or alluvial apron fringing a low, pliysiographically old desert 
range, may bo spread over a great horizontal distance; in this type of 
terrain there is evidently less tendency for large volumes of water to 
accumulate in a single, large channel* 

This discussion refers, of course,, to natural conditions. Any in- 

^ ^h^h/0n3tni^bi0n °f r0ad3' áikñ ditch Astana, or structures of similar type, vail frequently result in an unnatural 
concentration Cu runoff* And it is concentrated runoff that provides 
the greatest potential flooding dangers 

y.orpholofTic evidence of former floods 

The most recent floods in the ’White Mountains which have loft verr 
conspicuous evidence have been discussed in preceding sections. However 
morphologic evidence on the fans and in the canyons indicates that flood¬ 
ing has occurre^not only in the drainage basins already enumerated, but 

a. Evidence of former debris flnus 

(1) Deposits on fans 

, .. uTh! ^ ev,idenca of the occurrence of former major floods 
is provided by deposits left by debris flows. These take the form of 
closely spaced pairs of parallel ridges, radiating from fan apexes toward 

uh4 uPPercPart of OO“» fans a corrugated surface, the 
eli®f °f '*'hich may he 5 to 15 feet. Between tha radiating pairs 

of ridges of décris the former flood channels are often still recognizable:, 
-orne are now used by surface runoff resulting from heavy rains or snowmelt 
?" *’h",f"!?3’.. Th^ fact that ridges and channels diverge from canyon mouths 
is probably the best niece of roorphrlogic evidence suggesting channel 
change as a normal process in the construction of a desert alluvial fan 
Potential future channel changes thus present a real danger to be reckoned 
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Dapoaita of foraor debrla flova ara conapîcuoua on tha ataap fana . 
along tha northern third of tha vial flank of the White Mountains fro« 
Wille* Creek in the south to Morris Creek in the north (Fiç. 39)« 
These fans are dominantly of granitic debris. Former debris flows alto 
left readily recognizable deposits on the fans of Sables and Straight 
Canyons, which adjoin Milner Creek on the south. Of the two* Sables Can¬ 
yon Heads in metamorphic terrain, while Straignt Canyon drains a granitic 
area. 

All but two of the fans with clear evidence of former debris flows 
are associated with steep canyons of the Falls Creek profile type (aee 
Figure 3a). Straight and Sables Canyons are the only exceptions to this 
rule. The aorpholDgic evidence thus suggests that flooding in the past 
has been more frequent in the steeper drainages. 
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Figure 39. Looking do-^n on apex of Fock Creek fan, showing deeply 
incised active channel. Deposits of former debris flows are recog¬ 
nisable in the area with scattered pinyon pine. Farther down the 
slope, former flood channels radiate toward the fan perimeter. The 
ruggedness of this surface is typical of the steeper granitic fans 
along the northern third of the vestem flank of the White Mountains. 
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iir*i liiiwi ... fcii'fi» ilii'iiri.«ti ini ill*: ai».. o!" 1.9.18 {llicifcl*f,, I.. 1.»!.. 
CaiHIMMIlilM.. ilüíl« ..!.I.. II ..* till*..I* ;flllll'»lll|l: lllll"».lililí ..... 
(¡iii]ii||()|i||,t.«ir ipilILf.iiliiiAy lighter flilir.. Hila.ÉriurtAUvilii« ..il*.i ... ... 
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Other ilitaiiiftiflii'lijiil* fon.er debrl« flone» imririot. b* clitn « I» At preeent 
th*y in not Hf fer     ilitir      bjr     or     
âllSiiiItti: their *1* 1» une«rt*in|i it appeal » rtiiiicwiílíl.* to :   t hl it they 
oc:.îurréd at le.lit half ■ century ligo. 

Th« top.>graphle ... the «urfiic*» of these Whit* Mountain il.. 
luifliil fiiiiiii indicate that tllwiy have !.ten built «»»»fiitiiil.ly by .... 
position of #. .erlös of individual del.rift ..... A study in áriaoim I.y 
... C.1954) indicated that there was a probable correlation. between 
average annual riiiiifiill. Kid type of deposition on alluvial fans.. Hi* con- 
eluded, that small annual precipitation,, 10 to 12 ineheii or less, ... uau. 
ally associate   with an increase in the volume of material in a. fan con  
tributad by del: tris an ! mud flows as oppose I I# that laid   »win by tv   ml 
si.»,sion processei.. ..! minor stream floe.. It certainly is true that a 
large proportion of the volume of the   ill fan     the went .flank: of the 
White Mountains 1ms probably been supplied by debris flow deposition ra¬ 
ther than by normal str<.. processes, and it is ..«.« concluded that the 
del.. flow In thin area is 1 normal agent in fan ..merit. 

¢2) DePPAlteln.SSSmi 

Evidence of formar debris flows In the form of de]:.salts in 
canyons is rare in the White Mountains. It seems probable that the major 
morphologic effect of .most of the floods which produced debris flows has 



b«an th« flushing out of únconaoliiíAted matorlAl fron canyon floors 
p-osltivöly idftntlflable flood dsposlts aro scares* 

Thus, 

An «xcoptlon is provided by Straight Canyon, The lower pirt of its 
canyon has a moderately gentle gradient and is floored with deep allurlua. 
The debris flow of 191Ô in this draLnage system left well-defined lateral, 
ridges along the edges of the active channel in the lower trunk canyon (Pig. 
40), and these definitely can be correlated with the deposits on the fan, at 
the latter are a direct extension of the canyon-floor deposits, Thue, in this 
case at least, a pair of wall-pr as erred lateral ridges in the lower canyon 
provides corroborating evidence of a former debris flow. 

figure AO. Lateral ridges along active channel in. lower Straight Canyon 
deposited by flood of 191Ö. The channel is about 10 feet deep and 20 feet 
wide. Despite its artificial appearance, it is a natural feature. One 
lateral debris ridge appears in the right foreground noar the right edge 
of the photograph and can be followed upstream beyond the prominbnt ter¬ 
race in the middle distance. The lateral ridge in the left half of the 
picture is on the upper edge of the channel and appears especially clearly 
at the first upstream bend. The lateral ridges are about three to four 
feat high and four to eltfit feet wide at their bases. 
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jijiiljiljlll liliiii(||ii|||ii!||jii.¡¡¡!!l¡i:i¡j|¡|j[illiii:!i¡!!¡j!p!il|!¡j¡|j¡!,|:i|!|| 
Low would im wrp:r*#«nt#il 'by * 
(I ..il ... iiiMirpI..., 
..il» synifliM which fl.. 
on* tip»* Cpimié t »ï«! Cottonwood 

CkiBpiiB. i» iniieh ....i....» No fliliiiiii r 1111:1111.111- liili|!i;liij «Mjmnil» ..» 
•&th«r side of the rmgt, have such relatively clean floors. Evan Straight 
«ill. IlijlltiliMi Omi|wnl| «MMi li|ii kw a|iH|iM|iK I.. ..iiftlarb.»If" m jnii." 
tially cleared during, the floods of 1910,, now have », nearly eofiiiimiouj oov« 
in.of debris on their trunk eirifian 11,001¾. ft thus ..hum possible 'thut 
half a century may iiinfiio* to *.,U.fw for the aeawnulatioii mil" „naterlaX *.i».. 
quai« for 'the development of Another large debris flow. 

