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4, 18807 Map of Arizona showing wagon roads, etc. (LCR, Puerco, and Salt)
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-Lee Valley (Greer) / 1904 looking North (courtesy of X-Diamond ranch museum
-Greer
-South Fork above Eagar
-Bridge at Holbrook / ca. 1910
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14.  Mormon Settlement in Arizona (LCR, Salt)
15.  North America / Chief U.S. Geographer (LCR, Puerco, and Salt)
16.  Regional Hydrogeology (LCR, Puerco)
17.  Surface Water Supply (LCR)
18.  Historical Markers (LCR)
19. A Guide to the Beale Wagon Road (LCR, Puerco)
20. A History of the Santa Fe Railroad (LCR, Puerco)
21.  North American Fauna / C. Hart Merriam (LCR)
22.  Powell of the Colorado (LCR)
23.  Through the Grand Canyon / trip taken in 1911 (LCR)
24.  Inand Around the Grand Canyon / 1911 (LCR)
LCR=Little Colorado Puerco=Puerco River Salt=Upper Salt River

Note: Items 6 to 24 contain pictures, maps, charts, graphs, and tables as part of their narrative

that are pertinent fo discussions of river status.






EASTERN ARIZONA COUNTIES ORGANIZATION
APACHE, GILA, GRAHAM, GREENLEE, & NAVAJO

Ron Christensen, Chairman Martin D. Moore, Executive Director
Terry Joe Bingham, Vice Chairman 75 W. Cleveland / P.O. Box 238
Eddie Koury, Secretary/Treasurer St. Johns, AZ 86025-0238

Phone (520) 337-4364 x426 FAX (520) 337-2062

Attn: Jay Brashear, Chairman February 18, 1998
and Members

Arizona Navigable Stream Adjudication Commission

1700 West Washington, #404

Phoenix, AZ 85007

Dear Commissioners:

7 Attached for your consideration is a collection of evidence relating to the navigability of the
Little Colorado and Puerco Rivers. These data are organized in the following order:

1. Resolution

2. Charts and Graphs

3. Maps

4. Pictures

5. Textual Evidence (interspersed with illustrations).

Based on this evidence submitted, the following is apparent:

1. Dams existed at the time of statehood {and before) from the headwaters to St. Joseph (Joseph
City).
2. Numerous water diversions for irrigation were in place, with appropriations and use of water

from the Little Colorado River and its tributaries.

3. Transportation for log hauling, passengers, commercial freight, mail, and others was by horse
and buggy, wagon, and railroad, with no evidence of navigation by either the Little Colorado
or Puerco Rivers, with numerous land transportation routes along the side of the river.

4, The Little Colorado and Puerco Rivers, both of which are interstate rivers, were not
recognized as navigable by the chief geographer of the United States.

5. Daily discharges for the Little Colorado River from St. Johns to Holbrook in the early 1900s
was insufficient to support navigation.

6. Bridges and river crossings were in place at the time of statehood in St. Johns, Holbrook, etc.



10.

11.

12.

13,

14.

Terrain shown pictorially of the upper Little Colorado River in 1904 reveal river terrain
unsuitable for navigation either for persons, logs, or other commercial ventures.

Power generation utilizing river water occurred in the early 1900s (before statehood) in St.
Johns, and grist mills ran in Springerville.

Captain Lorenzo Sitgreaves reported in 1851 that the Little Colorado (and Puerco) rivers
were unnavigable, and left his survey of the river as a possible route to the sea after
discovering Grand Falls.

The United States Geological Survey reported the Puerco River as an intermittent stream
from 1909 to 1913.

C. Hart Merriam reported in 1890 that the characteristic of the Little Colorado River was to
flow swiftly during a downpour, and disappear except for puddles within a day or two after
the storm was over.

In our exhaustive search for evidence of irrigation and agricultural use, it is significant that
there is no evidence of sufficient water along the Puerco River’s Arizona stretch to warrant
irrigation diversion.

Significant natural barriers existed at the time of statehood (and still exist), that impede and
make impossible navigation of the Little Colorado River (e.g. Grand Falls, the Little Colorado
River Gorge, sediment loading, and shifting sand.

In the extensive literature submitted, there is no mention of the Little Colorado or Puerco
Rivers ever being navigable, or used for commercial transpottation purposes.

With this summary, and the exhaustive attached evidence, we request that you initially classify

the Little Colorado and Puerco Rivers as non-navigable along their entire lengths.

Sincerely:

) M

Martin D. Moore, Director
Apache County Development

-and-

Executive Director
Eastern Arizona Counties Organization
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Resolution No. 97- 25
Navigable Stream Adjudication Commission
Findings

A resolution finding the Little Colorado River and San Francisco River to be non-
navigable and calling upon the Arizona Navigable Stream Adjudication Commission and the
Arizona Legislature to adopt this finding.

WHEREAS, it is the desire of the Apache County Board of Supervisors to protect
property, title, and water rights of Apache County and its citizens, and a non-navigable finding by
the Arizona Navigable Stream Adjudication Commission and the Arizona Legislature may protect
those rights; and

WHEREAS, the Arizona Navigable Stream Adjudication Commission is accepting
comments and evidence regarding the navigability of the Little Colorado and San Francisco
Rivers; and

WHEREAS, the Little Colorado and San Francisco Rivers are at least in part located
within the geographic boundaries of Apache County; and

WHEREAS, the proponderance of the evidence compiled by Apache County clearly
shows the Little Colorado to be non-navigable along its entire length at and before the time of
statehood by virtue of its physcial and hydrologic characteristics, the presence of in-stream
structures, evidence of regular land transportation routes along the banks, evidence of diversion
from the river for irrigation and other purposes; and no evidence of commercial navigation for any
purpose; and 5

WHEREAS, the proponderance of the evidence compiled by Apache County clearly
shows the San Francisco River to be non-navigable along its Arizona stretches by virtue of
physical and hydrologic features of the river in its Arizona reaches impeding navigation, bridges
and crossings along in its lower reaches, lack of evidence of commercial navigation along its
upper or lower reaches, evidence of in-stream structures in the upper and lower reaches impeding
navigation, lack of sufficient streamflow, partlcularly in the upper reaches, to support navigation,
evidence of transportation by land and not by river, and evidence of diversion for agriculture,
mining, and other purposes.



THEREFORE BE IT RESOLVED, that the Apache County Board of Supervisors finds
the entire length of the Little Colorado River, and its major tributaries, to be non-navigable before
and at the time of statehood; and

THEREFORE BE IT RESOLVED, that the Apache County Board of Supervisors find
the Arizona reaches of the San Francisco River to be non-navigable before and at the time of

statehood; and

THEREFORE BE IT RESOLVED, that the Apache County Board of Supervisors
requests that the Arizona Navigable Stream Adjudication Commission and the Arizona
Legislature adopt these findings.

Adopted this 25th day of September, 1997,

T e b

Clarence Bigelqﬁ, Clerk







Daily Streamfiow At St. Johns, Arizona
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Little Colorado River at Saint Johns, Arizona, Station #09386000.
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Daily Streamflow At Holbrook, Arizona
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Streamflow At Holbrook, Arizona
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Daily Streamflow At Woodruff, Arizona
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Streamfiow At Woodruff, Arizona
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Table 5.1

Dam Losses among Individual Settlements
in the Little Colorado River Basin

%

Settlement 1876 - 1900 1876 - 1923
Lower Valley Settlements: |

St. Joseph 13 14

Woodruff 10 13
Intermediate Settlements:

St. Johns 2 5

Snowflake 3 6

Taylor 3 6

Eagar 0 1
Mountain Settlements:

Showlow 1 1

Alpine 0 0

SOURCE: Leone (1979:91); Little Colorado Stake (n.d.); Eastem Arizona

Stake (n.d.); St. Johns Stake (n.d.); Snowflake Stake (n.d.).
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ASU Map Index Search - Results

call #:

Location(s):

Title:
Author:
Date:

Notes:

Scale:

Subject(s):

ASU Map Index Search - Document # 1279

DATABASE: Map Index
Record: 1 of 1
4330.18807 R3

HAYDEN ARIZONA

Arizona

Rand Mc Nally Company

18807

Library Has 3 Photo Copies. C.1 Negative. C.2,3 Positive
Relief Shown by Hachures Spot Heights

1:1,393,920

Arizona Territory

Arizona ~ Mining Districts

Arizona - Mines

Mines Mineral Resources -~ United States -~ Arizona
Arizona — Ralilroads

Railroads -~ United States -~ Arizona

Arizona - History

Military Establishments ~ United States - Arizona
Arizona - Military Establishments

Arizona - Trails

Trails - United States

History - United States - Arizona

Arizona -~ Administrative Division

Arizona Territory - Mining Districts

Arizona Territory - Roads

Page 1 0of 2
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Arizona Southwest Index Search - Results Page 1 of 1

Arizona Southwest Index Search - Document # 12749

DATABASE: Arizona Southwest Index

Record: i of 1

Call #: CP SPC Bd~1
Location(g): Hayden Arizona Collection
Title: Photograph: Troop C&e Crossing Little-Colorado-River,

Holbrook, Arizona; ¢.1910

Publisher: Holbrook, Ariz. Collection

Pub. Date: 19190

Notes: Unid. Photographer 3,5x5.5 Silver Gelatin Photoprint
Postcard

Collection(s}: . CP pPhotographs

Subject (s): Military-Service
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Bird's eye view of Winslow looking east.

Bird's eve view of Winslow looking east.

Local call number
NAU.PH.3
Creator
Unidentified
Title
Bird's eye view of Winslow looking east.
Physical description
Black-and-white photograph, 17524 cm
Use
Reproduction requires permission of the repository.
Original creation date
¢. 1890
Subjects
Cities and towns - Winslow (Anz.)
Railroads - freight
Places
Winslow (Ariz.}
Repository
Cline Library
Special Collections and Archives Department
Northern Arizona University
Collection name
N.A.U. General Photograph

Page 1 of 1

Clie Libra |
Special Collections and Archives Department
Northern Arizona University

Contact: SPCOL@al. ucc.nau.edu

All contents copyright ©1997. ABOR, NAU. All rights reserved.
Revised: February 03,1997

URL: http:/fwwmw.nau.edw/~cline/speccoll/images/catrecs/220.html



Bird's eye view of Winslow looking east.

Cline ir
Special Collections and Archives Department
Northern Arizona University

Contact: SPCOL@al. ucc.nau.edu

All contents copyright ©1997. ABOR, NAU. All rights reserved.
Revised: February 03,1997




Little Colorado River at Tolchaco, 1902 or '03.

03.
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Cline Library
Special Collections and Archives Department
Northern Arizona University

Contact: SPCOL@al.ucc.nau.edu

All contents copyright ©1997. ABOR, NAU. All rights reserved.
Revised: February 03,1997



Digging irrigation ditch at Tolchaco, 1903.

T
o

Digging tmatzon ditch at Tolchaco, 1903,

Local call pumber
NAU.PH.413.1249
Creator
Philip Johnston
Title
Digging irrigation ditch at Tolchaco, 1903.
Physical description
Black-and-white photograph, 11 x 8 em.
Use ‘
Reproduction requires permission of the repository.
Original creation date :
1903
Subjects
Irrigation canals and flumes
Navajo Indians
Places
Navajo Indian Reservation (Ariz.)
Tolchaco (Ariz.)
Repository
Cline Library
Special Collections and Archives Department
Northern Arizona University
Collection name
Philip Johnston

Page 1 of 1

Cline Library
Special Collections and Archives Department
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igging irrigation ditch at Tolchaco, 1903.

Cline Library
Special Collections and Archives Department
Northern Arizona University
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All contents copyright ©1997. ABOR, NAU. All rights reserved.
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View of Little Colorado River gorge.

View of Little Colorado River gorge.

Cline ibmry
Special Collections and Archives Department
Northern Arizona University

Contact: SPCOL@al.ucc.nau.edu

All contents copyright ©1997. ABOR, NAU. All rights reserved.
Revised: February 03,1997
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Captain Lorenzo Sitgreaves
U.S. Army Topographic Engineers

U.5. Senate
Executive Document 59
32nd Congress, 2nd Session
1853
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REPORT OF AN EXPEDITION

POWE THE

ZUNI AND COLORADO RIVERS,
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ACCOMPANIED BY MAPS, SKETCHES, YIEWS, AND ILLUSTRATIONS.

WASHINGTON:
ROBERT ARMSTRONG, PUBLIC PRINTER.

1863.
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REPORT
THE SECRETARY OF WAR,

In compliancs with a resolution of the Senate, the Report of an Expe-
dition down the Zufii and Colorado rivers, by Captain Silgreaves.

Fzunuvany 15, 1853.—~Referred to the Committes on Military Affeirs.

Manon 3, 1853.—0Ordered to be printed: and that 3.000 exics coplen ba printed,
200 of which for Captain Bltgreaves.

War Depanrueyt,
Washington, Feb, 12, 1858,

Sir: In compliance with the Benate resolution of the 28th July lest,
T have the houor to transmit herewith the Report “of the Expedition
down the Zu#ii and the Colorado, under the command of Capisin 8ig-
greaves, of the Corps of Topographical Engincers, and of the maps
belonging thereto; also, the sketches and views and illustrations of
Indian customs.”

Very respeotfully, your obedient servant,
C. M. CONRAD,

Steretary of War,
Hon. D, R. Arcuisox,

President of the Senats,
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4 REPORT OF AN EXPEDITION DOWN THE

Bureat OF TOPOGRAPHICAL ENGINEERS,
Washington, Feb. 7, 1853.

Sir: T have the honor to submit the Report of the Expedition down
the Zufi and the Colorado, under Captain Sitgreaves, of the Corps of
Topographical Engineers, called for by a resolution of the Senate of
July last.

Respectfully, sir, your obedient servant,
J. 1. ABERT,

Colonel Corps Top. Engineers.
Hon. C. M. Corrap,

Secretary of War.

a—rtr——

W asminaton, February 1, 1853,

Sin: T have the honor to submit the accompanying map of the route
explored by me from the pueblo of Zufii, New Mexico, to Camp Yuma,
on the Colorado of the West, under instructions from you, of which
the following is an extract:

The river Zuhi is represented on good authority to empty into the
Colorado, and it has been partially explored by Lieutenant Simpson to
the puebloof Zufii.  You will therefore go to that place, which will be, in
fact, the commencing point of your exploring labors. Trom the pueblo
of Zuii you will pursue the Zufii to jts junction with the Colorado, de-
termining its course and character, particularly in reference to its navi-
gable properties, and to the character of its adjacent land and produc-
tions. The junction of the Zuiii nod Colorado will be accurately deter-
mined. You will then pursue the Colorado to its junction with the
Guif of California, taking those observations which will enable you
accurately to delineate its course.”

The party was organized at Santa Fo, and eonsisted of Ticutennnt 3
G. Parke, Topographical Engineers; &, \. Woodhouse, M. 1D, physi-
cian and naturalist; Mr. R. 1L Kern, draughisman Mr. Antoine Leroux,
guide; five Americans and ten Mexicans as packers and arrieros.

As many mules as could be proeured in time, suitable for the purpose,
were purchased ; but these not being sufficient, the assistant rpfa'rter‘
master at Santa Fé furuished me, onwy requisition, with forty additional
ones, with pack-saddles, &e. A portion of the provisions for the party
were obtained from the assistant commissary of subsistence at the samo
place.

The commanding officer in New Mexico being sbout to make an

o

ey T e LIV,

ZURL AND COLORADO RIVERS. 5

expedition against the Navajos, directed me to await his departure, so
as to take advantage of the protection afforded by his command as fur
as our routes coincided, or until he could detach a proper escort for my
party. The troops assembled at Santo Domingo, on the Rio Grande,
and took up their mareh thence on the 1st August. On the 1st Sep-
tember we arrived at the pueblo of Zufii, the point at which my explo-
ration was to commence.

Colonel Sumner had detailed for the escort Brevet Major II. L. Ken-
drick, 24 Artillery, with thirty men of his company, but they were not
detached until after they had accompanied him to Cafion Bonito, three
days' journey farther into the Navajo country. I was thus compelted
to wait at Zuii until the 24th Septenber, consuming in the mean time
patt of the limited supplies provided for the expedition. The mules
likewise auffered from the delay, for there was scarcely any grazing in
the immediate vicinity of the pueblo, and I did not deem it prudent to
cend them to a distance, as small parties of Navajos had been seen
furking in the neighborhood. The mules of Major Kendrick's command
were still more unfit to undertake a difficult march, many of them
having been taken out of wagons after & journey of several weeks'
duration. _

I can add very little to the information afforded by the map, almost
the entire country traversed being barren, and without general interest.
Observations with the sextant were made as often as oceasion served )
and the lafitude and longitude of as many points determined as are
neceseary to establish the line of march with sufficient securacy. Col-
Jections were made of such objects of natural history as coulst be trans-
ported with our limited facilities. Their description will be found in
the reports hereto appended.

The expedition set out from Zufi the 24th September.  The incidents
of the journcy are detailed in the following extracts [rom my journal:

Scptember 24, Camp No. 1.—Our first day’s march was only six
miles. 1t was made thus short to enuble us to correct any defects ihat
might be discovered in the armngement of the packs.

The Zufi is a mere rivulet, and not entitled to the name of rivery in
mast. parts of our country it would not be diguified with that of creek.
The comnfiehls of the Zufii Indians extended at jntervals for several
siles down the stream, their erops and orchards being planted on the
edge of the valley, or in the festile gorges of the mountaing, The only
cultivation in the immediate vicinity of the pueblo consisted of small
vegetable gard: s, tended by the wotnen and watered by hand, in which
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were grown chiefly onions, beans, and chile.* Their orchards produce
good peaches, with which we were abundantly supplied during our slay
at the village.

September 25, Camp No. 2.—A weil-beaten trail, following the gen-
eral Jirection of the stream, enabled us to avoid the incouvenience of
traveiling over ground rendered soft and wriry by the recent rains.  We
encamped on the banks of the creek, near some abrapt rocks, from be-
neath which gushes out a fine spring.  Fragments of pack-saddles and
broken buxes gave evidence of a former encampment of white men,
probubly of the party of Lieutenant Thom, who escorted Mr. Collier Lo
California in 1849

September 26, Camp No. 3.—The valley is here shut in by abrupt
walls of gray sandstone, occasionally mixed with basalt, having frequent
springs running out from under thiem; but farther down it expands to
several miles in width, other valleys opeuing into it. The faces of the
sandstone tocks, wherever they presented a smooth surface, were cov-
ered with Indian bieroglyphics, or pictures, carved or painted upon
them, :

The bed of the stream beeoming dry, we crossed the point of a pre-
cipitous busaltic ridge, and, keeping on the slope of the hi}i% bounding
the valley to the north, encamped on a little channel filled with muddy
rain-water in the middle of a miry plain. The soil on the hills was
gandy, and in the plain, of sand mized with ciay ; in both cases yielding
to the foot. .

September 27, Camp No. 4—Just after leaving camp a small pm:ty
of Indians came in sight, who proved to be Coyoteros, (Apuches,) driv-
ing some asses to Zufi for the purpose of trade. One among them was
evidently a Mexican, captured probably in childhood, for ke spoke but
fow words of Spanish.

The well-marked trail we had hitherto followed brought us at length
to the Little Colorado, which it crosses, continuing on south to the Salt
River, a tributary of the Gila. .

At this point the Little Colorado ja an insignificant stream, {hv.!ded
into several small channels, flowing through a narrow valley destitute
of timber, but covered with a thick growth of rank unnutritious grass.
The hills bounding it on either side are of gradual slope, with here and

& Since he establishment of the military post at Cafion Bonito, and the conee
quent pacification of the Navajos, the amount of cultivation hae gnezl‘y mcrencd‘i
During the pnut season the Zui 1ndians had somne 1en thousand acies in coFn, o
the Moguis a still greater quantity.

PRI
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there » rocky point, of a conglomerate of gray sandstone and pebbles
jutting out into the bottom.

September 28, Camp No. 5.—Proceeding down the valley, it
widons out into a broad plain, which the recent profuse rains had made
soft and muddy. To avuid this we turned off from the river, and made
our way across the high land, but gained Litle by the exchange, for the
soil was so light and thinly covered with grass that the mules sank to
their fetlocks ul every step. The ground was sirewed with pebbles of
agate, jasper, and chaleedony, and masses of what appeared to have
boen stumps of trees peteifivd into jasper, beautitully striped with bright
shades of red, {the predominating color,) blue, white, and yellow, The
rocks were gray sandstone, somethines of a slaty structure.

September 30, Camp No. T~~The river here runs through a deep
and rocky cafion, which weo skirted, and crossed below it to the south
bank, finding the ground much broken by ravines, which were only
visible when we ¢ame directly upon them. The surrounding scenery
resembled that of the northwestern prairies, the country being bare of
trees and the horizon unbroken, except in one direction, where a high
conical peak, that had served us several days as a landmark, varied the
uniformity of its outline.

October 1, Camp Nv, 8.~The river, winding to the north, gave us
8 straight course across the high laud, soft and sandy, as usuul, and fre-
quently intersected by deep ravines, until we again encountered ity
flowing now between bluff sandy banks fringed with cotton-wood trees,
and presenting at length the appearance of a river, but still with little
water in its bed. 1 remarked cropping out of the side of & bluff a
seam of fibrous gypsum threo or four inches thick. In the course of
the day's march the San Francisco mountains becamo visible to the
west, and to the north several singular volcanic peaks. R

October 2, Camp No. 9.—The river hero receives a tributary known {
among trappers as Chevelon's Foik, from one of that mame who died
upon its banks from eating soma poisonous root. Their confluenee pro-
duces an intricate Tubyrinth of sloughs, in which we becams involved,
and were forced to encanp, not finding an outlet untii late in the day.
In several places veius of fibrous gypsum were seen, looking like the
ice-crystals that burst open the ground in spring.

Qectober 8, Camp No. 10.—Qur course was here interrupted by a
deep bayou thickly overgrown with rushes, and which, on attempting
to turn it, was found to lead to a rocky ravine or cafion utterly impass-e
able. We retraced our steps, therefore, and with wuch difficulty
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recrossed the river, which, making a hend to the north, winds through
a bread plain resembling the bed of a great lagoon from which the water
had just sabsided, leaving it sfiny 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 surrounding hills appeared
equally destitute of vegetation.

October 5, Camp No. 12.—The country oun the north bank pre-
senting the same appearance of desolation as far as the cye could dis-
cern, we again crossed the river, and, passing on to higher ground, en-
camped on & bayou uear the edge of the valley. The grass upon the
hills was invariably better aund more abundant than on the river bot-
tom, but the absence of wood and water in such places generally
obliged us to make our eamps near the river. The mules, particularly
those of Major Kendrick’s command, slready began to show signs of
fatigue, and their backs to become galled by the saddles,

The army pack-saddie is of excellent materials and workmanship, but
is defective in form. Its shape should appronch more nearly to that
of the riding-saddle, so as to provide against & change in the condition
of the animal. A saddle may answer very well for a-horse or mule in
good condition, which will injure the back when the animal becomes
lean or changes from a grain to an exclusive grass diet. Lieutenant
Colonel Johnston informed me that he was in the habit of using with
good results the common Texas tree, provided with the necessary rings
and straps. A good pack-sadde is still a desideratum in the service,

October 1, Camp No. 13.—Many precipitous cafions were passed,
enclosing within their walls of yellow sandstone clumps of small cotton-
wood trees.  Ridaes of lava and a black dust, the detritus of the lava,
overing the ground in many places, indicated our approach to a vol-
canic region. Near our camp, on the bank of the river, were the ruins
of several stone houses, which the guide, Mr. Leroux, said reseinbled
those of the Moqui Tndians.

October 8, Camp No. 14 —~—About a mile below the last camp the
river falls over & succession of horizontal ledges of sandstone, forming
a beautiful caseade of one hundred to one hundred and twenty feet in
vertical height, and eontinues on its course through a eafion of that
depth, the general level of the banks rewmaining the same,

Having been informed by my guide and other cxperienced trappers
that this eaion extends down the river to its junction with the Cole-
rado, aml the great cafion through which the latter flows, T regarded
the attempt to follow the river to its mouth as too hazardous, consider-

A %u‘-‘mﬁ.
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ing the condition of the animals and the stato of the supplies, and
therefore, by the advice of the guide, turned off towards the mountams,
with the purpose of striking the Colorado below the great cafion, and
then exploring it upward as far as might be found practicable. Leaving
the river then, we passed along the base of high table lands, the lava-
sand lying several inches deep upon the ground, filling up the hollows,
and forming ridges across the plain; and, ascending the platean, found
it also covered with the lava detritus, and all the prominent points cc-
cupied by the ruins of stone houses of considerable size, and in some
instances of three stories in height. They are evidently the remains of
a large town, as they oceurred at intervals for an extent of eight or
nine miles, and the ground was thickly strewed with fragments of pot-
tery in all directions, The fact that no vestige of water could be dis-
covered in the vicinity sufficiently aceounts for their present depopulation.
The encroachment of the lava-sand blown down from the adjacent
mountains may have gradually filied up the springs and water-courses;
it is certain, at any rate, that the hoaviest rains would now be rapidiy
absorbed by it, and after a day or two leave no trace of water upon the
surface. :

The houses resemble in all respects {except that adobes do not appear
to have been at all used in their construction) those of the axisting
pucblos of New Mexico; and the pottery, of a great variety of fabrie
and pattern, is similar to that now in use among them.

October 9, Camp No. 16.—Pursuing our way still farther into the
mountains, the ruins became of rarer oceurrence, or else were concealed
by the cedars with which the hills were covered. A small pool of
water was discovered under an overhanging rock, out of which tha
men as they came up filled their canteens; and, as the water was not
thereby sensibly diminished, it was supposed to have its sourcs in some
coneealed reservoir, and that it would be possible in the course of the
day to water all the animals, Wa should then, morcover, have been
able to hold a more direct course, having diverged towards the mount-
gins in the expectation of finding water, The camp was scarcely
pitched, however, when it was reported that the spring was rapidly be-
coming exhausted, and Mr. Leroux was therefore sent, with the mules
and half of the men, in search of water, the rest remaining in camp fo
protect the supplies. 1le did not return until late in the night, and re-
ported that he had come upon a large encampment of Yamnpai or Tonto
Indians on the edge of a deep ravine, through which ran a stream,
which ho supposed to be the headwaters of the San Francisco, s tribu-
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tary of Salt River. The women and children, engaged in gathering
pintones, (pine-nuts,) fed at bis approach; while the men held them-
selves aloof, and refused to parley with him or meet his friendly advances.
He was compelled, therefore, lo return as he went, not venturing to
drive the mnules into the ravine, and thus give the Indiaus an opportu-
nity of attacking him at disadvantage. I regretted that he Lad suf-
fered bis men to take from the lodges sundry aricles of value to the
Indians. Among these were some admirably made baskets, of so close
a texture as to hold water; a wicker-jar, coated with pine-tree gum; a
large quantity of pifiunes and grass-sced; some bread, made of the
niczquit bean; & cake of wmezcal, (a preparation of the maguey;) and
picees of a substance that had ull the appearance of chalk; but as it
did not effervesce with acids, was prolably an exceedingly pure variety
of kuolin.

October 10, Camp No. 15.—The mules, having now been two days
without water, were, as the last resource, sent buck to the river, taking
with them some kegs and Indiarubber water-bags with which 1 had
fortunately provided myself. They returned in the evening, less three
of their number lost by the way, but bringing back an abundant supply
of water. In the course of the preceding night, by watching by the
spring and dipping up the water by the spoonful as it trickled out,
enough had been obtained to furnish each person with a cup of coffee.

Octuber 11, Camp No, 18.--—As we ascended the mountain the
cedar gave place to the nut-bearing pine; and this, when near the sum-
mit, to a pine of larger growth with long leaves. Herds of antelope
were seen in all directions, but they kept to the open country, and were
shy and difficult to approach.

October 12, Camp No. 1T~—The ascent of the mountsin was con-
tinued, with the greatest anxiety as to the result of the day’s journey;
for the mules had drunk but once in mote than four days, and the coun-
try showed no indications of water in any direction. There was much
beauty in some of the glades and mountuin glens we passed. The
ground was covered with fresh grass and well timbered with tall pines,
mingled, after attaining a certain altitude, with aspens of a brilliant
yeluw,

Crossing the summit we descended gradually to the brow of a preci-
pice overlooking a green vale of five or six miles in extent, but with no
appearance of water, and commenced the descent, picking our way with
difficulty ameng the locse rocks, in the belief that there we should be
compelled to abandon most of our animals. When half-way down, &
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shot from one of the Mexicans on the flank inspired us with hope, for
it was the signal fixed upon to notify the discovery of water; but stili
i observed nothing to warrant it; and it was not until we had reached
the bottom of the cliff that T discerncd a narrow thread of grass and
weeds, greener and ranker than the surrounding growth, winding out
from a little nook, and losing itself in the plain, It proved to be a
spring of delicious water; and thus pro.identially terminated our fears
and anxietiea for the time.

October 18, Camp No. 17.—It was necessary to halt here for 8 day
or two to rest the mules and have them reshod.  The feet of the sheep,
t00, had become sore and worn ont; and at the suggestion of a Mexi-
can, my mayordomo, the eracks in them were filled, by means of a hot
iron, with resin and pinc-tree gum, by which operation the animals ap-
peared much relieved. Mr. Leroux reconnoitred the route shead, and
found water in several pluces ten or twelve wiles distant. He agsin
surprised a few lodges of Indians, who fled, leaving their cffeets behind
them. This time he did not permit his men to pilfer, but, on the con-
trary, left at the lodges a small present of tobacco, handkerchiefs, and
knives, for the purpose of conciliating the Indians, and induging them
to hold some intercourse with us, by which means we hoped to obtain
useful information in regard to the route, The only provisions found
in the lodges were pifiones and the grass-seed before mentioned.

The box chronometer had been carried in a pannier, carefully packed
in wool, and placed on the steadiest mule of the afgjo, which was
always led by the halter; but it was navertheless found to have stopped,
from the roughness of the last day’s journcy, Independent observations
were therefore made for the longitude, the pocket chronometer not hav-
ing sufficient regularity to be depended on.

During the night we were alarmed by a stampede of the mules. For-
tunately they ran into a gorge near the camp, from which there was
but the one outlet, and we succeeded in quieting them. The cause of
their fright was made apparent by the roaring of a panther, or other
large animal, in nncomfortable proximity to the herd.

Octaber 15, Camp No. 18.—Our route lay across plains of gentle
slope. Mingled with the pines were a few small post-oaks; and in 2
green glade was found some white clover of a differeut variety from thas
cormon in the States, Flowers and birds were more numerous than
upon the northern slopes of the mountain, but no fragments of pottery
or other signs of habitation were seen.  Our camp was upon the dry
bed of a lagoon, a mile in extent, having some small pools of water
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hidden among the tall grass, from which our amival put up a large
flight of water-fowl, erows, and smaller birds, When approaching the
mountains | had been struck with a singular incandescent appearance
which some of the higher slopes presented when the sun was near the
horizon.  This 1 found to be caused by a bright, yellow-colored rass,
having the extremitics of the blades tipped with red by the action of
the frost. It looked fresh, but the animals preferred the shorter kind,
which grew npon the ridges and among the pines.

Octvher 16, Camp Ao, 18.—We were detained at this camp hy the
illness of one of the party, a Mexican, from a blow on the head received
some days previously.  He divd on the 25th, and was buried at the foot
of a lurge pine tree, marked with a cross. The delay afforded our jaded
animals the rest they so much needed, but also consumed a portion of
the supplics of which we were afterwards in great want. The lacon
bad lost much in weight from the effect of the hot sun, and the issucs
at this place nearly exhansted the supply. About twenty shcep, in poor
condition, remained, and formed our sole dependence, with the excep-
tion of some meat-biscuit, the excellence of whieh had not then been
tested. It is an admirable preparation, and should form a large pro-
portion of the supplies for all similar expeditions. Althongh antelope
and black-tailed deer were abundunt, and the fresh tracks of bears were
occasionally seen, our hunters, some of them experienced and expert,
had not been suecessful in =upplying us with game. The daily variation
of the temperature was remarkable, the average range in twenty-four
bours being about 53° Fahrenheit, or from 10° to 65°. Near the sum-
mit of one of the adjacent hills were the traces of old excavations,
made apparently in seareh of the precious metals, but the surrounding
formation gave no indications of their existence. Similar remains were
observed near Camp No. 16,

October 21, Cump No. 19.—Occasional patches of white clover
were again met with, and the singular cedar first seen when crossing
the Zuni mountains. The trunk is large and low, with wide-spreading
branches, and the bark, several inches thick, is corrugated like that of
the oak. The camp overlooked a wild and picturesque eafion. Tall
pines, oaks, and the low, spreading cedar were mingled so as to produce
a park-like effeet, heightened by glimpses through the vistas of the
sheep and mules grazing on the rich grama grass that grew up among
and concealed the sharp, black fragments of trap that covered the
ground,

A Mexican who loft camp on the 19th to hunt for gnme, had not
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returned when we set out; and as our frequent search for him had been
unsuccessful, it was feared that he had fallen into the hands of the
Yampais. At sunset, however, on driving the animals to water in the
cafion, he was discovered sitting on a rock, picking a rib of venison,
He had lost himself and become bewiklered, wandering about for three
days witheut water or food; for, although he had killed & deer, he had
not ventured to ecat for fear of rendering his thirst insupportalile, until
he found himself at the spring near Camp 17, from which place he had
been guided by the trail of the party until he overtook us,

October 23, Camp No. 21.—Keeping along the side of the mount-
ain in the hope of meeting with water, we got inte a suecossion of
deep and steep ravines; but, finding them dry, bore more to the south,
and descended into the bed of & small stream, called by trappers Bill
Williams's Fork, in which were a few pools containing suflicient water
for the supply of the party. As we descended the pines beeame of
emaller growth, with here and there cedars, scrub-onks, locusts, and the
Fallugia paradora, described in Major Emory's report,

October 24, Camp No. 22.~Leaving behind us the mountains and
the stream, whose course was too much to the southward, we struck
out west across the plain. The ground was much broken by precipitous
ravines, in one of which were seen masses of porphyry and quartz, the
only exceptions to the usual trap we had met since reaching the mount-
ains,

October 25, Camp No. 23.—In the course of the day we passed a
few groves of the common cedar, the only tree to be seen.  The grass,
of good quality, was parched with the continued drought, and the soil,
loose and dry as ashes, gave little hope of finding water.

October 28, Cump No. 24—At daylight it was discovered that a
dozen mules were missing. Their tracks showed that they had gone
back upon our trail, and some men were despatched to recover them ;
while the rest of the party pursuced their journey across a rocky ridge
thickly overgrown with cedars, whose low branches, frequently sweep-
ing off a pack, rendered the march slow and laborious. When we
stopped to rest in the middle of the day the animals, overcome with
thirst and fatigue, refused to graze, and huddled together under the
shade of the trees, Before resuming the mareh, a gourd of water and
some bread were left for the men who had been sent back in search of
the mising mules; and, after a march of seven miles farther, we en-
camped the third night without water.

October 27, Camp No. 25.—A few hours after getting out, fresh
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signs of Indians begau to make their appearance, and increased as we
advanced, in frequency and numbers, until we came upon a well-marked
and newly-made trail, keading to the northward of our course, but inte
which we turned in the hope of its leading us to water.  Having pur-
sual it in silence a fow miles, we surprised a party of ten or twelve of
the most wretehed looking Indians I have ever soen, naked, and appar-
ently almost starved. They all fled, except an old man and a wornan,
whom we attempted to conciliate with some presents; but were not
suceusstul in allaying their foars, althougl the man finally undertook to
direct us to water.  The mules were therefore unpacked and sent off
under his guidance. Ile conducted them to two small springs io a
rocky gorge, some ten miles distant; but, in their eagerness to drink,
the ground was soun trampled into a mere mass of mnud, so that very
few were enabled to quench their thirst. The Indian watched his op-
portunity, when not observed, to slip from his mule and escape among
the rocks; butas he had performed the only service we required of
him, no attempt was mads to retake him.

October 28, Camp No. 26.-—As there was no other alternative, the
camp was removed to the vicinity of the springs and the men set to
work at clearing them out, By this means, and leading two or thres
at a time to water, in the course of this and the following day a small
yuantity was obtained for each animal, barely enough to keep them
alive, but not enough to allay their thirst, as their refusal to eat and
plaintive cries too clearly proved.

The continued absence of the men who had been sent back on the
26th upon the tracks of the missing mules created great fears for their
safuly, or lest they had returned to Zuii; and their arrival there, it was
apprehiended, would give rise to unfavorable rumors in regard to the
party. Qur anxiety was relieved, however, by their reappearance in camp,
They had succeeded in finding the mules and bringing them within
a day’s march of camp, when half the number bad again made their
escape. During their absence of four days the men had suffered much
frow hunger and thirst, having taken but one day's rations with them,
and being without. water, except a small gourd full that one of them
had been provident enough to conceal before setting out. The bread
and water wo had feft for them, though placed comspicuously in the
middle of our trail, had not been discovered by themn, snd was probably
carried off by the Indians,

A parly sent out to reconnoitre brought back the gratifying intelli-
gence that twelve miles in advance was a small stream of running water

ZURI AND COLORADO HIVERS. 16

and an abundance of tolerable grass. A band of Yampais were found
encamped upon it, from whom Mr. Leroux learned tkat the numerous
trails we had observed for the last two or three days united and led to
the country of the Mohaves, and that their eamp was but one day's
journey from the river.

October 30, Camp No. 27.-—~This rivulet, which I have called the
Yampai, has its source in three small springs; it is repeatedly lost in
the ground within a distance of half & mile; after which it disappears
entirely. A few willow and cotton-wood trees grow upen its banks,
and green grass was hers seen for the firat time since leaving the Ban
Francisco mountains. Ilere, too, we enjoyed the luxury of a bath and
¢clean clothes—a luxury not fully appreciable by those who have not
gone & week without water to wash even their faces snd hands,

Novemder 1, Camp No. 28.—In the morning one of the sentinels
discovered an Indisn lurking about the mules, and brought him into
camp, He called himself a “ Cofnino,” was woll clothed in shirt, leg-
gins, and moccasins of buckskin, and his hair bound up behind into a
queue, after the manner of the Pueblo Indiams. A long hair-rope
wound around his waist gave unmistakable evidence of his designa upon
our mules. After a short time several others made their appesrance
wpor & neighboring hill, and were induced by signs to approach the
camp; but, when within two hundred yards, the first one sprang up and
darted from the midst of a dozen men who were standing around him,
wielding an arrow drawn from his quiver to prevent their approach, and
calling out loudly to his companions, who immediately turned and fled,
discharging their arrows into the herd snd killing three of the mules.
Thé men were then ordered to fire upon them, which they did without
suy spparent effcct, although traces of blood upon the rocks showed
afterwarda that one at least had been wounded.

November 2, Camp No. 20.—Wae kept down the valley of the Yam-
pal some twelve miles, when, finding that its course was out of our
moat direot route, we diverged from it across a wide barren plain, and
encamped without water, grass, or wood, the only fuel being the with-
ered cacti with which the plain abounded.

A naked escarpment on the side of the creek showed a stratum of
granile, containing 5 great deal of feldspar, underlying the trap, and &
whitish feldspathic rock enclosing nodules of chalcedony. The rest of
the country only exhibited the usual volcanic formation.

Hovember 3, Camp No. 30.--Directly in our front was & bold range
of mountains, from the top of which we were sanguine of seeing the
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Colorado. We entered a rugged and difficult pass, between cliffs and
pinnacles of gneiss, and attained the summit after a long and fatigning
ascent and the loss of several mules that gave out by the way, to be
again disappointed in beholding, instead of the river, anocther extensive
and desolate plain, and beyond it a similar formidable looking mountain
range.

While halting to rest the mules and endeavor to bring up those that
were left on the road, Mr. Leroux turned off to ascend a higher peak,
affording a more extended view of the country ahead; and, passing by
a cluster of rocks, reccived the discharge of a flight of arrows from a
concealed party of Indians. Three of the arrows took effect, inflicting
severe wounds in the head and wrist, which caused him much auffering
and disabled him for the rest of the journey. The Indians were driven
from rock to rock, but always contrived to keep out of rifle range; and,
after the pursuit was abandoned as fruitless, they returned a3 near as
their safoty would permit, watching our movements and making gos-
tures of rage and defiance. When the march was resumed they fol-
lowed for a short distance, approaching near enough to discharge some
arrows, without effect, at the rear of the party. They were similarly
clad and appeared to be of the same tribe as those last seen; some of
the men, indeed, thought they recoguised the one who had been in our
camp two days before.

November 4, Camp No. 31.—Many trecs of the Spanish bayonet,
scattered over the plain, varied the scene somewhat, but gave no relief
to its aspect of barrenness; and another night passed without grass or
water, added to the sufterings of the nearly exhausted auimals,

November 5, Camp No. 32.—The approach to the mountains, before
alluded to, was by s giadual ascent, so that when we arrived at their
base, there did not remain much to be overcome. The pass was never-
theless exceedingly rough, and bordered by overhanging crags, which
it was deemed pradent to oecupy before advancing with the algjo, Wa
passed through, however, unmolested, and were at length cheered l.)y
the view of the Colorado, winding far below through a broad vailey, its
conrse for many miles being apparent from the large trees upon its
banks. The smoke of numerous fires in the valley gave evidence of &
large Indian population, and the sight brought 2 spontanecus ch&:.er ffom
the men, who believed that this was to bo the end of their privations
and of the labors and anxieties of the journey.

The barometer showed us to be about 8,200 feet above the rivef.
The descent to it was rapid and continuous, the slope of the mountain
reaching almost to its banks.
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A small travelling party of miserable looking Indians was met as-
cending the mountain; one of whom being teo much frightened, or too
heavily laden to escape, was interrogated by signs; but no information
could be obtained from his real or affected stupidity.

At this point the river was two hundred and sixty-six yards wide,
with six feet of water in the decpest part; the banks bluff and sandy,
about twelve foct high, and the current rapid; but a dense growth of
willows and weeds prevented me from measuring its velocity with any
degree of aceuracy. The presence of water seemed to afford -the only
relief from our former privations; for the soil, an almost impalpable
sand, bore nothing but dry weeds and bushes, and the whole scens
presented the most perfeot pieture of desolation T have ever beheld, as
if some sirocco had passed over the land, withering and scorching every
thing to crispness,

From this point I Liad designed to explore the river upward to the
great cafion, and determine acenrately the mouth of the Rio Virgen,
one of its largest tributaries; but the eshausted condition of the ani-

mals and scanty supply of provisions (the party having been already

soveral days en reduced rations) compelled me reluetantly to forego
my purpose.

The whole sountry traversed from the San Fraucisco mountains was
barren and devoid of iuteresl. It consists of a succession of mountsin
ranges and desert plains, the latter having an average height of about
5,000 foet above the lovel of the ocean, The larger growth, almost
exclusively of cedar, was confined to the mountains; and the seanty
vegetation of the plains, parched by a long drought, furnished few ape-
cimens for the botanist.

November 7T, Camp No. 33.—A well-worn trail leads down the river,
by the side of whiclh in several places wers found traced on the ground
Indian hieroglyplies, which Mr. Leroux and a Mexican of the party,
who had passed many years among the Comanches, interpreted into
warnings to us to turn back, and thronts against our penetrating farther
into the coantry, We had not gone far before Indians were seen in
front in considerable numibers, who appeared to be assembling to dispute
our ndvance. By the exchange of friendly signs, three of them, mounted
on fine horses, were indnced to approach, whom a few presents sufficed
to convinee of our pescful intentions; and they joined the party, snd
accompanied its march. As we proceeded their number received ssoes-
sions at every step, until it amounted to some two hundred men, wornen,
and children, who followed on foot, running by the side of the mules,
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and talking and laughing with every appearance of friendship, Inthe
evening the camp was crowded with them, bringing in for barter small
quantitics of pumpkins, beans, corn, and, in one or two instances, of
wheat, which seam to be the staples of thair food, for no animals,
except  few horses, were seen among themn; and the few sheep we had
Jeft were the objects of great admiration, especially to the women.

The appearance of the Mohaves is striking, from their unusual sta-
ture, the men averaging at least six feet in height; and their stalwart
and athletic figures offered a convincing proof of the excellence of a
vegetable diet.  Almost all the men were naked, with the exception of
the breceh-cloth,  The hair, eut square across the brows in tront, hung
in luose braids behind, reaching frequently as low as the waist; ceea-
sionally it was matted on the top of the head into & compact mass with
mued, for the purpose of destroying the vermin that infest them.  The
only garment worn by the women was a long fringe of strips of willow-
bark wound around the waist, and falling as low as the knees. No
covering to the feet was worn by either sex. Their arms are the bow
and arrow, the spear and the club. The arrow is formed of two pieces—
that to which the Larb is attached, of hard wood, seven inches long, or
one-fourth the entire length; and the other of a light reed that gréws
profusely along the bunks of the river, feathered, as usual, at the ex-
tremity.  The custom still prevails among them of earrying a fircbrand
in the hand in cold weather, which is mentioned in the account of
Coronado’s expedition in 1540, and induced those discoverers to give to
the river the name of Rio del Tizon, Their lodges are rectangular,

formed of upright posts inbedded in the ground, and rudely thatched -

on the top and three sides; a portion of the interior altitude being
gometimes obtained by excavation. Isaw nome of so great asize as
those described in the account just referred to,

November 8, Cump No. 34—A large crowd of men, women, and
chililren comtinued to follow us, wmany of them carrying besns aud
pumipkins, and all urgent for us to encamp among them, for the pur-
pose, as they gave us to understand, of trading. T wus myself anxious
to ohtain supplies from them; but their numbers and importunity had
teen o troublesome the day hefore, that it was resolved to exclude them
from the camp, and to adopt some plan which should free us from a
repetition of the annoynuce. Before unpacking the mules, therefore,
a chain of sentinels was placed around them, with instructions to pre-
vent the entrance of the Tudians, and places were designated on the
outside where they might hold their market. This arrangement gave
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grest dissatisfaction, and did not fully answer the purpose intended; for
many eluded the vigilance of the sentinels, or took advantage of their
negligence, and the camp was soon again filled with them. A large
number were obscrved to have arms; and the fact that no chiefs bad
presented thenselves, notwithstanding our fre‘quent. demands for them,
was regarded as suspicious, and calling for all possible vigilance. The
retreat was therefore sounded, and the Indians ejected from camp, which
was accomplished with difficulty, and hardly without the use of vio-
lence. They left us with scowling faces, and some old women were
vociferous with what we supposed to be their threats and denuncia-
tions.

November 9, Camp No. 35.—While preparing for our departire
before daylight, Dr. Woodhouse, who was warming himsell by the fire,
received an arrow through the leg, fortunately without doing Lim much
injury. Several others were thrown inte the camp and among the
mules, but the darkness caused them to fall harmless, The sentinels,
however, were thrown farthor out, and we got under way without fur-
ther annoyance, numbers following us with yells of defiance, but taking
care to keep at a respectful distance.

Some days after {on the 16th) we came upon another large settle-
ment of Indians, who represented themselves to be Yumas, and met us
with assurances of friendship. One of them, who spoke Spanish toler-
ably well, informed us that we were about eight days’ journey from the
Gila, and that there was a military post near its outh, and described
accurately the persons of the officers whom we knew to have been sta-
tioned there. They were without provisions, living upon the fruit of the
mezquit and tornilla trees, and seemed to have recently located them-
selves upon the spot. I was convinced of the sincerity of their profes-
sions, and distiibuted some presents among their old men; but we did
not relax our customary vigilance, excluding them from the camp, and
keeping a fuw men constantly under arms. The utility of the precau-
tion was soon made apparent; for sbout the middle of the following
duy, us the advance of the party were engaged in unpacking the mules
to give them their acoustomed noon rest, a band of filty or sixty Indians,
approaching under cover of 8 thicket, foll upon a soldier of the. escort
who had lagged in the rear, and, having disabled him with an arrow
wound in the elbow, despatchied him with their clubs; following it up
by a general atiack wpon the party, in which they displayed much bold-
ness, advancing within easy atrow range, and maintaining their ground
against the fire of cur rifles and musketoons for some fiftcen minutes,
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when they were beaten off with loss, leaving four dead upon the ground,
and carrying off several wounded. They possessed themselves of the
musketoon of the soldier they had killed, but showed themselves un-
skilled in its use, firing it off several times at a distance of half a mile,

Our progress down the river, though heralded by signal fires as we
advanced, was continued without further molestation. Numbers of the
mules gave out daily for the want of food, until we were driven to the
necessity of destroying all the spare saddles, blankets, tents, ammuai-
tion, books, and whatever was not absolutely essentinl to our safety,
vur provisions, too, beeame exhausted; and the maules, the poorest of
which were daily killed for the purpose, supplied our only foud until the
30th November, when we arrived with a small remnant of them at
Camp Yuma, near the mouth of the Gila, where rations were obtained
for the subsistence of the party to San Diego, California.

Below the point at which we reached the Colorado, irregrular lines of
rugged mountains enclose its valley, now receding to a distance of some
twenty miles, now advancing towards each other ; and at threo places
abutting against the river, hem it in between rocky promantorics, leav-
ing no roem for a roadway at their base. The passage of these defiles
were the most diffieult portions of the journey, requiring long detours
over naked clitts of extreme acelivity; to cross which we were sometimes
obliged to break stepping places in the rock for the mules, and to assist
them in their ascent by means of ropes, and where a misstep, or the
jostling of a pack against an impending crag, would oecasionally preci-
pitate one of them to the bottom of the adjacent precipice. The arable
land bordering upon the river is greatly encroached upon by coxtonsive
flat spurs, hard, gravelly, and destitute of vegetation, which reach far
out into the valley, leaving a comparatively small proportion of the
space between the mountains susceptible of cultivation. Some largo
cotton-wood trees grow directly upon the river banks, but the growth
of the rest of the valley is small, consisting chiefly of mezquit, tornills,
willow, and a singular tree with a smoath, pale-greon bark, aud leaves so
diminutive as to require a close proximity to discern them. The shrubs
-re the arrow-wood, wild sage, hediondillu, or creosote plant, and grense
weed, so ealled from the brilfiancy of its flame while burning. Cacti
are not numerous; the most remarkable is the pitakeye, or Cereus
giganteus.

Only two kinds of grass were found, at rare intervals and in small
quantitics; a tall, coarse variety, growing in large tufts, and a smaller
kind, having a perceptible incrustation of salt upon the leaves,
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The trap in some places along the river showed traces of carbenate of
copper; and bencath the trap was seen a coarse, gray granite, and in
one instance a stratum of clay slate.

Near Camp 51 a largo rock oceupies the middle of the channel, and
ledges extend from it across to both banks. In many other places the
river is obstructed by shifting sand bars, rendering its navigation diffi-
eult, if not impossible, except during 2 high stago of the water, The
water-stains upon the rocks marked a height of twelve feet above the
actual lovel, but the indications of overflow were partial, except near
the mouth of the Gila, where a largo surface appears to be subject to
inundation,

Very respectfully, your obedient servant,
L. SITGREAVES,
Drevet Captain Tep, Engincers,
Col. J. J. AnEnr,
Corps Top. Engineers.
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in the Superior Court
of the State of Arizona, In and
for the County of Apache

The St. Johns Irrigation Company
and The Meadow Reservoir Ir-
rigation Company, Corporations,
et al.,

Plaintiffs, JUDGMENT
Vs,

Round Valley Water Storage &
Ditch Company, Eagar Irriga-
tion Company, Springerville
Water Rizht and Ditch Com-
pany, Corporations, et al,

and
DECREE

Defendanis.

The complaint in this case was filed on the 24th day of
March, 1804, in the District Court of the Fourth Judicial
District of the Territory of Arizona, and for Apache County,
and the evidence in the case was taken pefore W. S. Norviel,
Commissioner of that Court, beginning on the 23rd day of
July, 1908, and ending on the 3rd day of August, 1006, This
court being the legal successor of the Court in which the
Complaint was filed, and Hon. Reamer Ling, Judge of this
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Court, being disqualified herein, and gnnouncing his disqual-
ifications, this matter was oD the 12th day of July, A. D
1912 referred to Hon. F. W. Perkins, Judge of the Supernor
Court of the County of Coconino, State of Arizona- And the
matter being by gtipuliation, dated April 1, 1018, duly gnb-
mitted for decision upon the evidence herein; and on the‘

day of June, 1014, in this Court and in 8 cause eptitled 'Th;
Eagar Irrigation Company, 2 corporation, gnd the Rt;\.m

Valley Water Storage and Ditch Compsany: & Corpora mn%
Plaintiffs, vs. Fred T. Colter, Defendant” & 1ar8€ pumber O

the parties to this suit, who were farming on th(f u;{per part
of the Little Colorado River, having seitied thglr 'ng‘hts: be-
tween themselves by a stipulated decree, and incluﬁed in it
o stipulation that. sthere being now pending in this Court
an action wherein the st. Johns Irrigation Co., et al, 'are
plaintiffs, and the Round Valley Water Storage :.md D'ltc!x
Co., et al, are Defendants, in which suit the relative pricth
ties of the parties hereto and all other users of the wat?r :f
gaid river upon lands lying adjacent are to be determined,

urt reserveé the right to make BUC :
tgs (:;it with said suit of such amalgamation of the decree In

each, or such order with respect to the Commissioner and

his salary. and the payment thereof, as shall be conducl‘l;

to a complete determination of the rights of all parties an

of an economical adm . :
waters of said river,”’ therefore in ghe formul?LuOn of th:)sf
decree, the Court follows and applies the sai.d dﬁte;een
June 20, 1814, wherein said decree settles the right

any of the parties thereunder on the Littie Colorado above

Richville, insofar as that decree does not conflict with the

proofs herein ot i not derogatory of the right of other par-
ieg to this action. o -
Hes The evidence given in behalf of the plaintiffs Was 80 m

h consolidation of .

inistration and the conservation of the’

;
complete as to the acreage possessed and irrigated in oerté.in
bodies of land referred to in the evidence, but not specified
by Government number, and the ditches under which var-
jous lands were gituated in and about St. Johns, that, on the

_14th day of September, 1917, the Court appointed a com-

mission, composed of W. D. Rencher, Joseph Udall, and
George E. Waite, to measure and report as to the acreage,
¢he condition of the land &s being capable of cultivation, and
the respective ditches under which the lands belonging to
the stockholders of the plaintiffs were jocated. And said
reports, by 2 majority of the commission, having been duly
received and filed on the 315t day of January, 1918, and as
evidence in regard to the rights of various defendants at
Richvilie was 80 incomplete that the Court could not ascer-
tain the rights of the respective parties thereto, and a cer-
tain map, an exhibit herein regarding the rights in Richville
being lost, and the Court having in the month of May, 1917,
sent & commission, composed of W. D. Rencher and Joseph
Stradling, to measure the said lands, and the Court having
h-retofore appointed W. D. Rencher a commissioner to de-
termine the capacity of various reservoirs belonging to par-
ties hereunto and the report having been received and filed,
and the Court having been fully advised by the abstracts
and briefs of Ross and O'Sullivan, Alired Ruiz, and isaac

Barth, as attormeys for plaintiff, and later by Isaac Barth,
acting solely for the plaintiffs, and the briefs of Herndon
and Norris and George H. Crosby, Jr., and later of Norris
and Mitchell, acting solely for the defendants, and the
Court being fully advised of the results of one year's €x-
perience under a temporary decree in use during the season
of 1917; )

Now, Therefore, the Court being fully conversant with
the evidence as heretofore taken, the decree herein

o ————— - .5 .
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mentioned, and the reports of the Commissions .amd gll of

the briefs herein, and the case being fully submitied;

rT IS ORDEF ,mnmem.mwcnm: ‘
FIRST. That the pumber of scres: each year while

they are under actusal cultivation, of the trac
inafter mentioned, jocated in the County of Apache, State‘: of.
Arizona, 85 the same NOW 8T or heretoiore have been, piac
ed under cultivation ar€ entitled o water £ _

i i d
thereof from the Little Colorado River 80 X d
jts tributaries in the following order as to the rights of pr?

ority of use of such water for the irrigation thereof, to-wit:

FIRST RIGHT. 7
All claims in TWP- gN, R 29E, C. and 5. R; M;-
4 4 7 SE% ©

Mrs. Dugan Colter: w4 of NwW%, Sec.
NWk. Sg’r‘z of NE%, Sec. 7, SW% of NE% Sec. 5,
pumber of acres 100; date of appropleatlon, 1872.
i 4 E* of

. Rothlisberger: gwu of gw% and

John v W of SE% of Sec. 5 N% of
Nw4% and sww of the NWH ‘of Sec. 8, pumber of

Berry):
sE of NE%, Sec. 5. Number of acres, 9} date of
appropriation. 1872.

Hiram Bigelow: gw% of NW%, Sec. T. Number of

acres 5; date of appropriation, 1872.

SECOND RIGHT. :
3. G. Homrighausen: E% of sw% and w4 of

ber of acres,
SE%, Sec. 33, Twp- gN., R. 29 E, Num
140; date of appropriation, 1872; classed 88 gecond

right.

THIRD RIGHT.
Same Party: NEY% of SE%, Sec. 32; 13 acres; date
of appropﬁation, 1874.

Cesario Cordoba: E% of NE%, Sec. 32, SW% of
Nic%, Sec. 32, NW¥ of NW%, Sec. 33, BWX of
SW4, Bec. 28, SE¥% of SE%, Sec. 29, Twp. § N.,
R. 20 E. Number of acres, 130: date of sppropria-
tion, 1874; 85 acres; classed as third right.

