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INTHRODUCTION
(To be readl})

Like Topsy, this report "just growed". Meny months ago
we sat down to write a paper on the Minbehavior of Pilot Channels
in the Vieinity of Leupp, Arizona. We felt that it might be both
interesting and valuable to begin our presentation with a brief
historical sketch in which we would point out the chain of events
loading up to a situation which seemed to necessitate the construoc-
tion of those chsannels. In short, we would prepare a background
against which cur report could be seen more clearly.

That the overgrezing following the arrival of the Hashknife
and other cattls outfiils in the late 13880's 2nd the early '30's was
almost entirely responsitbles for the erosional plagues which sicken
the Little Colorado Valley at the present tims, we hed not the
slightest doubt. We recognirzed that this condition had been aggra-
veted within the Hopi and Navajo Indian Reservations by prolonged
and flagiunt violation of Nature's rules of the range on the part
of native shepherds. The oldest living residents assured us that
northern Arizona was & stookman's paradise in the early '80°'s,
and that from Winslow to Ursnd Falls, or snywhere else, the grasp-
ing fingers of erroyos were unknown., Cattlemen sssured us that
sheep had ruined tho country. Shecpmen wore equally certain that
cattle were to blame. Belng nei+.or the one nor the other xe
found it easy to remain neutral, and pronounced them both guilty.

Ve believed that they were truthful when they told us of
that stockman's paradisa which was the northern Arizona of the
'80's, We believed them, too, when they said that overgrazing
was responsible for the spoliation of the land. We concluded
that before the coming of the vast hordes of livestock northern
Arizona had alweys been a paradise, and that it would be so today
hed they never come.

With minor and unimportant reservations we still believe
the stockmen, but we are confident that our conclusions were false}
Ve no longer blame the greed of shepherds or the hooves of hungry
creatures for all the grief which has befellen. Now we know the
Little Colorado Basin has been ailing with ochronic erosion for &t
lsast four centuries, and perhaps for that meny millenia. In ths
early 1880's it was snjoying a season of rare good health, Today
it is suffering from a major relapss. It has been quite as des-
perately sick many times before, and has recovered., It will againm.
History, written and unwritten, tells us that,

When we begen to write we hoped to bs sble to go back 60
years with the stcry of the Little Colorado Basin. We have gone
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back & hundred times that far, almost with confidence, and have
had a glimpse of what took place 5,000 times that long ago!

From lava flows and cinder beds, from ruined walls and broken
Jars, from tree rings and ancient legends, from diasries and
wagging tongues, from musty files and stranded trees has oome a
wealth of history we thought was lost. It is as if the pieces
of a gigantic picture purzzle had been scattered far and wids.

A part of these we have gathered up, and fitted together. 1In
the following pages we prasent to you our idea of what the orig-
inal was like. We now find ourselves with a background, but no
report to view rgainat 1¢! That paper, we trust, will be written
at some later duate.

Realizing, as we do, that our former ideas regarding the
histosy of the Littln Colorado Basin are widely held, and that
thoss ideas are based upon a major premise which 1s, at best,
cnly a half-truth, we feel that this paper is far nore important
than the one we set out to write. Erosion control in this area
presents & problem which is not going to b> solved by the mere
elimination of the evil of overgraring, as many would have us
belleve., Such beliefs are wishful thinking -- nothing mois,
Irroyos were cut time and again before stoockmen oceme into the
besin. How, then, are we justified in < zsuming that the reduwo-
tion or even the complete removal rf livestock will effoct a
permanent cure? Certainly it will help. Of that we have not the
slightest doubt. But until we grasp the fact that overgrazing is
only one factor, and possibly not tie most importent one, we have
no adequate conception of the complexity of the problem which
must be solved before an effective program of erosion cortrol «=
or flood control fcr- that matter -- oan be worked out.

The greates: flood of modern times folluwed upon the heels
of the Little Colora.o's "golden ege”. Arroyos -rere being out
when grass was magnificent. Vast areas were overrun by tend dunes,
or hut scantily covered with grass, nearlv four centuries ago.
Such are the facts which history presents. Becaie such informe-
tion has not been readily available, mruch receunt thinking has
been ghallow. In this respect we have beeu as guilty as any. By
concentrating in this paper a mass of historicel evidence, both
0ld and new, we hope to supply a foundation upon which clearer,
deeper thinking can be done. Ws have been chiafly interested in
that part of the valley which 1ies below Holbroo!, and most par-~
ticularly in the region immedia ;ely surrounding Leupp. Much of
our material, however, will be found to be of far more general
interest than *hese limitations seem to “mply.

Par*ic..ar panins have been taken in plscing together olim-
stological data gathered since 1900, and an attempt has been
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made to Adiscover the underlying causes of all recent major floods.
OQur studies have proved conclusively that the cutting of.arroyos
in the Corn Creek Basin resulted in the formation of a i%igk in
the valley of the Little Colorado kiver above Leupp, and that
this delta has been the largest single contributor to the flood
danger at Leupp. We hasten to add, lest we be misunderstood,

that this faot has been recognirzed by prectically every investi-
gator for the past ten years. We have been able to show for the
first time Jjust how important this delta is by presen:ing evidence
which p- oves that during the last seven years, when Leupp has been
repeatedly menaced by floods, the annual precipitation has been
below normel five times and slightly above only twice. Before

July 1929 floods of approximately 30,000 cfs passed almost un-
noticed. Since that time floods of lese than 10,000 cfs have

looked really dengerous. With the probable exc:ption of the flood
of February 11, 1532, snd the possible exception of those of August . o
1936 and Februery 1937, Leupp has had no flcods, since it hes been |
protected with dikes, which would have been even slightly danger-
ous before 1927. Vie believe it entirely possible that even these
floods would heve prssed harmlessly.

For ressons which we heve presented fully in this report
we believe that, while it now appears it would have been wise to
have abandoned Leupp in 1929, that 18 not necessarily the case
today. Improved cormmunicat.on, changes in the course of the
river, more sdequate protection by dikes, and an understanding ? :
of the conditions which result in floods all contribute to the o7
relative snfety of the towm and its.people. o

We wish to acknowledge our indebtedness to the Uni*ted
States Indien Service personnel mt Window Rock anl Leupp for most
g3nerous help and unfailing cooperation. To the United States
Weather Bureau at Albuquerque, New Mexico, and Phoenix, Arizona, :
we are heavily ind. bted for climatologicael data. Our thanks are
due libreriens st the University of Ariezone, California Institute
of Technology, The Southwest Museum, and the Pasadena Fubli-
Library for the interest they have taken in meking asvailabl.
many rare volumes for our use. To Dr. Parry Reiche’, Wr. John C. .
McGregor, Mr., William S, Young, Mr. William Williams and Mr. |
Devid Ward we owe thanks for many helpful suggestions and much 1 ‘
valuable information. The 9 plates presented with this volume
have been drafted, often under considerable difficulties, by , ]
¥r. Robert M. Oaks whose skill and keen interest we deeply appre- L !

ciats,
H. S. Bo - i .
Soil Conservation Service . -
Californie Institute of Techuology é
April 29, 1937 -
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THE LIT.LE COLORADQO RIVER

Tre Little Colorado River is one of those streams so typical
of the more erid parts of the Southwest -- a raging torrent today,
almost dry tomorrow. Throughout its entire length from the Contin-
sntal Divide in nortiuwestern New Mexico to the Grend Canyon in -
northcertral Arizona its course is northwesterly, 1Its tributaries
reech northward to the Kaibito Plateau, Black Mesa and the Defiance
Plateau, southward to the San Francisco, Mogollon and White Mountains,
snd eastwerd to the Chuska and Zuni Mounteins.

The drainesge besin of 25,990 squere miles it, in general, a
high plateau which lies more than 4,000 feet sbove sea level,
Average mannual precipitetion varies widely from station to stetion
within the besin. Tubs City, the driest, has slightly less than
seven inches, while Flagstaff, the wottest, has almost twenty-three.
The averapoe for the ertire basin is out twelve inches, Although
much of the srea drained is composed of rolling plaing, run-off is
excessive because of thin soil, scanty vegetation and exceedingly
severe storms. Huge quantities of silt are carried away in the
brief but vinlent ¢ _oods wiich follow every period «f heuvy precipi-
tation, a charscteristic which lead Ofiate to call the stream the
Rio Colorsado in 1oOL. (33a)

Geological History -

There seems to be no doubt that the Little Colorado River
occupied much ithe samo course in Pleistocene times that it occupies 1
today, despite numerous local changes in its channel due to uplift-
ing, feulting, and several invasions of its earlies entrenchments
by flows of lave.

Dr. Parry Reiche, Regional Geolozist with the Soil Conserva-
tion Service, has generously pointed out to us some of the major
changes which have teken place immediately below Cameron, Arizons,
where the river is now entrenched more tnan 100 feet in & sheer-
walled canyon. Here for seversl miles a former canyon of the river
wns filled with a flow of leva from an undetermined source toward
the south. Into this lava was cut a new channel sbout 60 feet in
dep+h beforefiplifting and extensive faulting created e small gijtgfj
77lley whicl/intersec*ed this second chenre. prectically at right

(Subsequentiplthe present gorge wns iorqu, probably by the
or. of severel forper tributsry s . = The entrenchment
the channel in the leve may have bean eccomplishzd in pre-Pleis-
tocene times. In plamces it hae been completely fiiled with gravels
produced by the disintegration of the Shinerump Conglomerete, s
formation of the Up»er Trimssic. In 193} bones of an elephant --
tontetively identified by L. F. Brady of the ¥Yuseum ol Northern
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AN Arizona as E. columbii ~- were taken from these gravels, msking it 2 vew o "
W quice certain that the filling was Pleistccons. (Lla) Plate 2. 2 Y %ﬂ ¢ AN
, : XY
In wee- more racent times a flow of leva entered the cenyon 2 o .f, ,‘i‘" !
of the Little Colorado between Leurp end Cameron. This flow came o _ °© [
from the west through e tributary canyon ('9a), formed » dem over o< P )
8 mile thick in the mein canyon and then overshot it abcut half a u:f, ¢ o
mile. The depth o the caryon then, as now, was spprorimately 125 ¢ W F \
feet (198), anl it extended upstresm for an undstermined distance. -2 -
There is, however, evidence to support the beiief thet it reached g .x § v
at least to Leupp where the dorestic weter supply comes from four U - <
wells sunk to depths of f.om mbout 70 to slightly more thar 100 —_—
feet in whnt seems to be this former chennel. Two miles below 5 © é‘,,‘c-‘
P Leupp the Canyon Diablo Bridge was built on e site where bedrock € e <L Y
; ' ' . could not be found, elthough the neighboring Ashurst Bridge hsas .. <y S
Dot ahutmerts which rest on Keibab limestone. Certeinly this indicates .Y 31_5 I
the presence of s former canycn. Traces of even deeper entrench- L9 U
ment hrve been found ~s far enst ms Gallup (19b), but this does not ¢ ,3,,‘»0 < l
Justify the essump  “on that the canyon was unbroken from the Grand "{; s 2 :; :
Canyon to the New Mexicar headwsters. g e—=" |
v= 8
It would be interesting to know the exact date of the flow -£ s > _% L
: which crested Grand Falls., It is one of utmost importance in the ‘g~ . \5 <
[ : history of the site of Leupp, and possibly of those of Winslow < v _% %
‘ and Holbrook as well. Had there been no such flow, there would be | -
! no flood or silting problems to attract our ettention at Leupp today.
' ";;.\_,,‘) Geologically we may safely date Grand Falls as Recent. We ‘5
: ' have been able to discover no legends smong neighboring Indian tribesgs —<¢ \;\
[ denling with their origin. The flow which formed ther, therefore, g:g 3
must heve taken place in prehistoric times. We admit that such £ s N
snswers are too vague tr give much setisfection. T
\ : ) ‘L ~ ~ _
L However, we may attack the problem from enother angle. & %’* ¥
2 R What chenges, let us ask, have taken place since the lava dam was v T = )
' formod? There are two conspicuous ones. Above the falls the s &
former cenyon hes been completely obliterated by silting rs far -
rs Holbrook, with the conspicuous excentlion of s short section which v f g/, Lg‘t
wrs entrenchod through an enticline in “he Kaibab limestone immedi- K ¢ © % l
ately below Tolchacr, and rgain less conspicuously between this A_ -« l
! anticline end the falls. Observetions of silting in modern reser- }‘ ? g_ﬁ)
voirs mekes !t appesr that this would have taken no grest length "’,5\ £ U)_‘é
i of time even if the Little Colorado of eerlier days had carried YT oW
only s 8mall portion of its piresent burden of s8ilt. While i+ is g™ b
probable that such "clear water" poeriods 4id exist formerly, it oY _}Jxe
is certain that there have been times when orc ion wes quite as 9 5 22
. rapid as it is todmy. During the present century the river heas g 2 = ’“ﬁ
been rather steadily egradin:, but it would be dengerous to assume o o~ Xs&
| . thet4his process has continued unbroken since the demming of the "= v s) !
! N &y = {
§ canyon -&“’é E’\«
et < 308
BN ~§’ . i '
| =25
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Vhet proof, on the other hand, is there that prerent agra-
dation is not the culuinetion of thet primary silting oycle?
Pottery sherde are fairly abundent throughout the length of the
Little Colorado. From these it is possible for the trained stu-
dent to assign rather accurate dates for the occupation of any
particular site. Thus we learn that the area surrounding Leupp,
for instance, rupported a small population during the eighth and
nirth ocenturies, and a considerably larger one in the twelfth and
thirteenth., The people who lived there were farmers, and it is ob-
vious that the arable lands of those deys bordered the river closely
on both sides, being the more sbundant on the northeast. From this
we may conclude rethsr confidently that the former canyon had
cilted up to spuroximately the present level before the eighth
century, otherwise the water-table would have been entirely too
low for successful farming. Low mounds and slightly elevated
benches in the vicinity are plentifully supplied with sherds, and
allow us to astume that they were occupied because they afforded
protection from floods since they could heve given no possible
protection from enemies. It is interesting to note, in passing,
that the flood of February 8, 1927, inundeted & small area in
which eigth century sherds are common on the surface, indicating
that modern bed levels may be slightly higher than those of twelve
centuries ago.

o/m ka._ I st 'thk I'm rlgkf‘_ P

From mpproximetely 700 to 90C A. D. we may picture the most
favored spots slong the Little Coloredo as being green with small
f:elds of corn, beans and squash. A ew centuries later, when
the agrarian population was much greater, there sprang up many
villeges and "corn camps” on neighboring netural mounds and low
terraces -- the homes of industrious farmers who may heve depended
partially upon occasionsl flocds to insure a sufficient supply of
acisture for their crops. The lava {low which created Brand Falls
nlso made this miniature "Nile Valley" possible.

As we shell see later -the most recent period of violent vol
canic activity toock place in this area at sbout 885 A. D. Lava
flows of that outburst did not come within & dozen miles of Grand
Falls, but volcanic ash from this eruption did reach them and en-
tered a small dwelling where it was recently discovered by John C.
M¥oGregor of the Museum of Northern Arizona. (37a) This building
is 80 situated thet it can be definitely stated that it was con-
structed after the 1ava flow created the fglls, while the ashes it
contained gave equally positive proof that it was bullt before the
eruption of 885,

The Litte (ofo aqdatn averagesa L)
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We may say, then, with certainty that the lava flow which
created Grand Falls took place before E.> A. D.; that it took
place early enough for the .canyon it blocked to become silted to the
point of complete obl;terafion, making farming possible in the Leupp

| 'Rel'clte exPreese‘ dookt that Grand Falls Lava Pl hadd

hoch Yo do wITFA s.[fmc’ 16 Lav eash as L‘e“"‘hl"' Mh.&)om Lo

Leup) via the viver s aboul 30 miles. W:hs}ow'e/ew 148, LC"#’}"
4700, LitHe Colo: drops 5"/nule Leopp to G F val., 20 mi. Drop b«bw‘i’ 100" sine.
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area as early as 700 A. D.; that since this silting is known to
total apprroximately 125 feet at Grand Falls and at Leupp, probably
not less than one nor more than five centuries were required to
acoomplish it. By such reasoning we arrive at the conclusion that
the falls were formed not later than 600 A. D. and possibly as
early as 200 A. D. We are essuming, however, thst farming was
oarried on in the Little Colorado Valley just as soon as it became
possible, end in proof of this assumption we have not one shred of
evidence. As a matter of fact we believe that farming was possible
long before the birth of Christ,
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Ve have stated that there are two conspicuous chenges which
have taken place since the formation of Grand Falls., Silting and
obliteration of the former canyon is the {irst of these, The sec-
ond is far less spectacular, but, aince it is continuing today
could bs made to yield far more dependeble results. ("hypotheses”, Q'““)
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It has been pointed out above that the Grand Falls lava
flow extended for about hnlf a mile beyond the csnyon it filled.
The river was thus foroed to find & new course around this obstruc-
tion. Almost immediately the newr chennel reached bedrock, which
happened to be the rather resistunt rKeibab limestone. At the pre-
sent time entrenchment has progressed to a depth of approximately
5 feet. ") are informed that it has been estimated, supposedly by
£eologigts, that this entrenchment is taking place at the rate of
approximately 1 foot in a thousand yeers. Allowing for an error of
50% either way in such an estimate, (which might be more mccurately
termed "guesstimnte™) we may date the formetion of the falls as not
earlier then 8,000 B. C. nor later than 600 B, C.
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Whatever the date, it seems reasonably certain that floods )
in the valley of the Little Colorado are of long standing, from the f
viewpoint of the average oitizen. As we shall see later, ovents P
of the pdst two or three decedes have rssulted in serious, al- '
though definitely localized, flood problems. This situation might
lead to the belief that the flood history Lid recent beginnings,
instead of being almost as old as the falls themselves,

Herbert E. Gregory has written, "From » point neer Winslow
to Tolchico the valley is flet and broad end the flood plein
attains a width oxceeding a mile, The form of the wvelley in this
meandering stretoh is doubtless due to the unticline bisectsd by :

"the river at Wolf Crossing." (19a)

This anticline is the one to which we heve previously re- |
ferred as conteining the only section of the former canyon above ’
Grand Falls which has not been obliterated or rendered inconspic-
uous by silting., At first glance the statement quoted above may
soem to contradict our contention that the lava flow which dammed
the ocanyon six miles below the anticline is the factor of greatest
importance in determining the levels of today's channesl, We are

wh__ 11

CV-6417-201 | “ NN001830



\ g Justified, we believe, in going into the matter in some deteil so ;_
that e rather clear picture may be presented. &

VoA e e e o,

In the first place let us recall that 5,000 years, more or . o
leas, have been required for the Little Colorado to cut through
about five feet of FKalbab limestone at Grand Falls. The anticline
is also of Kaibab limestone, end yet the entrenchment here is cer-
tainly not less than 100 feet and may be more than twice that f£ig-
ure,* As we look at the area today the river seems suddenly to enter
a canyon, but e canyon through & hill which rises above the surround-
ing country., It is almost as if we had placed a losf of bread upon
a table, then cut a single slice from the center of the loaf, Through
the place where tho slice is missing, the river runs. The slice,
however, is rather narrow and during the greatest flood -of modern
times water was foiced around the end of the "loaf", That being the
case, we naturally ask why the river should have out through the
antiocline instead of heving cut around it,

e A b e

It has been assumed by some that the anticline is still form-
ing, and that the river has been able to cut through it just as rap-
idly as it forms, and thus has not be"h forced to detour, The chief
objection to this very fascinating theory is that it isn't true.
There has probably been 1littls if any change in that anticline since
Cretacsous times.-- and that was a long time ago even to a geolorist,
(L1n) If the anticline is still forming as rapidly es it is being
ﬁ cut amay it becomes rather difficult to explain the origin of two

gravel hills of Pleistocene age which stand on the flood plain about
three or four miles bslow Leupp, and minor difficulties arise in
expleining why the ancient channel at Leupp should be quite as
deeply entrenched as the modern one below Grand Falls,
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If, howsver, we mssume that the anticline was completed +
during the Cretsceous, we are confronted by no particular difficul- ¥
ties. For the sake o simplicity let us assume that the river mectu- .=

ally does cut through the Kaibab limestone at the rate of a foot in
a2 thousand yesrs, and that at the anticline it has cut through
approximately 20° feet of that formation. That allows ua to picture
the Little Colorado as working at the task of clearing away the
fairly soft NMoencopi formation, about 200,000 years ag~, when it
laid bare the top of our anticline of Kaibab limestons, which was
relatively very hard. It was already firmly entrenched in the
Moencopl, and was therefore forced to go to work on the Keibab.
Give a stream enough abrasive and auffircient water and the things
it can do to even the toughest of limestones are amaring. Up-
ttream from the anticline were great areas of Shinarump Conglomer-
ate which would make excellent abrasive materlal. TUpon this fine
supply the river seized, but even so, the task required much time
| and patience. Giadually the broad valley which Gregory hes des-

: cribed was created ss the river searched incessantly for more
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material with which to cut awsy the anticline. At the end of
200,000 years it had cut 200 feet through that anticline and wes
grAinding its way along the bottom of a canyon cut through what
seemed to be a hill., So great hed been its demends for materials
that the softer forrmations upstream hod been carried away until

the remaining canyon wells were little more than half as high.aes
those at the anticline. Then came the great flow of lava which
filled ard overshot the canyon, creating Grand Falls, £ilts quickly
filled and obliterated most of the former canyon.
the top portion of the canyon through the anticline, two hills of
Shinarump gravels abandoned below Leupn, and an anticline lsid bhare
by the wind and the rain of the epes so that great fleods may go
around ss well as throurh it. The river is now "hung up” at Grand
Falls quite es it was by the enticline in the long ago. '

It is apparent from all the information we have been abls to
gather that there heve been no changes of gr at physiographic im-
portance in the Little Colormdo Valley during the entire Christian
erea. To be sure there seems to be ample evidence for the belief
that the present orgy of exceedingly rapid arroyo formatien in
tributary streams is only & repetition of one or more similsr per-
iods sinoe the birth of Christ. During such times extensive egrad-
ing in the channel of the mejor stream would be expected, followed
by prolonged-periods of much slower degradation. We see no reason
to doubt that periods of accelerated erosion in the past resulted
in local flood situations similar to the one at Leupp at the present
time., 1t is entirely possible that bronzed farmers in the tribu-
tery valleys found their farmlands worthless because of lowered
water-tables, while their brothers along the main atream had their
orcos drownad by floods or smothered with silt. We know that
check-dams ware constructed, possibly to destroy the all-devouring
eppetites of' the demons of erosion who create arroyos. Such dams
still exist in both Arizona and Colorado.

As history repeats itself today we find ourselves better
armed for the battle, - an advantage which is largely off'set by
the greater size of our communities, and a seeming lack of ability
to choose sites wisely. Holbrook, Joseph City, Winslow, Leupn -=
all are denperously, almost foolishly, located., Such conditions are
not 1imited to the valley ol the Little Colorado, as recent history
in the ¥iddle West and mlong the Pacific Slcpe has amply demonstra-
ted.

Tode we see only -
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EARLY OCCUPANTS OF THE LITTLE COLORADO BASIN

. Wild and woolly heve been the guesses as to when man first
entered the great Southwest. As yet there is no really definite
answor to the closely related problem of when the first adventur-
era from Asia crossed to the dim Americar shores. Dr. N. C. Nelaon
has recently pointed out that they probably arrived somewhere be-
tween 5,000 and 10,000 yvears ago, and brought with them the partially
developed culture of the Neolithic psriod. ( 38a) Dr. Ale% Hrdlika
also makes it clear that this event wes probably a post-glacial one,
and that it was accomplished most probably by water rather than by
any bridge of land connecting Asia and America., He is convinced,
also, that there was no one great migration of man to America, but
a great many minor migrations over a lo.; period of time., (2%a)

Dr. H. J. Spinden indicates that this mi;ration took place during
Naolitliic times, and shows that all great civilizations of tha New
World sprang up after the development of dry land mgriculture,
somewhat less than 6,000 years ago. (L8a)

While it is granted that recent discoveries, including those
at Folsom, New Mexico, end at Lake Agassiz, Minnesota, may sventu-
ally alter these views we are inclined to accept them, at least for
the present. .o . N

In an even ¥ 1t 18 My;m, origthaffd in ASIS,

li—hwé%mas ohvious, &kew, that manhcould not have npoesrei

"in northern Arizona without first having arrived in America, an

event which took place in the not too dim and distsnt past. In a
recent letter to the author, Mr. John C. McGregor of the Museum

of Northern Arizona said, "The first people that I know of, either -
in the weshes or the main river, (Little Colorado) are B. M. III.
They (Besket Makers) were only semi-sedentary, but certeinly prac-
ticed a cesual sort of agriculture. Actusl dates from this period
are the most vague of all, (for the Little Colorado btelow Winslow)
but I can place their occupation as probably late in the sixth cen-
tury.™ (A. D.)