It Is seen, then, that the most prominent evidence of former debris 
flows consiste of deposite on ftn surfaces. They Indicate llvit debris- 
flow deposition i* «, nomaJ, part of the construction of these fans •«!,, »,* 
such, is to be expected in the future. 

,i IIV : l 

I 

further evidence of a former debris t 
B».i:i||ilr ....i» fll|i|tk.iMilil ].. ,iif I.. 
Howe ver i only in tbs «»nyoci* of the three 
«.. In 1952,, that i». Milner ... L 

b. 

Morphologic evidence of former high water floods is less conspic¬ 
uous. It consists of channels on the fans and of associated deposits of 
silts and sands. 

(1,) Channels on runs 

Generallyi the deepest, best-defined channel on the upper 
part.. a, fan is the i|,ctív» on*, the channel leading directly out of the 
canyon mouth above the apex, and onto the fan surface proper (Fig, 39). 
But ..channels exist on upper fan surfaces, usually radiating away 
from apexes (Fig, 41), Most of these can, be attributed to former floods 
because they are flanked by lateral ridges of former debris flows, at 
leost, In their upper sections, 

11,, ,,,1,, ,5 .1^1,i, un, 1, 'tí liliIJ1 iJi'illL! I!!»,!!, 1" tl.IAt til* ilIImIiOply „tUii, ,11.0 LI VC! UlllUIlllJiHSdilS Oil. ,1, All 

surfaces are not only the result of extreme discharge associated with 
major floods but owe part of their depth to normal discharge, including 
the light floods caused by snowmelt• Evidence from the most recent 
serious floods in the White Mountair * indicates that active channels were 
deepened by them, at, least near fan apexes; however, the amount of down. 
cutting was limited to * few fest. Activa channels en fans which have 
had. no major floods for at least half a century often attain depths of" 
10 to 20 feet.,, and, in the case of Rock Creak (Fig, 39,)',■ of even 30 feet. 
These figures suggest considerable downcutting since the occurre. .a of 
the last major flood,,, a, deepening which must have been achieved by normal 
runoff and minor flooding. 

It can thus be realized that incised channels on upper fan surfaces 
are not, by themselves, a positive indication that major flooding has 
taken place. 
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Figurt 1*1 • Diagraiæifctic sketch of the channtl pattern on & typical 
Vhlte Mountain fan. The actlye channel nay b« anyirtier« on the fanj 
it ie not ntcessarilj' in a a ©dial poaltlon. 

Along fan margina the evidence of forrar flooding consiste of shallow. 
Incised channels. Ttury generally occur in groupa. Tb»lr location indicate« 
th# sections of the funs moat subject to flooding. The shape of the djan- 
n«ls often permit* ccciclueiona to be drawn concerning the recency of flood¬ 
ing. Fresh channels fcave perpendiculnr sides and flat boticas and are gen¬ 
erally fro a of bushes enr «hruba. Older channels asauae rounded outlines in 
cross-section and may ihave become invaded by vegetation. 

(2) Depoaits of silt on fan margins 

Deepening of the active channel on the upper fan surface by 
flood discharge is accompanied by redeposition of the material on ..ts peri¬ 
phery. Henea, fresh, uhoet-like deposits or thin ribbons of silt on fan 
perimeters can be cocuddered evidence of high water flooding. 

Such deposits anr not particularly conspicuous and nay be laid down 
without disturbing the vegetation. Whore the deposits are thicker, as In 
areas adjoining the Lower end of large debris flows, they nay kill off the 
vegetation, but their bare surfaces are soon re-invaded by plant pioneers, 
and the distinctive a-ppoarance of the fresh material is rapidly subdued. 
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5* Df«\lnag;g basing Iftfktnp; evidence cf aôrtoua flootitn.^ wtthiffijtihft.lA»t 
century 

Scmo White Mountain drain.ige systems appear not to have beam flooded 
seriously for at least IC'D years• Their fans lack woll-definedl /pairo of 
lateral ridgos attributable to former debris flows. Instead, tlheir fan 
apexes have a çontly und^ilating surface on wnich a faint radial jputtorn 
of swells and depressions is recognizable# These undulations ame ob¬ 
viously associated with former debris flows, but their very subdtued forms 
indicate a long lapse of time since their deposition. Since tibe ¡present 
f^rms of the 1910 flows in Sables and Straight Canyons indicate* IMiat half 
a century is barely sufficient to eliminate color differences ainang de- 
posits but insufficient to mar the fresh appearance of the dobrii:« ridges, 
these very subdued forms justify an estimate that 100 to 200 ye/urs may have 
passed since their deposition. H:st of these fans have a doepliy Incised 
active channel. Older flood channels are very indistinct and felhus hard 
to identify in the field, although a faint radial pattern on aevrial photo¬ 
graphs indicates thoir presence. Cottonvwcds, willows, and birdhes growing 
on canyon floors and parts of the active channels on the fa .o ffurther 
indicate a prolonged absente of major flooding. 

The canyons above these fans have certain corrmon morphologic -charac¬ 
teristics which could furnish a guide to the estimation of relafcüve 
security from major flooding danger. 

Local ion jo fj: a r\ïo n s 

On the west side of the White Mountains all of the canyons between 
Sacramento Canyon and Silver Canyon in the southern third of thiu range, 
and Queen Canyon in the n:rth, lack evidence of serious floodinjg within 
the last cent»'.ry* 