J. N. Homrighausen: SW¥% of NE%, Sec. 32; num-
ber of acres, 34; date of approprintion, 1874. '

FOURTH RIGHT.

Cesario Cordoba: 45 acres in land described in
third right; date of appropriation ,1874; classed
with fourt right.

FIFTH RIGHT.

Thomas Phelps:

NW4, Sec. 32, SEX of SWY% and SW¥% of SEY%,
Sec. 29, Twp. 9 N, R. 29 E. Number of acres, 50;
date of appropriation, 1815.

Pedro Candelaria: N of NE%, Sec. 20, 8% of
‘SEY%, See. 20, TwP. 9 N., R. 28 E. 37 acres; date
of appropriation, 1875.

Hamblin and Jarvis {successors to Thomas
Berry): E% of NW%, Sec. 5, Wi of NW4, Sec. 4,
Twp. 8 N, R. 99 E.; 80 acres; date of appropria-
tion, 1875. -

st. Johns Irrigation Company: For use in Town-
ship 13 N, R. 28 E,, and contained in Section 22,
and the NE% and the NE% of the SE% of Sec. 34,
and the 8% of the SE%, and the SW% of the SE%,
and the N% of the NE¥%, and the W4 of the
NW%, and the NW% of the NEY4, of Sec. 21, the
QWi the SWk of the NWY4%, of gection 15, the
SEY% of Section 16, the W% of the NE% of Sec. 16,
and the S% of Sec. 9; 750 acres; date of appropri-
ation, 1875.

A
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i Jose Garcia: SW% of SWH, Sec. ?, Tl‘wpi;'?sﬂ.,
‘, 28 E.; 30 acres; date of appropriation, .

‘ RIGHT.

3% Sec.
Elish Averett: % of NE% and E% of NWi,
29 'I:vp. g N,R. 20 E.; 27 acres; date of sppro-

usen: SE% of SE%, Sec. 32, Twp-
g Nw% and W of NE‘A_,
Sec."é. ':[‘Wp. 8 N., R. 28 E: 80 acres; date of ap-
propriation, 1876.
EIGHTH RIGHT. ' o
Elisha Averett: in lands described in 6th right; 10
acres; date of appropriation, 1876. ”
| i + N % , Sec. &7
. Neadice Thompson: N of S :
Mr&; g N, R.29 E.; 20 acres; date of approprid-
tion, 1876. : ‘o
Gustav Becker: NEY% of NE%, Sec. 18, NW% ©
NW¥4%, Sec. 17, W% of SW¥4, Sec: 8,.Twp. g N, R
29 E.; 25 acves; date of appropriation, 1876.
Eutimio Baca: w of the SE%, the SE' ofg ge
1 gWk, SW¥ of NEY, Sec. 23, TWP. 11 N., R. 29 B
i 50 acres; date of appropriatwn, 1876.

NINTH RIGHT. ‘
Hiram Bigelow: N% of SE%, g% of NE%, Sec. %2,
Twp. 8 N R. 28 E; 13 acres; date of appropria-

f tion, 3877- 121
| ing: Lots 10 and 11, Sec. 4 P "
Reamel 20 f appropriation, 1877.

R. 28 E.; 30 acres; date ©
Manuel rTafolla: NwWH of NE%, Sec. 34,Tw1;8 %;3
N, R. 28 E; 19 acres; date of appropriatlen. 71.

TENTH RIGHT.
Jose Angel Chavez:

e ke e =

the BE% of SE%, Sec. 34, Twp.

13 N, R. 28 E.; 30 acres; date of appropriation,
1878. . .
Anastacio Chaves Estate: Lots 1, 2 end 7, Sec. 2,
Twp. 12 N, R. 28 E.; 30 mcres; date of appropria-

~ tion, 1878. ‘

ELEVENTH RIGHT.

Jacob Hamblin, Greer, Arizona: SE% of SW%, Sec.

1, Twp. TN, R. 27 E.; 20 acres; date of appropri-
ation, 1879.

fred Hoffman: aw% of NE%, Sec. 15, Twp. 8 N.,
R. 28 E.; 10 acres; date of appropriation, 1879.

r. H. Thompson: NW% of NWk, Sec. 14, 8% of
SW4%, Scc. 11, Twp. 8 N., R. 28 E.; 10 acres; date
of appropriation, 1879.

Springerville Water Right and Ditch Co.: For gar-
den and orchard and domestic use; E% and SE
of NW¥%, NW¥4% of SWH%, Sec. 33, Twp. 9 N, R. 29

) E.: 63 acres; date of appropriation, 1879.

i James T. Campbell: W of SW4, Sec. 17, SE% of
- SEY%, Sec. 18, NE% of NE, Sec. 19, Twp. 8 N, R.
" .28 E.; 20 acres; date of appropriation, 1879,

Cruz Rubi: The SW4% of NWL, SE% of NWk,
NEY% of SWt, and the NW% of SE% of Sec. 34,
Twp. 13 N, R. 98 E.: 60 acres; date of appropri-
tion, 1879,

J. B. Richey: Undescribed lands located at Rich-
ville: 32 acres; date of appropriation, 1879.

J. Moroni Richey: Undescribed lands located at
Richville: 16 acres; date of appropriation, 1879.

Thomas Irwin {successor to John F. Sherwood) :
Undescribed lands located at Richville; 1814 acres;
date of appropriation, 1879.

1. J. Baca (successor to William Sherwood) : Un-
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SIXTEENTH RIGHT.

SEVENTEENTH RIGHT.

Undescribed fands located at Richville; 1§14 acres;
date of appropriation, 1883. -
“gritiam Sherwood) @ LI

. 4. Baca {successor 0 W{“’S‘? :
ieﬁiﬁb&d {ands located at Richville; 33 acresf date

of 8 ropriation, 1883. °
J v:’).pShe:‘wwd {successor to Jfﬂm .F. ?;JZW::::L:
!jnﬂescribed jands located at Richville; ’ :
date of appropriation, 1883. . som . Sher
ccessor . Bt

%Zdr??ci}f?g:srggi (f:nds 'lo‘cated Ssat Richville;
1214 ACTES; date of appropriation, 1 -
Fred Nielsen: Undescribed iand? lpcat;d at Ric
ville; 17 acres; date of appropriation,

Luis Chavez: Undescribed lands located at Rich-

ville; 9% acres; date of apprepriation,

- w%, Sec. 12, TWP- 7
Jotin C. Hali: The W% of V) T

N, R. 2T ES 5 acres; date of a.ppropriation,
, Howell: The g% of NWH, St?c. .15. ';‘;épi
g N., R. 28 E.; b acres, date of appropnat\on, ) d}.s
Meadows Reservoir Errigat:icn Company: For an
mentioned in thirteenth right; 150 acres.

Benjamin

Round Valley Water Storage andt Ditch Co.: The

s Y%
% of SEY, and E¥% of NEY%, E'2 of NWi4%, NE

of SWh, Sec. " (‘)f Nw of NBE%, N (;f S‘V’/:,
N, R. 29 E.; 8% of SE',
Sec. 27, NWH of Sec. 35, NW¥% and S% 8

4 MW of NE%, Sec. 33, Twp. 9 N, R

1% Sec. 34, 33,
QIQEI;." 618 acres, date of approprnatmn, 1885.

§t. johns Irrigation Company: For Sec. 4
s% of the NW4% and the SE% of

See. B, the NE%

of Sec. 8, the E% of the NW% ofSec. 9, and the N'%
of the SE% Sec. 9, the SW% of Sec. 10, the W% of
the NE% of Sec. 15, and the NEY% of the NW¥% of

Sec. 15, Twp. 13 N, R. 28 E.; 750 acres; date of ‘

appropriation, 1885.

EIGHTEENTH RIGHT.

Leandro Carillo: The E% of SW% snd NW¥% of
SE%, Sec. 20, Twp. D N, R. 20 E.; 10 acres; date
of appropriation, 1886.

Caroline Desmont: The N of SE%, Sec. 11, the
N% of SW%, Sec. 12, Twp. 8 N, R. 28 E.; 2b
acres: date of appropriation, 1836.

NINETEENTH RIGHT.

Howard Hale: The SW% of SW4, Sec. 1, Twp. 7
N., R. 27 E.; 8 acres; date of appropriation, 1887.

J. C. Hall: The SW% of NW¥%, Sec. 12, Twp. T N,
R. 27 E.; 15 acres; date of appropriation, 1887.

7. H. Thompson: The NWY4% of NW4, Sec. 14, the

g1 of SWY4, Sec. 11, Twp. 8 N., R. 28 E.; 15 acres;
date of appropriation, 1887,

TWENTIETII RIGHT.

Eagar Irrigation Co.: see land described under

year of 1891; 387 acres; date of appropriation,
1888. -

St. Johns Irrigation Company: Those fractional
parts of Sections 21, 92 and 28, Twp. 13 N, R. 28

© E.; lying under the St Johns City Ditch and not

included in the St. Johns Townsite entry; 102
acres; for orchards and garden use; date of appro-
priation, 1888.

Same Owner: For all of the ¢, Johns Townsite,
and for garden use and orchards and domestic use,
as the same appesrs of record in the county rec-
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ords of Apache County: 200 acres;
priation, 1 - ,

FEagal frrigation Co.: land des?ri!?ed ;t;ng;r
yesar 1891; 704 BCreS; date of appz-opnatxou, .

SECOND RIGHT.

' W. wiltbank: The NE% of sSE

gEY%, Sec. ii, the NW% of NEY%, Sec. 1_4, 189.0
N !i 27E.; 30 acres; date of appropnatﬁn, ;
W;‘ g, Gibbons: The gwW% of SE%, Sec: p ,n’i‘WPméo‘
N. R 97 B.; & acres; date of approprid ion, |

TWENTY JTHIRD RIGHT.

NW
igati .: The g% of Sec. 7, the
tlon 1, of NW*, Y% of NWH and

Goe, 11, the S%, the ot of N, NE® of

NE”;& Ofnd NW %, Sec. & the E% oquié‘f*.
1;‘: 5 a;:ne g%, and NE%, and SE’fi'of W; , seei
s The NW%, N . the NW of SW, 3¢
’ th SE%,of Sec. 3 the Wi2 of SW oy SW%'

10, B N R. 29 E. the e i, NE% of SWH ST,
D8 s of NE%, SW f NE, Sec. 33, B

of SW's, i oo T s v

L f’SW‘A, Qoc. Ik sw
Sec. 39 ; SWN OR 29 E.; date of appropnat;op,
c. 35, .
1891 , ' .,
i Rothlisberger: The NW ’oi S‘W‘g , Sec. 4,8%’
3 oEn, Sec. 5 NE® of NEx, See. & T 8
R. 29 E; .30 acres; date of gppropria jon, 1891

The NE® of SE%, and SE% of

B. W. Wilthank: 1550 "p o7 E.; 8 scres: date of

sp%, Sec. 11, TWP-
spprogﬁation, 1893.

John O. Hall: The NE% of NW¥% of Sec. 35, B¥% of
sW¥% and SW¥% of SE%, Sec. 26, Twp. 8N.,.R. 271
E.; 9 acres; date of appropriztion, 1893.
Ike Hale: the NW% of NW¥, Sec 12, SW% of
sSWY%, Sec. 1, Twp. 7 M, R. 27T E; 29 acres; date
of appropriation, 1893.
TWENTY-FIFTH RIGHT.
. S. Gibbons: The SW% of SE%, Sec. 11, Twp. 1
M., R. 27 E.; 8 acres; date of appropriation, 1804,
TWENTY-SIXTH RIGHT.
Fred T. Colter (successor to C. H, Sharp): The
SW% of SE%, Sec. 9, NEY% of NW%, Sec. &, E% of
SW¥%, Sec. 5, Twp. 9 N, R. 29 E.; 20 acres; date
of appropriation, 1895.
TWENTY»SEVENTH RIGHT

Frank Wiltbank: the NE% of SE%, Sec. 14, Twp.
7 N, R. 27 B 15 acres; date of appropriation,
1896.
w. W. Lund: The sp% of NE%, Sec. 14, Twp. 7
N., R. 27 E.; 24 acres; date of appropriation, 1896.
Moltie Crosby: The NEY% of NE%, Sec. 14, Twp. T
N., R. 27 E; 8 acres; date of appropriation, 1896.
w. E. Wiltbank: The NE% of NE%, Sec. 14, Twp. T
N,R. 2T B 10 acres; date of appropriation, 1806,
TWENTY-EIGHTH RIGHT.
J. 0.-Hall: The SW% of SE%, See. 27, Twp. 8 N,
R. 27 E.; T acres; date of sppropriation, 1897.
TWENTY-NINTH RIGHT.
W. 8. Gibbons: The SW% of SEY%, Sec. 11, Twp. 1
N., R. 27 E.; 6 acres; date of appropriation, 1898.
THIRTIETH RIGHT. :
Fred T. Colter: The N% of SE%, NE% of SWHk,

Sec. 7, Twp. 8 N, R. 29 E.; 90 acres; date of ap-
propriatien, 1805

il— e S
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v of NWH4,
. date of 2p-

. The N‘r’z Of
NE% of NE%!
;12 acres; date of ap-

res on North

THIRD RIGHT.

Barthold Wahl:
Sec. 353 Twp‘ 9 N
propriaﬁon.

M% of NE%,
date of ap-

% of NW%,
E.; 52 acres;

FOURTH RIGHT.

Edmund Nelson: The NY% of NE%, Sec. ¥4, 8% of

EE%, Sec. 21, Twp. 8 N, R. 2D E.: 35 acres; date of
appropriation, 1885.

. FIFTH RIGHT-

George Winsor and Joseph Udall: Same lands de-
scribed under second right; 88 acres; date of ap-
propriation, 1885.

SIXTH RIGHT.

Wm. M. Rudd: The 8% of SW¥%, Sec. 28, Twp. 9
N, R. 20 E.; 7 acres: date of appropriation, 1886.

SEVENTH RIGHT.

E. A. Burk: Same 1and described under fifth right;
10 acres; date of appropriation, 1888 .

SECOND. It is further ADJUDGED and DECREED
that the irrigation waters of the said Litte Colorado River
and its tributaries chall be distributed to such portions of
the said lands hereinbzfore mentioned as are actually under
cultivation, by 2 Commissioner hereinafter provided for,
during the irrigation season hereinafter provided for; ac-
cording to the rights of priority and to the extent that is,
in the judgment of this Court necessary for the econom-
ical cultivation theres?, and no more, at such time and per-
jods as said Commissioner may direct; subject to the super-
vision and control of the Court; provided that no person or
corporation who is 2 beneficiary under this decree shall he
entitled to draw water from the said Little Colorado Riwver
for any of the lands mentioned herein except the same be
for that year devoted to be a useful crop; and that, if said
jand be grass land: the beneficiary shall only draw water
for said land when, in the judgment of the Commissioner
and the Court, the fkaw of the river is sufficient to water

all planted and alfalfa lands and siso the grass Jands, and
i

iy g bk < i At
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FIFTH RIGHT.

Meadows Reservoir Trrigation Company: At Mead-
ows; 900 acre fect; date of appropriation, 1894.6-?[
st. Johns Irrigation Company: For the First Sa-
jado Reservoir; 1300 acre feet; date of appropria-
gion, 18%4. - '

Esgar Irrigation Company: White Mountain Reser-
vyoir; No. 1, 2391 acre feet; date of appropﬁation,
the ﬁver' oW 1894.

" The SIXTH RIGHT.

und and Eagar Irrigation Company: For River Reservoil
No. 3, in Lee Valley; 1669 acre feet; with the right
as against the reservoirs of Fred T. Colter of re-
pairing this reservoir to its surveyed capacity; date
of appropriation, 1896.

SEVENTH RIGHT.
gt. Johns Irrigation Company: For the Big Salado
Reservoir; 17260 acre feet; date of appmpriation,
1898.

piGHTH RIGHT.

Fred T. Colter: Colter's Lee Valley Reservoir, 10
jts present capacity, which is not now in evidence.
. For Colter Reservoir No. 1, situated upon Sec. 3, Twp.
h Co.: 'ots g M., R.27 E. G.and g R.M,to its pz‘esent capa-
Valley 8t I*° city, which i8 not now in evidence.
Colter Reservoir No. 2, situated upon Sec. 2, TWp.
8 N., R. 28 E., {o its present capacity, which is not
~ now in evidence. .
1887. -~ - Colter Reservoir No. 3. situated upon Sections 29
and 30, TWp. 7N., R. 28 E, to its present capacity,
not now in evidence.

; 500 Colter Reservoir No. 4 gituated upon Sections 19

+
» --—.o—.'c.-'-——o—-
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an .
mo:! :2; 'l;gi.v;ldi;::. 28 E., to its present capacity,
?’rovided, however, that all parties owning storage res-
iervou's are chargeable with any water they do not cateh dur-
ing the storage season, and that owners of reservoirs shall
izve the p:_*efemd right for storage purposes until the first
vy of April ;each year, and that when there is not sufficient
to suppl‘?' fi!.lmg ditches and also irrigate such lands as may
:ee; irngatao? .for efarly crops, the water may be divided
ee‘n ‘f.he filling ditches and the irrigation ditches by the
Commissioner; between the first day of April and the 15th
d.ay of April, giving the reservoirs located in the higher al-
titudes the preference for later spring filling; and when
there is more water than is needed for irrigation’. ressrvoirs

may with the consent of the Commissioner or Court, be fill-

ed during the irrigation season;

And provided further, that the St. Johns Irrigation
Company, except in periods of drought, shall not be requir-
ed t? £ill, nor deemed negligent for not filling, its littie res-
ervoir, unless at least one-half fresh or mountain water and
that where possible the Commissioner shail supply said ’com~
pany three-fifths of mountain water to mix with the water
from Salado Springs for filling said reservoir.

FOURTH. It is further ORDERED and DECREED
that, unless otherwise ‘ordered by the Commiésioner or the
Co;xrf;{ali reservoirs on the upper waters of the Little Colo-
rado River may at all times be filled at the earliest i

: . ossibl
:t:mes in t!fe-stor:.s,ge season, and that, if lower partizs ownef
ing prior filling nghtﬁ on the Little Colorado River shall not
have be?en able with reasonable diligence to fill their lower
reservoirs, then the Commissioner shall cause water to be
released from the upper reservoirs in such guantities as in

N 19

et

‘his judgment the lower reservoirs are entitled to, gubject to

the advice and order of the Court.
FIFTH. And also that during the irrigation season the

patural fiow of the Little Colorado River and of its tribu-

garies shall be available and shall be used for the irrigation
of the lands above mentioned in the order of their priority
and under the direction of the Commissioner. The water
duty for the irrigation of seid lands is hereby set 80 that
one cubic foot per second continuous flow of water shall be
given to each 90 acres of land below the Lyman Dam on
said river; and that one cubic foot per second continuous
fiow shall be given to each 110 acres of all lands lying above
the Lyman Dam and below the narrows directly above 4. T.
Campbell’'s upper ranch; that all other lands be given one
cubic foot per second continuous flow for each 180 acres of
land, and that the Commissioner shall have full authority
to arrange the water in “turns” at stated periods; hat all
measurements shall be made at the head of canals; but an
allowance of two per cent per mile from the point of diver-
cion to the hcad of the latera) shall be allowed for soakage
and evaporation to all canals; and that twenty-five per cent
additional shall be allowed for all orchards and garden land
in the towns of Eagar, gpringerville and St. Johns; and that
no parties heraunto shall impound in any reservoir owned

controlled or operated by them any of such water during
the irrigation season, except with the consent of the Com

missioner, when thereis a surplus of water in the said river

SIXTH. . And that the Water Commissioner shall b
appointed by the Court, and he shall have full power am
authority to supervise and direct the impounding, storing
diversion, and distribution of the waters to all of the pa
ties affected by this decree. And 2 Commissioner, when on{
appointed, shall hold office during the pleasure of the Cou!
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i and until his successo ' -
_ Bu r is appointed and qualified. The Com- i icati 1
at . . and for further jnstructions and spplication® of this decree.
missioner shall have full power to enter mpon the reser- EIGHTH Any party 0 th:pﬁ ree rty i
, paree O 80y P2 y in-

i distributing water from

;1 voIrE, ean‘ais, dams, lands, gates, taterals, end other frriga- :

: tion sppliances of gll parties to this decree, and be ghall gerested in tmpounding, diverting of

X have full power to make any and all orders, whi ch orders the Little Colorado RiveT or its tributarnes may epply 10 the

E5 must be obeyed by each party to this decree, with the right ~ Court oF the Judge ghereof for an interpretation oF gnodifi-

| of the party to appeal to the Judge of the Co urt from said cation, enlargement ©F annulment of 80 order, direction, OF

- order after the party has complied with the order oﬁl y. - action of the Commissioner in carrying out the provisions
of this decree. Any such person W&y also apply to this Court

SEVENTH 'And all of the parties %o this decree 8re or the Judge thereo
required to maintain proper diversion dams in the sai i

i il:a(:c:;ra.d(; Rkive:% and to maintain proper measuring gates and all times be Op
e intake © each ditch, i 3
the canal between the intake :::ih t; P w.aste gate In cation, cnlargement, or for the annuiment of any of its
the releasing of the lus e measuring gate for terms, Upon the giving of notice to parties whose rights will
any canal; and no p:;;?::r:lier t}:“:: ;:ters' the head of pe affected and upon nearing had: under such terms an
A any water from said river tno sha ?ntitled to draw B regu‘iations as the Court may direct, subject o the right of
i Commissioner are rur g.at.es satisfactory 10 the appeal 10 the Supreme Court from any permwent modifica-
;gi ditch: and a.rranged .at the intake of each and every _ tion, enlargzment OF annuiment that may S0 be made.
i itch; and all parties to this decree shall establish proper C
; ! cement measuring and waste gates by the 15th day of April NINTH. The salary of the Commissioner is fixed,
‘l : 1920. All measurements of water shall be made by 8 uni: subject to change by‘ the Court, at Five ($5.00'} Dollars per
ai for;n method, by the Commissioner of under his direction day at?d transportation costs, and shall be paid by equ-atly
;‘ zzehconltrol; and the (?Omr!ﬁsioner i suthorized to make assessing ea.ch acre of iang‘ th;; d;aws wa;e;fro;n t.:e ;Jltu‘e(:}
1 : rules and regulations as may be reasonable an d ex- : Clo‘:orado River between e Meadows 21 e head of sal
4 pedu?nt and proper to jnsure proper storage, delivery arn P river, and the Judge of the Court may at the close of 'U.he
: i:mage of water from said reservoirs to the parties entitled season also 1€VY an assessment upon any storageé reservoirs
: fer‘eto, poth as to the irrigation of lands and the impounding on said river in pro ortion to the amount of total lab0
" ; eg’zter?handd§hall gee that no water is diverted to or car- that may he occasioned by caring for said peservoirs.
carria)é: eize;::c::so::::e;hg:,et;:%zﬁ i?;engid fo? S}“"h TE . Al gtored water from reservoirs carrie
er shall report at least once each month. d N mmgssgon- ¢hrough the river shall be m gred at ihe point where t
uring the irriga- water enters the Tiver of one of its running tributaries, 37
rom the amoun entering

¢k i i
on season to the Court as to his actions, and may at any there shall be 1° deduction f
i T

:nd :al_i tirges apply to the Judge of the Court for further of
pecific jrections as 0 pis powers and . duties point of di
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 river shall supply & measuring gate at the place where the
stored water enters the river or its tributaries. . . = .-

o . 1t is found by the Court that the water
from the Salado Springs, when not diluted by’ mountain
water is never fit for orchard and garden use, and is, when
continuously applied to field lands and field crops, deleteri-
ous to them. Wherefore, it is ordered and decreed that, 8s
jong s possible without depriving upper appropriations of
water belonging to them, ail lands located below the said
Salado Springs shall be given 8s much mountain water as
possible; provided, that when the water of the river will no
longer reach & lower prior appropriation, &n upper junior
er of preference, ghall then, by order

appropriation, in ord
of the Commissioner, pe given the right to use the water.
tion heads or fo

In order to furnish more satisfactory irriga
prevent loss by soakage, the Commissioner of the Court may
divide the water into “Turns” between ditches or commu-

nities located on this river..

TWELFTH. Whereas, ‘because
many persons, parties to this action, do not now owWn the
land described in this decree, the right to use water as here-

« absence of contracts to the contrary,

in granted shall, in th
belong to and be granted to the presént owners of the land

and their successors and assigns. .

This decree does not replace any terms of the decrée of
June 20, 1914, heretofore mentioned; and any provisions of
gaid decree not herein contained are gtill in force and effect.
This decree shall be in effect from and after the 1st day of
May, A. D. 1918. o o _

The parties hereunto shall each pay its costs of this
getion. - _ . . -

" Dated and signed this 20th day of April, A- D. 1918.
o F. W, PERKINS,
S Judge.

*
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- for the County of Apache
. of the State of. Arizona, In and
in the Supgrio'r Court '

The Bt. Johns Irrigation Company
And the Meagdows Reservoir Irri-
gation Company, Corporations, et

Plaintiffs, Order M odifying

Judgment and
PDecree.

al.
vSs.

Round Valley Water Storage and
Ditch Company, Eagar Irrigation |
Compsny Springen'iile Water |
Right ond Ditch Company, Cor-
porations, et sl pDefendants.

This matter came on pefore the Honorable R. C. Stan-

ford of Maricopa County, Sitting instead of the resident

Judge of this county. By gtipulation of the attorneys the ob-

jections of the Lyman Water Company &nd the St. Johns
Irrigation Company and J. B. Richey, J. M_ Richey and Fred-
erick Nielson.and the Tucker Livestock Company had beer
previeusly argued at Phoenix by -attorneys Stokes and Sher
man for those who objected and George H. Crosby, 37 i1
behalf of the petitioners, and the Court having decided tha
the petitions for the petitioners herein were gufficient t
justify_the‘ opening up and modification of the decree;

* Whereupon the matter coming pefore the Court on t!

ot i ot B L
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14th day of March, 1821, upon the petition of the Eagar
Ditch and Reservoir Compsany, & gorporation, guccessor {0
the Eagar lrrigation Company, 8 corporation, snd of the
Round Valley Water Storage and Ditch Company. g coOrpor-
ation, and of John C. Hall and George A. Winsor, doing bus-
iness as “Hell and Winsor”’ end of Edmond Nelson, gnd the
said four petitioners paving each and all presented their evi-
dence herein and the matter being duly heard by the Court
and the objecting parties having failed to produce any evi-
dence to the contrary and it being gftemards gtipulated and
agreed petween George H. Crosby, Jr- attorney for the pe-
titiopers and Stokes and Sherman and Gilbert E. Greer, 8t-
torneys for the objecting parties, and the Court naving fully
considered the mattier, does, a8 8 matter of 1aw, find, that
the petitioners and each of them is entitled to 8 modifica-
tion of the judgment and decree in this matter as said judg-
ment and decree was entered DY the Honorable F. W, Per-
kins, on the 20th day of April, A. p. 1918 in guch rights as

shall hereafter more fully appear:

WHEREFORE IT 1S HEREBY ORDERED, ADIUDG-
ED AND DECREED that the decree be 80 modified as to
the rights of the petitioners, The Bagar Ditch and Reser-
voir Company 890 that the gecond paragraph of said decree
under the 12th right herein be changed to read: The Eagar

N

pitch and Reservolr Company, & corporation, guccessors {0
The Eagar Irrigation Co., 8 Corporation, In the N. E. Cor-
ner of the gw4% of the swW% of Sec. T; Tl,p acres; NE%
. T; 15 acres; NWY% of the gE%.of Sec.

- NE% of the SE% of Sec. 75 34 acres: NW* of

Y

NE% of Sec. 8; 15 acres, South
part of the NE% of NW% of Sec. 8; 15 acres; North part
of the SE% of NW% of Sec. 8: B acres; All in ‘Township 8

I it | -

-

¥

®

T —

M, R.20 £:C. and 8. R BM.; 15614 acres; date of appropri-

. gtion, 1880.

And that paragmph one of said decree under the 20th
right therein be changed to read:
ervoir Company, & corporation, guccessor to The Eagar Irri-
gation Company, 8 corporation, in the middle pert of the
% of Sec. 12, T 8§ N, R 28BS & acres; N% of SW%, 8%
of NW%, and SW% of Sec. B; 136 acres; SW% of SW% of
Sec. 4; 25 acres; A strip along the North side of the N% of
of N% of Sec. 9; 20 acres; E% of the awk of Sec. 4 47
acres; SE% of Sec. 4; 90 acres; S% of NEY% and NE* of
NEY% of Sec. 43 65 acres; All in Township 8 N R. 29 E.;
387 acrcs; date of appropriation, 1888.

And that paragraph one of said decree under the 21st
right therein be changed to read: The Eagar Ditch and Res-
ervoir Company, 8 corporation, successor 1o The Eagar Ir-
rigation Company, & corporation; In the SWi4 of gwu of
Sec. 33; 20 acres; NEY of SW of Sec 33; 20 acres: N2
of §% of SE% of Sec. 33 and N of SW¥% of gwi of Sec.
54; 59 aecres; gy of 5% of SE' of Sec. 33: 22 acres. N% of
oE4% of Sec. 33 55 acres; SW's 4 of Sec. 333 38
acres; B¥%of NE% of Sec. 33; 30 acres; g4, of oW SWH
of SW% of Sec. 34 19 acres; 8
QW of SW4% of Sec. 35; 31 acres; All in Township g N, R
26 E.; 294 acres; date of appropriation, 1880.

And that paragraph one of said decree under the 22nd
right therein be changed to read: The Kagar Ditch and Res-
ervoir Company, a corporation, successor o The Bagar 1r-
rigation Company, 2 Corporation: In the NW* of NWH4 of
Sec, 18; 2414 acres; swi% of S 1 of Sec. T: 8 acres: NWY
of NWH% of Sec. 17; 15 acres; NE!s of NwWh of Sec. 17, 3
acres; W¥% of NE% of Qec. 17; 69 acres; SE% of NW4% o
Sec. 17; 30 acres,; g% of SW% of Sec. 8; 42 acres: SWH ¢



w -
s ——— . W s

26 ——

P

SE% of Sec. 8; 24 acres; £% of NE% of Sec. 37: 35 acres:
gwW% of aw% of Sec. @; 31 acres; NW% of sw of Sec. K
28 BCres; SE% of gE% of Sec. g 28 acres; sw¥% of NE%

Sec. §; 38 acres; SE% of NWk of Sec. 9; 36 acres: South
part of NE% of NW% of Sec. 9; 25 acres; NW% of NWk%
of Sec. 9; 24 acres; SE% of Sec. 8; 130 acres: sW% of NE%
of Sec. 9; 30 acres; SEY% of NE% of Sec. 9; 36 acres: NE*%
of NE% of Sec. 9: 36 acres; NW% of NW* and N% of SW¥
of NW4 of Sec. 10; 35 acres; NW¥4% of NE% of Sec. 103
acres; E% of SW4 of SE%, Sec. 3; 10 acres; West part SW%
of SE% of Sec. 3: 10 acres; NW¥% of SE% of Sec. 3; 25 acres:

E% of SE% of Sec. 3; 50 acres; N of NW¥% of Sec. 11 50

acres; NW¥4 of SE% of Sec. 3; 15 acres; gw of SE% of

Sec. 3; 15 acres; g% of SE% and L% of W% of Sec. 4, b1

acres; Being the Eagar Townsite; gll in Township 8 N, R.
29 E.; 11276 acres; date of apprepriation, 18061.
d Valley

And that in behalf of the petitioner the Roun
Water Storage and Ditch Company, o corporation, the de-
cree be 50 modified that the first paragraph under the Third
willing Right be changed to read: Round valley Water Stor-
age and Ditch Co.: For the Bunch Reservoir; located in Lee
valley, at its capacity on December 4, 1917; 900 acre feet;

date of appropria.tion,
And that the said decree be s0 modified in pehalf of the

petitioners John C. Hall and George A. Winson, doing bus-

jness as *Hall and Winsor,” under the fourth paragraph un-

der the 13th right be changed to read: Hall and Winsor, SuC-

cessors t0 3. T Campbell, 8 gtrip in the Northern part of the

e of the §% of School Section 16.; Township 8 N
E.; 3056 acres; date of appropriation, 1881,

date of appropﬁaﬁonp
Anditis further ORD

20th, 1918, as to the general regulations

ing these modificaticns an
and officers of this €0
constituted manper of admini

Court this 17th day

commissioners
regularly

Done in open

ERED AND D
be modified iD behalf of the

elson B0 that the only paragraph un
read: Edmond

der the

urt to pro
stering t

ECREED that the
titioner Edmond
4th filling
Nelson: On Nutri-
ropriation,
ree of April

d to enforce which let the
ceed in the

his decree.

of March, 1921.
rR. C. aTANFO
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~in the Superior Court
of the State of Arizond, in and
for the County of Apache

The St. Johns irrigation Company
and the Meadows Reservoir Irriga-

tion Company, Corporations, et al.,

Plaintiffs, Supp!amental Decree

s on Behalf of the

Round Valley Water Storage and
Ditch Company, Eagar Irrigation
Company, Springervilie
Right and Ditch Company, Cor-
porations, et al, Defendants.

Lyman Water Co.

Now on this day this matter came on for further hear-

mg upon the petition of The Lyman Water Company for an
a.zdjud;cation and confirmation of its rights to divert and
impound waters of the Little Colorado River, and

It appearing to the Court:

That in the decree in this cause entered on April 29th,
1918 the Court specifically retained jurisdiction in this mat-
ter in order that any party to this proceedihg, or any party
interested in impounding, diverting and distributing water
from the Little Colorado River, or any tributary thereof
might apply for a modification or enlargement of any of

the terms of said decree, upon giving notice to the parties

29

cm——

whose rights will be affected
tions 8s the Court might direct;

That upon the application of the Engar
_pany and other parties to this proceeding,
hes been opened for the further adjudication

of cleimants of water from the said River;
That the terms and regulations gixed by the Court for
omplied with, and the

the opening of said decree have been €
notice given &8 required by this Court, and that this Court

now has jurisdiction of the waters of the said River, and in
right to adjudicate and deter-

this proceeding it now has the
mine the claim of the Liyman Water Company;

is Court heretofore made, the said

Lyman Water Company Was made a party 10 this proceed-
ing, and it has been permitted to apply in this cause for an
adjudication of its claim to the water of said River;

And this Court having heard the te
support of the petition of the said The Lyman Water Com-
pany, and having examined the exhibits offered in evidence
and heard the argument of counsel, and being now fully ad-

vised in the premises;
T IS ORDERED, ADJUDGED AND DECREED tha
he owner of the Lyma:

The Lyman Water Company is t
Reservoir and Irrigation System in Apache County, Arizona
hip 1t Nortl

That said reservoir is Jocated in Towns
Range 28 Bast of the G. and S. R. Meridian, and that sa
reservoir is formed by the construction of 3 dam across t
main channel of said River in Section Ning, said Townsh
and Range;

That on February 3rd, 1011, the right to store watl
in said reservoir was jpitiated, and thereafter the work
constructing said dam and yeservoir was prosecuted w

» due diligence, and that said dam has been completed, and

under such terms and regula-

Trrigation Com-
the said decree
of the nghts

That by order of th

stimony off ered in

i s T
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gaid reservoir now has 2 capacity of thirty-two thousand,

pine hundred gixty-four {32964) acre feet of water;
ocated at -

That the outlet capal from said seservoir is i
a point gwenty (20) fect above the pottom of said peservoir,

gnd that only twenty-eight thousand, four hundred sixty-
grom said

four (28464) acre feet of water can be drawn
reservoir for use upon the land hereinafter described; -

That the remainder of the capacity of said reservoir,
to-wit: four thousand, five hundred (4500) acre feet is Te-

quired for the storage of 8 body of water to be permanently
held in said reservoir for the purpose of raising the remain-
der of said water to the jevel of the outlet canal;

That the stockholders of said The
pany are the owners. of fifteen thousand {15000) acres of
jand, near the Town of St. Johns, Arizona, subject to jrriga-
tion from said reservoir and irrigation system, and that for
of said land, tWO (2) acre feet of

water per annum is required for each acre, jn addition to

the natural rainfall; _
That the appropriation of said water by the gaid Lyman
Water Comany has been made for the use and benefit of its
stockholders, owning land as aforesaid, according to their
respective interests in gaid Company and that said
holders intend to make, and to continue annually hereafter
d lands;

to make 2 peneficial use of said water upon sal

) IT 18 FURTHER ORDERED, ADJUDGED AND DE-
CREED that there be permitted to flow into said reservoir
annuaily from gaid Little Colorado River twenty-eight thou-

gand, four hundred and sixty-four 928464) acre feet of
water, with priority dating from February 3rd, 1911, for the
use and penefit of the jandowners lawf
.gnd that out of the waters of said River not otherwise 8p-
pmpriateﬁ, the said Lymsn Wwater Company

Lyman water Com-

[

s gy
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to store permauenﬁy in said reservoir four thousand, five
pundred (4500) acré gcet of water for the purpose of rais-
fng the remainder of the water to be stored in said rveser-
oir to the level of the outlet canal; '

. That the jand to be irrigated by gaid water to be gtored
in said reservoir is Limited and restricted to fifteen thousand
(15000) ncres, and that all of said isnd is situated within
¢he following described gections:
Township 11 North, Range 28 East, of the G. and &. R.
Meridian
Section five i3]
rownship 12 MNorth, Range 97 East, of the G. and 5. R.
pMeridian
Section three {3)
Township 12 North, Range o8 Fast, of the c. and S. R.
Meridian
Sections 4, 5178 % 17, 18.
Township 12 North, Range o8 East, of the G. and S. R.
Meridian
qections 19, 2¢, 30.
TownshiD 13 North, Range 27, East of the G.and S. R
Meridian
Sections 1, 3, 4, 9 10, 11,
23, 24, 25, 26, 27, 33, 34, 35.
Township 13 MNorth, Range o8 Fast, of the Q. and S. R.
Meridian
Sections 5, 6,
30, 31, 32, 33.
Township 1
Meridian
Sections 26, 27, 33, 35.
All of said iand is gituated in AP
in so far as the provision of the

12, 13, 14, 15, 22,

7, 8, 17, 18, 19, 20, 21, 28, 29,

4 North, Range 97 Bast, of the Q. and S. R

ache County, Arizona
decree heretofore €n
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tered are not in contravention of the rights hereby estab-
lished, the general provisions of said decree are made ap-
plicable hereto, the same a8 though extended in full herein.

at St. Johns, Apache County, Ari-
A, D. 1921
By the Court,
R.C. STANFORD,

Done in open Court
gona, this 17th day of March,

Judge.

in the Superior Court
of the State of Arizona, In and
gor the County of Apache

in the Matter of the Determing-

tion of the Relative Rights of the

Wwaters of the Upper Little Colo-
ts 'Tributaries.

Judgment

rado River and i

Whereas, the above entitled matter wWas heard hert
fore before Honorable W. g, Norviel, Water Commissic
for the State of Arizona,

And Whereas, the said ‘Water Commissioner heart
the evidence of the interested parties, and had scid evid

taken down in ghorthand and typewritten and filed wit
clerk of this court.
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And Whereas, the said Waler Commissioner did make
findings of fact from gaid evidence, and in accordance with
said findings of fact did make awards to {he various inter-

the waters a3 said Upper Colorado River

ested parties of
and its tributaries, and did gile the same with the clerk of

this court.

And Whereas, when the matter came on for hearing in
¢his Court, none of the claimants of the waters of Upper
Little Colorado River and its Tributaries appeared and filed
exceptions 10 the findings and awards made by the said
Water Commissioner and filed as aforesaid.

It was ordered, adjudged and decreed that the said find-
ings and award of the qaid Water Commissioner filed with
the clerk of this court as aforesaid pe in all respects approv-
ed and confirmed. and that the same be and remain in full
force and effect until the further judgment of this court,
changing of modifying the same, in the manner allowed by

law.

1t was further ordered, adjudged and decreed that all

orders and awards of the gaid Water Commissioner, 0B file
jn this court, and not by him heretofore vacated, be and
the same shall remain, in £ull force and effect until the fur-

ther order or judgment of this court.

NOW THEB.EFORE, It is ordered, adjudged and de-
creed that the said findings and awards of the said Water
Commissioner filed with the clerk ‘of this court as afore-
ts approved and confirmed, and the same

gaid be in all respec
be and remain in full force and effect until the further

judgment of this court changing OF modifying the game, in

the manner allowed by law.

* 4n this Court, and not by him

s gy o g
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——

it is further ordered, adjudged and decreed that all or-

ders and gwards of the gaid Water

Commissioner, 0n file
heretofore vacated, be, and

the same ghall remain, in full force and effect until the fur-

ther order oF judgment of this court.

PDone in open court this third day of April, 1923.
ANDREW 8. GIBBONS,

e P e

Judge.
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STREAM PITCH
Jay Burgess Water Canyon and
Little Colorado
Geo. A, Eagar Water Canyon Eastgide
Westside
Eastside
Atchison Lake Westside
Water Canyon
Jos. H. Pearce Wiitbank
Jesse W, Slade ‘Water Canyon Westslde
Eaatslde
Westslde
J. B, Slade Water Canyon Easgtside
Westalde
Jos. K. Udsll Water Canyoen gnd
Iittle Colorado
Henry H. Udall Water Canyon Private

Acres Description How
Date treigated Sub-Div. Sec. Twp, HRange inltiated
1884 7 SW 8W 8 8 20 Div. and Use
1887 10 SW 8W o 8 20
1888 15.3 SwW W B 8 28
1610 2. SW /W 2 8 28
1877 141 NE NE 21 8 29 Div. and Us
1880 7.8 NE NW 21 B 29
1880 8.2 S5W NE 21 8 20
1883 i) SE NW 21 B 29
1888 2.9 NE 8W 21 B 20
1895 4.7 SE NW 21 8 29
) 1886 i0.4 NE NW 23 8 29
1908 14.4 NW NBE 21 8 29
1908 25.5 Wi, NW 21 8 29
1807 T NW SE 16 8 20
1911 a8 NW SE 18 8 29
31888 H] SE 8E 8 8 2¢ Div. and Use
1889 5 SE SE 8 8 28 (Flood water
1890 16 SE SE 8 8 only)
1906 13 NE SW 16 8 29 Div. and Us.
1908 2 NW SW 16 8 29
1816 10 NE SW 16 8 29
1916 15 NW NW 16 B 29
1920 5 NE SW 16 8 29
1906 15 SW SW 16 8 29 Div, and Use
1908 i¢ (NE SW -SE SW 18 8 29
NW SE-SW SHE)
1916 as 8W SHE 16 B 28 Div. and Use
1920 3 SE BW 18 8 29
1887 5 NE SE B 8 2¢ Div. and Use
1860 7 NE SE B 8 28
1g00 6 NE SE 8 8 29
1910 104 NE SE 8 8 29
1912 20 NW sW B 8 29
1887 10 NW SE 8 8 20 (Flood water
1892 19 NW SE 8 8 29 only)

o s - amame—
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- NAME STREAM DITCH
C. E. Wiltbank Water Canyon Water Canyon

Wiltbank

Ashel Burk Nutrioso N. Town Lund

Lund

Lund

Jos. 8. Burk Nutriose . 8. Town

., Town Extenslon

Melvin Brown Milligan Valley Draw Westside

W, T. Greenwood Riggs Creek Nelson

Carl Hamblin Nutrioso N, Town
Lund

Willard Hamblin Nutrioso South Town
Colter Colter

Marcellus Hulsey MNutricsoe J. L. Hulsey

Dry Valley

Acres Description How
Date freigated Sub-Div. Sec. Twp, Range inltiated
1888 8.5 NE SW 8 8 2% Div. and Use
1886 4.5 8SE 8W 8 8 28 (Fiood water
1887 20 NW SE 8 8 29  only)
1883 Lots I and 2, Town of Nutrioso
1918 7 EW NW 21 ( 36 Div. ald Use
1017 33 8E NE 20 T 30
1882 Lot 1, Town of Nutrloso
i 19.8 NW NW 32 7 30 Div. and Use
1915 115 SW SwW 29 K 30
1915 15 8E SW 20 7 3o
1815 5 BE SW 4 K 29 Div. and Use
1916 152 SE SE 4 7 29
1918 87 SW SW 3 7 29
1917 16 SE SE 6 7 30
1917 5 SW SW 5 7 30
1817 3.5 NW NW 8 i a6
1,7 5 NE NE T 7 30
1883 Lot 2, Block 8, Lots 1 and 4, Block 10, Town of Nutriose
1809 z20 NwW NE 29 T 30 Div. and Use
1910 15 NW NE 29 7 3¢ Part hay
19311 14.75 NE NE 29 7 30 Hay
1912 11.46 8W NE 29 7 30 Part hay
1882 Lot 1, Block 23, Town of Nutrioso
1907 12 5W SE 30 i 3¢ Div. aid Use
1807 8.6 SE sW 30 i 30
1808 143 NE SE 30 7 30
1908 4.5 NE NW 31 7 30
1008 102 SE SE 30 7 30
1879 10 SW NE 5 8 30 Div. and Use
1831 0.97 SW NE 5 8 30
1883 21 NW 5W 4 g 30
18385 18.55 SE SW 4 6 30
1893 4.4 NE 8W 4 & 30
1893 6 NE NW 9 6 30
1907 28 NE NW i 6 20
1907 16.78 SE NW 1 6 28

e i e e RLPTELL+ prap. ¥
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NAME STREAM DITCH
Sylvester Hulsey Nutriose Lund
H. G. Knowlton Nutrlosoe J. L. Hulsey
John W, Lee Nutrioso North Town
01d Town

Marion Lee Nutrioso 5. Town
Private

Claud Lee Nutrioso 8. Town
Garland Lee Nutrioso 8. Town
Thomas R, Lee Nutrioso 8. Town
Lower Town

David Love Hood D. Love
g, Town

N, Town

D. Love

TLaund Nutrioso Lund

e w wn W b e

Acres Description How
Date irrigated Sub-Div. Sec. Twp, Range inltiated
1013 10 SW SE b 7 30
1915 31 8W BE ] 7 36
1915 4.8 NW 5B 9 T 30
1815 %) NE NE i6 7 a0
1918 20 88 SE ) T a0
1878 10.4 NE SE 5 & 30
1882 8 sSW NW 4 8 30
‘1885 13.47 SE NE b 4 36
1883 Lots 2 and 3, Block 16, Town of Nutrioso
1809 24.6 NW sSwW 20 7 30
1912 28.9 NE 8SW 20 T 30
1912 7.8 NW SE 20 7 30
1912 192 NW SW 20 7 30
1882 Lot 2, Block 18, Town of Nutrioso
1917 5 NE SE L] 6 30
1882 Lot 4, Block 18, Town of Nutrioso
1882 Lot 3, Block 8, Lot 3, Block 8, Town of Nutrioso
1882 L.ots 3 and 4, Block 2, Lots 3 and 4, Rlock 7, Nutrioso
1908 20 SE swW 17 7 30
1879 24 ~ SW NE T 6 30 Div. and Use
1879 20 NW SE 7 8 30
1481 335 NW NE 18 G 36
1881 30.5 SW SE 7 ] 30
1882 Lots 3 and 4, Block 15, Town of Nutrioso
1883 Lot 1, Block 15, Town of Nutrfoso
1007 3 S8E NE 7 & 30
1807 20 NW NE 7 8 30
1007 208 NE NE 7 6 30
1907 11.67 SW SE 1] 6 3
1807 k¥ SH SE 6 [ 30
18067 26.28 SE NW 258 7 30 DPiv. and Use
1908 18,26 NE NW 29 7 30 '
1808 27 SE SW 20 7 3
1908 30.5 sSW SE 20 T 30

i i T TR

e g E T
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MAME ETREAM DITCH
Archibaid and Lydla Baxwell, Nutrioso North Town
Mrs. Bernice Reagan
Murray Reagan Lake Private
From Reagan Lake
McKay Cattle Co. M. Rudd McKay
J. E. Nelson Rudd Creek Riggs and
Rudd Creek
¥, L.Cdell Nutricso Private
Clem L. Saffell Nutrioso Private
Juilus 5, Reagan Nutrioso Reagan

Acres Description How
Date irrigated Sub-Div. Sec. Twp, Range Initiated
isst 103 (sw nw and nw nw 32 T 30 Div. and Use
(se nw and ne se) 31
igst 10 NE NE 31 30
NW NW 32

1802 23,3 NW NW b B 30

1917 7 NE NE 26 8 30 {Agreement

1817 13 NwW NBE 26 8 30 With J. 8. Rea-

1917 3 SE NE 26 8 30 gan, re Reagan
Lake)

1872 13 NE SW 1 ki 29 Div, and Use

1872 20 NwW SBE i 7 29

1876 6 NE NE 1 7 29

1876 14 SE NE 1 7 29

1876 108 NE SE 1 7 28

1876 15 SE SE 1 7 28

1878 26 SW NW 6 7 30

1877 7 SW BW 4] ki 3¢

1877 - 29 NE NW L] 7 30

1877 8.65 SE 8W 31 8 30

1884 24,50 SW SH 31 8 30

1884 26.87 NW SE 31 8 30

1884 5.6¢ NE SE 3t 8 30

1884 3.05 SW NE 31 8 30

1914 2547 SE NE 31 8 30

1920 20 NW SW 8 K 30

1908 20 NE NW 7 7 30 Div. and Use

1808 2 NW NW 7 7 30

1808 3 SW NW 7 7 30

ig1 25 SE NW i 7 30

1016 1.3 8W NW 4 7 30 Div, and Use

1916 105 NE SW 4 T 30

1816 4.7 NW SE 4 7 30

1895 25 SE NW 17 8 30 Div, and Use

1807 1575 NE NW g T 3¢ Div and Use

1910 40 Nw NE ¥ 7 30

1913 7.60 SE NW 8 7 36

1911 10 SW SE 8 7 30

P
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MNAME BTREAM DITCH
A, and B. Bchuster Co, Nutrioso Wakefielll
C. H, Bharp Colter Creek J. W. Lec
Nutrioso Lower Town
Colter Creek
Wm, Swain MNutrioso N. Town
B. A. Thompson Mulligan Valley Private
Henry Thompson Little Colorado and Ortega

Nutrioso
Nutrioso Thompson
Orson and Ernest Wilkins Nutrioso South Town
Nutrioso 8 Town
Orson Wilkins Dry Valley
Nutrioso S. Town
Ernest Wilkins 8. Town and Lund
' k Nutrioso M. Town
Lucinda Wilkina Dry Valley

(NE SE 35

45
Acres Description How

Date irrigated Bub-Div, Sec. Twp, Hange initiated
1883 28 NE 8W a3 8 30 MNotice posted
1883 20 BE 8W 33 8 36

1883 32.7 NE SW 4 7 30

1883 1216 SE NW 4 K 30

1607 1904 SW NE i 8 28 Div. and Use
1886 323 SE NE 1 6 28

1912 31.36 8W NW 20 7 30
1915 1o SE NE 18 T 30

1881 155 NE NW 5 ] 3¢ Div. and Use
1881 6.68 NW NE 5 6 30

1882 11,43 SE SW 32 7 30

1813 1 SW NE 9 7 29 Div, and Use
1885 12.3 NW swW 28 g 29 Div, snd Use
1887 10 SW NW 28 ] 29

1887 10 SE NW a5 @ 29

1907 4] NE NE 36 8 28

1882 Lot 2, Block 12, Town of Nutrioso

1882 Lotz 1 and 2, Block 13, Town of Nutrieso

1882 Lots 1 and 2, Block 26, Town of Nutrioso

1877 233 SE NBE 31 7 20 Div. and Use
1877 219 SE NE a T 30

1881 328 NE SE 3 T 30

1882 -Lots 3 and 4, Block 18, Town of Nutrioso Div. and Use
1886 2882 NW NW 1 ] 29

1886 33 SW SW 38 7 29

1882 Lots 3 and 4, Bik. 11, Lots 1 and 2, blk. 14, Lot 2, Blk 15
1916 20 NE SE 20 7 30 Div. and Use
1817 5 NE SE 20 7 30

1919 i3 NE SE 20 1 30

1883 Lot 3, Block 18, Town of Nutrioso

1888 25 (NW 5W 35 ki 2¢ Div. and Use
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NAME STREAWM DITCH

James P Reagan Reagan Lake Private

Mary W, Wilkins 8. Town

Pariey Wilkins Nutrioso Private
i 8. Town
i = E—

Alzian Hale ¥ish Creck Fish Creek

¥iner L. Hall Figh Creek Fish Creck
! Ferdinand Hof{man ¥ish Creek Fish Creek

Michael Hale Fish Creek Fish Creek

I

wW. L. and Lena Robinson Canero Creek

Robinson and Phelps

Ellis Wiltbank

Fish Creck

Fish Creek

47
Acres Description How
Date irrigated Sub-Div. Seec, Twp, Range initiated
1916 6.3 SW NE 35 8 30 Div. and Use
2.3 SE NW 35 8 30
1917 4 SW NBE 35 B 30
1.9 SE NE 35 8 30
52 NW SE 35 8 30
62 NE SE a5 8 30
7.2 8W SE 35 8 30
2.6 SE SE 35 8 30
1920 19 SE NW 35 8 30
4.2 sW NE 35 8 30
1882 Lots 1 and 2, Block 21, Biock 22, Town of Nutrioso
1881 18.5 NE NE 31 T 30 Div, and Use
1881 4 SE NE 3 1 30
1882 Lots 3 and4, Block 17, Town of Nutrioso
1916 783% SE NW 9 8 28 Div. and Use
1914 S 235 Wi NW 5 B 28 Div. and Use
1916 | 10 SE SBE 31 9 28
1917 v 6.50 NE SE 31 9 28
1918 8.75 NW SB 31 9 28
1913 T 105 | SW SE 9 8 98 Div. and Use
1912 3 SW NE 9 8 28
1018 8 ; SE SE 9 ] 28
1919 5, % SE SE 9 8 28
1913 04!  SESW 9 8 28 Div. and Use
1914 83 sSW SW 9 8 28
1915 6.1 NE SW 9 8 28
1913 3750 SW NW 8 8 98 Notice posted
16:25 SE NW 3 8 28
16,50 NE NE 7 8 28
250 NW NW 8 8 2
1. SE SE ] 8 28
23,20 SE NE 7 8 28
“1913 5 SE NE 10 8 98 Div. and Use
1014 10 SE NE 10 8 28
1915 8.2 SW NE 10 8 28
1915 13.4 NE SE 10 8 28
1916 ] NW SE 10 8 28
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NAME STREAM ' DITCH
Fred T, Colter Nutrioso Westside
HNutrioso N, Town
7o i Private
h E. Jarvis Little Colorado
Joser Big Hollow Wash
1.ittle Colorado Private
J. B. Jolly Estate i L

Little Colorado

ol pia S

51
Acres Description tiow
Date {rrigated Sub-Div. Bec. Twp, FRange initiated
1806 T4 NW SE 8 8 29 Div. and Use
1506 253 SE NE 6 8 29
1806 40 sg NW é 8 20
1806 40 NE NW 8 8. 29
1806 341 SW NW B 8 29
1806 364 SE NW 5 8 28
1906 318 NwW NW 5 8 29
i%06 335 NE NW 5 B 29
1806 34 NW NI 5 8 29
1907 149 NE NE 5 8 29
1907 88 NE NE 12 3 28
1907 10.5 SE NE 12 B 28
ig07 4.4 SW NE 12 8 28
1907 15.3 NE SE 1 8 - 28
1807 34.6 SW SW 32 9 28
1907 .24 5E SW 32 8 29
1907 126 SW NW 7 8 29
1907 265 NE NE 1 8 28
1997 358 SE NBE i 8 28
1883 Lots 1 and 4, Block 3, Town of Nutrioso Div. and Use
Lot 1, Block 2
1816 30 Lots 3, 4 B158W; 30 14 28 Div. and Use
1916 35 lLots 3, 4 FsSWH 3¢ i4 28 Flood water
- only
1882 15 NwWi 24 14 27
1882 80 Nwi 24 14 27 Flood waler

for hay land

[P I S VR
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RESERVOIRS
Little Colorado River Determination
plame of Dwner Mame Capacity
Acre Feet

Fish Creek Irriga. Co. Noron S 568,50
Sunnyside ..33.86

$garcellus Hulsey M, Hulsey 3880

Lund-Lee-Martin L. L. Martin 48.25

(Washed out in 1918. Permit to rebuild and :
complete within five years.)

McKay Cattle Company San Salvador 258.00
st. Joseph's 270,78
st. Mary's 81170
Trinity 4215
Glen Livet 109.75
MeKay 245.00

¢, H, Sharp Lee-Burgess 289 .00
Wilkins snd Sherp B82.88

E. and C, Wilkins,

S. Hulsey, W. Lund

and A, W. Burke Nutrioso 178.53

W. L, and Lena Robinson ( )

and Thos. and Maud Phelps Tyler ; 375.00

it

Flah Creek Irrigation Co.