Spinden shows that this culture seems to have made its
anpearance along the Colorado River in the areas in which the
Arizona-Utah border is intersected by the river, and up the San
Juen, at about 2500 B, C, (h88)

In Dr. Nelson's article, cited above, is this intereating -
desoription of the cultural attainments of the Basket Makers:
"The remerkable thing ebout this culture stratum, as now kuown, is
that although it mey be 3,000 or ;,000 years old, and is at.least
part devoid of pottery, and almost if not quite devold of malze,
positively lacking in bows and arrows, in chipped stons arrow
points, grooved axes, etc., it is at the same time rich in basketry,
in textile work ~- especially ornate sandals; in wood work --
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including spears and spear throwers; in ordinary bone work; in
polished and drilled stone work, as for exemple beads, pipes, etc.;
end lestly in ordinary fleked and chipped stone work taking the
form of lence points and knives, To these accomplishments may be
added ‘the possession of the domesticeted dog and possibly the
turkey. All in all, such sare the teste and skill displayed by
these nrimarily hunting folk thet, however distent they may have
lived in time, their achievements rest on long prior developments
not vet discovered. Moreover, from the menner in which maize cul- -
ture and ceramics gradually devsloped among them and their success- T
ors, the Pueblos, it seems probable that the Basket Makers were from 1 N
the start subject to influence from more advanced cultures in the ' P
south,” (38a)

It is at least probable that Basket Makers had reached the A
Little Colorado Basin at the beginning of the Christian era, and
possibly a century or two earlier. Sinre they were essentially
hunters they must have been few in number. From studies made long
since by Sir John Lubbock, (58a) Schoolcraft and others, it has
become apparent that in a semi-arid country approximately 75 b
square miles of land are required for the support of each individ- g
ual if hurnting comprises the sole means of subsistence. If such :
is actually the cese, then the entire watershed above Grand Fells
could have supported only about 300 hunters!

Dr. Harold S. Colton, Director of the Muaeum of Northern

Arizona, has made an extended study of the prehistoric population
in the area under discussion. Pointing out that the numbers
3 doubtless fluctua:ed with the relative abundance or scarcity of the -

I game suprly, he estimates that during the early centuries of occu-
ration the nonulation varieZ between two and four people to each
170 squrre miles. (8d ) Such figures would be possible only if
the food supply wes supplemented by some feeble mttempt at agricu'-
ture, if we are to mccept the land requirements ms stated by
Lubbock and Schooleraft,

Throughout the sixth century, and for the next 500 yesrs
or slightly more, the population was increasing respidly in
Northern Arizona. During most of this period the rate was between
one and two per cent per year. Only one thing could make this
posaible -- the introduction of agriculture. As Nr, MoGregor has
pointed out, it was only "a casual sort of agriculture”, but suf- .
ficiently effective to allow a rapid incresse in population,

"Our studies show us", says Dr. Colton "that the population
of Northern Arizone increased seven fold between 600 A, D. and
1100 A, D. This was (made) possible by the introduction of mgri-
culture, topether with the custom of femilies living ir isolated
Y5uses,”

CV-6417-201 NNO01834
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The coming of corn, beans and squash sllowed the use of
lands which were not plentifully supplied with game. PBetween 700 I
snd 800 A. D. corn was being grown on both sides of the river in 5"_‘\‘
the immediate vicinity of Leupp, if the testimony of the pottery L)
fragmenis collected in that area is true. There is little reason
to doubt that similar farms were scattered from Grand Fells to e
Holbrook and beyond. Barely a helf mile above Grand Falls there l‘ﬂi'
was built, during this period, the small dwelling elready referred A
to as 80 recently excavated by Mr. McGregor. R

12 k o
I
r

Dr. Colton points out that the sites at this time, and for -
nearly a century longer, were clustered close to the peaks -- the ' é»
San Franciscos -~ and that at ths close of the ninth century they v v
spread fror the peaks to the Little Colorado River, for reasons )
4 which we shall consider shortly., (8b) It is interesting that
e during the three centuries from 600 to 900 the stone type of house,
: a8 well as other characteristic features of later oenturies, were
being perfected. {lia )

This architectural progress seems to have lagged far behind
: in the Little Colorado Basin immediately ebove Grand Falls and the
o neighboring mountsinous area. Mr. MoGregor, let us recall, says
' that the Besket Maker III culture reached the Little Colorado late
in the sixth cintury, at about the time Dr. Frank H. E. Roberts, Jr.,
indicates Pueblo II culture began in the San Juan drainage. (LLz)
Thus it seems that the people in this area were 300 years -- an .
entire cultural stage -- behind the times. They were the "hill- o/
billies" of their age.

There must heve been good end sufficient reasons for this i
cultural lag -- reassons which were far more obvious then than now.
It hes been shown by numerous investigators that Pueblo agriculture
was and-still is essentially "dry farming®™, although irrigation in
its various forms has been used in numerous instances slmoat from
the beginning of farming in the Pueblo country. In either case the
best resuits were obtained in m very light or a definitely sandy
80il -- s0il particularly well suited to the principel crops, ss
well as to the methods used.

Where conditions were most favorable, progress along agricul-
tural lines might be expected to be most rapid. Where agriculturel
progress was most rapid, the population could and probably would
speedily incresse. This increase in numbers might soon necessitate
improved housing. Instead of 75 square miles being reguired to
b support a single hunter, one square mile might saupport 75 farmers

‘ in corparative eanse. Gaining their subsistence more easily, living
. closer together so that the interchenpge of ideas would be facilitated,
the fermers would have both time and opportunity for cultural advance-
ment which would be denied to their hunting brothers. ;

WH. 16
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\ We are tempted to infer, then, that conditions in the

e Little Colorado Basin were less favorable then were those along RN
the San Juan. An investigation bears this out in sreas close to S
the two rivers, for the alluvial deposits along the Little Coloredo - o
sre frequently extremely heavy, and definitely unsuited for dry S
farning. Yet, us we approach the San Francisco mountains, the last
stand of Basket Meker culture, we find repidly increasing precipi-
tation coupled with a lijsht and sandy soil. On every hand we find :
traces of a very great populstion which occupied the area for the oA
two centuries from 900 to 1100 A. D. while nearby are the ruins of :
Wupatki, Cltadel, Fewke's Ruin J, Turkey Hill and other pueblos of

‘ the Twolfth fnd thirteonth centuries. An esrea which had been eble Lo

i - to support only a score of peonle vhen Christ was born, end perheps Q“>§7

S only 50 or 00 in the sixth century after hundreds of years of A

crude atterpts at agriculture, apparently was supvorting a popula- P

E tion of more thkan /;,000 in the early years of the eleventh century, P

; while the povulation of the whole of Northern Arizona in the same

i pericd had increased from less than 1000 to more than 23,000, (8d )

‘ The boginning of the twelfth century found the Arizona "hillbillies™

still trailing culturslly, but in architecture, at least, the lead :

hed beer cut in two. Tho huilders of Wupatki were only a little v

more than s centurv and a half behind those rioneers who built '

Pueblo Ronito in Chaco Carvon.

e £t e e s -

It is not pnssible to notice sych pgreat chanres without
asking whaet caused them. Naturally we think firsti of improved : : )
agricultural methods, ihen of climatic changes involving increesed v
precipitation end more favorable temperatures. The truth is that _—
neither of these factors was of any great importence in this case,
i but that almost cvernight Northern Arizona received gpprorximately
1000 square miles of new soil, o,actlcally "custom built" to the
specifications of the dry farmer,

How? We know not only how, but, thanks to the tree ring
studies of Dr. Douglus end Mr. McCGregor, we also know when, After
seversl vears of study Nr. McGregor has arrived at the conclusion
that ir the vear 885 A. D. (+ 25 years) a voloano now krow as
Sunset Crater, burst suddenl;. into action and spresd a layer of
eshes, volcanic sand and small cinders over en area of nearlv 100D
square miles. Much of this area hed previously been bare Keibab
limestone, or this same formation covered all too sparingly with
8oil, so that, for centuries the run-olf had been exceedingly rapid.
Agriculture had been quite impossible except in a few small areas.

The eruptiorn of Sunset Crater changed all this. The thirsty
volcanic soil drank up every drop of rain whizh fell upon it, There
was no longer any run-off. But the new scil had another adventage.
It was both & snonge and a mulch which prevented the ranid evepore-
tion of the moisture it imprisoned, It was black and thus was able

wi__1¢
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to make the most of the heat which fell upon it, Small wonder that '

farmers ceme even from fer away southern Arizona to revel in this
new paradise, or that the story of the eruption survives todey in
Hopi legends. '

According to Dr. Colton, "Pottery sfudies show us that be-

tween 950 and 1100 people flocked into this area from all about, and

a survey of sites indicates that for two centuries the Flagstaff
area held one of tho densest rurel populations in northern Arisona.
Although some people seem to have come in from the west, the major
migretions were from the north and from the southeast, These new-
comers almost swamped the originel settlers of the region. They
brought in new ideas -1nd methods of meking things. -- The popula-
.tion of the San Francisco Mountains area between 1100 and 1200 must
have formec a very coasmopoliten group.” (84 )

In ths opinion of ¥r. NcGregor the eruption also brought
about a very brief increase in the population in the Tolchaco area
below Leupp. This, hs points out, was due to a rather thin blanket
of ashes which, during the short time it rem-ined, made agriculture
possible along the river. As soon as the ashms had blown or washed
away there was doubtless a migration of a few miles to the more
heavily covered areas in the foothills. The Hop!l or Tusayan Washes
seem to have been sufficiently lavored with soil and moisture to
have retained their farmers against the pull of the new lands, but
the loss attractive aress along the river were doubtless soon aban-
doned, 8 3 only a few of the finest sites held their people.

Despite the fact that large cammunal dwellings were being
constructed in New Mexico as early as 919, the Indiens of northern
Arizona continued to livs slmost wholly In scattered houses only
large enough for single families until the middle of the aleventh
century. In other words they lived very much as the Navejos live
today, and so long as they did they increased mightily in numbers.
Then came the puehlo type of dwelling, and an essentially rural
people found themselves suddenly lesding the life of city slums,
without the faintest ideas about sanitation. Almost immediately
population fell off at a rate practically equal to the one at which
it had increased for at least five centuries, a decrease which .con-
tinued almost to the beginning of the present century, at which time

- there were fewer Peublo Indians in northern Arizona than there had
been Basket Makers in 600 A, D. It was not drought, or migration,
or war whioh caused all this. It was disease -~ disease made poss~
ible by a change of architecture ! (8d )

This rapid decrease in population quite naturally brought
about & shrinkage in the occupied ares due to the abandomment of
peripheral sites -- marginal lands, if you prefer. There was, very
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truly, a rush of the rural population into the fashionable apart-
ment houses of the 12th century. Social 1ife and elaborete reli-
gious oeremonies served as flames to attract the moths, Those
pestilential pueblos grew by accretion -- not by healthy inorease
from within themselves, but by steady additions from surrounding
rurel districts., Their growth was essentially the came ss the
growth of American cities in the 19th century when urban populations
were mainteined and increeeed in the fece of plague and pestilence
only because they could draw heavily upon rural reservoirs of

humani ty.

A study of tree rings sllows the archseologist to ssy with
ressonable certainty that Wupatki Pusblo, a few miles from Graad
Falls, was started in 1087 and completed in 1197, Thirty years
before it wes begun the population of northern Arizona was nearly
25,000, Thirty years after it was completed there were about
12,500 people 1n the same area.

Slowly but surely the strorg winds and violent rains,
cheracteristic of the Little Colorudo Basin, meraged to bring abeut
the destruction of large sections of the volcanic blanket which had
made agriculture so success{v]l in the area batweea Leupp and the
San Francisco mountains., Mil.ions of tons of this vital top-soil
were blown or weshed into desp canyons and car:ied away tu the
Little Colorado -- & process which continues to this day. In other

. areas the light sands were whiped relentlessly into dunes which

swept northeastward into the valley of the river.

Possibly the arrival of these dunes in the Leupp area some-
time after 1100 accounts for the apparently dense population of
this repion from spproximately 1150 to 1250 by meking agriculture
temporarily successful there. Dozens of acres of pottery, chiefly
along the northeastern bank of the river, tell us that such u popu-
lation wes certainly there. As yet we have had no sufficient
opportunity to study the evidence which is presented by the pottery
sherds, and the detes supggested abrve must not be tcecepted as defin-
ite. Walls are as lacking as brc.en pottery is abundant, a fact
which suggests that these sites were occupied largely, if not
entirely, as "corn camps™ during the growing season, and that the
farmers hed pueblo homes siturted 18arer an abundant fuel supply
for use during the inclement months. :

Eventually the conditions which made farming in the Leupp

ares so attractive were changed, possibly by the migrstion of dunes,

decreased precipitation, or a shift in the course of the river,
Perhaps further decrease in the total population mede more desirable
lands available, and the Leupp area was ahandoned for that reason,
rather than because of any mejor change in local conditions,
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- This we do know., 1In the year 1277 there bepan one of the :\
/’ most tarrible droughts northerr Arizona hes ever known -- 8 drought ‘
which oursed the country until 1300. The main populetion left the .
river and migrated into the tributery valleys or towerd the head- ) b
waters and the southesst. Before normel precipitetion returned F'
again the magnificent pueblos now known as Betatekin and Keet .Seel I |
were abandoned even as they were nearing completion. Betatakin was i
begur in 1260 and work stopred with the beginning of the drought in
1277. Keet Seel was started in 127, snd probably abendoned soon - 5\

l
1

after building wes halted in 128l;, No finer cliff dwellings were
ever constructed in northern Arizona.

It nor seems almost certain that these two groups moved

southward into what we now call the Hopi Country. According to

Dr. Colton's estimates the population of the Hop’ area increased

almost four fold between 1275 and 1L00. As the L5th century ovpened

at least 3,500 people, one 'alf the total population of northern

Arizona at that time, were concentreted in this tmall erea. (8d )

In 1370 Oraibi was begun, und twenty years later “ullding was

started at Shipaulovi and Shorcopovi. In 1410 Kokopynyame begsn

to rise in the Jeddito dreineg. near Xaweiku which was already 125

years old. (84 ) Mishongnovi, Hovapi, Walpi and Chuckovi all were

: enlarged by additions from pueblos far to the north. "The Jeddito

! pueblos™, writes Dr. Colton, "were swelled by mccrstion, perhaps

from the Chinlee Valley, Rio Pueblo Coloradn and Puerco dreainages,

- so that from Kokonvnyera to Awatovi 5 great towns flourished with

{ ’ 1 ¢ a total population of over 3,000,

! ; iZ) "By 1,00 the only settlements north of the Tonto Rim were

| : " on the Fopi Mesas, in the Jeddito, 14 the Hopl Buttes, in the

Petrified Forest, in the White Mountains, in the Verde Valley,

besides those on the Little Colorado near Winslow and in Chavez

: Pass, These were great towns, many of which must have had hundreds

: of persons each. It was s period in northern Arizona of an srtistic

§ revival. It wes then that the finest textiles and the best pnttery
was made, Except on the outskirts it was no*t a period of decadence,

: a8 Kiddar end othe's mesintain. ‘

i "But the shrinkare of the population coentinued. After 1),00

and before 1540 another big migration occurred, marked by the

i : abandonment of the Verde Valley, Chevez Pass, Winslow Pueblos and :

3 the probable asbsorption of the remnants by the Hopi.

: "Hopi tradition still remembers this migration, for they tell

! how the people =f Homolovi, by the Little Colorado near Winslow,

; were driven out by the mosquitoes and when they arrived at Shungo-

; povi the people stood on the housetops and said, 'Here come the P

"mosquitoes™'. They finally settled at Shipeulovi, and Shipaulovi, ﬁ

meaning tha place of the mosquitoes, commemorates that migration
of the 1,,00's." ( 84d)
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So it wes that the Spaniards found these people in their
1ittle cluster of towns in 1540, when in July of that year Lon
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5 Pedro de Tovar sought them out at the commend of the great Fran-

Ao cisco Vasq ‘9z Coronado, and killed a few of them by way of im-

: pressing them with the might of Spain. He found them growing
much cotton, beens, corn and sqguach.
with the neatness and cleanliness of the Hopis. In view of the
fact that the dec’ine in populetion of the pueblos continued at

: about the same rea:e it had previously, we are inclined to wonder

. if the incident coes not tell more about the contempor:-ry ideas

‘ on senitation in Spain than.it does about the Hopis.

~ In 1583 Antonio de Espejo visited the villages and was
. given & present of three or four thoussnd cotton blankets, and
- other cotton goods.” (I0R] We shall find it profitable to review
the history of the Spanish in northern Arirzona rather oarefully.

THE LITTLE COLNRADO BASIN UNDER SPANISH RULE

In May, 1539, the Little Colorado River was discovered by
Estevancio, possibly the most famous negro traveler the world has
ever Imomn. In the middle 1530's he had accompanied Alvar Kuhe:
Cabeta de Vaca on an astonishing journey from the Atlantic coast
of Florids to the Pacific comst of Mexico,

Stirred by the tales of the grest cities of Ci{bola of
which Cabeza de Vaca had brought word, Merdoza, first Viceroy of
Mexico, had sent Fray Marcos de Nize, an Italian who had become
Vice-Comnissioner General of "New Spain", to search for them in
the spring of 1539. Estevancio accompanied the friar as guide
and interpreter. After a time the negro went ahead of the Italian
to search out the route to Cibola. Ignoring all orders to wait
for Niza, Estevancio hurried on and reached the Zuni village of
Hawikuh about the 10th of May. IHe was forbidden to enter the pus-
blo under pain of deeth, and robbed of all he possessed. The
following day he was captured as he attempted to escape, while
several of his Indian companions were killed, and others wounde..
Later he was put to death, shortly before Niza arrived st a point
from which he look down upon Hawikuh. The friar had been informed
the day before of EBetevancio's death, and made no attempt to
reach the pueblo. He erected a cross and imrediately began his
return journey to report to Mendoza. The date was about May 25,
539,
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More than a& year passed, and then with horsemen, footmen,
negro slaves and Indisns from Mexico, Franoisoo Vasquez de Coron-
edo arrived st and suocessfully stormed Hawikuh on July 7, 1510,
Surrounding the pusblo with his horsemen Coronado advanced on foot
with his infantry to the attack. The inhabitants, after s prelim-
inary show of hostility, had teken positions upon the housetops
and watched the troops sdvance.
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The Spaniards were impressed

Most conspicuous of all was Coronado
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in gvilded armor with a plume on his helmet. He soon found himself
the target of marksmen whose missles were not arrows but stones

thrown with surprising accuracy. Knocked to the ground he regained.

his feet and continued the advance. Again he went down, stunned by
the force of the blow according to his own account of the battle,
He was {wice wounded in the face sand an arrow pierced his right
foot. Using his own body as & shield farcia Lopez de Ceardenas,
recertly appointed army master, protected Coronado from the hail

of stones, helped him to his feet and guided him to safety. (9a)

Wearied by forced merches through inhospitable country,
weakened by lack of food, their horses a sorry lot, their bow
strings broken, the Spaniards realized they must teke the pueblo or
starve. They took it, and found within quantities of corn, beans,
pinon nuts und turkeys, things which they "wanted more than gold"
one of them wrote in a letter a few weeks later,

While he was recovering in this pueblo, which he had renamed
Granada, Coronado did his utmost to convince the Indians of his

- friendly intentions. His success was slight, but, perhaps out of

their desire to have him move on, the Zunis told him of several
great villages which he would find to the northwest. Although he
doubted the truth of what they told him, he immediately gave orders
for Don Pedro de Tovar to investigate. According to Cestaiieda, an
ordinary 2oldier with an extraordinary education, Don Pedro took
with him seventeen horsemen and three or four footmen, and was
sccompanied by Fray Juan de Padille, & former Spanish soldier.

Don Pedro returned to Granada, efter a brief visit smong the
Hopi towns, during which time he killed a number of tha inhabitants,
to report to Coronado that the region "contained nothing to attract
the Spaniards". He had been told, he said, that there was a mighty
river which flowed in a great gssh in the earth beyond the villages
toward the west, and that upon its banks there lived giant people.

About August 25th Don Garcias Lopez de Cardenas started out
with Coronado's authority to explore for a period of eighty days.
With twelve companions he went first to the Hopi villages, prob-
ably crossing the Rio Puerco near Navajn Springs, and secured
guides to take him to the mighty river and the Land of the tall
men. He was warned that the country to ba orossed was without

woter, and thet sbout twenty days would be required to reach the
river,

C_staMeda, who did not accompany Cerdenas, wrote a brief
account of the journey nesrly twenty years latsr. We have found no
one translation of this version which seems entirely satisfactory,
end have taken the liberty to combine two, adding parenthetical
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7 ‘ ' remarks of our own. "After they had gone 20 dnys they arrived
r? st the gorges of the river which, (when) standing on the expanse

thereof, would seem to te more than three or four leagues (roughly
10 to 1l miles) wide in an sir line. (The canyon, not the river,’
was apparently that wide.) This country was elevated and full of
low twisted pines (pilions?), very cold, end lying open toward tho
north, so that, this being the warm season (mid-September), no

one could live there on account of the cold. They spent 3 days RVARN
on this bank looking for a passage down to the river, which looked S
from mbove as if the water was o feet across, although the Indians oo
said it was half a league (a miie and three-quarters) wide. It .
was impossible to descend, for after 3 days Capt. Melgosa and

one Juan Galeras and another companion, who were the three light-
est and most agile men, made an sttempt to go down at the least
difficult place, and went down until those vho were above were
unable %o keep sight of them." (55a & 10a) :

A Late in the afternoon the three climbers returned to re-
port that stones which, from the rim, had appeared no higher
then a man were actually higher than the great tower of Seville,

Another excellent account by an anonymous writer who un-
doubtedly accompenied Coronado on his New Mexican campalign gives
the follswing ve:raion. (53a) We have used Winship's translation ;
and heve edded & few perentlietical remarks for the saks of clarity. i
"He (CsTdenas) wes conducted beyond Tuzan {the Hopi country: '
Tusayan on modern maps) by netive guides (Hopis, probebly from
Awrtobi.), who saia there were settierents beyond, although at a ;
distence. Having gone 50 leagues (170 miles) west of Tuzan, and i
80 from Cidola (Zufii), he found the edge of a river down which it '
was impossible to find a path for s horse in any direction, or
even for a man on foot, except in one very difficult place, where
_ there was a descent for elmost two leagues (7 miles). The dides
] were such a steep rocky precipice that it was scarcely possible
' to see theé river, which looks like a brook from abave, although
it is helf as large again as thet at Seville (the Guadalquivir),
according to what they sry, so that al though they sought for a
passage with greeat diligence, nonoc was found for a long distance,
during which they were for several deys without weter which could
not be found, and they could not epproach the river, slthough they
could see it, and on this account Don Garcia Lopez (de Cerdenas)
was forced to return, This river comes irom the northeast and )
turns toward the south-southwest at the place where they found it, !
so that i1t is without any doubt the one thet Melchior Diaz reached.” '
, (Diaz reached Colorado near its mouth early in 1541, found the
{ natives carrying torches to warm themselves during the cold
' woather, named the stream Rio del Tizon -- River of the Firebrands.)

Yot L ah e litiiess

S WP RUNETE SR apAPE 03

O S GO SL R

Fifty years mgo it was believed that Cardenas discovered the
Grand Canyon et the junction of the Colorado and the Little Colorado,
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_the river is given as N. E. to S. S. W., it would be much more ocu-
. venient to suppose that Cdrdenas went N, W. to the river, and
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then want up the river approximately to Lee's Ferry belore return-
ing to the Hopl pueblo from which ne had started out. 1In an inter-
eatinr, footnote Bancroft states, "A westward course from Moqui would
have led to the Colorado at the junction of the Coloraao Chiquito,
where the main river turns abruptly to the N. of W. As no orossing
of the branch (Little Coloradc) is mentioned, and as the course cT

followed it southwerd, but not much importance can be attached to
tho matter.” (1la )

To us, however, the route which Cdrdenss follawod is of 5"
some importencs, To our way of thinking "it would be much more B
convenient to suppose that" Cerdenas did almost exactly what the
Spanish documents say he did, and by so doing ellow him to arrive
at the place he said he reached, where the Grand Canyon answers his
description of it, where the vegetation is as he said it was, and o
where the river very conspicuously follows the course he described, '
In other words, we vrefer to suppose that he crossed the Little
Colorado and failed to mention it.

By air the distence from the Hopi villages to the junction
of the rivers is sbout 75 miles, and to Lee's Ferry not over 90,
Either place could have been reached by treil in 30 leagues, in-
stead of 50. There is no doubt that the Hovnis visited the junction ;
of the rivers to obtain salt from g§ sacred saline near the mouth of cSA
the Little Colorado, and there are very good reasons for believ- '
ing thet not more than two days were required to reach that place.
Yet the mczounis state definitely that Cardenas traveled 20 days,
and 50 leagues,

From the point of land between the rivers the Colorado is
easily seen, seems to be almost beneath one's feet, and would
never be mistnken for a brook o feet wide. Furthermore this spot
is low, rether than slevated, and without timher of any ¥ind in-
stend of being "full of low twisted nines", Aside from the direc-
tion of the river, the Lee's Ferrv areas is much faerther from the
description of the Smanish authors than is the junction. Had
CeTdenes gone there he would heve been eble to reach the river, and
might possibly have discovered the crossing used by Escalante in

1776,

The south rim of the Grand Cenyon fits the Spanish texts
like a glove, From Esnab Creek to Dismond Cresk, the Colorado 5
River follows the course recorded, and it does so very conspnicu- L
ously, anl in its southward course points almost #s straight as an e
arrow to that part of itself which Melchior Dia» explored. "So
it is without any doubt the one that Melchlor Diaz reached”, says
the ancisnt record.
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From the Hopi towns to the point where the river turns °
foo conspicuously toward the south is spproximetely 1,5 miles in a

i straight line; roughly 43 Spanish leagues, But the character of
; the country did not allow straight line travel, and 50 leapgues is
certainly a ressonable astimate.

F. S. Dellenbaugh, who accompanied Major Powell on his mem~
orashle vovage through the Grend Canyon, long ago concluded that
Cérdenas made his discovery at the spot we have chosen, but was so
troubled by the period of 20 days taken to reach 't that he con-
cluded Cerdenas could not have started from the Hopi towns, but
must have heen guided northwestwnard from some group of puehlos in
the Four Peaks erea of New Mexico. (13b) We argues, further, that

~ there would have been ebsolutely no good resson for the Fopis to
hasve taken Cardenas so far tc the west before allowing him to look
into the great chasm which he sought,

The

: eccount which pives the distance as 50 leaguss was written about
. 1541, but Cestafieds wrote in 1560 that they journey to the river

) had required 20 davs, Surely:it would heve besn easier for hir to
make a mistake than for the earlier suthor., Furthermore the first
author wes with Coronada at Zuni at the time of the discovery,
whereas Cantaneda did not reach Zuni until months later.