On the fast side of the range, all of the larger drainages~ with the 
exception of Leidy and Indian Creek?, are ala; of this type, THhas in¬ 
cludes the drainage systems between M:A.fee Creek in the south aind Trail 
Canyon in the north, inclusively. Scctn of M:Afee Creek the dmasnages 
are small and short., and they were n?'. studied during the contract period, 

b. Coimon_raorEhol2alc.ch?-;¿ :t 4f latl, js 

( 1 ) ZVlfile cfJtrurJç_caijvçn 

All of the drainage systems with extremely subduedl forma of 
former debris flows ~n tr.eir fa.ia are •: haractenzed by a Middle (Creek type 
profile in their trunk canyons (see Fig* 3b)¿ that is, they hav/e .relatively 
steep gradients in their upper branches and tfuflk canyon, but tJhe gradient 
of the lower main canycn is comparâtively gentle. Those canyams whiçh seem 
to have been free of imajcr fiords for a century or more have a irelatively 
long section of gentle gradient, measuring 1 to 3 miles in length and cor¬ 
responding to between ene fourth and one half of their over-alll length. 
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Th* ifriMltifiiït ni tiifi* lipi*p   : mu :!• 1111111111       al!" til» 11 JIliÄlit 
Cr*«ic tiif*»;, ..*     200   1 400 Ihn   p»r iitil», Th« il f I »crt 
of «, Vem* mmtm ..... « mjor il.ni.. tbm "iniiiit ti:ti«iir*t*i!i 
t>j tito ISS® flood in *.. flp*«lc. Tint MurM ... il» *iiirig»n gradient 
cmunNl a. 4f«p».»,iii* lili ... 1111.I Mm «f 1111.11».. of tlh» éabrlo flow and 
¡»r*»ii|i»4 it fiftiii ptiiBiiilim tilt i*|!iiiiai of ti lililí1 fililí, 

(2;) iftiJlih of   ir iniijniic     

Tnmic 'Oiinijriiiai of Ui« drainages lucking «vldoneo of flooding 
Mithin til* liiiilit 1,00 to 200 jiriiMiijr» nr.. 1.»latlvely ... It the canjr'ori 
mouth they *tt.iiiii 1» width of ill.. 200 to 500 foot. Sonne «iiintaln this 
width for moit of tho Ijmngth of tli* *.. of gentil gradient (Fig. 42), 
although moat »how ,11 gradual tapering to about 50 to lOO feet at tí» upper 
««id of ihl* sect Lon. Bid rook nan.»mb are absent in all east-aide canyons 
of this type but 00our In Silver and Ooldwatsr Canyons on the 'west side of 
the range, 

(3) ... trunk canyona 

All of the canyons of this type not only are relatively broad 
in their lower poi.tierna, but they are also comparatively deeply alluviated. 
In most canyons, bedrock is nowhere exposed on their floors. In Silver and 
Coldwater Canyons it appears only for a short stretch in the above-mentioned 
narrows. Stream burile» show a depth of alluviation of 10 to 20 feet. Down¬ 
ward projection of the canyon walls suggests a possible depth of 50 to 100 
feet in some of the canyons {fig, 43b) 

A i.slatively luxurious growth of trees and shrubs, notably willows, 
birches, and cottonwoods, further attests to a considerable depth of allu¬ 
viation in florae of the drainages 

In none of these canyons were the very subdued forms of former debris 
flows 88811, an indication that even their lower sectors have not been sub¬ 
ject to major floods for a long time. 

(4) Gently sloping, smooth alluvial fans. 

There is a general correlation betwee., the slope of alluvial 
fans and the gradient of the adjoining canyon sections in White Mountain 
drainage systems The alluvial fans fronting canyons which seem to have 
escaped serious floods for over a century are therefore the most gently 
sloping fans in the area. Their slope amounts to only 150 to 200 feet per 
mile, or about 2 degrees, in opposition to slopes of fans of such drainages 
as Milner Creek or Cottonwood Canyon which reach inclinations of 7 or 8 
degrees. 
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have h ad any Influenc e on. flood ot'i' n 1 t î i c"11,0 -|j li 'i" 1111 411¾ "i |"i| iiiii 

llíiior ollliiitic differ,i     among          thus       » be 
..ï* importance than their morphologic characteristic.. in determining 

flooding frequencies, 
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Hgî«itlv» floodIncr probability 

The relative floodinf; probability of any desert stream system de- . p: _ w __ ^ 

pends upon two factors: (1) the morphologic'characteristrcs^of'the 
fan5*an? the cllnatlc '-haracteristics of the area in which the drainage is located. 

dpf(.J-‘!.H0^'0lr?l?/tl''lJra/Cterl5tlC3 of 3 draIraSe basin can readily be 
rha^, r f if a 5leli andfor Mp 3tud^ The Jeteraination of cliaatic 
characteristics has to rely on available weather records which are often 
quite unsatisfactory, either because weather stations are too few and/o? 
too far ron the area under consideration or because climatic records 
are available for too short a time. 

a therefore believed that the most productive approach to a 
consir^rofi0n r\8 of a given drainage systenshould 
consist of a careful stucty and evaluation of the physiographic features 
o the drainage basin; that is, the morphology of its canyon and fan. 

a* Characteristics of canyon morphology 

(1) Location 

Although the available evidence is not conclusive, it is 
generally . >-je that canyons heading in the highest part of the White 
S ïn"? 5n0W “7 ,indÍC?íiOR3 of ««"t flooding than do canyons which 
rnrlrfV crestai sections. Kost major floods of the lastdecade oc- 
oWr=In ^0113 h®adinf! in thï vicinity of White Mountain Peak. Spark¬ 
plug Canyon, located between Lone Tree Creek and Milner Creek, well Ulus- 
closeStoh^v-ffev, °f *le^at-ion of the valley head. Although situated 
31^ llftl ain heads ? .miles to the west of it and about 
IQ??0 ^ W b5lo,<rthe crt-f^ rtnile it5 î.eighbars suffered severe floods in 
did ñntP^M1Ug Clnv3n did nat flood to any extent. The valley ranchers 

, an{ wduly high discharge, and an investigation of its fan 
and canyon did not reveal any signs of very recent debris flows. 

hi.heií n!:rJ°^0al t0 3330::5ate Crealer flooding frequency with the 
effect oP ;>„ , CrQfw' i"3“6 u is Just there that the orograohic 
effect o. the range on thunderstorm intensity should be greatest. This 
Issert^at^'V?“!;011 ^ valley residents of the area who 
assert t .at t..e mute Mountain Peak sector of the range has experienced 
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more severe thunderstorms within their memories than any other lcw«r 
parts of the crest. It was not possible to confirm this assertion through 
measurements during the few, mild thunderstorms which occurred while the 
Assistant was in the field, but the premise is probably valid. 

It is thus very likely that location of the headwater area of & 
stream system in the higher part of the range is an important factor con¬ 
tributing to the possibility of flooding. 

(2) Long profilo 

The shape of the long profile of a given stream system is 
Judged to be one of the most important morphologic factors affecting 
flooding. 

Canyons with the Falls Creek type of profile (see Fig. 3a), which 
are exceedingly steep for thalr entire length, appear to be much more 
likely to suffer serious floods, including debris flows, than canyons with 
the Middle Creek type of profile (see Fig, /*b), in which only the upper 
half or third of the trunk canyon is extremely steep. As noted, all of 
the canyons which appear not to have flooded severely in a century or more 
are of the Middle Creek type. In Leicy Creek, which has the same profile, 
the long, relatively gentle lower sector effectively brought to a halt the 
debris flow of 1952 before it reachedthe fan apex. 