Lo |

wittbank, E, w., et al Et Wiltbank
Juilus Reagen Riggs Creek 7952
Reagan Lake 188.70
J. W. Lee, T. R, Lee,
and C, H. Sharp Jarvis 13532
P j- >
j * 21 -
P
LY ‘,{ : ! - /,-;"
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- y
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RESERVOIRS
Little Colorado River Deternmination

Stream ate Location
Sec. Twp. Range

¥ish Creek 1936 20 29 end 30 8 27

1912 30 SE Corner 8 27

Board Hollow 1887 NW NE 10 8 30

Nutrioso 193¢ BSE 8W 28 7 20
Rudd Creek 1888 SEY 24, NWY 30, SW¥ 19, 7 28 20

SEY 24 7 28

NEY 1§ 7 29

NEY 6 T 30

SE SkYy 1 ki 20

Coolter Creek 1802 NW NE 8 P

MNutrioso Hood 1878 SEY 31 1 30
Cancro 1878 SEY 3% B 27 Not-
ice

Fish Creek 1913 14 8 27

Riggs-Creek 1800 NEW 24 T 29

Davis Creek 1802 NEY 2 7 %0

Colter Creek 1p06 SWY 20 i 30

e s ety s [N T E OT
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RESERVOIRS
Little Colorado River Petermination
Name of Owner fName Capacity
- Acre Feet
Goe. A, Bagar, ‘Henry Slade Atchison 204.32
and J. W, Slade Canon 23.30
No, & {now 30 to be 94.54)
Geo, A. Eapgar Rudd §00.30 -
Nelson and Greenwood Balley 321.00
fired T. Colter 19208 River No. 1 724.20
1808 Hay Lake 2 821,35
1908 Pool Corral 3 992.97
1908 Hog Wallow 4 1006.00
1898 Lee Valley 3 463 95
1896 West Side © 586.00

P

e o e v
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RESERVOIRS

Little Colorado River Determination
Stream Date f.ocatlon
Sec. Twp. Range

Water Canon 1886 SWY 13 T 28

1883 SE NE 1 3 7 29

1012 8sEY 7 ‘ K 28
Wwater Canon 1805 SEY 23, SWH 24 7 28
Riggs Creek 1910 WHLELL T 7 30
Little Colorado : 3 6 27
N. Prong. 8. Fork, Little Colo, 1 and 2 8 28
S. Prong, S. Fork, Little Colo. 29 and 30 7 28
8. Fork, Little Colo. NE 30, 8% 19 7 28
E. Fork 4 6 27
Littie Colorado 6 8 29
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SUPPLEMENTARY ITEMS

B .1vq irrigated in 1909, preliminary report, 13th Census. Compare p. 12.

. The total acreage irrigated was 306,665 acres, excluding Indian
}gser\tations. The author’s estimate of 227,770 acres includes irrigat-
fr-ed and productive areas only, and excludes projects where irrigation
has not vet resulted in economic success.

Assessed valuation of property, 1911.* Compare p. 15.
rern e B14,139,689.31

Land and improvements......... .................
All mining property . ittt iiienr caven ceneaeas 19,242,331.26
Town and city lotsand improvements ................. 26,476,175.66
All Jivestock . viir vivie cvieeicne crae et e e s 7,780,544.00
Railroads....co .. oo v iiinis i e v veve... 19,052,313.94
All other property......ococivevnns ot eniian.. 13,122,055.47
Total, all property................. et teeen. $99,813,109.64
Value of livestock on farms and ranges, preliminary report, 13th
Census. Compare p. 21.
Number Value
5,498 turkeys
Poultry 252,657 chickens $282,500
1,824 ducks
. 418 ostriches,} ete.
Bees 23,770 hives 14,406
Dairy cows 28,199 1,255,000
= Other cattle 783,567 13,133,000
Horses and colts 85,248 3,942,000
Sheep and lambs 1,061,363 3,797,000
Goats and kids 223,512 331,800
j Hules and colts 3,785 392,000
i ‘Swize 17,205 114,000
o Burros 5,687 65,700
Co- $23,636,600

> *Proceedings Terr. Board of Equalization, Augnst, 1911,
- Waderestimated—R. H. .




A LITTLE FARM, WELL TILLED, IN TIiE COLORADO VALLEY, NEAR YUMA.

The alfatte in the foreground produced 71.7 tonis of hny on 7.6 weres da 3910

IRRIGATION IN. ARIZONA.

INTRODUCTION,
HISTORY OF IRRIGATION DEVELOPMENT.

Irrigation, which for the most part is a prerequisite to agricuiture
in Arizonu, was first practiced in this region by ancient peoples. In
the valleys of the Little Colorado, Sult, and Gila Rivers, and along the
Verde River and smaller tributaries are found unmistakable remains
of ditches and reservoirs, together with ruins of the cliff dwellings
and the communal houses of tribes which had been scattered long
before the advent of the Spanish explorers. The character of
these remains indicates that these ancient Indians possessed consid-
erable skill in the art of irrigating. Their ditches and resefvoirs
were finished with hard Iinings of tamped or burnt clay, and one
instanee i known where a muin canal was cut for o considerable Jis-
tance through solid
rovk. Sometimesa
smadler ditch  was
sunk in the bettom
of u large canal to
fucilitate the car-
riage of small runs
of water, and thus seepage und evuporation were diminished 1 times
of seant flow {fig. 1). The ancient cunuls in the Salt River Valley
agereaated a length of at least 150 miles and were suflicient for the
irrigation of 250,000 acres of land,} although it is not likely that the
whole of this area was ever watered at any ope time (fig. 2). In the
ruins of the houses of grouted clay are found relics of cotton and
corn; beuns, squashes, and tobacco were also grown.

The Pimas and Papagos, who are probably descendants of this
prehistorie people, have continued to water and till the soil. The
Pins particularly are good irrigating farmers. They are a sedentary
tribe which, since modern records began, has maintained itself in the
Salt and Gila River Valleys in south-central Arizona. Their nomadic
relutivgs, the Papagos, tuking advantage of the uncertain rains which

Fi¢. 1—Cross section of prehistetie ditch, showing channel in bottorm
for carrying a small irrigating stream.

! Prehistoric Irrigation in Arizona, F. W. Hodge, American Anthrogpologist, July, 1893,

[Bulf, 2553 @)



ch‘ar" “uapon them, utilize the run-off from summer stormas, soak thels
soil. 1 plant quick-growing crops of corn, beans squ’nshes 1
melons. The several tribes along the Colorado Rivex:—mthe W[oi;av
Chemehuevis, Yumas, and Cocopahs—grow crops in th:xt fertild

v'a,lley aft;ex: & peculiar method necessitated by the behavior of tha
river. ‘ i

exposed by the falling waters, much after the fashion of Errypti
irrigators under the old basin system used a:long the Nile.m Othes
crops, such
corn, squashe
and melons a
planted, as soo
as the bottond
lands ure dry
enough, in pi
sometimes 2 feols
deep, from whic
the plants issu
quickly in profusd
growth. Suffi
J  cient . moisture
! brought within tk
; reach of the plan
! roots by thi
H
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method of deep$
planting to insur
a crop without furg
AR “ sjmmsi | ther irrigation. -
F 4 I B e AT The first Euro

pean irrigators i
! i Arizonawere,with
: ! out doubt, the Jes
: ' uits, who first e
tablished them
selves at the ol
missions of Guevavi and San Xavier in 1732. It was not until th
more prosperous period from about 1768 to 1822, however, that ther
was any considerable development of irrigation at favorable points
along the Santa Cruz River, near the missions and the Spanish presidio
of Tubacand Tueson. During the chaotic period of Mexican rule whic
followed acequias were maintained, orchards were planted, and annualg
crops of barley, wheat, corn, tobacco, beans, melons, squashes, and pep-
pers—both native and introduced crops—were cultivated.
from an engineering standpoint the head works and canals of this perio

[Buil, 235] . : ’

Fia. 2.—Prehistoric and modern canals In a portion of Sait River Valley,
located by James . Goodwin, Tempe, Arizona.

* tion from the Mexicans.

11

were of the simplest construction and of small extent, the Hean
ple were skillful in the management of water and possessed an agri-

)_ cultural aptitude well expressed by them in their phrase “el mano por
.~gembrar’—the planting hand. They also adopted certain ideas in

equity, and customs relating to the distribution and use of water, which
are approved in the best irrigation practice of the present time.
Among these was the rule that water is appurtenant to the land.
 The Americans in Arizona received their first instruction in irriga-
The third, or modern, stage of agricultural
development may be said to date from the Gadsden purchase in 1854,
after which increasing numbers of Amerieans—military followers,
stragglers from the immigrant stream to California, and pioneers by
instinet—Dbegan to make permanent homes in the land.

Trrigation in the Salt River Valley began soon after the close of the
Civil War, when military occupation of the region was resumed and
the Artny posts offered the settlers both safety and remunerative

vices for their products. Canal construction was rapid, beginning
with the old Swilling Diteh in 1867, and 20 years later about as much
land had been reclaimed as could be irrigated from Salt River in
seasons of scant flow. Nevertheless, during a series of wet years that
followed, additional areas were put under cultivation until more
ground was nominally reclaimed than could be irrigated by the
“eritice] minimum’ water supply. The inevitable hardships which
resulted from this condition during ensuing dry years, especially
1898-1904, led to anxious discussion of remedial measures and pre-
pured the way for the construction under United States Reclamation
Service auspices of the Roosevelt Storage Dam, which is now (March,
1911), completed.

. The second largest irrigated district in Arizona (1911) is in
Graham County on the upper Gila River. It was settled by Mexican
eolonists in 1874 and later by the Mormons in 1879. As in the Salt
River Valley, there has been a tendency to overappropriate lands under -
the available water supply, with consequent distress in dry years.
Thus far, however, conditions in this locality are prosperous, owing
to the fact that the flow of the Gila River at this point is comparatively

" regular and fairly adequate to irrigate the area under cultivation,

- altough the total amount of land under diteh is in excess of the .
water supply. :

The Colorado River Valley, although the most extensive and
potentially the richest and best watered of the agricultural regious,
is the last to be developed through irrigation, principally because of
the unmanageable character of this eccentric stream and the large
expense of the permanent irrigation works required for its control.
Although a few small enterprises near Yuma have achieved temporary
successes during the past 15 years, it was not until the United States

{ult, 235] '
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Rect  “ion Service undertook the construction of the Laguna By,
rage. . the irrigation of considerable areas was assured. The cogy
pletion of this barrage in March, 1909, presages the early irriguti
in Arizona of 90,000 acres of alluvial bottom lands, and later of abo
40,000 acres of adjacent mesa. .

Along the Little Colorado, the Verde, the San Pedro, and the San
Cruz Rivers and muny smaller streams, numerous ditches take pra
tically the whole of the minimum flow for the irrigation of little farn
leveled, often with much labor, in nooks and corners of an angul
country. '

The progress of irrigation in Arizona during the pioneering sts
of American occupation may be suggested by the following summ

fore more attractive domains of Texas and California on eithe, wde,
have left it to be one of the last of the Commonwealths to be de-
" veloped. The mining, stock raising, and agricultural tndustries,
X however, are now in a stage of rapid advancement.

This great oblong of primitive country—about 340 by 390 miles
in its extreme dimensions—-may be divided nearly equally into two
distinet climatic zones by a somewhat irregular diagonal line running
from the point where the Gila River enters the Territory to that
point on the Nevada boundary where the Colorado River turns south-
ward. The region north and east of this line consists in large part
of comparatively level plateaus 5,000 to 8,000 feet above sea level,
 diversified by isolated buttes and short mountain chains, and cut by
- eroded canyons, chief among which is the tremendous chasm of the

: Areas irrigated in_drizona at different dutes, Colorado River. The southwestern half of the T erritory Is less ele-

" vated and is crossed from northwest to southeast by a succession of

Date. Source of Information. low mountain ranges and wide Vu,lleys decreasil-lg gradually in a}lti—

tusde from the New Mexico line to the Colorado River. San Francisco

Mountain, an extinet voleano in north-central Arizona, 12,794 feet

1500777 lovenets Conois opeps, "e8' offie, and Mexleun taditons.... ' in altitude, is the highest point of land, the lowest being the Colorado

1903717 Rutnor's svimato-r . o VE pari 4 Gagosi 1111111 - River bottoms at the Mexican boundary below Yuma, with an ele-
— e vation ranging down to 83 feet at times of minimum stream flow.

ety o o P R i e ity Acorangtomer. . 3  Colorady B mieiole Srater Joss of Atizona passes by way of
Bjonw Spcatan. ne Moguisand 1 the Navajos in the north, tho: Mohaveiand Chemelivis o the Coloradd the Colorado River to the Gulf of California. The Lattle Colorado
of grocnd sggregating posstbly an sdditionsi s ners, UL approximation of land crudely faried b - pours most of the run-off of the northeastern platesu into the Grand
ehe T e T 1254 1 5,00 scaes ' : ' Cafion of the main stream, while the Gila River collects the drainage

of the central and southern parts of the Territory and joins the

Colorado just above Yuma.

The continuation of a development which has increased the i
gated area from 2,000 to 228,000 acres in the 55 years of Americar
occupation is worthy of study. With the whole of the minimun
surface flow of the Territory now in use and only flood waters esca p:
ing, it is evident that any further expansion of agricultural indust
must depend upon the storage of flood waters, the development of
underground supplies, and improved cultural methods.

FLORA.

The indigenous vegetation of the Territory corresponds in dif-
Aerent localities to varying climatic conditions, especially rainfall and
- temperature. Mountain masses and plateaus above 5,000 feet cle-
vation, by reason of their cooler temperature and greater rainfall,
are in large part forested, often very densely so. The valleys of inter-
medinte elevation below the forested zone are covered in season with
grasses and oftentimes with drought-resistant perennials. These
decrease in amount and value as the altitudes grow less, and the con-
ditions become most extreme toward ‘he Colorado River. The
Rartow ribbons of watered soil along the rivers, widened here and
- there by artificial means, support a dense and luxuriant growth of
- Vegetation which is largely subtropical in character and indicative
of rich returns to the irrigator when the natural resources of climate,

soil, and water are administered effectively.
[Bult. 235

AREA AND TOPOGRAPHY,.

Arizona has an area of 113,956 square miles, of which all but aboi
116 square miles, or over 99.9 per cent, is land surface.? The Terrt
tory is situated in the midst of the semiarid, subtropical region of
the southwestern part of the United States and northwestern Mexicos
Its remoteness from communications by land or sea and the hereto

t U. 8. Dept, Commerce and Labor, Statistical Abstract, 1908, p. 20.

*The water surface is oceasionally expanded by recurring ficeds, especinlly in the Colorado Riv
The shifting course of this tiver along the Mexico-Californis boundary slso causes noteworthy eham
in the ares of the Territory.

[Bull. 285]
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ASSESSED VALUATION AND POPULATION.

PR INDUSTRIES.

L
principal industries of Avizona are mining, stock raisi
agriculture, and transportation. Copper is the principal me
mined, the Territory having led the States of the Union with o smel

he assessed valuation of Arizona property in 1910 was as follows:!

Assessed valuation, 1915,

improvements. ....._..............__ ... ... 12, 624, 759. 90

output of 256,778,437 pounds in 1907, and of 289,523 267 pounils £ I&n i:ﬁﬁ:;::;:i?enm ________________________ s;g, 714,592, 16
19084 The production of copper in Arizona up to the end of 19¢§ Town and city lots and improvements. ........... ... 24,957, 628. 36
totals about 3,000,000,000 pounds, with 2 value approximatinh Al live stock.......... FOT— e, 7, jgo, gao‘ ?0
-$400,000,000. _ Raflroads. ..o oo 13, 51:21, 523. g i
 Stock raising on the open range, principally sheep and cattle, is All other PrOPerty..............ooo.ooL 9,012, 00
very important industry, notwithstanding the great decline inAg Totaleeonon oo i, 87,913, 371. 50

ing values since 1893. The problems of range ndministration
now being worked out in the forest reserves of the Territory, whi
on December 31, 1910, embraced about 14,811,145 acres of importa;
‘watershed areas wholly or partially forested.

Agriculture, the youngest of the three principal industries of ¢

“These valuations are notably low, due to the diﬁicultie§ .incident to
the assessment of mines and iiw‘z stock and to the prevailing custom
of rating realty, merchandise, improvements, etc., at one-third to
one-half of their actual worth, ‘ .

The census of 1810 records 204,354 people in the Termtox:y, of xvlz}nh
about 26,000 are Indians. The greater part of the population consists
of those who have immigrated to the Territory from othex_‘ States a}'ld
- ‘countries during comparatively recent years and of Mexicans native
+ ¢o the Southwest.

in the areas cultivated and in the mtensity of the cultural method
emploved. The fluctuating flows of the irrigating'streams, wit
consequent failures of water supply at critical times and unmanag
able floods at others, have heretofore restricted and diseouraged 't
operations of irrigation farmers. The installation of the two gres)
Reclamation Service projects, one in the Salt River Valley and th
other on the Colorado River near Yuma, and the consequent storag
and regulation of the principal irrigating water supplies of the Te
tory, will soon enable a majority of Arizona farmers to work withgs
their moisture conditions under perfect control. Certainty of croph
returns, the diversity of crops possible, the all-year growing season o
the southern valleys, and the intensive methods will lead to high and
varied productiveness, with land values far above those of the aver
humid regions of the United States. 3
By reason of its isolation, Arizona is dependent upon its transno
tation facilities to an unusual degree. These consist chiefly -of thr

CLIMATE,

The climatic zone within which Arizona chiefly lies may be roughly
: lefincd as one which combines a low rainfall with a very higi’} per-
“centage of possible sunshine, a long, hot season, frost.y mimm}zm
temperatures in winter, and usually a very low atmospheric humighi;y.
The region of smallest rainfall extends along the Colorado River,
the mean annual at Yuma for 38 years being 3.13 inches and at Fort
‘Mohave for 37 years being 5.07 inches. Precipitation increases grad-
‘ually with elevation east of the river until average maxima of over 20
inches are recorded 2t the higher stations. The following table shows
theaverage annual precipitation in the threemost importantwatersheds:

Eleration and averags annual precipitation of points in Arizona.

great railroad systems, which, in order of their construction, are ¢ Perioq, | Eleva | Average
Southern Pacific, the Santa Fe, and the Kl Piso & Southwestern Watershed. ered | Thion.” | Aol

The Santa Fe crosses the northern tier of counties from east to west : o o

and with its branches opens up the mining and lumbering distric O grthern Atigona: e N Y| Py | 20
of the more elevated half of the Territory. The Southern Pacific runs a | 5 599
2 roughly parallel course south of the Gila River, and its feeders tap i o
the rich mining districts and the warmer irrigated valleys at lower 51 1 16,5
altitudes. The El Paso & Southwestern road affords an outlet for e » Bl %] L8
the copper mines of oncastorn Atizona and northem Mexico. AR . St s 3 14 313
few steamboats of shallow draft ply the Colorado River, and in remote; S B B ol
localities freighting with tesms is still practiced. g fIIInooiniioo i I

' U. 8. Geol. Survey, “Mineral Resourees of the United States,” 1908, pt. 1, pp. 104, 103
[Buil, 235]

1 Proceeds tal Board of Equalization of Arizona, 1910, .
1.8, Degf gi‘gtj:eﬁg;ﬁgg: Btur.? gummasy of Llimatological Data for the United States, secs, 3-4,
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T* seasonal distribution of the rainfall varies in differcnt portion
-of erritory.  In the central and western districts the win
rains vxceed those of summer, thus favoring the growth of certa
winter-growing annuald; while in the southeastern region summae
rains predominate, supporting the grasses which constitute the bes
wild forages. ;
With respect to temperature and seasons, the Teritory may be
divided into two distinet regions. The northeastern and mops
elevated half, although semiarid, is comparatively cool, being fros}
bound in winter and having temperate summers. The southwestery
and lower half may be described as arid-subtropical. The summer
are ardent and prolonged, but eccasional moderate frosts are known
in winter. The mildness of the winters and the length of the su
"mers make possible an all-year succession of craps in. southerm
Arizona, a circumstance which with irrigation will lead to s highiy
intensive cultural development of that region. The following mear]
maximum and minimum records, representative of the Territory, are
sufficient for illustration: : -

duration of the extremes is short. Low minima of short v  .ion
sn arid regions, therefore, do less harm than the sume temperatures

‘more humid regions where » certain minimum indicates much
fonger exposure to l::i]iiingj cold. . ‘

The relative humidity is usually low, being len_st dumng J une, when
femperatures are Ligh and rainfull sm‘aii. Relative humidities of less
‘than 10 per cent are often recorded in June, the annual average fcn:
“four vears at Phoenix being 35 per cent.! The so-called dry rains of

A:izdem, which are of common occurrencs during the summer season,

* sttest the extreme aridity of the air at certain times. These horse-
“ gail ” showers start at a few thousand feet altitude, but are entirely
evaporated and disappear before reaching Ehe.earth. '

Wind movement is light ordinarily, averaging from 2.4 miles an
hour at Phoenix to 6.9 miles at Prescott.? This is g fortunate
circumstance in connection with the heat and aridity of the summer
senson. Dust storms of a few to several hours duration are known,
usually during March, April, and May. Thunderstorms occur for
the most part in summer. Deep snow falls at higher altitudes, and
light snowfall on rare occasions lies in the southern valleys for a short

Mean monthly mazimum and mindmum temperatures for Prescolt and Yuma.t ! .
time. Hail storms cause occasional damage, but tornadoes are

Maximur. Minimum, unknown.
oath. - : " Sunshine percentages are very high, over 80 per cent of the possible
Frescotty Yuma. | Preseott. “being the rule in southern Arizons. Wholly cloudy days are rare,
- Tt F | om | em | g - The intense insolation of clear, hot,v summer weather is a seric?us
el Il may factor in connection with more sensitive crop plants, and shading
%g S; g §§ ; devices often are employed to advantage.
I - omoes.
ggfg §_§§ ;3_-% The northeastern and more elevated. part of Arizom}, with cold
52 8.0 3.4 . winters and s moderately warm growing season of six to seven

. months, produces such crops as are grown in the Mississippi Valley
-in the latitude of the Ohio River, Apples, peaches, pears, cherries,
grapes, and other deciduous fruits and berries are very successful
with, and sometimes without, irrigation, but the winters are too
~cold for the subtropical evergreens, such as oranges, olives, euca-
2 lyptus trees, and palms. A satisfactory variety of forage and grain
““erops does well on the plateau. Alfalfa vields two or three cuttings
. and additiona] pasturage. Corn, oats, barley, wheat, and rye produce

! Arizoma Sta. Bul. 20, p. 20,
* Altitads of Prescott, 5,320 fest; Yuma, 141 feet,

The daily range of temperature averages aboyt 30° F. and in dry
clear weather it may reach 50° F. occasionally. The extremes of
temperature at inhabited points thus far noted are as follows: At
St. Michaels, —24° F.; at Parker, 127° F i

The dearth of vegetal covering in the desert regions, the dry air,
and the clear skies favor rapid radiation of heat at night, T
drainage of cooled air to lower levels further increases the effect o : . E
radiation, and the valleys are therefore subject to frosts. In someZlh . Selection of varieties, are thought to be capable of remunerative

i ; JTeturns in favorable localities with rainfall only. Vegetables of
~Various kinds are grown in season in profusion, according to eleva-

to interfere seriously with the growing of certain fruits sensitive to: A : ! :
Yon, soil, and moisture available. Flagstaff, with an elevation of
M

cold. However, the rise and fall of temperatures are rapid and the,

* Arizona Sts. Byl 41, p. 1L Bul. 48, p. 355, 2 Arizong Sta. Bul. 20, pp. 36 and 37,

1 U. 8. Dept. Agr., Summary of Climatological Data for the United States, sec. 4, p. 7,
. T2293°—Bull. 235112
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wits, vegetables, and forages grown in southern drizena—Continued.
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Vegerahies,

g

|
[ Grains and forages.
i

Months la which
they mature. Fruits.

July. ..ol Apples, pears, grapes, figs,
peaches.

August. ... Grapes, figs, pears, al-
monds, hes.

September..........| Dates, melons, pears,
grapes, pomegranates,
peaches.

Getober............ Dales, quinces, grapes,
pears, apples.

Novemiwr...,...... [rates, olives, grapes,
orges, pears, straw-
herries,

Decetnber. . ........ Dates, olives, oranges,
pears.

Sugar beets, cuctumbers, ..

Chiflies, eggplant, heans. .

Chiliies, eggplant, pota-

togs, heans.

Cucumbers, squashe s,
string beans,

Celery, letlucs, bean s,
squashes, potatoes,

Celery, radishes, beets,
lettuce,

Allalfa, cowpeas.

-1 Alialfs, Egyptian coen, sy
ghum, ¢owpeas,

,\lfai{a,i}gygﬂiancom,cow.

peas, sorghum,

Alfalla, soeghiim, millet,;
Irmliun corw, cowpens,
En;liizsga cornl, sorphitm, gle

BEE.

Alfaifa pasture. )

Under irrigation the yields of the crops best adapted to the region’
are high, especially where the soil has been improved by alfalfa an
Some verified records made under faj
conditions, collected from time to time in various localities, are as’

by beneficial river sediments.

follows:
Yields per acre of various crops in southern Arizona.
Crops. Yield. LUrops. Yield

AHelfs hay, 4 to 8 6 to 12 tons, Cabbage............I 14,000 pounds.

cuitings. : Onfons..............[ 5000 to 20,000 pounds
Alfalfa, seed crop, 1 | 65 to 650 pounds. Tomatoes. .. 10,000 to 27,00¢ pounds

cutting. Cantaloups._ . 100 to 345 standard crates.
Barley..............[ 1,800 to 2,500 pounds, Strawharties 3,500 to 14,000 #-1b. boxes.
Wheat........ vaey 1,500 to 2,400 pounds. Egyptiancotionint | 400 to 1,000 peunds,
darley bay..........] 4 tons, L6 T 2,000 to 2,800 pounds,
Wheat hay.......... 34 tons, Seedless raigins... ... 6,000 to 8,000 poinds,
Sugar beets... | 910 19 tons, Oranges (young | 4 to 5 boxes per trea.
Potatoes...... .} 3,000 to 15,000 pounds. trees),
Watermelons. .......| 13 tons. Pates............... 50 to 250 pounds per tree,

Steer feeding, dairying, poultry keeping, horse and mule breeding;
epiculture, and sheep raising are the final and usually the most profi
able development of forage production, and the greater part of the
forage output of the Territory finds a market in the form of anima

products,

MARKETS AND FARM INCOME,

CULTIVATED CROPS,

A large trade in valley products is maintained with the sever :
thriving mining towns of Arizona, which consume large quantities of§
baled hay, grains, fruits, dairy products, and vegetables. Southern;
California cities take fat cattle, early fruits, and vegetables. Much
finished live stock reaches Kansas City, and more distant eastern;
‘markets receive orsnges, cantaloups, honey, and other agriculturalj
commiodities from Arizona through farmers’ shipping associations!

{Bui, 235]

The income per acre to the farmer varies greatly with

acter of lis operations.
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char-

Small, intensively cultivated areas not infre-

quently yield values from $100 to $300 gross per acre annually, whil-
forages and snimals may easily return $50 gross per acre annually.
Agricultural statistics for 1910" indicate that from 183,000 acres of
corn, wheat, oats, barley, and hay a total valuation of $5,302,000
was obtained, or an average of $28.97 per crop per acre. This does
not include the value of alfnlfa seed and pasture produced to an

additional value of fully $500,000.

When allowance is made fo-

the fact that corn in large part follows barley and wheat on the
same ground, the actual productiveness in grains and forages of
Arizona lands was more than $30 per irrigated acre. Intensive
cultures, including fruits, melons, vegetables, and sugar beets, from
an estimated 11,000 acres produced about $2,000,000 worth of prod-
ucts, or about $200 per acre. The total of 194,000 irrigated acres
estimated therefore. produced values approximating $7,802.000, an
average of about 340 per acre. This estimate places Arizona amolg
the first of the Commonwealths of the Union in values per acre pro-
duced, a fact due not only to excellent crops, but to the high prices
paid in the home markets of the Territory.

LIVE STOCK.

The number, value, and income-producing power of live stock in
Arizona on January 1, 1910, were approximstely as follows:

Kinds, number, value, and income from live stock in Arizona, Jonuary 1, 1910.

j Ineome {gross sales during 19093.2

Kinds, Number.! | Valua, 2

i. Amount. From-
Tlorses and mules. . 121,00C | $7, 778,000 $185,670 | Sales.
Hilch tows . 25,000 [ 1,075,000 | 1,000,000 | Dairy preduets at $40.
Other cattle. 626,000 | X2,082,000 : 5,650,261 | Breefand veal.
Sheep..... 1,020,000 | 3,774,000 | 4,360,000 | Wool and mutton.
Beogs...._..... 22,000 204, ;0 09,0 Pork.

kY S 1,514,000

24,918, 000 i 11,604,931

1. 8. Dept, Agr., Crop Raporter, ¥eh, 7, 1010,

#Estimntes based on reports of Live Stock Sanitary Commission and current valuations by stockmen.

'~ Besides these there were 5,000 ostriches valued at $1,000,000 and

producing $125,000 worth of feathers annually. The number of goats,
poultry, and stands of bees or the value of their products isnot known.

While the live-stock industry as a whole is but partly supported by
irrigation, the irrigated valleys may be considered an essential factor,

especially in dairying and the finishing of cattle and sheep for market.-

———

t U. 8. Dept. Agr., Crop Reporter, Dee. 22, 1910.

[Ban, 235]
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FOREST PRODUCTS.

The forests of Arizona should also be included in a broad sense as
agricultural resource, timber being a product of the soil. The pi
forests of northern Arizona constitute a timber resource of gre
value, as yet little encroached upon. Large mills at Williams a;
Flagstaff have been in operation for nearfy 30 vears and small mi
are scattered at accessible locations elsewhere in the Territor
These mills own considerable forest land which they are now clearin
One of the largest sawmill operators in the Territory states that t}
annual cut of lumber in northern Arizona is approximately 50,000,0(
feet, with a market value of $750,000. The major portion of ¢l
forests, however, is included within National Forests. Timber
available within these reserves under Forest Service restriction
which prevent destructive lumbering. - '

The stand of merchantable timber thus available for cuttin
in Arizona, according to available (October, 1909) Forest Servic
estimates, is as follows: Saw timber, 6,263,800 )M feet; cordwooc
14,142,604 cords. Figuring conservatively upon an approximat
annual increase of 1 per cent for saw timber and 13 per cent for cord
wood, the annual growth for Arizona would be—saw timber, 62,63;
M feet, worth, at $3.25 per M, $203,573, and 188,520 cords of cord
wood, worth, at 67 cents a cord, $126,308, making a total outpus o
2329,881. )

The National Forest income realized from timber and grazing fee
in 1910 was $204,917.52, one-fourth, or $51,229.38, of which wa
turned over to the Territory for use by the various counties withiz
which the forests lie, and used by them for the benefit of their roads
and public schools. In addition to native forests the planting o.
introduced trees, especially Eucalyptus, offers considerable oppor
tunities in agricultural forestry,

LANDS.

CLASSIFICATION FOR ADMINISTRATION,

Including a limited and variable water surface of approximately
116 square miles, the area of Arizona is about 72,931,840 acres.. - (Pl
1) Administratively this area is divided into military reserves, Indian
reserves, National monuments and forests, public lands, including
those under Reclamation Service restrictions, and lands in private
ownership, including railroad grants and private land grants dating
from Mexican occupation. The areas of these different classes “of
lands are approximately as follows:

[Bull. 285]
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Lands in Arizona.

Class. Ares. Aathority, D?nr'?,f‘{, i:;“""

Acres,

= teserves _ 97,932 | United States Department of War. .. Aug. (7, 1008,

Foadiarn TESEIvES. «.onvevioan 15,055,600 | Scaled from General Land Ofice Do.
map,

M‘“‘ Forests exclusive of gllenated | 14,083,928 | Forest Service Cirenlar 167 and cos- | Dee. 13,1508,
- hands. respondencs.
T Hatiomal monuments outside of Na- 61,736 | Repart of Secretary of Interior. . ... 1%,
’ tional Forests and Indian reserves,
E ; : Totaal reserves. .. voovnnuiennaa..,. 29,299,185
- : % fand 1 SO 2,141,435 | Proceedings Territorial board of | Aug., 1309,
Raltroud e equalization. h &
grants and fransferted raifroad S4T,282 ..., doooooo Do.
gmall agrionitural holdings. .. ....... .. 939,142 | __do....................... . Do,
) O médm mining claims. .. ............. 90:009 Estimated from Proceedings terri- | 1008-0,
| i . . tozial beard of equalization.
B A N R T U 8,000 1. ..do. ... LT 1908-9,
R B aftraad rphts Of Wa¥.c. oo oeeeen,inn. - 34,000 |..... A0 1908-8.

Fotal in private ownership ex-
elusive of unpatented mining
elaims. .. ..., 3,759,859
ropriated and unraserved public
tands, by difference—ineluding a
riion of the lands under United )
tates ReclamationServicetestrictions. 38,278,755 B

! The total ares of Natlonal Forests has heen reduced from 15.258,861 to 14,811,145 acres, Figures s to
the areas of allenated lands included are not available at this date.

This statement does not include approximately 4,130,100 acres of
‘public lands pertly within National Forests and Indian reserves stib-
ect to United States Reclamation Service restrictions. Of this area
/818,300 acres, withdrawn under the first form, can not be entered
pon, while the remaining 2,311,800 acres, withdrawn under the
econd form, may be homesteaded, subject to subsequent decision as
the size of farm unit allowed. University and school lands are not
yeonsidered separately. ‘
-Under the *‘dry farming” or ““enlarged homestead” act, 26,657,280
e8ieres of the unappropriated and unreserved public lands {fig. 3) also
ave been designated in Arizona as available in 320-acre holdings
ovember 1, 1910). It is evident, from the above table and state-
ments, thet the land situation in Arizona is very complex, and the
fallowing brief suggestions are therefore offered as to the acquisition
by settlers of lands within the Territory. .

METEODS OF ACQUIRING LAND.

T I

UNRESERVED PUBLIC LANDS.

Without going exhaustively into details, the unreserved and unap-
& Propriated public lands available under the various provisions of the
ﬁggand laws may be obtained in the following forms:

2% (1) The homestead of 160 acres, requiring for final proof either
“ Lz live years’ residence or 14 months’ residence with commutation at
: $1.25 to $2.50 per acre.

[But, 2351
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( 1e homestead of 320 acres, for nonirrigable 1
stffic.cat rainfall to produce eraps without the system of cultivatig
co{nmonly known as “dry farming.” Proof without commutatig
privileges is made as in ordinary homestead entry, and once-fourt
of the entry must be cultivated continucusly, béginnin«r with the
third year. )

(3) The desert land entry of 320 acres costing 2
entry and $1 an acre annually expended
of good faith uatil reclaimed, with $1 pe
ment on final proof.

(4) Government land scrip entries, costing

ands which lae

5 cents an acre o
In mmprovements as evideng
T acre in cash to the Govern

from a few dollacs
as much as $50 gp
acre. Scrip sometimeg
is diflicult to obtain,

(5) School lands!

: Territory, subject to
appraisement in valus

poses, as ¥
sites for impounding
water, canals, railroad
rights of way, ete.,
public lands may be!
appropriated so long
83 they are used Inj
good faith for the pur-
pose for which they;
were appropriated, 2
in accordance with th

LANDE FUELTT 7D SArmv
CVOER "ORY FRRAYT 40T

Fia. 3.—Lands sabject to entry ander the ““dry-farm '* act.

(7) As mining claims, mill sites, ete.,
mineral laws,

RESERVED PUBLIC LANDS AND RAILROAD LANDS,

to settlers; but in some eases are likely at a future time to be thrown}
open wholly or in part to entry. Certain of these reserves are of#
value to irrigation interests as watershed protectors. The Fortj
Apache and White Mountain reserves, for Instance, covering approxi-
mately 5,500 square miles, lie in the watershed of the Salt and Gila

{Bull 235]
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Rivers, and conserve and equalize the flow of those important streams.
Similarly, the immense but less forested N avajo Indian Reservation
mzi_v protect a fraction of the Colorado watershed to some extent,

More extensive and important in its relation to irrigation interests
is the great system of National Forests, formerly known as forest
reserves, which, beginning with the Prescott Reserve in 1899, has
grown to a total area of about 15,000,000 acres, comprising all the
forest lands in the Territory otherwise unadministered. The National
Forests are available for timber, for grazing, for mining, for building
and town sites, and for agriculture, under provisions securing the non-
destructive use of forest values. Wherever agricultural lands are
included within a National Forest they may be listed and entered upon
by settlers on practically the same terms as ordinary homestead lands.

The map of Arizona (P, ID) shows the several Indian reservations,
National monuments, ete., as given on the General Land Offics map
of 1809, The map has been revised so as to show the forest reserves
us they existed December 31, 1910,

Coosiderable areas, mostly along the Colorado River, have been
temporarily withdrawn from homestead entry pending investigations
as to whether these areas can be ultimately irrigated or utilized in
constructing irrigation works., These withdrawals are often only for
short periods, and it is not possible to show them on the map with
any degree of accuracy. _

United States Reclamation Service reserves of the second form may
be homesteaded under the United States Reclamation Service regu-
lations, the Jand laws having been modified so that farm units of 10
to 160 acres, according to the value and produetiveness of the land,
may be fixed upon as the limit of the entry by the Secretary of the
Interior. Commutation privileges do not apply to such entries.

Railroad land grants, more particularly those belonging to the
Santa Fe system, are subject to purchase at prices ranging easily from
310 to $200 an acre for unimproved agricultural land favorably situ-
ated with reference to irrigating water.

AGRICULTURAY GL.&.SSIFICA’I‘I'ON OF LANDS.

According to the general methods by which they may be utilized,
the lands of the Territory may be classed as irrigable, dry-farming,
grazing, forest, and waste lands. There are considerable tracts of the
latter under present conditions.

Except along the Colorado River, lands valuable because of their
connection with an actual or possible irrigating or stock water supply
have for the most part long since passed into private hands. This
area s represented by the 939,142 acres shown in the table, page 23,

and lies almost entirely slong valley bottoms adjacent to stream
£Bull, 235]
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Chemically, the arid soils of the Southwest are rich .
potash, but deficient in organic matter and nitrogen. These ;:
clencies may be remedied very cheaply in Arizona by meang
leguminous plants, including peas, lupines, sour clover, bur ¢]
and, chief of all, alfalfa. The latter crop yields remunerative retd
and at the same time improves the soil for grain, g ;
or fruit trees through the addition of atmospheric nitrogen
organic matter resulting from the decay and incorporation of its
and leaves.

The fertility of irrigated soils in most localities is maintained
by the sediments contributed by the river waters. These sedim
often contain large amounts of partially decomposed animal 3
vegetable matter swept by storms into the irrigating streams £
the surface of the range country. When incorporated with the
by suitable methods of culture, they contribute materially to
production. In this way the southwestern farmer's fertilizer ta
paid in large part, quietly and without extra expense, by
supply.

Consequent upon arid conditions, the soils of the Southwest
tain notable quantities of soluble or alkaline salts varying loe
in amount and kind. The Irrigated districts in Arizona being ¢
paratively well drained, injurious percentages of alkali salts are
common. These salts have accumulated, however, in certain loi 3
ties where irrigation has been excessive and drainage neglected, t@
degree that depreciates seriously the productiveness of the Ig
Intelligent methods of culture and the choice of alkali-resistant ¢
plants will, to some extent, overcome or utilize alkaline aceum
tions; but good drainage, which should be secured und 3
planned irrigating system, is the most satisfactory expedient fo

purpose. ,

It may be stated briefly, therefore, that tie soils of this regio
rich in certain elements of fertility; that their deficiencies in nitro
and organic multer are remediable; and that the managemen
harmful accumulations of aikaline salts is facilitated by gene
favorable drainage conditions.

his w

WATER RESOURCES.

The critical factor in Arizona agriculture is not land bug the wal
supply, Excellent lands are nearly everywhere in excess of
water available for their irrigation, and under present conditions
minimum Aows of the interior streams are consumed comparative
near their sources while the lower courses are left dry except in tim
of flood. The Colorado River, accumulating its flow from an Imm

watershed outside of the Territory, carries an amount of wa
[Bull, 235}
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in excess of the requivements of alluvial bottoms and irrigable
Sch lands lying along its lower courses in Avizona. This excess,
wever, will be greatly diminished when the possible demands of
ream districts and of the delta in Mexico and the Californias are
ed. Considering the whole Territory, even after storage has
n provided sufﬁcie_nt to retain the flonds which now escape from
region. so much in need of them, only a comparatively small
ge cun be irrigated. (Pl IL)
bis deficiency in run-off, due primarily to scant rainf all, is com-
nded by thirsty soils, excessive evaporation rom land and water
aces, and the pervious formations common in the débris-filled
leys ‘which often entirely absorb small streams. The following
e affords an interesting comparison between the elements of gain
nd of lossin two streams of the humid region and an arid-region river:

e

Comparison of rainfall, evaporation, and run-off in humid and arid regions.

TWater- : Evapora-
Stream. Date, sheq. | Rainfall, ti()[;l. Run-off,
B 8, miles| Inckes, | Fuches, | Fnches.
o River, New York L_..._............... .. 1888~1801 4,500 4£.2 20.9 3.3
dsgum River, Ohlo ... ... ... . .. ..., 18881895 5,828 39.7 26.6 3.1
River, Arirona....oooooooon i 1889-1901 12,260 216.8 Lt ¥ 2,26

’U‘ 8. Geol. Survey Water-Supply and Irrig. Paper No, 80, p. 90,

p. 89,
Avernge of U, S. Weather Bureau rainfall records. ineluding 1908, for stations st Fort Apsche, Arizona
ai Dam, Tonto, Prescott, Jerome, and Nataral Bridge.,

Fernge of observations 2t the station farm, Phoentx, and the Uaiversity st Tueson,

Ahe precipitation on the Salt River watershed not only is less, but
. evaporation—possible, not actual—is vastly greater than on the
stern watersheds. The loss by seepage In the stream bed is prob-
bly greater also. Tt is not surprising, therefore, that under these
ditions the proportion of run-off to rainfall is less than from humid-
o0 watersheds. Arid conditions apparently return upon them-
es, involving nature in a circle of muisture losses that requires
:best skill of the engineer and the irrigator to break.

igating waters, as known and utilized in Arizona, may be classed
ace streams, ground waters, and artesian wells.

SURFACE STREAMS.
COLORADO RIVER.

@lure of watershed.—The lower Colorado River is the largest
poPArent water supply available for irrigation in Arizona, but it is

the least utilized in proportion to its value. The area of its -
ershed, including the delta region below Yuma, is about 300,000
12658 miles, lying approximately between latitudes 31° and 434° N,
% the boundaries of Wyoming, Utah, Colorado, New Mexico,

¥ads, Arizona, California, and Old Mexico. The axis of the area
ERulk, uy5)
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o 31 | )
_early north and south and its drainage passes off from the g¢
west corner into the Gulf of California. It rises to an elevatig
over 14,000 feet in Colorado.

The upper two-thirds of the watershed consists largely of pla

4,000 to 8,000 feet above sen level, bounded by the high mou

ds which at times cause rapid melting, and to other climatic
uences. In recent years also deforestation of certain areas has
ft snow surfaces more exposed. This has resulted in earlier and
icker melting and tended toward briefer and higher floods.! With
the dwindling of the snows the upper river falls gradually to g low
stare in September, at which it usually remains with minor fluctua-
$ions until the next spring.
4 The upper Colorado River, with its steep gradients averaging 5.7
ot to the mile, from the source of the Green to Grand Wash at the
Nevada line, is an eroding stream which carries a heavy load of sedi-
t. For the last 600 miles of its course, however, from the mouth
the Grand Canyon to the sea, the gradients are gentle, averaging
but 1.7 feet to the mile, and as the current slackens the river drops
b sediment and changes from a land destroyer to a land builder. By
his means the alluvial ground bordering the lower courses of the
yiver has been formed, and the delta extending on the west into the
pressions of Salton and Pattie Basins is still being pushed south-
pard into the Gulf of Californis. . :
 The immense quantities of silt carried in the course of g year are
fown in the following statement of results obtained by multiplying
percentage of silt found in daily samples of water by the total
w of the river:

snowfall in this higher portion of the drainage is equivalent to §
inches of water. The climate is temperate in character because
altitude and latitude, and in the higher mountains there are re
of perpetual snow. The higher plateaus and the mountain rangg
the Colorado watershed are considerably forested, altliough in
sections serious inroads have been made upon the forest cover,
regions of middle elevation are comparatively bare and are rep
able for the great systems of deep canyons resulting from th
elevation of the Rocky Mountain masses, the restricted local e
due to scant rainfall, and the constant attrition along drainage
of never-failing streams from the higher mountains.

The lower third of the Colorado Valley, for the most part in Arj
and California, is below an sltitude of about 4,000 feet. This 1¢
is arid or semiarid in character, the average annual rainfall raf
from 13 to 20 inches. By reason both of its low elevation 4
southerly latitude its temperatures are semitropical.

The characteristic flow of the lower river is due to the peculi
of the watershed briefly described above. The winter season f

Silt carried by the Colorado River annually.:

upper Colorado is a time of water storage due to the accumulati} N Bauivalent | poivotent, |
heavy snowfall in the mountains of Wyoming, Utah, and Colof Yoar. | Amount ofslt., merged,mud 1 azﬁo{:}{td&?eg?ﬁi
At this time the river sinks to its minimum flow, though occasifh : i
sugmented from the Gila at Yuma by the irregular run-off 1900 ol A Aaes. |
somewhat eccentric winter rains in Arizona. With the opentit 1904000 120,961,000 131,900 58,681 E

spring the melting of the winter’s store of spow begins in the so
latitudes and at lower altitudes, increasing and extending until d
. May and June thousands of little streams and rivulets are conve
from many mountain sides into the main watercourses. The
River is formed in this manner from the mountain slopes of §
western Wyoming, northwestern Colorado, and the eastern
Utah, while the Grand is derived from the even steeper waters
western Colorado. These two rivers unite in southeastern Ut
form the Colorado proper, into which flows successively the Sari SN
the Little Colorado, and lesser tributaries, which complete theX]
age from the more elevated part of the watershed. - '
The run-off of this region is comparatively uniform in I
quantity, giving rise to the annual summer flood which begin
April 15 and continues until approximately July 15. Irreg

! Arizona Sta. Buils. 44, p. %0; 53, p. 63

;These figures explain the rapidity with which changes in land
driace and in sea room are occurring near the mouth of the Colorado.
building up of the marginsof the lower river by deposited sediment
80 elevates the stream above the adjacent country that sudden
Sometimes disastrous changes result from the breaking of these
banks. Salton Ses, was formed by such a break in 1905-6, and
et changes of direction in the delta have occurred since that time.
der primitive conditions agricultural operations are governed by
&nnual flood which overflows the alluvial margins and delta of the
%, a0d the growth of winter crops ordinarily harvested from April
uly is prohibited. The Indians of the Colorado Valley, like the
Ple of ancient Egypt, grow only such erops as can be planted in the

occur, due to deficient snowfall some years, to the chinooks of; NEEEIE. °8ta. Bul. 55 . 5. Geol. Survey WaterSupply and Irrig, Paper No.234, pp. 10-24; 850 opi-
DU W8 Am. Soe. Clvil Engineers, Proc. Sept. 1905, pp., §24-497,
[Bull. 235] R tBa 25
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web o left by the receding waters.

beans, melons, squashes, and sorghum are among the principal

Quick-growing varieties of co

33

: ds of acrefeet of the Colorado River at Hardywille and Yuma, and of
i thousands of the Gila River near Yuma, 19031909,

JFiows

croel

thus grown. Tuly. Asug. Sept. Qct. Nov, Dec. | Total
Discharge.—In the southern lower watershed the Gila River ¢
lects the drainage from lesser altitudes and, flowing west across soy 1502
i i i ; YUMBoeenannenns ™.y wr2] 22| a3l w01l mes| 7.980.2
erm Arizona, delivers its waters to the Colorudo River ut Yuma, ab Mo T TN TR e ey s {
90 miles by channel above its mouth. The Gils is g comparatiy ol 7| wm2|  mma| 43|  o.1| 392.8| 7,902
small and irregular stream, due to its arid watershed and uncers 1903,
rainfall, although oceasionally it carries enormous flovds. Since L rado 56 VDo veeneeee.s ma0es| oes| ws| sarsl oams| g 11,320.0
appropiation of its upstream waters for irrigation its lower cou Glla st Yuma P B e pe PR e Er—
are often dry for months in succession. -
The following table, compiled from reports of the United Stg voset | sws| mse| seo| zms| 110
. . . . . , 054 . 3. X . , 119,
Geological Survey and the United States Reclamation Service, giy 1306 a7!  ms 6.5 & 220.4
the mean monthly flow and the total annual discharge of the Coloragd 914.5| 64981 08.0| 350.5]| 53] 0,825
and Gila Rivers at Yuma and other points for the years 1902-1909 :
; ; . 3 Ma0) 65| 42| 70! w46.9( 19,7128
Flows in thousands of acre-_gzet of the Colorado River ot Flardyville and Yiuna, ang 3.0 L0 2L2] - 37El ,665. 1
the Gila River near Yuma, 1902-1909.1 : ;
Lolornd: 7440 353, 483.2 442, 8 57L.8 | 14,047.4
) L B o ie 72| 448| sma| 46| soed| @
Year and piace of measurement, Jan, Feb. Mar, Apr Moy, , J ’
: .
6| e9.0) 7eg| ameo! 11300 19,400
o SRR i 1 e ARSI A
Colerado at Yuma........_... ... . 228.2 219.7 3815 w77 2,02 : 2o
¢ : o . 9| eoL7| 790 8.0  798.0 | 17,700.0
SRR CEERLTLS TSSPRs BSPRrooss SOy Nusyon : ‘wmg’u?afiﬁf:}:gﬁ?’l Dioo| Lheo| il eS| @b i 19;162.0-
Colorade, net, at Yuma. ... ..., .. 229.2 219.7 36,5 BEET oML
1963, . 1. R s oo ot Yams. ... 530,01 2,310.0 | 1,380.0) 36.0| 643.0 | 458.0 [ 25,500.0
Colorado at Yuma..... ... 189.9 I87.3 376, 1 S524t 207431 3, 1R fotoredo ot Hurdyvitle. 48300 2,000¢) Lowoi.. ... O,
Gilast Yums..... ... ... .. g 0.2 .8
Colorade, net, 8t Yums. 189.¢ 187.3 3761 R LTI 2,00.0 | 1,4%0.0 75,0 85,0 &L0 98,01 13,700.0
1804,
Colorado at Yamsa. . ..............._..._ .. 223.5 218.4 7.6 478.53 | 1,703.0 .
Gila at Doms. ... 0 0 0t ORI ¢ oo 0t Yumas . 4,806.9 | 2,508.5| 2,888.6| 860.8| S6LO] 517.1| 25,9576
Colorado, pet, at Yums............... .. 223.5 218.4 367. 6 £7h5 ] 1,703.0
1905 1 Veory small, # Incomplete. 3 Untted States Reclamation Servies messurements.
Colorado at Yuma. ..................._ . 409.8 [ 1,561.0 | 3,108.0| 2,251.0 2q09.0 i ila, is shown
Gils a6 Dome. vl 1L T i89.2| ‘o503 | 1omg| Come| a0 The. Colorado proper at Yuma, after deducting the Gfﬂa,t Sl
Colorado, net, at Yuma.... _........_.. . 310.7 1 830.7 | 2,080 L4s2n] 2213 deliver from about 8,000,000 to over 25,000,000 acre-feet of wa
Calorado at Harayvitte. .. B LR FotA ATt MYReISERE] O o LUB0 amnually; and the Gila from a few thousand to 3,665,000 acre-feet.
1966 “The flow of the Colorado, excluding the Gila, for the years 1902 to
Coloradost Yams................. ... .. 422.6 S3Lgf 1,500.0 ¢ 1,980.0% 3,330.0 . . . .
Gila wt Dome...... [0 11 01T Bo.0]  W80| ameo| emal img 1909, inclusive, during which regular measurements have been taken
Colorado, net, at Yama. 20| 30| wiol L8| g0u0 2t Yuma, has averaged about 16,000,000 acre-feet annually. Allow-
Colorado at Hardyville. _ 7.0 327.0 W0 ) 1,850.0 1 3,970.0 mg fGr thB years Of exceptionally high water mcluded 3b079, it
1907, : . . f
carries a safe average
Colorsdo ot Yuma.. . ............. . 1,320.0 | 1,040.0 | 1,480.0 | 2,200.0| 2,330.0 estimated that the Colorado alone at Yuma esas g
Colorado at Hardyville......... .10 1000 V5020 | o000 | LiRo.o | I'ssno | 37609 of 12,000,000 acre-feet of water a year with an eccentric and very.
1608, _ variable run-off from the Gila in addition. It is of interest td note
Colorado at Yuema. ....................._. 39.0{ 870 9| 1,000 1,670 that during 00 acre-feet less water was carried by the
1500 Col S Yurre thon le, 270 miles above. This lo
: i miles above, 1s loss
Colorado at YU 2. ....._....__......._.. 615.7 | 28| 9mr| 1,850 3,307 orado af Yuma than et Hardyville, 27 < d the
: occurring mainly during the flood season, apparently is due to the

* U, 8, Geol. Survey, Water Supply an
134, p.25; 175, . 130: 173, p. 16; 211, pp. 09, 125; 2
? United States Reclamation Service measure

[Buli. 2353

& Irrigation Papers Nos. 85, p. 26; 100,
13, p. 29; 249, p. 46,
ents,

PP 23, 27 133 pp. !
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ab ion of overflow waters by the dried-out lowlands an Estimates of upstream water surplus of Colorado Biper—Continued.
evaporation, similar to that of the Nile below the Atbara, its
important tributary.! What portion of the total flow of the Colo W phaces of | “Baed i, | Simted | g of | Quited 5 | Avemuge

. - - - . . . E ' 3 5 B A '. : A irTi
River, as measured at Yuma, will be available for irrigation in AN PRy s itemcnt. Whtershed | irigable | water | FHECE L e, | Surplus.
zona, is a matter which can only be approximated at this time. ' S

Storage possibilities.—The Gila foods will be stored in large
.- . : : . and Uinto Riv- Acrefeet
m ﬁhﬁ reservours Pr(_)]eCtEd _Gﬁ the’ S&lt, Verde, ﬁ,ﬂd- GLI& R“r " D“;hg'i"g;}gﬁg[éﬂf i"u:l. Acres, Acres. pcc;'rgrgiz. Aeresfect.  Aerefect. Acre-feet,
Surveys for reservoirs having an aggregate capacity of abg Dnchiestie, bl ! 150000 el B N
3,000,000 acre-feet, including the Roosevelt Reservoir of 1,284 P SR FOUUVRRRURSS IURUUVUI IRTUSORNS! N e, 1,560,000
acre-feet, have been mat}e on the princip.al sites, .The greater R SLE06 | 150000 b i 996,000 | 10,500,009 | 5.055.300
of the run-off of the Little Colorado River and its tribufaries Sl

northern Arizona likewise can be utilized and stored., :  fndian reserve.
After deducting these tributaries, the main dependable supply
wrigation in western Arizona, southern California, and the Mexi
delta must come from the upper branches of the Colorado in W
ming, Colorado, and Utah, and the disposition of these upper stre
is consequently of vital interest to prospective downstream irrigato
Probable developments can be surmised only in a very general v
at this time. According to the best information available, thers
now approximately 420,000 acres irrigated above the Grand Can 7k
of northern Arizona, with additional areas to the extent of % Pd
sible 750,000 acres, to which water may be applied ultimately.
rough outline of the probable effect of these extended operati
upon the Colorado is supplied by the following table, which is offe
s an approXimetion based upon estimates of agricultural ar
derived from irrigation engineers resident in Wyoming, Utah,
Colorado, and of run-off and duty of water from United Sta
Reclamation Service records:

<. It is believed that in this table the estimates of additional areas
to be irrigated and the allowance of water therefor are liberal, and
those of run-off reasonably accurate. It appears, therefore, from
these figures that after allowing for prospective upstream develop-
ments there remains a vast excess of water, especially in the rivers
of western Colorado-—an excess which may be stated in round num-
bers at 9,000,000 acre-feet. This supply, once delivered to the deep
eanyons which begin in eastern Utah, can not be drawn from again
- until it emerges upon the alluvial levels of the lower Colorado in
western Arizona. C :

Most of the run-off, however, occurs in May and June; and its
omplete utilization by downstream districts will require storage to
tetain this flood and equalize the flow of the river throughout the
downstream irrigating season. Fortunately there are many reser- -
¥oir sites on the upper watershed of the Colorado, some of them very

tensive. A few of the largest are named below, there being many
b smailer sites:

Bstimates of upsiream water surplus of Colorado River. Lroposed upstreum reservoir sites on the Colorado River and tributaries.

i . Water re- . Height
Area frrl- | Estimated corviie of Storage ca- :
Supply streams and places of | gated in | additionsl | Duty of tmg::éo ‘}l‘,’me Reservoir sites, rgég;’:& pacfty. Authority.
measurement. wix:lt?gscléed m;%lfle water, m‘é‘;ﬁm avuilable, L . .
- Feet, Aerefeel.
Fvomin Acrodeet g ME %Gt ; 01 (ireen River in north. 100 450,000 | United States Reclamation Service.
9 : credee : K aRern Utal),
i River at Browns | Acres. Acres, peracre. | Acrefeet. | dereseet. | A RERRE N : Browns Park, on Green River in north- 0| 2,520,000 Do.
Park, Colo...ovuvnnnn. 100,000 600,000 2 300,000 | 2,500,000 Colorade,
Colo{rado: River at Mavhell l:?t:rhk' o1 Green River in northeast- 100 150, %0 Da.
ampa River at Maybe R . .
ﬁ Y’ . 42,680 05, 000 2.5 247,500 | 1,000,000 A Mouth of Ninnge Mand Creek, on Green 20} 1,200,000 | Records of office of State engineer, Salt
White River at Rangely, : Rives in eastern Utal, Lake City, Utah.
13 Rivenr i 3,853 50,000 2.5 125,000 400, 000 ,.Bm,za miles north of Green River, 1455 800, 000 Da.
@ verat es, .
ré‘glo e Rivaar “f'l;i“: . 84, 500 232,000 %5 $80,000 {3,000, 600 Lol “ ot Grand River In northern 230 | 2,206,000 | United Stutes Reciamation Service,
Gunnisen River at White- s )
i;g:t!er, :(l:otfu .............. 131,800 160, 000 2.5 +75,000 | 2,000,000 Bt of tircen and Grand Rivers in 160 ¢ 2,308,0% | Records of office of State engineer, Salt
Doloim River st Rolores, 045 0,000 25 150,000 30,000 ern Utal, Lake City, Utah.
[} ] , 5 .
San Juan River at Farm- ’ . Tetal, BTNV ST 9,720, 000
lagton, N. Mex....._.... 48,818 123, 000 3 369, 000 806G, 060 .
* Ann. Rpt. Smithsonian Inst., 1908, p. 485, Some Geographicst Aspects of the Nils. .
© [Buil. 235 ]p o PR e sTep Fees e In general there appears to be abundant storage rcom for the

Plus waters shown in the table on page 34, should the sites prove
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feasitle and the expense of construction be warranted by the
cultural values in Arizona, California, and Mexico. The rocky!
yons of the Colorado for the 700 miles between the mouth of G
River and the upper irrigable areas in Arizona should convey,
equalized stream with minimum loss to those lower districts w
unusual productiveness may at some future time warrant upst
Teservoirs,

As to the maximum probable areas and water requiremen
the lower districts, allowing 5.5 acre-feet per acre, we have
approximate knowledge, as shown in the following table, de
chiefly from United States Reclamation Service data: ‘

-its tributaries, with their steep gradients and numerous dam
fes. By reason of gentler gradients, power development along the
er Colorado will be small in proportion to the size of the stream,
valuable by reason of the contiguous agricultural and industrial
aopulation which will occupy this region ultimately.