There are several facts which need to be considered.

[ Because ne merntion is mrde of the crossing of the Little

Colorado, Bercro”t assumes that it wns not crossed. It is true

hE that all subsequent Spanish expeditions which crossed the Little
Colorado below ¥Winslow did record the fact in more or less detail,
"Circumstances slter cmses”, is an old saying which fits here.
Cerdenas had been commanded to seek & large river, f'lowing in a
huge gash in the earth. We believe that he crossed the Little
Colorado late in fugust. We krow lLis expedition was elmost contin-
ually in mneed of water. We sssume, then, that sither the rainy
season had passed or thet it simply d4id not arrive in the summer of
1540, The Water-Supply Papers of the U. S. Geological Survey furnish
abundent evidence that even in normal years there may be fairly
long neriods when the river is dry in late August or early September.
Furthermore, about sixty years after the discovery of the Grand
Canyon, Farfan crogssed the Little Colorado end described the river
as having "level benks". Is it strange, then, that an exnlorer
who searched for and found the grestest cenyon on the fece of the
earth should fail to mention the fact that he crossed an iasigni-
ficant, dry sireambed?

Ve are confident thet Cerdenas wms the first European to
cross the Little Colorado between Mnslow and CGrand Falls. Because
of the desperate shortage of water which he experienced, we are
inclined to the belief that his route was north of the San Francisco
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Pesks, and around the head of Favasu Canyon, as we have indicated
on our map of the Little Colorado Bnsin. Plate I,

As to the motive which prompted the Hopi guides to take
him on so long u ride before showing hir the canyon he sought, sev-
eral supgest themselves, Perhaps they liked to trevel with such
distingnished guests. Possibly they were receiving some sort of
daily pay, and were guilty of a "bnondoggle™. The upper end of the
Grand Canyon was believed to be the place where Hopi spirits entered
the after-world, and possibly the guides were not anxious to meet
any of their dear departed friends or relatives, Near the junction
of the rivers was a salt deposit, a8 we have pointed out above, and
it was particulerly sacred. Perhaps they did not want their guests
to know of this shrine. :

Although Cardenas crossed the Little Colorado late in August,
1540, he left us no record of what the river was like at that time.
Rot until ¥ay 1, 1553, was the river crossed agein by a European
westwird bound. Then Antonie de Espejo, a wealthy citizen of
¥Yeoxico, crossed with four companions and some Hopi guides. Espejo
did very little writing until he had returned to Mexico. He tells
of having crossed "dos rios rezonables” (two rivers of moderate
size) upon the banks of which there grew Castillien (!) flax. (16a)
Coronado and others state that flax grew along the Little Colorado
in 151.0, & letter which he wrote to Mendoza (First Viceroy of
Mexico) on August % of thet year stated" --.there was flax, but
chfefly nesr the banks of a certsin river, which therefore we called
'El Rio del Lino!". "™The River of Flax"™ it still was in 1858, for
we find it on a mep mccompenying Lieut. Joserh C, Ives' report on
the Colorado River of the Wes+*, where it is labeled "Flax River or
Colorado Chiquito". (27a)

Diepo Perer de Luxén mccompanied Espejo end kent e day to
day diery, for which we may give thanks since Espelo was so careless,

We quote from Hammend's translation, edding remsrks in parenthesis.

"We the five compenions left the pusblo of Aruato (Awatohi, destroyed
by irate Fopis from Orail®i, Walpi end Mushongnovi in Nov. 1700.) for
the mines on the lss% dev of April (1583), taking along with us the
necessary guides, On this day we marohad five leagues to & water
hole which was insufficient for the horses, so they were two days
without water. We named this plece El 0o Triste. (The Sed Eye,
Could it have been hecause the spring was so small that only "tear"
drops oame from i1t?) We left this place on the first of May and
marched two hours before daybreak. Overcome by drowsiness and

out of considerntion for the guides (I) and because of the bad road
we halted midway fo  the siestn. We traveled ten leagues (34 miles)
on this day and reec.ed a fine, berutiful and selected {important)
river, elmost as large as the Del Norte, contairing many groves of
poplars and willows., (Still true after 1900). This river flows
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from the south toward the north. It is settled by werlike mountain~
ous people,

"We left this place on the second of the month and marched
six leagues and camped at & deep stream (In a deep canyon?) where
there were many large pools of rsinwater which would be sufficient
. for a whole yesr. This route is rich in abundant pasture and cedar
- forests. These cedars bear a fruit the size of hezel nuts, somewhat

tasty." (35e) '

Espejo wrote, "With the four others whom T took with me I
went directly west for forty-five leagues (15, miles), in search
of some mines there of which they told me, with guides whom they
furnished me in this province (Hopi) to tnke me to them. I
T found them and with my own hands I axtracted ore from them, said
‘ by those who know to be very rich and to contain much silver.” (1oca)

Dr. Colton says thet they crosséd the Little Colorado some-
where below Leupp, sand probably spent nights at Turkey Tanks, Mormon
Leke and Onk Creel, then crossed the Verde and visited the present
mining region of Jerome. (8a ) Luxdn says thet the ore conteined
no silver, but only copper. The expedition returned in disapnoint-
ment to Awatobi, and ther continued to New Mexico,

C (\‘\1.

-
I
L

Over 15 years passed before, on November 17, 1598, the
great Juan de 0Ofate, while visiting in the Hopl villages, also
kg . learned of those ssme mines and gave orderes for Captain Marcos ‘ ‘
[ Farfan de los Godos to go with eipht others in search of them. Ve » L
quote from Dr. Bolton's translation of the sworn statement which ‘
Farfan made upon his return to renort to Onate at Zufii, under dste
b of December 11, 1598, " ~« he had set out with the said eight
‘ companions from the province of Mohoqui (Hopi) at the order of his . :
! Lordship in the month of November of this year. They traveled six Ve
. leagues towsrds the west through a lend of sand dunes without tim- :
bor, and where the horses could not drink, elthough thore was J
plenty of water for the men. (El Ojo Triste ngein?) Next morning 4
b thoy set out from this place in the same direction, and haviny
' traveled about three leagues they found a river which flowed towards
the north, of moderate width and carrying considerable wenter, with .
meny cottonwnods, level benks, and little pesture, , -

) "And traveling on in the same direction they reached the
! tlope of a mountain range in time to crmp for the night, having
pone about another three leapgues. They camped without weter, and o
the next morning they set out from thie place; and after going two b
leagues they arrived at a grove of small pines and s very deep pool, P

which was ample to wrter ell the horses snd more if there had been :_g;
more," (17a) o b
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There can not be the slightest doudbt that Farfan crossed
the Little Colorado somewhsre near Leupp. The description might
have been written only yesterday, by the sound of it, end seems
to prove rather conclusively thet the conditionc now ere much the
same ag they werc when Farfan crossed during the efternoon of
November 18, 1598. It is interesting to note, in passing, that
Farfan reached the river in 9 leagues, Espejo in 15: and that he
reached the mines in 30 leagues, although Espejo went L5. It
seems8 to be agreed by most authors that the two expnditions reached
the same miues over nesrly ldentickl routes. These mines, if near
Jerome, a8 Dr, Colton states, were a very little more than 30
leagues by air from the Hopl town of Awatobi. But our coursgeous
explorers were not traveling by eir. The fact seems to be that
Farfan was very conservative in his estimates of distance, that
his leagues were over five miles in length, while those of Espejo
and Luxén were quite possibly m little less than the standard

2,215 miles. ) ?,*'

Ferfan named the Little Colorado "Rioc de la Alameda®™ -«
River of the Cottonwood, (literally Poplar) -- but when his illus~ |
trious superior, Juen de Onate crossed at about the same place in
Qctober 1u0l, he named it the "Rio Colorado™. "They called it
thus®, wrote Zaraste-Salmerdn in lu2o, "because the water is
nearly red; the river runs from southeast to northwest, and they
say it enters California.”™ (57a) The place where they crossed,
we are informed by the seme authority, was called San Jose,

That wos not the first time +the red color had been recorded,
In 1540 Juan Jaramillo, accompanying Coronade, wrote of the Rio
Vermejo -~ the "Red" or perhaps "Verm:1lion" River -- snd Castefieda
used the same name. It seems probable that they were referring to
the branch we now call the Zuni River, and that the mein branch
of the Little Colorado was meant when Castafieada wrote, "From here
we went to mnother river, which we called 'el rio Frio' on acoount
of its water being so". (2lc)

Whet's in a name? Somstimes there is little or nothing.
Again, es here, names may speak volumes., Cestafieda and Jaramillo
with their Red River in 1540, and Onate with his in 1o0L, by the
mere act of naming the streams tell us. that accelerated erosion
of some sort wr - invading the Little Colorado Basin four centuries
ago, for without a burden of silt there would have been no red
rivers® Had Farfan left no other record of the Little Colorado’
than his name for it, "Poplar River", we could have been certain
that cottonwoods grew there in 1598, and the "Flax River™ of
{+ronado and Espejo tells its story, too.

Were there arroyos, fingering gullies cutting into the
land then as now? In ell the early records we find no mention of

"ot 50 sure. Svre’] the C/\!n/e %Moencoﬁi S?L'CMCS Ad" been barren

(novmally for cenfw;?s, dnd Ko 'acceleraled erosron’ i /"‘{ffdii“f{,s'h('é‘-
. Y
semmer Slnds Lrom thete dreas h“’sfdlwcl;‘(' have beeh re‘d. Rerche
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them, no positive evidence, But there is one phrase in Farfan's
descripticn of the Little Colorado which gives us a reason for
wondering just a little. ™"Level banks". Could it be that he

was impressed by these level banks because they wers not typical
of the streamc of that day? We have been told vy evewltressen
that arroyos were unknown in the Hopi valleys or along the river .
from Winslow to Grand Falls ir 1880 arnd for resrly 26 years after-
wnrd. Yet Wf Mr, John C. McGregor and others have
pointed out that there is wkmsmissst eviderce of arroyo cutting and

subseguent filling during Pueblo times, cycles which required less -
than three centuries for comnle*jon. Such evidence is not without Y‘¥TQR
interest in the case at hand. Farfan traveled "through a land of uxfj‘}
sand dunes without timber", to reach & river "of moderate width, . R
and carrving considerable weter", flowing through & region in e

which there was "little pasturc". If there is anything lacking
in 8 stapge settins where s dranma of rapid ernsion is to teke place,
we fail to detect it,

When Onets returned in 1605 from his trip to Celifornie he
is said to have f2llowed the samec route he hed used on his wast-
ward trip, so must heve again crossed the river near Lenpn. For
more than a century afterwerd there seems to heve heen no Spanish
explorative worly cerried on in northern Arizona, The Hopis
accepted Christianity sometime before 1lo25, and three missions
are known to heve been huilt. We ¥now that Frey Francisco Porras v
worked for mary vears among them, only to be poisoned at Awatobi : S
in lo33. Thirty vears leter Govervor Pefinlosa visited the villages. :
In 1680 the four Frenciscen missionaries residert there met desth
in the greet revolt of that year. Never acain were tie Honis
brought under Sperish or Christien rule, eslthough thnse of fAwatohi |
did permit a frisr to baptize s few children in 1700, a concession
which lend t» the destruction of the entire village the fellowing
November, as we have po.rted out above. ( la)

During the following 75 years records sre meager. There
was & military expedition under Governor (Cubero in 1701, and
ariother under Captcin Holguir in 170, followed by a third in 1715,
In L2 two frisrs visited the villages and LL1 Tewas returned
with them to New Mexico., Three yvears later two padres end a’ -
soldier visited sll the towns anrd countéd (?) 10,316 inhabitants,
(1a )

It wes in June 1775 (possibly '7L) thet Padre Silvestre V.
Fscalante spent eizhi days in the villages in a vain ettempt to go
bevond to the Rio Grend de Cosninos -- the Colorado. (la) He is
said to have counted 7hYl, Honis at that time, and 3C,27C steen. (1cq) -
Fvidence seems conclusive that this anl subsequen* jovrnevs ber' P
hir wall tc the nortl and east of the Livtle Colerado, v

# Damn you anyway” Teiche |
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Our search through the historical records of nearly two
centuries is at 1lest rewarded with the following entry in the
diery of the great and good Padre Francisco Garces, under date of
June 28, 1770. "I traveled three and a half lesgues ---- and I
arrived at the Rio Jaquesila, and I called it the Rio de San Pedro.
(Lieut. A. W. Whipple, in n brief word list from the Yuman lan-
guege gives "Ha-qua-si-cel” as the name for the Gila River. Else~
where this same word has been written "Hah-qua-si-il-l1a". The
similarity between these two and the padre's “Jaquesils" is atrik-
ing. He had recently been emong the Yumas and had with him a few
Indinan servants. The name is definitely not Spanish excepl in
spelling. We believe, therefore, that it is Yuman; 1ts meaning
we have not sscertained.s Padre Font's map of 1777 gives Jaquesus;
Bancroft, Jaquevila.) It was runring water enough", Garoces con-
tinues, "but very dirty and red, that could not be drunk; but in
the pools of the border of the river there was good water., This
river runs to the westnorthwest, and unites with the Rio Colorado
a little before this pmsses through the Puverto de Bucareli.

(Grend Canyon.) The bed of this river, as far as the confluence,
is a trough of solid rock, very profound and wide about a stone's
throw (!), snd on that account impassable even on foot; wherefore
with much traveil did I enter into said bed of the river, follow-
ing down & trough not so profound, (The graben valley discovered
by Reiche, and mentioned earlier in this report?) in the direction
sastrorthwest., (He had lost his compass seversl weeks esrlier, and
his directions are not always accurate.) In the afternoon, having
crossed the river, and entering another similar caion (the Moen-
kopi Wash) I traveled eight leapues north and east ---." (18a)
Garces seems to have been using a league of about 2.75 miles.

Pedre Garces must have left the wash and cut scross country,
eventually reencountering the Moenkopi, down which a sudden flood
was running so that he mistook it for his Rioc de San Pedro (Little
Colorado). He resched the site of the present pueblo of Moenkopi,
found that the Hopis from Oraibi had corn fields there, and took
note of the ruined pue®lo on the mesa on the south side of the
wash, From there he went by way of the Hopl trail to Oraibi,
vhere he was most unwelcome, and was refused food and lodging.

He describes the Indians returning from their fields with "hoes,
hatchets and and dibbles™, mentions n correl in which were "about
three flocks of sheep", and speaks of the great length of the
Oraibi valley, with extensive fields of corn.

It is interesting to note, in pessing, that Garcés begen
the long return journey to his San Xavier Mission, near Tucson,
on July L, 177u, on which day the Hopis requested him to depart
immediately, thus declaring their independence from Spanish and
Christian rule at almost the same instant that the thirteen

* "Salt River". (5Lb) The river is slightly brackish.
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colonies were declaring their independence from England and estab- : ;iﬁ'
lishing a new nation in which there could be re‘igious freedom.. A

Novembsr of the same year found Escalante returning from . el
exploring Utah in an attempt to find a new route to the California . :;,,\
Yissions, He racelved food but no shelter from the Hopis, : I

In September, 1730, Juan Bautista de Anzs, Governor of New e S
Mexioo, having heard that the Hopis were in desperate streights, ' B
set out from Sante Fe’ to give ihem aid and make an earnest effort ’ S
to obtain their submission to ths Spanish crown. Word had come ' S
that forty families were willirg to be moved to New Mexico if he P
would personally supervise their migration. Accompanied by Fathers ‘
Fernandez and Gercia and a military escort, he vigited ell the Lo \
towns, finding two of them completely abandoned. Upon his arrival - N
he learned that.,just fifteen days bofore,the fortyv femilies had : '
beer driven by hunger to go into the Navajo country. The men
were killed; the women and children enslaved. Conditions in the
villages were almost unbelievgadly bad. * For three long years there
had been no rain. Of the 7L9L people Escalante had counted in
1775, there remained only 798. Desths were said to have totaled
bH698 because of the combined inroads of famine, small_pox and
Navajo-Yuta raids. Only 300 sheep were left from &n estimated ' !
30,000, There were five horses, and no cattle, (20a) Although ‘
the Hopils expected Yo harvest less than 800 bushels of corn and
baeng, the proud chief of Orsibhi refused to surrender to either
a foreipn king or a foreipn god. He would not accept the food
offered since he had nothing to give in returrn, and firmly main-
tained thet since his people seemed doomed to annihilation they : _ J
preferred to perish in their own homes while still loyal to their ' '
ovn gods. He said that he wonld stend in the wny of no one who
cared to leave the country, and consequently some thirty femilies
returned with Anze and were settled in New Mexico. It is said
that the Hopis blamed their unkind treatment of Garce® for sll
their misfortunes, and that their present huspitality, for which
they have become famous, is thus accounted for. From the time of
Anza's visit until the end of Spanish snd Mexican rule little or
nothing more is known of Hopi hListory. (la ) & (20s)

Our study of the history of the Little Colorado from 1540
to 1780 leads us to the conclusion thet the stream throughout the
entire Spanish period csrried lerge quanitities of silt, a fact
which is thoroughly impressed upon us by early names bestowed
upon it, as well as by the definite statewente of the writers of
Althoug) Cdrdenas, first to cross it in historic
times, left no record of the river which has as yet.bern di-covered,
Coronedo, Casteredsa, Jaremillo, Espejo, Luxén, Farfrr,,Salnoron
and Garce™® all mention it, and four of the eight oall attention
to the redness of the Little Colorado or one of its prlnoxbal
tributaries.
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{ffﬁ ’ Wo doubt that the farming of the Hopi or the Zufii oan be

- ) blemed for the rapid erosion during those centuries of Spanish
rule: Methods of farming then were essentially those in usse by
Hopi, Zuni and Navajo today. The plow, unless used with almost
infinite wisdom, is one of erosion's most potent allies -~ but
plows were unknown to the farmers of the Pueblos and, quite
fortunately, are little used by them even now.

i 3 For centuries the Little Coloradc Basin has been sick with
E s severe case of chronic erosion, an illness which has frequently
: become acute after prolonged drought or an overdose of animels ™
i Todsy we are obviously witnessing the nearly disssterous effects
produced by a combination of these two irritants,

- : THE LITTLE COLORADO BASIN UNDER AMERICAN
- : KULE

| L There is little to be said mbout the Little Colorsdo Basin
: from Governor Anza's brief visit to the Hopis in 1780 until Sit-
. greaves expedition of 1851. Spanish rule was definitely on the
‘ wene din Arirona and New Mexico as early as 1811, and finelly
ceased entirely with the end of the Mexican war for independence S
in 1821. A

! (””\ . Just L yesrs later, in the fall of 1825, American trappers L
i ! entered northern Arizona. TFirst among these were James Ohio Pattie

and his father, but before long they were followsd by asuch famous
individuals as Kit Cerson, Antoine Leroux, Ewing Young, and "0ld
Bill" Williams who was one of the best trappers and grectest trav-
elers in a restless mge. Northern Arizona, including the tribu-
taries of the Little Colorado, seems to have been sbundantly
supplied with besver end bear, while otter and other valued fur
bearers slso tempted these hardy explorers to persue their illegal
trepping in e very dangerous lend. Their business oalled for
fortitude -- intestinal and otherwise -- rather than for litsrary
genius, and their records, with rare exceptions, have not come
down to us because they ware never written. Perhaps the finest ;
collection of notes any of these men ever made was destroyed in L E
a St. Louis fire as they were being prepared for publication.

They were the work of Jededish Smith who had elrendy met death on
the Cimarron in northern New Mexico, the viotim of Comanches,(3La)

In 183l a trapping party of some 200 men workingfor the Rocky )

Mountain Fur Company mey have crossed the river just below Leupp Fo. -

: as they made their way from Bill Williams Fork to the Hopi villages, )
| where they plundered the gardens and shot 15 or 20 Hopis who ob-

jected. (la) L
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Long before any of our government-financed scientific
expeditions reached northern Arizona every river and mountain
in the aree 'was intimately known by trappers., What a vast store
of pertinent information they could have left us about conditions
during the second quarter of the last century! Since they failed
to do s0, we are forced to skip shead to the 1850's before we
again find careful records.

In 1846 the United States began a war against Mexico for
the acquisition of new territory. In '8 New Mexico and northern
Arizona came under the Amsrican flag. The gold rush of 'L9
brought thousands of people across the state, but the majority
of them passed southwest from Zufii into the upper ils and conse~
quently merely cut through the edge of the Little Colerado Basin.
Occasional parties seem to have become oonfused, or for other
roasons followsd down the river as far as Leupp, where s fow of
them left their names carved in soft sandstone a few miles west
of that town.

The Sitgreaves Expedition

On September 2, 1851, an expedition set out from Zuni
under Captain L. Sitgreaves with orders to follow the Zufii, Little
Colorado and Colorado Rivers to the Gulf of Cmlifornia, and to
determine the head of navigation. Sitgreaves was thoroughly dis-
couraged with the first of these strecms, and entered in his re-
port the first day the following: "The Zuni is e mere rivulet,
and not entitled to the name river; in most parts of our country
it would not be dignified with that of creekx".

The Captain's disry wes brief and allows us to quote it al-
most in full fror the time the expedition reached the region of
the Petrified Forest on September 28 until i* passed Orand Falls
on Octobur 8. As usual we have seen fit to add a few parentheti-
oal remerks. The one included in the next paragraph, however, is
not ours vut Sitgreaves'.

"Septamber 28, Camp No. 5. == Proceeding down the valley,
it widens out into a broad plain, which the recent profuse rains

had made soft and muddy. To avoid this we turned off from the river,

and made our way across the high land, but gained 1little by the -
exchange, for the 804l was so light and thinly covered with grass
that the mules sank to their fetlocks et every step. The ground
was strewed with pebbles of agats, jasper, and chalcedony, and
masses of what appeared to have been stumps of trees peirified into
jasper, beautifully striped with bright shades of red, (the pre-
dominating color,) blue, white and yellow. The rocks were g.ay
sendstone, sometimes of a slaty structurs.

"September 30, Camp No. 7. -- The river here runs through
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s ceep snd rocky vanyon, which we skirted and orossed below it
to the south bank, finding the gnound much broken by ravines,
which were only visible when we came directly upon them. (This
sounds strangely like fingering arroyos to us.) The surround-
ing scenery reserbled that of the northwestern prairies, the
country being bars of trees and the horizon unbroken, except in
one direction, where & high conical peak, that had served ws
sevrral davs as & landmerk, varied the uniformity of 1its out-
13u8. . (Camp made a few miles below Silver Creek, )

"October 1, Comp No. 8. -- The river, winding to the north,
gave us a straight course across the high land, soft and sendy,-
a8 usSual, and frequently intersected by deep ravines, until we
again er.countered it, flowing now between bluf€ sandy banks
friaged with cotton-wood treos, and presenting at length the
appearance of a river, but still with little water in its bed,
(By taking the cut-off Sitgreaves had missed the junction of the
Puerco srith the Little Coloredo just above Holbroos, This tri-
butary wee, of course, largsly responsible for the increase in
the size of the river whicl. the captain noticed,) = # * In
the course of the day's march the San Francisco mountains became
visible to the west, and to the north several singular voloanio
peaks. (Castle Buttes, or Hopi Buttes on present mApS. )

"October 2, Camp No, 9. -- The river here receives a
tributary nown among trappers as Chevelon's Fork, from one of
that name who died upon itez banks from eating some poisonous root.
Their confluence produces an intricate labyrinth of sloughs, i*
which we beoame involved, and were forced to encamp, not finding
an outlet until late in the day. (They camped on the east bank
of Chevalon Creek, and not far from the Little Colorado.) 1In
several places veins of fibrous gypsum were seen, looking like
the ice-crystals that burat open the ground in spring.

"October 3, Cemp No. 10. -- Our course was here interrupted
by & deep bayou thickly vvergrown with rushes, and which, on
attempting to turn it, wes found to leed tov & rocky ravine or
cefion utterly impassable, (Clear Creek. The pueblo of Homolovi,
abendor ‘d by the Hopis in the 14,00's, was located close to this
place. Hosquitoes drove the indians out. The “bayou", consequent-
ly becomes more interesting.) We retraced out steps, thsrefore,
and with much diffioulty recrossed the river, which, making =
bend to the north, winds through a broad plain resembling the
bed of a great lagoon from which the water had Jjust subsided,
leavinz it slimy and intersected with fissures and channels that
often impeded our progress. Here and there only a bush of the
wild sage dotted its surface, and the asuriounding hills appeared
equally dostitute of vegetation. (Evidently Captain Sitgreaves
was following in the wake of a oconsiderable flood. On September
28 hs had referred to "the recent profuse rains®, Note uartiou-
larly his reference here to "fissures and channels®. Cottonwood
Wash was passed unnoticed, and soon afterward the party crossed
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to the east side of the river, making a camp a few miles below
the Cottonwood's junotion with the Little Colorado. )

"October 5, Camp No. 12. --- The country on the nor th bank
presenting the same appearance of desolation as far as the eye
could discern, we egain crossed the river, and, passing on to
: higher ground, encamped on a bayou near the odge of the valley.
(Possibly the Hopl Crossing was used, and the "bayou" mey have
| _ been the leake shown on many maps about 12 miles southesst of
! v Leupp, but was more probably "he area known later as "Slough
Bend", ten or twelve -.les up the river from Leupp. This camp
was No. 11, made October L. On the map mccompanying Sitgreaves!
Report it is shown on the north bank of the Little Colorado.
Eithar the cartographer is in error, or Sitgreaves fuiled to
mention ancther crossing of the river,) The grass upon the hills
was invarially better and more abundant than on the river bottown,
but the absence of wood and wnter in such pla-)s generally obliged
us to meke our ocamps near the river. The mules, purticularly
those of Major Kendriock's command, already began to show signs
of fatigue, and their backs to become galled by the ssddles,”
(There follows u paragraph discussing pack saddles. Camp No, 12
seems to have been a short distance below Leupp, possibly at the
mouth of Canyon Diablo, This tributary seems to have been dry,
BB and was not included wpon the map of the expedition, nor mentionad
specifioally in the notes, Those referred to in the following
notation were below Tolcheco.)