The effect of the Falls Creek type of profile upon flooding is well 
illustrated by Milner and Lone Tree Creeks and Cottonwood Canyon, which 
flooded severely in 1952 and again less seriously in 1956. 

The relation, then. Is relatively simple; steep canyons are more 
apt to produce serious floods, including debris flows, that advance far 
out upon the fans, than are canyons with gently sloping lower sections* 

(3) Width of canyon and depth of alluviation 

White Mountain drainage systems are characterized by trunk 
canyons both wide and narrow in cross section. In general, wide canyon 
floors are associated with canyon profiles of the Middle Creek typo. The 
lower sectors of these canyons thus have both a gentle gradient and a 
broad floor, «and the ameliorating effect on flooding is marked. The Leidy 
Creek flood of 1952 and the Indian Creek flood of 1955 clearly illustrate 
the effec’ f these two factors. The debris flows descending from the 
headwater areas did not only suffer a loss of momentum brought about by 
the more gentle gradient of the lower canyons but were also induced t# 
spread on the broad floors of the canyons and thus experienced a further 
loss of potential energy which brought them to a halt some distance above 
the canyon mouths so that only high water reached fan surfaces. 
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Tt» contrast, the canyons with the Falls CTroek type of profile nr* 
not only steep but their floors are nt the same time narrow. They thus 
assume the shape of fluir.es In which runoff and debris flows can acquire 
«çreat velocity (seo Flqure /,3a). Debris flows from such canyons are 
thus able to advance far down the associated- fan surfaces. The-1952 
floods in the west-side canyons illustrate this combined effect of steen- 
ness and narrowness of the canyons upon debris flows. 

There Is a general correlation between width of canyon floor and 
amount of debris present thereon in White Mountain drainages. The floors 
of narrow canyons often exhibit bedrock over most of their lenrth, and 
deoris occurs mainly in separate, relatively shallow patches. The wider 
canyons are usually continuously and often deeply alluviated, and some 
even he-e well-defined pairs of matched alluvial terraces near their 
mouths. The mild snowmelt flooding of June 1957 showed that discharge 
from alluviated trunk canyons was rather steady despite the daily varia- 
tion in ir.eltin^. The alluvium thus acted as a temporary reservoir. 
Deep aHuviun apparently serves as a sponge and hence has the capacity 
to absorb considerable amounts of precipitation or snownelt, thereby re.- 
ducing flood danger. 

Eac* of debris on trunk canyon floorst on the other hand, permit* 
rapid runoff of water originating through snowmelt, cloudbursts, or • 
prolonged frontal rains. * 

(4) TVpe of bedrock 

,, ,. ^ Th® or the type of bedrock in tho drainage basin 
on flooding frequency and behavior appears to be quite limited. Canyons 
which have not been flooded for a hundred years or more show no relation 
to bedrock. The 191« floods in Sabies and Straight Canyons produced 
identical effects in both canyons although they differ greatly in lith¬ 
ologic character. However, bedrock exposures in a drainage basin do de- 
termine the Size of the debris released by weathering to be incorporated 
into a flood or debris flow. Granitic terrain yields large blocks of 
root, some of which are coherent enough to maintain their size and shape 
during transportation to the fans {see Fig. Ó). Metamorphic and sedi¬ 
mentary outcrops in the study area, in contrast, weather to relatively 
small-sized pieces of rock. ^ 

b. Characteristics of fan morphology 

if a flood, either in the form of a debris flow or a high water 
crest, reaches the mouth of a canyon, the morphologic features of the fan 

U maydbeemlne C°Ur3e ^ follnw *'in,i P^ntially bow dangerous 
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(l) Slop» 

Fans around tha White Mountain» can be classified a» (l) 
steep, with slope» of 3 to 12 degree» (750 to 1,000 feet per mile); (2> 
moiiornto, with slopes of 5 to ß d^roes (450 to 750 feet per mile); and 
(3) Rentle, with slopes of 2 to 5 degrees (150 to 450 feat per mile). 

Obviously, the steepness of a fan surface affects the momentum of * 
movinffwins of debris or water, and it Is to be expected that debris 
flews on steep and moderate fans will tend to move faster and farther 
down their surfaces than on gentle fan slopes. Also, the velocity of 
?^MWiter 1? chnnnols ^11 ba neater °n the steeper fans, and the po¬ 
tential erosive energy thus will be much greater. ^ 

Since the slope of a fan is in direct relation to the slope of the 
lewer end of the associated canyon, it is quite apparent that steep fan 
SL°P" '?re ^“«riatic of canyons with the Falls Creek type of profile 
W a"d,gantl® fan elepee are associated with canyons hav- 
i?v ef V írp!.0rtPr0niB- Th8 3l0IM of a fan 13 thu3 «n eas- 
ofVnort^wM^ íir3t 1.ndic^or of tha Probability and expectable severity of floods which ioaue from the associated canyon. 9 

(2) Channel pattern 

f Th® ®hann8l Patern of the typical White Mountain fan is 
M with a well-defined active channel and less dis- 

tinct former flood channels diverging from the apex. Former debris flows 
^d-hi?heWntar V*1* °n we3t-3id8 fans have tended to stay in the activ. 
channel for one-third or two-thirds of their courses across the fans. 
Where a shallowing of the channel caused debris and water to spill out, 

£u?n u u tha 11Uld raaUrial t0 foUow °n« °r more of the 
SSÄfÄ 

and ^ ..t.r ^ ^ 

(3) Marginal channels 

a Vev fr. ru ! Channels or. the l0W9r PeriPh8r5r of ^ite Mountain fans ar. a key to the location of that part of the fan most subject to recent 
flooding. Although they are found on all parts of the perimeter, they 
tend to be most numerous and have the freshest appearance in that part of 
the fen fi" WhlCi’ ,the latest Hooding has occurred. This sector of 
channel fni ÍP °r °f teí'raln the present active channel and attaining a greatest width of 1 to 2 miles. Unless a recent 
t 3 ,0=curred noar ths aP®* of the fan, this zone will con- 
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(0 PgDth of activa channel 

1« fr. jThQ pwctlc^l effect of a deeply entrenched active ch&nnol 
io to QX wd down slope the confined flow of fluid debris and hi rh w't«r 
floods. The area of the fan in which spread nn of debris^nd flood in 

s ä-ässäs?- 

KHâT£ââ«âíS'âs2. 
Course chanßo» on upper T¿n surfaces nay occur If the deuth nf H,« 

a5riÂriC3llo^CUritf13ar£er1SOCîC,8 becU 3tranded - channelSfloors 

a supstion of thin effect on the steeper, roueher rr^itio fans 
ÄS west fiar/o/th^ S Sains^here 