LITTLE COLORADCO RIVER.

The watershed of the Little Colorado, situated almost entirely in
portheastern Arizona, is a plateau region, lying for the most part

etween 5,000 and 7,000 feet altitude. This plateau is diversified
with square-topped hills or buttes and intersected by watercourses

Trrigable areas and water requirements in southern Arizona, California, and Me “which deepen into precipitous canyons ss they approach the Colo-

rado. The rainfall averages about 10 inches, this small precipita-
Distict Hrrigable jon being due to the loss of moisture from north-bound winds on the
* areas. Lk . . . P B
southern slopes of the Mogollon rim, which divides the plateau from
— ‘ . Acres the lower and warmer part of the Territory. The run-off is small,
éfoliiaw'; VALY &1 , because of the porous character of stream beds, hard to estimate
olorado LS . \ O : ) ; ;
Yuma Valley. o010 0TI o w3 tisfactorily. Measurements at various points by the United States
Mesa Isnds at Parker (by fnumplng—»mimated) ............................ 40,000 s A .
Yums, (Frigable By PRIIDIOEY. .« o - evvemmsn oo e eeeeee el T0T 40,000 lamation Service are as follows; :
.......................................... 351,620 . _
Totah o Stream measurements on Litile Colorado River.
Cai[fon;‘ia: il i? 205 A )
%,‘Eﬁo?:deo‘;aigg’: ------------------------------------------ 0,388 2 Piaee of messurement. 18035 1906 1907 1908
Yurma Valley. ... 24, 600
Imperial Valiey. 200, 600 Acrefeet. | Acrefeet. | Acre-jeet. Acre-feet.
: Colorado st S¢. Johns, . a0 T s0,073 1 T zivem
522,583 ! Calorado at Woodruff. .. 3 114,400 85,200 72,543 |,
Cotorado ot Holbrook, . 323,700 13,000 178,498 . R
Mexice: . Creak excess at Snowfake. . ......... P 1. 3 e, . s
Colorado delta and PALS BOSILIBRAS. «re e eesesseeseseesses oo 500,000 | £ Bevelon Fork near Winslow,. [ [0 111111 0,300 | I IR T 6ar, 55
®Cresk near Winslow. ..., .o . o Il BRR0 L. .. 287,335
GEANA BOBEE. 1o veeeoem e iiaeaiiaiiaaeiae e e ae e ee e 1,374,208
................................... eevve-eet 828,100 | 330,640 | 378,193 | 1,347,540
: : i 1 ! April to December, Inclusive. 1 Jany to.;_;ﬂ—,.l_; i ;m—
It appears, therefore, estimating acreages liberally and ass 2 {200 o Decomber, Inclusive. : Janaary S0 ApHl Inctustve.

high water duties, that the equalized surplus of 9,000,000 acre: * March 1o Décembersinclusive.

roughly calculated to be available from the upper Colorado;
be adequate for the reclamation of all irriguble downstream
The details of the estimates presented above may be conside
modified with increased knowledge of the vast region involved§
in a general way it may be stated with considerable confidence
the water supply of the Colorado, with storage, is sufficient forfes
whole of its dependent irrigable lands. This is a most fortug

educting flood waters at St. Johns and Woodruff, the measure-
ent of which is repeated in large part at Holbrook, the net run-off
s far measured has been about 250,000 to 1,300,000 acre-fest
rom the watershed of approximately 15,000 square miles abﬁ
inslow.” Storage is possible for this run-off as follows:

Storage possibilities on the Little Colorado River.

fact in view of the interstate and international character o ’ Place of storage. Contour. | Capacity.
stream, looking toward a harmonious and confident developm Wecird from Woodrast to St. Johus: Fet, | Acrefoct,
all portions of the Colorado watershed, including those am POk teservoir above Wasdpadt .. T T - *‘;‘S:%
Arizons, with which this publication is chiefly concerned, an BN Sore Byman resarvoir ahove S, Tohne. I i e 30000
which an ultimate water requirement from the Colorado of apPI : , nd Taylor reservoirs (large additional storage possible fo this s 000
mately 2,000,000 acre-feet, annually, should be anticipated. . E bEgglg: 1T s 35 54’006

In addition to its agricultural value, the Colorado has irorig rvolr mear Winslow. .11 1111 30 1m0
power possibilities, especially along the canyons of the uppe B o e 463,900

{Bull. 285] * EBull, 2353
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St _.r as these fragmentary data show, ample storage is possil
the entire run-off of the Little.Colorado above Woodruf and-
portion of the flood waters of Chevelon and Clear Creeks,
storage, probably 300,000 acre-feet annually of the run-off of g
eastern Arizona can be utilized for irrigation, which, assuming a’
of 3 acre-feet annually as Decessary for a region of high elevatios
relatively short growing season, should irrigate about 100,000 aq

iDischarge and storage possibilities.—The flow of the Salt and Verde
jvers has been measured longest and most accurately of the irri-
sting streams of the Territory. The following table, constructed
from data afforded by the Salt River Valley water companies, the
ster commissioner, the United States Reclamation Service, and the
Tnited States Geological Survey, affords an excellent idea of the
oited flow of the Salt and Verde Rivers just below their junetion:

SALT RIVER. My flow of Salt River below junction with Verde River, in thousands of acre-feet.!

Noture of watershed.—The watershed of Salt River, including . 5 §1 515 |5
of its nearly equally large tributary, the Verde River, has an ar E- g £ | = ) AR ERE: E : | 35 £ g’
12,240 square miles lying in central and east-central Arizona, Ny H 5 ,—% ElEIE|Z ;S-” 5|3 Bl 37 g°
the whole of this watershed is mountainous, ranging from an} o = = U B
tude of 1,310 feet at the Granite Reef diversion dam, 27 miles s 4 e e P P P Fre E IE AR TR T e
Phoenix, to upward of 10,000 feet in the White Mountains, ne gi futbasss| See | e hiwd R0 B0 ALY MRE IR ] B
New Mexico boundary. The main tributaries of upper Salt Riy e | o] B2 Rl im0 S0t et sl NIt B
Boaita, White Mountain, Carrizo, Cibiey, Canyon, Cherry, and ot | ss.8) aLa) 80| 0ldLoiIaT| Lm0 ma)nT mil e BT 1955
Crecks—all come from the north and drein tho southern escorpp @RI %is | | 3| 2 1 B ad iy 81 B G0
of the northern platoau country. The Verde River, with its 8 Eii iRl I S B EH B R SIS R -
system of tributaries, also flows from the north into the Salt Bm.| LT 2s| m2) 26120 51103] T0)189 eelEa|ad| Byl 20| 23
™t head of Salt River Valley. | FAFH NS HE P O

The region of highest rainfull in Arizona is duo to the high o 20| 23 B Geli T A G0 B ) B
slopes of the Salt and Verde River watersheds which precipita ot | 1913 | ] 57| tere|bod|ans|Epoes sl ®T a0 0o | 1
moisiure of the winds from southerly directions. This B A R MR IEY RE R |80 R 8 AR b
occurs in two not very sharply defined seasons, summer and w 1824 | 2WL5 | 31861 176.0 765 (420 {30.5 [ 80.8 | 50.5 | 46.7 | 80.5 | $3%.9 {1, 464.6 | 190.4

The summer rainfall, for the most part in J uly and August, is lo
torrential in character, resulting in sudden floods which. are
lost downstream, and in intervening seasons of low flow. The
ter rains are usually gradual in character and generate a more
form stream flow. The winter precipitation on higher ranges3
is largely in the form of snow, the melting of which in the s
equalizes and prolongs the irrigating supply.

The watershed of the upper Salt River is largely forested. T
nately it is also occupied largely by the Fort Apache Indian Res

%t From estimates contained In Water Supply and Irripation Papers Nos. 2, 73, and 83; also mensure-
bs i Water Supply and Irrigation Papers 85, 100, 133, 175, and 213,

‘The fluctuations each year, the differences between years, and the
8verage flows for months and years are shown for 21 years, Reckon-
Ing on an irrigable area of 275,000 acres in Salt River Valley, the
&mount of water delivered each year is sufficient to cover this area
o & depth of 1 to 20 feet; that is, there is one-fourth to five times
enough water for general agricultural operations. This condition of

: . . . . ictuation fr. th ¢ th and from year to year indicages the
tion. This has resulted in restricted use of the region for g - om month to mon y ¥

. . s . o . , L ity for water storage in order to equalize the water suppl¥ and,
purposes, and in the. conservation. of ongima L conditions of #apecially, to make available the occasional floods which have hereto-
m .thm unportant district. The Verde Rw.er country, ho jore escaped in large part to the ocean. Storage capacity exists as
which resembles that of the Salt, has remained unreserved follows: = :
recently and has been overgrazed for many years. Floods here -
sequently are more sudden and wasteful of water, the minimun
is less and more prolonged, and greater amounts of sediment are;
ried by the aggregate run-off from comparatively bare land surf
These two streams afford an excellent illustration of the ben
erising to irrigation interests from administrative contro
watersheds. '

[Bull. 235}

Storage capacity on Salt and Verde Rivers.

Reserveir, River. Capaeity.

Feet. Acrefeet.
284 1,284,000
280,

2 L 000
150 2085, 000

[Buy, 235;
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T. _.roblem of the irrigating efficiency of the Salt and Ve 98 ‘ 1y Salt River carries 65 per cent of the total supply under the
Rivers with the help of feasible storage sites is of such unusual inter ) '“ ywing conditions: (¢) About 10 per cent of its watershed lies
as to warrant especial attention. The accompanying sketch is 3 ' ow Roosevelt reservoir and the run-off of this area can not be
essary to an understanding of the elements of that problem (fig, JXNEE icg'?ﬂﬂted' (b) the power canal, skirting the south side of Roosevelt
The Salt and Verde Rivers, which unite to afford the Salt River Vol RS POIT .’has a capacity of 250 cubic feet per second, or 15,000
supply, join just above Granite Reef, at which point the irrigat @ﬁ;{eet’a month, which, theoretically, can not be stored and must
stream is diverted to the valley. Of these two rivers, the Salt is i e taken as it comes at Granite Reef; (¢) Roosevelt reservoir, with
larger, separate measurements being available since January, 195588 4 eapacity of 1,284,000 acre-feet, is available for the storage of the
as shown in the following table: S %ters of‘ Salt River less the two above subtractions, which leaves
ip{',mximately 70 per cent of the average whole flow; (d) the evapo-

4

Monthly flow of the Salt and Verde Rivers at MeDowell, near Lehi, Ariz., in thousands

acre-feet.t ; _
' W omstes s A it oo
River. Jan. Feb. Mar., Apr May, Tume. Y\, 000 acre—feat: ™
N 1"5\;.. Seale s Mites.
2 k) &£ £ [ a
116 16.9 2L5 240.9 238.0 15.8
ma| 1| ma|  ms 8.7 81
11. 4 9.8 10.1 1.8 7.2 3.8
14.6]  w@oe{ w3l it 77 3.7 .
138.3 564.8 202.8 - 815.2 323.0 2.1 % £
B7.3 428.1 9.8 3iLe 512 18.8 Q?"
Rl Aoosevelt Reservorm, intercepting
102.0 98.3 493,¢1. 303.0 181.0 38.4 S % of Suft Aiver run-ofF
98| eae| 30| el3| 152 8.9 Capoesty » 1284000
- acre-feet.
232.0 178.6 285.0 148,09 4.3 3.4
149.0 146.0 232.0 49,9 5.4 2.4
253 weo; 200! 4| ma| i L .
i8.8| 30| 881 79| .22 8.7 Helomayt Resorvaty Power cont
64.5 202.8 188.3 2.0 8. 4 40.9 1. S;.LT -
mez| ads| I18B|  7h7Ty  Ih4 81 , _
To I -’ Granite Roet ‘
K ; i ~ iy . - 7
River. Aug. 8ept. Oct. | Now. Des, : / o dversion dam igjaaffgwgﬂ'w””:}wd
Salt. e .- 7 <X : P\,.,\
2.4 18. 6 142 L7 121 21L0 1§,
20.2 0.5 19.6 12.3 M0, Fig, 4—Hydrographic features of the Salt River Valley.
10430 3057 165| 05| 1Lgl- 240.4) i, : . ) . . :
L B 1.8 12.5 U3 ation from the water surface in the reservoir, estimated at 86 inches,
s B3| B £;3| By v less 13 inches rainfall, leaves a net loss of 53 inches in depth each
8.1 228 ;3-& 9.4 m-n nsaoo r. This would amount to a loss by evaporation of about 70,000
#.7|  1e| 11| 18s] 1e0|......| scre-feet a year, when the reservoir is full; {¢) the power tcibe gen-
B ONE BE B3 1| 10 erated by the reservoir supply at times when that supply % being
Salt 15.0]  esf 20| 23 ﬁn xmo drawn upon can be used to pump supplementary ground waters for
Verde, 112000 - ey 21’2 63 07| e@ep.lf Irrigation in Salt River Valley, and thus conserve the storage room

of the reservoir and lengthen its period of duty during times Qf pro-
nged drought; and (f) power installations for pumping and indus-
trial purposes derive their motive power from the power canal at -

17, 8. Geol. Surveé ‘Water Suggly ond Trrigation Papers Nes, 100, pp. 36, 41; 133, pp. 221, 227;
. 181; 201, pp. 137, 139; 249, pp. 190, 191, 185,

* Measurernents for only part of month, Monthily fiow is estimated from minfall.

8. 8, Reclamation records.

For the period of measurement it appears that the Salt carried abot ]
65 per cent of the united flow, and the Verde about 35 per cent. cenals.
elements of the physical situation involved are, therefore— S, Bali23s)

[Bull. 235]



F14. 5.—(Graph showing Irrigation possibilities of the Sall River under different conditions,
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(2) The Verde River
ries 35 per cent of the I}
water supply, with the
lowing possibilities: (a)
McDowell storage resery
with 280,000 acre-feet
pacity, lying at the my
of the river and intercep§
all of the Verde flood wa;
() Horseshoe reservoir, B
205,000 acre-feet capaci
a short distance zbove
tercepting nearly all of
Verde flood waters; (c)
evaporation, subtrac
rainfall, may be app
mated at 53 inches for ¢
reservoirs also; {d) ther
canal and reservoir p
possibilities, as at Roose

Irrigable area in valle
It is necessary in arri
at the possible future w
supply of Salt River Vg
to estimate the ma
continuous flow which
two rivers, each with;
own storage, coording
administered, may be ni
to deliver. The folloy
graph (fig. 5) represents

orage on both the Salt and the Verde, total storage capacity
being 1,769,000 acre-feet.

In both cases the estimates expressed in the graph take into con-
gderation (1) the unstored 10 per cent of Sult River plus the Roose-
relt power canal supply, (2) the Verde, with or without storage, as
the case may be, and (3) the Roosevelt reservoir supply corrected
for evaporation and rainfall. The Verde reservoirs, when used, are
also corrected for evaporation. The figure for evaporation used is 66
inches less 13 inches of rainfall, leaving 53 inches of net loss, divided
between months of the year as follows:' January,0.2 incl; February,
2 inches; March, 2.7 inches; April, 5.2 inches; May, 7.9 inches;
June, 9.3 inches; July, 10.1 inches; August, 4.7 inches; September,
§.9inches; October, 4.3 inches; November, 0.9 inch; and December,
0.6 inch. ‘

The power which can be derived from the reservoir water at the
three sites, and which could be used to raise an auxiliary pumped
supply, does not enter into the estimates, which relate to surface
*waters only; neither is a possible smull reduction of reservoir capacity,
= due to filling in of sediments, allowed for.?

The tables on which the graph (p. 42) is based, showing the theo-
retical behavior of the water supply for the last 21 years—August,
1888, to June, 1909~under the two conditions of storage and eutput
considered, are too voluminous to print, but may be summarized as
ollows: ,

(1) With a monthly delivery of 60,000 acre-feet, using 1,284,000
acre-feet of storage at Roosevelt only, to supplement the unregu-
ated fraction of the Salt and the whole unregulated Verde:

Water supply of Salt River, 1888 to 1909. .

[Total How, 31,079,000 2cre-feet. ]

Per cent
efficiency of the two ri Acredeet. | of total
under two sets of conditi
(1) With a monthly delf plsied s o Gelverad Sl River Valley i 83
of 60,000 acre-feet, us ' o st oy i o pasioi e N 1083000 3.4
first, the unregulated MWL 31,232,000 | 3100.3
of a portion of Salt Rig , =
and all of the Verc_lﬂ, B Perios.of shortsge. fugf;’fp-
second, supplementing : - Noveasbon ot O a1 T s 3
with stored water f Dl i e 1003, 14 mosths... oo #
Roosevelt reservoir, the !
stora ge cupaciﬁy b 3 m‘é’fﬁ:%%ngggu bé‘t?f .eglésgg]ej% 2'1; ﬁhfn Scita’xt‘ifz?téa;o?lan;gicﬁll}g?gfga;lsl,’ﬁng the dry season of 1#01-2. The
1,284,000 acre-feet; and 3 "*ﬂ‘:.‘“&iﬁtgﬁ?‘f 44, pp. 157-158, o

) per cent error, due to approximations employed.

with a monthly delive

! IBull, 235]
70,000 acre-feet, using;
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ditions of 4 feet deep of Irrigating water o year, is sufficient for
210,000 acres. This does not include the pumped water supply, which
is to be considered independently of the gravity water supply dis-
eussed above.

Power and pumping.—It is estimated by the United States Recla-
mation Service that about 26,000 horsepower will be developed

(2, th a monthly delivery of 70,000 acre-feot, using 485 ¢
acre-feet of storage at McDowell and Horseshoo reservoirs on £
Verde and 1,284,000 acre-feet of storage at Roosevelt on the Syl

Water supply of Salt River, 1883 to 1909,

[Total Aow, 31,079,000 acro-feet.]

st the Roosevelt Dam, at several sites along Salt River between

Acrefest. Roosevelt and Granite Reef, and in the canals of the Salt River Vaulley.

The respective amounts of horsepower contemplated are: Roosevelt

Flood waste. ... 1,773,000 power canal, 4,400; reservowr power, 3,000; three sites on Salt River

Foulated stream tlow delivered 15 150.000 between Roosevelt and Granite Reef, 10,500; four sites in Salt River
In storage at end of periad. ... . 1[I 1,678,000 VaUey.canaiS; 8,000; total, 25,900,

TOME o Sremeeans 30, 708, 000 » This is much In excess of the amount of power necessary to lift the

; estimated underground water supply within the limits of the project,

PB!’%§§Q%§°£§3;?,;#%§4;‘;,:23‘:5,; Jeaving a valluab.le surplus ":Vhlch‘ may bersoici for :T1(1113tr1a1 purposes

November, 1903, 0 Trie, 1004, 20 maonrie in the valley and in nmghbonr}g mining towns. The amount of pumped

December, 1904, Lmonth ... Tl “water now contemplated will be about 200,000 acre-feet annuaily,

an amount sufficient to irrigate 50,000 acres. This pumped supply,
moreover, may be economized or supplemented from time to time by
judicious use of occasional flood waters, just as on the other hand
:lowering reservoir waters may be supplemented by pumped supplies.
Estimating liberally that 6,000 horsepower will care for pumping
perations contemplated within the district, a residue of approxi-
tely 20,000 horsepower remains, which, in operation, it is believed
have » market value of not less than $1,000,000 annually. Salt
:River, therefore, as it will be developed ultimately is to be considered
inot only an irrigating stream of great value, but, in a region of limited
el supply, an immensely important source of power also. '

t Three-tenths of 1 per cent erTor, due to approximations employed.

In the first case, with only the Roosevelt reservoir and o mont
supply of 60,000 acre-feet used, four periods of shortage oceur, thn
of which could have been easily tided over with the help of pump
water. The fourth period of 14 months, occurring at the end ofg
series of dry years, would probably have proved manageable also i
the same manner, as a suceession of power sites on the Salt River s
dependent canals, taking the whole future into consideration,
place great power resources at disposal, even at times of low stre
flow.

In the second case, with all three reservoirs and a monthly supp
of 70,000 acre-feet used, four periods of shortage occur, two of whig
are unimportant. A third, of nine months’ duration would probabl g
have proven manageable by mesns of pumped water. The fourfs
shortage, of 20 months’ duration, with less than o half supply of ir'y
gating water available, would probably represent an extreme con
tion, occurring, so far as present records show, but once in 21 yes
Probably such an exigency can be risked for the sake of g la g
utilization of Salt River, especially as the water will be less wastef
applied eventually, requirements will tend to grow less, and metho
of apportionment in times of extreme need will probably be devis

It may be reasonably assumed, therefore, that with a total sto 8¢
at the Roosevelt, McDowell, and Horseshoe reservoirs of 1,769,008
acre-feet the Salt and Verde Rivers may, except on rare occasions}
be relied upon to deliver about 70,000 acre-feet of river water e
inonth to the irrigated valley below. This amounts to 840,000 2c
feet annually, which, assuming a requirement under improved co!

[Bull. 255]

GILA RIVER.

Watershed and run-off —The Gila, River, rising in southwestern New
exico, pursues a general westerly course across southern Arizona,
Joining the Colorado about 90 miles above the mouth of the latter,
That portion of the watershed of the Gila lying west of its confluence
ith Salt River is of little or no value for irrigation on account of its
;very arid character. -The water-productive territory east of Florence,
“Ariz,, has an area of nearly 18,000 square miles. This region is for
:the most part of low elevation, and is forested only on the upper slopes
of the mountains and in the bottoms of the valleys, where mesquite
thrives. The extensive plains at higher elevations are grass or brewse
covered in season, while those in the western more arid districts are
‘Usually barren. The Gila watershed has been oceupied by cattle for
the lust 40 years, and at times has been overstocked and overgrazed.
This has resulted in destruction of the grass cover, in permitting rapid

Tun-off from the bared surfaces, and in consequent erosion along lines
X {Buil. 235]
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of . rflow, so that fully 500 miles of the valley bottoms are’
gullied and the hydrographic conditions greatly changed. In stri
contrast to the Salt River, the Gila is an example of a stream i
watershed has suffered irreparable damage to the land surfac
years past from a total lack of administrative care.

The run-off of the Gila is difficult to estimate, differing in this r
from the Salt and Colorado Rivers, whicl, confined in rocky bed

The average for these three years is about 443,000 acre-feet,
hough measured incompletely. Even this figure is someswhat
, inasmuch as the run-off was exceptional for 1905 and 1907.
7 8 small portion of this run-off is available for irrigation, how-
without storage, as is shown by the records by months for the
years of measurement.

d flow, by months, of the Gila ot CEF, N. Mex., and the San Francisco at Aima,

their upper courses, can be quite definitely and completely meas N. Mzt
at established gauging stations. The Gila, flowing in a pe :
bed of low gradient, is in varying proportions an underground s Year. Jan | Febo) MacoAprn T May | Jume | uly.

and rising and sinking as it does, according to local formations
not be measured definitely by ordinary methods. The amoug
surface flow, as estimated from the not very continuous or prolos
measurements available, indicates o limited but comparatively
stant stream in the upper Gila near the New Mexico line, b
increasingly variable and inconstant irrigating supply betwee .
Carlos and Yuma. The San Pedro and the Santa Cruz Rivers re : ool o] B | B
ble the Gila and give tribute to it mainly in flood waters. The seef SREOI S| | WD) M| 5080
from the Salt River irrigation appears near its confluence with the: o] - BB BM] LT 007 4,
and affords a very constant and reliable supply for the irrigation of}
lands near Buckeye and Arlington. Below the latter point thed
supply is so uncertain as to preclude satisfactory farming operati
An approximate idea of the run-off of the Gila at the New M
line, at Florence, midway of the Territory, and at Yuma ma3y
derived from somewhat fragmentary observations taken during?
last 20 years. At the New Mexico line the combined measurems
at Cliff, N. Mex., on the Gila River, and at Alma, N. Mex., o
tributary San- Francisco River, spproximate the upstream s
upon which irrigation in Grabam County depends. Awvailable m
urements, by years, as given in the reports of the United St
Geological Survey, are as follows: !

.................. N SR B Lo vt 9,641
o ITR 51,900 0T E80 | 000 IR0 43 7,350
A LBISE ) 90,0 | 54453 | 36528, T %61 130195 | 16,063

................... 80,309-| 67,470 | 5,836 41,76t 17,238 11,67 10,685
]

Year. Aug. Sept. Oct. Nov. Dee. | Total,

=y g. g gg}agglaoegb ;‘;efg;—ilégﬂé and Irrigation Papers, Nos, 175, pp. 162, 170; 211, pp. 123, 128,
The fluctuations here shown range from 4,356 acre-feet in June,
to 143,188 acre-feet in Junuary, 1907. As in other unregulated
hwestern streams, irrigation is to a considerable extent limited
the summer minimum flow, usually oceurring in June.
ﬂ;t Florence, midway of the course of the Gila River and below the
Juth of the San Pedro River, probably the best knowledge of aver-
8 flow is due to J. B. Lippincott,' who, on a basis of 60 months’
vations puude at various times from 1889 to 1899, estimated an
ago annual run-off of 469,093 acre-feet. This estimate, however,
not include the wet season of 1891. The mean monthly flows in
e-feet of the Gila River at Florence, as compiled by Lippincott,

Run-off of Gila und Sun Francisco Rivers near the Aricona-New Mezico Hne
. 88 follows: January, 40,828; February, 26,675; March, 23,783;

Date. " Tlace ol measurenient. 420,481; May, 8,030; June, 4,072; July, 65,745; August, 77,247,
mber, 52,503; October, 83,109; November, 36,401; December,
90111111200 The Son Fraaeion 3t e, N Ma I T £¥3 annual total, 469,093. '

Gila River is not infrequently dry at Florence, sometimes for
s months at o time, as, for instance, from March to July, 1899.
ut storage, therefore, agriculture at this point is less assured of
ary hivigating supply than near the New Mexico boundary,

19073 ............f The Gllaat CIML N. MeX....ooi : ven in driest years, the river has never failed entirely.
07 ... ivaee.l The Sun Francisco st Alma, N MeX. oo iiiiiarirannen Y o : -
ot 2, Luma the Gila is even more variable than at Florence, and the

rge has ranged, it is said, from nothing for a period of a year

111, 8. Geol. Survey, Water-Supply and Irrigation Papers, Nos. 173, pp. 162, 170; 21, pp. 198,
* Jan. 1-May 22, nol messured.
#U. 5. Reclamation Service records.

[Bull. 235]
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to as. . 8s 3,665,148 acre-feet in 1905. Following are avg
records of annual discharge of the Gila near Yuma, Ariz ; baken;
the reports of the United States Geological Survey: !

Annual discharge of Gila River near Yuma, Aris.

Year. Acre-feet. Year. Acre-feet.
1803........ 81,196 1806........ 3. 663,000
1904........ 226,400 1006........ 1,790,000

With such fluctuations in the unregulated supply, agriculture
never succeeded in establishing itself permanently on the iowe
to any important extent.

It may be stated summarily that the fluctuations in water s
become more and more extreme from the source to the mouth of

Gila. In obedience to this fact and to the increasing appropriat
of the headwaters, agricultural development for the past 40 ‘

has readjusted itself gradually toward upstream locations.
absence of measurements the actual use made of the waters of
Gila may be best estimated by the.areas of land irrigated there
This amounted in 1909 to about 36,000 acres adjacent to the
stream above its confluence with the Salt. This ares, assumis
average application of 4.5 feet in depth on the land, would
for about 160,000 acre-feet of water per annum. Although ¢
but little more than 30 per cent of the supposed average flow’s
the Salt River junction, without storage it is very nearly the’
mum possible use of this stream. The remaining flood "‘
escape, part being absorbed by the porous river bed and the re
sometimes reaching the sea. 3
Storage possibilities.~A considerable number of storage sxtes--
on or near the Gila Rwer, the chief ones being given in the foll.
table:

Storage sites on the Gfila River.
Helghtof] 34
Sita. Stresm. . Location, dam by
contour. |

. Abova DuncsminNew Mexico .......... 100
.- mmﬁanormoi()ﬂiton . i

Guihrle, Afi. e isiinrrareraiaienans 149 | 3
San Carlos, ATZ.. . oovemreeoeieseeon 13| -

..| Riverside, "Atiz.. = 53 |-
Near Florence, Azl 15| =
..... . O 1]
1.

i‘g‘; 3. Geol. émey, Water-Supply snd Itrigat!on Papers Nos, 100, p. 27; 133, p. 206; 175, Ps-_
p. 125, i
{Bull, 235] : : 3
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swrgge sites on the Gila River, however, though of large total
sacity, seem peculiarly subject to misfortune. The Guthrie site
:¢raversed from end to end by the Arizona and New Mexico Rail-
*“"‘3 ; the San Carlos site is at present (March, 1911) in controversy
ween railroad and irrigation interests; the Riverside site is con-
lied by mining properties located mthm its limits; and both the
iverside and the Buttes sites are traversed by the Arizona Eastern
wilroad. Further storage than that described above is believed to
posmble by means of a series of comparatively small earth-embank-

pant reservoirs in the tnbuta,ry valleys southwest of Florence, and a

site exists on the main stream north of Sentinel, Ariz., 90 miles
st of Yuma.
hside from the administrative difficulties in which most of them
e involved, prospective reservoirs on the Gila are all endangered
v the excessively muddy character of the flood waters which would
e used to fill them. Daily samples of such waters were collected
uring August and September, 1900, and allowed to settle for one

year. The sediment deposited was then found to occupy from 5.2

p 17.4 per cent of the original volume of the muddy waters.! No .
conomical method of removing such volumes of sediments from
rge end deép Teservoirs having yet been demonstated, the life of
¢ reservmrs, on muddy streams, is a matter as yet under discus-
n by engineers. It is estimated that the Buttes reservoir, with
f 000 acre-feet capacity, would fill with sediment in 18.6 Fears;
ths.t the San Carlos site, with 241,000 acre-feet capacity, would
m 28.5 years.?
he problem of storage on the Gila River, therefore, is at present
ight with serious difficulties, both administrative and physical,
hich will probably tend to retard further development in irrigation
ljéthls mnportant stream for years to come.

SMALL STREAMS.

ihere are & number of smell streams, besides the four main rivers
tady discussed, which altogether aﬁ’ord water supply for a con-
lerable acreage. These small streams are qmte completely utilized
tQ their eritical minimum flow, and storage is projected here and
e for the utilization of flood waters. Few measureiments have
i made upon these small streams, the amount of use of which can

Dest approximated by multiplying irrigated acreages by an assumed

e water requirement.

tUpper Verde River—The Upper Verde River, including Clear,

aver, Oak, Dragoon, and Granite Creeks, is tapped by a la,rge

' Arfzona Sia. Bul. 44, p. 138,
$U. 8. Geol Hurvey, Water-Supply snd Irrigation Paper Ne. 33, p. 40.

72293°—Bun 235-.11m-4
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£ lication of 3.5 feet in depth to the land, affords about 20,000
feet of water annually, Similarly, the Santa Cruz and tribu-
iries, with about 6,000 irrigated acres and an average application of
g feet deep applied, affords about 21,000 acre-feet annually.

Storage sites exist on both the San Pedro and the Santa Cruz
the ditches and areas irrigated.! At that time about 7,000 m Bivers. Just below Charleston, on the San Pedro, a dam 120 feet
inches of continuous flow was in use. This is 175 cubic fe R oL would impound about 120,000 acre-feet of flood waters, which
second, or 350 acre-feet per day, or 70,000 acre-feet for an irrigh mount is occasionally available from this stream. All known sites
season of about 200 days. This amount of flow was applied to i the Santa Cruz are broad and shallow, and are favorable to the

7,650 acres, indicating probably a too liberal use of water in th struction of retaining embankments of earth of comparatively low
trict, although a portion returns as seepage to the river chann gvation. The Santa Cruz Reservoir Land Co. is now constructing
was used again downstream. It is stated that since 1901 not uary, 1910) one sucli reservoir 50 miles northwest of Tucson.
additional irrigation lras been undertaken, so that with small ing eompany proposes to develop 295,000 acre-feet of storage capa-
this estimate still stands. v by means of an earthen dam 22,200 feet long with a muximum

San Pedro and Saente Cruz Rivers.—These rivers are tribu ight of 45 feet.

the Gila River from the south. They resemble the Gila in cha; il Williwms Fork.—This stream, which drains west-central Ari-
of water supply, which is most constant near their sources, bu yoa and empties into the Colorado River, is as yet unmeasured, but
tuate between floods and complete dryness nlong their lower co ‘known to vary from a few miner’s inches to occasional floods of
Measurements of both streams midway of their courses have e volume. A reservoir site is said io exist 40 miles ecast of its
made at Charleston and Tucson, Ariz., as follows: ; mouth at the junction of the Big Sandy and the Santa Maria Creeks.

San Pedro River at Charleston, Ariz.: ? Other small supplies.—Throughout central and eastern Arizona
nall creeks are being more and more closely utilized. Even the
EL 1 S 45, 200 13NN iters pumped from mines at Tombstone and Bisbee are employed
1906 {January to August)....o.ooieiiin L 29, 100,  gardening operations. These scattered increments of water, by
) ‘Yeason of their proximity to mining markets, are often very valuable

d yield their owners excellent returns for fruit and produce. The
grea irtigated from these small creeks and springs may be approxi-

number of small ditches which utilize upstream waters not inclg
in the Salt River supply discussed on preceding pages. Prof
the best estimate now available of water used in this region ig
made by the subcommittee representing the Salt River Valley
users, which visited the Verde Valley in July, 1901, and meg

2906 e :
T U ated at 4,300 acres scattered throughout the Territory, mostly at
1908 e et e et e eaa s gher elevations. This area, at 4 feet in depth of water required a

3000 e e ar, means & total annual water resource of 17,000 acre-feet.
SEEPAGE AND RETURN WATERS.

¢ initial application of irrigating waters, however, does not in
Bany situstions terminate its usefulness. A considerable percentage
of the water applied to the soil may work its way back gradually to
tream channels and again be taken and applied. In certain of our
@rigated districts, where soils are pervious, gradients steep, and
lands disposed in comparatively narrow areas along river courses, -
ditions are very favorable for the return of seepage waters. The
Upper Verde and Gila Rivers in Graham County and the Salt River
a% examples of streams whose waters are thus in part used over
&d over again. Decreasing increments of the waters of Salt River
& thus used not less than four times between their first application

he head of Salt River Valley and their last appearance at Arling-
(Bai, 2355

of little value in showing the entire run-off. Flowing in pery
beds, such waters are forced to the surface only at points where:g

rapidly in the wide, sandy valleys. Probably the best meth
approximating the available water supply from such imperf
measured streams is to multiply the irrigated acreage by the ass
average depth in feet of water applied. Estimated in this ma
the San Pedro, with about 5,800 irrigated acres, and an av

1 Water-Supply snd Frrigation on the Verde River and Tributaries, 1901, by O, A, Tarney.”»
117, 8, Geol, Survey, Water-Supply and Irrigation Papers Nous. 333, p. 21%; 195, p. 173; 211, P+
¥ Arizons Sia. Bal, 64, Bp- 115, 116, . ;

{Buil. 235]}
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ton. As much as 65 per cent of the original application hag
found to be recovered and again applied along the Upper Gila ]
and in Salt River Valley 30 per cent of return waters hag
observed.? No data are available as to the actual amount of ¢
made use of on the streams mentioned, but the return waten
Salt River Valley and from the Gila are in part measured sep
and applied to subjacent lands, including the Buckeye and
districts to the west of the confluence of these two streams, -;
13,000 acres are thus irrigated, which, allowing for the very:
use of water made here, would require the application of a
mately 80,000 acre-feet of wgter annually. 'W. H. Code,® mea
these return waters in 1900, when they were less than normal
a total of 260 cubic feet per second, or about 190,000 acre
water annually between Tempe and Gila Bend. Improved
supply with increased and prolonged irrigation in upstream ¢
will result in augmenting the return flow so that this water I
will in future become of larger volume and importance than’s
ent. The return waters now in evidencé from the Salt and Gil
valleys and not otherwise included in the above estimates mg
fore be stated conservatively at 200,000 acre-feet annually.ss

L

RESERVOIR SITES. -

As has been noted already, storage possibilities of greater!
size exist on nearly all of the streams of the Territory.  Abou
five of these have been surveyed by the United States Geolog
vey and the United States Reclamation Service, or by priva
and their capacities ascertained or estimated. The locatio
reservoir sites is shown on Plate II, page 28, and their ca]
the highest contours are given in the following table: i

Capacily of reservoir sites in Arizona.

No. Name of reservoir, Contour. | Capacity. ’ Auths!
Fret. | Acrefeet. i)
i1 35 650 | U, 8, o
751 1,300,000 . L
250 | 4,500,000 | Arizons Repub]
20 159831 U. 8, 10
5 117, 567 De.
ki 208 Do,
106 108,844 De.
85 147,943 { - Do,
s o | et
LB .
South Gila.... E) gg’m U8 '?meowes*
tH B oy 1| 150,000 | U. S, Geological
151 Frog TAOKS.eeneeeeaarevrarranasnsases 00 50,000 L]

1 7. 8. Geol. Survey, Ann, Rpt. 18991900, pt. 4, pp. H-J47.
11U, §. Dept. Agr.,ybmea Expt. Stas. Bul. 104, pt. 2, p, 104
3T, 8. Dept. Agr., Office Expt. Stas. Bul, 104, pt. 2, pp.
+ Hetght of dam already constructed.

s Capacity not ascertained, but very great.

[Bull. 2351
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o Capacity of reservoir sites in Arizone-—Continued.
a2 Name of reserveir. Contour,| Capacity. Adtherity.
oz s
18 Ri Feel, Acrefeet.
¥ Mew RIVEI. . oo U. 8. Geological Survey,

Cave Creekoneooirniennnns e 100 106, 009 Do. o e
Horseshot..oe e e 180 204, 935 Do.
HeDowell... . 1210 279,835

Do.
12841 1,284,000 | U, 8. Reclamation Service,

Rogsaveli_ ..

Queen Creek. .. 130 50,665 § U. 8. Geological Survey.
repee Canal. ...l & Do.

Sapta Cruz Reservoir Land Co.. 145 285,330 | Personal correspondence,
T TSP, 150 174,040 | UL 8. Geological Survey,

Riverside 153 344, 308 Da.

Ban Carlos 130 241,396 ¢ . Do.

Dix Creek. 119 12,009 | Personal correspondence.

Quthrie. .. JUDRL B 140 255,80 | 17. 8. Geologienl Survey,

Ban Petdro. . oeeee - 120 120,004 § U, S, Reclamation Service.

t Helght of dam already constructed, 2 Capacity small.

5%
e
.-Q'
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GROUND WATERS.

y . WATERS WITHIN 50 FEET OF SURFACE.

h 'é,ce flow, however, by no means exhausts the water resources
the Territory. Berieath the surface in favorable locations there
mmense capacity for the storage of flood waters. These ancient
llays are filled with detritus from adjacent mountain ranges and
.contain in the interstices of their porous contents 20 to 40 per
Eof their volume of water. The storage possibilities of such a
gy are illustrated by the-disastrous flood of 1903 at Clifton. This
iwas 30 feet deep, and after destroying the town, passed down
ila River, but disappeared entirely before it reached the head
.;.;Buekeye Canal, 180 miles below, the entire flood, with the
ption of the minor portion that found its way into ditches or
by evaporation, having been absorbed into the underground
ge.! Irrigated valleys in like manner fill up with water escaping
lation from the surface where it is applied. The ground-.
t level, due to this cause, in some parts of the Salt and Upper
taver valleys has risen from a depth of 20 feet or more to the

£16 are considerable areas in southern Arizona, as shown by the

(P]. IT, p. 28), where ground waters are found within 50 feet

8 surface. This is assumed as the maximum depth from which
Ing .water may be pumped. These ground waters are often
‘;"ef as underflow, and sometimes are developed by means of
il “dug upgrade to water level. This is not practicable, how-
I some localities, and the utilization of ground waters must be

. by Ppumping. _ .

8 subject of ground waters within the Territory has as yet been

_‘_in only a few localities, and it is impossible therefore to forecast

2 231;1 8. Geol. Survey, Water-Suppiy aad Trrigation Paper 104, pp. 38, 35,
3
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the’ nt to which they will be used ultimately, especially
depenus not only upon the amount and accessibility of the g
but also upon the cost of pumping and the value of products g
One of the most detailed studies of ground-water supply th
made is that of G. E. P. Smith, who finds that the Rillito
between Fort Lowell and a point 10 miles west may probabi
made to supply 23,000 acre-feet annually by pumping! Wi
Lee, in his study of the ground waters of the Gila, between the B
and the Salt River junction, found a reserve of 1,120,000 to 1,9
acre-feet of water within 50 feet of the surface, and estimateg?
each year this store is replenished by an underflow of not less
175,000 acre-feet.?
‘The same author finds under Salt River Valley between the
and the Agua Fria, a reserve of approximately 4,704,000 acr
of water within 50 feet of the surface, replenished each year
estimated underflow of 287,760 acre-feet.® These three strean
the localities studied, are estimated to carry about 500,000 acr
of ground water annually within pumping distance of the 8
without drawing upon the reserve. As shown on Plate II (p
there are large additional areas along the Agua Fria, N ew, H
yampa, and lower Gila Rivers, and in the Santa Cruz, San P
Sulphur Springs, and San Simon Valleys, which also carry g
waters within 50 feet of the surface, replenished by underflow dei
from adjacent mountain ranges. Sulphur Springs Valley, p
larly, probably will prove a source of large ground-water su
valuable in supplementing dry-farming operations at times
rainfall is inadequate. _ ;
These great bodies of ground water have, for the most part,’
drawn upon but little, Several successful pumping plants in
Salt River Valley have been in operation for something les ;
10 years, and exhaustive pumping plants are under constructio
the United States Reclaunation Service, More or less crude atte
&t pumping are to be found elsewhere within water-bearing &
but the underground supply is as yet almost untouched. The
nificance of this supply is suggested by the history of irrigati
semiarid southern California, south of Tehachapi. Ground wa
that region, which was first irrigated from surface streams, now
probably 75 per cent of the whole supply. Arizona is 20 to 25
‘behind California in the development of its ground-water su
judging by the chronology of well-drilling operations in th
sections. Considering the all-year growing season in sot t

a. the diversity and value of crops, the intensive agric.  .re
n]e, and the progress being made in pumping economy, Arizona
' tI:ad to look with much hope upon the future value of its ground
e 1t is perhaps not in excess of possibility to place the future
i.;ion of groundwaters of the Territory by pumping at 750,000
feet annually.

ARTESIAN WELLS.

: ere are three well-defined artesian districts w'itl}in the Terr)itory
+d indications of a fourth. The oldest of these is in the San Pedro
ey extending from just north of Benson, soutpwm’d for abotfij
"mi}’es;. This valley was once filled by an ancient lake and is
added with clay strata favorable to the retgntmn, under pressure,
¢ artesian waters. These waters are 'demved apparently fz;om
acent mountain slopes whose run-off is capgitt urler the ed ges
the old lake deposits and confined thiere until released F)y artes-liuz
orings. The first well was discovered in 1885 iat, S_t. Davids, 6 miles
th of Benson. A reconnaissance of the dxstnct' by the writer,
January, 1909, discovered 219 wells, 178 of which were at St)
vids. They range from 125 to 800 feet deep, and frqm 1.5 to 1.:
hes in diameter. Most of the flows are _small, ranging from illb
all as 2 gallons a minute to a ma_ximqum, in one well a{}. Hf?refor ,
180 gullons & minute. The total discharge ff)r t%xe district was
timated at about 3,500 gallons a minute, which is equal to 7.8
abic feet per second, or about 5,700 acre-feet of water per ann.am.
-The second artesian district is in Grabam County, lying between
ma und Solomonville, along the northeast siol?e 0£‘t G}{a}mm Moun-
, roughly parallel to the Gila River. This di.stmct has been
eloped at intervals for a distance of about 20 miles, The water
pply evidently is derived from the rup-off of Graham L@ountmn,
ghich accumulates, with pressure, under clay strata which were
robubly also laid down in the waters of an ancient lake. ‘Artesmn
rings in this district are said to have appeared along the h{le of an
arthquake crack opened in 1885. The first well was bored in 189; ,
ad there are at the present time about 100 wells, }arge and small,
anging from 80 to several hundred feet in depth, with an agg{'egate
-' pssibly of 4,000 gallons a minute. This is about 8.9 f:ubx_c feet
er second, or about 6,500 acre-feet per annum, mostly ﬁgwmg in the
einity of Lebanon and Artesia, 6 to 10 miles, respectively, south
¢ Safford. Recently (February, 1911) this district has been cqnmdv.
rably extended by the discovery of anqther 1a_rge well at San Simon,
80 miles south, upon the Southern Pacific Railr_oad.‘ E
: Forty miles east of Bisbee, at San Bernardino, on the Mexican .
ne, is o third small artestun district on the south slope of the

1 Arizona Sta. Bul, 64.

2. 8. Geol, Survey, Water-Supply and Irrigation Paper 104, p, 50.

31U, 8, Geol. Survey, Water-Supply and Ircigation Paper 136, p. 171 -
[ Buil. 235}

4 Not shown on Plate 11,
{Bul, 235]
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Chir’" +a Mountains. Ten wells were flowing in 1909, but
urem. ., were not available. This district was not discg
until 1905 and its area is unknown, An artesian salt well hag!
known for several years at Adamana, on the Senta Fe Railroaq? o
recently (December, 1909) another well was discovered negil
Joseph. A% the latter point, at a depth of 400 feet, & flow 3§
gallons per minute has been secured in a formation probabljg
considerable extent. These discoverie are important, being
first, artesian water found in northern Arizona, sand if sustaing
further discoveries will be of great value to that region. :

Summarizing all artesian districts, the entire well flow at
time is probably not in excess of 15,000 acre-feet per annum
fortunately, this small but valuable asset is very wastefully hang
Drillers, aiming at economy in outlay, usuaily make the wells of
diameter without casing. For this reason they frequently choke
their flow is lost subterraneously, Oftentimes small flows are
properly stored, but are allowed to run without control
source of Injury rather than of benefit to subjacent lan

SUMMARY AND ESTIMATE OF WA’I‘ER SUPPLY.

Summing up the surface stream flow of the Territory cons
by storage and replenished by seepage, and placing & moderate
mate upon the little-known ground waters, the potential, but
only partly developed, annual water supply for Arizona is ss fol

Water resources of Arizong.

Coloradoe River, portion of flow sufficient to Irrigate adjacent

, being thy

a7

LAWS AND USAGES RELATING TO IRRIGATION.

af;ion law in Arizona:, ss in most other western common-
alths, is in a state of developmez}b_ rather than of completion.
W sention practice as it now stands is d.f:rwed from Mexican %aw,
$2.m Mormon customs, and from legislative attempts of American
£ sontors to solve problems new to them.

OLD MEXICAN LAWS. -

Under the terms of an act of the first legislative assembly in‘ 1864,
The regulations of acequias, which have been worked according to
the laws and customs of Somora and the usages of the peoplenof
iri ona, shall remain as they were made and used up to this day.. 1
e laws and customs of Sonora referred to, tmnslmmte'd from Spain,
are bused upon Old World experience. Water is strictly appurte-
ient to the land. Distribution is in rotation to users for tur%e in
proportion to acreage irrigated. Charges for water and for mainte-
¥nance of main ditches are in proportior_x ) z.rngated acreage. I_n
Whrief, the irrigated acre of land is the unit, oi_f rights and of Tesponsi-
flity in the water supply. This legal inheritance, hmlvever_, applies
§o only 2 limited acreage in the Santa Cruz Valley, Vuthleh wits under
stltivation ‘at the time of the erection of Arizona into a separate
itory.

COOPERATIVE ORGANIZATIONS.

. e first American ditches on the Salt, the Gila, and the Little
ELolorado Rivers were built by small companies' of farmers who
bored cooperatively to secure & water supply which, in early days,

ng sufficient for all, aroused no c:-:)ut,roversy;i IIndcourse C:if;:ing%,

e i ATZONa. e % 000, ropristions of water and nominally irrigated lands proved to be
Little Colorado River, with storage............. ... . . , PProp :

S;It ;E‘;: wi:h szf.;gemamge - ; gg' in excess of actual water supply. Also, many of the older canals

Gila River abave the Salt, without storage
*Upper Verde River, without storage
San Pedro River, without storage
San Cruz River, without storage.
Small streams, without storage.............._..... ... .
Seepage waters not included in above estimates, under im.

proved upstream conditions, probably... ... ... .
Ground waters within 50 feet of the surface, replenished by

Rl

160, 000 JNIENEN under the control of corporations or were constructed by them,

, A tain ditches, however, including those operated by Mor_mon farmers,
mintained their cooperative character, their affairs being managed
officers elected by the users of water, and assessments of money
of labor for maintenance of ditches being levied in accordance
th shares or acres owned. The Tempe Canal in Salt River Valley,
he San Jose, Montezuma, and other ditches on the upper Gila, and

percolation from irrigation and surface stream flow. ... . ‘canals along the little Colorado have all remuined essentially
- Artesian wells......... ... , 0004 perative in character. ‘ . .
Total.o e 4,393, 060 hares of stock in these organizations entitled the owners to their

In round numbers, therefore, the water supply reasonably with
expectation in Arizona, as now seen, iy between 4,000,000
5,000,000 acre-feet a year, This is sufficient for 1,000,000 a

intensively cultivated land.
 [BuiL 235]

portion of the water flowing in the ditch, but unfortunately these
“8 Were not attached to specified areas of land, and the water
ved from them was sometimes shifted from place to pl_ace'. These
0ating water rights therefore became a cause of insecurity in values

- ! Revised Statutes of Arizona, 1901, par. 4199,
[Buit, 2357
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of im_ ed lands and were & serious evil, especially when drought
to the manipulation of a scant water supply.

The democratic character of the cooperative ditches, however, I}
made them for the past 40 years of the irrigation history of &
Territory the most satisfactory means of water supply, but to a ¢
siderable extent the internal operation of these ditches Las ba
through the consent of those interested rather than through the

application of the Territorial law.

8 public resource, bestow upon frrigators the right to appropriste
pater from these streams for their lands, specify the beneficial use
{ water upon land, and secure priority of rights to watber in the order
f its application to the land.

In default of legal machinery wherewith to secure a comprehensive
‘and thorough application of these principles to irrigated lands
-within the Territory, abuses demanding judicial or legislative cor-
vrection have developed from time to time. Most of these have been
“associated with corporations organized for the purpose of managing
or constructing ditches, diverting water, and, in some cases, expressly
“for sale, rental, and distribution of water. These organizations, in
‘earrying out their purposes, not only deprived certain older canals of
o water vightfully theirs by priority, but public water supply was
treated as corporate property, and water, instead of being strictly
-appurtenant to the land, wassold to users as a separable commodity.
The resulting litigation culminated in the Kibbey decision announced
in 1892. This decision reaffirmed the fact that the water of the
streams and rivers 18 public property; that only owners and occu-
pants of land are entitled to appropriate water from the public sup-
ply; that in so doing ‘““no man has a right to waste a drop of water,”
but must apply it economically to the extent of its beneficial use;
that prierity of appropriation by actual use of water constitutes the
better title to water; and that the right to irrigating water is perma-
nently appurtenant to the land in connection with which it was
sequired. Moreover, it was affirmed that canal companies are only
carriers and not owners of water; that ownership of stock in a
canal does not constitute ownership of water; and that the rights
of canal companies are limited to carriage of water to the lands of
S appropriators,
' . The court did not specily the rights to water of individual land-
owners, the case for decision relating not to individuals but to the
rights of different canal companies in the water supply. In accord-
ance with this aspect of the case the decision provided a chrono-
logical table of totals of irrigated land under each canal year by year.

Wwater commissioner was appointed whose duty it was to apportion
the water between canals according to total prior rights under them.
- The necessary want of explicitness in the decree gave opportunity
for shifting water rights in violation of the intention of the cours.
oreover, while the decision was pending an agreement was entered
nto between all but two of the canal companies of Salt River Valley.
Whereby the available water supply was divided among them by
: 8greement and not according to the provisions of the Kibbey decision.
“Be operation of this agreement in default of adequate means to
enforce the court decree was to defeat the principles of priority and

iBull. 235}

DEVELOPMENT OF IRRIGATION LAW IN ARIZONA.

While the old Mexican acequias and the more modern cooperativh
ditches have in the main operated satisfuctorily within themselv
the usages governing them apply mainly to limited aud contiguotd
acreages and are not adequate to settle the questions which aris
connection with the irrigating interests of an entire waters
These necessarily have been maiters of Territorial law, nn outline.
whose development and eharacter should be known to all irrigato

In the bill of rights, enacted by the first Territorial legislatur
1864, it is provided that “All streams, lakes, and ponds of waj
capable of being used for the purposes of navigation or irrigation
hereby declared to be public property; and no individual or corpo
tion shall have the right to appropriate them exclusively to their oy
private use, except under such equitable regulations and restrictio
as the legislature shall provide for that purpose.”’? _

At the same legislative session it was enacted, with other pro
sions relating to irrigation, that—

(1} All rivers, creeks, and streams of running water in the Territory of Arizona’
hereby declared public, and applicable to the purpeses of irrigation and minings
hereinafter provided. k-

(2} All the inhabitants of this Territory, who own or possess amable and irrigg
Iands, shall haye the right to construct public or private acequias, and obfain 1
necessary water for the same from any convenient river, creek or stream of runn
water.

(3) It shall be the duty of overseers of ditches to distribute and apportion the %
in proportion to the quantity to which each one is entitled, according to the land €
tivated by him; and, in making such apportionment, he shall take futo considers
the nature of the seed sown or planted, the crops and plants cultivated; and to con
and carry on such distribution with justice and impartiality. . A

(4) During years when a scarcity of water shall exist, owners of fields shall

precedence of the water for irrigation, according to the dates of their respective
or their occupation of the lands, either by themselves or their grantors. The 01_, £

titles shall have precedence always.? :
These provisions, which are still a part of the statutory law of
Territory, establish that the rivers and streams are in the natur

1 Revised Statutes of Arizona, 1901, par. 22.
? Revised Statutes of Arizona, 1901, pars. 4174, 4176, 4199, 4101,

{Bull. 235]
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I
of att. .ment of water to land. The result was that for the gn
part of the 15 years following 1892 a majority of the Salt R
Valley farming population was unlawfully dominated by the w.
companies which controlled the water supply as though it were
own instead of acting as distributing agents only. An onerous
chaotic condition of affairs supervened in consequence, espec
during the years of drought that occurred in the late nineties in’
Salt River Valley, where, in the main, legal questions with refereg
to irrigation in Arizona have been fought out. Various legislat
attempts were made toward improvement. The Ivy bill, introdug
into the twenty-first session of the legislature, reaffirmed the o igit
water law of the Territory and the essential features of the KibR
decision and, following the Wyoming law, provided machinery%
making the Arizona law effective. Although defeated, the discuss
of this bill was enlightening to the water-using public.