"October 7, Camp No. 13. -- Meny precipitous calions were
e passed, enclosing within their walls of yeliaw sendstone (Kaibad

limestone) clumps of small cottonwood trees. Ridges of lava and
a black dust, the detritus of the lava, (c)overing the ground in
many places, indicated our approach vo a volcanic region. (The
black dust was composed of small volcanic cinders - scorime -
rather thac decomposed lava.) Near our camp, on the bank of the
P river, were the ruins of several stone houses, which our guide,
' Mr. Leroux (Antoine Leroux, the trapper), said resembled those
of the Moqui (Hopi) Indians. (Possibly one of these is the one
which Mr. McGregor excavated, to which we have previously made
reference.) Camp No. 13 was a short distance above Grand Falls.)

"0ctober 8, Camp No. 1L, -- About a mile below the last
carp the river falls over a succession of horizontal ledges of
sandstone (Kaibab limestone ), forming a beautiful cascade (Grand
Falls ) of one hundred to one hundred and twenty feet in vertiocal
height, and continues on a ocourse through a cenon of that depth,
the general level of the banks remaining the seme." (L7a)

T PrN

The Sitgreaves Expedition continued westward, leaving the
canycn of the Little Colorado, discovering Wupatki and Citadel
ruins, snd passing along the north and west sides of the San
Francisco Pea¥s. The account of the journey from Grand Falls to
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the junction of the Gile and the Cclorado is brief, but filled
with exciting incidents and decidedly worth reading.

Dr. S. W. Woodhouse, surgeon and naturalist to the expedi-
tion, in writing of the conditions along the Little Colorado fram
Holbrook to Grand Falls stated, "Ths vegetation along this stream
raries but little. As we epproached the San Francisco mountain,
the cotton-wood (P. monilifera) became more abundant; also cedars
eleng different portions of our route. * = *+ Gramma-grasses were
found slong different portions of the valley, in some plaoces
quite abundant." (S6a) '

The Whipple Expedition of 1853-L

Only two years efter the Sitgreaves Expedition journeged
down the Little Coloredo there came another government-financed
group of explorers, engineers and scientists, this time under
the command of Lieut. A. W. Whipple. The purpose wes to discover
e rallroad route from the Mississippi to the Pacific, following
ns nearly as possible the 35th parallel.

On May 1L, 1853, Secrstary of ¥ar Jeffcrson Davis gave
Whipple his instructions, a small section of which we quote.
"Great attention will be given to collateral branches of science
which more or less direotly affect the solution of the question
of the lccation for the propssed reilway: the nature of the
rocks and soils; snd means of obtrining water on arid plains --
whe ther by tazks or artesian wells; ths produsts of the country,
enimal, mineral and vegetable; its jopulation and resources; its
supply of timber and other msaterial for the construction of a
railway; the location, character, habits, tradition and lenguage
of the Indian tribes."™ It was suggested that Whipple should
submit his report "on or after the first Monday of February next".
He was, therefore, expascted to organite an expedition, survey mare
than a thousand miles of line for a railway -- least difficult
sections being skipped -- and in addition collect in nine manths
information which a scofe of men could not have obtained in ~s
many years. His report was not ready on February's first Monday,
but in an astonishingly short time it was submitted. It is sur-
prising to find it a rich mine of information in all the depart-
ments he was expected to inveastigate.

"The Colorado Chiquito", he wrote in his preliminary report,
"{s & stream smaller than the Gila (Which Whipple had explored a
few years earlier), but similar in many respects. The benks are
fringed with cotton-wood; the velley is wic-~, the scil rich, and
the gravelly ridges covered with fragments o1 pottery among ruins
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of ancient Indian pueblos. Driftwood here is abundant, indioca-
ting occasional freshets, and plenty of timiar near the sources
of the river "

The expedition reached the Little Colorado near its junc-
tion with the Rio Puerco on December 3, 1853, Whipple's enthu-
siasm for the country continuelly =-ops out in his report, = e
part of which we quote here, with our omn remarks in parenthesis. N
We find them in the Holbrook area. -

"December 3, Camp 77. =- * * » irom the entrance to the
wide wvalley referred to (Little Coloratu) we turned westward * * *
(and) finding numerous lagunee of fresh water and good gramms, we
camped, * * * The advantages of this country for grating cannot
well be surpassed. With two hundred mules, besides beef-cattle
and sheep, we are able to camp where we please, without fear of
the want of grass. Formerly New 43xico, mccording to G.egg, ex-
ported annually 500,000 sheep for mutton alons. * * » there
scarcely need be a 1imit to the number that mey grazs upon this
region. Nature has furnished gress, sufficient water, and a
climete favorable to this purpose.”

On December 5 they camped upon end named "Leroux's fork", S
just west of Holbrook, and received news of a horrible epidemioc Ly
of smallpox which had swept nearly every male adult from three d
Hopi pueblosa. ™In one remained only the cacique (Chief.) and a
single men from a hundred werriors. They were dying by fifties
per day; snd the living, unable to bury the dead, had thrown them
down the steep sides of the lofty mesas upon which the pueblos
ere built." (Until very recent years the Hopis frequently, if
not habitually, did not bury their dead. |

"December 6, Camp 7o0. == Our Zupi guides left us this |
morning to return and the survey procceded along the right bank ‘
of the river for fifteen miles, S8eviral dry ditches were crossed,
the banks of which it was necessary to cut down, thus creating
a few ho. -s*' detention. (Arroyos are often dry ditches.,) = » #
The—sHreamis—now-—smattsHbutTAPIAT Tty wrboro—are—fresh-and—
odepw, » » * The stream is now small, but rapid; its waters are
fresh and clear, and sufficient for the irrigation of a sonsider- .
able portion of the low lands that border it. (The Mormons L

developed this in the '70's in the Joseph City region.) Its
sinuous course through the bottoms is marked by e small.line of
.alamos (Cottonwoods)., The gravelly —rairies that bound the val-
ley are in places thinly spread with gremma; in others, barren.
(It seems possible that the precence of permanent water in this
section may have caused native enimale to overgraze this area
during some particularly severe drought.) '
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“December 7, Camp 80 - % & # Sand and 1ight soil, like P

ashec, rendored the journey heavy for the wagons. Finding a
favorable spot we camped early, having made 8 1/2 miles, » » =»

"December 8, Camp 81 - - Plodding along through sand and
light soil =- somstimes threading the wide valley, at others
crossing gravel ridges that bounded it -- we made five miles and
encauyed, Yo nad orossed the deep bed of a well-wooded tributary
flowinlg frum the northeast, called Cottonwood creek. Nearly
opposite could be seen the junction of en affluent from the south-
east, (Clear Creek?) The Colorado Chiquito here branches into a
ne'-work of channels, all bordered with slemos. Below camp is
quite a forest, extending about four miles down the walisy., From
e high hill two miles back from camp the river ocsn be seen making
a great bend, and sweeping northward. #* * *

"Deoember 9, Camp 62 -~ At the usuel hour we left camp,
and proceeded & mile and a half, near to the great bend in the
river where we encamped. Near by is the remnant of a ruin as
extensive a8 eny yet seen. An isolated hill of sandstons is the
foundstion of this ancient pueblo.” (S5Lb) This ruin wes doubtless
Homolovi, 1In Hopl the neme means Place of the Breast-like Eleva-

tion. (2lia) Whipple mede note of an ancient scequin - irrigation "

ditch - on the south side of the valley, and described the Little
Colorado at its Jjunction with the Cottonwood as "50 feet wide,
two and a half feet deep, snd flowing between clayey banks ambout

10 fee* in height". 2

The mules stompeded on the night of December 9, ceusing a
conside~uble delsy. But cn the 13th an exploring party went
westwmard across Tucker Flat and before rain stopped their progress
had almost reached Canyon Diablo, which gorge they discovered i
and named the following morning. We shall re join them there,

" % * » But, finding no means of crossing the canon with
our prck-nules, we followed the right bank for a passage, pro-
ceedud to jts junction with the Rio Colorado Chiquiteo, and en-
camped about twonty-five miles northwest from where we left the
wagons, (Down “he river a few miles frou Cottonwood Wash.) The
valley is hers wide, and thickly covered wa'h good-sized alamos,
(True at the time Leupp was founded in 1905.) The river, which
we crossed in order to find a better camp-g.ound, is two and a
half feet deep, and from ten to twenty yards wide. It flows rap-
idly, furnishing plenty of water for irrigation. (Sometimes )
The canion which interrupted our msrch today has been nemed Cafion
Dieblo.
quantity of dark volcanic ashes,. (They are still to be seen, )
and it is possible that the channel, seemingly cut in a level
bed of dolomite, may have resulted from the decomposition of a
trap dike." (54b) (But that is not the cass, )

On the 15th as they made their carmp in the foothills Whipple
wrote, "Gramme grass has been excellent and abundant over nearly
the whole of the route traversed today™. They had gone from Canyon
Diablo's mouth to the foothills.
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The Beale Expedition of 1857

The most bizarre expedition which ever reached the Little
Colorado Basin wes probably the one headed by Edward Fitzgerald
Beale to whom the Secretary of War assigned the task of laying
out a wagon road from Ft. Defiance to California. He left Zuhi
Village on August 31 and arrived at the mouth of Cauyocrn Diablo
September 8, 1857. 1In his outfit wers at least 1l camels,
each of which was ¢arrying a load of practically 775 pounds of
corn which had been purchesed in Zuni for +he use of the horses
and mules on the long journey to California. There were more
than 50 men on the expedition, and in the wagon train was a
fiery red ambulance in which anyone who took sick or was injure’
might ride, and thus avoid delays to which earlier expeditions
had been subjected.

As the party headed toward the San Franciscos from the
mouth of Canyon Digblo on Septembor U Beale did not fail to
notice his surroundings with the usual care he gave to such things,
and when camp hed sagain bsen mnde he wrote the following descrip-
tions. "After ascending fram Ceno.: Dieblo, we came to a plain of
vast extent, and only bounded by San Francisco mountain ahead,
and more distant ones to the southward. To the north nothing
obstructed the view. This great plain seemed to ascend by a
gradual slope to the westward until it met the base of the great
mounte‘n of San Francisco. As we travelled over it, we found
it occasionally breaking into gentle valleys and small ravines,
but ell easy and rolljng, and betwsen them level floors of exten-
sive table-land; the whole covered thickly, es far as the eye
could reach, with the richest crop of the most luxuriant gramma
gress., The entire plain is covered with stones end loose pebbles,
and parts of it with small pieces of lave, and occasionally masses
of it in rocks, which somstimes reach the altitude of fifteen or
twenty feet. Altogether the view, the rich green grass, the
distant mountains, end our moving camp wagons, sheep, horaes and
camels made up & bsautiful picture.” (2a)

May Humphreys Stacey, a annsylvania lad of only 19 years,
accompanied Beale. He kept & journal in which he made almost
daily entries. 1In it, under date of September 9, he wrote, "Our
road lay over & most beautiful rolling country upon which there
was plenty of grass, enough to supply the wahts of an unlimited
number of cattle". (L9ea)

It is not often that fortune has fevored usz with two re-
cords of a single expedition into the Little Colorsdo country.
Here, however, we have the daily impressions set down by a
seasoned traveler, side by side with those of a boy in his *teens
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who was making his first long journsy. We winli that we might
quote, in full, the diaries of these two writers. They saw the
valley from Holbrook to Lesupp with the grass at its very best.
Beale's enthusiasm was unbounded, despite clay which gathered

on the hooves of his mules "like snowballa"., Eight months later
Lieut. Ives and Dr. Newberry came over much of the seme ground,
and gave a very dlfferent picture., We feel that we must treat
the accounts of these four writers rather fully -- wish that we
might present them here in their entirety.

Writing of the Little Colorado at its junction with the
Puerco, just above the present town of Holbrook, Beale said, "It
was a discolored and shallow stream, some one hundred yards o 8o
from bank to bank; but the water not wider than as many feet, and
not over & foot in depth". {(Stacey wrote, "From bank to bank
it masures about two hundred ysrds., The stream itself is about
twenty ysrds wide and very muddy™.) Beale continusd, “The valley
of this river is three miles across, and grass plentiful in the
bottoms, as well es on the hills, which are quite low. There is
abundance of large co®ton-wood trees in the bottom, whlch resem~
bles very nesrly the bottom:nof the Rio Grande."

Continuing northwestward the following day they found wood
sbundant on the river but none on the hills., "We travelled this
morning nearly {ive miles on a course about north northwest, and
cut down two erroyos to admit passage of our wagons. We left
our brenkfast camp (This was on Manila Wash, near Joseph City.)
et noon and travelled until 5, orossing over many arroyos drein-
ing to the river. (The underscoring is ours.)

“The road was perfectly level, with the exception of the
gullies, which we work>d down with difficulty.” Next morning,
approeching Cottonwood Wash, "Our trail was over a perfect
level, but the rains had rendered the stiff clay soil of the con-
sistency of tar, so that it stuck to the wheels in large pieces,
and to the feet of the mules like snow balls. * * * The valley of
the river bottom here is about six miles wide. On either siae the
hills slope gradually to the meadow land of the bottom, and, ascend-
ing then, extensive plains spread out for great distences, all
covered with fine grass.” Beale found the Cottonwood swollen ty
the recent reins, and about six feet deep, but rightly surmised
that it would be nearly dry after the rains ceased. Not being
able to cross it, they followed to the junction with the Little
Colorado, which they forded with very little difficulty, and
after going & mile or two down stream "encamped near a singuler
stream coming in from the south. This stream gives no notice of
its existence until you arrive directly on its benks, having nei-
ther cottonwood trees nor willows to warn one of its whereabouts.
I explored it for some distence up, and found it issuing out of
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a rocky cafion with precipitous sides. The water is clear; L I
(There can be no doubt Beale had reached Clear Creek,) ;

Benle seems to have been an unusually keen observer, and
his deductions’ are very frequently excellent., As he camped on
the bank of Clear Creek he made a rather serious mistake when he
ooncluded, "The olimate of this country is c¢xceedingly pleasant,
and from the vast quantity of rain that has fallen on us, I
should suppose cropz might be easily raised without irrigation.”
Again he mentions that gress wes excellent and most abundant.

- The next deay, csmped midway betwsen Winslow and Leupp, on

the south aide of the river, and several miles from its behks he

.- wrote, "We have seen indications of the greatsst abundence of
l o game for the past three deys., (He had traveled from just above
\ » Holbrook to this camp in that time. From ..olbrook to Cattonwood
\ Wash he was on the north side of the river., Then he orosased to
the south side.) Elk, antelope, and deer, besides beavers snd
ooyotes in large numbers." A little later he writes. "The
grass throughout the day has been most abundant, and we hsve con-
stantly exclaimed, "What a stock country! I have never seen
anything like it; » * = The river ie in sight on cur left (Hs
i must have meant right.), well wooded with cottonwoo!; end as far
] ‘ a8 one can see, & level country extends to the southward and
{1 , westwerd, covered with gramma and bunch grass,”™ In e succeeding . 3
, : \m;> paragraph he says, "Re have seen deer and elk (today), end the
fresh tracks of them are innumerable all over the valley,"

3 His course from this point to Canyon Diablo was "over a :
! succession of level valleys, divided fram each other by gentle |
? ridges of very easy gredes,' generally a mere swelling in the
preirie. All of them were filled with fine grass, with the
exception of bald places, callsed by the Mexicans playes. These
’ are always of clay, perfectly flat and smooth, and for the most
i part hard and firm". These playas are still very conspicuous in
§ this section. An attempt to encourage plents to grow upon them
. by building miles of contour dikes has been made near Leupp.

At a point about ten miles southeast of Leupp, on & large
mesa, he found the grass so tempting that he determined to ocamp
there for breakfast, which had tc be cooked with greasewood be-
cause there was no other fuel at that distance from the river.
ATter a rest of four hours, during which the stock had a chance
to make the most of the excellent grass, the journey was contin-
uved ten miles in four and a half hours, to the mouth of Canyon
Diablo, where the party encamped, "This point", wrote Beals,
"is well marked by four little red sandstone buttes, whi-h rise
from the meadow near its mouth, and cannot be misteken, as they
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are of peculiar form and isolated in position. They are thirty
or forty feet in height., *= » » Today the soil of the table-
L ; lands has been the same as that of yesterday. (Clay and gravei,
Ll ' mixed.) That of the bottom is sand and clay mixed. » » » Water,
e ' wood and grass abundant.” _
o .

Of this same day's trek ycung Stacey wrote rather briefly. e
"Left camp twenty minutes past five; the road generally good and ‘
grass abundant, watered from a pond on the line of march, Saw
some antelopes. Ceamped this afternoon near the Canon Diablo and
Rio Colorado Chiquito. Grass not very good. Distance nineteen
miles." The underscoring 1s ours. bSince both writers agree that
grass was abundant during the day, it seems obvious that Stacey
was referring to the grass immediately surrounding the mouth of
Canyon Diablo. Since the topography of the region forced travel
to this point, we wonder if the condition there might not be
traced to & resulting concentration of livestock over a long
\' f period of yeers, Beyond any doubt mounted Indians hed used the
P ford at that place for a century or more.

B As we pointed out carlier, Beale and Stacey saw the Little
RS Colorado Basin with the grass et it. best. They were both Penn-
T : sylvaniens, in fact from the same town, and therefore their ideas

LTS of what good grass was must have been very similar. Today the
y , ’ (D citirens f northc.n Arigzona often speak of the grass being
: ' ; good in an area which seems utterly desolate to an eastermer, '
%o feel, therefore, that the grass really was excellent from 3
Holbrook to Leupp and beyond, in September 1857, And such being
the case, we are convinced that the presence of numerous deep
arroyos between Holbrook and linslow become particularly signi-
ficant to the student of erosion. There are meny who have assumed
that where there i1s & good cover of vegetation, especially of
grass, such accelerated erosion can not exist™ Perhaps it can

not, but certainly Bemle's observetions seem to indioate that it
can,

Having followed Beale down the valley and westwerd toward v
the Sen Franciscos, we shall now come eastwnrd from the edge of ‘;
che timber to Canyon Diablo's mouth, and then make our way by a ‘
devious route, up the river to Winslow with Ives and Newberry.
As we find them, late in April 1858, only eight months have
passed since Beale and Stacey worked westward across a country
where "there wes plenty of grass, enough to supply the wants of
an unlimited number of cattle,"
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/?} K , The Ives Expedition of 1857-8.
R On May 2, 1583, Espejo and Luxdn reached the Little
Colorado. On May 2, 1858, -- examctiy 275 years later -- Lieut,
Joseph C. Ives and Dr, J. S. Newberry reached that same st-eam

at about the same plece. Coming from the eest on May 1, Espejo

and Luxén had stopped for a siesta, being overcome by drowsiness,

Coming from the west on April 28, Ives and Newberry were nearly

‘ frozen by e belated blizzard which overtook them betwsen the foote
. hills end the river$ and kept them snowbound for more than a day.

‘ Space permits only occrsionml very pertinent paragraphs from Ives!

) Report to be given here. Perentheses are ours.

o "Camp 85, Flax river, May 2. -~ (Camp 85, mccerding to
‘ Appendix B, was loceted at Latitude 35°17'51.4", Longitude 110°58!
) 55.5". That, eccording to recent Fairchild air maps, is the junc-
o tion of the Little Colorado and Canyon Diablo. Flax River is, of
courgse, the former.) The wide valley of Flax river could be rec-
ognited a long way off by the line of cottonwoods that skirt the
banks of the stream., The river is smaller than the Colorado, but
at thls season, when the water is becoming high, much resembles the
N other at its low stage. There are the same swift current, choco-
late ocolored weter, shoals, snegs, sand bars, and evidencer of a
oonstantly shifting channel. The width opposite to cemp is fifty Ve
yerds, and the depth five or six feet. The banks and bottom are o
composed of quicksand, and we have been unable to find a ford. The P
bottom lands are in places several miles wide. Here and there are

o i bbb b ik et

e to be found patches of a coarse grass, which at this season is
' green and nutritious. (Several varieties of Sporobolis grow even - -,/:
now in this area.) b

"Before proceeding with the examinations northward, it be~
came necessary to look into the condition of the train and supplies.
The inspection developed unsatisfactory results. Most of the
mules are in such a stete as to preclude the possibility of their
going much further. * * * The sudden and severe snowstorms, coming -
in the midst of hot weather, the scarcity, and, at times, absolute “
deprivation of food end water, the difficult country and rocky R
surface, have reduced ther to s sorry plight. They lock and move
1like slipghtly animeted skeletons, P

"The stock of provisions is nearly gone." 3

By means of a portsble canvas boat, provisions and men were
ferried across the river, and the best of the mules swam over.
The party was divided into 2 sections, the stronger to go to the
Hopi villages, the other to follow Whipple's trail to Zuni. The
latter party did not cross the river. The following day Ives, New-
(- berry and & few others waved farewell and started for the Hopi
i v country. "The direction trken wns & little east of notth. The
| ' alluvial earth was soft and difficult to traverse; the slope that
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followed composed of materisl still softer, and when, after cross-
ing several ridges, the top of the plateau wess reached, the soil
became qo'light and friable that every step of the way was atten-
ded with lebor end fatigue., The day wes the hottest that hed heen
experienced. (The present road from Leupp to Oraibi may follow
rather oclosely the route taken, but is probably too far to the
east. The plateau they reasched is now known as Newberry Mess,
while the next one to the southeest is called Ives Mesa.)

"The swmit being attained, a vast extent of country --
sweeping from Flax river around to the northeast -- was brought
into view, It wrs a flat table-lend from which wide tracts had
been eroded to s moderate depth, leaving exposed lines of low
bluffs and isolated fragmerts of the removed strentum. The scene
was one of utter desolation. Not a tree nor a shrub broke its
monotony. The edges of the menas were flaming red, and the sand
threw beck the sun's rays in a yellow glare. (An excellent view
of these flaming mesas and their yellow dunes may be hed from Red
Lakes Trading Post.) Every object looked hot and dry end dreary.
The enimels began to give out. We knew that it was desperate to
keep on, but felt unwilling to return, end forced the jaded brutes
to wade through the powdery impalpable dust for fifteen miles.

The country, if possible, grew worse. There wes not s spear of
gruss, and from the porousness of the soll and rocks it was impossi-
ble that there should be a drop of water, A point was reached
which commanded a view twenty or thirty miles eshead, but the fiery
bluffs and yellow sand, paled somewhat by distance, extended to

the end of the viete. Even beyond the ordinary 1limit of visiocu
were other bluffs and sand fields, 1lifted into view by the mirage,
and elongating the hideous picture. The only relief to the eye

was a cluster of blue pinecles fer to tre east (Cestle Buttes or
Hopi Buttes on modern maps.) that promized e different character
of country. It was useless, aovever, to take the r sk of proceed-
ing directly thither. The experience of the dey had demonstrated
the hopelessness of trying to drive the mules for any length of
time through an untrodden and yielding soil, and it was determined,
at a last chance, to go back to Flax river and ascend (follow up)
the bank, at the hazard of having to mske a long circuit, till

some Indian trail should be encountered leading in the desired di-
rection, and affording a beaten way practicable to be followed."

The scene which seemed so terrible to Ives actually forms
part of one of the most beautiful panoramas northern Arirona has
to offer, when one is not overly worried about jaded mules, scanty
provisions, and no water, We are frankly suspicious that the
mirage which elongated the hideous picture was nothing more nor
less than Tolani Lakes. Many a desert traveler hes been lured to
his deith by & mirage. Few, indeed, have thirstily turned their
backs upon a cluster of besutiful lakes!
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"The night spent upon the desert showed that this condemned
reglon wes not.entirely devold of life. As the sun declined and a
pleasanter atmosphere succeeded to the oppressive heat, scorpions, * -
spiders, rattlesnskes, and centipedes emerged from their retreats e
to enjoy the evening air. A collector in that department of natur- )
al history could have reaped a harvest of these reptiles (1) in al-
most any part of our cemp-ground.

"The next day we went back to the river, striking it ten
miles mabove the place where we had left it. The return was attended L
with the same difficulties as the march of the day before, and I A
think nothing but the knowledge on the part of the thirsty mules
that they were approaching water could have made them hold out
till the distence was accomplished. The valley seemed like an
Eden, in contrast with the region that had just been vieited,
though a sorry looking plece if ocompared with the more favored parts
of the continent. During yesterday we have traveled up the river
twenty-five miles,(And had arrived to a point just above Cottonwood
Wash.) The valley is much ocut up by ravines and sloughs. (The under-
scoring is ours.) There are indications that, at some seasons,
there are storms which send torrents of water from the plateau
across the alluvial lands. The soil in many places 1s impregnated
with alkalies and the surface covered with en efflorescence.

"The blinding glare of the sun upon the white ground ser-
iously affecte the vision, end it has been found necessary to Do
screen the eyes with muslin shedes, (!)*k .