^ 1 oriented debris ridpes and former channels 
indicates rather frcq^.it course chanr.es (see Fig. 39). m * 

and h^h rf ?ctivo channel thxa will indicate if debris flows 

«- ÄsiiSiK^ÄÄVits.:"“”" •“ -»-«* 
tic factors 

(1) Pt^cipl^ftion intensity onri 

..,, It is a::iomatic that floodini; caju*iOc occur vjith^ut «îiiff-i-, 
boconlys rl'f/rCCiPi^UOnj bUt the —-to dete^netion of wh t Í 
bocona a rlocd-producinp rain iu difficult. As at-ted in Part I acci- 

" sr 
•I,. ííoÜÍLlsraínMd^ÍtoSl^íy^SsI) t!*U ri ’ e", 
2ru«?r tar Ä-Äarts 5. 
rans tot^T b!.,! JeV2d ¿n the Mlit0 «-''»tains. Several «.oderote 

6 Í ?en °ne-half and one inch in 1 to 3 hours were ob¬ 
served and -*a,ured in the White Mountains during the contract 
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this period in the -.11110 Mountains indicates n floodirj^ ]X)s?ibility of as 
many as 12 to 15 floods por decade, of which five may be of major propor¬ 
tions* 

Flooding frequency within individual drainage baylns is much more 
difficult to estimate. It «Jepends primarily upon the- profil* type of 
drainage in question. 

Severe flooding in drainage systems with Falls Creek type profiles 
may occur as often as twice in a decade, as indicated by the flooding his¬ 
tories cf Kilner and Lone Tree Creeks and Cottonwood Canyon. However, 
morphologic evidence on fans of other canyons with the- same profile type, 
that is the ten west-side canyons between Willow Cree!< and Morris Creek, 
inclusively, indicates less frequent flooding. The stÆte of preservation 
of de dos Its of f./mer debris flows suggests that thee« fans have not suf¬ 
fered a serious flood for at least 50 years. 

The frequency of severe flooding in canyons with tthe Middle Creek 
profile type is lower, but also seems subject to great, variations. In 
Sables and Straight Canyons the last serious floods occurred 40 years ago, 
that is, in 1913. In Letdy Creek and Indian Creek the ¡state of preserva¬ 
tion of deposits underlying- the most recent debris flows, of 1952 and 1955, 
resrectively, indicates an interval of 90 to 100 years since the preceding 
serious Hoods. For the majority of the canyons of tbe Middle Creek type 
it has been established that they have not suffered major flooding for a- 
bout 100 to 200 years. 

The great variations in frequency of severe floocing even among 
drainages with the same profile type reflect the influence of other fac¬ 
tors, such as location relative to the highest part of the range and 
char.ce localization of extremely concentrated thunderstorm rain. 

Minor Hooding, particularly of the snowmelt variety', is of much 
greater frequency in all of the stream systems, reganil-ess of profile type. 
The occurrence of reported minor floods in the last throe decades has been 
rather frequent (see Figures 12 and 13), and it is possible that one small 
flood may occur every year in those drainages he«ading in that part of the 
rau;e which receives the heaviest snowfall. 

Conner of debris flows 

The potentially most damaging floods are associated with debris 
flows, such as occurred in the west-side drainages, Milner Creek, Lone 
Tree Creek, and Cottonwood Canyon, in 1952. Former de-iris flows have left 
unmistakable morphologic evidence on alluvial fans and in canyons around 
the White Mountains. The amount and state of preservation of the depsaits 
furnish a guide for m estirvMon of the probability of future occurrence 
of debris or mud flows* 
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The evidence of forraer debris flows 'is aost cc.Tmon and clearest on 
fans of drainage basina wh^h have certain ca-icon morphologic character¬ 
istics, which seem to hive induced the dcvelopcent of debris flows when 
heavy rains hive falV.en. These characteristics relate to: (1) canyon 
profile; (2) a-nonnt of debris on floor of trunk canyon; and (3) width of 
lower trunk cinyon and routh. 

a. Effect of canyon profile 

The effect of canyon profile on the development and course of 
a major debris flow has been evaluated in a comparison of the July 1952 
floods in Leidy Creek and in the three west-side drainages* 

Alluvial fans of drainage basins with the Falls Creek profile type 
in their trunk cinyons are in danger of suffering serious debris flows at 
least in their uppor sectors. The exceedingly steep gradient of the floor 
of canyons of this profile type permits a debris flow to maintain its ve¬ 
locity and momentum to the canyon nvouth and beyond, and serious damage may 
thus be brought about on the fan surface. 

On the other hand, in canyons with the Kiddle Creek profile type, 
debris flows may come to an end in the gentler, lower section, where 4 
loss in velocity and mccentum occurs as the fluid material encounters ths 
lesser gradient of the lower canyon floor. 

Some of the White Mountain drainages which appear not to have flooded 
seriously for at least a century, notably Silver Canyon in the southern 
part of the western flank of the range, have exceedingly gentle canyons 
with broad, smooth floors even several miles within ths mountains (see 
Fig. It is obvious that a debris flow generated in the short upper 
section of the trunk canyon of such a drainage would bo relatively small. 
On reaching the valley floor, the low gradient of the latter would quickly 
rob it of velocity and momentum a ni force it to spread, causing it to stop 
a considerable distance above the canyon mouth. 

b. Effect of debris on floor of trunk canyon 

Very obviously the material involved in a large debris flow must 
have a source area. Evidence from the 1952 floods in Milner Creek, Lone 
Tree Creek, and Cottonwood Canyon on the west side of the range, and from 
Leidy Creek on the east flank, indicated that most of the material in 
these flows came from the floor of the trunk canyons. In contrast, the 
1956 floods in the same west-side canyons, although probably of similar 
intensity, did not result in debris flows, as the canyons had been cleared 
of alluvium by the preceding floods. Consequently, the degree of alluvia¬ 
tion of the trunk canyon becomes of importance in a determination of the 
probability of the occurrence of a large debris flow. 
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debris °f aUuvlntl°« fop 
deeply alluviated canyon Hoop? an the eanyoi fl°op; (3) too 

mum .amount of alluvium abcild .at-ain ^utV'V 1 Í ^ 30'caneJ 0P^i- 
Roeted by the evidence f¡^ th- Ä 5 to 15 fec* iaW 
Mated material on the fleo- o' a atoen 3 amount of unconsol- 
reault in the develoftaent of a'd-bris fiow tTthe^'’ ^^'’ Ca"yon 3houl11 
its f.-rn if a sufficiently hw7 ~nn falla.“ th drain^« «na possibly on 