The ¥owler bill was passed at this same legislative session,
viding that counties with an assessed valuation of over 38,000
should be enabled to levy a tax for a water-storage fund to be
for reservoir construction. This bill has been in effect supersede
the National Irrigation Act, the passage of which in 1902 marked ;
beginning of the end of this formative period of irrigation histo

In accordance with the National Irrigation Act, the Salt R
Valley Water Users’ Association was organized and incorpora
in 1903, to provide an adequate supply of water by diversion, stor
and pumping, for the lands of holders of shares in the sssociat
and to enter into necessary agreements with the United S
Government whereby to secure the benefits of the reclamation
The articles of incorporation, which before adoption were foun:
meet the views of Government representatives, provide that
owners of lands shall hold stock in the association; that this s
shall be inseparably appurtenant to lands described in connee
therewith; that the apportionment of water for irrigation of
shall be limited to its beneficial use; and that- vested priority
to water should be maintained. The government of the associaf
is vested in a council, & board of governors, president, and
president elected by shareholders in the associstion. These off
transaet business under restrictions provided in the articles of in ¥
poretion. This sssociation has been very influential in bring®
about similar organizations elsewhere, .

Through the medium of this organization and of the United Ste
Reclamation Service, arrangements were made resulting in the
struction of the Roosevelt Dam for storage and power, an
necessary means for distribution of the supply. The cost of cons
tion is secured by lien on the lands of shareholders and is to be rep

[Bull. 235] :

g0 the United States Government in 10 annual installments without
“terest. When the major portion of the water shares has been paid
for, the management and operation of the irrigation works, with the
exception of reservoirs, pass to the owners of the lands irrigated.

> Tn completion of the preparations for an equitable dispensation of
“penefits flowing from the Roosevelt Dam, the XKent decision, March 1,
:1910, defines the irrigation status of every parcel of land in Salt River
slley, and thus secures to each, by virtue of its vested rights in the
riginal stream flow, or its share in reservoir water, or both, an
lequitable interest in the now augmented and thoroughly administered
“water supply.

The situation on the lower courses of the Gila River is even worse
‘than the old order of affairs on Salt River, but the possibilities of
storage point to & similar solution. At Florence, for instance, sev-
eral thousund acres were irrigated in former years from what seemed
st first a reliable flow, but subsequent diversions of water upstream
have deprived the prior appropriators of their supply and annihilated
farm values. By means of storage, should it be found feasibls, not
only can prior appropriations be honored, but more recent develop-
ments in the eastern part of the Territory can be safeguarded in a
manner precisely similar to that employed in the Salt River Valley.
.. It is, in fact, quite generally true in Arizona that storage sites offer
8 menns whereby the fundamental principle of priority may be made
apply without hardship to those interests which, in default of any
ective system of control, have developed during the past 20 years
the detriment of the first appropriators. It is fortunate that all
o irrigation rivers, except the Colorado, are practically within the
itorial boundaries. In so far as this is true, interstate compli-
ations over the use of irrigating streams can not arise, as they have
between New Mexico and Colorado over the Rio Grande or between
Colorado and Kansas over the Arkansas River.

Summarizing the legal progress and tendencies at the present time
sy be stated that after many years of costly experience in the
culties incident to water distribution, the people of Arizona are at
8% in » fair way to adopt and practice those simple principles which
0r many centuries have been recognized by irrigators in the arid
ons of the Old World.

GATION ENTERPRISES AND AGRICULTURAL PRACTICE,

The Territory may be divided into seven somewhat distinet
ricts, each with its own climatic conditions and its own water
Pply, as follows: The Colorado River Valley, the Salt River Valley,
8 Gila River and its tributaries, the Verde River and tributaries,
Little Colorado River, districts where rainfall may be supple-
[Bull. 235)
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meny. oy Irrigation, and grazing ranges supplied by springs

and vegetables in winter. The rainfall is usually light, though
wells.

. accasionally much damage to fruits and hay is done by unexpected
IRRIGATION IN THE COLORADO VALLEY. downpours in July and August.

The alluvial lands bordering the lower Colorado River will proba]
develop into one of the richest agricultural sections of the Southw
The cultivated areas are limited as yet, but a successful beginning }
been made under the United States Reclamation Service operatio
and rapid progress in the exploitation of this rich region seems to
assured. The peculiar advantages of the region reside in its favorg
climate, its abundant water supply, and its wnusually fertile soi

WATER SUPPLY.

The water supply is in excess of the land and it is only necessary to
bring it under control. The quality of these waters is usually good,
panging from 21 parts soluble salts in 100,000 of water in June foods
3-"(0 as high as 125 parts observed in one small Qctober flood coming
from a salty watershed.® In character the salts are white alkaline
eontaining a large proportion of calcium sulphate, which is a chemical
i antidote for black alkaline Iands.

~ The sediments of the Colorado River, considered chemically, are
beneficial to the soils upon which they are carried by irrigation.
These sediments have been observed to range from (.45 to 28.2 tons
per acre-foot of water, and often contain considerable organic matter
which is of especial value on light, sandy soils deficient in humus and
initrogen. The deposition of sediments in irrigating ditches, however,
% pecessitates frequent ditch cleaning. Settling sluices with which to
% partially clarify the supply are a necessary feature of irrigation
tworks on this stream.

CLIMATE.

The climate is distinguished by its mild winters, its all-year grow
season, and the nearly rainless summers, which minimize the logs
due to untimely precipitation. As commonly observed in
regions, occasional frosts of some severity occur at lower levels, &
to air drainage, Minimum temperatures recorded 1 to 2 feet abd
the ground, at the Arizona Experiment Station date orchard ne
Yuma for several years past, are as follows: '

Ainimum temperature record at experiment station date orchard, Yuma, Ariz

SOILS.

Record helow 32° F. Mipimum record. The river-bottom lands of the Colorado Valley range from dense,
Winter. Nuraber Date Degress | sticky adobe to light sands, the lighter soils predominating. These
of frosts, . F, e,

‘warm sandy soils, draining and working readily, are especially suited
2 to intensive cultivation. The heavy soils, which take water slowly

3¢ | Nov.29to Apr.de....i...... 2 Jan, 1, - . . .

% | Qot21 10 Mar. X, 2 | Nov. . % and bake and crack readily, are more difficult to handle, especiaily
21 ] Oct.%s to Mar, 13.. o 24 | Nov. 2. when charged with alkali salts.

32 i Nov.8to Feb. 1%9............. 17 { Deg. 4.

The higher mesa soils are for the most part rather coarse sands, less
fertile than the valley soils and considerably in need of the addition
of river sediments and of organic manures and the benefits of legu-
minous green manuring crops. The mesa lands are quite rough and
e river bottoms are diversified with dunes and old river channels.
Laveling of such lands is necessary in preparing for irrigation. Alkali
salts are generally present, but not usually in injurious amounts,
except where ground waters wet the soil surface and there evaporate,
eaving alkali crusts. Good drainage conditions should be assured
I connection with irrigation in the region, so that soluble salts may
kept under control.  The character of the alkali is sometimes.
.I&ck, " containing sodium carbonate; sometimes* ‘white,” consisting
thiefly of sulphates and chlorids, The tendency of the river waters,
Containing calcium sulphate, will be to ameliorate the black alkaline
lands and convert the more harmful sodium carbonate to sulphate.
e

These temperatures are too low for citrus culture and will océ
sionally damage the more tender winter truck crops. The adjoi
mesas, however, are above the levels where the cold air collects, ar
are not subject to these low minima. The lowest record availah
from Blaisdell Heights, about 80 feet higher than the date orché
is 26° F., and frostless winters have been recorded there. Thi
bench or mesa lands, adjoining the Colorado bottoms, are suitable
citrus and other skightly frost-resistant crops, but are not adapte
such distinctly tropical crops as pineapples, bananas, or cocon
palms. Maximum field temperatures under shelter, during Junej
September, range from 110° to 116° F., but are relieved to sof
extent by daily breezes coming from the Gulf of California. Th
temperatures permit of an all-year growing season for a succession

crops consisting largely of forages and fruits in surnmer and of gra
[Buil 235]

1 . - . .
_[B\ill. 235 Arizona 5ta. Bul, 44, pp. 202, 203,
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930 feot wide, up and down stream, and 19 feet high. This bro.  sw
YUMA PROJECT AND OTHER IRRIGATION WORKS, =2 '

gtructure raises the minimum river level abm_lt 10 feet, assuring an
jrrigating supply at all stages of flow of the river. .

(2) The reservoir above the dz‘ar}l fmd_tize sluiceways at e1§her enﬂ,
which are designed to clarify the irrigating supply of a portion of its
sediments, thus lightening the burden of ditch cleaning. )

(3) The main eanal, running from the u.’-est end oflthe dam to Ywmna,
where it will cross under the Colorado River to Arizona [?y means of
s l4-foot inverted siphon. This is now nearing completion (Mareh,
:-1911L . .

. (1) Levees 73 miles in length along the Co%orado anci' Gila Rivers,
. which are required to prevent untimely flooding of cultivated lands.

The Mohave, Chemehuevi, Yuma, and Cocopah Indiang ‘&
crops by crude methods in the Colorado food plain. Millets, o
sorghum, melons, squashes, beans, and other crops are planted iy
wet ground as the summer flood waters recede, maturing before '8
ground dries out. Without means of controlling the Colorado, K
ever, these people can not make use of the valuable spring and
summer season, which is the flood time of the river. White irTige
have made a number of attempts to operate pumping plants and g

struct ditches g

L FET X the stream, in g
i en v orerem N | cases with f;i:z 3 These have been largely completed. , _
hds B e e s srarcn Y but in most in l;c (5) Drainage, by means of low-level canals and water-elevating
s 2 : g .
T s e L o . . . a bt ovided in order to prevent swamping and aceumu-
A T3 oy 20 with failure du gpl-)xlr‘ktilb, t_() i‘)e pro dfaa : I ping
! o SRS ™1 floods, chan ing 2 lation of alkaline salts in the soils.
l e Ju tn LAY ' ’ d % & S (61 Pumping stations, operated in part by power generated at a
= R N ens, san o drop in the main canal, which are to elevate water to the bench or
s f [N | 1| TR T ‘inadequate engin ro " : ’
ELHID, . . - S'
B : d ing devices, mesd lafu ) )
i L4 s ke gl‘he rincipal = (7} A temporary water supply, which has been provzdesi bgf means
IR TR Gis s e gating p};ﬁntspm - of the old Ives and Colorado Valley Pumping and Irrigation Co.
3 xion ' < stalled are: o8 . equipments, and by one of the scoop wheels which is to be used finally
e i e i . for drainage work.
% g - o . . . s
e pumping plant of As shown by this outline, the Yuma project provides for every
v Camp Mohave Indi ’ s : ; - Tt will k
i s | School Reservatil contingency incident to a complicated situation. It will soon make
- T the Rio Colorado I spossible the irrigation of 130,000 acres, as follows:
= and  Trrigation Londs to be trrigated under the Yima project.
: gravity canal s In Arizona: Acres.
o s below Camp Moh Gila Dottoms_.....o. o, ?0,000
Indian School Rest Yuma Valley..... e zg ggg
> = = vation: : NUIIA OSE .. e e e X
= ) ;1 " ,f the pulm In California:
% plant o the Co o1 Reservationlands. . oo o ovvenrn e cee.. 17,000

2 River Agency, Par

Fra. 6.—Yums, or Laguns, project. Ariz.; the pump

: plant (10-inch cen
ugal) of the Cibola Canal, Cibola, Ariz.; the centrifugal punpi
plant of the United States Reclamation Service, at Yuma, Ariz.j
scoop Wheel; and the gravity canal of the United States Reclamal
Service, at Yuma. ;

Of this aren, 6,179 acres were in crops January, 1910. .
The cost of the project will be about $55 per acre, payable in ten
sahnual installments, without interest, beginning after the project is
eclared open.
- FARM PRACTICE.

. . . - Leveling of the land is usually necessary because of the old river
The United States Reclamation Service has entered upon the “¢hannels and wind-blown dunes of silt and sand. The buck scraper .

struction of engineering works of the Yuma project near Yu: 38 one of the most effective tools known for moving dirt by horse-
adequate for the cm.lt;rf)l and utilization of the Colorado River ongs 5 Power, and is well adapted to smoothing land, building levees, and
large scale. The principal features of the work are: A iconstructing the wide ditches necessary to carry water in a region of
(1) Laguna Dam, crossing the river 14 miles upstream from Yumg 72293° Bull 935115
(fig. 6). This dam, completed in March, 1909, is 4,780 feet o
[Bult. 235]
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-suc ' gradl_e-nt as the Colorado V “‘ﬁe}r- The cost of levelin ees ansd income for he first teo gears” operations on @ small intensively en..ced
and vonstructing the necessary head ditches with a buck S Bopens Jor
mr{m, and _four ho?ses at $5 per da:y is rarely less than $20 an 58 EXPENSES.

The main crop is alfalfa, which is started casily on new lands, <100 8790, 00

. . v o, ! -3 R ¢ 5720,
prompt returns, and enriches the soil. Seven cuttings are hary ;“md‘ ’jjn?;iz;;? per acre ".,0 00
I . . . — arvey PO e e
and with proper care should yield 7 to 12 tons of hay, salab] Leveling, DY CORIRCt. .o 124,00
far at $10 to $15 per ton. Crops of seed averaging 400 to 500 g Fencing, headgate, pump. drive point, smail 2-voom
per acre may be harvested. This seed is worth 12 to 17 cen eottage, and shelter for horses. ... . oL 27100
pound' © Teani, wagon, plow, harrow. garden tools, mowing
. . AEBEIC e e e $15. 00

Barley and corn also are grown, especially on new land, and machine...... e
remunerative crops. Eucalypts and date palms are amon Total preliminary outhay .. ...l 1, 750.00
trees adapted to the district. Following alfalfa, orchards, First }‘ieuri Cash for seed, water. crates, ete......... 12592

T o £ ‘ Secpmd year:

and_vegfeta,bles can be grown to exceilgnt advantage untzier int Seed, Water, CTAES, EC. oo o.o e, 228,10
cultivation. The rotation of alfalfa with other crops will rend FIPTOVEIMEAES . « <o ceeen e ee et ee e 50.28°
3011, enable the salts, which tend to accumulate with ri(}ge and Hired 1abor. oo 72,00
s:ulf,ures, to be ﬂ?‘)ded out, and arrest the Plimt diseases an. ‘oral vperating expenses fur fwe vears. ... ... ... 485.3%
incident to certain of these crops. The whole range of pre "5 935 39
enumerated on page 19 is possible in the Colorado Valley region Total COL.oovnererr 2235, 39
time has not sufficed to settle the details of agricultural practic RECEIFTS.

The markets at Yuma have been strong thus far, and a good! Cash for produce first year.........oi L ceee. 023,00
ping trade with Arizona and California points is possible. D Cash for produce second year ...l 1. 483,43
three years of mixed salfalfa and truck farming at the Arizons B Total. ...l s e 2,411.52

ment Stat.ion date orchaf,rd, the following acreages were cultivat IRRIGATION IN THE SALT RIVER VALLEY.
crops having the following gross values produced: .

Salt River Valley is at this time the largest irrigated district within
Territory. Beginning in 1867 irrigation increased rapidly, until
M) years later the unregulated stream was overtaxed by the demands

Acreage and gross values of alfalfa and truck products produced at the Arizona Erpe
Station dage orchard. ;

Year. Acres. G;fgf;‘;;}‘eg de upon it in times of shortage. Since that time the most impor-

| nt problem of the valley has been the adjudication and management

90T 4T3 | S08.00 1 ﬁ;_‘the‘wutm‘ supply. This problem has ’tteen solved through the
Ju08-9.2000 00000 510 | s i eration of the reclamation law, and, with 361,024 acre-feet of

ter now (April, 1911) in the Roosevelt reservoir, its efliciency is
The amount of labor used each year was such as could be furt] monstrated.,
for the most part by an industrious family of five.
Alluvial lands below Yuma are mostly owned privately and
purchased for $50 to 8250 per acre, according to their charac
distance from a railroad. A smaller area of bottoms and
area of mesa lands will be available, probably in 40-a2cre homest!
under the United States Reclamation Service restrictions whe
project is complete. This district offers excellent opportunifl
the homemaker having capital sullcient to purchase a small
and the necessary horses and tools. In addition, he should ha
or the means of earning $500 to $1,000 the first year. The folld
is a statement of expenses and income derived from the fird
years’ operations on the station garden mentioned above.
- [Bull. 235]

CLIMATE.

e climate of Salt River Valley resembles that of the Colorado
tlley at Yuma, but both its frosts and summer temperatures are
ghtly more extreme, consequent upon a 1,000-foot higher altitude,
d the absence of tempering gulf winds. The rainfall is sufficient to
tessitate the protection of hay and other perishable crops, and in
mer often interferes with the drying of such fruits as figs and
5. :
¢ severest frosts are at the lowest levels. The slopes adjacent to
Phoenix and Salt River Mountains and the high ground near Mesa

i ho“‘ﬁ\’er, so mild in winter as to admit of citrus culture. Mini-
€Bnit. 2353



my. -temperatures at the station farm, 1,090 feet altitude, tak %

In{ 1bove the soil surface, have been observed as follows: within 2 few years will result in an overcharge of soluble salts in the

The waters of Salt River usually carry white alkali and contain

Minimum temperatures at the experiment station Jarm in the Salt River Valky - . .
ealcium sulphate, which tends to neutralize the originally slightly

Records below 23° F. Mintmuss record, black alkaline soils of Salt River Valley. Rare floods have been

Winter, observed, however, evidently from black alkaline watersheds,
Number Season. Degress | puge, .- The amount of sediment is much less than in the Colorado waters,
.05 to 12.95 tons per acre-foot of water having been observed during
1000- 1601 B QoL 0t AP 8., e 1 | oot Zone year. The R'ooseveit reser\toiz', which will retain the sediments
19023, 0 No. }gggf-\_i}a};: 3. 13| Feb.10 from the Salt River proper, will lessen the amount carried upon
190450 33 | Now, 12 to Feb, 130000000111 20 | Dec. 2 syalley lands by so much.  Salt River, because of its protected water-

ed and its reservoir, always will afford the clearest large water
Maximum temperatures, under shelter, of 111° to 117° F. in Ji supply in Arizona.
and July, were recorded at the same place ench year during the yess
1904-1909. At Ingleside (1,265 feet altitude) in one portion of
citrus district, the minimum winter temperatures for the years 18
1902 were 22°, 21°, 20°, and 29° F., respectively. Hardy veget
grow all winter, but the planting time for spring crops averages
two weeks later than in the Colorado Valley.

SOILS.

The soils of Salt River Valley range from heavy adebe to gravelly
yiver wash. Loess and sandyloam soils of great fertility constitute
:more than half the area, while less fertile gravelly loams and sands
and less easily cultivated clay soils make up the remainder. The
¢hief need of all these solls is organic matter and nitrogen, both of
hich are supplied by the principal crop, alfalfa. :

kali salts, originally slightly black in character, have been con-

WATER STUPPLY.

The surface water supply, with storage, as shown on pages 43
44, may be developed finally to irrigate 210,000 acres, with occasio)
runs of flood water in excess of this estimate. Ground waters, m
south of the Salt River, are assumed sufficient st this time to i
50,000 acres, and seepage waters are now utilized for the irrigat]
of about 14,000 acres in the Buckeye and Arlington districts w
Salt River Valley proper. _

The quality of this supply has been observed to vary from 5
157 parts of soluble salts in 100,000 parts of upstream water
lerger amount being associated with the low summer flow.
reservoir will equalize the quality of the irrigating supply as w
its flow, a fact of advantage to localities where conditions favo
accumulation of soluble salts in the soil. Seepage waters have
observed to contain from 118 to 182 parts in 100,000 of salts, inc
ing downstream. Ground waters pumped for irrigation have beé
found to contain es high as 509 parts in 100,000 of soluble sol]
The writer believes that under conditions favorable to the rise of &
alkali, 100 to 150 parts of soluble solids in an irrigating water
accumulate harmfully in the course of a few years, but that with |
drainage, abundant supply, and correct cultural methods whe
the rise is prevented, it is possible thateven the seepage waters
tioned above may be used without harmful effects. The extrem
509 parts is, however, dangerous in the average situation, and us

[Buti. 235} :

nt through the action of irrigating waters. These salty districts,
however, are all susceptible to drainage, either by sumps and pump-
or by lines of tile, and will be reclaimed ultimately.

SALT RIVER PROJECT.

Mited States Reclamation Service as s part of the Salt River project,
the exception of the Tempe and part of the Utah systems. To
8 three main systems using upstream waters should be added the
keye and Arlington canals, which water a westerly downstream
ension of the main Salt River Valley with water that has returned -
the river channel as seepage.

-1he main features of the Salt River project, concerning which full

ormation may be obtained from the United States Reclamation

¢e, may be described briefly as follows: :

({) ‘A watershed drained by the Salt and Verde Rivers, a large

¥ilon of which is protected and conserved as National Forests.

{2) Roosevelt Dam and reservoir on Salt River, with a capacity of
000 acre-feet. The dam is now complete and the reservoir

been in service since February, 1910. The McDowell and Horse- -
Teservoir sites on the Verde River, with a combined capacity of

000 acre-feet, possibly may be developed as a part of the project
Buil. 235

FAll of the Salt River Valley canals have been acquired by the
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at so.. .uture time. Figure 7 gives a general view taken when £}
dam was nearing completion. Plate IIT is a view of the comple
dam,

(3) Electric power, already developed through a power canal,
further to be developed at the dam and ab various sites in river
canals below.

(4) Pumping plants operated by electric power at points wh
ground waters are economically near the surface. The excess
power possible under the project may be sold for industrial purpos
thus contributing to the repayment of the project.

Fra. 7.-~The Roosevelt Dam, nearing compietion, May 10, 19i0.

(5) Drainage plants operated by electric power in cultivated d
tricts where ground waters have risen injuriously near the surface;

(6) Gramte Reef diversion dam at the head of Salt River Vall
makmg sure the diversion of regular river flow and storage waters,
irrigated lands. Temporary dwexsmn dams, destroyed by floods 2
causing loss of irrigating waters ab critical times, have been a serid
drawback heietofore to the region.

(7) Distributing canals and laterals on both sides of Salt Rl
These now (\E‘chh 1810) include main canals as follows (fig. 8):

North of Salt River: Arizona, Crosscut, Gmnd-«appmpuatc
Maricopa, and Salt River Valley C&nals. South of Salt Rwer. East
and Mesa Consolidated Canals.

Byil. 255)

. 5. Dept. of Agr., Bul, 235, Office of Expt. Stations.

{rrigation

Investigatica.

PLate 1§l

VIEW OF COMPLETE ROGSEVELT DAM.
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5 project, s outlined above, will secure the irrigation of 240,000
- of which about 190,000 acres will be irrigated with surface
= and not less than 50,000 acres with pumped water.
4, Salt River project, as now outlined, will cost about $45 an
for the lands subseribed to the undertakma, or a total expendi-

2 of about 98,000,000, The income from the sale of surplus

from Salt Rwer however, will contribute materially to the
ent of the project and will lighten the burden of the 10 annual
snents upon the sharcholders.
dding the McDowell and Horseshoe reservoir sites to the project
d muke possible the irrigation of 20,000 to 30,000 acres addi-

™

8l with surface water. The ground-water supply also, which can
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Fr6. 8.~5alt River project.

¥ be roughly estimated at this time, is likely to prove adequate
he irrigation of & greater area than that now planned. The
keye and Arlington d;stncts while not within the Salt River

GcS are beneﬁted indirectly, as extended irrigation on upstream

il tend to increase their supplv of seepage waters.

FARM PRACTICE.

d surfaces in Salt River Valley are very smooth, requiring
ﬁle“e}m", and slope from less than 10 to as much as 20 feet to
mile. Such slopes afford excellent gradients for ditches, and
tﬂ»fe Irrigation. The average cost of bungmo- land under irriga-
in Salt River Valley is therefore minimum.

a, as elsewhere in southern Arizona, is thus far the most

t crop. It yields five to six cuttings of hay, or, if desired,
235]
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produces profitable crops of seed; affords two or three month
turage, convertible into mutton, beef, and dairy products; eng
well both extremes of temperature and periods of drought, agd§
all this, enriches the soil for other crops, and therefore is pa
adapted to the conditions and needs of the region. Follow
fair statement of profits per acre from well-farmed alfalfa:

73

ed from December to February, inclusive, and harvested from
e to early in August. Cowpeas may then follow the sugar beets
‘gime to make g summer crop of 1 to 3 tons of cowpea hay, which
y in turn be followed by another crop of sugar beets. Meantime
.waste products from the initial crop of sugar beets may be
ilized in various ways. The leaves and crowns may be piled with
glp from the factory and this carboliydrate ration fed to cattle in
“balanced combination with cowpea hay from the same grounul.

molasses waste may be combined also with alfalfa meal and used
a concentrated feed. The land may be cropped in this manner

Cost of raising aljul fa hay and profit per acre.
COST.

Labor--making and stacking five cuttings—6 tous of hay.. $9. 00

WatET. .o L 50 oughout the year, and the fertility of the soil may be maintained
Labor frrigating. ... oooooeenivnenien 100 the cowpeas, the irrigating sediments, and manure from the
Incidentals. . orereeers oo e .50 ding pens. Inei dentaliy, the climate makes possibie the preserva,

RETURNS. 1 of sugar-beet pulp in piles or pits in the open air, and facilitates
6 tons loose alfalfa in stack.................. T 42,60 drying of the coarse cowpea hay. In this seemingly perfect com-
2 months’ pasture for two animals........... SRREEERL 6. 00 ation of crops and conditions nothing, theoretically, is removed

pm the land buf the sugar and the meat, the elementary constitu-
of which are inexhaustably available, without depletion of the
from the air and irrigating sediments.

Oitrus culture, prospectively the most Important fruit-growing
pdustry of the valley, is confined to the slopes where orange-killing
s do not occur. The early ripening of oranges in the region is
ery favorable circumstance, the first shipments often reaching
r markets in time for the Thanksgiving trade. The bright
t and excellent quality of the fruit, due both to climatic condi-
8 and the absence of citrus pests, is another resson for the high
which have been received for this product. The culture of
es and pomelos, with an assured water supply under the
velt reservoir, will expand considerably in those parts of Sals

Net gain on 1 acre of hay, not deducting interest
OR IAVESEINEEIE. Lo viti e e et ier e .

When fed to beef cattle, allowing 2 acres for three anin
statement becomes as follows: 7
Clost of producing alfalfa and profits per acre when fed to steers,

CO8T.

Labor irrigating. .. ... ..oiiiiiiai e S
Incidentals. v e it ie i imca et aamaa s

RETURNS. Valley where winter temperatures permit. Cantaloups are an
900 pounds increase in weight of steers, not deducting shrinkagé: LET blished and remunerative crop and are marketed mainly in
or allowing for loss by accident, at 4.5 cents. . .........-.- S R cities through growers’ associations. Ostriches are an inter-

and profitable novelty of recent development. In brief, with

Lassured water supply, a remarkable diversity of profitable crops
Bble, and a scientific and intensive agriculture already well under

Salt River Valley is certain to make rapid advancement in
tural practice and development.

Inds are nearly all in private ownership, and under the project
irchasable at $75 to $250 an acre, according to condition, -

y ter, and locality. The present tendency is toward small farms

More intensive cultivation. Reservoir water is, in fact, limited

™ acres for any one user.

Buckeye and Arlipgton districts iramediately west of Salt

: alley resemble it in climate, soil, and water supply, but there
L 235] -

Because of high prices for baled hay, often ranging‘to
in Salt River Valley in early spring, much alfal.fa is
form, although a considerable portion of the crop 18 fed
in the form of beef. Dairying is profitable also, and se
eries and one condensed-milk factory afford n‘mrkats. for- ¥
Range sheep are prepared for market in mcreas:mhg ni
alfalfa; bees forage upon it for honey, and even ostriched
with it as their main food staple. . _

An important, though recent, feature of agricultus 2
Selt River Valley is developing from the successful opers
‘beet-sugar factory at Glendsle. Sugar beets for thb

[Buil. 235]
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are no ra,xiro&ds This fact tends to limit the people to those
ucts which can be transported essily to market. Alfalfa seed
of these, the yield and value of which are expressed in the fol]

' r. The climate of the artesian belt, on the north slope of
sham Mountain, is somewhat milder than that of the wvalley

17110

estimate: SoﬁS here, as in other Arizona valleys, subject to the sorting action of
Cost and profits per acre of raising alfalfa secd. > 1 waters, range from light sands to heavy clays. Much of the land
COST. 'tius district is steep ancE rough, and to reduce expense of leveling
2 tons alfalfa hay sacrificed, at $6 per ton... ..., ... ... $12. 00 s is irrigated through furrows deep enough to carry water across
Water, 3 months’ supply-.. B R Y1 ven g around For tlus purpose a homemm{e furrower or drag is
Cutting and bauling....... R 0 ¢ tich used, consisting of a heavy beam, to the underside of which are
Thfashmg» 400 Pmmd8 of Sted ab8cents. ... 12.00 1 four or five shovel blades or similar parts, which furrow the soil
Sacking, at 15 cents per hundred pounds .......... ..., .60 db lsid the field. The steep eradients

Hauimrr at 25 cents per hundred pounds._..._.....__ ., 1.00 the tool is dragged broadside across the Pg
Bl this district necessitate waste ditches at the lower sides of fields

RETURNS. BE S carry off surface waters for use on adjacent lands.

Ltonalfalfastraw. ..o . .. .. ... ... o 1,00 The jrrigating waters are somewhat less saline than those of Salt
400 pounds seed, at J4cents................... ... 56.00 er, ranging from 39 to 120 parts in 100,000 of water duxmc one

: - 'g observations. Through the action of irrigating water, aikalme
Net gain on fair average seed crop, not deducting intercst. . 32, 4 ISEEEES s have accumulated to an injurious extent in some localities, but
In addition to the seed crop, two cuttings of hay and winter . most cases these accumulations may be washed out by flooding
age are obtained. Much of the crop is fed to beef steers whie nd drainage.
then driven to Gila Bend or Phoenix for shipment. Land value Immense quantities of sediments are carried by Gila River floods,
moderate, ranging from $60 to $120 an acre. Being outsid e to the eroded condition of the watershed. These sediments have
Salt River project this district will not share in its cost, altho en observed to vary from 0.11 ton per acre-foot of water at a time
will be benefited by the seepage waters escaping from the . w flow to 128 tons during high water. Such amounts of sediment
valley. Two canals, the Buckeye and the Arlington, coeperf p ?ed in ditches necessitate expensive cleaning operations and
owned by the farmers, serve these lands which, at present prices; ire attention when deposited on 1r.r10'a,ted ﬁelds If allowed to
out reservoir payments to be made, and with mﬂroad transpo pmulate upon alfalfa or other uncultivated crops they will blanket
at hand, still offer excellent opportunities to incoming farme r_aml gradually with & more or less impervious layer, which hinders
moderate means. [ water and air to the roots of the pl&nts Thorough cultiva-
4 of soils irrigated with muddy waters is therefore an especially
apartant item of farm management in the region.

=

IRRIGATION ALONG THE GILA RIVER AND ITS TRIBUTARI

The lower Gila River from Florence to Yuma is very simil
climate and soils to the Salt River Valley, but the uncertain
flow, the lack of storage, and a want of knowledge concern
ground waters have thus far nearly prevented agncultural dev
ment, except under the Florence Canal.

The upper Gila River near the eastern boundary affords &
supply adequate for the irrigation of about 23,000 acres be
Duncan, on the Arizona-New Mexico line, and San Carlos:
distriet, with an altitude between 2,500 and 3,700 feet, js dist
less subtropical than the Colorade and Salt River V aﬁeys.
temperatures range as low as 8° F., a temperature which ex:
Eucalyptus and citrus trees. The hardier vegetables, such as on
beets, and cabbage, grow through the winter season. Killing
for tender vegetation cease usually early in April and begin 18

£Ball, 255]

IRRIGATION WORKS.

“3ost of the irrigating ditches of the district are small, and are owned
i operated by individuals and by companies of farmers. The foI—
g is a partial list of existing canals named in order from the Ne

co line downstream:

Canals from the Gila River.

ean Valley canals,!'—Tn New Mexico: Telles, Rucker, Hughes, Martin, Wilson,
" Schriver, Johnson,
New Mexico and Arizona: Casper and Windham, Valley, Owen, Frankhn,

% Arizona: Day, Ward & Courtney, Duncan, Black & McCloskey, Waters.

VE, 8. Geol. Survey, Ann. Rpt. 1869-1900, pt. 4, p. 336,
e I Ban. 3y
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Salomoen Valley canals:®

Acres
irrigated.

Browne.......................... 160 | Smithville..... . . ..., .. .

Sanchez. ... ... ... ... . ... 400 | Bryeeo.ooooiooi L

lfcji:). ............................ B0 Dudge.ooo oL

Fourness........................ 260 P Nevadao...o...o o Lo

SanJose ..o L. 3,000 | Curtis............ L

Michelena.............. ... 450 Kempton. ... ...

Montezuma_...................... 3750 | Reid..

Undon...oooooooaoio o o0 2,000 Fort ’I‘homas ....................

Sunflower............ ... ... .... 400 | Thompson. _.......... .. ... .. ..
CGraham..ooooo L 962 0 Miltarv. ... Lo,

Central ... . .. ... . 2,678 Saline....o.oo

Oregon...ooveeeeiia i 1,160 | Zeckendorf......_.... ... L,

Between San Carlos and Florence: Shields Canal, Winkleman Canal, Braszna
Canal, Florence Canal, B
The United States Reclamation Service has no pa‘o;[ect unde
construction on the Gila River and the Carey Act is not in opé
tion in Arizona, so that water developments in this distriet
wholly a matter of private enterprise.

FARM PRACTICE.

Alfalfa hay is the principal crop of the district, bringing
prices in the several surrounding mining towns. Four to five
tings are harvested, with additional pasture, and in early s
hay usually reaches $14 a ton baled, at the cars. The cultur
alfalfa is developed highly on the upper Gila River. Renovals
are used to break up silt accumulations and make the soil surfss
receptive to irrigating waters, and hay loaders, improved stackh
machinery, and gasoline power balers are used. By reason of
high price of hay and the convenience with which it is made, da
is but little followed, although with good cows it is more remuneratg
than the raising of hay. Other important crops in this region are ¢
wheat, and barley. Deciduous fruits produce well, especially
peaches, and apples. Where the codling moth is under control ap};
of superior quality are grown and marketed in the near-by »
markets of Globe, Clifton, Morenci, Douglas, and Bisbee.

Land values are high by reason of excellent markets, high prigé
and limited areas under cultivation, ranging from $100 to
per acre. The farms are small, and the people, largely of the Mo
faith, incline toward intensive methods of farming. The Ari
& New Mexico and the Gila Valley, Globe & i\ort—hern Rai
traverse the district.

The San Pedro and Santa Cruz Valleys resemble the upper 4
agriculturally. St. David on the San Pedro, watered both by st

i Fifth jadicial district court decree, Feb, 10, 1006,
[Baull, 235]
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and by wells, is a place of gardens, the produce from w! ™
s reads market in Bisbee and vicinity. The Santa Cruz V.

Jess developed than the San Pedro, partly because railroad cone
gtions have not been so good until recently. Summer flood
ters are utilized on both these streams for a quick—gmwing crop
éom planted in July and harvested in October, while in similar
raper the winter rains afford water for crops of wheat and barley
ested 1n May.

bout 45 small canals take water from the San Pedro River, and
wobably 60 draw upon the Santa Cruz and its tributaries. The
¥ Paso & Southwestern and the Southern Pacifie Railwars in the
Pedro, and the Southern Pacific in the Santa Cruz Valley afford
portation facilities. Ground waters in considerable quantity
rlie both these valleys and are being developed in considerable
sntity by artesian wells on the San Pedro and by pumping plants
the Santa Cruz.

GATION ALONG THE VERDE RIVER AND ITS TRIBUTARIES.

he upper Verde River, including Clear, Beaver, Oak, and Dragoon
gks, is distinetly a deciduous fruit-growing district, producing
finest apples, peaches, pears, and other temperate-region fruits
n in Avizona. The altitude is 3,300 to 5,500 feet; the winters
sharp, with occasional snow, and the summers milder than in the
er, lower irrigated valleys. The farms are small for the most
being situated in the nooks and angles of comparatively narrow
valleyss The numerous small ditches are owned by individuals
all companies of farmers. Alfalfa, corn, and grains are con-
bly grown under some of the large canals in the main Verde
. Jerome and Flagstaff afford markets for fruits and vege-

, 8nd the United Verde and Pacific Railway at Jerome affords -
her Gutlet for fruits to more distant points. (Pl IV.)

dete are o number of small tracts throughout central and south-

& Arizona where altitude and limited water supply combine,

able for deciduous orchards and market gardens. These are

¥ery remunerative when situated convenient to mining towns.

Rortheastern plateau, drained by the Little Colorado River, has
ude of 5,000 to 7,000 feet. The climate is temperate in char-
ith cold winters and s summer season similar to that of

88 or Kentucky. Rainfall ranges from 8 to 20 inches, but the

ted is favorable to the rapid loss of storm waters, and without

8 the irrigated area must remain small. Railroad facilities are

to the Santa Fe, which does not connect immediately with the
gated settlements.
253



J}Eﬁ"?a vields two to three cuttings a year. Winter wheat ¥ FARMING WITH RAINFALL SUPPLEMENTED BY IRRIGS N
bar! .

‘e grown, and summer crops of corn.  Vegetables and
uous rruits are also successful, sometimes without irrigatio
higher elevations. Farming in this district is combined wit
ranging of sheep and .cattle. Cattle formerly predominated
in recent years sheep have become the main industry. The foll
statement of operations of a representative sheep owner for
vear will afford an insight into expenditures and profits o
business:

Beginning with November 1, 1908, with 4,000 ewes, the ov
account for one year is as follows:

In those portions of Arizons having 10 or more inches of wfall
‘annually so-called dry-farming methods, supplemented by irr‘ih;‘"io 1
fag‘erizical times, will often mature crops successfully. D:Mino'go;caff
gional wet $edsons, as the winter of 1905, sufficient vmoisture tf)a,lls to
make crops without unususal effort on the part of the farmer, but rai

fall in the Southwest is too variable in both time and am(;unt -to 1?-
depended upon. It is essential, therefore, in the average vear, fi e'
the dry farmer to have available a supplementary supplr pe}rh‘a; ,s :t);
bring up seed in a dry soil, or to mature a crop whicl otlfei:wise \\5)111 1
be lost tl{mugh a failing rainfall. In practice, as it now begins to ta,l'(e
form, this supplementary supply is secured either by small Wat;r
storages possible on many sites in swales and little vallevs near the
erests of our watersheds or by pumping from the somewhat extensive

Expenditures and prefits of sheep reising.

EXPENSES.
Wages of 4 men, November to May.................... $1, 200 greas of our valley bottoms, where ground water is found at 30 feet
Wages of 6 men, May to November............ aeeaaan 1,800 or less from the surface. ]
Wages of 8 extra men, I month in lambing time:....... 400 One of the largest supplies of supplementary ground wat ef £
i . ine i . 4 or
g‘}Ck.hji‘)i;“eg ------------------------------- jraseeees iﬁ pumping is that of Sulphur Springs Valley, which will serve as an
ShoTg S e T e illistzation. In May, when corn, beans, melons, etc., may be planted
Chuck wagon and BRI, . . .v.vreoam et 50 ; to the best &dvantage,_the s<.)1l ‘usualiy is dry because of the preceding
BALE .« 4 e e e eene vt 100 trainless months. A single irrigation in the seed furrows will cause
Renewal of bucks. ... RSCTTIIYe 200 germination and carry the plants until the rains begin in July. This
ghsc?laf:;us Etem """""""""""""""""" ;‘g ‘I'Bllllgie Supplement&ry irrigation, therefore’ even if costly. is of great
OUDEY TAKES. .ot sieraremmamica i a e : : . , Y,
260 value I securing an early start and & matured crop. The seeding

FOrest TESETVe tAK . o vt v e cveiecrmennamamacaanreacsass N - : .
time for wheat, barley, etc., in this valley is October, which usually

Total GXDEMIED. - -+~ renreerreeneeeeameensennaanar e $5, 1503 hr? dry month als_o. Supplementary irrigation at this time is simi-
arly useful, and in many cases irrigation is required again in the

RETURNS. i

N , . .
96,600 pounds of wool, at 16 cents per pound. .......... 4,256 . ffl;;)}’: m;%ht;}?g;ﬂgsiéo ﬁl%tugty. fhe @ untiely Tor the o
2000 pounds o w4110 o pr pound - 4,268 leys, : seil inadequate and untimely for the s

ambs, at $3 130 L&t m.:itfrmg of crops, may be utilized with the help of ground Watzlr‘:

o » , i easy reach of pumps. :
Profits, not deducting interest or owner's time........... 8,4 n the ways suggested above—by conserving the rainfall, supple-
1

&rieties suited to arid regions, considerable areas will be reclaimed

fifty of these were required to replace ewes lost during the s e adually, . This expectation is encouraged by the fact that for por-
Conditions were favorable and profits high for the period s Qf: of Algeria, with similar climate and u rainfall of 10 to 16 infhes
Forest Service restrictions limit the number of sheep permitte kind;num, recent statistics give the following productions of different

reserves and have in a measure secured the industry against :

The net increase of lambs, after deducting 15 per cent takeilis menting it with flood, reservoir, and ground waters, and by employing

coyotes and wildcats, was 70 per cent, or 2,800. Three hundr

incident to overstocking. , Yield of crops in Algeria.
Water storage is essential to increase of agriculture in this
which, during the 35 years since its first settlement by Mdr Crop. | Production; mocat product,
farmers, has been developed to the full extent of its dep ”
. . i -
water supply. T — ol N Al
{Bail. 235] B do. 8 58,000, 000

[Buir 2353



F " at the beginning of operations in comparable locatic Gila Valley from Monument to San Carlos, including Indi
g g 1an Aer

soul.  cern Arizona, part crops of beans, corn, sorghum, and n c reSErVALIONS .« ot anee X
indicate final success by the methods sbove suggested. & Gila Valley from San Carlos to San Jose.... L éf(j}eo
. Gila Valley from San Jose 10 the New Mexican line............ 2’ 700

GRAZING RANGES. San Francisco, Blue, Eagle, and Pinal Crecks. .. ......... . b 420

San Pedro Valley, excluding artesian waters . 5

Springs and deep wells throughout the grazing sections Ganta Cruz River and tributaries..._........... . ... 5,800
Territory are of great value, since they are the key to the adj Upper Verde River and tributaries. ... ... g’ 200
range. A Hereford steer will travel about 8 miles between, Little Colorado River and tributaries......................... 10, Gig
and feed, so that the strategic value of occasional springs gﬁ:ﬁ?ﬂaz{égsni?ﬁciiﬁzgm g.nd SPrings............ L. 3,050
more arid districts is evident. For the same reason heavy Irrigation from mine wazer:(we 5,000
is incurred sometimes to secure water where there is a d * Artesian irrigation at St. Davids, S.mBezmrdmuLebmnd 0
range. Aninstance is the Fresnal well, 786 feet deep, sout Artesia. ...l L O‘m 1 450
Tucson. rrd —
Totalirrigated area. ... ... ... .. .. ... ..., 227, 770

The range country for the most part is used as a breeding
and the increase is shipped as yearlings and 2-year-old stoc
irrigated valleys of Arizona and southern (alifornia, to be fini
on alfalfa. Under the old conditions of {rée range without 70}
mental control the cattle business was a very uncertain one
very profitable in years with sbundant and timely rainfa
disastrous in years of drought when feed and even stock wat
short. Tt is difficult to make a fair statement of income ¥
from range cattle at this time, copditions being generally
with an outcome varying each season from serious loss to {8
easy profit, according to local circumstances affecting the

operations.
THE AGRICULTURAL PRESENT AND FUTURE

i

ain of the areas included in this statement are not farmed the
arouz‘xd owing to fluctuating water supply, but for irrigated
' that is actually cropped at least once a year the above tot;,al i

pobably within 5,000 acres, or 2 per cent, of being correct ®
here are limited additional areas on higherb mountazin slopes
.in the northern parks which are farmed on rainfall, but thgse
) 'hlg'r df? not.'exceed 10,000 acres actually cropped, eve’n mcluding
8'beginnings in dry farming now under way in Sulphur Spr'mgz

ESTIMATED AREA POSSIBLE TCO CULTIVATE.

a possible. water ’supply of 4,000,000 to 5,000,000 acre-
nudlly, the limit of intensive irrigation in Arizona may be seb

0,000 to 1,000,000 acres, divided among different watersheds
]

On the basis of present agricultural practice, of an appro roximately as follows:

known water supply, and of irrigation history in older St The Colorado Valley between Camp Mohave and the Mexican

Aeres.

ossible to outline roughly at this time the future of i '45”‘*: -------------------------------------------- .
? . sy The Little Colorado Valley.. ..o\ oo oo 350, 000
Arizona. The Salt and Verde Rivers. ... _- ------ AR e 100, 000
AREAS NOW UNDER CULTWATION' .The GiEu and triblltaries ................................ ?fg’ ggg
. . L. I l g g TTTITTTTTTTmTm e 4},
The area actually cropped in the Territory during the ; m_'ems and wells...... MERRARAEA LI ERRERLEEEL R 40, 000
as ascertained by exact data for United States Reclamatio DO e Py

projects, and by personal reconnaissance and correspondencels

15e of a portion of the ground-w .
districts, is about as follows: = d-water supply to supplement

wﬂl result in the cultivation of additional areas of less inten-
cultivated land of unknown extent. For gardens in towns and
rable loeations, for stock water supply, and for an increasing
of summer homes at higher elevations, there are also being
ped numerous :?mall waters of large aggregate value. Reckon~
oeal_]c}h;xvo u-mga:ted acres will, directly or indirectly, add one -
X pI ation, and mf:iuchng those interested in range and forest
2Y; the future agriculture of Arizona may easily. support a

12930

—Bull. 235—11—§ :

Areas cultivated in 1809,

Yuma Valley, United States Reclamation Service project
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nce of fertility, control of alkali salts and plant
nenagernent of domestic animals are all factors in

a$ is of the h;ghest lmportance in a region originally in .
f-',gm extremely meager agricultural ﬂom Almost all

and the breeding of varieties especially adapted to
ecessary tothe best use of the hxmted water resources.

- Would give a total for the agncultuml industries of ove 3
. annually. . Thisi is ‘well in excess of the mining output of:

Arizona, as in the once mining States of Califemia' AT EA I PSR R , -social development is another necessary feature of
. agnculture Wﬂ} become the leading mdustry., ' o the Southwest. - The first act of an 1rr1ga.tor usually is to
immself with others for the purpose of constructing a ditch
ﬁa.tmg water. Cooperation can not stop, however, with-
ent. -It is equally necessary, by reason of distance
yulations, to associate for the purpose of marketing
} this end there is now a small but increasing number °
¢iations within the Territory which standardize,
to their members for oranges, cantaloups, and bee
to.distant markets.. This cooperative spirit is favored
i f the agriculture and the consequent smaﬂness.

} LINES OF PBOGRESS.

. to the legal to the sclentlﬁc, and to the social aspec_
- In a regiorn of limited water supply a thorough unders

 Yuma V alleys, working in cooperamon with the- JUni
" mation Service, are schools of irrigation law for th
" jncluded within these projects. .These assocmtm;as :
oomphance with the prmcxples of beneficial use of w:
" particular shares of water shell be apgurtenant

land; -and that priority of appropriation gives the bet
use of Water; etc.”; - They -therefore- provide fo the %
these nécessary but ‘hitherto much: neglected: featur:
.tonal law. With 8 constant influx to the Territor v of setl

may be said tha.t the Arizona farmer is fortunate* ‘
£ Water resources. adequate when developed
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has been accurately described as "a plateau which has been dissected by a major
stream and its tributaries” (Harrell and Eckel 1939:28).

Climate and Weather

Topographical differences have resulted in significant spatial variation in climate
throughout the study area, as altitude represents the single most important variable
affecting mean annual temperature and precipitation. Because the storms which
provide the major sources of precipitation enter the Little Colorado River Basin
from the south, the White Mountains act as "orographic triggers” (Jurwitz
1954:12) and receive the lion’s share of the moisture which these storms yield.
Acting as "domes of cold air” (ibid.), the mountains to the south force the moist
air in these storm systems to ascend; this rsing air cools until the condensation
point is reached and precipitation results. Since all of the Little Colorado River
Basin is located on the leeward side of the White Mountains (at least with regard
to the predominant southerly storm systems), specific locations within the basin
receive lesser amounts of precipitation as their elevations decrease and as their
distances from the mountains to the south increase (see Table 4.1). Consequently,
a close association exists between altitude and precipitation along any particular
longitudinal gradient. St. Johns and Springerville, located further to the east than
most of the other towns under investigation, deviate from the general trend
presented due to the northeastern slope of the region. However, precipitation
figures at these two towns are consistent with the relation between altitude and
precipitation elsewhere in the region.

Precipitation occurs within the basin primarily during the months of
December through March and July through September. For many locations the
remaining months may produce liule, if any, precipitation. This seasonal varation
in precipitation derives from the fact that weather conditions in this region (and
throughout most of Arizona) result largely from two distinct storm systems that
affect the region at different times of the year,

Winter precipitation is primarily determined by a high pressure system
originating in the Pacific Ocean near the Hawaiian Islands.® This largely unstable
air mass pulsates periodically, transposing its axis between a north-south and an
east-west orientation. As a result, it alternates from extending eastward over the
Pacific Northwest--and at times even to the Great Basin--to retreating to over 1000
miles from the continent. The recession of this "southwestern” storm systems
permits the entrance of "northwestern” storms which deposit lesser amounts of
precipitation.

Summer rainfall results primarily from the "Bermuda High" located off the
coast of Florida which experiences pulsations similar to those described for the
Pucific air mass. Beginning in the latter part of June, the Bermuda air mass moves
westward, traveling great distances over warm tropical waters in the Caribbern
and in the Gulf of Mexico. As this storm system crosses land, its "moist river of
air is exceptionally deep, at times extending to the fifteen and twenty thousand
foot levels” (Jurwitz 1954:12). Much of this moisture is released upon contact
with the White Mountains.*
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Winter precipitation has been more significant than summer rainfall in
terms of its contribution to agricultural preductivity in the region, even though at
8§58 ] f §~: EE8ER g 3 the lower elevations the relative abundance of summer precipitation increases
g3 significantly (see 'I:ab]e 4.2). Summer precipitation generally occurs through brief,
rj§ spotty and torrential thunderstorms which unieash a flood of water for short
gg periods of time. However, due to the intense nature of these summer storms, soils
“ g _‘ quickly become saturated and unable to retain much of the moisture they receive.
- - o e - 22 i Consequently, most summer precipitation streams down well-wom arroyos,
CER- I I o § MR R g 2 _'g § carrying with it soil particles which are then deposited into river channels. Prior
- Q.g to the introduction of farming, most of this silt either settled in riverbeds at lower
ﬁ 3 elevations, or was deposited into the Colorade River. The remarkable scenic
-‘g ‘g beauty of the Painted Desert (which is located along the northern perimeter of the
f-2= Little Colorado River Valley) derives largely from the erosive impact of these
X2 IR HSEZ §-§ summer storms. However, with the introduction of agriculture into the basin, much
- oo - Ay of this silt has accumulated in irrigation reservoirs or settled upon agricultural
g 3 lands. In either case, the extensive silting of streams produced by summer storms
3 5. has exacerbated the cost of farming in this region (see below).
53¢
@ 4 F
BR99258888 823 %gg Table 4.2
:‘E p % Relative Contribution of Winter and Summer Precipitation
‘ag v at Selected Locations in the Little Colorado River Basin
5t |
oy g\ 0
28328 § 5 § 2z 8 ﬁ 5"‘% ' Winter Surmmer
£ % 3 Precipitation  Percent | Precipitation  Percent
%gg , Location (in inches)  of Total | (in inches)  of Total
F¥ i
g8 i Lakeside 10.43 46.5 12.01 53.5
$3598932E8 8y g—f ! Springerville 3.26 26.1 9.21 73.9
S S o 3
53 Showlow 888 50.3 8.76 49.7
L St. Johns 3.86 4.5 7.33 65.5
g
g ag‘ Snowflake 435 345 8.27 65.5
TERRYERAG T 24y Holbrook 3.68 39.8 5.57 60.2
= é
FHES Winslow 3.34 38.9 5.25 61.1
SRS
BHag SOURCE: Table 4.1.
3§
HH
2 B ¥ | ga 2= Winter precipitation contributes more to the regional ecosystem than its
Em . 0 . B §. g § 5 3| BEES relative abundance would suggest. While approximately 50% of the annuat rainfall
§ 35325382 82|52k over much of Arizona is received during the months of December through March,

runoff into reservoir systems due to winter storms accounts for nearly 85% of
annual values (Jurwitz 1954:10). Because winter precipitation is deposited more
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Both juniper and pifion are short, woody types of vegetation which, due partially
to their shallow root systems, dominate in rough, broken country with shallow
soils {Harrell and Eckel 1939:27). Density of iree cover increases with precipita-
tion, as does the proportion of pifion in the juniper-pifion woodland community.
Thus, both plant density and the relative proportion of pifion increase along a
southerly gradient until a transition occurs near 6,000 feet to the montane forest
community dominated by ponderosa pine. Due to variation in precipitation, an
east-west gradient also exists in woodland density and in the proportien of pifion
pine. While tree density in the St. Johns area averages only 10 trees per acre, 30
trees per acre is the mean near Snowflake (Salt River Project 1974 [section 3]:79,
99), which is located at the same approximate latitude and elevation as St. Johns.*

Table 4.4

Area and Relative Proportion
of the Four Principle Plant Communities
in the Little Colorado River Basin

Area Percent

Plant Community {in acres) of Total
Northern Desert 169,200 3.6
Grassland i ,922,0i7 41.2
Juniper-Pifion Woodland 1,797,004 385
Montane Forest 776,401 16.6
Total 4,664,632 99.9

SQURCE: Litte Colorado River Plateau Resource Conservation and
Development Project (1972).
*Total does not cqual 100% due to rounding error.

The montane forest conumunity begins as juniper-pifion woodland gives
way to ponderosa or yellow pine. The transition from woodland to forest occurs
quickly as elevation in the southern highlands increases sharply. Ponderosa pine
is the dominant species in this community up to an elevation of about 8,000 feer.
after which aspen and Englemann spruce dominate at succeedingly higher
elevations. Alpine meadows occur over extensive areas above 9,000 feet.

The ponderosa pine community in this region is part of the largest
continuous stand of ponderosa pine in the United States. Beginning north of the
Grand Canyon, this forest stretches in a southeasterly arc through the area undes
investigation and into western New Mexico. Because of its particular suitability
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for lumber, the local ponderosa pine community is presently the center of an
sctive Jumber and wood-related industry. While logging and lumber production
have always been important economic activities locally, most of the large-scale
lymber-related activities post-date World War II. As late as 1936, 96% of the
ponderosa pine in the study area was estimated to be virgin timber. Several towns
in the region have depended significantly upon the lumber industry.

The alpine meadows which dot the higher elevations have continuously
provided an integral link within the agricultural cycle of communities in the
region, These meadows have been employed for the summer grazing of cattle (and
previously sheep) at least since the initial settlement of the area by Mormon
pioneers. The availability of summer pasture at higher elevations (which is
currently regulated by the National Forest Service)’ ultimately determines the
number of livestock which the region can support. Dependence solely on the
grassland and juniper-pifion woodland communities would not permit economical-
ly viable animal densities.

These four biotic communities account for nearly 100% of the surface area
in the Linle Colorado River Basin.® While the grassland and juniper-pifion
woodland communities together account for nearly 80% of the total land area,
each of the four zones has had its unique impact on the history and development
of communities in the basin.

Soils

The complex gealogical history of the Little Colorade River Basin has produced
a diverse variety of soils in the region (see Kester, ef af. 1964; Miller and Larsen
1975). Because considerable micro-regional differences exist in soil composition,
ceneralizations have only limited applicability. However, with this caveat in mind,
soils within the basin may be grouped according to their physiographic position,
including: (1) soils of the flood plains and low alluvial fans, (2) soils of old
alfevial fans and terraces, and (3) soils of the uplands (Kester, et al. 1964:7).
Except for soils in the flood plains (which do not nomnally extend for more than
1 mile on either side of the Little Colorado River) and those at higher elevations
twithin the montane forest community), soils throughaut most of the basin are thin
and loamy. The productive capabilities for individual crops of the specific soil
tvpes discussed are presented in Table 4.5.

The soils of Joseph City (Jocity soils) are primarily altuvial in origin and
tie north of the Little Colorado River on nearly level to moderately sloping
dluvial fans and river terraces (see Kester, ef of. 1964:22-23). Originating from
the Moencopi formation (Bureau of Reclamation 1950:3), these soils have also
received parent material derived from afluvium washed down from the deposits
of Chinle shales located in the badlands of the Painted Desert, as well as from
teds of fine gravel, sand and oam (Kester, er al. 1964:22). Jocity soils are deep,
and their profile is characteristically clay loam throughout. Due to the important
sitt and clay composition of these soils, they provide low permeability, and are
thus particularly susceptible to flooding during intense summer precipitation.