"The bottom is filled with black-tailed deer. A buck was
killed today measuring six feet from the nose to the base of the
tail. The venison wes of delightful flavor, and, though not in
season, quite tender. Ruins of ancient pueblos have been passed.
(Homolovi, once more.) These vestiges of a former race of inhab- ﬁ
itents, which ere found so widely scattered over the table-lands J
of New Mexico, may be taken as svidence either thet the country .
where they exist can or that it cannot now sustsin a population;
depending upon the thecry adopted to account for the disappear-
ance of the previous residents. :

"At noon today we oame to the object of our search -~ a L
well-beaten Indian trail running towards the north. Camp was
pitched at the place where it strikes ths river, and it is the
intention to mske the mecond attempt tomorrow to penetrate the
unexplored ragion. Near by sre several salt springs, and soatter-
ed over the adjacent surface are crystals of excellent salt. This
accounts for the position of the trail, for it is doubtless hare
that the Moquis obtain their supply of that article.” (27a)

N St SN N R

Following this trail the party eventually reached "Mooshah- : ?”  

neh” (Mishongnovi?), where there were great numbers of sheep --
almost 81l black -- but practically no grass at all. They were
very well received, and were escorted from here to Fort Defiance,
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Q;ﬁ} . after heving attempted » trip in the direction of Tuba City into
e waterless desert country in which there was some grass, better,

in fact, than any they hed seen since lesving the valley of the
Little Colorado.,

sl

It is to this expedition that the Painted Desert owes its L
name. Dr. Newberry named it thus, and the first section encounter- a
ed by him seems to have been not far north of Leupp, where the
colors are not particularly brilliant. Of the trip from the foot-
hills to the Little Csloredo, Dr. Newberry said that most of the
last ten miles was made over a virtually naked stretch of buffy
limestone. He also states that they first reached .the river about
15 miles above Grand Falls. The mouth of Canyon Diablo is exactly
fifteen miles in an air line from the falls, The party had some
O difficulty due to encountering the numerous canyons of the Diablo-

' Padre system, which would indicate an attempt {o remain entirely

toc far south. (LOa)

Certainly the irpressions of Ives and Newberry, when every-
thing wes going wrong, were vastly different from those orf Beale
§ and Stacey when all was running smoothly. Aside from the faot
’ thet the Ives party was in serious diffioculty, they were travers-
ing the country during one of its most unplessent seassons, while ;
. Beale and his compenions saw it at its very best. Such differences /A
— account lergely for the wldely divergent reports given of the same
: generel ares at no widely separated timys, It is our belief that
all these guntlemen gave remarkably honest pictures of what they
observed.

®

The Basin After 1860.

The epidemic of axpeditions financed with Federal funds
was confined to the 1850's. Sitgreaves had proved that the Zuni
and Little Colorado were not navigable streams. Whipple had
shown that a railroad route was feasible along the 35th parasllel.
Beale had luid out a wagon road from Ft. Defiance to California
which he felt cortein was destined to be the principal route of i
the future. Ives had convinoed himself that the lower Colorado
was of great importance to commerce, and inoidentally had followed
mors or less closely the overland routes of Whipple and Beale.

As to what conditions were in the 1860's we have been
able to learn nothing at all beyond the fact that in '07, during
the summer, 800 cattle were feeding in the valley under the con-
stant protection of cowboys. Grazing obviously was good. (3La)
Perhaps it was during this decade that Samuel W. Cozzens spent
his three ysars of wandering in Arizona and New Mexico, event«
ually reaching Zufil. Of the land of the Hopis he wrote, "It is
arid, barren country, deeply eroded by floods, and largely formed
of steep mesas, volcanic psaks, and rocky cafions with a few fertile
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- City, Okred, Taylor and Allen found a plsce on the map, and Holbrook,

L3

valleys interspersed among them". (1la) This description he ob-
teined from a Zuni Indian, not from personal exploration. His
writings are delightfully entertaining rether than scientifically
accurate.

Mormon Settlements.

In 1873 the first group of Mormon settlere entered the
valley from Utah. Most of them got no farther then Grend Falls,
but a smell scouting party was sent to explore for about 100
miles above thet point, and returned to say that no suitable farm
land could be fcund. The entire group turned back towerd Utah,
and most, if not all, recrossed the Colorado end returned to ;
Kenadb or Fredonia. But the chursh < ficials wers determined that R
the Little Colorado must be conquered, and eventuslly others suc- o
ceeded where the firet party hed feiled miserably.

Just a colury after Garcés hed visited the Hopi villa es,
Mormon settlements dotted the Little Coloredo Valley from Winsiow
to Holbrook and beyond. Like Garcés they, too, were brought (nto
this country by a desire to wia the Indisns to a new faith, and also
like him, they falled in this purpose, But Brigham City, Sunnet

Woodruff, Snowflake, Joseph City, Pinedals, Springerville and St.
Johns were scon established. 1In 1370 the settlers of Obed and
Allen (Across the river from the present Josepn City.) constructed
e dam et a cost of §5,000, It raisod the height of the water 12
feet and went out with the.first flood., In '77 & new dem was com-
pleted a mile and a half upstream, only to be carried away. In
'81 a dam was egein built at the first site and e'most immediately
destroyed by the river. In '82 a pile dam wes constructed and
spoiled by floods. By 189L the settlers in thet vicinity had
completed their eighth dam across the river. (36a)

From a hand-book published in 1878 we learn that the
Colorado-Chiquito in the viocinity of Winslow was two to four fest
deep, about eighteen feet wide, and tha*t it abounded in otter,
beavur, turtle and fish. From the same source we discover that,
"The main road from Prescott to Fort Wingate crosses the Colorado-
Chiquito near Cafion Diablo", and that, "The habitations of the
Moqui Indimns * * * (are) surrounded by a wide, barren, sendy
region where grass is found but sparingly end in small patches,
but plentiful when the rain is more than average". (23a)

A ¥ormo~ settler writing from the Winslow area in the
middle '70's to the Deseret News said, "Our land was all covered
with rabbit and grease trush, and large, dry cottonwood logs that
had fallen to the ground, intermixed with large qusntities of
driftwood from the river," (23%a)
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WR_

o b o Sr— g AR ey i es a7

BT ST

3

.

. N 4 o

CV-6417-201

NNOO1866



T

( About this same time Lot Smith, leader of a company of E\

e ' Mormons who settled Sunset, near the present Winslow, wrote, "This N\
is a strange ocountry, belonging to a people whose lands the rivers Lo

have spoiled”. And again he wrote” * # * though the river shows . Ll \

it would be a mighty rushing torrent when rains commence in sumer, Pt

with the appearance of being 25 miles broad, and the Indians told .

us that if we are indeed to live where we are encamped, we had ;

better fix scaffolding i» the trees". (36b) e

"In August, 1878, e correspondent of the Deseret News
wrote from Sunset that for m week the rain had been pouring dowmn
elmost incessantly, that the whole bottom was covered with wster, :
that saue farms were submerged end grain in shocks was flooded, A
: grain at Woodruff wans entirely destroyed, the grist mill st Brigham A\
fo- City inundeted and the grein stacks there were desp in weter, with

. the inhablitants using bouts and a raft to get around their farms."
(30b) The Indian prophecy had been fulfilled, and, although Sunset
was occupied for many yesrs after this event, it was campletely
abandoned in 1888, after the great flood of that year, Lot Smith
was the last to leave,

RN

With the coming of the railroad to Winslow in 1881 and its
completion across the state (territory) in May 1883, northern
~ Arirzona found itself upon a stage which was set for repid action,
) o with the grazing industry playing the leading rolv of combined

o b e Y st s

Piol hero and villian. Really accurate statistics are not available
! o ’\m; even for the entire state, let alone for the Little Colorado ‘
Basin, We shall present such figures as are availabls, and point J
{ out the most obvious weaknesses. '

"In 1860", vrites one authority, "the statistical returns
of the territory 1list only 803 shesp, but the growth of the in-
dustry was so pronounced after the settlement of the Apache
trouble, that the ranching industry rapidly developed. Even be-
fore the last of these wers Hamilton's Statistics of 1883, place
the total number at 680,000, and the wool clip is valued at
$2,380,000". (L2a) Obviously the figure for 1860 is absurdly low, i
and ignores completely sheep owned by Indians, Whipple in '53% ;
had with him a Mexican who hasd been a Navajo sleve, He said the

- Nava jo wealth consisted of immense flocks and herds, "Some of
the rish men own one thousend horses each, besides mules, cattle
and sheep." (5Lb) On Msy 11, 1858, Ives wrote of passing large
flocks of sheep in the Hopi country. During the early 1860's
huge losses of stock among the Navajos induced them to sue for
peace with the Americans. A few years later Kit Ct -son brought
them under control by killing their sheep in great numbers, Fig-
ures for 1883 seem to hrve the smme omissions. In 186k Navajos : ,

! alorie are supposed to have had a million sheep ar3 35,000 horses, ‘

j a considerable part of which were certainly in Arizona. (la) :
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Again we read, "In 1883, there were reported in Arirona 145,000
oattle and 602,000 sheep. Within ten ysars the number of cattle ad-
vanced to over 800,000 and the sheep numbered nearly a million",

(34a) Sinoce the Indians were in possession of comparatively few
cattle, figures regarding them are probably far more accurate
than those for either sheep or horses.

"Arizona wee an open renge country in all that the term
implies during the period from 1880 to 1890", writes Bert Haskett.
"Its mountains, meses, uplands and valleys were covered with a
wealth of plants end grasses that seemsd forever inexhaustible,
all open and free to the oattleman, the sheepman or whoever cared
to use them. Except for the Indian reservations, one could go
with his flooks wherever Le would.™ (20a)

We are assured by Mr. Billy Williams, of Winslow, that his
earliest impressions of the Little Colorado Valley below Winulow
fit this glowing description quite exactly. From the river to
the San Francisco Peaks there was one glorious sea of grass in
1880. He pictures a land so perfect that it could easily have
lured & steer from a clover patch or & heifer from a field of
yvoung corn. From Winslow to Grand Falls and from Winslow to Blue
Canyon there wes not s single arroyo. His testimony is verified
by that of a traveler of the early *80's who returned to Tolcheco
in 1908 and lamented to Mr. David Ward (of whom more anon) that
soma of the most bsautiful country he had ever seen had been
ruined,

The repeated destruction of Mormon dems in the '70's in- ,
dicates that there was no shortage of rain during the 5 years
immediately before 1880, and we are of the opinion that the range
was as good or better than when Beale and Stacey crossed it nearly
a quarter of a century before. We believe this while still remem~
bering that Lot Smith had written in 1775 of "lands the rivers
have spoiled".

With the completion of the railroads across Arizona stock-
men literally swarmed into the territory. Those already there im-
ported stock from neighboring states or from Mexico. Enormous
bands of sheep spent their summers in the northern highlands, their
winters in the southern vaslleys. (lashes between sheepmen and
cattlemen were inevitable as the range became more crowded. Until
1880 .stock could be fattened on the range and sent directly to
eastern markets. From then on it was necessary to send it slse-
where to be finished before it could be marketed. (3L4a) A devas-
tating drought in neighboring states only served to force more and
more stock into Arizona, where there was not "grass for an unlimited
number of cattle”,
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When Tolchaco was founded in 1900 the Little Colorado ' A\
Basin was the home of choking dust storms, and cutting sand, and &
no longer a sea of grass, When Leupp was founded in 1905 oondi-
tions were no better. There seems to have been no real opposition
on the part of the stockmen to the withdrawsl of a large area
from their crowded domain so that & new reservation for Indiars
might be set aside. Surely they must have considered i. utterly
worthless, or the Leupp Extension would not have been turrendered
without a bitter struggle.

U

Outside the reservation bankruptcy and federal and state
regulations comhined to bring about some merked improvoment more
t*2n & quarter of a century ago, although powerful organizations
of stockmen fought Forest Service grering regulations with entirely
too much success until after tlhe turn of the century. Within the
reservation conditions seem to hsve gone from bad to worsc.
Navajo sheep and goats had to be counted in millions. In 1330
a quarantine for scabmites was put into effect ageinst all Nevajo
sheep and for three yesars none could be shipped. V.on it was
raised in 1933 prices were so low, only $1.00 & head, that the
majority of Indians preferred not to seil. A program of govern-
ment buying was inaugurated and resulted in same relief during
1934 and '35, whon great numbers of goats and much scrub stook
was destroyed. This program has had toy fight almost constan’
Nava jo opposition.

In addition to overcrowding due to quarantine end natural |
increass, the Little Colorado Basin has recently been experienc-
ing more than a dozen years of abnormally dry weather, which heas
rade a bad matter definitely worse. We have made a careful and
extensive study of precipitation within the basin during the pre-
sent century. This investigation was made with the hops that it
might throw additional light upon the problem of controiling
floods at Leupp. We feel that it may profitably be discussed
here, as may also the floods of the last hhlf century. Since
space will be given to the discussion of the present oycle of
arroyo cutting as we consider individual floods, we have omitted
such information from the historioal sketch we have just presented.

Before passing on to this new material we wish to reatate
our conviction that for at least four centuries the—weli-being
ofthe Little Colorado Besin has been cursed with chronic erosion
which has repestedly become acute in times past, and which is at
present melignent because of a combination of drought and over-
grezing., We wish to point out, too, that even in Beale's para-
dise of 1857 there were large numbere of sarroyos, that Lot Smith
thought of the land as ruined in 1875 or '76, and that violent .
floods were not unus.al before the stockmen ceme. History fairly
screams the werning that we are sadly mistaken if we believe the

Y Teleted o4 dhe verves of Keitne "77’76«/ meake Yhe Sextenre.
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‘mere reduction of stock will drive the gouging fiends of erosion™
from the country. Help it will, and help it must, but obviously

it is foolish to trace all our present ills to the coming of the
stockmen in the '80's. Had there never been a rsilroad in north-

ern Arirona, never a White Men with his flockt and herds, there

would probably be arroyos eating away the valleys of the Little
Colcrado Besin today. Unless we are conscious of this fact we are not
apt to appreciate the magnitude of the Problem which 1s to be 2
solved, To deny that it is a faot is to ignore history. '
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THE PRECIPITATION CHARTS
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It is our belief that the amount of precipitation has been
e relatively unimportant factor in the flood situation at Leupp
since 1920, but to prove this to the complete satisfaction of the
most skeptical is not an easy task.

In such a case one naturally turns to the availadle climatolo- .
gicel date, confidently expecting to find there the evidence desired.
In the little Colorado Valley difficulties are encoumtered almost
immediately.

For example, we want to know the average reinfall for the
entire drsinage area each year since 1900. To get that we need
only pick out a reasonable numbser of stations, nicely spaced
throughout the reglon, which have reported continuously for the
pest 36 or 37 years. A dozen or fifteen will do nicely, We have
only onel! Flagstaff -- the wettest staticn in the entire basin,

* The U. S, Weather Bureau says in its "Climatological Sum-
mary of the United States", Section 25, p. 2, "The average precipi-
tation over the Colorado Velley is less than 11 inches; in the
Little Colorado Valley it increases to about 12 inches, --'",

The sverago st Flagstafl{ is 22,80 inches! Obviously it is
anything but a typical stetion.

)

A
'

If wo take the average precipitation for all stations re-
porting esch year, and from these determine a normal for the basin
we might obtsin s satisfactory yardstick with which to measure the
. relative wetness of any year., Having done this we soon discover
| j " that we have & very inefficient tool., It 18 mlmost literally true

: : that in no two years are the reporting stations identical. There-
fore the ~umparstive wetiness or dryness in any given year can be
found only by determining the normal for the particular combinstion
of stations reporting in that perticular year. This does not
necessarily give us accurate information regerding the average for
the entire basin, We have used reports from 25 stations during
the period, yet im four years only four staticns reported. Sedly
mistaken ideas might result if we compare the average for these
with a stendard normal prepared from reports of 25.

Qur stations may, however, be rather readily divided into
four regionaf*%roups -~ sastern, northern, central and southern -=-
in which the respective normals show great variation: eastern
1L.37", northern 12,65", central 9.1,", and southern 17.8L4",

This gives us a normal for the Little Colorado Basin of approxir-
ately 13,57, which is 1.5" higher than the average as stated by
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S ( the U. S. Weather Bureau as guoted above. Our computations have

e’ purnosely excluded the northwestern and extrene western sections

of the basin since run-off from these enters the river far to the
west and in no way effects our problem at Leupr. These two areasere
known to Le dryer even than the one we have designated s8 central,
Had they been included our normel would have closely epproximated
the twelve inches called for by the Weather Eureau's statement.

i If, on the other hand, the average is figured for all etstions

‘ revortiny without first dividing them into groups, our normal be-
comes 1L.7" -- entirely ton high.

This wide varietion in averages from identioal data can be V‘ff'
. readily explained. For several years the southern section was v
\ R representad by more than half of all stations reporting. In 1920, o

: for exarnle, 10 2¥ 12 reporting stations were southern, thus

giving the wettest section of the drainage area 56% of the total \
representation -- 10 votes, let us say, where only LL.5 are allow-
able, lemving only 3 for the remeining three sections in place of
the 1%.5 to which they were entitled. If, however, we determine
the average precipitation for the stations of each region, add.
these and divide by four, each area exerts its rightful inflluence
on the final average. Thus we find that in 192C the average
precinitstion for all stations reporting was 1hL.ol", while that 5
for the Little Colorado Valley, as determined from sectional ;
avern-es, wos only 17,03" -- a difference of exactly 11%. '

While groun treatment thus gives bright promises of allow- /
ing us to determine & reasonably accurate average for any or ecvery
vear, there are difficulties. The year 1905 1s a case in point,
Onlv five stations supply us with recnrds. In the eastern area
there were two, while other sections were represented by only one
each, Now 1905 wes, by all odds, the wettest year ever recoried
since reccrds have bean ¥ept in northern Arizona. The five renort-
ing stations had en averare precipitation of 22,1&" -- stertlingly
high. But the averape by sectional treetment is 22.95" -- higher
E by almost .7". Inquiry shows that Flagstaft is the sole reoresen-
' totive of the sonuthern section, Its totsl precipitation that
year was 3),.53", as compared with a normsl of 22.8".

I+ 4s absurd to allow the wettest station in the entire

. Little Coloradn Valley to represent the southern section, but
; ‘ what cen be done about it? We can determine the normal for all
other stations in this southern group, and thus lesrn that it is
only about 75% of Flagstaff's normal. Therefore we may feel free
to trke 75% of Flarstaff's 1005 precinitstion as a mecre probable
averapge for the southern sec*tion. We arrive in this way st a
basin averpge of 20.75" -- closer to actual, perhaps, and surely
much easier to believe,
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( In a zimilar way it is possible to internolste sn average
for a section ahich is unrepresented in any year., In 1901, 1902
and 1903 there were no reports from the central section; from 1925

! to 1929, inclusive, no reports sre available f'or the northern

- section. The normal for the central section is only ©1% of that

for the r~~t of the begin. Normal for the northern section is 92%

of that fc. all others., Probatle rainfall cen thus be readily

i interpolated from reports of cther sections, Where necessary this

i , has been done.

In Plete li, which shows annual precipitation in the Little
Colorado Valley, the figures for 190h, 1912 to 192); inclusive and
1929 to 1930 inclusive are computed from unaltered sectional aver-
ages. All others have been weighted by one or both of the methods
described.

In the case of monthly precipitation for mejor flood periods,
Plate 5, we present only the aversges as computed for the stations
reporting in those particular months. For comparative purposes
the group normal has been determined in each case, and the ratio of
actual to normal precipitation is expressed in percent of normal.

¥e willingly admit that there are inaccuracies vresent. The
charts are not presented as precision instruments, but merely as
reasonahly accurate tools with which to do the work at hand. To
be sure many minor slterations might still be made which would
{ ' Q apparently increase the accuracy of the mverages obtained -- im-
e provements probably more apparent than real, and certainly not
worth the effort they would require. We have here Just one more
exemple of an slmost overwhelming array of unknowns and variasbles -~
. one more chance for a scientifically minded student to "avoid
| innumerable minute errors in order to arrive at a major fallacy”.

i During the present century floods hsve occurred at Leupp
in '05, '03, '11, 'lo, *'19, 21, '23% 29, '33 and '37, Expendi-
| tures for flood-nrotection have been made each year since 1929,
usually during or immediately after high water had frightened
the residents,

/ A glance at Plate i, shows clearly that all recorded
floods, up to and including the one of September, 1923, took plece
in years with more than average precipitation., Four years ('05,
'11, *'19 and '23) were conspicuously wet, and the other two ('08,
121) had considerably more then normal precipitation. In 1921
more than 60% of the total ceme in July and August. Not a single
year since 1923 has been as wet as 1921, and in the same period
only floodless 1927 was wetter than 19508,
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It will be noticed also that only two years ('31 and '36)
have received more than normal precipitetion since 1927, while
two others ('29 end '75) very closely approach it. Four years
(28, "3C, '32 and '3lL) are conspicuously dry.

From 1923 to 1985 only four years are on the wei side of
the 1ine, and the wattest of these exceecded the normal by a little
more than 11%. The average for the period is 9% lower then that
for the previous 2/} years, and 10% helow the normal for the pre-
vious 12 yesrs. The normals for the three periods are 1900-11,
1%,75%; 1912-23, 1L.01"; 1924-35, 12,63", Normal for the entire
%o years is 13.Lb".

With these fac:s in mind, it is surprising to find, as we
lspter shall, that tha final seven years of the driest period have
witnessed recurring floods at Leupp. Is it not strange, also, that
1929, dry by & hair, should have had two nearly disasterous floods,
while nowhere do we find records of previous floods at Leupp ir
approximately norneal years?

It is admitted that concentration of precipitation in the
driest of vesrs might be such B8 to cause serious floods. By
coincidence such conditions might preveil twice in a single year,
or in consecutive years. Again and again Leupp has been threateuned
by floods since 1929, yet only 1971 .~d 1936 had more than average
precipitation. Interestingly enough, 1931 was the wettest year
in the period, and the only one without ¢ flood { Precipitation is
shown for July, August and September in Plate 5 for comparative
pUrnoses.

We shall attempt, with the aid of these precipitation
cherts, to point out the factors which brought about the principal
floods of the precent century. But the greatest flood of modarn
times came in 1388, and was of such proportions that we feel we
rust include it in our discussion, ;
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STATIONS IN
ARIZONA

Bly

Coshino
Flagstafl
Ft. Defiance
Ft. Valley
Ganado

Heber
Holbrook
Jeddito
FKeams

Leupp
Pinedsle
Pinto

St. Michaels
St. Johns
Show Low
Snowf'lake
Springerville
Winslow

STATIONS IN
YEW WEXLICO

Blackrock
Ft. Wingate
Gamerco

NoGaffey
Maruelito
Remah

i 1
— } ‘ s cozmr e i - )
PN ~ a:
Elev. Jan. Feb. Mar. Apr, May Jun. Jul. Aug. Sep. Ooct. Nov. Dec. %a
6800 2,31 1,67 2.0%3 1.81 .53 .52 2.89 2.75 1.9 1.51 1.55 2.85 5
5500  1.2L 1,14 1.20 1.10 .55 .37 2,65 2.4,8 1.97 1.32 1.05 1.73 5
6907 2.,9 2,06 2.%6 1.30 1.00 U5 3.12 2,69 1.63 1.37 1.h0 2.05
6950 1,03 1.07 .90 .79 .75 .76 2.05 2.3 1,62 .60 1.03 .74
7300 2.29 2,15 2.21 1.37 .89 .55 3.55 %,01 2.01 1l.69 1.28 1.95 s
6365 .29 .99 .25 .90 L3 .72 1.61 1.25 .93 .74 .90 .59 e
eLsl 1.77 1.li8 1.23 1.17 .59 .65 3.03 2.91 1.8L 1.17 1l.12 1.38
5009 62 el .60 .54 .27 Lo 1.85 1.42 9k .69 .72 .59
6700 1.19 .92 .80 .60 L2 .20 2.17 1.93 .69 1,20 .60 1.02
0600 1031 095 .90 nbb 039 .27 2.141 1081 -70 1025 970 1.08 :
L7700 63 L2 .29 .70 19 2L 1.28 1.1k .79 .57 .35 .57 ¥ o
6500 1.4,9 1.57 1.2 1.21 .55 .78 3.6L 2.68 1.6 1.59 1.k8 1.8L o
5660 .91 .9y .77 .70 29 .51 2.11 1.78 .91 1.09 .83 .99 -
6950 .96 .97 .95 .51 .38 L3 2.k 2.39 1.32 1.11 .68 1.01
567 7 .57 .78 .53 k2 5 2.27 2.23 1.30 66 .56 .75 !
6300 1.72 1.38 1.8 .79 .4L%  JLé 247 2.38 1.73 1.23 1,41 1.71 ;
56l 69 .84 .85 .68 L5 .62 2.39 2.57 1.35 .89 .61 .68 ,
6862 .50 .5% g L6 .46 .57 3.23 2.8 1.33 .7 62 66 o4
LaLs 56 Lo N7 ke 260 .36 1.2 1.72 .78 .52 .52 .93 ‘
6L:55 79 W73 .92 .73 W61 L0 2,59 1.99 1.33 .89 .55 .80 §
6997 96 1.2 1,02 .98 .58 .69 2.3 2.31 1.37 1.05 .76 .97 i
6785 .51 .59 .81 .78 .57 .LhLO 2.0%3 2,18 1.3% 1.01 .72 .69
8000 1.28 1.L47 1.69 1.07 .73 .80 2.9 2.27 1.82 1l.28 .73 1.16
6252 1.09 1.2 .93 1.1, .L9 .21 1,78 3,16 1,12 .80 1,32 ,90
7200 L8 1,12 1,02 .72 .67 L5 2.3 2.25 1.98 .Bn2 .73 .78 ﬂ
AVERAGE MONTHLY PRECIPITLTION FOR STATIONS IN LITTLE COLORADO BASIN §
%
Table 1
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THE SUPER-FLOOD NF 1588.