.= sf-' nr f ^ ^ 
liiRh water vill flow out of'the canton July 1956> Partly 
rains. High „ater flows after »acessive^-^.-t^ f*n ioUowin2 ^avy 
until the canyon floor a$ain nn, UD witu would ^ expected 
take at least 50 to 60 ye,«; this tLe larlf^ d,brU: Thi3 Pr° ™y 
condition of the floors of Sables and Stra^**r 3u^e3teJ b/ the present 
sumably Hushed out by the floods of iqifla¡''7'*Cjr'y0[!S* which weM pr«- 
uous cover of alluvium. ' 91 totla/ have a nearly contin- 

°h thh r,'inorf from’th^steep^poí^yon^S1^^11^1^®4* a «feat part 
absorbed and released graduïll-' ‘tm?7 ^ Í?* adapts may simply be 
alleviating the possible danw-s of nnîvH^* ia significant in 
In lightly alluviated steep ciñycr.s from snowmelt even 
in deeply alluviated Canyons of me'ntlaeraH«"“'^ ^ b* ^°1-9 '«Mient 
factor preventing serious Hoods"'or a fenf~ ^ iS C0n3idered a major 
White Mountain canyons. ' * eentti:7 or more in some of the 

c. 
^^-otvldt^of lever trunk ranymn and tenth 

J.V. „„ “ tto mu, Hounu,... 
to, b,arec» „„.trlotlor., ,? VhiCh' 

•-«SSÄS SSÄtiÄ“ o» rl “™” «-w. 
crease in mass, with consequent*y w-eate- ^ an in' 
the temporary dams have giver, way '''This't---^“"“3 59lOW the n'irroW3 after 
was repeated at short Intervals duriS ?he f S at fche nar-^» 
ar.rges in the debris flows, ea-i rood3- musing repeated 

n thickness of the debris flow ani a cônseqùer-î advance. ^1° incr9a39 

ions should at time 0^1^ f«cessZ'ic'^s bctirock cor.strict- 
surface at a more continuous rate. r *rA 1111)1)10 to tbe fan 
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c™S"'ir ^1111 loss of mor. ntura asy occur thnn^in . n,! i ’?» w,h‘rre »Promiine ani 
ths cohorancs of the turablíng currln« fluÍrt’ k'5“11'0'^ ^aw’el in uhlch 
the canyon mouth. suraoun«» 3Ur8InS ««id mass can ¡be maintained to 

Mont dnn«:«rou3 canyona 

«...d *£*,; ñ“S5!r¿lVt“'?°I°'u «*. 
dn^Aßini» debris flows in thuir* c^yons most Ij&ely to produce 
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on the floor^or^heir^truní^anyon.10 ** ^ °f uncon2oli'1«ted alluvium 

noJheoï ÏÏÜAtZs "ATisl^tlr^r H0f sieap ^d1^* - ^ 
fans are to be avoided if possible when ^ their 
contemplated. Possible when land utUization of any sort is 

®* Safest canyons 

type profiles Abroad) deepí^aiurt.V’ ^°113 ha™ Wddle Creek 
the mountains,’ and uiual^L^rt a f*r int" 
vegetation on their floors. Th^have ¡lí^fYh ^ of 
those canyons in the White Mn.mffíj ui°r th9 characiteristic3 of 
in the last hundred^SsS? 0Í floodi"« with- 

Pander of high water flooding 

C.onlyHLno«\rhanu?0d^^\ic^tL^ta\=X\fe^íS fl0W3 ani <=“»- 
flow could occur at almost ,mv tim« mf <, "r ^00^lnff without a debris 
sufficiently he:.vy pSita^on^îf COUr3e* thlt 
seems to be more likely to happen un.^ certain'de^iniL «ioSr* 

Beayy .preclpltatlonjn streams with clean trunfc canyon n- 
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of th^ White Mountains# all of which have clean trunk c&njron 
it ueems likely that excessive precipitation in any drainage.t«inf the 
-loor of which is essentially a bedrock channel, would result in high 
runoff, possibly of floc^i dimensions. It thus follows that draLwes 
which have recently undergone a serious debris flow by which accumulated 
mC,ter;?1uWa3 3wepl out of their should be regarded as prob¬ 
able high water flood producers in the event of heavy rain in their 
catchment areas- 

b. Snowmelt 

In the White Mountains and adjacent regions, snowmelt flooding 
in the past has been of the high water type. Copious snowmelt can re¬ 
lease large volumes of water during the period of an afternoon's high 
temperatures, but the amount thus delivered each day to the fleer of the 
trunk caryon is limited and is delivered gradually. Although higher than 
normal, snowmelt runoff has not beert sufficiently large to initiate sub¬ 
stantial debris movement. It has been primarily in lowland areas that 
the united runoff of a number of individual mountain drainage sTstems has 
been great enough to cause damage or Interfere with cornnunicaticeis. 

Snowmelt runoff in Milner Creek in June 1957 did move debris out of 
the mountains and onto the fan, but the amount was limited. 

c. Wintertime rains 

Wintertime rains cn a snow cover have occasionally produced 
high water flooding in the White Mountains area. The most recent occur¬ 
rence was in December 1955, when rains totally iQ inches in two days at 
Denton Station (Reichert, F., Personal Cownunication, 1957) resulted in 
the flow of much water and fine debris across nearby valley-flocr high¬ 
ways. The ejtimated total seems rather high, but in any event a lot of 
rain must have fallen over an extended period, and considerable overland 
flow took place. 

Prolonged frontal rains during the winter months may drop several 
inches of water on a snow cover which the latter is able to retain (Foster, 
1948;. Further rains%*or sudden warm spells ray bring the mixture to a 
state at which quick melting takes place, causing a sudden release of the 
accumulated precipitation. Usually floods resulting from this combination 
of météorologie conditions have been restricted to lowland areas, such as 
the floor of Upper Owens Valley, Ovens Valley proper, and floors of adja- 
ceiit closed desert basins, in which temporary playa lakes have been formed. 
Little debris movement within the mountain caryons and on the f--* has 
been noted in flooding of this sort, and morphologic effects have been 
negligible. 

d. Effect of rains on fans 

The effect of a heavy rain on an alluvial fan is determined pri¬ 
marily by the channel pattern thereon. White Mountain fans have a mdial 
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pattem> and any surface runoff that isay result fVom a heavy rain 
is quickly dispersed and prevented front uniting into a single, large flow 
by the diverging channels. 

Fans with dendritic channel patterns are absent in the study area 
but are found in other parts of the Great Basin desert region, notably in 
and around Death Valley. Heavy rains on Death Valley fans have produced 
significant high water flooding on their margins, as surface flow in smal¬ 
ler channels has been united near fan perimeters into relatively largs 
channels (Hunt, C.B,, Personal Communication, 1957). 

Heavy rains on fans are comparatively rare, of course, both in the 
study area and elsewhere, but the possibility definitely exists that dan¬ 
gerous high water flow can develop on fans with dendritic rather than 
radial channel patterns. 