90 Dam That River!

Having developed under dry climatic conditions, these soils are also typically low
in organic matter and are deficient in nitrogen and phosphorus, Furthermore, since
both the Moencopi and the Chinle formations contain large concentrations of
alkali salts, soils in the vicinity of Joseph City (St. Joseph), particufarly those

which have been irrigated, contain sodium in quantities sufficient to inhibit--even

preciude--healthy plant growth (Burean of Reclamation 1950:3-4). The increased
salinity and silt deposition caused by irrigation has only aggravated problems
inherent in Jocity soils prior to human expleitation (see Abruzzi 1985:261).

Table 4.5

Average Estimated Optimal Yields of Principal Cropé.
Grown on Selected Soils under Prevailing Management Conditions

Wheat Barley Oats Com Alfalfa
Soil Type {bushels) (bushels) (bushels) {tons) {tons)
Bagley 45 30 30 17 6.5
Clovis 60 - 70 23 6.0
Eagar 25 - 36 17 20
Jocity -~ 45 - i1 5.0
Luth’ - - - -- e
Navajo -- - - 10 4.0
Showlow 22 - 50 16 35

SOURCES: Kester, ¢f af. {1964:61-62); Miller and Larsen (1975:39).

NOTE: No entry indicates that the crop listed is either not snited 10 the soil or is
not commonly grown on it.

*No figures arc given by Millcr and Larsen for any of the crops listed on Luth
soils. The only harvest data provided for these soils is for wheat and oats -
produced for hay. These figures were 1.0 and 1.5 tons per acre respectively.

The predominant soils under cultivation at Woodruff are of the Navajo
series. Navajo soils comprise reddish-brown, calcareous clay reaching a depth of
meore than 60 inches. Located on nearly level to gently sloping flood plains along
the Little Colorado River, these soils derive from a parent material consisting of
alluvium washed from shale, sandstone, limestone and basalt, Navajo soils are
typically low in fertility, moderately weli-drained and very slowly pemmeable.
Navajo scils in the vicinity of Woodruff were apparently moderately saline prior
to the introduction of irrigation. However, the continued application of clear water
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from Silver Creek has leached much of the salts contained within the root zone
of most crops (see Kester, et af. 1964:28-29),

The soils in the gently sloping floodplains near Snowflake and Taylor are
primarily of the Bagley series (see Kester, ef al. 1964:11-13). Derived mainly
from sandstone, limestone, shale, basalt, volcanic cinders, sand and gravel, these
soils are well drained. Brown to light brown in color, the surface soil is either clay
loam, loam or sandy clay loam in most places. Kester, ef al. (1964:11) describe
these soils as follows:

The Bagley soils are among the most fertile and productive in the Area.
They are well-drained, are moderately permeable, and have a high
water-holding capacity. Runoff is very slow to slow. All except Bagley
loam have an extremely stable, granular structure in the surface soil and
do not erode easily.

Soils in the vicinity of Snowflake and Taylor are also generally free from harmful
accumulations of soluble salts even after a century of continuous irrigation.
(Bureau of Reclamation 1947:42; Salt River Project 1974 {section 31:78).

Soils in the vicinity of St. Johns are of the Clovis series (see Miller and
Larsen 1975:10-12). These are generally well-drained soils formed in sand and
gravelly alluvinm derived from quartzite, gneiss, schist, sandstone and limestone.
The Clovis soils near St. Johns are sandy clay loam, Runoff in these soils is
medium, as is the hazard of erosion. The topsoil, subsoil and underlying material
are all generally categorized as of moderate alkalinity (Miller and Larsen
1975:10). Permeability and available water capacity are also rated as moderate
(ibid.).

Due to greater precipitation and denser vegetation, soils at higher
tlevations in this region are not characteristic of the arid Southwest. They
resemble more closely soils found in the northeastern part of the United States
than they do the neighboring soils at lower elevations (Greenwood 1960:39). Soils
of the Showlow series are the most extensive soils in the region, and are found at
many locations in the montane forest community (see Kester, er al. 1964:34-37).
Showlow soils are deep, built upon a pareat material of alluvium and contain large
amounts of sand, gravel and cobbles. These soils are slowly permeable,
well-drained and have a good water-holding capacity. Because of their greater
erganic content, Showlow soils are rated as moderately fertile, and on soils with
less than a 3 degree slope the erosion hazard is slight.

The principal soils under cultivation in the vicinity of Eagar are of the
Eagar series, which comprise well-drained soils formed in a gravelly alluvium
derived from basic tuff (see Miller and Larsen 1975:12-13). The surface layer of
Eagar soils is dark grayish-brown and dark gray gravelly loam about 9 inches
thick {about 15 inches thick where the slope is less than 3 degrees). Permeability
ts moderate and the water-holding capacity is generally low in these soils. A
tempoerary water table occurs in some imigaled areas during the growing season
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due to overirrigation and normal ditch losses. Eagar soils are also moderately
alkaline and calcereous throughout. Runoff is medium with a moderate hazard of
erosion.

In Bush Valley, the location of Alpine, the primary soils are of the Luth
series (see Miller and Larsen 1975:19). The Luth series consists of poorly drained
sotis that are formed in alluvium derived from basic tuff. These soils are generally
found in narrow flood plains within mountain valleys. Their surface layer is
typically dark gray clay loam and clay about 18 inches thick. The soils of this
series are slightly acid in the surface layer, though mild to moderately alkaline in
the underlying material. Permeability is high, as is available water capacity.

A final comment regarding the physiological structure of the basin is
warranted. Perhaps the most important geological development within the region.
at least from the perspective of establishing viable agricultural communities in the
area, was the rise of the Mogollon Geanticline and the subsequent volcanic
activity that occurred (see Harrell and Eckel 1939; Babcock and Snyder 1947;
Greenwood 1960; Akers 1964; Dames and Moore 1973; and Salt River Project
1974 for discussions of the geological history of the region). This uplift created
the higher elevations which form the southern boundary of the basin and which
enhance the physical diversity of the region. By creating an "island of humid
climate” (Greenwood 1960:19) in an otherwise arid environment, several distinct
floral communities were established. More importantly, increased water supplies
became available to both surface and sub-surface sources. In addition, the uplift
and subsequent erosion produced deep narrow canyens in the southern portion of
the basin which made the construction of storage reservoirs possible.' The
topography of the southern half of the region contrasts markedly with that of the
northern hatf, where few adequate sites exist for the storage of irrigation water.
Conseyquently, settlements in the lower valiey of the Little Colorado River had w
rely exclusively on diversion dams rather than storage reservoirs as the principal
infrastructural supports of their agricultural systems. In contrast to fanners at
Snowfliake, St. Johns and other Mormon towns to the south, those in the lower
valley towns (such as St Joseph and Woodruff) remained at the mercy of an
unpredictable and highly variable river which regularly ceased flowing during 2
critical period in the agricultural cycle,

WATER

The role that variation in the abundance and distribution of suitable irrigation
water played in the development of agricultural communities in this region cannot
be over-emphasized. The availability of good-quality water functioned as a critical
limiting factor governing the development of stable agricultural communities, and
variations in the supply of usable water were closely associated with local
fluctuations in population size.
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Water presents itself to the basin in three forms: precipitation, surface flow
and groundwater, and has provided in each form a distinct impact on community
productivity and stability in the basin (Abruzzi 1985). These three water sources
are necessarily interrelated. Precipitation is the ultimate source of water supply for
the region as riverbeds and underground aguifers depend on rain and snow for
their water. However, while the contribution of water in the form of precipitation
is largely limited to its immediate area of deposition, that water which finds its
way into river channels and into underground streams provides an impact far
beyond the limits of its initial ingression. Due to the differential impact and local
availability of these three forms of water, each should be treated independently as
a distinct condition affecting community development in the region.”

Precipitation

The previous discussion has already demonstrated that considerable spatial and
empaoral variation exists in precipitation throughout the basin. However, two
additional comments regarding precipitation warrant consideration at this time.
First, the specific pattern of its temporal variation renders precipitation an
inadequate primary source of water for the support of farming activities
throughout most of the basin. The onset of the summer storms, which usually
begin in July, occurs too late to autonomously support the agricultural cycle,
because a substantial proportion of the annual irrigation requirements (about 45%)
need to be applied to fields during the dry months of April, May and June (see
Table 4.6). Thus, much of the growing season transpires during the spring dry
season when insufficient precipitation occurs to facilitate the germination and
growth of healthy crops.

Secondly, precipitation cannot provide a reliable source upon which to base
an agricultural system, because most summer rainfall occurs in the form of
scattered, torrential and unpredictable storms. Such precipitation finds its way
either into the various river channels or into underground aquifers. Since most of
e water which enters the basin as precipitation is ultimately lost to the local
system,'” any attempt to establish agricultural communities dependent primarily
upon precipitation would be doomed to failure.

Surface Water

Surface-water flow throughout the basin, being a function of precipitation and
ambient air temperature, follows a generally regular annual cycle (see Figure 4.1).
Due to the existence of substantial snowpacks in the upper watershed (see Table
47), mermittent warming intervals, combined with precipitation, produce
maderate runoff in most river channels during the months of January, February
and March. Gradually, this flow subsides as the snowpacks disappear, and by late
May and early Junc most streambeds throughout the basin are dry." With the
onset of summer storms in July, the volume and velocity of water flow in the river
beds increases dramatically.’® The passing of summer storms and the consequent

y (B
w A
p
-1
kg
I 13
L il'a,
g {4
n Hag
o Y
k1
1
RRY']
A Y
.
i of
o
[l oy
1]
1o

5oy,
: !f:}



n e W oI RS

oo wwr Y @ 2w smyy @

“ "

94 Dam That River!

decline in precipitation throughout the region causes runoff to subside again untit
snow re-accumulates at the higher elevations and is once more deposited in
streambeds through sporadic intervals of mild temperatures,

Table 4.6

Monthly Distribution of Diversions
from Daggs Reservoir
1946

Percent of Annual Water

Maonth Diverted from Silver Creek
Januvary 2
February 2
March 5
April 13
May 15
June 17
July ' 16
August 12
September 9
October
November 2
December 2
Total 100

SOURCE: Bureau of Reclamation (1947:72).

Due to the marked eccentricity of temperature and precipitation in the
basin, significant deviations from the described cycle may occur durin‘g any
particular year. For example, monthly discharge in the Little Colorado River at
Holbrook for the years 1905-07 displayed significant variation for the same mea.zh
during different years (see Table 4.8). Similarly, Lyman Dam and Reservo.xr.
which is located 4 miles south of St. Johns and which contains a storage capacity
of 20,600 acre-feet, received an average annual discharge of 18.7 cubic feet per
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second (approximately 13,540 acre-feet per year) for the years 1940-1957 (Akers
1964:7). Analysis of surface water discharge into Lyman Reservoir revealed that
during this period actual discharge ranged from 16,000 cubic feet per second to
at times no discharge at afl. Furthermore, storage within the reservoir ranged from
an overflowing 25,500 acre-feet in May of 1941 to several occasions when
reservoir was completely dry due to the discharge being below the amount of
water expended for irrigation (ibid.).

Because surface water flow in the region varies in direct response o
precipitation, the volume and velocity of water flowing in a riverbed may change
dramatically from one week--indeed, one day--to the next. Several streams, most
notably the Little Colorado at lower elevations,' have been transformed within
hours from dry sandy riverbeds to raging torrents, destroying bridges, dams and
other obstacles in their path."” While the mean seasonal flow of water in the Little
Colorado River near Holbrook is 309 cubic feet per second (Dames and Moore
1973 {section 4]:143), the U.S. Corp. of Engineers has calculated that during the
peak flood of September 19, 1923 the discharge was 60,000 cubsic feet per second
{ibid.}. Similarly, the maximum flow at Holbrook during the flood of 1915, when
Lyman Dam above St. Johns burst,” is estimated to have been as high as 189,000
cubic feet per second (ibid.).

The responsiveness of surface-water flow to the vagaries of precipitation
in the basin is aiso illustrated by the extreme variation in annual discharge in the
Linte Colorado River at specific locations in the region. While the average annual
discharge of the Little Colorado at Woodruff for the period 1940-1947 was 86,000
acre-feet, during 1944 annual water flow at this location totaled only 20,060
acre-feet. During 1944, however, the volume of water discharged near Woodruff
was 280,000 acre-feet, or nearly 15 times the 1944 figure, (Bureau of Reclamation
1950:7). Similarly, discharge figures for the Little Colorado River at Holbrook (a
few miles downstream from Woodruff) for the years 1950-1969 show a range of
variation from less than 16,000 acre-feet during 1950 to nearly 200,000 acre-feet
during 1968 (see Dames and Moore 1973:Plate 4.4.3-4; see Figure 4.2).
Sreamflow figures at St. Johns for the years 1930-1944 exhibit the same pattern
of varfation.”” The ‘average annual discharge during this period was 8,430
acre-feet.”” This average, however, masks a variation of between 2,790 acre-feet
for 1942 and 50,010 acre-feet during 1941. Averages, thus, have little meaning
where variation is both so pronounced and so pervasive,

Because most streams in the region (including the Little Colorado at lower
elevations) are ephemeral and flow largely in response to rainstorms, most contain
considerable quantities of sediment, especially during periods of heavy flow.
Heavy sediment concentrations are particularly characteristic of streams in the
northern portion of the study area. At these lower elevations with their alkaline
soils, sediment loads may account for as much as 20% of stream low (Bureau of
Reclamation 1950:3). Even Silver Creek, which originates from a clear mountain
spring, acquires an increased sediment content as it descends towards the Little
Colorado and receives water from its own tributaries along the way (see Map 4.3).
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Table 4.8

Monthly Discharge of the Little Colorado River
at Holbrook, Arizona
March 1905 - April 1907
{in acre-feet)

Month 1905 1506 1907
March 25,700 38,200 27,300
April 54,400 14,600 23,900
May .- 3,320 ---
June 4,290 244 P
July 4,180 1,530 -
August 10,000 4,400 .-
September 18,000 4,090 .
October 3,120 1,640 -
November 69,000 . 672 ---
December 6,950 11,100 -
January 27,800 17,000 ---
February 9,440 9,780 ---

SOURCE: LaRue (1916:108-109).
"Discharge for March 17-31 only.

Due to their intimate association with the founding and development of
most early Mormon settlements in the basin and with the history of the region as
a whole, two streams deserve specific consideration. These are the Little Colorado
River and Sitver Creek, its principal tributary in the study area.

The Liftle Cotorado River .
The Little Colorado River begins as two small mountain streams created by

snowmelt originating on Mount Baldy. This water, sparkling clear and. cold, f‘lg«s
rapidly as it descends the steep slopes of the White Mountains. At this elevation,
salt and other sediment concentrations in the river are practically nil (Greenwood
1960:85). Before reaching Springerville and Eagar, the river flows through 2
channel which alternately widens and narrows and contains several locations

The Little Colorade River Basin 101

suitable for irrigated farming were the growing season of sufficient average
duration.

Between Springerville and St. Johns the Little Colorado flows in a narrow,
shallow channel bordered by willows, cottonwoods and sultgrasses with an average
gradient of 37.6 feet per mile (Harrell and Eckel 1939:29).% A perennial flow
exists in the Little Colorado south of St. Johns, being sustained by several large
springs in this area (Akers 1964:8).

Below St. Johns the river changes dramatically, The gradient declines
sharply to around 10 feet per mile (iid.:28) as the Little Colorado changes
direction and begins its northwesterly flow, bisecting the basin. At this point, the
river opens into a flat and sandy channel. Surface flow becomes intermittent, with
most of the flow during the late spring being confined to subsurface channels. The
Litde Colorado retains this appearance until well after it leaves the region. The
river channel near Holbrook and Joseph City has been described as

broad and alluviated. Typical of such streams, it continually abrades its
channel and redeposits the transported material downstream. As a result,
the channel conditions change from time 1o time, such that there is no
stable relutionship between the stage of the river and its discharge. At
present, the channel is over 100 feet wide...and is 5 to 10 feet deep. The
banks are lined with riparian plants, such as salt cedar and mesquite.
(Dames and Moore 1973 [section 41:41)

Water quality in the Little Colorado south of St. Johns is quite good.
However, as this water flows downstream, traversing high salt-bearing formations
2nd acquires additional water from numerous tributaries originating in these saline
srata, its purity is quickly lost. Water quality in the Litle Colorado River is of
questionable value below St. Johns, where the concentration of both suspended
and dissolved solids (particularly soluble salts) renders it largely useless for
domestic, agricultural or even industrial use (see Tables 4.9 and 4.10).

Located some 15 miles downstream from St. Johns are Zion Dam and
Reservoir. Originally built between 1902 and 1905, Zion Dam was reconstructed
1n 1908 with a reservoir capacity of 12,896 acre-feet and a surface area of 2,048
2ores (Akers 1964:8-9). By 1952, 22,700 acre-feet of sediment had been deposited
“ehind the dam, reducing its storage capacity to 760 acre-feet (ibid.). Continued
slting has terminated the use of this reservoir.™ Sediment buildup has even
senificantly reduced the storage capacity of Lyman Reservoir, 5 miles south of
St. Johns.*

Stream flow variability in the Little Colorado becomes more pronounced
downstream, as the quality of its water deteriorates, because the river drains an
increasingly larger area, and a greater proportion of its flow derives from
uihutaries originating to the north. Most of the water emanating from these less
desirable northern tributaries enters the Little Colorado during intense summer
storms and, thus, predominates in the stream at the height of the irrigation season.



.

102 Dam That River!

These waters almost always contain excessive amouits of sodivm salts and other
sediment, with a large portion being particularly fine-textured silt derived from
shale (Bureau of Reclamation 1950:9),

Table 4.9

Suspended Sediment Concentration
in the Little Colorado River
at Cameron, Arfzona
1969

Suspended Solids

Concentration
Date of Sample (mg/)’
January 30 27,800
March 27 19,700
July 22 99,500
August 20 56,800
X 51,000

SOURCE: Dames and Moore (1973 {Section 4]:151).
*Milligrams per liter.

The sediment load carried in the Little Colorado River near Holbrook and
Joseph City is always high, prompting its description as "red, turbid and
unaesthetic" (Dames and Moore 1973 [section 4]:149), Dissolved solids normally
exceed 500 mg/1 during average discharge conditions. During perieds of high
evaporation, however, dissolved solids increase to values greater than 1,000 mg.{ 1
(ibid:149). Such water is only suitable for irrigating salt-tolerant crops in
well-drained soils.

Sitver Creek ] )
While not necessarily providing perennial abundance, Silver Creek, in marked

contrast to the Little Colorado River and other local streams, presents at leasll 3
picture of persistent moderation. It does not portray the regionally-dist.incmc
extremes of excess and privation. In addition, chemical analyses have consistenty
determined the waters in Silver Creek to be relatively pure and free from the
heavy concentration of salt and other solids which plague the Little Colorado and

its other tributaries.

e s e
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Table 4.10

Chemical Concentrations at Selected Sites
along the Lower Valley of the Little Colorado River

Total Solids Sodiam (Na)®

Concentration Coneentration
" Site Location (mg/) {(mg/h)
Holbrook 868 185
Penzance 1 507 98
Penzance 2 682 130
Havre 1 2,340 728
Havre 2 877 200
Winslow 1 3,060 984
Winsiow 2 2,340 719
Winslow 3 2,030 610
Winslow 4 2,080 636

SOURCE: Dames and Moore (1973[section 4}:148).
NOTE: Site locations are as follows:

Penzance | and 2 are two miles west of Holbrook.
Havre 1 and 2 are twelve miles west of Joseph City.
Winslow 1 and and 2 are four miles east of Winslow.
Winslow 3 is two miles cast of Winslow.

Winslow 4 is five milcs north of Winslow.

“Figurcs for sodium concentration also include Potassium (K).
However, it chemical analysis of Litile Colorado River water near
Woodralf shows the concentration of potassivm (o be quite small,
3.48 mg/l on the average.

Originating from a spring located about 10 miles southeast of Snowflake
and Taylor, Silver Creek comprises the only fully-perennial stream in the Little
Colorado River Basin. Silver Creek Spring, which actually discharges water from
several neighboring locations, is the largest spring in the entire region, with a rate
of flow estimated at 11 second-feet (cubic feet per second; Hamrell and Eckel
1939:67) and ranging between 8§ and 13 second-feet (Bureau of Reclamation
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1947:13). The average annual discharge in Silver Creek downstream from
Snowflake for the 21 year period between October, 1950 and September, 1971
was 11,600 acre-feet (Salt River Project 1974 {section 3]:283).

More significant than its annual discharge is the stability displayed by
Sitver Creek Spring. Harrell and Eckel (1939:30) reported an inability to locase
even one account of failure in the flow of water from this spring, "even in the
most severe drought. A Bureau of Reclamation (1947:50) study of the Snowflake
area corroborates the finding of Harrell and Eckel, stating that "local information
covering a period of nearly 50 years indicates that there is little variation in the
flow" of Silver Creek Spring. This same report (ibid.:87) alludes io a swom
statement dated August 25, 1904 (at the end of a six-year drought in the basin)
that the flow of water in Silver Creek was 13.5 second-feet, and concludes that

although fower flows of Silver Creek have been recorded in recent years,
it is evident that the springs feeding it provide a base flow relatively

unchanged by drought,

One important consequence of the stability of Silver Creek Spring from the
perspective of establishing viable agricultural communities has been the reliability
of available water in the stream that it produces. While Silver Creek, like all other
streams, is responsive to variations in snowmelt and precipitation, an ostensible
lower limit of water availability exists in its channel, making Silver Creck a
substantially more dependable source of surface water than any other stream in the
Little Colorado River Basin (see Table 4.11). The degree of variation displayed
by the flow of Silver Creek into Daggs Reservoir differs sharply from that of the
Littte Colorado River either at St. Johns or in the Lower valley, in both its
monthly and annual discharge figures. While the relative stability of annual
discharge in Silver Creek has provided sufficient predictability upon which to base
agricultural activities from one year to the next, the stability associated with I8
monthly discharge has resulted in a reliable flow of water during the critical dry
months of April, May and June. No report exists which indicates that Daggs
Reservoir has ever been completely dry due to insufficient flow in Silver Creek.

Downstream, near Woodraff, the picture of Silver Creek changes. Because
much of Silver Creek’s water is expropriated by Snowflake, Taylor and
Shumway,® and because its drainage area increases markedly at lower elevations,
annual and monthly differences in discharge become more pronounced, approach
ing the fluctuations characteristic of the Litile Colorado River (see Tables 4.12.
4.13 and 4.14). While annual discharge in Silver Creek for the years 1942-1944
averaged 13,000 acre-feet at Daggs Reservoir, runoff near Woodruff averaged onls
about 8,100 acre-feet. On the other hand, the annual discharge in Silver Creek
near Woodruff in 1941 was over 35,000 acre-feet, and in 1932 the discharge
exceeded 59,000 acre-feet. Such increased intensity of water flow, rarely

experienced near the head-waters of Silver Creek, places considerable stress upon
the physical structures underlying irrigated agriculture and adds significantly to the

cost of maintaining agricultural systems.
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o - . Table 4.13
flegeg ! ’§§§§§§§§-§§§§J
T . - - Annuat Discharge at Selected Locations
i in the Little Colorado River Basin
g 2 1 i g 1 =33 Y 1930 - 1944
.§§ §E‘ §§:§§§ ga "'%} (in acre-feet)
k1
§§§E§I’§E§§§§EE%§§§I2 Little Little
= R Colorado River Colorado River Silver Creek Silver Creek
Year at 8t. Johns at Woodruff at Woodsuff at Snowflake*
(=3 =3 E [ - L~ - B T - a fon
ARERE §F23535 " B¥REE 1930 5280 42,700 21,700 7,700
: 1931 3,120 64,200 19,600 9,300
Alegag i 18g~°s882aa° g
- FEER 8§ T " & 1932 15,600 117,000 59,500 16,200
-
g Slspgsiisgo cgzas-°g- 1933 5,050 51,600 23,900 7,400
g 1934 8,000
5 Blgseviiggsssgnags g 1935 - 9,600
§ - - - 1936 4,350 42,7110 15,940 8,700
o
< £33 2HRE8' 28882 R888:§Y 1937 3,540 46,100 23,040 19.600
oa.g o i B BEIREFERAaERTE
2 - o ®
i "S"SS 1938 4,110 15,110 7,5§0 8.800
- 1939 2,460 10,370 5,680 7,900
E g%ﬁ%ﬁ"gﬁ«fﬁ%%ﬁﬁ%éiﬂﬁ
3 g o - - 1940 9,750 46,100 23,040 10,100
g g 1941 50,010 115,400 35,270 19,900
g HER S SRR EEEEERE-RIN: N 1942 2,790 14,560 5,790 11,300
“ B 1943 2,080 20,250 5,050 10,500
§a§§EEEEE§?§§§§§§§$” 1944 1460 14,850 9,590 11300
X 8,430 46,230 19,360 11,080
z =
TR = n oo 2 oy o E ' SOURCE: Bureau of Reclamation (1947:58)%; Colorado River Commission of Arizona
g 28 § 3 GIEFEIAAZREY £ ! {1940]section 4]:1).
E ! NOTE: Figures are rounded to nearest tenihs,
= 3 ‘Figures for Snowflake comprise runoff into Daggs Reservoir, and those from 1930 10 1942 are
§ § § g2t §. g8 o § = § 5 g8 § % e :.Eé i ;s;i:;l'a;;ss.of actual renoff at this location. Al figures for Snowf{lake are rounded fo nearest
- - - 28 ;
T
§ ég Besides providing a reliable quantity of water; Silver Creek differs
Hlesensssnnsgssorey af - > > b ST -
flessaadndsgs g § g3 g ' ELEE significantly from the Little Colorade and its other tributaries by furnishing
Flerasnanaazagazsas 8¢ exceltent quality water most of the time as well. Except for the periods of peak

flow associated with heavy rains, the concentration of suspended solids is
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generally below 25 parts per million, and even during periods of heavy flow this
figure is normally exceeded only in the lower stream near Woodruff (see Table
4.15). A Bureau of Reclamation (1947:66-67) analysis of the chemical quality of
Sitver Creek water concluded:

Resuits of analyses of Silver Creek waters, sampled near Woodruff.
indicate the quality to be suitable for irrigation use. Complete discharge
data for the stream at the point sampled were not available, so weighted
averages of the concentration of waters could not be determined. The
highest concentration of waters sampled, however, was but 440 parnts per
million, and the percent sodium exceeded 3% in only one instance.
indicating the water to be of good quality. Water stored in Daggs
Reservoir and that in Silver Creek above the reservoir is of excellem
quality. The water in the reservoir at the close of the 1942 irrigation
season had a concentration of 160 parts per million and a sodium
percentage of 12, while that in Silver Creek above the reservoir has an
average concentration of 119 paris per million and an average sodium
percentage of 25.%

As the report itself points out (ibid.), the best proof of the superior quality
of Silver Creek lies in the fact that, (in contrast to Joseph City), continued
jrrigation with Silver Creek water for nearly 70 years had produced no noticeable
soil deterioration in the Snowflake-Taylor area. Thus, in both the quantity and the
quality of its water, Silver Creek offers an abundant and reliable resource base
upon which to establish an agricultural community.

HUMAN IMPACT ON THE LITTLE COLORADO RIVER BASIN

It would be incorrect to assume that current environmental conditions in the Lintle
Colorado River Basin represent those encountered by the early pioneers setthing
this region. Due to the fragility of this largely arid environment, important changes
have resulted from the impact of human resource exploitation. Two major impacis
will be discussed--overgrazing and irrigation--in order to more fully appreciate the
condition of the natural environment prior to Mormon immigration. The discussien
that follows bears directly on the issue of differential community development
during the settlement period.

Qvergrazing

Several years ago, Colton (1937) published an account which clearly illustrated
the devastating impact of overgrazing on one location within the Little Colorade
River Basin.”’ While excavating a house which he believed to be a prehistoric i
house--the floor of the house was 30 inches below the existing level of the niver
baitk--Colton discovered that, in fact, the house had been built in either 1878 o1
1879. Through subsequent interviews, he further discovered that the house in

o ek g R S 1

R

The Little Colorado River Basin 109

question was still in perfect condition as late at 1884, At that time, the flat lands
on either side of the river supported a fine stand of both old and young
cottonwoeds, while gama grass covered most of the surrounding hills. The house
then stood about 100 feet from the river, and beaver were known to inhabit the
stream, living off the cottonwood trees. However, in 1884 several thousand head
of sheep were imported into the valley. These sheep were apparently maintained
without noticeable range deterioration until the drought of the early 1890°s. At this
time, Navajos reportedly entered the area to cut down the cottonwoods and feed
them to their starving herds. When the rains resumed in the mid-1890s with no
grass to hold the water, disastrous floods ensued. Because the riverbed was narmow
at this location and could not carry much flood water, the river overflowed its
banks and deposited 30 inches of silt by 1935. When Colton returned to the
excavation site in 1937, the river had widened another 14 feet and only the back
wall of the house was still standing.

Table 4.14

Variation in Monthly Discharge in Silver Creek

1942 - 1544
Daggs Reservoir Woodruff
Months included 36 36
Mean monthly discharge 919.1 623.6
Standard Deviation 633.661 915.028
Coefficient of Variation 689 1.461

SOURCES: Tables 4.11 and 4.12.

Widespread grassland deterioration has gccurred throughout the region as
1 result of the persistent overstocking of ranges.” Cattle and sheep numbers on
ranges in the basin were quite high between 1885 and 1925, Apache County
2ssessment ralls registered an average of 35,119 liead of cattle and 117,762 head
of sheep for the years 1916 through 1925, compared to 19,630 cattle and 3,882
sheep for the years 1958 through 1967 (see Table 4,16)7

Recovering from the Depression of 1873, the cattle industry throughout
Arizona expanded rapidly. "Ranges that for permanent and regular use would have
heen overstocked with one cow to every 100 acres were overloaded until they
carried one cow to every 10 acres” (Spencer 1966:21). Range deterioration within
the Little Colorado River Basin began in the 1880's when the Aztec Land and
Caule Company purchased over | million acres and imported more than 60,000
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Table 4.15

ilver Creek at Woodruff and at Daggs Reservoir

Water Quality in S

(in parts per million)
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head of cattle onto this range (see Chapter 7). While the extended drought of the
early 1890°s forced the Aztec Company into pankruptey, the overstocking of
ranges had already radically altered existing range conditions.™

Overstocking of ranges is still a problem in the region. Due to the
unpredictable nature of precipitation throughout the region, ranchers experience
great difficulty in adjusting cattle numbers to changing moisture conditions. They,
therefore, stock their ranges for conditions intenimediate between high and low
extremes {Salt River Project 1974 [section 3]:42). Given the extensive overstock-
ing that occurred previously, this prevailing management strategy (see also
Underwood 19703 has preserved the deteriorated condition of the range.
Consequently,

the once almost pure stands of winter fat on the heavy alkaline-free soils
have been virtually eliminated and replaced by snakeweed and rabbitbush.
The broad expanse of grass that once covered most of Navajo and Apache
Counties has deteriorated under heavy grazing pressure and become
overTun with snakeweed and pinque. (Salt River Project 1974 section 3:76)

Several indicators signify the existence of overstocked ranges. One is the
relative predominance of non-palatable perennial grasses. As already indicated, the
herbaceous class of vegetation accounts for only a small fraction of either the
grassland or woodland communities. Palatable shrub species are similarly scarce,
and the frequency of unpalatable grasses such as ring muhly is high. Galleta, the
most commonly occurring grass, is practically useless for grazing when dry
--indeed, it can be lethal if consumed by livestock in sufficient quantities while
in a dry state (see Schmutz 1968).

Another indication of overgrazing is the expansion of juniper trees into the
grassland community. The grazing habits of livestock provide the conditions which
facilitate juniper expansion (see Nichol 1937:191). Juniper seeds germinate only
after they have passed through the alimentary tract of an animal. Livestock, thus,
facilitate the dissemination of juniper seeds at the same time that they remove the
competing grasses which inhibit juniper expansion. Controlling juniper expansion
has been a major concern of ranchers in recent years. As one drives though that
portion of the region in which juniper predominate (imost notably near Snowflake),
extensive stands of juniper may be scen uprooted as a result of widespread
bulldozing--"chaining” as it is called--in an effort to control their spread and to
increase the number of palatable grasses available for cattle.”

Extensive range deterioration has significantly reduced range productivity.
Rangeland in the Joseph City area is producing 225 pounds of forage per acre pet
vear, which is only 45% of the 500 pounds of forage per acre per year estimated
as the potential for this location (Dames and Moore 1973 [section 4]:223).
Consequently, only between 6 and 7 animal units can be supported per section in
the Joseph City area (ibid.:235). Estimates of the number of animal units
supportable on a section of rangeland in the Snowflake and St. Johns areas are 3.5
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and 9.9 respectively (Salt River Project 1974 section 3:85, 105). These figures
represent, according to local authorities, perhaps one-third to one-half of the
number of animal units supportable prior to the 1880°s.”® A 40% reduction in
current grazing level has been suggested as the requirement necessary fo reslore
the ranges to their productive potential (Dames and Moore 1673 [section 4]:225)

Table 4.16

Namber of Cattle and Sheep Registered
in Apache County
1916-1925 and 1958-1967

Year Cattle Sheep Year Cattle Sheep
1916 25,093 107,197 1938 22,472 5,202
1917 30,701 143,961 1959 20,939 5,129
1918 37,7178 144,177 1960 21,291 4,716
1919 33,550 145,846 1961 20,241 5,121
1920 38,362 132,494 1962 19,731 5,733
1921 35,351 113,108 1963 19,083 2,530
16922 38,413 120,432 1964 18,489 2,769
1923 41,386 114,772 1965 16,683 2,425
1924 38,440 80,603 1966 18,488 2,447
1925 32,114 75,031 1967 18,881 2741

X 35,119 117,762 X 19,630 3,882

SOURCE: Apache County (n.d.).

Besides reducing livestock productivity, over-grazing has had a deleterious
impact on surface water quality in the basin and ultimately on the production of
those crops which depend on surface water for imigation. The reduction of
biomass caused by excessive grazing pressure (particularly the high proportion of
bare surface produced by overgrazing) has enhanced soil erosion and added
considerably to the silt-bearing guality of the Little Colorado and other streams
in the basin. One U.S. Department of the Interior report (1946:152) suggests that
in one year the Litile Colorado River transports "the equivalent of nine inches of

2nsoil from an entire township." Overgrazing within the region, as well as tha
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which has occurred on the Navajo Reservation to the north, has contributed
substantially to the deterioration of the Littie Colorado River at lower elevations
and of farming operations which employ this water source (see Abruzzi 1985).

Irrigation

Although continuous irrigation has not caused any appreciable soil deterioration
among settiements at higher elevations, the same cannot be said for towns situated
in the lower valley. Joseph City has suffered the greatest dependence on the
poorest quality soils and surface water of any Mormen settiement in the region.
Marked differences in soil and surface-water quality existed prior to the advent of
farming and ranching within the basin. However, these differences increased as
the water available to farmers in the lower valley deteriorated following Mommon
settlement of the region in the 1870’s, Other settlements were established upstream
which eventually acquired prior use of waters flowing in both the Little Colorado
River and Silver Creek. Thirty direct irrigation rights exist on the upper Little
Colorado River which have been amalgamated into two irrigation companies: The
Round Valley Water User’s Association and the St. Johns Irrigation Company.
Many separate irrigation rights have also been incorporated into irrigation
companies serving the towns of Snowflake, Taylor, Shumway, Showlow and
Woodruff along Silver Creek. In addition, several small, private water rights exist
on other tributaries to the Litde Colorado. By 1930, when all existing storage
reservoirs in the Little Colorado River Basin had already been completed, 37
reservoirs impounding 72,795 acre-feet of water had been constructed (Bureau of
Census 1930).

As a result of the prior appropriation of water, settlers at St. Joseph had
to cope with a greater proportion of their irrigation water originating in the Rio
Puerco and other northern tributaries to the Little Colorado. Because this water has
particularly high concentrations of salts and other dissolved solids, its continued
use in irrigation has significantly reduced the productivity of seils in the vicinity
of this town. Through capillary action, continued irrigation has also increased the
surface accumulation of salts already present in these alkatine soils. It is not an
uncommon sight to see fields in the Joseph City area blanketed with a white layer
of fine silt particles which have coated the surface of the soil and baked dry in the
hot summer sun. Due to its exceptionally fine texture, this silt produces a clay-like
taver as it dries which is highly impervious to water. The result, in addition to salt
stress on crops, has been both poor drainage and inadequate soil aeration, which
further inhibit agricultural productivity.

CONCLUSION

During their colonization of the Little Colorado River Basin, early Mormon
pioneers occupied several distinct and widely separated local habitats. Due to the
marked variability associated with key features of the natural environment in this
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basin, each habitat presented a unique set of material conditions to which specific
local populations had to adapt. The precise combination of subsidies and drains
present within each habitat ultimately determined the return upon labor invested
there and, thus, the success of local agricultural activities undertaken. Exploiting
whatever subsidies were available, the early settlers frequently had to bear the
costs of heavy drains upon their meager resources due to a frequently demanding
and highly variable natural environment. While certain constraints proved
surmountable, others remained beyond the control or the adaptive capacity of these
small populations with their limited resources. Already containing important

differences with respect to those conditions influencing agricultural productivity,

local habitats diverged further in their agricultural potential throughout the
settlement period. The key to understanding the differential development displayed
by these early settlements, thus, Hes in comprehending the configuration of
environmental diversity within the basin--indigenous and derived--and the distinct
adaptive demands which this placed on the maintenance of specific local
populations. Significantly, similar developmental patterns emerged within broad
sub-regions of the basin.

Because climatic conditions remained beyond human control, these
conditions uhtimately circumscribed agricultural productivity in the region. The
existence of an arid climate throughout most of the basin absolutely prectuded the
viability of substantizl farming operations existing outside of a few river valleys,
and the numerous, abandened settlements dotting the basin testify to the costs
incurred by individuals flaunting this imperative.* Similarly, the inverse relation
between altitude and length of the growing season and the greater variability of
the length of the growing season at higher elevations combined to severely
constrain agricultural productivity among settlements located in the southem
highlands. Alpine, and to lesser extent Showlow,” consistently displayed among
the smallest and most variable population size and annual productivity (as
reflected in tithing collected) of any Mormon settlement in the basin during the
nineteenth century.”®

Although aridity and an inadequate growing season decisively restricted the
number of suitable locations for establishing viable agricultural settlements in the
basin, other considerations, somewhat less categorical in their impact, determined
the viability of farming settlements at remaining locations. For those settlements
beyond the pale of immediate climatic constraints, the availability of suitable
surface water for irrigation was the most pressing limiting factor goveming
agricultural productivity. For most settlements in the basin, extreme variation in
surface-water flow posed the dual problem of exceeding both the minimum and
maximum tolerance limits endurable by early Mormon agricultural systems. While
an insufficient supply of silt-free water precluded healthy plant growth. an
excessive flow frequently placed an unbearable stress on the frail irrigation
structures erected by the early pioneers, precipitating their collapse. For seversl
reasons, however, the drains imposed by fluctuations in surface water flow
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weighed most heavily on settlements in the lower valley of the Little Colorado
River,

Unlike towns at higher elevations to the south which were able to construct
storage reservoirs and, thus, offset seasonal shortages in surface water availability,
51. Joseph, Woodruff and the other early settlements in the lower valley were
relegated to the use of diversion dams, Consequently, despite a heavy investment
in jmigation systems, the lower valley settlements remained subject to the
pervasive instability imposed by the highly variable and frequently insufficient
flow of water in the Little Colorado River.

" The physical stresses imposed by heavy stream flow were also most clearly
experienced by the lower valley irrigation systems. Because the drainage area near
St. Joseph and Woodruff is considerably larger than that near any other settlement
in the basin, the absclute magnitude of water impacting the dams of these two
towns during periods of heavy stream flow was considerably greater than that
sustained by similar structures elsewhere in the region. At the same time, the deep,
alluvial composition of the lower Little Colorado River bed aggravated the
difficulties attending dam construction and increased the vuinerability of these
dams.”

The problems of excess and privation which characterized the flow of
water past St. Joseph and Woodruff were soon exacerbated by flooding upstream
on both the Little Colorado River and Silver Creek. The prior appropriation of
streamflow by these later settlements amplified the shortage of suitable irrigation
water available to the lower valley settlements during periods of low flow.®
Conversely, during periods of particularly heavy flow, dam failures upstream
increased the destructive force of an already swollen river, frequently destroying
imigation systems and inundating fields throughout the lower valley.”® Drought and
flood conditions frequently added to the stress imposed on crops and soils in the
lower valley--for the reasons already stated, but also due to the higher silt burden
which both situations provided.

The lower valley settlements also suffered from lower quality soils than
those found elsewhere in the basin. Lower in quality initially, the suitability of
these soils for agricultural purposes declined further as a result of continued
irrigation with water reduced in purity by overgrazing and by the prior appropria-
tion of clear water upstream.

Although settlers occapying the river valleys at intermediate elevations
experienced constraints upon their productivity as well, the restrictions which they
encountered were not nearly as extreme as those imposed upon populations
located at either higher or lower elevations in the basin. Possessing a sufficient
and reliable growing season, each of the remaining settlements--Snowflake,
Tavlor, St. Johns and Eagar--benefitted from a dependable, and silt-free stream
flow, suitable locations for storage reservoirs, a relatively mild seasonal climatic
shift and about 4 inches of precipitation more than that available in the lower
valley. At the same time, all of these settlements are located in broad valleys
containing relatively fertile soils. Significantly, these are the same four towns
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described in Chapter 2 as ranking highest regarding the size and stability of their
populations and agricultural productivities, and in the complexity of their
community organization.

As already indicated, a principal factor contributing to differences in
productivity and population size among the agricultural settlements in this and
river basin during the nineteenth century was the fluctuation that occurred in the
availability of water for irvigation purposes. Integrally related to this variation in
water supply--both as cause and effect--were the systemically important dam
failures, which in some settlements occurred with frustrating regularity. Irrigation
systems comprised the principal infrastructural investment sustaining agricultural
productivity in the basin. Consequently, a dam failure imposed a severe drain on
a settlement’s resources and jeopardized its very survival. For this reason, the
following chapter will examine the history of dam constructions and failures in
greater detail.

NOTES

1. The term, Four Corners, refers to that general region surrounding the intersection of the
boundaries of Arizona, New Mexico, Utah and Colorado.

2. The region under consideration aciually comprises only the southem portion of the
Liule Colorado River Basin, The norhern part of the basin consists principally of
badiands located within the Navajo reservation. This latter region wilt be considercd onty
as it impinges on populations inhabiting the Liule Colorado River Valley along the
northern periphery of the study area. For convenience sake, however, the temn Litle
Colorado River Basin will be used to denote the region investigated.

3. The following discussion of the meteorological conditions underlying precipitation i
the Litile Colorado River Basin derives from Jurwitz (1954), The purpose for presenting
this discussion is to underscore the unpredictability of precipitation and, therefore, the
potential for instability that precipitation poses for agricultural communities in this basin.
4. So arid is the environment in the basin during late spring and early summer that as the
initial storms enter the region, much of the precipitation is reabsorbed back into the clouds
through evaporation prior to its reaching the ground. Also, many of the summer storms,
particularly those that occur early in the scason, represent Iocatized cloud systcms_\xhich
miay be viewed depositing enommous amounts of water along specific paths while locations
immediately outside a cloud’s linc of travel remain completely untouched.

5. One hundred and twenty days represents the average growing scason needed to suppon
most Crops.

6. Only fragmentary data exist on the length of the growing scason al Showlow, nit
enough to warrant inclusion in Table 4.3. The information which docs exist suggests that
the growing scason at Showlow is considerably less than that at Snowflake and possibiy
fess than 120 days on the average,

7. Sec the section below on overgrazing for a discussion of permissible animat densitics
8. Figures on the proportion of pifion pine at different locations in the Juniper-piten
woodland community are not available, but variations in their relative abundance are
visibly noticeable, Because the region under investigation forms an undulating plain, rising
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with an increasing gradient, changes in vegetation cover occur over shorter distances as
one proceeds southward through the area. Furthcrmore, since vegetation within an arid
climate is particularly responsive to miner shifts in precipitation, which in this area is a
function of altitude, visible differences occur in plant density within localized segments
of the juniper-pifion community. Even slight variations in elevation associated with the
undulating character of the topography produce noticeable, localized differences in plant
density between contiguous higher and lower sections of the rolling landscape. The 200%
increase in plant density which occurs between St. Johns and Snowflake is associated with
less than a 1 1/2 inch increase in mean annual precipitation,

9. National forests were cstablished early in this century and eventually included a
significant portion of the montane forest community. The Forest Service cusrently controls
about 962,000 acres within the basin, most of which is located above 6,000 elevation.
The Forest Service alone controls about 20% of all the land within the region, while total
government administration regulates nearly 50% of the land in the basin (sce Little
Celorado River Plateau Resource Conservation and Development Project 1971:12),

8. The remaining land area consists fargely of isolated riparian communitics, such as
those within the narrow river valley associated with Silver Creek. Such communities
display little areal extent in relation 1o that of the tofal region.

11. The formation of the Holbrook Amticline (northwest of Snowflake) resulied in
exensive faulting throughout the basin, Although several towns in the region, including
St Johns (sce Salt River Project 1974 (section 3):291), have encountered problems of
water storage in reservoirs due to faulting, the greatest difficulty has been experienced by
Snowflake and Taylor which are located closest to the anticline formation (see Chapter
5, footniote 34).

12. Although of primary developmental importance to the communities in this basin
during more recent years, groundwater played a relatively insignificant role in the
hptation of caly populations. While shallow wells were dug for domestic purposes,
sutensive use of sub-surface water for irmigation did not begin until the 1920's (t Joseph
City: sce the Snowflake Herald:3/21/1924) and did not become widespread until after
World War 1. The most intensive exploitation of groundwater sources has faken place
since 1960 with the introduction of large industsial enterprises inlo the basin. For this
raason, a discussion of the variations in quantity and quality of sub-surface water will not
W included here. See Abmuzzi (1985) for a discussion of the relationship between
community development and the exploitation of groundwater resources.

13 Greenwood (1960:4) refers to estimates which claim that over 98% of all precipitation
= the Little Colorado River Basin is "used by plants, evaporaied, or lost to underground
13hles”.

14, While a sufficient supply of water generally exists in the Litle Colorado River near
frseph City prior to and at the very heginning of the irrigation season, one Bureay of
Raclamation study reported that from April to June, stream flow in this area is "usually
sadequate to meet iigation requirements, with no flow at afl in June during 6 of the 8
szams of the period studied” (Bureau of Reclamation 195(17).

15, It was precisely those {reshets associated with the advent of summer storms which
arzaked so nruch hiavoc on the dams built by carly pioncers in the lower valley of the
Linte Colorudo River (see Chapter 5).

14 The intensity of variation in waler flow increases s one proceeds downstream in the
Linle Colorado River, since the size of the drainage arca increases with greater distance
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from the river’s point of origin on Mount Baldy. While the Little Colorado drains orh
747 square miles near St. Johns, the drainage area in the vicinity of Holbrook and Joscph
City increases dramatically to 17,600 square miles,

17. This capacity of the Little Colorado and other streams in the basin to rapidly
transform themselves is illustrated by the predicament of the seitlers throughout the lower
valley during 1876 and at Woodruff during 1878 (see Chapter 2). In these two instances.
crops were lost o both drought and flooding during the same agricultural season. Such
occurrences, which were not uncommon, underscore the intensity and unpredictability of
environmertal varation within the basin.

18. See Chapler 3, footnote 28.

19. Because the different gauging stations are part of the same river basin, the patiem of
variation in water flow is correlated from one station to the next. Thus, the discussion
presented here, illustrating annual variations in water flow for distinct locations during
different time periods, underscores the pervasiveness of surface water variability
throughout the region.

20. The Sait River Project (1974 [section 3}:290) indicates that the average discharge of
the Litle Colorado River above Lyman Dam over a 32-year period was 14,420 acre-feet.
21, The river channel at this point is less than 530’ wide and less than 5° deep (Akers
1964:8).

22. Cameron is actually located over 70 miles downstream from the study area and much
further to the north. At this Iocation, the Litide Colorado River receives most of its water
from the heavily sedimented tributaries originating in the badlands north of the study area.
The figures for Cameron, therefore, are not representative of the region between St, Johns
and Joseph City; mther, they are presented to illustrate the extent of sediment concentra-
tion typical of tributaries such as the Rio Puerco, which enter the Little Colorado from
the north,

23. One figure quoted for the annuat silt discharge in the Little Colorado River is 27.5(0
acre-feet (Porter nd.b.:8). Early pioneers complained often of the poor quality of waer
obtained from the Little Colorado, both for domestic use and for irrigation purposes. One
story relating to the original pioneers in 1876 and retold frequently is particularhy
revealing.

A T-gallon kettle was filled when they camped for the night with water from this
stream and sct by for use the next moming after it had “seitled” —-there was about
an inch at the top of the keitle of fairly “clear” water; but soluble matter in the
waler was still so much in solution that the water was of poor quality. (Poner.
n.d.b.:7-8)

24, Leone (1979:92-93) discusses the problem of silt aceurnulation in reserveirs along the
Little Colorado and argues that dam washouts in the 19th century were essentiad
successful farming in this region. He Maintains that once permanent dams were
constructed in the 1920°s, they accumulated silt and became useless--even dangerous. Dus
to silt accumaulation and the consequent raising of the river bed for milkes behind a dam,
water was more likely to spill over the dam and flood surrounding fields, Holbrook, which
is located 10 miles above the Joseph City dam at Penzance, is continuously threatensd
with flooding as a result of silt aggradation behind that dam.,
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15, Shumway is a small town of approximately 100 persons located a few miles south of
Taylor. '

6. As measures of chemical concentration in water, paris per mitlion and milligrams per
liter may be considered equivalent below concentrations of 5,000 ppsm.

27. While the sitwation described by Colton occumed at a location several miles
downstream from the town of Winslow, and thus outside the study area, the forces which
contributed to the massive erosion that he discovered have been ubiquitous throughout the
Southwest, including that portion of the Little Colorade River Basin under consideration
here,

28, Range deterioration has been greatest in the grasstand and juniper-pifion woodland
communities,

19, If the figures for the years 1924 and 1925 are discounted, the average number of
sheep during the earlier period becomes 127,748 head. The sheep industry has completely
disappeared from the study area (see S. Peterson 1978).

30. Overgrazing, in conjunction with the drought of the 1890°s, had a devastating impact
on the grassland community and the towns depended on it. This impact is reflected in the
foltowing statement made by an early settler in the region.

When we came (0 Arizona in 1876, the hills and plains were covered with high
grass and the country was not cut up with ravines and gullies as it is now, This
has been brought about threugh overstocking the ranges. On the Litle Colorado
we could cut hay for miles and miles in every direction. The Aztec Cattie
Company brought tens of thousands of caitle into the country, claimed every other
section, overstocked the range and fed out all the grass. Then the water, not being
held back, followed the cattle trails and cut the country up. Later tens of
thousands of catile died because of drouth and Tack of feed and disease. The river
banks were covered with dead carcasses, (Quoted in McClintock 1921:191)

3L The "chaining” of junipers has been extended into areas where they are indigenous in
order o increase the productivity of this rangeland as well. i

2. Onc animal unit consists of a cow an its calf; a section comprises | square mile or
640 acres.

33. The extent of overgrazing by the Aztec Company is clear. Grazing 60,000 head of
catle on 2,000,000 acres, the Aztec Company maintained animal densities of nearly 20
animal units per section,

. Due 1o their present ability 10 exploit underground waler sources, several contempo-
rary farmers have been able to circumvent (his principat limitation and cstablish farming
cperations outside of traditionally inhabited river valleys.

38, Eagar is situated at a higher clevation than Showlow. However, due to the
northeastem slope of the basin, the climatic and physical conditions encountered by early
wiilers in Round Valley compared more closely to those expericnced by settlers in towns
at lower elevations than Showlow within the westem portion of the basin.

34, Alpine, the most highly-situated seitlement under consideration, registered the highest
proportion of non-heads of households declaring farming as their principal occupation in
the 1900 census. While only 13 heads of houscholds lsted farming as their primary
occupation al Alpine, 21 non-heads of houscholds did so. This ratio contrasted sharply
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with most other seillements, sucit as Snowflake and Taylor where the comparable figures
were 34 and 6, an 27 and 2 respectively. Even Showlow registered only 2 non-heads of

" households compared to 14 heads of households declaring farming as their principal

occupation in the same census. Nutrioso, a small farming seltiement approaching the
altitude of Alpine, dispiayed a ratio of 16 non-heads of households to 20 heads of
households reporting farming as thefr primary occupation. Of equal significance is the
young age of many of the non-household heads declaring farming as their principle
occupation at Alpine, Five were between 10 and 15 years of age. The comparable figure
for Nutrioso was 4. This marked disparity displayed by Alpine and Nutrioso regarding the
ratio of dependents 10 heads of households employed in farming suggests that forcible
demands were placed on fanning at this altitude, Very lkely, all available Tabor was
needed to complete the full complement of agricultural operations within the restricied
growing season provided. Given the variability associated with an already short growing
season at this elevation, poor harvests were likely a regular occumrence for farmers &
Alpine, Nutrioso, and other mountain settlements.

37. While the depth of this alluvium does not exceed 30 feet in most places (Babeock and
Snyder 1947:7), its thickness in at least one location near Joseph City has been measurod
at 180 feet (Dames and Moore, 1973 [section 4]:155).

38. See Chapter 5.

39, See Chapter 5, footnote 28,

Chapler 5

Dam Construciion

Of the several environmental conditions that imposed themselves on the early
agricultural communities in the Little Colorado River Basin, none exerted a more
profound impact on the productivity and stability of specific settlements than did
the variation displayed in the abundance and distribution of suitable water for
imigation purposes. Significant, recurring and frequently unpredictable fluctuations
in precipitation and stream flow made it imperative that each Mormon town
construct viable water control systems immediately upon settlement, and that such
structures be continually maintained--often at great individual and community
expense.

Irrigated agriculture needed to overcome serious limiting Factors before it
could provide a reliable productivity from which stable communities might evolve.
Because surface water flow is a function of the larger climatic regime, the
availability of water for irrigation has been markedly immegular, and annual,
seasonal and daily variations in water flow have combined to make the Little
Colorado and most of its tributaries unreliable sources upon which o base
agricultural systems. Since stream runoff figures for the basin are highly variable,
storage reservoirs must be employed to impound water during periods of high
runoff which can then be released during periods of low flow. By "smoothing out
fluctuations in input” (H. Odum, 1971:16), such storage structures enhanced the
sability and predictability of a principal environmental condition affectmg
agricultural productivity and community development in this variegated basin.'

The lower valley settlements were continually plagued by the problem of
4 variable water supply. As already indicated, geological l:rmaanons dictated that
only diversion dams could be constructed in this subregion.” Agriculure along the

upper Little Colorado River and near the headwaters of Silver Creek, on the other
hand, was very early based on the use of storage reservoirs due to the existence
of suitable geological conditions at these locations, Consequently, unlike St
Joseph, Woodruff and the other lower valley settlements, the more southerly towns
were better able to adapt to the seasanal shortage of streamflow during May, June
and July. They were, therefore, better poised to overcome a critical limiting ﬁcmr
constraining agricultural produc_tlvuy and conununity development in the region.’

The continued deposit of silt in the stream bed of the Little Colorado River
throughout the lower valley over many thousands of years also contributed to the
Jifficulties encountered by lower valley settlements in their quest for viable
srigation systems. Nineteenth century Mormon irrigation system in the lower
salley all suffered from the same problem: the lack of a finn foundation upon
which to found diversion dams. Commenting on the difficulties experienced in
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labor on this dam and its attending ditches demanded that nearly its entire adult
male population (about 50 men) work for nearly 2 1/2 months, during which time
1,208 man-days and 354 team-days labor were consumed. This dam was destroyed
with the very first freshet that came down the river.

During the subseguent winter and spring, settlers at St. Joseph constructed
a new dam two miles further upstream from the site of 1876 dam. They, therefore,
had to add two miles to the ditch system (in addition to repairing existing ditches).
Labor on the 1877 dam and ditch placed considerable stress on the settlers at St.
Joseph as the entire project had to be compieted by only 18 to 20 men (Porter
n.d.a.;355). Despite their strenuous efforts the settlers produced only a modest
harvest. When freshets finally arrived late in the season, they cut a new channel
in the river around the dam, "rendering it wholly useless” (Tanner and Richards
1977:42).

The 1878 agricultural season was characterized by especially high floods,
capped by an excessively wet harvest (Porter n.d.a:358), and the flood of August
22 that year remains among the highest on record. Most settlements along the
Little Colorado lost their dams that year, and St. Joseph was no exception. The
settlers there struggled determinedly to save the dam which they had built the
previous year, but to no avail. As Nuttal (1878b) reported during his stay at St.
Joseph,

Their dam cost about $3,000 in Iabor, is 300 feet long, 40 feet wide, 4 feet
high; also a levee at ends of dam 400 feet.long, 8 feet wide and from 3 to
5 feet high. During the late floods the river changed its course, so that the
dam and levees are now worthless; the water ditch from the dam is some
9 mites long and much damaged by the late rains.

Eight hundred additional man-days of labor, not counting the use of team
labor, were consumed by the settlers at St. Joseph while attempting to save their
dam {see Little Colorado Stake:9/31/1878). Yet, by the close of the 1878 season,
“"both dam and ditch were in worse condition than when work commenced on
them the preceding February” (Porter n.d.b.:5).