There ¢an be no doubt that a super-flood whicn occurred in the
early months of 18R% was by far the lergest which has taken place
since the American flap snapped in the hreezes of the great South-
west. We have discovered no estimate of its volume, but the story
of that flood was written in ridges of driftwood which si'11 remain,
and it wac deeply carved in the memories of those who were witnesses.

"Orly tlie tops of the cottonwoods remained above water,™ is
a p! .se to which our ears have become sccustomed. Again we hear
the old settlers say, "The whole country seemed to be under water",
or, "There was water everywhere",

In Clear Creek, a tributary near Winslow, the water rose
more than 70 feet according to Burr Williams, . young cowboy in
those days -- e humen landmerk in the Winslow of today. le is of
the opinion that before this flood most of the water which now
enters the Little Colorado through Corn Creel: joined the river at
Slough Bend, some eight or ten miles above Leupp. Mr. Billy
¥Williams, also of Wirslow, does rnot agree on this peint. He is
of the opinion thet Corn Creek water entered the river near Slough
Bend during this flood, but that this was not usual. Both agree
that not until more then twenty-five years hed passed did Corn
Creek become topograephically conspicuous,

Two miles south of Leupp, near the point where the road to
Canyon Diablo joins the Leupp-Winslow highway, greet quentities
of driftwood were deposited st an elevation of more than /i770 feet
-~ indicating tha® much of the site of Leupp was under practicslly
twenty feet of weter! For years afterward, according to Burr
Williams, this was a favorite carping place because of the abund-
ance of fuel, Little,if any,of it remeins today.

Such is not the case a few miles farther cduwn the river
near Tolchaco. There one can still feel something of the magni-
tude of that flool when he finds great lopgs erd pnarled tree trunks
s*randed more than three miles from the normal channel of the river,
or traces the marzin of the flond for leng distances by distinet
lines of flnod debris which are still clearly defined after half a
century. At the crest of the flood the river in this ares may
have been nearly four miles wide, with a maximum depth of ahout
twenty feet.

In this connection we feel it is imrortant to call attention
agein to the anticline which the river bisects two miles below
Tolchaco., The chennel here is relatively narrow, and a major flond
mey become bottled - up at this point. We believe it is highly
probable that thies gorge caused considerable back-pressure and the
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impounding of huge quantities of water above it during the flood
of 152, It is lerpely due to this that twenty yesrs afterward
teposits of driftweod in the Tolchero aree could still be mensured
ir hundreds of acres according to the statements of Mr. Devid Ward
pnd Mr. Philio Johnston who lived there in 1908,

In all probanility the only living eve-witness of the flood
in the Tolchaco sres is Mr. Bill Williamg of Winslow, slresady re-
ferred to esbove. He came to Arizona in 1878 ns s boy of some tén
veers. At the time of the flood he end his fother were on the
north side of the Little Coloradc, Winslow-bound from Blue Canyon.
It was their intention to ford the river at Wolf Crossirp which is
situated at the voint where the river enters its gorge in the anti-
cline below Tolchaco. Owing to water which inundated the country
it was rot possible for ther %o come within severel miles of this
point., Mr., %Xilliams concurc with our ovcinion thaet the waterway in
tre gorge wes entirely too small to carry so great a flood, and
consequertlv backed it out over meny thousand ecres of the surround-
ing territorv., Eventuully & consideresble portion of this water
found a new passage eround the northeastern end of the anticlire,
flowing towerd the northwest into the Dinnedite, and entering the
canon of the Little Coleorads four miles below Grand Falls. Plate 9.

The flood, Mr W.1l9ams savrs, wes the result of a quick
spring thew mccompenied by three drys and nights of wrrm rairs
thro:shot the entire Little Colorado Besin, after a vinter in
which much enow had fallen with ro previous opnorturity to melt,
Similer snow 2nnditions may be exnected about once in five yseers,
How frequently heavy snows may be exrected to combine with rapid
thaws ard wrr-, prolonged rains of zereral distribution we can not
say.

At twelve miles below Grend Falls, in the Black Falls
area, considerable quantities of driftwosd may s*il1 be found.
Trunks with diametors of ss much pe four feet are strended at un-
believahble elevations. Fror such evidence we are hopefuvl that
ressonphly scenrale estimates of the size of the 1388 flood may
be made., If a volurme of st least 300,000 cfs is indicated we shall
not be preatly surcrised.X '

How often do such huge floods occur? No mar knows. Of one
thing we mrv feel certein, Thev are very rere. In the dey when
sucr. 8 flood does come again, Holbrook, Joseph City and Winslow
mav suffer quite ss muchk as Leupp. The present dike sycstem at
Leupp will 2 of no more berefit tuan a single ssck of dirt. To
anticiprte such a flood and sttemnt to protect the settlement
arains* it would cost much more then the rebuilding of the entire
plant in s more wisely chosen locetion,
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Whether the next great flood is a week or a century or
even a millennium away we can not tell., There 1s evidence at
hand which leads us to believe that they have been exceedingly
rare during the past twelve centuries. Almost within the limits of
Leupp may be found pottery sherds which show the site was oocupisd
during the Eighth and Ninth Cdnturies by Pueblo Indians. Elsewhere
in the immediate vicinity sherds are abundant. It is reasonable
to believe that frequent floods would either have burried or swept
away these evidences of earlier occupations., On the contrary gur-
fece evidence of former occupations are conspicuously present
throvgnout the entire valley, and whare they have been burried it
is wird rather than water which has done the work.

Of this we may be certain. The super-flood of the late
180s is half a century behind us, and the next one is fifty years
nearer.

THE FLOOD OF NOVENBER 1905.

We ars indebted to Mr. David Ward, of Winslow, Arizona,
for first calling our attention to the flood of Kovember 1905. It
is also mentioned by Gregory. (19b)

For many reasons this flood is of particuler interest, and
not the least amonpg them is the fact that Leupp was being laid
out when it occurred, but was either not badly snough flooded to
make it obvious that a diffarent site should be chosen or else the
fourding party ignored the facts. In addition it was the only
M.vember flood of which we have racord and may heve been the largest
since the one of 1888. ' ‘

‘Each of the seven stations reporting set its all time high
for Novemher precipitation in that month. Fleagstaff reported
7.10", with 26.7" of snow. The other stations were ss follows:
Ft. Defiance 3.58; Holbrook 2.82; Pinto 3.85; Si.ow Low 5.68; Ft.
Wingate 2.70; and Manuelito L.1L. The average for the seven sta-
tions was [..]'1™; their November normal only 1.07". The sctuel
precipitation wes L10% of the normal -- a greeter departure than
any other month has shown this century. Only July 1911, January
191v, July 1919, July and August 1921, end July 1929 have been
wetter, and these only slightly so since the wettest of them had
only L.9L", end two were slmost identically the same as November
1905, Our cherts show that we have had more than four inches of
precipitation only once for each 63 months considered, end that
more often than not it came in July. During the first 22 years of
thie century there were six such months, three of which came in a
period of 25 months, or one in each 8 2/3. Since this period of
greatest frequency there has been only one month == one in 170 --
with precipitetion above four inches. There was no such month in
the final 92,
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The soverity of the flood of November 1905 was greatly in-
creased by the manner in which ths precipitation came, and the
accompanying temperatures. Mr. Ward recalls that there ceme first
a prolonged period of very gentle rain which thoroughly sosked
the ground without causing sny run-off. With the ground in this
condition very cold weather suddenly arrived and the soil was frozen
deeply. Then there came & heavy snow (over 26" at Flagstaff) which
blanketed the entire basin., Again there was a sudden change in
temperature, and a driving snowstorm becams a warm rain., The rap-

- 1dly melting snow ren off the frozen eatth as if from pavement.

Another factor which contributed to the violence of this
flood might easily be overlooked, largely because of its bigness,
In 1880 s drought began which inflicted the entire Southwest. Texas,
Utah and Californis found ranges overgrared and conditions beooming
desperate. The completion of the railroad across northern Arirona
in '83 hed made accessible those wonderful grasslands .Baale reported.
But it was in '86, when west Texas was perticularly hard hit, that
the first big shipments begen to arrive, as the Hashknife outfit
unloaded 29,000 longhorns ut Holbvrook and Winslow. Before the '80's
ended at least 70,000 had been shipped to those two points. The
drought burned on through the '90's, In 1893 there were 800,000
cattle snd over a million shesep in the state, as we have previously
pointed out, and thoussnds of horses, For another dozen years ede-
quate reins were withheld end beneath the restless hooves of the
ever-increasing hordes of starving creatures the puradise of north-
ern Arizonn became, with tragic swiftness, s paredise lost,

So it was that the opening years of the present century
found the grasasy paredise of 1880 changed to & land of desolation,
the abode of choking dust«storms, creeping dunes, end hot winds
armed with flying sand that burned and stung the struggling vege-
tation which drought and over-grazing hsd not already destroyed.
The morning's green leaves were often orisp e=i bieck at sunset.
A stoockman's heaven had become a land accurred.

Yiith this rather broad and hastily s.~etched picture of con-
ditions in mind it 48 not difficult to understand why 1905, with
heavier preclipitation than any other year {. recent times, should
have had serious floods, and should mark ’.ne beginning of severe
arroyo cutting which still continues ¥ I- wms in 1905 that the
Wepo Valley, site of many Hopi farms, had its agricultural wvalue
largely destroyed by an arroyo which ate tirough it with surpricing
rapidity. It seems probable, also, that tht severe silting of Tol-
sni Lakes began at thls same time, for the W.vo drains into the
Polacca which at that time emptied into Tolar. Lakes,

R OYoe) ~ e e S e g

12
/ a P -
[ C{‘)Q SANEX e L e -:/M( "1(!'-5\ 'JL«\/“ // \l—’,,

i, / Py ;“/‘ ' ':,”~ ’ '
Nl i 4,.»',.1‘4 Lt g La T N LS rn—', {u- {

- . ) e :4~»‘.fo,, L adive v . /"fr_‘// T
JJ./M T ‘ A::,' 4 (: o AL ST NI o 04 Crer el 4/4‘::4»4 /"ft
s A #iole) o »('»- o/uz‘ /m(t/.«;/vf PRI ;; S il o /{,44_¢[/ cs Z
‘W"T“f"“xT;“4‘L*“vfu i KRl Ul gt ek _~_>/h€uk
,—Z";r—(_ ~ ,'

"7/"" @y (’\ff /M

Wi 6

e

T - /
5 - 4 ./
. A, JJ:J/—x Lot AL /1;7 ,-fn.r*'q,.r,.,«:,
[}

el 57T il o A,

-

.ot

il

{
{
]

L,‘/

CV-6417-201

NNO001879



©TN
~__)~ L S e L AR R

s
RNV

-

R e v uppaesmpmeeeyt SR B SU N i

.
[

The discharge of the Little Colorado River at Holbrook
reached a morentary peak of 20, 180 cfs on November 27. (5la)
It is to be remembered tha‘; a learge number of importsnt tributary

streams enter the Little Colorado below Holhrook. Leroux, Manilla, -

Chevalon, Clear Cresk, Cottorwood, Corn Creek (Oraibi, Polscce and
Jeddito), Coyote and Canyon Diablo are the best known among them.
Momentary discharge .from Clear Cfeek alone has been known to reach
39,000 cfs uuring recent years (April L, 1929), and Chevalon has
contributed over 1¢,000 cfs within the past decade. It is improb-
able that either of these recent maxime epproach the contributions
made by these streams in the flcod of 1888. The flood which passed
the site of Leupp in ¥ovember 1905 was esugmented by flows from all
the tributaries mentioned, except Canyon Diablo, and may well have
exceeded 75,000 cfs, :

So far as we can discover the flood took only ony human
life, Mr. David Ward, referred to above, was Indian traler at
Orasibi at the time. He had sent an Indian teamster to Winslowm

or suprlies, Returning along the'west side of the Little
Coloredo to 8 voint not quite midway between Leupp and Winslow,
the Indian attempted to ford the river at the ordinarily aafo 0ld
Hopi Crossing. Horses, wagon, supplies and driver were swept
eway, end no trace cof them was ever found. A week or two la‘.r
Mr. Viard stopped at the 1little cluster of tents which were pitchod
on the site of Leubp, out could learn nothing about the whereabouts
of his vanished outfi*, Late in the afternoon he turned his horuse
about to return to Oraibi and crossed the Little Colorado two iniles
below Leupp. The land on the north side of the river had become n
veritable quagmire, and nearly 30 hours were consumed in traveling
the next six miles, Mr., Ward is not now certain just what had
caused this unusuml condition, but it seens highlygprobable that
the =:'ea was not inundated by overflow from therriver. Since 1929
this area has occasionally been dotted with numerous small ponds,
and it seems likely that similar but exaggerated conditions existed
early in the winter of 1905,

We may consider 1905 of particular interest bLecause .t
merks the end ¢f a quarter of a century of drought with the wettest
year since records have been kept in the Little Colorado Valley,
because it saw the beginning of arroyo cutting, and rapid silting
of Tolani Lakes, and because Leupp was founded that year actually
during one of the largest floods of this century.

FLOOD OF DECEMBER 1908

In December 1908 another flood swert down the river with
surprising swiftness. Sudden rises are the rule, but certainly
this seems to have besen an extraordinarily ranid ons. Guy Yazzie,
a Nevajo Indisn of Leupp, recalls that he had been hunting rabbits
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with his grendfather mcross the river from his hogan. After kill-
ing one a few hundred ysrds from the normel cheannel, they recrrssed
on dry ground to their home and skinned their kill elmost immedi-
ately. Probadbly not more than thirty minutes had psssed after the
killing of the rabbit until Guy and his grandfather looked out
across the dry ohannel toward the spot of their recent triumph.

To their amazement water had covered the site, and within an hour
the river was nearly & mile wide,

Almost 20 milee farther down the river Mr. David Ward, at
that time at Tolchaco, to which place he had moved from Oraibi in
1907, spent the night with other men of the little settlement
building dikes to save his home and other buildings which were
threatened by the rising water, By daylight the wster had ~1b- _
sided, end there was no further immediste danger. Unlike m.ny
other builders in the Little Colorado Valley, Mr. Ward took the
river's werning seriously, and built his trading post, which had
been planned for a site near his residence, nearly a mile awey on
a rocky bench where it would never be menaced by the river.

The flood was briel, as we have seen, and apparently of no
perticular importance. 1t is of interest, nevertheless, for several
reasons, It 18 the only December flood of which we find record,
rnd the only winter flood in which melting snow seems to have
played no gppreciasble psrt. Although it was one of the wettest
Decembers sver recorded in the Arizona section of the Little Colorado
Velley, procipitation in the New Mexicen dreinage was below normal
(31.8%), and the storm was distinctly an Arizona affair. Average
precipitation for the 7 Arizona stations was 3.14" (2.64% of
normal) and even at Flagstaff only 20% was accounted for by snow.
None remained from the previous month.

Nine stations reported their monthly precipitation as
follows:

Flagsteff 5.74 Pinto 1.72 Winslow 1,38
Holbrook 1.51 St.Michaels 1.80 Blackrook A6
Keams 2.76 Show Low 3.05 Ft. Wi ngate .10

The unusually heavy precipitation at Winslow and Keams
Canyon probably uxplains the sudden rise in the river.

FLOOD OF JULY 1911

Gregory writes that destru.tive floods occurred in the major
tributaries of the Little Colorado in 1911, but mentions no month.
(19b) A study of precipitation racords makes it almost certain that
July was the time. Eight stations reported average rainfell of
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L4.70", which was 183% of their normal. Although the station aver-
ege for July 1719 was 4.9L", this was only 18L,% of normal for the
17 reporting stations; the station sverage for July 1929 was also
L.70", but in this case it was only 175% of normal for the 1
reporting stations. Therefore July 1911 was probably more nearly
like July 1919, the wettest on our chart, than it wes like July
1929, in spite of station averages which are identical.

George Gresley, a Navajo Indian who has lived at lLeupp for
more than 20 years, recalls the period, but in no grest deteil. He
says that he was in northern New Mexico st the time, that heavy
ralns came on several consecutive days and that sll strears were

very badly flooded. g

On March 7, 1916, Mr. H. F. Ro“inson, Supsrintendent of
Irrigation, wrote the Commissioner of Indian Affairs, "Twice within
seven years the river has been high enough to allow water to 1leave
the stream bed and run scross the land following the o0ld channel
to the west. (The channel referred to is the one which became the
mein chanrel of the Little Colorado in 1933,)

"The first time the school grounds were flooded. Subse-
quently a couple of dykes were constructed (as shown on the map),
and this yesr the water failed to reach the school grounds only
because of these dykes and the fact that the water was not guite
as high as in the former flood." (45a) See Plate 6.

In 19. * a report, also the Commissioner of Indian Affairs,
states that the dikes mentioned were constructed in 1909, but the
source of this information is not indicated. Our own conversations
with early residents had lead us to believe that construction had
taken plece in 1911. It is, of course, a matter of no preat im-
portence., If, however, the dikes were built in 1909, tho flood
which invaded the campus at Leupn must have been the one of Decem-
ber 1908, If 1911 is the correct date, then the flood ebout which
Mr. Robinsun wrote may have been the one under consideration.

The damage mentioned by Gregory must have been in the nature
of arroyo cutting, for the most pert, although no definite state-
ment to that effect wes made. At the time of the flood spproxim-
ately 2,000,000 head of livestock were grazing on 1l;,983,667

- acres of the Navajo and Hopl Reservations. There were more than

1,600,000 sheep and goats, but less than 35,000 cattle. Horses,
mules and burros nimbered about 333,000, (19b) The previous year
had been dry, with only 10.82" of precipitation. The probable
improvement in range conditions which accompanied the relatively
heavy precipitation from 1905 -« 1909 could eusily have been erased
by the single dry yeer of 1910. "A sharp desert year", says
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. Isaiah Bowman, "may have more effect on orops, tree seedlings, and Y l\
soil erosion than half a dozen normally moist years.”™ (5a) Nearly o
e billion restless hooves trampled the sparse and struggling e
vegetation during a dry May and a burning June, setting the stage . EEEE
for the torrertial rains of July. It would be surprising if those
showers had not destroyed as well as blessed the countryside.

Preston, Dean and Post, in their report to the Commissioner U
of Indian Affairs, under date of June 2, 1931, state that a flood SEAN
of magnitude took place in 1916. Precipitation data (Table 2)
indicate strongly that there may have been two or possibly three oy
periods of high water in that year. (For Table 2, turn page). '

December and January precipitation in the winter of 1915-16
was unusually heavy, indioating thet f£loods might enr2ly nave ocour-
red in either or both months, providing temporatures were favorable.
No December sver recorded at the Flagataff waatlier station has had
more snow than December 1015, and only two months (Jan. 1895 and

; ‘ Aug. 190!;) have surpassed the 8.16 inches of precipitation recorded
\ in Jsnuary 19lo. In those two consecutive manths 10.7 feet of
snow fell at Flagstaff! (In January 1895 the all time record was

i - set -- 120 inches. In the preceding Decenmber there were 38

\, : inches ~- a total of 13 feet 8 inches in two months.)

) As might be expected, unusual falls of snow occurred during
those same months over most of the Little Colorado Basin in New

/}, "- Mexico as well as Aritona. December and January temperatures were
' S’ below normal at Flagstaff, and may be assumed, with reasonable
safety, ‘to have been so rather generally. Flagstaff's February

\ temperatures were slightly above normal, with an aserage maximum i
‘ of 45.3, and a highest temperature of 58%

We know thet on February 8 the Commissioner of Indian Affai.s ]
wrote I'r. H. F. Robinson, Supt. of Irrigation, regarding flood pro- :
tection work at Leupp. (4LSa) It seems probable, although we have
no preof to offer, that the Commissioner was writing in response
tc either a telegranm or a letter telling him of flood conditions.
Even in recent years correspondence regarding the situetion et
Leupp has lagged except during or immediately after periods of
emergency. In replying to the Commissioner's letter Mr. Robinson
statad that additional dikes would be needed, and recommended the
construction of jetties and the cutting of a small pilot chsnnel.
¥inimum cost, $6,500,00. x

Precipitation, temperatures and correspondence, then, all
point toward a possible flood in FPebrusry 1916. Furthermore floods
of importance have occurred in the early part of February in both
1932 and 1937, making such a flood sesm all the more likely, Our
personal experience during many years of residence in the Little
Colorado Basin has taught us to expect severely cold weather during
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STATIONS NOV. DEC. JAN. FEB. MAR. APR. MAY. JUN. JUL. AUG. SEP. OCT. NOV. DEC. ARN'L
Flagataff 1.82 5,03 8.16 0,77 1.77 0.06 0.37 0.00 2.46 32.29 1.78 3.61 0.00 1.11 23.38
: Fort Valley  1.35 L.LS5 8.57 0.82 2.69 0.30 0.35 0,00 3.54 3.87 2.01 3.82 0.00 1.15 27.12 oL
F Holbrook 0.75 1.37 2.04 0.21 0.6y 0.67 0.11 0.00 1.36 3.26 2.91 2.L6 0.00 0.50 1L.16 o ot
H % Heber 10’40 3.87 6o91 0.)41 2,01 0.93 0.08 0.00 3.142 ’.1-18 0.96 3.03 0.0T 2°5h 2110147 .
: { Keams Canyon N.R. 1,27 5.10 0,01 0.80 0.60 0.15 0.00 1.86 1.13 0.81 2.86 0.00 0.55 13.69 b
! Leupp 0.0 1.50 0.93 0.02 0.20 T 0.02 0.00 1.90 0.07 0.47 ©0.03 0.00 0.L5 L.09 ey
; Pinedale 1.9L L.15 6.32 0.62 1.89 0,82 0.15 0.00 5.27 L.29 1.”79 3.7L T 0.87 25.26 gl
’ Pinto 0.2 1.1, 2,88 0.26 0.8, 0.6, 0,02 0.00 1.L,2 2.95 1.96 1.98 0.00 0.85 13,80 i
St. Johns 0.63 1.03 3,51 T 1.17 1l.20 0.31 0.00 2.1, 0.97 0.L,5 2.21 0.00 0.58 12.54 E
St. Michaels 1.04 1.0 3.61 T 0.3L T 0.23 0.00 3.18 2.91 1.31 2.14 T o0.L,0o 1L.12 g',“I_lA.A |
. Show Low 1.66 1.96 5.39 0.41 1.7, 0.58 o0.21 0.00 2.72 2.74 1.27 2.76 0,00 1.16 18.98 T
- _ Sniowllake 0.8 1.71 2.59 0.07 1.85 0.56 T 0.00 1,41 2.43 0.95 2.17 0.00 0.50 12.52
- Springerville 0.0l 1.06 1.4, T 0.54 T T 0.00 3.65 2.28 0.32 2.02 0.01 0.10 10.56 g
Winslow 0.60 1.3, 1.50 0.2 0O.00 0.31 0.24 0.00 0.98 2.5, 0.93 1.65 0.00 1.20 10.25 . S
Blackrock 0.78 1.18 ».LO 0.33 1,00 0.3% 0.42 0.02 3.38 2.12 1.71 3.91 T 0.30 17.52 i J
McGaffey N.R. N.R. 2.86 0.1} 1.24 0.50 0.35 T 5.20 0,65 1.3 3.L5 0.15 0.66 16.55
Station Averagel.O; 2.14 L.09 0.27 1.25 0.4,7 0.19 0.00 2.74 2.4,8 1.28 2.61 0.01 0.80 16.19
: . ny
Station average for the year was 2.10 inches above normel. Average for the entire basin was 1,75 inches
above normal.
/ _ PRECIPITATION DATA FOR THE LITTLE COLORADO BASIN
; - November 1915 to December 1916 )
-
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N ‘.' the first three weeks of January, but delightfully moderate weather
N thereafter. '

g It is altogether possible that high water or even serious .
| ~ floods »"so occurred in July and August, and perhaps again in

October. 1In the latter month the precipitstion average of 2.61

"inches was 2L,9% of the normsl. It must be remembered, however,

that October rains are seldom of the torrential character of the
storms of July and August, and that therefore run-off is relatively
much less. .

Although we have pointed out thet floods we;e possible in A
July and August we are inclined to believe there were nons. 1In o
the summers of 1932 and 1933 comparable precipitation is recorded
oL for the months of July snd August, but 4n neither period was there
run-off sufficient to have created even a moderstely serious flood
in 1916. The rainy season in 1916 was spread out rather evenly R
over a period of four months, July to October, and interestingly C
enough was preceded and followed by two of the driest months ever
recorded. Prior to 1923 we have no definite records of floods i
ocecurring in summer months with less than four inches of precipi-
tation. We are, consequently, not justified in supposing that
: floods took place in the summer of 1916, and are encouraged in the
; belief that early February is the most probable time, with late
January a possibility.

{Q It is our belief that the period of considerable flow con-
tinued at least until the middle or latter part of April. Stored
snow in the higher areas was unusually great, as we have seen, and
this must have melted readily under the temperatures which pre-
: vailed in Merch and April. At Flagstaff both months show the
: highest mverage maximum temperatures in periods of twenty years or
longer. On March 7 Mr. Robinson wrote that banks of the river were |
being rapidly eroded in the Leupp erea, with the water at mid- ' {
stage. (LSa)

THE FLOOD OF 1919

Post, Preston and Dean, in their report of Juns 2, 1931,
call attention to a flood of magnitude which occurred in 1919, but
do not mention the month. Ordiparily it is difficult to determine
accurately from the aveilable precipitation reports the month in
, which such a flood may have ocourred. In the present instance
§ : there seems to be little doubt that the time was July or very early
L August, since this particular July was the wettest ever recorded o
in the Little Colorado Basin. June, ordinerily dry, had bheeun S
dryer than usual. Consequently July's torrential reins fell upon :
; i parched earth, and the Little Colorado River went on the rampage.
We present, in Table 3, the available precipitation records for
the basin.
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STATIONS

Bly

Cosnino
Flagstaff
Fort Valley
Heber
Holbrook
Keams Canyon
Leunp
Pinedale
Pinto

St. Michaels
Show Low
Snowf'lake
Springerville
Winslow
Blaclaock
Gamerco
¥oGaffey

Average

Annual Average for 15 stations 19.06 inches.