Uê Evaluation of safe sites 

Any evaluation of the safety of a given site on a fan or in a canyon 
must be relative only. Morphologic features vary from drainage basin to 
drainage basin, and no two flood-producing storms are alike. Nevertheless, 
some general principles of site safety can be established» 

a. Narrow canyonr 

Ol/iously the utilization of narrow canyons must be limited. 
Roads on or near their floors, and intakes for water supply ox hydro«» 
electric power pipelines, are about the only installations that can bt 
made* Although construction my be easier on the canyon floor itself, any 
important, permanent roads should be located at least 20 to feet above 
the floor of the canyon in order to be free of the danger of flooding. 

Any installation or construction put on the canyon floor must be con¬ 
sidered only temporary, for in a narrow canyon it is possible that even 
slightly higher than normal discharge can be destructive, and the loss of 
canyon-floor structures or roadways must be considered inevitable in time. 

b. Wide canyons 

Wide canyon floors offer somewhat greater possibilities for 
utilization than do narrow valley bottoms. 

Kost of the drainages on the east side of the White Mountains are 
characterized by well-defined, matching terraces of alluvium in their lew¬ 
er canyons, standing 15 to 75 feet above creek bottoms (see Fig. 23). 
Most of the terraces are too narrow for any other use than road construct¬ 
ion, but some of them, particularly those in Leidy Creek and Middle Creeî^ 
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absence of terraces in wide canyons, 
'ns should be located above the canyoi 
■20 to 30 feet up on the walls of the 

nr* wi.1* *nou>;h (up to T5 to 100 fast) for more extensiva installation». 
These terraces can be comsidered safe locations, since they are out of 
reach of any conceivable flood' in the canyons. 

widJÎÆr are nvtt;iproaontJin thü widor cWons# then tho whole 
stressed that mitered potentially dangerous. It has been 
stressed that wide canyoms usually are associated with Middle Crook type 

aM-She5f cai>;":ir\3 3?om Ie3a lik^y t-ö exporience severe debris 
flowing or high water flooding. However, in the flood of 1952 debris 
spread to cover most of the floor of leer Leidy Creek Canyon, other than 

e terraces, and it semnis reasonable and prudent to assume that similar 
spreading could take pLuoe in other drainages with morphologically con- 
parable lower canyons ilT -and when debris flows occur. 

Alluvial fans- 

Cl) Upper thiira 

4 „ Tî!e upper {part of ni03t alluvial fans can be considered 
moderately safe from the- dangers of serious flooding, as the active chan- 
ne! is general¿y incised- The relative security increases if the active 
IhTrZ] d1e®P1y inciseriI» ^at is, to 15 to 20 feet or more. The active 
channel itself, of courses, 13 to be avoided and, if it must be bridged, 
single span construction Should bo used when possible. 

If the active channel is only shallowly entrenched, that is, 5 feet 

ov»rÍÕoí^he T?SSwlity ^ C0"iSe ch'lnS«s «f major debris flows cannot be 
overlooked. The heterogeneous distribution of large boulders on the upper 
hUrf ri* of,s°'!la fan:' radiating pattern of deposits of fomer de¬ 
ns flows indicate that channel changes have occurred in the past and are 

ever a potential danger,. 

0 ThC mf^?r ï?r‘e. ?f daraCer, then, is in the active channel itself and 
a narrow strip flanking id on either side. 

(2) Middle thiirdl 

n„ 1 r r M°jt of th'“ area o{ tho middle section of a fan is rela- 
so lin free.íroni danger of serious flooding, Particularly is this true 
so long as the active channel remains moderately incised, that is, up to 
10 feet. Some spreading of debris flows may occur as depth of entrench¬ 
ment decreases, but the general course of most flows in the White Moun- 
tains has adhered to the .i.rtive channel Should course changes occur e i 
this part of a fan, much of the initial momentum of a debris flow will 



already hate been lost* and It shnuild therefore be noting at m lewer 
velocity and thus have decreased potential destructive energy* 

Certain of the west-side faner, along the southern part of the White 
Mountains, in particular the four ^between Straight and Coldwater Canyone* 
ï?îfJlAd of surfaces uplifted by recent faulting* The up¬ 
lifted areas are for all practical jxirposes removed frura the efjTecta of 
any conceivable flood that might occur on the fans (Tig. Parts of 
fan surfaces in southern California have been analogously isolated fron 

• a of flooc,ing by deep chiLnnels excavated on their upalope 
aides, leaving them standing as "ftn mesas'« (Eckis, 192¾). or ««islands»» 
•f higher ground starvling above the general fan surfaco. 

' o u n + atnf 

/ I \^Cont/on Mouth 

n ^ r i n l X tin tifi* <4 W 
i > ■ .m f ^ ^ 

ARCÄ ^^Fcg/ye 

F^oor o* zz+ivt Chen**/ 

(h) 5&GTIOM & L O U G, A - A* 

Figure Diagraiunatic sketoih nap of Coldwater Canyon fan 
showing upfaulted areas free iTirom danger of flooding. 
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dançar Í9 th:9 cliaalflcd as alight in middl* fan aectiont. 
•xcapt for tha atrip including and flanking tha active ch/mrtU 

(3) Lever third 

the point, at which the active channel ahdllewe deci- 
eively^ that is* to leas than 5 feet, the danger of spreading of debr^a 
flevs and high water floods is greatest. On moat White Mountain fans this 
takes place usually on the lower part of their surface. The spreading 
water establishes an extensive system of intonneshing channels. Here and 
there the Junction of some of the channels leads to lecal sheet flooding, 
especially on the more gently sloping lower fan margins. The area subject 
to such fleoding extends laterally for a mile or so on either aide of the 
lower end of the active channel. 

Flooding danger on lower fan eurfaces is hence classified as moderate 
It is ext .reme Just belew the point at which the active channel becomes 
ahallew enough se that confinemsnt of flowing water and debris no longer 
takes place. 

Figure /*5. Diagrammatic sketch map showing areas of comparative 
fleoding danger on a typical White Mountain alluvial fan. 
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(5) Hoad location on fana- 

single-span bride® cnn h* k„o* y. C or u.he apex, xhero a 

canyon mouth (Creed, T., fersonal ^unîcation'riS^L^Xf^hulîs 

flooding aeem^to'be^evlubî^ Íf fan h* ^voided. then so^e 
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(6) Sffect of dues 

izei surface mnof/oÎ'aïluvû/ju^^s^8 ^ 5^tem on ^rgan- 
With the flood in? of U S f ha3nbee? ^^wssed in connection 
in August 1957, The dH¡h ,nd d[k 
the surface runcff frem a myriad o? sSlîl , ina-tance concentrated 
to only a few deeo str^ST f shallow, sinuous » ¡natural channels In- 
urae and velocitj gaie it the ¡bm¡w* channels; ia wlilich increased rol- 
the ditches and carry it to a-d aa ? ^ floors of ana carry it to and across the highway at ¡numerous points. 
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5•■ Sumary «mi recoRinQrviAtlona 

In tha pr^cedinj; aectiona the morphologic character! a tica of 
drainage basins which can be associated with greatest and least flood¬ 
ing danger have been described. It is not maintained that the indicated 
guides to an assessment of flooding potential $r* unequivocal, but it is 
believed that they can be of practical value if Judiciously employed. 