In 1879, work proceeded on a new dam which was located an additional
mile up the river. The ditch extending from this dam was very expensive. Not
only was it a mile longer, but it also required several deep cuts through
protrusions in the Jandscape. This dam lasted for two years. The cost of dam and
ditch maintenance for 1880 was recorded at only $300 (Porter n.d.a.:360), was
considerabty less than the amount expended during any previous year.

The next dam, constructed in 1881, was located back downstream at the
site of the original 1876 dam. While no clear reasons are given for investing in
a new dam at the original location, the costs of the longer ditch (both in terms of
the labor expended on maintenance as well as the water lost through shrinkage
and evaporation) may have proved excessive. In any case, the 1881 "high-dry”
dam was a radical depariure from previous structures,
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The idea was to build a large enough earth dam across the river channel
to force the stream over its banks and form a new channel on a rocky area.
The earthen dam would have to be high enough to turn aside the largest
flood, and would need to be protected on the exposed end where the water
would pass so it would not erode away. To protect the face of the exposed
earthen dam a crib was built of logs bolted together and filled with rock.
If the settlers were successful in turning the stream on to the solid rock,
it would not be too difficult to control it, since there would be a solid
base. All the settlers believed that their failures in the past were due 1o the
sandy bottom of the river. (Tanner and Richards 1977:43-44)

By March 16th, work had progressed far enough to begin closing the last
gap in the dam which had been left open to permit water to pass through during
construction. By three that afternoon this last gap was closed and the dam
completed. On March 20th, just four days later, a freshet of muddy water
originating from northern tributaries swept down the Litile Colorado and carried
the dam away (Tanner and Richards 1977:44). The estimated cost of this
destroyed dam was $6,000 in man and team labor (Porter n.d.c.:83).” A second
dam was apparently constructed that same year, because on November 26, 1881
3t. Joseph was reported to have lost another dam (ibid.).

After the devastating loss of such an expensive dam, the settlers at St
Joseph tried to minimize their investment the following year. The 1882 dam was
constructed further downstream than any of its predecessors and was viewed as
a temporary structure which would wash away with the duration of the summer
rains. While the dam’s downriver location allowed for a shorter irrigation diich,
a completely new canal had to be constructed from this previously unused site
which ultimately consumed more labor than the dam itself. Labor on the new dam
and ditch was supplemented by workers from as far away as Snowflake and St.
Johns. Although many came as volunteers® a total of $1,000 was paid in
compensation (Tanner and Richards 1977:45).

While the 1882 dam was of simple construction compared to its predeces-
sors, the ditch was another matter. Because the downstream location of the new
dam required that the attending ditch cross several washes before reaching the
fields, troublesome wooden flumes had to be incorporated into the ditch’s
construction. The 1882 ditch ruptured on several occasions and demanded
considerable repair. One early pioneer noted that "the 4th of July passed without
any celebration because of so much work” (quoted in Porter n.d.b..6). Despite
their indefatigable efforts, the settlers at St. Joseph could only boast 2 "below
average" harvest (Tanner and Richards 1977:45). At this time the local bishop
estimated that the town had expended a cumulative total of between $30,000 and
$35,000 in labor on dams without amriving any closer to a solution (Porter
n.d.c.:84; see also Tanner and Richards 1977:45).

No record exists of any expensive irigation construction during 1883,
perhaps because this was not a particularly wet year (see Porter n.d.c.:86).
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However, during March of 1884, heavy floods inflicted extensive damage,
including the complete destruction of the 1882 dam. Construction of a new dam
was begun almost irmmediately, Fearing a total crop failure due to the late
beginning of dam construction, some planting was also done in the mountains
above Heber, a settlement founded by colonists from St. Joseph the previous year
{Porter n.d.b.:6). )

The 1884 dam represented another novel approach to dam construction on
the part of settlers at St. Joseph. With the help of the Adantic and Pacific
Railroad, 22 pilings between 16 and 20 feet in length were driven in two rows
across the riverbed at the location of the original 1876 dam, and a structure
composed of timber, brush and rock was erected against these piles (see Porter
m.d.b.:6). Dam construction began on April 8th and water was tumed into the
ditches on May 18th, making this one of the most rapidly completed levees on the
Little Colorado (see Tanner and Richards 1977:46). While the pilings themselves
withstood the ravages of the river, the materials adjoining this foundation were
chronically torn loose by heavy flooding, and major repairs were required each
spring. Rejuvenated by annual repairs, the 1884 dam served the settlement until
it was entirely swept away by the heavy flooding which occurred during the fall
of 1887. Survival for four complete agricultural seasons made the 1884 dam the
most successful St. Joseph dam to date.

Litde information exists on the dams used during 1888, 1889, and 1890,
indicating that they were not very substantial structures. Porter (n.d.c.:89) claims
that while they were superior to sand dams, they were constructed with an
expectation of surviving only one season, Located at the site of the 1882-1883
structure, these dams shared the problem of troublesome flumes and ditches which
plagued the settlers previously (Tanner and Richards 1977:46). At the same time,
"major sections of the dam, if not the entire structure, were taken away with
disheartening regularity” (ibid.). Consequently, while not requiring the major
initial expenditure asseciated with certain previous dams, the dams of 1888
through 1890 are not likely to have represented insignificant investments either.”

The next major dam construction was undertaken in 1891, It took three
years to complete, and represented the most significant incorporation of total
community effort since the days of the early United Order colonization. This dam
marked a return 1o the “high-dry” type dam, and was built near the site of the
original 1876 dam. At the existing wage rates, the final cost of this dam has been
variously given as $5,000 and $6,000 (see Porter n.d.c.:91; McClintock 1921:142;
Tanner and Richards 1977:47)." However, one cost not included in these figures
was the relative neglect of farming that necessarily resulted during the three years
in which this dam was under construction (see Porter n.d.b.:7).

So substantial was the undertaking initiated by this small settlement that
an unofficial return to the United Order working and eating arrangements was
established (see Tanner and Richards 1977:47). A "dam house” was erected for
the men working at the construction site, and the women of the settiement took
turns, two-by-two, cooking for the men working on the dam. Between 10 an 25
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“men and boys” labored on the dam, supplemented by wotkers from Snowflake
and St. Johns (ibid.). Porter {n.d.b..7) describes the dam as follows:

It was across...(the)...deep quicksand bed, where no substantial footing
could be reached, that the high part of the dam of 1891 was built. A
"erib”, made of heavy timbers securely bolted together and to the
underlying stone and sufficiently high to be well above the flood waters
when they were turned over the stone table to the northward, was placed
as near the edge of the quicksand-filled canyon as was deemed practicable.
This crib was loaded with stone and gravel to give it weight and stability;
and to the southward from it, the "high-dry” dam was constructed to the
more elevated walls beyond the river. To the northward of the crib was the
spillway, 191 feet in width, through which the flood waters were forced.
Across part of this spillway, insufficiently high to turn a low river stream
into the mouth of the canal, some heavy timber construction was placed,
also securely pegged to the stone beneath, and reinforced by a sealing
mass of stone, gravel, and earth along its upper edge.

By June of 1891, water was running in the canals. However, for the next
three years the settlers at St. Joseph were forced to alternate between working on
their farms and laboring on the dam, hoping all the while that no unusual flood
would destroy the structure before it was completed. The dam was finally
dedicated amid considerable celebration on March 10, 1894 (see Porter n.d.b.:7).

The 1894 dam was not the final dam at St. Joseph. Although it withstood
for 29 years, considerably longer than any of its predecessors, the entire structure
was swept away in 1923 when heavy runoff caused the collapse of Lyman Dam
above St. Johns and unleashed a torrent of water unlike anything ever released in
this stream. A new and final dam was constructed at the same site in 1924, This
dam was 200 feet long, 12 feet thick at the base, 10 feet thick at the top, 26 feet
high and contained 12,500 cubic yards of earth plus considerable rock work (.=¢
Porter n.d.c.:93-95; Tanner and Richards 1977:48). The most significant feature
of this new dam was the inclusion of cement, which because of its great expense
had not been previousty used in dam construction in the basin, Three hundred and
twenty-five cubic yards of cement was used in the building of this final structure
(ibid)), which was made possible through a $3,000 appropriation by church
headquarters in Salt Lake City (Tenner and Richards 1977:50). The cost of the -
cement raised the total cost of the 1924 dam to about $16,000 (Porter n.d.c.:95).

As the expense, instability and generally poor returns associated with
agricuiture at St. Joseph have demonstrated, irrigated farming did not represent a
viable adaptive strategy upon which to build a firn community base at this
location during the nineteenth century. Continually plagued by limited resources,
settlers at St. Joseph could barely sunnount the drains itmposed upon them by a
variable and unpredictable environment. Consequently, they became increasingly
dependent on strategic subsidies derived from external sources. The difficulties
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inherent in atternpts to establish viable agricultural settlements in the lower valley
of the Little Colorado River are clearly illustrated by the fact that St. Joseph was

" the only original colony 1o survive. The point is made doubly clear by an

examination of the history of dam construction at Woodruff, another well-docu-
mented sequence. Beiween 1878 and 1919, Woodruff built 13 dams and suffered
the destruction of 12 (see Fish n.d.a.:34-37; Peterson 1973:183-191). ’

The Weodruff Dams

Unable to complete a dam across the Little Colorado in 1877 due to their limited
numnbers (see Chapter 2), the settlers at Woodruff expended considerable labor in
dam construction the following year. Investing 390 man-days and 227 team-days
labor,”® the handful of settlers at Woodruff erected a dam which was 125 feet
long, 50 feet wide and 22 feet high,'* with expectations running high of turning
water into the fields by early May. Before the structure was completed, however,
a heavy flood swept the dam away (Little Colorado Stake:5/24/1878). With the
loss of this dam and the subsequent failure of the 1878 harvest, only 3 families
remained at Woodruff (Peterson 1973:187), and the spring of 1879 found the
settlement nearly deserted.

During the summer and fall of 1879 several additional families settled at
Woodruff, and in November of that year construction began on a new dam which
was completed the following May. Owing to the generally low flow of water in
the Liule Colorado during the late spring and early summer, the increasing water
level behind the Woodruff dam in 1880 threatened the crops downstream at St.
Joseph. Following an urgent appeal by farmers at St. Joseph, a hole was cut in the
Woodruff dam. "This was a damage of about $500.00 and blasted their hopes of
a crop for that season” (Fish n.d.a.:35). _

A flood during September of 1881 was reported to have destroyed a
considerable portion of the 1880 dam (ibid.), and in January of the following year
work was begun on the construction of a new dam (ibid.). Although the labor on
this new dam was heavy, owing to the small size of Woodruff’s population, 1882
displayed positive results, as Fish (ibid.) reports:

The work was continued during the winter and spring with about an
average of 7 men and in May the water was again brought out. A small
field was fenced and about 70 acres of land put in mostly to corn and
vegetables. This yielded well and the people were greatly encouraged.

During the winter of 1882-1883 the dam was reinforced and nearly 400
acres were planted, with the prospects appearing favorable that spring for 2
successful harvest (Fish n.d.a.:36). On July 26, however, another devastating flood
swept down the Little Colorado destroying most of the dam in its wake. Fish
{ibid.) reports that
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a leak started around the west end of the dam. This increased rapidly and
not withstanding strong efforts being made to stop it, the breach soon
widened and the bank and the end of the dam were soon cut away to u
depth of 25 feet and 100 feet wide. This was a very heavy blow to the
place and many turned away from the sight feeling to give up the
enterprise.”®

Construction began on the next dam on January 2, 1884 (ibid) and
continued to near completion when a freshet completely washed it away. A call
was issued to members of the various wards at the next stake conference to donate
one week's labor towards rebuilding of the Woodruff dam. Work on the secoad
dam of 1884 commenced on June 2nd, very shortly after the destruction of the
preceding structure. An average of 45 men labored on the dam at any one time,
and $3,000 in labor is estimated to have been donated (ibid.). Just as this second
dam was also nearing completion,

a heavy body of water came down cutting over it and it soon went out
leaving it about as it was one year before. This was a heavy blow to the
people for the season had been quite dry and the little grain that had been
put in had completely dried up and was not worth harvesting, (ibid.)

Settlers at Woodruff were able to survive the winter of 1884-1883 because
of their participation in the construction of the new building to house the ACMI
store there (see Chapter 6). Local church leaders awarded the contract for the
construction of this two-story building to the residents of Woodruff so that they
might be supported until a new dam could be completed. By the close of 1885,
the Woodruff dam had been rebuilt and a permanent structure finally appeared to
have been achieved. No dam failures were reported for several years.

On February 21, 1890 this growing optimism was quickly displaced as an
extremely large flood on Silver Creek destroyed the Woodruff dam in a matter of
minutes.”® Church authorities in Salt Lake City appropriated $3,000 from local
tithing funds to subsidize the reconstruction of the Woodruff dam (Fish
n.d.a:37)."7 At the same time, $1,500 in relief was appropriated to the residents
of Woodruff by the Arizona Temitorial Legislature (Peterson 1973:190). A small
population (and thus a limited labor supply) caused work on the dam to proceed
slowly. Although they were able to turn water into their fields late in the season,
the settlers at Woodruff were forced to leave their dam in an unfinished conditirn.
Consequently, when a second flood passed on November 8, 1390, all of their labor
went with it, and several persons made plans to abandon the settlement (Fish
n.d.a.:37).

Church leaders again assisted in directing the reconstruction of the
Woodruff dam, and donated labor from the surrounding towns was forthcoming
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{see Peterson 1973:188) as little of the previously extended provisions remained.
This dam, flagged by stone slabs (Peterson 1973:185) and costing perhaps $11,000
(see Woodruff Irrigation and Recreation Project:i), held for 14 years until Zion's
Dam above Hunt burst on August 26, 1904 under the pressure of heavy rains (Fish
n.d.a.:37). 3o immense was the torrent of water refeased by the collapse of Zion's
Dam that the residents at Woodruff were forced to abandon their homes and seek
shelter at higher ground (ibid.).

During November of 1904, yet another appeal was made by the stake for
assistance in reconstructing the disabled Woodruff dam. Church headquarters
contributed $500 in cash and the Snowflake, Taylor, St. Johns and Showlow wards
were asked to coniribute an additional $1,500 jointly (ibid.). The settlers at
Woodruff were forced to farm without irrigation water for two full seasons as they
were unable to turm water onto their fields until August 2, 1906 (Fish n.d.a.:37).
This twelfth and last dam on the Little Colorado was constructed entirely of stone,
and lasted until 1915 when Lyman Dam (which impounded the largest reservoir
in the entire basin) faulted under the pressure of heavy stream flow and released
a flood of water which swept this dam away (see Peterson 1973:185-186)."

After repeated failures along the Little Colorado, the construction effort
turned to Silver Creek. Winding its way through moderately deep canyons, Silver
Creek possessed the rocky foundation upon which a permanent dam structare
could more securely be bailt. Censtruction of a dam on Silver Creek also offered
an escape from the “silts and minerals of the Little Colorado as well as its fierce
floods" (Peterson 1973:186). A permanent diversion dam was finally completed
in 1919, but only after the State of Arizona appropriated $10,000 and the Mormmon
Church contributed $22,500 towards its final cost of $85,000 (see Peterson
1973:188). This was an expensive irrigation system. Beyond the meager resources
of this small settiement, it incorporated technical problems of ditching along
canyon walls as well as the placing of flumes across canyon crevasses.

At places, the canal was hung from the cliff above, at places it was

chiseled through solid rock, and at other places it took the shape of flumes

across the river or wash, (Woodruff Irrigation and Recreation Project

n.d.:i) :

Although Woodrsff’s struggle with water is locally viewed as ending
subsequent to the completion of the 1919 dam, in fact, the struggle continued. The
flumes leaked regulatly, demanding constant repair, and water losses in the ditch
became excessive (see Peterson 1973:186; Woodruff Irrigation and Recreation
Project, n.d.:i). These heavy costs eventually led to the abandoning of irrigation
by means of the Silver Creek dam. Farmers turned instead to the pumping of
water from underground sources.”

The history of its struggle to control the Little Colorado River, like that of
St. Joseph, reveals "the fineness of the balance in which Woodruff's existence
hung. Closely circumscribed by natural conditions, it barely escaped joining the
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Litile Colorado roster of ghost towns” (Peterson 1973:187). Varying up to a peak
of 30 families, Woodruff’s population waxed and waned depending on the status
of its dam. Each successive dam failure triggered an exodus of settlers searching
for more optimal locations. Continually plagued with a labor supply inadequate
to complete the construction of another dam, a core of a very few families
persisted in recruiting settlers to augment their sparse numbers. However, each
successive dam failure testified to the cost and wnreliability of farming in this
valley. In the final analysis, the settlers at Woodruff survived only because of
externally derived subsidies which offset the failures of their agricultural system.
Besides the numerous and substantial contributions of money, labor and produce
received from nonlocal sources for the explicit purpose of subsidizing dam
reconstruction, the continued occupation of this valley was largely made possible
by individuals continually secking employment elsewhere in the basin, An
inventory of the population at Woodruff after the failure of the 1904 dam revealed
that although 33 families inhabited this smali vailey, 10 were headed by widows
or aged men while the men of 20 families were scattered in employment
throughout the basin (see Peterson 1973:190), Settlers at Woodruff were unable
to channel sufficient resources into agricultural production due to the drains
imposed on them by an unstable river. They, therefore, operated a costly and
largely ineffectual agricultural system. Consequently, like St. Joseph and the other
lower valley settlements, Woodruff never achieved sufficient prosperity (ie, a
substantive and reliable surplus) from which to generate community development.

St. Johns Dams

Although dam failures did not eccur at St. Johns with the regularity displayed at
either St. Joseph or Woodruff, such infrequency was partially compensated for by
the scale of the irrigation systems there and by the size of the losses caused by
their destruction. The dams constructed by the setilers at 3¢, Johns dwarfed all
others in the basin. Consequently, when they collapsed they unleashed massive
torrents of water that destroyed everything in their path--including, generally, the
dams at Woodruff and St. Joseph which might otherwise have withstood the
stresses of the swollen river.

The -initial trrigation works at St. Johns antedated Mormon settlement at
this location and, compared to subsequent structures, comprised very rudimentary
water control systems (see Fish n.d.a.:49). Built in the carly 1870’s by the
indigenous Hispanic population, the original irrigation system at St Johns
consisted principally of a small dam and three irrigation ditches designed only to
conduct water upon land immediately adjacent te the Little Colorado River
channel.® With the dramatic increase in population at St. Johns following the
immigration of hundreds of Mormon settlers between 1880 and 1885, irrigation
by diversion alone could not accommodate the growing agricultural demands for
water. Due to the generally diminished supply of water in the Little Colorado
during the late spring and early sumimer, open hostility developed between
Mormon settlers and the indigenous Hispanic population over conflicting claims
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to Barth’s rights to water from this stream.” In an attempt to overcome this
seasonal shortage of water and at the same time accommodate the rapid influx of
setilers, the Mormon population at St. Johns constructed two storage reservoirs
during the early 1880's. One reservoir adjoined St. Johns on the north, covering
an area of about 60 acres, while the second lay 1.25 miles south of the town and
extended over 125 acres (Fish n.d.a.:51). The combined cost of these two dams
with their attending canals exceeded $4,000 (see ibid.).

In order 1o enhance agricultural productivity, the St. Johns Irrigation
Company was formed which undertook the construction of a large dam six miles
south of the town.”” Slough Dam, as this structure was named, was reported to be.
nearing a "Christmas completion” in August of 1894 (Jensen n.d.d.:8/9/1894), and
during the following three years this finished dam was reported to have
impounded a substantial capacity of water for irrigation purposes. Slough Dam
apparently underwent substantial repair and expansion during most of 1900 and
likely into 1901, as several reports included within the Minutes of the St. Johns
Stake Conferences during this time period referred 1o a large dam under
construction also located six miles south of the town. One report dated February
10, 1900 indicated that much work was in progress on a large reservoir six miles
upstream which when finished would be 40 feet high, 150 feet long and 150 feet
thick at the bottom, and which would flood 1800 acres of land.* This structure
was built of rock on the lower side tied together with cedar, with the upper or
inside facing the water made of dirt. It was expected to permit the cultivation of
an additional 4,000 acres of land (ibid). No such detailed descriptions are
available for the original Slough Dam. Furthermore, Leone (1979:91) indicates a
possible dam loss at St. Johns in 1899, which would account for such a large
reconstruction effort being expended in 1900,

Work on this second Slough Dam required strong community involvement,
Large numbers of people participated in its construction, and labor on the dam
assumed a "united effort” (Jensen n.dd.:12/1900). By December of 1900, the
volume of water impounded behind the second Slough Dam was greater than that
stored during any previous year at St. Johns, forming a lake nearly 3 miles long.
Even at this volume, the water had an additional 10 to 15 feet to climb before it
reached the top of the dam at its existing stage of construction (fbid.). However,
this enlarged Slough Dam collapsed in 1903, producing several years of
population decline and economic depression at St. Johns (see McClintock
1921:182).%

A renewed construction effort was begun in 1910 when the residents at St.
Johns (in association with a Denver, Colorado development company)®® jointly
incorporated into the Lyman kigation Company for the purpose of building 2
large reservoir 12 miles south of the town (see Berry 1910). The Colorado
company and the settlers at St. Johns each provided one-half of the necessary
capital to underwrite this substantial project,”’ and the Mormon Church appropriat-
ed $5,000 to aid the residents at St. Johns in raising their share of the investment
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{(McClinteck 1921:183). Completed only after an expenditure in excess of
$200,000, the construction of this dam proved defective. In April of 1915 the
structure collapsed, killing 8 persons and causing extensive damage to flooded
farm lands throughout the region (ibid.)™

The Lyman Company was subsequently reorganized, and by 1918 another
$200,00 was spent. However, St. Johns still lacked an adequate water storage
facility. An appeal was then made to the State of Arizona. The State Loan Board
advanced about $800,000 to the residents of St. Johns, holding morigages on their
land and on the dam as its security (ibid.).” This second Lyman Dam, which still
stands, was completed in 1920.

While not experiencing the near-annual setbacks sustained by St. Joseph
and Woodruff, St. Johns felt the devastation of successive dam failures.
Moreover, the sheer size of the dams at St. Johns, the volume of water that they
harnessed, and the substantial community investment that each represented made
subsequent losses increasingly difficult for this community to endure. As in the
cases of both St. Joseph and Woodruff, a final solution to St. Johns® water control
problem was achieved only through the application of strategic subsidies received
from external sources.

Irrigation at Snowflake and Taylor

When the early Mormon pioneers purchased Stinson’s claim along Silver Creek,
he had about 300 acres of land under cultivation (McClintock 1921:164}. Mormon
farmers were to increase the amount of irrigated land in this vicinity to about
2,200 acres.”® While not without its setbacks and hardships, irrigated agriculture
in the Snowflake-Taylor drea experienced a steady amelioration through the
expansion and consolidation of existing irrigation systems. Snowflake and Tayior
did not suffer the continual stresses which drained St. Joseph and Woodruff; nor
did they sustain the occasional devastations which haunted St. Johns. For the most
part, each successive investment in the water control system serving these two
interdependent settlements enhanced their future capacity for irrigation rather than
merely allowing for the recovery of lost ground.

Irrigation at both Snowflake and Taylor was first accomplished through the
direct diversion of water from Silver Creek. During 1878, five men built a dam
with a ditch on the west side of Silver Creek at Taylor. A second canal was
constructed on the east side of the river the next spring to accommodate the influx
of settlers from Weodruff following the failure of their dam (see Fish n.d.a.:43).
The settlers at Snowflake also relied solely on water diversion initiaily. In the
spring of 1879 heavy work was reported being performed repairing ditches which
had been severely damaged (in some places completely destroyed) by the heavy
rains and high waters of the previous fall (see Fish n.d.a.:40; LeVine 1977:23).
With increasing immigration, diversion alone quickly proved inadequate to meet
the growing demand for water, and dissention developed between the settlers of
Snowflake and Taylor regarding competing claims to irrigation water.” Except for
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this early conflict, the development of irrigation along Silver Creek proceeded
with the complete integration of the water control systems serving these two
towns.

In an effort to enhance the farmable acreage within their adjoining valleys,
farmers at Snowflake and Taylor constructed several small storage reservoirs prior
to the early 1890"s. One of these reservoirs, constructed in 1887, was described
by Fish (n.d.a.:22).

In the latter part of January a reservoir was surveyed (by Joseph Fish)
between Snowflake and Taylor on the west side of the creek. This was
made and completed (so far as intended for the present) before the first of
March by the people of Snowflake. There is about 4550 (cubic) yards of
earth work in the bank besides rock and brush which is put in for
protection. It is estimated that this will hold enough water to irrigate 1,000
acres over once, (parentheses in the original)

Snowflake and Taylor each lost their dams during the heavy floods of
1890. However, construction began on the Flake Ranch Reservoir immediately
following the formation of the Snowflake and Taylor Irrigation Company in 1894
(see Bureau of Reclamation 1947:2, 34). Two additional reservoirs were added to
the system in 1898 (ibid.). Another dam, replacing the two extant Snowflake
dams, was built between Snowflake and Taylor in 1899 (LeVine, 1977:113).

Finally, work began in 1906 on the Daggs Dam and Reservoir located 10
miles south of Taylor. Daggs Dam, which impounds 2,500 acre-feet of water, was
built to replace several previous dams and provide the bulk of the irrigation
requirements for farmers in the Snowflake-Taylor area. When finished, this dam
stood 65 feet high, 230 feet thick at the botiom, 14 feet thick at the top, 60 feet
long at the bottom and 330 feet long at the top. By 1909 Daggs Dam had reached
a height of 33 feet, and construction was finally completed on May 23, 1914 at
a total cost of $40,000 (Snowflake Herald:6/6/1914; see also Levine 1977:114),”
with ail of the labor perforimed by farmers working out their assessments (Bureau
of Reclamation 1947:34). While future repairs, reinforcements and enlargements
of Daggs Dam occurred,” the dam was never lost, and Daggs Reservoir served as
the principal source of irrigation water for these two towns until it was converted
to recreational use in the 1960°s. At this time, farmers at Snowflake and Taylor
turned to using water pumped from the Coconino sandstone (see Abruzzi 1985).

While irrigated farming along upper Silver Creek was not without its
difficulties, 3 an examination of the history of dam construction along this tributary
presents a very different picture from that along the Little Colorado. The most
arduous and persistent demands imposed by irrigation in the Snowflake-Taylor
area--and these were mentioned often--were those associated with the maintenance
of irrigation ditches. One reference to problems with ditches has already been
made. Fish (n.d.2.:67) indicates that ten years later ditch repair still presented a
considerable drain.
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The labor on ditches in this stake has been enormons, at Snowflake this
year the tax was a trifle over $3.00 per acre. Paying out this amount every
year per acre on dams and reservoirs tells upon the people and they begin
to think it is too much of a burden to carry.

The maintenance of dirt ditches was a constant problem, particularly during
years of heavy rainfall. Added to this cost was the already mentioned loss through
evaporation and seepage of nearly 30% of the water diverted for irrigation.
Maintenance and seepage problems in Snowflake were never effectively solved
until the 1960’s when at least the primary canals were lined with cement (see
LeVine 1977:118).

However, Snowflake and Taylor were not alone in their struggle to
maintain irrigation canals or in the losses of water they suffered during transit.
While the assessments for ditch repair in these two towns were high, they were
comparable to those levied elsewhere in the basin (see Fish n.d.a.:67). Canal
maintenance was equally problematic for other towns as well, especially those in
the lower valley where the soil through which irrigation ditches traversed has been
characterized as "sugary" (Peterson 1973:180; see also McClintock 1921:141).
Furthermore, while struggling with their ditches the farmers at Snowflake and
Taylor did not have to contend with the even greater drains imposed by repeated
dam failures, Significantly fewer dam losses occurred at Snowflake and Taylor
than at either Woodruff or St. Joseph, and the scale of these losses was
insignificant compared to that endured by St. Johns.

CONCLUSION

The preceding pages clearly illustrate the extent of the drain imposed on those
seitlements which sustained recurring dam failures. The costs incurred encom-
passed not only the reconstruction of damaged or demolished dams, but also the
destruction wrought upon ditches, crops and, ultimately, on the fields themselves.
Successive, poor harvests in association with repeated dam losses imposed an
extraordinary hardship on individual settlers, undermining their ability to continue
the struggle with the Little Colorado. Population size in those settiements 1nost
subject to dam failures either fluctuated markedly or declined absolutely. Such
instability derived from the persistent inability of these settlements to recruit and
retain sufficient manpower to effectively counter the river’s variability and power.
Consequently, those settlements most affected by the difficulties attending
irrigation in the basin were able to endure only because strategic inputs of labor
and other resources were forthcoming from non-local sources.

Externally derived inputs of labor, produce, materials and  money
comprised indispensable subsidies without which certain settlements likely would
not have survived. Withous the judicious appropriation of such resources, St
Joseph and Woodruff (containing among the smallest populations in the basin and
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enduring the most adverse conditions accompanying irrigation) would surely have
followed their neighboring settlements to extinction. While the Mormon settlement
at St. Johns is not likely to have dissolved in the absence of specific subsidies, the
population of this town did wax and wane with the status of its dam, and the
productivity of its agriculture was central to its regional pre-eminence.

Despite the fact that the problems attending imigation were of central
concern to all nineteenth century Mormon settlements in the basin, specific data
relating to water control for individual towns has been unevenly preserved. While
the quantity and quality of available information bearing on the costs attending
successive dam failures and reconstructions at St. Joseph and Woodruff are quite
impressive considering the frontier context in which they were recorded, this same
level of reporting was not maintained at other settlements. Although at least a
minimal amount of data is available regarding the irrigation systems at St. Johns,
Snowflake and Taylor, almost no information has survived which illuminates the
struggle with water control systems waged by the more remote settlements
(including Eagar,® Showlow and Alpine) situated at higher elevations. This
variation in data availability reflects, in part, the lesser direct involvement in the
affairs of these more remote settlements of church leaders overseeing the
colonizing effort (cf. Peterson 1973:36), as well as the different concem among
individual settlers for recording the procession of their historical venture.
However, such differential data availability also reflects the relative intensities of
the struggles waged. Those settlements which preserved the most complete record
of their labor on water control systems, attending to every detail, are precisely
those towns for which the problerns surrounding dam failures assumed the
principal theme of their local histories and generated wider church interest. At the
same time, those settlements which sustained the fewest dam failures have not
been overly concerned with recounting the detail of these infrequent events.

One final comment regarding the frequency of dam failures needs to be
made. Besides demonstrating a distinct difference in the incidence of dam failures
among individual settlements, Table 5.1 testifies to the significant distinction that
existed between settlements in the lower valley and those located elsewhere in the
basin. The specific conditions outlined in Chapter 4 placed a substantially higher
stress on irrigation systems in the lower valley, undermining the viability of
agricultural settlements in this area, Indeed, of the six settlements founded along
the lower Little Colorado between 1876 and 1878, only two survived the decade
following their colonization. No other sub-region matched the extinctiori rate
achieved in the lower valley; every town established in river valleys at intermedi-
ate elevations survived, and those highland settlements which were abandoned
were deserted for reasons uarelated to im’gation.” Furthermore, while settlements
in the lower valley displayed marked instability in both population size and
agricultural productivity, towns at intermediaie elevations, most notably Snowflake
and Taylor, experienced the least fluctuations in these critical community

variables.
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As this and preceding chapiers have stressed, the Little Colorado River
Basin prescnted early Mormon pioneers with distinct spatial and temporal
variation in resource availability. While temporal resource variability--most
notably that associated with the availability of water and length of the growing
season--imposed distinct productive restrictions within specific habitats, the
region’s spatial diversity offered Monmon settlers an opportunity to circumvent
local habitat limitations. Although early Mormon pioneers quickly recognized the
adaptive advantage of a multihabitat exploitative strategy, their attempts to
integrate resource flows from distinct habitats into a unified resource-flow system
were not equally successful. The initial United Order settlements’ attempts at
multihabitat exploitation failed. A successful multihabitat resource-flow system
was only achieved at a later date with the development of a regionally coherent
system of tithing redistribution. The failure of the conjoint enterprises underscores
the difficulties that temporal resource variability imposed on the lower valley
settlements, The differential success of these two systems complies with Ashby's
(1936:206-212) Law of Requisite Variety and with the principles of energy flow
in ecological systems. Because the development of an effective system of resource
redistribution was central to successful Mormon settlement in the region, the
following chapter will examine local Morman efforts at multi-habitat exploitation
and provide a substantive explanation for their differential success.

NOTES

I. irrigation reservoirs constitute the passive storage of potential energy in agricultural
systems (see H. Odum 1971:38).

2. St. Joseph did construct one supplementary storage reservoir in 1902 (see Tanner and
Richards 1977:94). However, due to ils small size and rapid silt accumulation, this
reservoir never served as a significant component of 1his town’s agricultural system.

3. Besides providing a reliable supply of water, reservoir storage serves to reduce the
velocity of waiter flowing through irrigation ditches. By permilting the setthing of
suspended sediment in water during storage, reservoirs also serve 1o reduce silt deposition
on irrigated soils. Whereas sill in the St. Johns arca became deposited largely behind the
Lyman Dam (gradually reducing ils storage capacity), this sediment regufarly found its
way onio the fields at St Joseph.

4. Leone’s figures do not include dam losses at Sunset, Brigham City, Old Taylor and
Obed prior to the dissolution of these seitfements.

5. Actually this war lasted 48 years. Buikding their first dam in 1876, the scttlers at St
Joscph did not obtain a permanent dam until 1924, However, the dam completed in 1894
lasted for 29 years and may be considered as a more or less permanent structure,

6. Claiming only 9 dam failures for St. Joseph significantly understates the demands
imposcd on this small settiement, as this figure only accounts for the complete washouts
of irmigation structures. On numcrous occasions destruction to the dam, while not
constijuting total devastation, was so severe that fittle difference can be discerned between
the cost of repairs following such pariial damage and those attending a complete collapse.
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7. Following the ratio of human to team labor expended om the 1876 dam (see Chapier
2), the 1881 dam cost this small seltlement of 110 persons 2,320 man-days labor and 906
team-days labor.
8. The use of voluntary labor from other towns to aid in dam reconstruction was a
common feature among Mommon settlements in the region. The donation of labor in dam
repair was an acceptable means by which inividuals in this cash-poor region could meet
their tithing obligation to the Church (see Chapter 6). Access to voluniary manpower from
neighboring Monmon towns was indispensable to the survival of seitlements in the lower
vailey. Mot only did they experience the most incessant dam failures, they also contained
among the least adequate supply of Iabor.

9. The setilers at Woodmnff were also plagued with ungovernable flumes in their attempt
to obtain irrigation water from Silver Creek. The difficulty that this method of water
conveyance posed underlay the perseverence that Woodnuff residents displayed in their
continued construction of dams along the Little Colorado (see below).

10. One pattem associated with the history of dam construction at St. Joseph is the
vacillation between investments in major structures consuming considerable inputs of
tabor and the reversion to more disposable dams requiring increased annual repairs but
only Hmited initial investments. While continual repairs were expensive, the lack of a
large initial outlay represented less of a committment of a particular dam site and
structure, thus maximizing {he settiement’s flexibility in its response to an unpredictable
river. The switch to less costly dams followed the destruction of the 1881, 1884 an 1894
dam structures.

11. Porter states that the current wage rates were 22 2/9 cents per hour for a2 man an 16
2/3 cents per hour for a team. While no clear indication is given, 10 hours likely
represents a full day's labor, making the man and team-day values $2.22 an $1.67
respectively. Assuming 2 ratio of human to team labor equivalent to that employed in the
1876 dam, at a totak cost of $5,000, the dam completed in 1894 would have consumed
1,742 man-days an 678 team-days fabor. At a cost of $6,000 the comparable figures
would have been 2,090 man-days and 814 team-days labor.

12. Noting at the time that the population of this settlement consisted of only 15 families,
Andrew Jensen, the Church Historian, named St, Joseph "the leading comumunity in pain,
determination and unflinching courage in dealing with the elements around them” (quote
in McChintock 1921:142).

13. At the wage rates of $2.00 per day for human labor and $1.50 per day for team 1abor
the 1878 dam cost $1,120.50. Consisting of rock, brush and dirt most early dams o
Woodruff entailed labor investments of about $1,000 (see Woodmiff Irgation and
Recreation Project nud.:i).

14. The labor expended constructing the 1878 dam was invested by a population of only
15 men, 15 women, 25 boys and 20 girls {(see Nuttall 1878b), comprising a total of 75
persons in 13 families. Of the 45 children listed, 23 were under 8 years of age.

15. Most seitlers at Woodrmiff were able to remain at this location, having obtained the
supplies needed to sustain them until the next harvest from the recently-opened Arizona
Cooperative Mercantile Institution store. Sce Chapter 6 for a discussion of the ACMI.
16. The location of all but the last of Woodrufl's dams (below the confluence of Silver
Creck and the Litile Colorado River) made them vulnerable to exceptional flooding on
gither stream. Being a particularly wet year, 1890 witnessed the collapse of dams at both
Snowilzke and Taylor, which in m, precipitated the destruction of dams at Woodruff

and St. Joseph.
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17. Most of this tithing appropriation consisted of produce from the Snowflake and St,
Johns stakes to provide food for the setilers at Woodruff while they iabored on their dam.
18. So great was the flooding caused by the collapse of Lyman Dam that the town of
Woodruff was alse flooded (Woodruff Irrigation and Recreation Project nd.i) See
footnote 28 of this chapter for a discussion of the damages resulting from the collapse of
Lyman Dam in 1915,

19. Due to the increased pumping of sub-surface water in the basin during recent years,
the residents of Woodruff have encountered problems with the water available in their
wells. Both the level and the quality of this water have decreased significantly, generating
a movement among them to solicit federal, stale and county assistance 1o recondition the
ditches leading from the Silver Creek dam (see Woodnuff Irrigation and Recreation Project
nd.}. However, this project must contend with a reduction in the flow of water in Silver
(1:;;?; caused by the same increased exploitation of sub-surface water sources (see Abruzzi
20. Demand for imigation water prior to the Momon influx into St Johns was not great,
as exploitation of the landscape was generally extensive in nature, Sheepherding was the
principal productive activity of a majority of the Hispanic population, and Solomon Barth,

who controfled most of the water rights at this location on the river, farmed only a few

hundred acres of land (sce McClintock 1921:178).

21. From the time of their setllement during the winter of 1879-1880 until the spring of
1885, the Mormon population at St. Johns increased to 672 persons, largely as a result of

active church recruitment. Following the settlement of St. Johns, most of the subsequent

Monnon immigration into the Little Colorado River Basin was directed to this Jocation.

Fish (n.d.a.:53) reports that by 1884 about 250 men had been called to settle at St. Jonhus,

although only about 140 remained there. The difficulties experienced by Monnon setlers

at St. Johns, including considerable political harassment (see Chapter 7), inhibited many

from sefiling permancntty at this focation. From its peak in 1885, the Mormon population

at St. Johns declined steadily throughout the remainder of the nincteenth century (see

Table 2.6).

22. In (886, arbitrators representing each group negotiated a compromise in which the

Momnons were allowed 60% of the river’s capacity, with the Hispanic population

obtaining rights te the remaining 40%. This conflict was soon alleviated when the

construction of large storage reservoirs generally eliminated the seasonal water shortage

during May, June and July.

23. The exact year in which construction began on this dam is not clear. Fish does not

mention the dam’s construction af all, and its existence is not recorded elsewhere until the

dam was nearing completion in 1894, Grecnwood (1960:103, most likely wusing

McClintock 1921:183 as his source} claims that construction was initiated in 1886. .
McClintock, however, only slates that the St. Johns Irrigation Company was founded in

1886, and docs not indicate how long after (his date actual construction was begun on the

dam.

24, The original Slough Dam was reported 1o have flooded only 500 acres of land (see

Jensen n.d.d.;8/9/1894).

25. Between 1905 and 1910 the Mormon population at St. Johns declined from 566

persons to only 455. This decline did not reverse itself until the activities associated with

ihe building of the subsequent Lyman Dam presented pew opporiunities.

26. The Denver company sold its interest in the Lyman Reservoir to the people of St.

Johns in 1914 (see Snowflake Herald:4/16/1915).
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27. Great expectations were focused on this joint venture. It was anticipated that the
completion of such a large dam and reservoir would permit the intensive cultivation of
15,000 acres of iand in the St. Johns area (sce Bemry 1910:18).

28, The Snowflake Herald (4/16/1915) reported that, in addition to its total destruction in
1915, the Lyman Dam, "the constant work of 12 years", was also washed out once during
its construction. *

The collapse of Lyman Dam in 1915 precipitated the destruction of dams
downriver at Meadows, Hunt and Woodrff, While the dam at St. Joseph withstood the
flooding, damage (o this dan was estimated to be about $1,000 (ibid:4/23/1915). The
collapse of the Lyman Dan was felt throughout the lower settiements, The following list
of "direct losses" was included in the Snowflake Herald (5/7/1915):

Damage to Lyman Dam and canals $ 90,000
Houses washed out at St. Johns 7,000
St. Johns Irrigation Company 3,000
Bridge at St. Johns 2,500
Bridge at Hunt 2,600
Crops and fences at St. Johns and Meadows 10,000
Meadows Dam 3.000
Udall Dam 18,000
Crops, fences, ditches at Hunt 8,000
Woodruff Dam 17,600
Crops, etc. at Woodruff 13,000
5-mile steel bridge 4,500
Holbrook bridge : 5,000
Other (including livestock, efc.) _5.000
Totat Direct Losses $196,000
"Indirect losses” were listed as follows:

Crop loss ai St. Johns $60,000
""" Meadows 5,000
" " Hum 12,000
= Woodruff 10,000

Total Indirect Losses $87,000

i
Several of these estimates of losses proved too small, most notably the cost of
repair to dams at both St. Johns and Woodruff, Moreover, as the article pointed out, "ig
is safe to say that other indircct losses will make the total up 10 a full hundred {housand
(ibid.)." The loss of a dam &t St Johns was clearly a devastation imposed throughout a
much larger proportion of the basin.
29. The St. Johns Herald (1/3001919; 3/6/1919; 3/27/1919; 5/15/1919) inicated that the
Arizona State Loan Board took over aciual construction of the new Lyman Dam and
pushed it to completion under the direction of their own engineers. As of May 15, 1919,
125 men and 70 teams were employed on the dam, and more were being sought.
Expectations were that the dam would be high enough by June 15th to provide water for
the coming season. Apparently, until the state took over, reconstruction of the Lyman
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Dam had completely ceased (ibid.: 1/30/1919), placing agricultural productivity at St.
Johns in a state of uncerainty for three or four years.

30. This figure represents all of the irrigated fannland within the boundaries of the Bureau
of Reclamation’s Snowflake Project Area, which included “the area adjoining the wwns
of Snowflake, Shumway and Taylor" (Bureau of Reclamation 1947:1). The projeet
boundaries encompassed a total area of 27,500 acres, with most of the irrigated farmland
in this territory located in the immediate Snow-flake-Taylor arca.

31, Because the original residents of Taylor had settled in the valley with Stinson's
approval prior 1o the sale of his property to Willlam Flake, many members of this
sefitement disputed the extent to which succeeding settlers at Snowflake had prior claim
to the waters of Siiver Creck. This conflict was settled in 1883 when the following
arbitrator’s report was submitted to the farmers of both towns:

That in order to make suitable reservoirs and water ditches Snowflake shall pay
at the rate of three doHars per acre and Taylor at the rate of five dollars per acre
for all their farming land and cily Iols watered or that may hereafier be watered
out of the waters of Silver Creek....(Quoted in Fish nd.a.41; also quoted in
LeVine 1977:112).

In 1888, the assessment rates were apportioned equally among the farmers of both
settlements (ibid.}, and a formal integration of the irigation systems of the two towns was
achieved in 1893 with the incorporation of the Snowflake and Taylor Irrigation Company
(LeVine 1977:113).

32. The expenditures for surveying, legal fees and the purchase of headgates associated
with the construction of Daggs Dam totaled $3,800 (LeVine 1977:113). The remaining
costs covered the actual construction of the dam.

33. LeVine (1977:135) mentions that in 1916 Daggs Dam, as well as other dams at
Snowflake and Tayfor, nceded repair due (o the stresses of high water. The following year
the Apache Railroad was granted permission fo use the dam as a right of way for its
roadbed (ibid.), which led 10 a sirengthening of the dam by the raitroad company. The
Dam neceded repair again in 1932, and the Apache Railroad dispatched a crew of 20 men
1o aid in this project (ibid.: 116, sce also Snowflake Herald:11/13/1931).

34. The most serious setback fo farmers &t Snowflake and Taylor with regard to their
investment in- an irrigation system was expericnced long afler the period under
consideration here. In September of 1935, work began on the construction of the Lone
Pine Dam, which was expected to increase irrigated acreage in the two valleys by about
4,000 acres. Completed in March of 1937 at a total indebtedness of nearly $300,000, this
dam stood 95 feet high and was expected to impound 11,000 acre-feet of water (see
LeVine 1977:116 for a discussion of the financial information and other specifics on the
Lone Pine Dam). However, duc to extensive faulting throughout the Snowflake-Taylor
area (see Chapler 4, footnote 1), this dam proved incapable of storing water. Even after
successive attempts to patch various feaks, the reliable storage capacity of Lone Pine
Reservoir remains an insignificant 31 acre-lect. The faiture of this dam might have
resulted in a widespread loss of land by fanners in the Snowflake-Taylor area had the
irrigation company not been successful in transfering its indebleness from the land
bonded to finance the project to the power division of the irrigation district (see Snowflake
Herald:5/10/1940),
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35. Greenwood (1960:101) does indicate that the canal and reservoir system presently
used by the Round Valley Water Users Association was constructed between 1880 and
"1898 under the direction of the Mommon Church, which at various times furmnished a
subsistence pay of $1,25 per day as well as the necessary dynamite. No mention is made
of any major setbacks in this construction process.
36. See, for example, Chapter 2, footnote 32.

-

Chapter 6

Exploiting Environmental Diversity

The little Colorado River Basin is composed of several widely distributed and
structurally distinct habitats which are often differentially affected by the same
environmental variation and which offer different productive potentials for
agricultural populations. Any attempt by the nineteenth century Mormon settlers
to exploit these diverse habitats within a single resource-flow system was likely
to enhance local community stability. Stability would be increased by reducing
each individual settlement’s dependence on a specific habitat and by providing
additional resources from other, independent habitats which were unlikely to suffer
from the same schedule of variation. Several early Mormon adaptive strategies
cither manifestly or latently incorporated a multi-habitat adaptation within a single
resource-flow system. To the extent that this occurred, specific settlements were
more likely to weather potentially devastating environmental fluctuations and less
likely to succumb to the stresses that such instabilities imposed.

The success of an adaptive response to environmental conditions depends
in part upon the resources that a community is able to direct into appropriate
channels. Accordingly, the size of their population, the technology which they
commmanded, and the organization through which they directed their labor and
other resources determined the ability of the Little Colorado Mormon settiements
to effectively exploit the opportunities presented by a multi-habitat adaptation.
However, simultaneous demands upon a population’s resources limited the amount
of energy that could be directed into the expansion or imegration of resource
flows originating in distinct and widely separated habitats. Due to insufficient
manpower and to the drains imposed on that manpower by fluctuations in the
canditions defining their primary habitat, early settlements in the lower valley of
the Little Colorado River were unable to effectively expand their exploitative
activities into other, frequently more productive locations. The effective
incorporation of diverse habitats into a single resource-flow systern was only
achieved at a later date when increased immigration and a regionally coherent
church organization permitted the synchronization of resource flows from a variety
of widely distributed habitats throughout the basin,

UNITED ORDER CONJOINT ENTERPRISES

Although their emphasis from the beginning was 1o establish viable agricultural
settlements based on the flow of the Little Colorado River, early Mormon
colonists quickly recognized the adaptive advantage in exploiting habitats away






officio

ne, September,
ire Ave,, N.W,,
litional mailing
erican Anthro-

:m) or by mem-
i per annum} or
an Anthropologist
tegories, please

e Miice as
ea. .Jomestic
cation; Overseas
‘or replacement
3. Overseas de-

r general distri-
s, or for resale,

personal use of
ho register with
nat the per-copy
St., Salem, MA
89 $0.50 + .10.

- rights reserved

Volume 91 Number 3 September 1989

H. Russell Bernard  Richard W. Stoffle Jane H. Hill Margaret |, Dadian
FEditor-in-Chief - Editer for Applied Anthrapology Editor far Linguistic Anthropology Managing Editor

Carcle M. Bernard ~ Charles L. Redman Alice Schlegel Christine Stephenson
Editorial Assistant Editor fur rcheslagy Editer for Sovial! Cultural Anthropology  Editorial Associate

Peter S, Allen Linda Wolfe Robert V. Kemper Eugene L. Sterud

Film Review Editor Editor for Biological ftnikropology  Editor for Seciall Cullural Anthropology  Publisher
Contents

Articles

Kalapalo Biography: Psychology and Language in a South American Oral History
Ellen B. Basso 551

Habits of the Home: Spatial Hegemony and the Structuration of House and Society in
Brazil

Antontus C. G. M. Robben 570
Thalia’s Revenge: Ethnography and Theory of Comedy
Erve Chambers 589

Concepts of Individual, Seli) and Person in Description and Analysis
Grace Gredys Harris 599

The Evolution of Avunculocal Chiefdoms: A Reconstruction of Taino Kinship and
Politics

William F. Keegan and Morgan D. Maclachion 613
Population and Settlement Area: An Example from Iran

Witliam M. Sumner 631
Ecology, Resource Redistribution, and Mormon Settlement in Northeastern Arizona /
William S. Abruzzi . 642

On the Rise and Fall of Tuldns and Maya Segmentary States :
John W, Fox 656

Pre-Hispanic Beer in Coastal Peru: Technology and Social Context of Prehistoric
Production

Jerry DL Moore ‘ 682

Research Reports -

Styles of Infant Feeding: Parental/Caretaker Control of Food Consumption in Young
Children

Katherine A. Dettwyler : - 6596

And Justice for All: The Development of Political Centralization Among Newly
Sedentary Foragers L S
Susan Kent 703

Copyright © 1989 by the American Anthropological Association. All rights reserved. [SSN ODi2-744




WIiLLIAM S. ABRUZZI
Pennsylvania State University

Ecology, Resource Redistribution, and
Mormon Settlement in Northeastern Arizona

Successful Mormon colonization of the American West has largely been attributed to the adaptive
advantage of cooperative Mormon values. This article shows that successfil Mormon colonization
of the Little Colorado River Basin had an ultimate ecological basis: the redistribution of surplus
resources among settlements situated in dispersed and funétionally independent local environments.
Two systems of resource redistribution among 19th-century Little Colorado Mormon seitlements
are examined, showing that ecological considerations explain their differential success as adaptive
mechanisms contributing to the success of this local colonization effort. The article concludes by
suggesting that general ecology provides a useful theoretical framework for explaining successful
Mormon colonization in this region and elsewhere.

ORE THAN TWO DOZEN MORMON AGRIGULTURAL SETTLEMENTS WERE founded

in the Little Colorado River Basin of northeastern Arizona as part of an ambitious
19th-century Mormon cffort to colonize the American West. A demanding and highly
variable environment threatened the success of this local effort by seriously limiting ag-
ricultural productivity and by imposing excessive demands on farming, High costs in the
face of low and highly variable agricultural productivity yielded substantial emigration
and population instability, and resulted in the failure of some half dozen settlements. The
colonization effort succeeded, however, despite the difficulties encountered, and the basia
today contains some 20 towns that originated during early Mormon colonization of the
region. Significantly, agricultural colonization of the basin was largely a Mormon
achievement, with Mormon settlements succeeding where others had failed (see Peterson
1973:1-2}.

Historians and social scientists have long been interested in the impressive success of
Mormon colonization and have largely explained this success in terms of the social and
economic consequences of cooperative Mormon values (cf. Arrington 1958; Leone 1979;
O'Dea 1957; Peterson 1973). While recognizing the role that cooperative values played
as proximate causes underlying successful Mormon colonization, this article argues that
successful Mormon colonization of the Little Colorado River Basin had an ultimate ma-
terial basis: the judicious redistribution of surplus resources among individual settle-
ments situated in separate and independent local environments. The article also argues
that the adaptive advantage of Mormon resource redistribution conforms to expectations
derived from general ecological theory. )

Although considerable debate exists regarding the relationship between diversity and
stability in ecological systems and the extent to which regulation occurs within complex
ecological communities (see Abruzzi 1987:317--318; May 1973:37-40), rescarch exists
that suggests that complex ecological communities are better able to maintain population
and community stability in the face of limited environmental variation (cf. Ma~Arthur
1955; Rogers and Hubbard 1974). The key to maintaining community stability under

WiLLIAM 8. ABRUZZI is Assistant Professor, Department of Anthropology, Pennsylvania State University, Ogonts Campus,
Abington, PA 19901,
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variable environmental conditions lies in the degree to which redundancy exists in the
flow of energy/resources through a community. Redundancy results when resource flows
through a community originate in several functionally independent channels, Commu-
nity stability and persistence can only occur if a community’s resource flows possess suf-
ficient redundancy to assure local resource availability during periods of increased envi-
ronmental instability. Where sufficient redundancy exists, the destabilizing impact of en-
vironmental fluctuations can be oflset by the existence of a complex network of overtap-
ping energy/resource flows. Where sufficient redundancy does not exist, the negative
consequences of environmental perturbations are likely to ramify throughout the com-
munity and reduce community stability, even among communitics containing a high de-
gree of diversity. This article suggests that Mormon values facilitated resource redistri-
bution, and thus successful colonization of the Little Colorado River Basin, only when
they underlay a multihabitat resource-flow system that contained sufficient redundancy
to effectively counteract local environmental instability.

The relevance of material considerations and general ecological theory for explaining
successful Mormon colonization in the Little Colorado River Basin is illustrated by the
differential success of two systems of multihabitat resource redistribution developed by
early Mormon settlers in the region. The first of the two systems was based on the joint
operation of several productive enterprises by early United Order towns located along
the lower valley of the Little Colorado River,! This initial system failed as a mechanism
of environmental regulation despite its collective organization and its manifest ecological
orientation because it lacked sufficient redundancy to withstand and offset the destabil-
izing impact of environmental instability. It depended directly on the surplus fabor and
productivity of fewer than a half dozen settlements situated in similar, highly unstable
habitats. A system of tithing redistribution later emerged that provided the redundancy
needed to offset local environmental instability. This later system succeeded because it
was based on resource redistribution among nearly 20 settlements located in diverse, in-
dependent, and widely separated habitats. Significantly, this later system did not evolve
as a conscious adaptation to physical environmental conditions, but largely as a response
to competing non-Mormon business interests. In addition, while tithing redistribution
emerged as part of the overall cooperative thrust of Mormon colenization, it depended
fundamentally on institutions that enabled individual settlers to profit from participation
in the system.

By showing that successful Mormon colonization of the Little Colorado River Basin
can be explained by explicit reference to general ecological considerations, this article
attempts to go beyond merely stressing the importance of environmental factors in the
settlement process. Specifically, its goals are (1) to indicate the ultimate material basis
for successful Mormon colonization, and (2) to suggest that general ecology provides a
meaningful theoretical framework for explaining successful Mormon colonization and,
potentially, the evolution of complex human communities.

Mormeon Colonization of the Little Colorade River Basin

Mormon colonization of the Little Colorado River Basin began in 1873, when a well-
equipped party of more than 100 individuals was dispatched by Church leaders in Salt
Lake City to establish a single settlement along the lower valley of the Little Colorado
River (see McClintock 1921:135; Tanner and Richards 1977:12}. This initial effort failed,
and a second attempt was made in 1876. This time, 500 settlers were organized into four
companies and instructed to establish four settlements in the general location chosen for
the previous expedition. These were Sunset, Brigham City, Obed, and St. Joseph (see
Figure 1). Additional colonies were founded along Silver Creek and along the upper Little
Colorado River during 1877-80.