ELEV
6800
5500
6907
7300
eLsl
5069
6600
L7e0e
6500
5660
6950
6300

Sob)
6862

L8L8
oli55
6785
8000

6293

JAN

1.50
1.00
.94

.65
.25
T
.10
.29

.17
.1l
N.R.
obs
.23
33
.05
.0b
T

<39

FEB

2.L0
2.16
2.17
2.75
2.52

9L
1.15

.58
2.81
1.14

-96

T «25

95
1.20
078
.85
.76
1.73

1.15

1.51

APR

T
Ay .w
<37
.68
.35
1.04
.55
.20
L6
.70
+36
H.R.
oha
.30
.19
.07
.91
7L

.18

MAY

.70
2.16
1.78
3.5L

.78
N.R.

.60
.37
1.04
1.08
N.R.
.85
.20
.61
.79
1.75
1.32

1.16

3k

‘Oo

.67
¥.R.
.00
.10
1.05

.50
.65
Lo
.01

.10
.03

.20

JUL

6.91
3,69
7.58
8.39
L.31
N.R.
3,60

.82
7.78
L.70
5.29
.22
L.16
L.58
1.8
5.39
.26

5.4L7
Lok

AUG

3.65
2.31
2.87
2.32
3.58
2.08

.60

2.27
1.01
3.64"
1.32
2.37
3.60
.68
.92
.75
1.81

1.09

:

[\
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N
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.76
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1.56

.31
N.R L
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2.93%
1,00
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Regardless of the exact date of this flood, it was of great
importance in the history of silting and the flood hszard et Leupp
for two reasons:

1. Tolarni lakes were so disasterously silted up by a great
flood entering them from the O-aibi that their value as a settling
basin for Ornibi and rarely for Polacca flood weters was lergely
destroyed. Huge quantities of silt which would have been effec-
tively trapr:d in earlier times, rushed through the lakes and into
Corn Creek to be deposited at the junction of this stream with the
Little Colorado.

2. This 8ilt load was of sufficient quantity to force the
Little Colorado to abandon the channel it had occupied for many
years, and seek a new one near the tiny cluster of buildings which
then comprised Leupp. That was the fir~t step in the long march
which has carried the river from the north side of leupp to the
south side of it, & march which has already cost more than §150,000.00,

Reid Jensen, a Navajo Indien who has lived at Leupp for
many years, says that he believes that this was one of several
occasions when the silt deposits laid down by Corn Creek were so
great that a dam was thrown completely across the channel of the
Little Colorado, thus creating a temporary reservoir.

THE FLOCD OF SEPTEMBER 1923

Before we consider the important flood of 192% it will be
worth our while to review the records for the summer of 1921.
Although Praston, Dean and Post do not mention this period in their
report to the Commissioner of Indian Affairs in 1931, thero can be
little doubt thet it wes even more important in Leupp's history
than their reported flood of 1919. It is possible, too, that only
human intervention made the flood of September 1923 more conspic-
uous than the one which must have occurred in 1921.

We present, in Table L, on the following page, the avail-
able precipitation data.

The combined average precipitation for July and August
1921 falls only .85" below the average for July, August and September
1923, It will be noticed that both June and September 1921 are
fairly dry nmonths, indicating a possible concentration of rain-
fall in much less than the 62 days provided by July and August,
Obviously the almost equal precipitation of the surmmer of 1923
might have been distributed over a much longer period. This may
not have besn the case, however, since the flood reached lLeupp on
September 1L, & fact which indicates that the vast majority of the
September precipitation fell between the 8th and 13th.
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L YEAR 1921 1923 i
S MONTH JURE  JULY  AUG.  SEPT. JULY  AUG.  SEPT.  OCT.
,g STATIONS ' ’ v
Bt Bly Ranger 3,62 6,93 3.9L 1,30
O Cosnino .30 351 S.42 T L.87 2.30  7.47 T
h N Flagstarf 1.03 .. 78  L.74 .83 1.08  1.86  2.37 1.32
o Fort Valley .83 4,93  L.o7 .19 h.03 2,70 . L.h9 .52
Heber L7 6.26 6.50 .23 No Record )

. %’ Holbrook .82 L.10 2.21 .35 2.13 2.39 3.51 - .72 &
Cy Keams Canyon .65 L.57 7013 000 No Record : ‘
L Leupp 50 1,05 L.s1° .02 No Record A P e

Pinedale 64 h.27 9.00 2 2.7 5.38 5.0l 1.75 L 3
Pinto LL6 395 2.68 .19 No Record -
St. Johns 1.18  7.11  3.58 .80 2.93  3.87  1.59 .70 T
S St. Michaels .68 2.13 5.51 T 2.91 L.24 3.01 1.57 g T
L Show Low N.R. 5.80  L.10 97 2.13  hL.98  L.38 2.17 :

iy Snowflake 86  6.59  5.38 .05 3.43  3.05  3.77 1.86 R

§ Springer'ille .bo 7.89 6.69 .19 3'7° 5067 3.0‘7 073 . o

N ' mnslo‘ . 057 2.29 3021 .13 lloBl 2;&9 3.10 ollh ’ ' " "',\_7'»..' .
McGaffey R. S. 3,70  6.10  5.47 T 01,53 L.y 3Lh2 .1.58 kT

Camerco 1.13 2.36 5.25 .02 1.78 2.76 2.66 1.57 . :

. Averago h.h2  hL.92 2.89 3.72  3.58 e

Normal 2,57 2.25 2.65 ~ 2.5L. 1.52
ST Percentage of Normal 161 207 109 147 236

% OInterpolated ' '

G99
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Be that as it may, the floods of 1921 passed unheralded
end unsung -- left Leupp untouched, while ths flood of September
1}, 1923, achieved lasting fame. .

-Why?

Some of the reasons are not diffiecult to find. Look first
at the 1921 records from Keams Canyon. Only one July was wetter,
end only one Aucust was half a3y wet fram 189 until now (1937) so
far 8s records exist for this station. Yet these two months were
side by side with their [;.57" end almost unbelisvable 7.13" of
precipitation -- a total of 11.7" in two months at a station
where snnual normel is only 12.i3". The entire year of 189l hed
less than 7" ¢

Keams Canyon empties into the Polecca which, in turn, adds
its water to that of Corn Creek. The Oraibi, Polacca sad Jedlito
Washes -- principal tributaries of Corn Creek -- have drainage
basins subequal in area. Gregory gives the following estimates,
probably conservatives Oraibi 652 square miles; Polacoa 672 square
miles; Jeddito 623 square miles. (19b) Geographically the Polacca
is the central one of these three which spresad narrowly, like the
fingers of a hand, across northeastern Arizona. These washes, with
their companion which is called Dinnebito, mre often referred to
as the Washes of Tusayan, The Spanish called the Hopi Country of
today "The Province of Tusayan", and it is drained by the washes so
named.,

It ie unbelievable that the Keams area, situated as it is
near the center of the Oralbi-Polacca-Jeddito drainage ba3sin,
could be so thoroughly drenched and not share its fortune with
neighboring territory. Owing to disasterous silting in 1919 and
earlier; Tolani Lakes were no longer able to swvallow at a single
gulp the bulk of the Oraibi's flow. Enormous quantities of silt,
formerly checked by them were thrust into the Little Coloredo
River at the mouth of Corn Creek. "Mud-balla™, so characteristic
of this drainege, wore rolled onto the flood-plein of the larger
gstrear in thousands, rapidly building up an effective dam. The
Little Colorado found its course blooked, took its second step
toward the southwest and Leupp. A small irrigation project of
the Indian Service, loocated at the mouth of Corn Creek, became &
hopelessly silted mess. Beyond that there wns little mpparent
demage, and probably leas anxiety about the future in the minds of
the handfull of people who lived at Leupp.

There followbd the unusually dry year of 1922, Only one
year since 1910 had been dryer. If floods occurred, and we doubt
it, they wsre mediocre affairs which went unrecctded.

Down the edge of the Little Colorado's broad valley to Leupp
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wendered the main highway from Winslow and the East to Flagstaff
and the West. Just beyond Leupp thea road orossed Canyon Disblo
without human help and headed for Flagstaff. To the right a fork,
also on 1ts own initiative, crossed the treacherous Little Colorado
on & limestone ledge and straggled off into the Hopi Country to the
northesst,

In horse and buggy days travelers camped near these cross-
ings and rested when streams were too dengerously swollen. If
the tales of pioneers are true it took a lot of swelling for those
hardy folk to diagnose it as too dangerous.

In 1921 automobiles were far from unknown in the Navajo Res~-

ervation, but foolish, indeed, was the man who started off without
shovel, axe, weter, food and bedding. Bridges were practically
non-existent even though swollen streams were apt to be abundant
for seversl monthe each year. Cars, equipment, even lives were
loat while those pioneers of motordom were discovering that horses,
lacking ignition systems, oarburetors, gas tanks and excess weight,
had fording adventages no car possessed. As motorists sat by for
hours or even deys after teams and wagons had crossed safely and
with ense, there grew a conviction that "something should be done
about it".

Before anything wes done, however, Mary Roberts Rinehart
arrived et Leupp searching for colour for an article, which we are
told, was to be entitled "Roughing It in the Peinted Desert". If
traditions are to be trusted, the noted author was roughing it in
threc Pierce Arrows, one of which ocontsined corplete lining equip-
ment and a negro chef! Be that as it may, the Rinehart cavaloade
bogged down es it tried to negotiete the crossing in the Little
Colorado below Leupp, and had to be rescued by locel talent.

In fairness to Mrs. Rinehart we hasten to add that "Rough-
ing It in the Painted Desert” was mever written, but "Desert
Caraveners” was, Mrs, Rinehart nct only “rankly admits that there
was a dining oar and s chef, but states that there were two other
huge trucks and eight passenger-cars as well, (L3a) Beceuse that
famous writer geve & most excellent deseription of conditions at
the crossing below Leupp at that time we take the liberty to quote
briefly from "Desert Caravaners", condensing as we go, and regret-
ting that we must do so. We find her on one side of the river
wishing she was on the other, with Flagstaff a few hours behind her,
and the Hopi Sneke Dance a day or so shead.

"Now my idea of crossing & river has generally been a bridge,
I have done it on a horse and in e boat. But in n machine I prefer
bridges. 1Indeed, my liking for bridges when I am in a car amounts
to an obsession. It seemed, however, that there was no bridge over
the Little Colorado at Leupp.
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N "The trucks were at Leupp. So was the river. So were we.
) And all of us geve every indication of remaining et Leupp.
"Over & bresdth of bed of some six hundred feet of fissured
mud and sand, the river sent small trickles of wrter which wandered
here and there, as if seeking the mother stream. But if they did
not know where the mother stream wes, we did. It was hiding under
the far bank, which wes twenty feet high and extremely steep. Not ‘
that the mother stream was much, really. It was some thirty feet e
across and waist-desap in the center, but, with the usual instinct S
of rivers, she had dug her channel abruptly. That is, one stepped
off from the shallow into trouble at once. I know. I did it. -
"So on Jordan's stormy bank we stood, and.cast a wistful A\
eye * % * :
"But the school superintendent was both kindly and resource-
T ' ful. He sent to the school for a team, Indians, and ropes, while
‘ our drivers tcok off their shoes and socks and rolled up their
trousers, * * *
"The Ford had ceught up with us, and was, es is the custom
with Fords, selected for the first victim. Escorted by running
men it shot c.* on the mud, stuck, was dug cut, stuck again, again
was rescued, and now mede s flying leap at the stresm. Suddenly
we gave a loud wail. The Ford went forward smartly, dipped, fell
forward, buried its nose in the hole in the river bottom, and
there remaii :d, slowly drowninp. There is nothing sadder than a
, drowning Ford. P
fi:) ‘ "We camped thet night on the other side, in e sandy desert -
e plain, for the men were exhausted."” : :

Not long after this event steel bridges, only a few hundred
feet apart, were constructed with Federal funds across both streams.
They were completed in that fortunstely dry year of 1922.

It was those bridges, coupled with the relocation of the
river chanrel in 191G and probsdly sgain in 1921, which forced the
flood water of September 1l, 1923, into Leupp until it stcod more
then & foot drep in some of the buildings. It drowned hoge in the
governrert pens and sheep in a corral behind the Leupp Treding
Post.

e T

Above Leupp it wes possible for the river to attain a width

of over two miles, and it did. At the new brid; e it was expected
i to squeeze through an opening just 300 feet wide, and could not.

To complicate the situation the grestest flood since the errival -
‘ , of the White Man came roaring down Canyon Dieblo. Up in the canyon £
! the water was actually 60 feet deep. (LSb) As it issued from the -
hills it could spreed broadly southwest of Leupp, but it was ex-
pedbted to compress itself sufficiently to pass beneath the new
150 feet bridge which hed so recently been constructed at its
mouth. It refused,
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To make & very bad matter worse, both bridges had been
set high above the stream-beds to protect them from floods. Long,
high, earthen approaches made access to them possible. But those
same approaches very effectively dammed back the flood waters of
the rampaging streams -- that is, they held the water back long
enough to thoroughly frighten the inhabitants of Leupp. Then, when
water was beginning to splash the siringers of the bridges, nearly
20 feet above the normal stream-bed, the approaches - all four of
them failed. Water subsided rapidly at Leupp.

Below the bridges a mile or two lived an obstinate Navajio.
He had lived there for many years and the river had never reached
his home. No amount of argument could convince him that he should
take his flock of nearly 1,000 sheep and goats to higher ground,
or move his family to safety. When his sheep were struggling to
keep their nostrils ubove water, he and his family were rescued
from the top of his hogan with a team end wagon. His sheap were
lost. Several miles down the river a fellow tribssman was found
several days later on the roof of his hogan -- dead from exposurs.
At least one other band of sheep was lost, and part of a third
flock.

Interesting, to say the least, are the available figures for
the volume of that flood. Senta Fe engineers at Winslow, long
accustumed to estimating the Little Colorado's floods placed the
crest at 50,000 cfs as it rcoed past their bridge in Winslow.
Eighteen miles below Leupp, at Grand Falls, the U. S. Geologlcal
Survey gaging station reported a flood maximum of 120,000 cfs.
(51a) That is an increase of 24,0% in less than 60 miles,! Beyond
any reasonable doubt it reflects the impounding of the water by

the new bridges near Leupp. No considerable tributary enters thn
Little Colorado between Canyon Diablo end Grand Falls. For that
reason the Grand Falls record of 120,000 cfs is often misquoted
as the approxinate crest which Leupp withstood, although it was
almost wholly without dikes., It is our opinion that the combined
crests of Canyon Diablo and the Little Colorado in the Leupp area
did not exceed 100,000 cfs and that 80,000 ofs might be & rather
close approximation c¢f the truth.

In 1922 it hed been decided to enlarge considerably the
school and aegency facilities at Leupp. This work had scarcely been
undertaken at the time of the September flood. Tradition tells us,
but we have not verified the statement, that one Hugh Russell,
foreman in charge of construction at Leupp, wired the Bureau of
Indien Affairs advising that work be abandoned. According to the
story as now told he received a reply saying, "It is your duty to
build not to advise."
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(T:) { ¥hether that is true or not, approximately half a million

s dollars has been expended in improving plant end equipment at
Leupp since the r'lood menace becare painfully obvious., Even
approximate figures are not eveailable for the coet of flood pro-
tection since 1y2Y. Lowest estimates place the surm at a little
more then $§125,000.00, while ths highest ones are just about
double that amount. '

But returning to 1-23, the flood and the inadequate brid-
ges, we find ¥r, H. F. Robinson, Supervising Engineer in the
U.S.1.S., writing the Commissioner of Indian Affairs on October 9,
meking & report in response t- the Commissioner's telegraphed
request of September 21, It was a carefully prepared report,
stating what had happened, why it had happened, and what should
be done. We quote briefly from it:

"The water did not reach the bridge structure, but the
underside shows traces of muddy weter that had been splashed
against the surfece. * » * had not the approaches given away to
« allow the rdditional weterway, * » » the bridge 1tself would have e
been destroyed. o

"From the Cafion Diablo bridge, on the west it is 180 to b
+he high water mark. On the east side is a wide flet and water )
backed up over that for & long cistance with no perceptible cur-

. rent. From the Little Colorado bridge it is L,O0Ot to tte south to
f o~ { the high water mark and 1005' to the north. * * =» .

k;:} "The only portion of the four approaches that is left is by
a little pile of dirt at the east end of the Canon Diablo bridge
= +» », and a piece of the approach on the north side of the
Little Colorado bridge about 125! long * * »."

The Little Colorado Bridge was left between 18 and 20 C
feet above the ground at either end, acoording to Mr. Kobinson's i"
report. He made suggestions for temporary repairs which would :
make it available for use until permenent repairs could be made, /
The report continuos: -

"It is suggested and recommended that the only safe method
of permanent repairs would be to build an additional span or
spans to this bridge at the south end. As the rock is so near
the surface, it will not be very expensive or difficult to make P
a 50lid foundation at a reasonable expense, and it is believed
that there should be constructed two spans of 100 feet each in
this direction."

The following suggestions were made regarding the Canyon
Diablo bridee:
: "For permenent repmirs, the east approach should be con-
I structed of earth or shale and on the west spproach another span
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should be constructed not less than 10Ct' long. Inasmuch as
for that distance there is no bed rock within & reasonable
depth, it might be more practicable and it certainly would be
cheaper to put in a pile approach, in which case, owing to the
obstruction caused by the piles, the length should be et least
150'", -

48 this is being written more than 1% years have passed
gsince Robinson's report reached Washington. Aside from tempor-
ary repeirs, made and made again, absolutely nothing hss been
done. On February 8, 1937, (just eight days ago) the approaches
again held bi >k e flood until the campus in leupp was partially
inundated, and once more the water overshot the south approach
to the Little Colorado Bridge, but for so short a tims that little
damage was done,

Such was not the oese in April, 1929, when the south approach
was again carried awny. More than two years lster, on June 2,
. 19%21, a letter was addressed to the Commissioner by William S.
Post, Director of Irrigation; John Paul Dean, lst Lisut. Corps
of Engineers; eand Porter J. Preston, Engineer, Bureasu of Recle-
mation. We quote: '

"In oconsidering the flood problem at Leupp School the re-
lated flood problem at Ashurst Bridge, two miles below, which
serves the Leupp Indian Reservation, also ceme to our attention,
This bridge across the Little Colorado River immediately below
Canyon Dieblo is useless at high water becsuse its approaches
wash out, It is now 300 feet long and should be extended to
twice this lergth for proper waterwsny.

"Such widening would tend to relieve the backwr.ter situa-
tion at the school above.™

Time and agein tens of thousands of dollars have bsen made
available for the construotion of dikes -~ dikes which were the
more urgently needed because not ome cent had besen made available
for the proper altering of the bridges. Thousands of feet of
those dikes are in ruins today. It is spparent now that these
ruined sections should never have been constructed. It is easy
for us to say that now because "hindsight" is so much keener
than foresight. On the other hand, whbn hindsight has for thir-
teen years insisted that the bridges below Leupp are inadequate,
and nothing is done to remedy the grave situation, it seems to
indicate a complete lack of enything which even faintly resembles
foresight. Perhaps it is just another case of the very famous
leaky roof which couldn't be fixed while it was raining, and
didn't need fixing when it wasn't,
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FROM 1923 TO 1929

The period from Septembe: 1923 until April 1929 was one
without notable floods, but not one which wus free from incon-
spicuous changes of importance.

Only two years, according to our caloulations, have been
wotter than 1923 during the present century -- only four have
been drier than 192L. Although 1925 was wetter it was still

more than an inch below normal, while 1920 was wet by nearly half
an inch.

Then came 1927 with & surplus of almost two inches. The
rainy season arrived late in June, On the 28th the gage at
Grand Falls recorded a flood crest of 28,800 second-feet. The
sun * .1 risen that daoy on & dry river hed! That flood left
Leupp untouched. Two years later a nearly identical flood
actually entered the town and did some serious prorerty damsre.

There are no off.cial praocipitation records frum the ares
dreined by the Tusayan fashes (tributaries of Corn Cresk) that
year. .t that time, ho.osver, the writer 1as lecding a photo-
graphic expedition into the "Province of Tusayan” for a great
eastern newspaper, and many are the records which ware written
indelibly in his mind. Arroyos gouged to new and terrifying
depths, vanished bridges, adobe traps lying in wait for en over-
loeded Model T, roads transformed to arroyos overnight, detcurs
which lasted for deys -- such things are not soon forgotten.

Late in August and far into September Corn (reek ren full
egain and sgain, pouring its turbulent waters, fairly groaning .
with a burden of silt, into the Little Colorado, hurrying madly
elong to rush bersath the new bridge, leaeving countless thousands
of tons of its burden on the flood-plein or in the channel of
the river, For the third (possibly the fourth) time the Little
Colorado was force to mahe a new channel closer to Leupp. 1In
June water hed come uncomfortably close to the harn and the hog
pens, but there was nothing exciting about that with the flood
of 192% so handy for ocomprrison. The September floods were
smaller, but considerably prolonged.

The year 1928 wag dry -~ drier even than 1925 when cattle
died from thiret or sturveation, and wealthy stockmen found them-
selves suddenly bankrupt. It was, in fact, the driest year in a
dozen. Over much of the Little Colcrado Valley the summar rains
"ailed to arrive., Elsewhere they were hrlf-hearted except at
Vinslow where L.Ll" fall in August to make it the wettest one in
Yistory. NMost of this rsin came in m single cloudburst on Aug.st
2nd, flooding besemente and meking a shables of the lower floor
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of the old Harvey House,

Eventually the rainy season did come, but it was very late,
At many stati- 1s October and November were the wet months.
December was cold with moderate to light snows., January's tem-
perature was about normal, though a bit on the cold side, with
moderate snows again. February was bitter with light snows to
add to all that had fallen in the two previous months. Although
March was warmer it was below normal and the light snows contin-
ved, Then came an Apr’i which was cold, bt not ecid enough to
prevent rains from pelting down upon the accumulated snowe of
four cold months,

The trader st Leupp ewoke cn April 5th to find his store
almost surrounded by the Little Colorado. Death oame to the hogs
end the rabbits in goverrment pens, while floors of the lowest
buildinge were covered with ¢ few inches of muddy water. For
the first time in its history Leupp was being inundated in a
dry year.

Before many hours the southérn approach tc the Ashurst
(Little Colorsdo) Bridge was carried away. "Everytning", we
have been told by meny who were there, "was running -- Corn Creek,
the Little Colorado end Canyon Diablo. Until the spproasch let go
even the water from Diablo backed up almost to Leupp. Afterwsrd
the water went down pretty quick.,”

It seems probable thatat the crest of the flood hetween
L5,000 and 50,000 cfs were attempting to get through the "bottle
neck” beneath the Ashurst Bridge. The flood was definitely
amaller than the one of 1922, although nearly the same water let 'l
was reached in Leupp. The gage at Grand Falls recorded a naximum
flow of 50,500 cfs, against 120,000 in 1¥23. The changed course
of the river directed the stream much more squarely at the towm
than had been the case in 192%. Furthernore it seems almost cer-
tein that for years the bridge had been inducing rapid silting
for several thousand feet upstream. Then, too, the unusually
dry years of 192, and 1923 had merely served to aggravats an al-
~eady serious overgrazing situation in the Navajo and Hopi Resei-
vations, making for accelerated run-off and capacity silt loads,

It is surprising that despite the fact that an approach
had been washed out r'or a secoud time, thus demonstreting how im-
portent a factor it was in forcing flood water into Leupp, it
was uot only replaced but an sttempt was made to make it "flood
proof” with faces of wire-bound rock. It appeals to us as a
plair s of putting a gentleman of color on ths & .aty-valve,.

RASE .18 new approach has been over-topped on at lsast four
Y- ind as recently es February B, 1937, it hau held
"
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ageinst all onslaughts. A flood of the magnitude of the one of
September 1923 has yet to come. Perhaps the approaches will with-
stand it, but it is to be hoped, for the safety of Leupp, that
they will not. But we are getting ahead of our story, and must
return to other events of 1929.

Shortly efter the newly constructed approacl. was completed
it was put to the test. June. 1929, was one of the driest months
ever recorded in the Little Colorado Basin -- which is simply
another way of saying it wes practically bone dry. Mey, ordinar-
ily dry, was drier than usual. So it was that the first weeks
of July found the ground parched and bsked to bricky hardness,
More then hrlf the month burned pest sithout relief. Then, as one
resident put it, "They just pulled out all the corks". At the
close of the month 1L stetions reported an eversge of L.70",
and ihat nicely concentrated.

The writer has cause to remember - ot summer. He arrived
in Leupp barely in time to greet and help fight thet flood -- a
struggle which was frequently rerewed in both August end September.
The flood resched Leupp on Julv 27th and its crest arrived on tho
29th. Once more rabb*.s drowned in the government pens, and for
weeks Lhe campus was a cluster of islsnds surrounded by incher of
wmater. A small torrent raged pest the trading post, cutting it
off from the remaeinder of town until a small bridge was thrown
scross it. A few hundred dollars worth of damage wns done to
some "green" concrete, and the four recently completed wells,
which constituted the source cf the domestic water supply,were
filled with muddy water.