It is concluded that an estimation of the potential flooding danger 
of any site in mountainous desert terrain should be based upon the fol¬ 
lowing steps: 

a. An examination should be made of each drainage b&sin above the 
area contemplated for use to determine: 

(1) Its profile type, 

(2) The width of its trunk canyon. 

(3) The depth of alluviation of its trunk canyon. 

A consideration of these three morphologic factors should lead to an 
estimate of the flood hazard, as well as the type of flooding to be 
expected in the event of heavy rain or excessive snowmelt, that Is, if 
they would cause debris flows or only result in high water flows. 

b, An examination should be made of the alluvial fan or bajada to 
determiné: 

(1) The location of the active channel(s). 

(2) The depth of incisement of the active channel(s). 

(3) The zone of most recent flooding on the surface as indi¬ 
cated by freshness of deposits or channel cuts, and therefore the area of 
most probable future flooding. 

(4) The channel pattern on the fan or bajada surface. 

With these facts In hand, selection of the safest site on the fan or 
bajada will be facilitated. 

It cannot be stressed too strongly that & careful field examination 
of the area for which utilization is planned should be made. There is no 
adequate substitute for such an investigation if the wisest land use Is 
to be achieved. 
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Appllc^tior, qf jtudy to other torgas 

The White M^ir^lns are « high desert range with very diatinrt 
r J r , 04,v ‘'“nracLenei-ica. Conaaquentli 

ÎÎTM í iV“ sä 

g-^Ä ÄÄÄrÄ? 

fb”:S"rtft2S "S“ty ,h“ ’Mr "mU ‘‘-^£Tl 

be ^proxlm-itelj tie same oí'""g ^desírt^tli^rlíg»3^'1 Th# 

«/* , Í* The prcfiie, widths and depth of alluviation of the trunk cmvrm 

7«atÍTwiíl"hTta f'iep’ nai'roli« hedroclt fluna in fom, th^ 

d3rí-íof eXÍStS b=tween steepness of fan slop« and 

Äi£ Ä^asv^oufaM floods, «hila more rentle fans sagest a lower flooding haaarf! 

suresdih,tTd»hrff / ’T"81 0n fountain alluvial fans in- 
wn foíií dí sprung out of active channels during floods 
?eííiÂ fdÍVfr^' ?athS “3 thUS 1039 Part «i their noLntS fnd ^- 
ííeíí witílín o1," fV;rSy- Î -Tilar re-lt can be anticipated in oSer areas with fans or. wr.ica a rad:a pattern of channels is evident. 
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e* m thundorstornr acusón, auiwwr, i* the period of vreato31 
flooding danger in the White Mountains* PraaiLT.Ably the relation would 
hold trae ol 3 o’/ho re; that is, greatest flooding froquoncy would pretil 
during thet pai-t of the year in which thunders toma nomally occur. 
For nu'ert deserts of the world these occur in thr sunïnor season. 

f- Tiie influence of man-made dikes ar.d ditches- on alluvial sur¬ 
face* -has been shown to be significant in bringing about » concentration 
of runoff into larger channels, in which it acquires increased volume and 
velocity and thus increased potential destructivo energy. This influonco 
should be activo on any alluvial surface on which natural runoff is di¬ 
verted to artificial channels by a system of dikes and ditches. 

7« Suggested future research 

^ would bo highly desirable for a follow-up study to be made in the 
White Itiountains, Since no serious flooding was observed during the con¬ 
tract period, many of the ideas developed in this report had to be based 
sole-jr on an examination of the morphologic evidence of former floods, 
and no verification by firsthand observation of a flood in action was 
possible. It is believed that the guides to an estimation of flooding 
potential and hazard are valid, but confirmation by close-range examina¬ 
tion or one or more floods would be useful. If possible, one or more 
¡?3erír3 nißht spend th* SUßim0r EXMths In the area on the chance 
that flooding in action could be seen. 

Research in other desert regions night well be centered in an are* 
of greater known thunderstorm frequency. Also, a study of oast and fu¬ 
ture flooding in other desert regions could be of use in evaluating the 
guide* to site safety and flooding hazard discussed in this report 
Should! these guides be proved to have a wider application, then a most 
valuable aid to safe land use in desert terrain would be available* 
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APPENDIX 

Proclpltallon in study area during contract period 

Aaserbled In this Appendix ere monthly records of precipitation 
for the six U.S. Weather Bureau stations in and immediately adjacent to 
the study area, and for the sites at which rain gages were installed dur¬ 
ing the investigation. Rain gage locations are shown on fold-in map at 
end of the report. 

During the contract period rain gages were shifted as changes in the 
weather nadé some locations inaccessible, especially during the winter 
months. Thus, not all of the sites for rain gages shown on the map were 
maintained at the same timó* For stations at which a continuous record 
of at least 1 yc^r was maintained, totals for the 12-month period from 1 
October 1956 to id September 1957 are given. For comparison, annual nor¬ 
mals at the Weather Bureau stations are also given. Monthly normals are 
shown in Table XI* 

In general, the contract period was one of exceptional dryness in 
the study area. The following table indicates for the period July 1956 
to October 1957, a total of 16 months, the number of months at each 
Weather Bureau station in which the precipitation received was above or 
below the established normal* 

Station Above Below 

Basalt 
Bishop 
Deep Spring School 
lÿer 
White Mountain X 
White Mountain II 

9 
11 
10 
9 
11 
11 

The winter of 1956-57 was relatively dry; only a few sizable frontal 
storms passed over the area during the period October 1956 to April 1957, 
and the snow pack in the mountains was considerably below normal during 
the cold months of the year, "he month of May 1957 was the wettest in 25 
or 30 years, but the Sumer rænths of 1957 were unusually dry. Ranchers 
grazing cattle on the crest of the White Mountains were forced to bring 
them down about a month and a half earlier than usual, since the higher 
meadows and normally dependable springs in these meadows dried up in 
early August. 
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Th« first 20 days of Octobor 1957 were consldrratlj w*tt*r thia 
nonnal, but as a result of the prolonged (iiynesa preceding this wet 
spell the Infiltration capacity of the snuntaln soils was so high that 
no discernible rise In strean discharge was noted.

The Assistant left the study area on 25 October 195V, but a close 
check was kept on weather conditions In the area during Koresber and 
December. No unusually severe storms occurred In these montcs, and no 
flooding of ai\f sort was reported.
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