With adequate equipment it would have been easy to combat
thet flood. But thers was no mechinery, not even any teems.,
Veary men fought that flood with shovels -~ 1d won! It seemed
an endless fight with the vater elways rising so rapidly that
quitting time, ceel time, time for e deep breath could never come.
Once a kind citizen went down the line of volunteer workren: with
a8 welcome bottle of pon for every man. All stopped a few seconds
to drink -- while the water came over the top in three places!
There followed hours of frantic labor, but again the flood was
stopoed.

It was really a cnse of nip snd tuck mueh of the time, On
another occasion four workmen stopped for e measl. Before they
could be served they were recalled because the dike could not ha
held without them. Hungry end tired beyond all reason they t:iled
on until the gap wau filled.

There is & iimit to the endurance of even willing workmen
with much st stake to spur them on. Eventually thkat point was
reached during the afternoon of July 29. The little cluster of
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workers, worn out by ceaseless labor, hungry, sleepless for what
seemed ages, dreerily admitted that the river was too much for
theri. Exhausted, they sat down with truir backs to the water
which had risen incessantly for days and nights on end. One inoh
more and the dike would fail -- one little breeze to ripple th
surfeace ! .

The croeking of thousands of dvsert toads filled the air.
No doubt it had filled the air for hours, but it had remained un-
heard. Now there was & chance to listan. A Navajo youth smiled
a haggard smi.e and remarked, "All this weter makes some people
happy". Those about him were amused by his philosophical remark.
But not a man aaong them cared to see the water, wiich brought
happiness to "dusty"” toads, sta-t over the top of the dike, as
they knew it surely would. P.rosps that expleins why not one of
ther looked back at the flood as 811 weitad for the inevitable
rise to destroy the lebor of many deys and nights. For half an
hour they talked of wany things as they waited. Then one could
stand the strain no longer. He turned slowly, dreading what he
might see.

The water had fallen three inches!
The writer knows. He it was who looked,.

For & few days the waters retreated, as if ressting for a
renewed attack. An informal ocouncil of defense was held in
Leupp. Most of the men present favored building a dike to foroce
the river to stay in its old channel, thus preventing it from
flowing south of the town and cutting it off from Winslow. It
was pointed out that the river was coming through a few small
breaks in its former banks -- breaks which could be readily
filled with sandbags. One of the councilors suggested that event-
ually the river would establish a new channel south of the town,
and that the thing to do was to encourage it t¢ go that .ay.
"That would put us on the north side of the river", the others
objfected, "and we'd have to build a bridge over which to get to
Winslow. We don't want that".

"Regarclsss of what you want", replied the lone souncilor,
"that is exactly what you are going to get". Two yernrs later, after
a fortune had been spent trying to force the river to go where it
could not, that bridge was built, Trree ysars saw thL. length of
the bridge douh.ed. The sixth year saw 320,000 spent to encourage
the weter to go uador tha+t bridge, to persuade the river to use
the course it wanted to use in the sunmer of 1929, Now, in the
last half of the eighth year since thdt suggestion was made, the
Little Colorado River is [irmly entrenched on the south side of
town, and Leupp finds itself entering its fourth year on the
north bank, with 1ife going on es usuel.
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Back in Aurust 1929 the breaks in the river bank were
{il1led with bags of sand, and the bags wers promptly ignored
by the flood which arrived August 12,soon after the little
dams hed been completed. Agsin the river went south of town
and covered ths road to Winslow for a full half mile. "What we
need™, was the concensus of opinion, "is a dike out there om the
edge of the chamel which will hold the river where it belongs".
"What we need", maintained one to ihe merriment of sll others,
"is a bridge and a fcanal' to tell the river to go under it".

From 1929 to 1937.

This period, as we have previously stated, has been
marked by repeated floods at Leupp, and by the construction of
an elsborate system of dikes, jotties and pilot channels, ' The
first ocomprehensive survey of the area immediately surrounding
Leupp was made in August 1929 by a young engineer ramed Stover
whose work was made difficult by much high water. A copy of
his map upon which have been drawn ths protective atruocturas
which were first suggested with a view to giving Leupp adequate
protection, is presented herewith as Plate 7.

This first plen had three major fsatures. 1. A system
of dikes, 3%,150 feet in length, which would completeiy surround
the town and extend upstream for a distence of mcre than 2 miles,
terminating at a point near the junction of Corn Creesk with the
Little Coloredo. 2. A series of roterds (numbered 1 to 8 on
Plate 7.) on the southwest side nf the river which would induce
siiting, and force the river to reoccupy approximately its former
position, labeled "Ultimate Channel™, while protecting the dikes.
3, A pilot channel above the mouth of Corn Creek which would
force its waters to enter the main stream at s more favorable
angle.

Portunately conditions had changed so completely before
this plen could be carried out that it was never attempted, It
is obvious that its authors did not appreciate the magnitude of
the 81lt burden carried by the waters of Corn Creek, and the
impossibility of forcing the river to return to its earlier chan-

. nels by the means suggested. In view of what has happenod, it

soems exceedingly doubtful that the chennel which was to have
been excavatsd above the mouth of Corn Creek ever would have
functioned prcperly. The plan does show, however, that tha real
nature of the problem was reocognited, despite the fact that the
solution suggested was just a bit naive in the light of subse-
quent events. We, of course, have the distinot advantage which
"hindsight™ affords. -
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Another early plan, which also recognized thet Corn Creek
was the villsin in the case, called for a series of dams and ocuts
which would have taken that stream from its normal channel near
Tolani Lakes and lead it through an entirely different one to a
point ebout 3 miles helow Loupp. A survey was actually carried
out, and it wes shown that thore wes sufficient fall to allow
this to be done. There wes no assurance that the 12 or 1l miles
of this new chennel would eep itself clean. The cost of con-
struction would have been more then $300,000,00, as against a
possible valuation of $L00,000.00 for Leupp. Even if the channel
had worked there is a strong possibility that a new delta might
have been built below Leupp in such e way that flood dangers
would have been inoreased.

Still e third plan was considered, attadking the probiem
from an entirely different angle. Its author récognized the
importance of Grand Falls es the final control point for down-
cutting in the Leupp sector of the river, and suggested thav a
channel be blasted through the lava to a depth of twenty feet or
rore. This, he pointed out, would ullor' the river to entrench
itself deeply, to reoccupy its old canyon, and thereby prevent
all future floods from doing eny serious demage. If the river
had actually rollowed its former cenyon, and we ses no partiocu-
lar reason why it should have done so immediamtely, the Canyon
Diablo Bridge and a number of the buildings in Leupp would have
been undermined and destroyed. No thought seems to have been
given as to whore this new entrenchment might stop, to what
damage might be done to valley lands by the lowering of the water-
table, to the impetus this change in bed level might give to the
cutting of arroyos in the main valley or in those of tributary
streams, or to other possibilities for serious trouble. The
ides was abandoned for none of these reasons, but because the
estirated first rost was about &750,000.00,

A fourth plan cslled for the lowering of the channel
through the enticline below Tolchaco. Its author believed that
the control point for bed levels was this anticline, end elso
thet the snticline wes still in the process of formation at a
rate which was so much more rapid than that at which the river
was entrenching that the stream was now "hung up" at that point,
causing the floods at Leupp. This plan seems never to have had
really serious consideration.

As we have said, not one of these plens was ever carried
out. During August and September 1930 a modification of the one
shown in Plete 7 was constructed, however, under circumstances
which were made difficult by severrl minor floods. Plate 8 shows
the dike which was built, and the Kellner jetties which were in-
stalled. Some of these jetties were obviously placed to protect
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the embankment which, because it hed been built with ea dregline,
and ot compected, fairly melted wherever a current of water
reached it. The long line of Jetties which curves away from the
levee waz expected to force tne river northeastward into earlier
channels, by inducing siltiug along the streamward side. Actually
the river got behind this line, caused extensive silting on the
wrong side, and forced the river through the dike not far from its
Junction with the one constrycted in 1909 - Dike D, Plate 7.

All this work was carriad out in feverish haste following
a flood which had lasted from July 12 to 23, and reached a crest
of nearly 14,000 cfs on the 19th. During this flood several
small dikes which had been constructed with Indian teams, or by
hand, were destroyed, and the road to Winslow was inundated es
part of the water swept south of the town.

On April ¢, 1931, Supt. J. E. Balmer wrote the Commissioner
of Indian Affasirs, "Since the dikes were constructed we have kept
a very careful watch over them and from time to time have repaired
weak points, but it is believed that it would be economy to move
the entire school plant immediately. Approximately $55,000 have
been expended during the past two years in trying to save the
present plant, but at this time we have less protection than we
had a year asgo."

Preston, Dean and Post, on June 2, 1931, summed up the
situation at that time in the following paragraphs which we quote
in full., "The present protection system consists of a frontal
levse about three feet higher than the crest of recent floods.
(The hizhest daily average shown at the Grand Falls station from
Ootober 1930 to Juie 1931 was only 1520 cfs. We do not have
crest figures for the period, but crests are rarely more than
double the highest daily average. The floods referred to were
therefore far more apparent than real, and serve to show how
really bad the situation had become, Flows of less than 5,000
ofs looked quite as serious as flows of 50,000 cfs had a few
years btefore.,) These levees have been gradually built up by
teams and draglires until the top is in general seven feet above
the general surface of the bottom land. The first low levees
thrown up have been overtopped within the l=st two years but as
they now exist same seven feet in height they have been adequate
to meet such flood conditions as have existed so far es elevations
are concerned, These levees have been thrown up in the face of
immediate or anticipated dangers. Neither their location nor
their dimensions are suitable to cope with the situation that now
confronts them. Behind the frontal levee the School area is

partially surrounded by a secondary levee tying into a low ridge

immediately north of the School. This has served in the past to
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keep most of the water awmy from the buildings when the frontal B
‘ leves has failed. However, during this situation the Leupp b

B ' School became an islani. To reach the mainland on the south re- - o
= quired the use of a road which was submerged with a foot or more "
of water, L

"Riverward of the frontal levee, Kellner stsel Jetties

have baen placed. They serve as a measure of protection to tte
_ levee itself. They undoubtedly assist in deflecting the current
{ away frorm the .uvees. Light barbed wire fences have also proved
effective for deflecting the current and indueing deposit. :
Approximately £00,000 has been expended in masintenance and con- .
struction of the levess and jettles to date." (12a) CL \

It was recommended that the existing dikes be strengthened
and others added, one of which would form a causeway end contsin
a bridge, thus allowing water to escape if the frontal levee
: failed, and also affording a saf'e rosdway to high ground. The
i town was also to be protected by a substantial dike on the south
] and west sides so thet backwater could not enter. This last
provision was never carried out, according to specifications, ' i
After the flood of February 8, 1937, & much less expensive dike
was constructed, and its approximate location is indicated on
Plate 8, This dike, smaller eand shorter than the one recommended, :
is a real contribution to Leupp's future safety. ;.”

Just two months after the report of Preston, Dean and Post

was written a flood with a crest of ¢,800 cfs did considerable i

damage to the frontal levee, and brought speedy action on the con- ;'

struction of the causeway and bridge which hnd been recommended. ;

The frontal levee was repaired and extended on its southern end %

until it reached high ground, thus filling in an emergency spill- ;

way which had been considered advisable. This and the construc- g“
1

tion of a bridge only 300 feet long were soon shown to be serious
mistakes, )

i The Flood of February 11, 1932.

During the exceedingly devere winter of 1931-32 snowfall

; in the Little Coloredo Basin hed been unusually heavy., When

: temperatures finally noderated the change was sudden and wes
asccompsnied by severel days of light, warm rain. The river began
to rise on February 8, s serious flood was rapidly destroying the
outer or frontal levee on the 10th. On the afternoon of the 1llth
the dike failed in several places as the flool reeched a crest of
approximately 30,000 cfs. Every one of the nearly [,0U school
children was immediately moved to high ground. Army tents were
rushed to the scene ard set up on a hill south of town. Because
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the waterway beneath the new bridge wes not adequrte the flond
was impounded in the dike-surrounded area southeast of the tewn
and rose to within 18 inches of the top of the newly constructed
causeway. The approaches to ths new bridge were saved only &fter
great labor. Lsupp was abandoned for +ihe remsinder of the school
year, the pupils being cared for at great exmense in temporary
quarters at Winslow, or distributed to other govermnment schooll
in Arizone and New Mexico,

Hysteria ~-- always a greater menace than high water during
floods et Leupp =-- reached its all time high at the time of this
flood. Of this we have abundant proof ir .1e form of telagrams,
letters, offiocisl reports and vivid reco.lsstions. Owing to the
fact that the new causeway had been constructed with teams it had
never been threatened, and there never was any actual danger to
life at any time during this flood. The flood passed almost as
fast as it had come, but considerable flows were almost contin-
uous until April 19,

Agitation for the removal of the entire plant reached -
fever heat., On February 1ll;, Roy Nash, Field Representative for
the Commissioner of Indian Affairs wired his superior, “At Leupp
main dike is breached in such position that another flood 1like
last will impinge directly upon agency buildings stop Two hundred
thousaind dollars will not ensure safety stop Two hundred fifty
dollars e day now being spent on dikes is money down the rat hole
stop To return children to school and patients to hospital is
courting disaster stop Alrmail follows."

In thet letter Nash said, "I wish to put myself on record
a8 follows:

1. Whoever located the agency at Leupp originally lacked Judgment.
2. Those who poured money into the plant after the flood menace
had been demonstrated wers oriminally stupid.

3. He who assumes responsibility of ordering school children and
hospital patients back into those buildings after what happened
last woek is very likely to become a party to a ghastly murder of
innocents.

"As 1 have just talegrephed, the main dike is breached not
only a mile and & half above the plant, but direotly opposite
the plant. Neither team nor steam shovel can be put into that
muok to repair the dike for 30 days.

"If, -- and there is every likelihood -~ melting snows or
spring rains bring another flood before the dike can be repaired,
the main current will shoot directly at the plant. Then God help
them |

"With all the earnestneas I possess, I adviss abandonment
of that plant now. Stop sinking $50,000 every few yesrs in what
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: ;‘i o { | must be perpetual repairs.”

L ; The opinion of Mr. Nash was very widely shared at that

o ‘ time, end has been little changed up to the present time, despite
' the very great changes which have teken place in the channel of
the river, end msrked improvement in ths protective works.,

The net result of all the uproar -- and there was lots of
: it == in 1932 was thet the height of the causeway was increesed,
i ‘ the length of the bridge was doubled, Dike D was raised nearly L Lo
: feet, and two frame buildings sufficiently large to house all the v
school children, were constructed on the hill where the army tents "
had been pitched during February. Slightly more then a year was
) required to carry out this program. The frontal levee was not
e rebuilt, but a new levee, marked "19%3 Levee" on Plate 8, was con-
: ' struoted from Dike D around the northeastern quarter of town.
This dike will do much to protect property in the event that Dike
D and the lower section of the frontal levee fail.

During 193l the river began eating into the causeway about %
1000 feet north of the bridge, and threatened to pierce it at L
that point, Fortunately the only high water that summer was from
August 29 to September 2. This caused much anxiety for the safety
of the dike where the river meandered against it eand preceution-
ary measures were carried out during the flood whioh reached the
{’f) ( astonishifly low crest of 3,060 cfs on the 30th.
,

it B On November 1L, 1934 a committee composed of Charles F.

' Bentley, Guy Hamilton and F. W. Slattery recommended the construc-

! , tion of s series of pilot channels to remedy this situation, and

3 ' to encourage the river to cut a new course which would make it

i approach the causewsy bridge directly. This recommendation re-

P sulted in the construction of the 7 pilot channels which are shown

' in Plate 8, Work was begun in April 1935 and completed in June.
The estimated cost had been $11,000 but the actual cost was nearly
double that sum.

In order to encourage the river to use these new chennels
@2 diversion dam was built across the hed of the Little Colorado
immediately north of Pilot Channel 1. Floods spproximating 3,000
cfs arrived in August and destroyed this dem, although all the
ochannels were foroed to function for a short period. Channel
; 2, which was originally dug deeper than the others, continued to
o oarry a portion of the flow after the desiruction of the dam. .
D Channel 7 was, we believe, cut efterward and & second dam was s
’ built to divert the water through it. This structure failed al- S
most immedictely. _ IR
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During March 1936 the river adopted Channel 2 as its : SRR
normal low water bed, and abandoned its former meandering course iiﬁ\
until the arrival of rather high water during April when, for a Pl
time the o0ld channel was reoccupied. During this period of high . L
water Channel 2 was greatly widened and considerably deepened. b
Vhen flow stopped in May the stream was apparently so deeply en- L
trenched that it could be expected to continue there indefinitely. o
The upper ends of all other channels were more than six feet above eI
the dry stream bed as it entered Channel 2.

In August there came a big flood down Corn Creek and another O
down the Little Colorado. Water began to run across the flats A
south of the pilot channels in considerable volume, and the lower ‘
portion of Channel l; began to receive several tributaries from
the south, particularly in the area below the frontal levee., On
Labor Day we discovered the surprising fact that Corn Creekx had
driven the Little Colorado from Channel ?, and teken possession.
For two miles the Little Colorado was ¢ river without a channel,
It seemed to wander almost aimlessly over several sections of
flat land, and was controlled only by the breaks in the frontal
leves through which it had to pass.

During September it was rapidly entrenching itself in the
aren irmediately southeast of the bridge. This we show rather
roughly in Plate 8. By the end of this late August and early . ,
September flood Corn Creek hed very seriously silted Channel 2. v
In fact its bed was considerably higher than it had been at any ;
time since it was constructed. The 1933 - 36 Channel was also ‘
very heevily silted, and gave every appearance of being permanent- . : “
ly abandoned. During the fall there was no further run-off in
Corn Creek. Flow in the Little Colorado was consistently low, E
and confined entirely to the lower section of Channel l; and the { i
flat area to the south of it. !

Decemher found unusually heavy snows falling in Arizona and
New Mexico. January was one of the coldest months sver fecorded
in the Little Colorado Basin. Early in February came a quick
thaw, accompanied by light rains and scattered showsrs. At noomn
on the 8th the flow at Leupp was not over 200 cfs, Before 6 P.M.
the crest of a {lood which may have surpassed the ocne of February -
11, 1932, had swept past Leupp. All the pilot channels ran full,
then overflowed their banks., The 1933 - 76 Channel was reoccupied,
Channel 2 was oleaned out and continued to carry large quantities
of water for several dsys. The newly entrenchsd channel which the
river was cutting southeast of the bridge moved steadily norsthward
toward the lower end of the pilot chesnnels, and gave every indi-
cation that it would cut into them about 1000 feet east of the
bridgeo ¢
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f‘~3 ( This is not the place to go into the detsils of the be-
T havior of the river or the pilot channels. Such information
must be reserved for a later report -- a report of a very differ-
ent nature. Suffice it to say here, that our rathsr careful el
study during 1936 of the changes mede in the Leupp area leads ERE R
us to conclude that, for a time et lenst, the greatest of Leupp's B
flood difficulties have passed. 1In 1932 the river was trying to
shoot directly at the town. Todey, thanks to the increesed size
of the delts of Corn Creek, the course of the river has been so
grertly mltered that this is no longer the case., The channel be-
neath the bridge in the causeway hes been considerably enlarged and
deepened by the cleaning out of deposits both old and new.

Exact figures are not yet available as to the site of the R ¥
floods of August '36 and Februery '37, but when they are published i
we believe they will show fairly equal ciest volumes. The August LR
flood created & mere flurry of excitement, wherms the February .
flood very nearly precipitated a panic, particularly after a por-
tlon of the town was inundated with a few inches of backwater.
In our opinion each of these floods will be found to approximate
in size the one of February 11, 19%2, which had a crest volume
of slightly more than 31,000 cfs.

JRUER

Both of the February floods followed exceedingly severe
: Janueries, In each case January temperatures at Leupp fell
. more than 20 degrees below zero! Not only was January 1937 the
{::) ‘ coldest month ever recorded in northern Arizona, but Leupp had
the lowest mean temperature of any weather station in the entire
stete! Deeply frozen ground prevented deepening and widening of
channels to take place at normally rapid rates which usually
accompany severe floods. Deposits of 8ilt which werc extensive
under the causeway bridge and under the Ashurst Bridge -- two
miles fartlier downstream -- could not be readily swept awsy. i
This fect resulted in water being forced to sbnormally high levsls :
both above and below the diles, and backwater wes forcel onto the : i
campus. Exactly similar conditions preveiled during the flood ?
of February '3%2.

et i e e e

T feel thet this factor must be given consideration in
all predictions of what future f{loods may do to Leupp. A flood
which may pass in perfect sefety through unfrozer. chennels might
prove disasterous over deeply frogen ground.

: - In spite of all the flood exitement at Leupp during the

3 past eight yesrs, the Little Colorado River hss staged only three
floods worthy of the neme since 1929, Those are the three we hnve
Just discussed -- Februsry '32, August '30, and February '37. 1In

| proof of this statement we present the momentary flood peaks for

\ each year since the gaging station was installed at Grand Falls,
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{f‘) ( snd our own estirrtes for the recent two floods, records of
\%»g . which have not yet been published.
! Year cfs. Year cfs, Year cfs. Yesr cfs.
1 1626 27,800 1929 50,500 1932 31,300 1935 30,000
é 1927 28,8600 19%0 13,700 1933 7,500
s 1928 2,1,0 1973 6,800 193, 20,009

Floods of 1926 and 1927 caused no excitement at Leupp.
Neither cdid the one of August 193c. That is at least interesting.

| 5 We have elready stated that we believe there will come at
o some future date a flood of such huge proportions that present
i ' flood protection will be of no use whatsoever. By this we do not

nean to say that we feel Leupp should be immediately abandoned,
Quite the reverse is trus,

leupn is now connected by telephone with the most importent
points in the Little Colorado Besin above it. By cooperation with
the Forest Service, and the use of various units of the Indian
Service it should be possible to lmow of the coming of any flood
of disesterous proporticns at least three deys in adveance of its
arrival, It takes & flood crest from 15 to 18 hours to travel
from Winslow to Leupp, eand any flood which will grc.tly damaege
Leupp under rresent conditions will first damage Wirslow, in all
probability. The entire populertion of Leupp can wa.k to safety in
thirty minutes., There is, therefore, no excuse for the loss of a
single 11fe., TFifteen hours, with present svaileble fsecilitiles
for transportetion, would allow the most valuable varts of the
equiorment to be removed in advance of the arrival of any serious
flood. There would doubtless be some damage to buildings and
heavy equipment, '

0f course we have no way of knowing when such a flood may
strike. It may not come for a decmsde, or a century or longer.
; True, the maintenance of dikes can not be done without some ex-
pense trom time to time. But neither can Leupp be moved or eaban-
doned without great expense.

To us it seems that Leupp represents an investment of,
let us say, helf s million dollars. It never was a gilt-edge
investment. Recognizing this fact, nearly a quarter of million
dollars wrc spent to make it better. Now that this has Heen
done, i1s it not strange to abardon the whole place? If a man
invested $500,000 in bonds which he found someday become worth-
less due to forces beyond his control, then built m $250,000
strong box to protect those bonds, we might think Le was foonlish,
but if he suddenly decided to burn those bonds while they were
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still payihg dividends simply because they would ultimately be
worthless -- Well, we would know he was orszy.

Stone buildings can not be profitably dismentled and re-
built. Sewers can not be salvaged at a profit, sidewalks are a to-
'tal loss, and steam and water lines are not much bstter. If
Leupp is either abandoned or simply moved to a safer site close
et hand, the present bulldings represent almost a total loss, as
does every cent which has beer put into diXes end ochannels, and
most of the investment in the bridge. If Leupp is destroyed by a
floo?, at some future date, the loss will not be much grester.
Property, not human life, is at steke.

Recert changes in the river have contributed to the safety
of the town, not to its peril. If future changess reverse this
situation, and the cost of meinterining flood protection becomes
prohibitive, Leupp can s2till be abandoned, and it chould be., We
do not feel that the "bonds" are worthiess today, or that the
tire has come to burn them.
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SUMMARY OF CONCLUSIONS

We concur in the conclusion of Herbert E. 3regory that the
anticline below Tolchsco is responsitle for the form of the
Little Colorado River Valley from Tolrhaco to Winalow.

We conclude thet Grand Falls has besn the control point for
ted leve's in the Leupp area for several thousand years,

Wo conclude that for many centuries the Little Colorado
Basin has been aubjected to periods of accelerated erosion
during which arroyos were present.

We contend that although the present period of accelerated
erosion, which began in 1905, followed the overdevelopment

of the grazing industry in northern Arirona, it also followed
a drought of 2L years' duration which ended in 1905. There~
fore, since archaeological evidence indicates that a similar
period of arroyo cutting foll wed the great drought of 1275 - b
1300, we conclude that prolonged dry periods are a major o
ceuse of accelerated erosion.

We concur in the conclusion of other students that the del- L
ta of Corn Creek was the underlying cause of the floods -
which afflicted Lewnp in 1929 and afterward, and that the :
Ashurst Bridge :1so contributed to the seriousness of major
floods. We conclude, further, that the continued growth

of this delte has alleviated rather than increased the
flood hazard by forcing the river far to the south of Leupp Lo
where it is rapidly entrenching. , It

We conclude, for reasons mppended, that the abandonment of - )- ’
Leupp at the present time is neither necessary nor advisable; o
A. Because present channel conditions tend to alleviate P
rather than aggravate flood hazards, B. Because protection Lo
afforded by dikes has been recently increased. (. Becasuse A
a more thorough understanding of the factors involved, and ’ ;
improved facilities for cocmmunication allow predictirns %o
be made a8 to the probable time of z:v*—al and the approx-
imate volume of floods far enough in sdvance t. p-rmit nec-
essary emergency measures to be taken.
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