Establishing and maintaining viable agricultural communities in this arid and climat-
ically variable region proved exceedingly difficult. Annual precipitation for most of the




644 AMERICAN ANTHROPOLOGIST {91, 1989

Plng.lloﬂ‘

CALIFORNIA

Ejl. Joueph

ARIZONA

Brigham
gh Ched
Phoenix

Gity

¢ o '+ St Johas
LOCATION Map

Fofng Dule

Figure 1

Little Colorado River Basin Mormon settlements. (Reprinted with permission of Plenum
Press.)

basin averages less than 400 mm and varies substantially from year to year. Furthermore,
little, if any, precipitation occurs during the critical months of April to June. Irrigation
was, therefore, essential to successful farming in the region (see Abruzzi 1985). However,
because surface water flows largely in direct response to precipitation, streamflow also
fluctuates sharply, and most streambeds are dry during April to June, when 45% of an-
nual irrigation requirements must be applied (see Bureau of Reclamation 1947:72). Mor-
mon settlements also had to contend regularly with early frosts, high temperatures,
droughts, flooding, hailstorms, insects, and high winds. In addition, two devastating
droughts ravaged the basin for nine years between 1892 and 1905, killing thousands of
livestock and causing widespread crop failure. Such pervasive environmental variation
frequently resulted in individual settlements losing crops to several causes during a single
agricultural season,

Hard work and cooperation did not, therefore, guarantee success. Settlements were
frequently left with insufficient food to survive the winter, despite a heavy investment of
labor and other community resources. For example, while Sunset produced 7,000 bushels
of wheat and corn in 1879, this lone productive year was preceded and followed by three
years of poor harvests. Likewise, Brigham City suffered continuous crop failures from
1876 to 1881, while St. Joseph sustained near-total crop failures for three of the seven
years between 1876 and 1882. In addition, records indicate that generally poor harvests
occurred throughout the basin during half the years between 1880 and 1900 (Abruzzi
1981:92-96), Total tithing collected displayed an annual variation of nearly 40% at St.
Joseph and Woodruff, more than 30% at Showlow and Alpine, and about 20% among
the relatively properous and stable settlements of Snowflake, St. Johns, Taylor, and Ea-
gar {sce Table 1),

Substantial variation in agricultural productivity persisted despite continued intensive
labor investment. For example, St. Joseph constructed five dams between 1876 and 1884
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for a total cost of nearly 9,000 man-days and 3,000 team-days labor valued together at
over $40,000, all of which were destroyed by Aoods in the Littie Colorado River (see
Abruzzi 1981:169-177). Settlers at St Joseph did not achieve a permanent trrigation
structure until the construction of their final dam in 1924,

Each dam loss produced a crop failure which resulted inevitably in individuals emi-
grating from the affected community. Emigration, in turn, forced the remaining inhab-
itants of a town to recruit new settlers to rebuild the dam, repair ditches, and replant
ficlds. Understandably, population instability was most pronounced among settlements
located along the Jower valley of the Little Colorado River, as these towis experienced
both the greatest variation in agricultural productivity and the highest incidence of dam
failures. St. Joseph and Woodruff, the two surviving lower valley settiements, sustained
13 and 10 dam failures, respectively, between 1876 and 1900, By comparison, only three
dam failures occurred at Snowflake and Taylor, two at St. Johns, one at Showlow, and
none at either Eagar or Alpine during the same years (Abruzzi 1981:191). As a result, the
lower valley contained the greatest number of fajled settlements. Brigham City was aban-
doned in 1881 and Sunset in 1883. A later settlernent, known eventually as “Old Taylor,”
was both founded and abandoned in 1878 following the construction and loss of five dams

during that single year, Obed was abandoned in 1877 due to persistent illness associated
with its location,

Expleiting Environmental Diversity

As the previous discussion clearly indicates, local environmental variability threatened
the survival of individual settlements in the Little Colorado River Basin, and thus un-
dermined the entire colonization effort. However, the region’s spatial diversity provided
an opportunity for early settlers to overcome local environmental limitations. The basin
contains numerous widely separated and structurally distinct local habitats which are
often differentially affected by the same environmental variation and which offer distinct
potentials for agricultural productivity. Consequently, a clear adaptive advantage existed
for early Mormon settlements to integrate the productivities of severa! habitats into a
single resource-flow system. A multihabitat exploitative strategy would diversify an in-
dividual settlement’s resource base and thus increase local community productivity and
stability. To the extent that a multihabitat strategy occurred among Mormon settlements
in the region, it increased the probable success of their colonization effort.

Individual settlements could reduce their level of dependence on any single highly var-
iable habitat by exploiting several distinct local environments. In this manner, the re-
gion’s spatial diversity could be used to circumvent its temporal variability. Widely sep-
arated habitats generally displayed different schedules of variability, For example, while
the particularly wet 1890 agricultural season increased agricultural production at most
locations, it caused Crops to rot at Alpine and led to the loss of dams at Snowflake, Taylor,
Woodruff, and St. Joseph (see Abruzzi 1981:94, 174, 179, 188). Similarly, St. Johns and
Alpine reported extensive damage to crops caused by grasshopper infestations between
1884 and 1891, whereas other settlements did not (see McClintock 1921:191).

Broad regional environmental forces also generally produced distinct impacts in dif-
ferent portions of the basin. For example, while abundant rainfall generally increased
agricultural productivity at lower elevations, it increased flooding and crop damags at
higher elevations and in other local habitats where soil permeability is low, such as in the
lower valley of the Little Colorado River. Similarly, intense rainfall or heavy snow mel:
yielded more frequent dam failures at lower elevations because of the larger surface area
drained here. While warm vears generally provided more adequate growing seasons at
higher elevations, they increased the likelihood of heat stress and higher evapotranspir-
ation rates on crops at lower elevations. Conversely, while cooler temperatures reduced
heat stress on crops in the lower valley, they increased the risk of carly frosts throughout
the southern highlands. Consequently, due to local differences in elevation, precipitation,
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temperature, length of growing scason, soil quality, and surface water quality and avail-
ability, agricultural productivity varied significantly within and between Mormon settle-
ments throughout the 19th century. For this reason, no clear correlation exists in the
pattern of annual agricultural productivity achieved among individual towns throughout
the region (sec also Lightfoot 1980:206-208).

The development of an integrated multihabitat resource-flow system thus offered a
clear adaptive advantage for early Mormon settlements in the region. For those towns
whose very survival was in perpetual jeopardy, the ability to withstand otherwise dev-
astating crop failures and dam losses frequently meant the difference between extinction
and continued survival. However, even the more prosperous scttlements benefited from
resource redistribution. Between 1887 and 1905, agricultural productivity varied more
than 35% above and below its average at Eagar, and 28% above and nearly 40% below
its mean at St. Johns, Even Snowflake, the most prosperous settlement in the entire re-
gion, experienced 30% variation in agricultural productivity during these years. By ac-
tively pursuing a multihabitat exploitative strategy, Church leaders more realistically
shifted the focus of self-sufficiency away from individual settlements and onto a regionally
coherent adaptive system.

The Little Colorado Mormon settlements developed two distinct multihabitat re-
source-redistribution systems during the 19th century. The first consisted of a series of
productive enterprises jointly operated by the early United Order towns in the lower val-
ley of the Little Colorado River. The second and later system operated through the col-
lection and redistribution of the tithing resources among settlements dispersed through-
out the river basin.

Conjoint Enterprises

Early Mormon settlements in the lower valley jointly operated four separate produc-
tive enterprises: a sawmill, a dairy, a grist mill, and a tannery. Unfortunately, almost no
information exists regarding either the grist mill or the tannery. However, enough infor-
mation exists for the sawmill and the dairy to indicate (1) that these enterprises provided
important resources that supplemented agricultural production along the lower valley,
(2) that they frequently provided these resources during the very years when farming
along the lower valley failed, and (3) that the per capita productivity of these supple-
mentary activities often exceeded that achieved through irrigated farming along the Little
Colorado.

Established during November 1876, the sawmill was located about 60 miles southwest
of Sunset. Production at the mill during November and December that year was 51,202
board-feet atwa cost of 1,200 man-days labor {Porter 1923:65). By April of 1877, produc-
tion at the sawmill had totaled 100,000 board-feet (Jensen 1935:4/10/1877), and during
November of 1878 about 80,000 board-feet of lumber were produced (Little Colorado
Stake 1878-87:11/30/1878). Most of this lumber was used by settlements in the lower
valley to construct the initial buildings needed to establish these towns. However, in 1879
nearly 40,000 board-feet of lumber were charged to individuals at Snowflake {Porter
1923:65), and as early as September 1877, a delegation was sent to Prescott, Arizona, to
determine the current market price for the sale of lumber (St. Joseph United Order
1887:9/6/1877). '

‘The sawmill produced lumber for five years. However, it became increasingly difficult
to maintain sufficient labor at the site. Travel to the sawmill from the Little Colorado
settlements took nearly a week round-trip. Consequently, a more or less permanent pop-
ulation had to be stationed there. Following a heavy initial input of labor, the number of
permanent residents at the mill steadily declined, and by the close of 1881 the mill was
sold.

‘The most successful of the early conjoint enterprises was the dairy. Established in 1878,
the dairy provided both substantial and critical provisions for the early colonies. During
the first year, 48 men and 41 women tended 115 cows and produced 5,400 pounds of
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cheese and 449 pounds of butter (McClintock 1921:154; Peterson 1973:11 I; see Little
Colorado Stake: 8/31/1878). Production at the dairy during 1881 included 2,000 pounds
of cheese, 1,300 pounds of butter, 1,100 pounds of pork, and 340 bushels of potatoes
{(Warner 1968:10). By 1882, a reported 200 cows were being milked there (Warner
1968:11).

Although the dairy was successful and substantially enbanced the aggrcgate produc-
tivity of the lower valley settlements, its productivity, like that of the sawmill, depended
upon surplus labor available from the parent communities. Since the dairy was also lo-
cated at a considerable distance from the Littie Colorado, its efficicnt operation likewise
required a resident population. However, as lower valley scttlements suffered continuing
hardship trying to maintain their fragile irrigation systems, they were increasingly unable
to provide the labor needed to operate the dairy. Furthermore, as population size declined
at Sunset and Brigham City, the Mormon dairy suffered. With the demise of these and
other towns along the Little Colorado the dairy was abandoned in 1882, less than a year
after the close of the sawmill.

Tithing Redistribution

Following the failure of the conjoint enterprises, Little Colorado Mormon settlements
evolved a system of tithing redistribution that contributed substantially to the success of
their colonization effort. Tithing was collected by individual wards, centralized into re-
gional stake warehouses and then forwarded, less a portion granted for local use, to the
General Tithing Office in Salt Lake City.? Most tithing collected within the Little Colo-
rado River Basin during the 19th century was paid in kind, as cash was a scarce com-
modity on this remote frontier. Items were tithed as they became available, and tithing
stocks were generally most abundant following the fall harvest.

Only a fraction of the tithing collected among Little Colorado settlements during the
19th century was actually forwarded to Salt Lake City. The majority remained within
the region. While considerable tithing resources were exchanged among individual set-
tlements in order to alleviate local shortages of specific commodities (sce Leone 1979:74--
77}, most was used to subsidize specific projects deemed important by local Church lead-
ers to the success of the colonization effort. The irrigation systems upon which agriculture
in this arid region depended were the single most important public structures among
Little Colorado Mormon settlements, Consequently, it was in subsidizing dam recon-
struction that tithing redistribution performed its most critical adaptive function (see
Abruzzi 1981:165-196; Leone 1979:43—] 10).

The destruction of irrigation systems threatened the survival of an entire community,
Their immediate reconstruction was, therefore, essential, especially if a dam failure oc-
curred during the agricultural season. However, such undertakings were generally be-
yond the resources of individual towns, especially the smaller ones, Through tithing re-
distribution local Church leaders provided produce and supplies that permitted endan-
gered settlements to survive until the next harvest. They also used tithing funds to hire
labor to help repair dams, and allowed individuals to offset their tithing obligation to the

'Church by donating labor on dam reconstruction and on other Church-approved proj-
ects. Tithing surpluses were also distributed to needy individuals and families within a
town, even during years when the majority of that community prospered. Applied in this
manuner, tithing redistribution enabled surpluses collected at one spatiotemporal locus to
offset production deficiencies at another time and place.

Tithing redistribution thus contributed substantially to the successful colonization of
this arid and climatically variable river basin. It is highly unlikely that either 5t. Joseph
or Woodruff would have survived repeated dam failures were it not for access to regional
tithing resources. Individual settlements also benefited when losses occurred for reasons
other than poor harvests or dam failures. For example, Mormon settlers at St. Johns and
Eagar, both relatively prosperous cormnmunities, depended critically on tithing redistri-
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bution during several years in which they endured intense and costly political harassmoent
by non-Mormons (sec Abruzzi 1981:43-49),

The cffectiveness of tithing redistribution depended on several supporting institutions,
including (1) a regional board of trade that ¢stablished uniform prices among Mormon
settlements in the region and made it cconomically advantageous for individuals to do-
nate resources to the Church, {(2) a network of church-affiliated mercantile institutions
that provided the storage, transportation, and credit arrangements needed for cflective
tithing cedistribution, and {3) a system of quarterly stake conferences at which represen-
tatives from every settlement exchanged information, assessed local needs, and deter-
mined appropriate resource aliocations.

The Board of Trade among Little Colorado Mormon scttlements was designad to en-
courage and direct cooperative production, marketing, and purchasing activities among
Mormon settlements. This was done in order to regulate wages and prices paid in eco-
nomic transactions with competing non-Mormon business interests (see Abruzzi
1981:215-217; Arrington 1958:342--349; Leone 1979:82-83; Peterson 1973:131-135).
Local boards of trade were established throughout the Mormon settlement area that were
administratively united with Zion’s Central Board of Trade in Salt Lake City. By estab-
lishing specific prices charged to non-Mormons, the Board of Trade necessarily fixed the
prices that prevailed among Mormons themselves. In addition, by establishing set prices
for all commodities, items in greater abundance at one town might be more profitably
converted through deposit in the Church’s local marketing apparatus than in sale to non-
Mormons. Both individuals and local Church leaders could, therefore, exchange surplus
goods on hand for scarce commodities that were abundant elsewhere at prices that were
not harshly responsive to market fluctuations. As a result, the Board of Trade’s pricing
policies facilitated resource redistribution among Mormon settlements and inhibited the
expatriation of resources from the redistributive system.

The Arizona Cooperative Mercantile Institution (ACMI), like the Board of Trade,
developed as a local component of an encompassing Church institution: Zion’s Cooper-
ative Mercantile Institution (ZCMI) (see Abruzzi 1981:217-221; Arrington 1958:298-
322; Leone 1979:79--81; Peterson 1973:136-153). The ACMTI was founded in 1881 with
11 local church leaders forming its initial Board of Directors. A central ACMI store was
established with locally owned affiliates organized in most settlements. The ACMI was
originally begun as a wholesaler for Mormon towns in the region, purchasing supplies at
prices that individual settlements could not command. However, it quickly assumed an
important credit function. Individuals and affiliated cooperative stores could obtain ad-
vances from stocks on hand, usually to be repaid following the next harvest. Applying
liberal credit arrangements, the ACMI facilitated recurring investment in local agricul-
ture, as it normally carried a heavy load of debtors from one vear to the next.

The ACMI also performed a critical role in tithing redistribution. Local bishops could
exchange goods from their tithing stocks for cash, and frequently stored tithing produce
on credit with the ACMI. Individuals could deposit their tithing obligations to the
Church at the local ACMTI affiliate and either have the proper amount credited to their
tithing account or banked against future need. Labor was also an important commodity
that could be exchanged at the ACMI. A substantial number of individuals obtained
temporary employment freighting for the ACMI or performing other duties necessary for
its operation, and the entire settlement of Woodruff exchanged employment for food and
supplies with the ACMI following the destruction of their dam in 1884 (Abruzzi
1981:179). . |

The effectiveness of the ACMI in resource redistribution was enhanced by its integra-
tion with the larger ZCMI. Deposits in local cooperative stores throughout the Mormon
West could be credited to individuals and towns within the Little Colorado River Basin.
Thus, by its various credit arrangements and through its intimate association with the
local Church leadership, the ACMI effectively transformed an otherwise dormant sur-
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plus into an active flow of resources that circulated between locations of relative abun-
dance and those of critical need.

The responsiveness of tithing redistribution was assured by a system of quarterly stake
confcrences attended by representatives from each ward, Although they were ostensibly
held for religious communion, the conferences served as a time during which considerable
information was exchanged regarding the material circumstances of local settlements.
The conferences occurred during critical junctures in both the agricultural and seasonal
cycles: prior to the planting season (February—~March), after the spring runoff (May—
June), following the intense summer rains (August~-September), and subscquent to the
fall harvest (November—-December). They therefore facilitated a rapid exchange of infor-
mation and enabled a judicious response to local needs at the very times when environ-
mental conditions were most likely to have a negative efect on local agricultural systems.

Discussion

As already indicated, the Little Colorado River Basin presented early Mormon settlers
with a diverse yet highly variable environment that imposed severe limitations on agri-
cultural productivity and community stability at the same time that it offered the poten-
tial for circumventing local environmental limitations. Early Mormon settlers clearly rec-
ognized the adaptive advantage of exploiting regional diversity and employed several
specific strategies to integrate the exploitation of diverse habitats into a single resource-
flow system. However, of the two multihabitat resource-flow systems that emerged—one
based on joint resource exploitation and the other on tithing redistribution—only the
latter system functioned as an effective mechanism of environmental regulation by cir-
cumventing environmental variability. It is argued here that tithing redistribution suc-
ceeded primarily due to the greater redundancy of resource flows it provided compared
to the earlier system of conjoint enterprises. ‘

The conjoint enterprises eventually failed because they never achieved functional in-
dependence from the lower valley settlements. Most activities performed at the sawmill
and the dairy had to be completed during the summer and early fall due to the constraints
imposed on these activities by the winter weather at higher elevations. However, agri-
cultural labor was performed primarily during the summer and fall as well. Conse-
quently, the effective operation of the conjoint enterprises competed directly for labor
with farming in the lower valley. A record of the labor expended at St. joseph during
1879 illustrates clearly the problem these early settlers faced (see Table 2). Of the 4,761
man-days of labor credited 1o 23 men, approximately 4,500 man-days, or 196 man-days
per capita, had to be performed concurrently with the growing season.

Little time remained, therefore, to invest in other activities, Competing demands for
labor in agriculture, dairying, logging, milling, and the numerous other operations
needed to establish and maintain individual settlements strained the limited labor force
of these small towns. During periods of critical labor shortages in agriculture, which oc-
curred almost semiannually due to recurring dam failures, the drain of investing in sup-
plementary productive activities far removed from the lower valley was a burden that
became increasingly difficult, and eventually impossible, for lower valley settlements to
endure. The instability and high cost of agriculture in the lower valley precluded the
continued investment of limited resources in potentially productive yet supplementary
resource flows,

Labor shortages among lower valley settlements were also aggravated by high depen-
dency ratios (see Table 3). Settlements in the lower valley maintained consumer/pro-
ducer ratios that reduced their productive capacity below that already imposed by their
small size. This increased the already excessive drain on their limited resources. Fur-
thermore, dependency ratios increased with time. At St. Joseph, the proportion of the
population under eight years of age increased from 36.5% in 1877 to 49.5% in 1881, a
year that witnessed a major dam reconstruction (see Abruzzi 1981:171-172). Signifi-
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Table 2
Labor expended at 5t. Joseph during 1879.®
Labor expended

Work performed (in man-days)
Ditch 764.5
Farm 734
Garden 154
Stock 256.5
Herding cows 90
Herding sheep and shearing 326
Dairying 473
Freighting to Utah 128
Choring 234
Carpenter work 303.75
Shoemaking 82
Smith work 95
Building and sundry labor 71H0.25
Teaching school 95
Sawmill 315

Total 4,761

aSource: Porter (1923:375).

Table 3
Percent of the population under eight years of age among settlements in the lower valley
of the Little Colorado River, 1877--86.2

Year Sunset Brigham City St. Joseph
1877 25.0 34.0 36.5
1878 21.0 36.0 45.0
1879 33.8 40.2 43.0
1880 31.6 38.7 38.8
1881 34.5 — 49.5
1882 43.6 — 45.8
1883 52.4 — 43.6
1884 41.5 — 42.5
1885 42.3 — 23.3
1886 o — : 23.1

=Source: Abruzzi (1981:207).

cantly, children under eight years of age still accountedfor 42.5% of the population at
St. Joseph in 1884, another year requiring a major dam reconstruction (Abruzzi
1981:173). In 1883, the year of its dissolution, Sunset’s population contained 52:4% chil-
dren under eight years of age, the highest proportion of any town throughout the settle-
ment period. In contrast, the proportion of the population under eight years of age in the
Eastern Arizona Stake in 1879 was only about 31%, and at its peak reached only 36.7%
in 1883, with children under eight years of age comprising only 26.2% of the population
of Snowflake in 1880 {(Abruzzi 1981:208). In addition, mean family size at St. Joseph
between 1892 and 1897 was 7.3 persons, or nearly 30% greater than the mean family size
of 5.8 persons recorded at Snowflake during the same years (Abruzzi 1981:209).

Thus, during the critical years when lower valley settlements struggled to establish
their productive bases along the Little Colorado River and attempted simultaneously to
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establish the institutions upon which a multihabitat resource-flow systemn could be based,
they lacked the manpower nceded to accomplish their goal. Lower valley settlements
never seemed able to command enough resources to repair dams, clean ditches, or repair
fields, let alone ¢xpand into new and distant habitats (sce Abruzzi 1981:169-] 77; Tanner
and Richards 1977:41-51).

The conjoint enterprises established by the lower valley settlements were not ecologi-
cally viable, despite their manifest cthnoecological basis, because they were not compat-
ible with regional environmental conditions, Nor was their viability enhanced by the fact
that they were based on the cooperative Mormon values that underlay their communai
United Order organization (see Peterson 1973:91-122). The smali populations of these
communities suflered an intense drain on their meager resources due to the variability of
surface water flow in the Little Colorado River. At the same time, chronic labor shortages
in the face of frequent dam failures and high dependency ratios limited the ability of lower
valley scttlements to invest sufficient resources to effectively exploit distant habitats,
Thus, despite its cooperative orientation, communal organization, and explicit ethnoeco-
logical basis, the system of conjoint enterprises failed as 2 mechanism of environmental
regulation.

impact of ocal environmental variation, the Board of Trade and the ACMI were estab-
lished primarily in response 10 competing non-Mormon business interests, while the
quarterly stake conferences functioned ostensibly to promote religious unity and social
separation, However, despite their manifest nonecological origin, the latter institutions
provided the foundation for an ecologically viable multihabitat resource-flow system for
the very reasons the conjoint enterprises did not, By broadening the organizational and

dispersed habitats, the system of tithing redistribution was suitably structured to circum-
vent local environmental variation within the basin.

By including every Little Colorado Mormon settlement and thus integrating resource
flows from every exploited habitar, this later regionally coherent exchange system was
able to provide substantia resources (labor, food, and supplies} at those specific times
and places where resources were critically needed to offset the destabilizing impact of
local environmental variation. In addition, tithing redistribution integrated the produc-
tivity and labor of more than 2,000 persons in two dozen independent settlements scat-
tered among widely separated habitats. Asa system of environmenta) regulation, tithing

4

redistribution stood in sharp contrast to the conjoint enterprises that integrated the ma-

tlements located in similar highly unstable primary habitats.

The effectiveness of tithing redistribution was also enthanced by the integration of local
settlements into a regional, centrally administered religious organization and by the af-
filiation of Jocal institutions with external parent-organizations. While the former in-
creased the responsiveness and reliability of local tithing redistribution, the latter pro-
vided access to resources whose availability was independent of regional envirommental
conditions, Enveloping Church institutions frequently provided critical subsidies to
stricken communities which augmented the regional system

by fixing prices on commodities the Board of Trade also enabled individuals to exchange
their surpluses more profitably with the local Church marketing apparatus, either as tith-
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ing or as credit in the local Church-operated cooperative stores. In addition, during its
earliest years, the ACM]I paid investors dividends exceeding 25% (see Abruzzi 198) 209,
and as late as 1890 the ACM] sull declared a dividend of 20% (LeVine 1977:38).

The creation and central redistribution of local surpluses, combined with the availa-
hility of additional subsidies from external Mormon sources, contributed substantially to
the suceess of Mormon settlement in this basin. These were the same institutional ar-
rangements that underlay successful Mormon colonization clsewhere (sce Arrington
1938}, and it is for this reason that successful colonization of the Little Colorado River
Basin and much of the American West was largely a Mormon achievement.

Significantly, the differential success of Mormon attempts at multihabitat exploitation
in the Little Colorado River Basin conforms to expectations derived from general ecolog-
ical principles and suggests broader theoretical implications for explaining the success of
Mormon colonization, Ecological redundancy was clearly absent in the system of con-
joint enterprises established by the early United Order settlements in the lower valley of
the Little Colorado River. Although these enterprises exploited resources away from the
lower valley, the labor needed to operate them was directly linked to conditions affecting
agriculture along the Little Colorado, Consequently, the negative tmpact of environmen-
tal instability upon irrigated farming in the lower valley ramified to the conjoint enter-
prises. Rather than offsetting environmental instability, as anticipated by ecological the-
ary, the multihabitat exploitative system of the early lower valley settlements succumbed
(s BERN

In contrast, the later system of tithing redistribution integrated settlements throughout
the entire basin by uniting the productivity and labor of separate populations concen-
trated in the intensive and independent exploitation of diverse local habitats, Productive
shortfalls at one location were compensated for by surplus productivity elsewhere. Thus,
separate and independent resource flows in numerous, distinct habitats provided suffi-
cient redundancy to circumvent local habitat variability. Linking local tithing redistri-
bution to encompassing Church institutions merely enhanced the redundancy that al-
ready existed. Consequently, again as anticipated by ecological theory, tithing redistri-
bution operated as an effective mechanism of environmental regulation and contributed
substantially to successful Mormon colonization of the region.

In summation, then, this article has shown (1} that successful Mormon colonization of
the Little Colorado River Basin resulted largely from the development of a system of re-
source redistribution that offset the destabilizing impact of local environmental variation,
(2) that general ecological theory explains both the role of resource redistribution in suc-
cessful Mormon colonization and the differential success of Mormon efforts to develop a
multihabitat resource-Bow system, and (3) that ecological theory combined with a con-
sideration of local material conditions provides a more precise understanding of this col-
onization effort than do references to cooperative Mormon values, It 15, therefore, sug-

gested that general ecology offers a potentially important theoretical framework for ex-
plaining both the general success of Mormon colonization and the evolution of complex
human communities (see Abruzzi 1989).
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'Mormon settlement along the Little Colorado River began under an organizational arrange-
ment known as the United Order {sec Arrington 1958:323--349; Peterson 1973:91 . 22; Tanner and
Richards 1977:51-63 for discussions of the United Order and of the United Order Movement in
Mormon history). Within United Order settlements, hoth property and labor were pooled (see St.
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The washowt of Hlume number three

during 1918.

JVER sinck the late Ammon Tenney
discovered the picturesque little
vallev of Woodruff on the banks

ol the Little Colorado in Arizona in
1676, that particular place has been
N a constant stage of pioneering.
WAL it alwayvs be so?—is the common
cuestion.

The ordinary ohserver would un-
deubtedly answer ves. However, if
the reply came [rom one whose child-
hood had been spent in the valley,
we might hear a smothered sigh, but
the reply would be a clear and sure—

94

Map of Arivona,
showing  the  loca-
tion of Woodrull,

Damn

ro, for in very deed our childhood
was ohsessed with the one determina-
tion of reclaiming that special plece
of the great southwest, “that it might
blossom as the rose.”

It was in the early spring of that
eventful year when Ammon Tenney,
an LDS scout of pioneer days in
Arizona, came riding into Sunset* to
tell with enthusiasm of the wonderful
location lor a settlement which he had

“Sunsei was Jucated very near to the present site
o Winsdw, Lot Smith ‘was captain of the Troag
of enfonizers who made the camp.  They imma-
diately organized themselves inte  what way  knowr
2 the "United Order,” according 10 Brigham Young's
instructions,  This order lasted for seven vears, swith
Levi M. Savage as bishon, Lat Smith was sustained
& prasident o the Lide Colorads Stake of Ziem.
The stake was ocompeed ol some lour new settle
menty intiading Sunset,

Flume number one as it appeared in 1917,
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ing the Little Co orado

by Ruth Sarage Hiltou

just found while on a reconnoitering
trip up the river. ‘

“We have discovered a site with
most marvelous possibilities,” Brother
Tenney declared, “a real little Eden.”

The townsite thus referred to is a'
small valley which nestles at the base
of a huge volcanic neck known as
the “Butte.” This mass of black rock
makes a conical-shaped mountain
rising about four hundred feet from
the valley floor. Two smaller buttes,
forming the basin for a clear, small
lake, bound its eastern side while
the Little Colorado River skirts the
entire western line. Ar the point
where this river makes a swirling
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Many a pleasant day was spent fishing belaw the old dam.

crook and passes from rocky canyon
walls to high, concave banks of red
clay was the most wonderful dam site
that anyone could possibly ask for,
accorling to the pioneer, Brother
Teney.

The old scout declared with anima-
tion, “Why—just a bit of brush and
a few scrapers of dirt placed at that
sharp bend in the river—about one
mile south of the Butte—and the
thing is done.”

The inhabitants of Sunset were
among those called by President
Brigham Young to what was known
as the Arizona Mission. Their spe-
cific assignment was to colonize the
Little Colorado district. To the end
that this task might be accomplished
became the life of these pioneers. It
represented their hope, their faith,
the future of their children. Hence
it required verv little persuasion to
induce about a dozen familles to move
up the river to Ammon Tenney’s new
project. Cedars were cut from the
surrounding hills and dragged to the
river, dirt pulled in by the scraper
method, and by late June water was
on the fertile soil.

This dam proved 1o be only the
beginning. These thrifiv, God-fear-
ing pioneers were entirely unac-
quainted with the treacherous, turbu-
lent, stream which they presumed to
harness. The rains came in earlv
August changing their clear, small
stream into a raging torrent of red-
dish billows. The Zuni Wash joined
both Showlow and Silver creeks, and
all combined to swell the waters of
FEBRUARY 1935

the ferocious river. This flood car-
ried that first dam away as if it were
a single log.

This catastrophe changed the river
bed, leaving the dam site widened
and enlarged many times. Then be-
gan that long struggle with rain,
wind, and rock which makes the
history of Woodruff. I was about
twelve years old when they told me
that the mass of rock, timber, and
earth which served as our dam was
the thirteenth one put at or near
that particular site by a mere hand-
ful of people who must wrest their
living from the soil as thev struggled
with irrigation’s problems. At no
time did our population exceed twenty
Families, and there was no federal
aid for reclamation projects in those
days. This thirteenth dam had
withstood so many floods and had
cost so much more than any previous
one, that 1 recall having a feeling
of its stability which sensatiop no
doubt was reflected from the adult
folk of our town,

However, the crash had only been
postponed. That very fall a rider,
breathless and dusty, came hurriedly
into town. We listened as he warmed
our parents of imminent danger. The
Lyman Reservoir—located above us
on the same river—swollen for days
bevond capacity, had broken. Shrilly
he cried, Irightening us most to death,
“It isn't a flood that’s a comin’—it's
an ocean.”

That night with its blackness and
drenching rain will never be forgot-
ten, It is easy still to vision the grim

determination written on every face
as all eatables and grain were stored
in the second story of granaries, Qur
rugs, furniture, and the like were
raised onto boxes. Then at last the.
voungsters, bedding, and provisions
were loaded into the old farm wagon, -
and away to the hills. Still it rained:’

more and more. -

Morning showed a rather damp-
ened community camping on the
heights. The sun came out glori-
ously. We children laughed. The’
fmen and women looked grave. Water
was running down the narrow, beaten
streets, Cellars were full of the red~
dish flood. Then came the reeking,
swaying crash; the dam gave way.
Everyone, young and old, stood on
the river bank watching slide after =
stide our dam washed downstream by
angry waters, Great rock boulders
lunged, rolled, and sank. The mass
of logs fastened together which we
called the “apron” was tossed aside
as a plaything. The waters receded -
from town to the now deepened river
bed. That night we slept in the goo
old rock house—at home. :

Undaunted, the assembled ccﬁp»

‘munity vowed to rebuild quickly and

stronger than ever before. “We are
going to build of solid rock and con-
crete,” 1 heard my lather say; how-
ever. no rock bottom could be found
to tie to. hence a huge rock pier was
buil: on each side of the stream .
proper. The men blasted out the ledge’
to make a rock floor for them to stand

(Concluded on page 98)




(Concluded from page 95)
o, The dam itsell was dovetailed
into these piers. '

That entire winter saw every man
and boy of our little town on the
job. We youngsters rathered enjoyed
it.  When school was out, we would
run to the dam. Sunday afternoons
we would walk to the dam. Moon-
light nights we held parties on its
rock quarries, and had “Hard Time
Dances.” Thus we grew to know
much of the handling and working of
rock derricks, cables, and pulleys,
giant powder and blasting, as well as
the use of Portland cement.

Spring came; the dam was not
completed, but far enough along that
everyone felt reasonably safe. In an
ordinary river it might have been,
but not in the Little Colorado. The
melting snows of earlv May came
down the mountainsides in splashing,
gnashing glee, They dug under our
dam and tumbled it away. It was
Sunday morning. The entire com-
munity stood on the bank gazing at
the great new gap in the river. Both
rock piers stood alone, erect, and un-
impaired, as if to remind us of what
had been. There was little said, no
- call for nolse; silent tears slid down
more than one swarthy face.

The townspeople were now thor-
oughly discouraged, but any thought
of giving up the project was never
voiced. The fact is, many grimly set
their lips and said, “I reckon it'll

3y

prove a blessin’,

When and how to rebuild became
the ever constant question. Many
men went off for work to obtain the
ordinary necessities. So time dragged
on, and it was some fifteen months
before any new plans were matured.
These plans called for a solid rock
and concrete dam four miles above the
old one. Even here, rock bottom
was out of the question, but the Lit-
tle Colorade could be left out; in fact
the only way to succeed was to let it
go its unconquered way, carrying
away the heartaches and backbreak-
ing tasks of many years. Yes, we
would dam the river by damming its
tributary, the Silver Creek, whose
junction was more than four miles
above the old dam.

To ger water from Silver Creek
would necessitate the construction of
a Big Ditch the entire four miles, most
of the way through solid rock. It
was possible, but to a mere handful
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of people already reduced to bare
living it seemed a gigantic task; how-
ever, work began, and Community
Day was celebrated at the new dam
site.  We children played hide-and-
seck among the rocks. Men looked
grave and tired. Some of the women
sang while others wept. Then the
entire group joined in united hymns
and prayers—and the work started
off with the first blast as glant sticks
of powder were exploded at the rock
quarry.

The men chiseled the great ditch
through solid rock alter the dam was
completed. Then when they met the
canyon walls, two siphons were laid
beneath the river, while in other
places great flumes were strapped to
canyon walls that the precious stream
might be guarded and guided on its
precarious way from dam to town.

Some days nine able-bodied men,
assisted by a few boys, would comprise
the working force. Another day
there might be fourteen or even fif-
teen; and on still another day, no one
would be there, for the settler mus:
find the wherewithal to feed and
clothe the family from somewhere
while his valley home waited for
water to make it “blossom as the
rose.”

Often the weary worker lingered to
fish that he might literally take home
his supper. And if the day chanced
to afford a long summer twilight, he
might meet his wife and the children,
his friends with their wives and chil-
dren, at the old “Fishin’ Hole” where
pienic supper would be served and
his faith would be renewed, his laugh-
ter become sweeter, and his friend-
ships stronger.

It required six years to.complete
this last project. The first vear we
hauled water in barrels to ourstrees,
then one by one this was given up.
First the shade trees (poplars), then
vineyards and shrubs, lastly the fruit
trees became dry. Finally there re-
mained but one green spot in the en-
tire valley, a small portion of our own
front lawn. Nothing could induce
my mother to give up this loved spot.
She would line us—the little chil-
dren—up in a sort of bucket parade
from barrel to lawn. Here daily we
passed the priceless liquid from hand
to hand that this precious bit of ver-
dure might not choke to death.

Mother’s effort seems almost heroic
now as I recall that the grim reaper

called her home, in June 1916, and .

soon that bit of lawn had perished.

At last—the great day in 1918—
water was in town again! The long
years were over. We had grown
from boys and girls to men and
women. Qur schooling had suffered,
more or less, but our faith in life, In
persisient endeavor, in the virtue of
hope, in the glory ol the future was
immeasurably heightened. We were
married; many of us had moved to
distant parts; but all heard the news
and joined in the glad “Hurrah!”.
or was it a shout of “Hnsanna”?

“A stable water supply was avail-
able for Woodrufl.”

“Does it pay, such persistence?” I
hear you ask. My answer is to point
to the beautiful, contented old age
which came to my father, Levi M.
Savage, He lived to enjoy his eighty-
fitth year, still straight and swift of
movement, exemplifying that type of
man that has ever pioneered our great
West. For almost thirty years he was
bishop of Woodruff. His release came
shortly after the Big Ditch was com-
pleted. .

He makes one of the most glorious

pictures of my memory as I recall the

last year of his life—full of hope,
joyous as youth knows how to be, and
ever whistling as he milked his cows
or went his nightly round, lantern
in hand, to make sure that all was
well on the premises.

Ask him that question, “Does it
pay?” and he would surely answer,
“Pshaw, folks, it doesn’t matter so
much what you do or where you live,
it’s how you do it.”

Turning Tides

(Continued from page 81)

A second partnership, entered into
after two years’ struggle to accumulate
another stake, was more disastrous
than his first ill-starred venture. His
intemperate new partner frittered

away the profits in a short time, -
- plunging them both into a deep pool

of indebtedness.

Seeking to keep afloat, the partners,
in desperation agreed to sell out, and
accepted terms from a purchaser,
whose unscrupulous dealings entirely
finished them.

The purchaser failed to make his
payment at the year’s end, sold the

entire stock of goods, took the receipts; - *
(Concluded on page 100) ;i
THE IMPROVEMENT ERA
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My life is but a weaving between my Lord and me,

I cannot choose the colors He worketh steadily.

Ofttimes He weaveth sorrow, and I, in foolish pride,

Forget He sees the upper and I the under side.

Not till the loom is silent and the shuttles cease to fly

Shall God unroll the canvas and explain the reason why

The dark threads are as needful in the Weaver's skillful hand
As the threads of gold and silver in the patterns He has planned.

~ He knows, He loves, He cares! Nothing this truth can dim.

He gives His very best to those who leave the choice with Him.

—Hughes Fawcett
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CHAPTER VIII

HowmEe Lire aAND Busivess AFFAIRS

IN oUR FIRST home in Arizona we hung a beautiful
motto in our living room. On its black background, en-
twined with sprays of wheat and flowers in color, are four
gilt words: “The Lord Will Provide.” (I purchased this
motto in St. Louis about 1883 when I went there to buy
goods for our Co-op Store.) When mother and I look at
that motto now—for it still hangs on otir wall—we gratefully
acknowledge that He has provided, not only the wheat,
but the flowers. In spite of the struggle that we have
sometimes had to make, we have always had the neces-
sities of life, and a spiritual abundance beyond what can
be expressed in written words. It is true that we toiled
early and late to gain a livelihood, and that our children
worked hard along with us. I have been especially grate-
ful to the Lord for the good wives He gave me. We were
always blessed with the friendship of our good neighbors,
and we were uplifted frequently by the visits to our home
of the Church authorities who came to attend Stake Con-
ferences. We felt the benefit of contacts with these cul-
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tured people, and in the sum total, lived along as happily
as most any family in the land. We had many financial
reverses in our family life but we also had many blessings
to offset them.

Summarizing our activities briefly, we had mail con-
tacts from 1881 to 1918; we bought sheep from Barth
Brothers in 1886-1887. When prices on wool and mutton
went so low during President Cleveland’s administration,
we turned the sheep in on the purchase of the “Milligan
Farm” from Henry Huning of Show Low, This farm, a

MEETING OF THE MAIL CARRIERS

section of land with the best water rights on the river,
was located two miles southwest of Springerville in Round
Valley and fifteen miles from the headwaters of the Little
Colorado. Joseph and I at this time went into partnership
and were known in business as “Udall Brothers.”

We both liked farming, which in St. Johns had i)roved
to be a failure due to heavy mineral water,
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The Milligan Farm had good soil and pure mountain
water. There were three Mexican houses and a burr
grist mill run by water on the property. The farm and
improvements were valued at $20,000.

About 1888, we moved our families to the “Mill Farm,”
as we came to call it. It was a great joy to me to have
Ella and Ida and our children living near each other
for the first time in our checkered experience. The Mex-

UDALL BROTHERS GRIST MILL

ican houses with their thick adobe walls and many fire-
places were really comfortable except when the dirt roofs
leaked, which was not very often. Thus began. a long
period of strenuous work.

For three or four years our crops were large. One
year we threshed six thousand bushels of grain, and in
addition had good crops of hay. Then came ten succes-
sive years of drought. Every year our crops, whether good
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or poor, were freighted to Henry Huning's ranch in Show
Low or to Fort Apache. In this way we made generous
payments on the principal of our debt for the first few
years, and then as one crop after another failed it was
all we could do to live and keep up the interest on the
notes. In the early days when farming was successful
we installed a new roller mill to take the place of the old
burr mill, and had the valley grown its average crops of
wheat our mill would have proved a profitable business.

However, the drought continued., In 1898, Joseph
withdrew from our partnership and bought a home and
some farmland in Eagar. Then in 1899, Mr. Huning took
advantage of the situation and foreclosed the mortgage
he held on the property. This mortgage covered the farm
with its thousands of dollars of added improvements and
better water rights we had secured by building new res-
ervoirs and ditches; with new fences, barms and roads,
together with a modern mill. The law gave Huning all
of this, and what was worse for me and mine, it gave him
a deficiency judgment against us for over $11,000. I asked
Huning in the name of justice to allow me more time.
He had made a small fortune from the sheep we had
turned to him, had prospered in his other business nego-
tiations, and was in a position to have shown some con-
sideration to us had he been so inclined, but he was
relentless in his decision. This meant financial ruin, not
only for the time being but for many years to come; how-
ever, eventually we took care of every just indebtedness.
Ella, Ida and the children meant much to me during this
trying period. . With their love, loyalty and help I endured
this blow to my pride and in time we re-established our-

selves financially.
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The foreclosure sale took place at the courthouse in
St. Johns and the place was sold at auction to Huning
for $8500, he being the only bidder. Huning and his
coachman and lawyer left immediately after the sale and
I knew intuitively that they were intending to reach the
mill before I did and take possession—an illegal thing
to do because the law gave me possession during the
six months in which I could redeem the property.

But at any rate, Huning was trying to beat me to
the mill. He went by Springerville and I, coming away
behind him, cut across the mesa and reached the mill
first. Will Slade was running the mill. I told him Huning
would be therce and for him to go on with the work and
know nothing.

Huning came, his lawyer and the deputy sheriff with
him. Johuson, the lawyer, came to the door and called;
“Mr, Udall, are you there?” They all came in or stood
in the doorway. I said, “Gentlemen, will you please
step out? ¥ am going to lock up the mill” I repeated
this three times. Huning left and Johnson said to the
deputy, “You are the sheriff, and you have a right to
stay.” Then he and Huning drove away.

The deputy and I both stayed in the mill all night;
he having brought his roll of bedding slept on the floor,
and I ran the mill. Mother sent me some supper and,
needless to say, the folks were too anxious to sleep much
that night. Next morning I wanted to get out and water
my horse which was tied up near the mill. I told the
deputy to step out or I would lock him in while I went
. out. He stayed in and I locked the door and when I
came back he had taken the lock partly off. Then he
went out after some wood, and I attempted to close
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the door. He saw me and ran up the steps and struck
the big heavy door with the ax, with a look of murder
in his eye. He backed me clear across the mill with the
ax. I called, “You would not do that.” It was a harrow-
ing experience and I knew there would be bloodshed if
I stayed on. His gun lay on his bed all the time,

About this time Ella and her dear friend Mary Cheney
came over and insisted that I go away and they would
hold possession of the property. Feeling sure they would
not be molested, I left them there and sent a boy to
Bishop Crosby to find some relief for us. Mother said
that the deputy told her to go home where she belonged.
She replied, “My place is here.” The bishop went to Mr.
Gustav Becker, who came up at once and said to the
deputy, “Why man, you have no legal right in here even
though you are an officer. What in the name of Heaven
are you here for? You had better clear out.” And he did.

But Huning was thwarted in one purpose—that of
possessing the Mill Farm. My friends, John P. Rothlis-
berger, C. P. Anderson, John W. Brown and John T.
Lesueur bought the property for the price of the judgment.
They gave me the privilege of rebuying from them. I
thought it unwise to undertake this obligation, for my
pros;ects for paying for it were far from promising. But
we lecided to lease the property from them for a vyear,
whirh gave us time to close up our affairs and to move
away deliberately. John P. Rothlisberger bought the farm
from the others. We were glad to move away. :

This is the dark side of those years from 1888 to 1900,
but that period too had a bright side. In the driest years
there was enough water to raise good gardens, wheat
for our bread, and to provide pasturage for our cows
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and horses. We also managed to keep on with our mail-
driving and while we were burdened with debt and my
good wives worked far too hard in cocking for hired
men and rearing our family, yet we were together and
we enjoyed many blessings, chief of which came to us
in our children. :
When Joseph and I took over the Mill Farm, he
had Emma and little daughter, Nellie, and one son,
Joseph. We had Pearl, Erma, Pauline and Luella. Then
our boys began to arrive. First, Emma’s Harry, then Ida’s
Grover and Ella’s David—a trio. Then Ida’s John Hunt,
Emma’s Earl, and Ella’s Levi—another trio. Then Emma’s
Gaius, Ida’s Jesse, Ella’s little Paul (whom we lost); Ida's
Gilbert and Don, and Emma’s little Oscar who died in
infancy, and Joyce. Then Ella’s beautiful little Rebecea
who lived less than a year. Emma had another son, Pratt,
and her girls, Alta and Lula, after they moved to Eagar.
While living on the Mill Farm, Joseph’s family and
ours were like one big family, What a happy, happy group
of children that old farm sustained! *+In many ways our
farm was an ideal place for girls and boys. They had
plenty of playmates, good Arizona sunshine, wholesome
food and pure water. The children loved the calves, the
chickens, geese and ducks, and most of all the riding ponies
we provided for them. The boys monopolized the swim-
ming holes, but the girls had swings, playhouses and
many houseparties for their friends. Always there were
interesting things to do in the big out-of-doors—the old
mill, the flume and penstock, the pastures, the river—all
had their attractions. Our farm was in a beautiful coun-
try very different from the salt grass fields around St. Johns.
As soon as the children were old enough they learned
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to work, Therc were many chores to do, weeds to pull,
and finally for the boys there were horses to drive in the
field work. The children walked to school in Eagar. Our
rule was that during the school season, school must come
first. Sometimes it was difficult to get so many off on
time, and one of my most amusing memories is that of
seeing Luella, tiny golden-haired girl that she was, taking
Grover and David, her two younger but larger brothers
by the hands, and resolutely pulling them along through
the big field, about one mile between our home and the
schoolhouse, so that they would not be late.

The mothers managed things very well. They kept
our homes attractive. They provided good books for the
children and read to them. There was music and song
in our home and this added joy and color to our lives,
and to the community in which we lived, which reminds
me of an amusing incident: Fred W. Schell, the principal
who worked from daylight until dark to put our Eagar
school on the map, was dangerously ill with rheumatic
fever—so ill that for weeks the slightest movement of his
muscles was excruciating. One night our youngsters,
thinking they would cheer their teacher up, went to his
bedroom window to serenade him. Nellie played the
guitar and the chorus of small Udalls sang their favorite
song, “The Dear Old Slave Has Gone to Rest.” -Poor Mr.
Schell racked his poor body with alternate laughter and
screams of pain! _

Our Church went along as usual. I had many public
duties in connection with my office as stake president.
Often my work took me away from home, but we enjoyed
our labors, and rendering service was our privilege and
blessing.
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and to Pearl’s patience in treating her for many months,
she made a very good recovery and has had the use of her
hand for these many years.

BUSINESS ACTIVITIES
Reservoir Building:

Reservoirs had to be built to maintain the Mormon
people in Arizona and farming was primarily my vocation
in life. In those early days in the northern part of the
state, with no engineers and in our own way—for we did
most of the work by ourselves—we stopped the water
from going to the sea. We had no government help and
but little Church help. The government did not want to
put its money into a proposition as uncertain as impound-
ing water in a country subject to such extremes of droughts
and floods. The building of the reservoirs in Apache
County, by which means the reclamation of land was made
possible, forms one of the most interesting chapters in
my practical life. In St. Johns, first came the Little Res-
ervoir, and the Padre Reservoir, as we, first called it, built
in the early and middle 1880’s. Then the “Big Reservoir”
at Salado Springs, completed about 190, was washed
away in 1905. Then the rebuilding of that and selling,
or merging into the Lyman Reservoir in 1909-1910. Then
the loss of that dam in 1915, and the rebuilding of it again.

At one time, the Church made a gift to the saints
of St. Johns of $2500, with which we bought wheel scrap-
ers. Later, when the Lyman Irrigation Company was or-
ganized, we received credit from it for the moneys thus
expended. .

During the years we lived in Round Valley a portion
of each year was spent with men and teams working on
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irrigation projects on the upper reaches of the Little Colo-
rado River. Near Greer will be found the cluster of small
lakes known locally as the “Bunch Reservoir,” the “Tun-
nel Reservoir” and the “River Reservoir” (or Number
Three), which we aided in constructing or rebuilding
under the able direction of Bishop George H. Crosby.

Our Gentile friends from Denver came to the country
in 1909 intending to twn Hunt Valley into a reservoir.
They approached me on the subject of selling our prop-

RESERVOIR BUILDING OPERATIONS

erty in Hunt for that project. I told them of the reservoir
possibilities above St. Johns in connection with the St.
Johns Reservoir. After an investigation they decided to
spend their efforts and money on the St. Johns proposition
and organized the “Lyman Land Company” and the “Ly-
man Irrigation Company,” giving our original company
stock for our holdings in the latter company, and our
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people contributed labor. The Denver capitalists owned
three-fifths of the stock and the local people two-fifths.
It first cost $250,000. It was rebuilt after the dam washed
out in the flood of 1915, by loans aggregating $750,000
from the State of Arizona. Half of the indebtedness to
the state was ultimately cancelled by legislative action
upon the theory that the state, having taken over the
management of reconstruction was responsible for the
excess cost. (Udall v. State Loan Board, 35 Ariz. 1.)

After moving to Hunt at the turn of the century, we,
in company with our associates, materially aided in build-
ing and rebuilding the “Udall Reservoir” (commonly
- called Zion’s Lake) on the Little Colorado River, some
ten miles above Hunt. The breaking of the reservoir above
St. Johns in the wet years of 1905 and 1915 washed out
this dam, leaving our farming lands high and dry.

Ventures in Sheep Business:

In 1886, a few weeks after my return from Detroit
Prison, Sol Barth greeted me one motning with this ques-
tion, “Bishop, how would you like to go into the sheep
business?” I replied, “Sol, you know I am broke and could
not consider such a thing because I have no money.” He
said, “It won't take any money. You can get them on
time—8,000 head at $1.75 per head for old sheep and $1
per head for the young ones, with. interest at six or eight
per cent.” ; -

I made the bargain with him and was reminded of
President John Taylor's promise to me in a letter received
in prison saying that because of my imprisonment I would
not lose the confidence of people. I wrote John and Tommy
Stewart (EHa’s brothers) about the deal. They came from
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Kanab to investigate the matter and we formed a partner-
ship and took the sheep. A little later, not liking the coun-
try, they took two-thirds of the herd to the Buckskin Moun-
tains. Then my brother, Joseph, came into the business
with me.

Soon after that, our prospects were ruined when
President Cleveland’s low tariff lowered the value of wool
and sheep.® We had one extremely annoying experience
after Barth Brothers sold our notes to Lowenthal and Myer
in Albuquerque. Through unscrupulous sharp practice
the latter brought us into litigation which hung fire for
years. It was very expensive for us, but was finally set-
tled by the comt in our favor.

In 1888 we turmed over our interest in the sheep to
Henry Huning as first payment on the old Mill Farm
near Springerville. Eight or ten years later I tried the
sheep business again in partnership with John P. Wimmer.
The seasons and other things were against us, and again
the sheep business proved unprofitable to me.

Carrying the United States Mail:

July 1, 1881, Miles P. Romney and I took a U. §. mail
sub-contract from Sol Barth, to carry the mail from Ft.
Wingate, New Mexico to Ft. Apache, Arizona, a distance
of two hundred miles, two trips per week at $5,000 per
year, During that year we had the heaviest rains and
the deepest snows ever known in our country. Mother
reminds me that it rained forty days in succession in the
autumn. The route was from Ft. Wingate by the Zuii
Village to St. Johns, then by the Rommey Ranch, the

* Incidentally, this financial reverse may have been instrumental in making
staunch Republicans out of the “Udall Brothers.”
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fornia, brought into good use and with no extra expense
to us our buckboard or auto service to and from the rail-
road. It was some compensation to us for the sacrifices
we had made in keeping the mail-line going.

Much may be read between these lines. An analysis
of our mail-contracting business would reveal the inner
feelings, the ideals and motives of our hearts. At some
future time someone else may add to this little chapter.
I have sketched only a background for much that might
be written. '

Nebo Electric Light and Power Company:

I enjoyed establishing it in the years of 1911-12. We—
John P. Rothlisberger and my sons and I—purchased an
old building put up years before and known. as the "Ex-
celsis Roller Mill” site. It is on the bank of the Little Colo-
rado in the northeast comer of town. We put in some
good machinery which was run by water power conveyed
from the Little Reservoir through the St. Johns Irrigation
Company’s canal. To make the water power greater we
raised the dam of the Little Reservoir, improved and
straightened the canal and put ‘a concrete dam in the
river at a point above town. This was to our advantage
and it also improved the irrigation system and has been
of lasting benefit to the community.

We wired a good many of the homes and delivered -

electricity to them at certain hours in the evening. All
. lights went off at 11:30 p.m. It was a difficult piece of
pioneering, not very popular at first. In 1915 the Lyman
Dam broke and interrupted operation, and broke many
of the people in town. Then came the war with its prob-
lems and economies. Again one of my projects failed,
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and in 1922 I sold out to Brother Rothlisberger for $3,000,
taking a loss of an equal amount.

{Pearl's comment: On one of my summer visits to
the folks, father proudly took me over to “Nebo” (how
he loved that name), to show me the electric plant. For
a year or two most of the time he attended to the running
of it and stayed there nights to save walking home about
midnight in the dark after the lights were turned off.
His couch-bed was made up and the Church works and
some magazines were on a stand beside it. I remarked
on the tidiness of the place and he said, yes, he had always
liked things tidy and had tried to teach his boys that way
in their camps and bunks on the road or reservoir, but he
thought he had not done too good a job. To this day
father is very proud of the arc light he placed near the old
home which he liked to call the “Elms.” I said, “Father,
dear, you are true to yourself—always endeavoring to give
your people light” He smiled. ]



13



Mormon Colonizing Along
the Little Colorado River
1870-1900

Charles S. Peterson

;g] The University of Arizona Press

Tucson, Arizona




About the Author . . .

CHarLES 8. PETERSON, a native of the Little Colorado country,
whose forbears participated in the Mormon migration to Arizona,
has been privileged as few others in the field to carry out his
research directly from tremendously rich primary sources. Among
his published works, his biographical sketch “A Mighty Man Was
Brother Lot” won the Oscar O. Winther Award for the best
article appearing in the Western Historical Quarterly for 1970.
Associate Professor of History at Utsh State University, and
Associate Editor of the Western Historical Quarterly, he pre-
viously served as Dean of Instruction at the College of Eastern
Utah, as Professor of History at the University of Utah, and as
Assistant Secretary-Treasurer of the Organization of American
Historians. Additionally, he served as Director of the Utah His-
torical Society and as Editor of the Uk Historical Quarterly
for three years.

THE UNIVERSITY OF ARIZONA PRESS

Copyright © 1973

The Arizona Board of Regents
All Rights Reserved
Manufactured in the U.S.A.

1.S. B. N.-0-8165-0397-4
L. C. No. 72-89621




62 The | ‘on Mission

and the use of the term mission to designate a place and a process passed,
shading off imperceptibly at first and more rapidly later. Although no
official statement was issued ending the mission, it was largely a thing
of the past by 1885.

Extraordinary needs arose occasionally that extended the usefulness
of the mission, and the fact that numerous crises marked the course of
Mormon affairs in Arizona tended to prolong its use. On the other hand,
the fact that the region was settled late in the history of the frontier cur-
tailed its longer use. Indian trouble no longer necessitated extraordinary
mobilization, and railroads and contact with the Gentile economy like-
wise lessened the need for the mission’s task-force organization. A com-
bination of such factors resulted in an extensive use of the mission during
the first decade of settlement and its passing as a useful instrument there-
after,

By the mission, the Little Colorado’s earliest administrative orga-
nization came to be. By its use, society was mobilized to carry out what
to most was an unattractive task. Even the limited success of this coloniza-
tion could not have been achieved without the mission.

4. TREK OVER THE MORMON
WAGON ROAD

The fond old route known as Lee’s Ferry by way of upper Kanab.
L. H. Harcu

To describe this country and its sterility for one hundred miles,
its gloomy barrenness, would subject the reader’s creduity to too
high a strain. Not even the caw of a crow, or the bark of a woll,
was there to break the awful monotony . . . here there was nothing
but a continual stench of miasma, and hot streaks of poisonous air
to breathe. Was this Hades . . . or the place for the condign punish-
ment of the wicked? Or was it the grand sewer for the waste and
filth of vast animation? . . . It was a horrible place.

GEORGE W. BRIMHALL

Preparations

In JANUARY OF 1876 James S. Brown returned to Salt Lake City from
his exploratory mission and reported his favorable impression of the
Little Colorado region. Fearing that the open conditions necessary to
preemptive expansion were passing, the church moved immediately to
establish colonies there. Acting with such haste as to suggest that the plan
of colonization had been previously laid and was waiting only on Brown’s
final report for implementation, Brigham Young prodded the first of
recurrent groups onto the southward roads within four weeks. During
the ensuing months, trails penetrated earlier by only the hardiest scouts
became beaten ways known firsthand to hundreds of Mormon emigrants
and to thousands more through personal letters and the pages of the
Deseret News.,
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A call for two hundred men and families was hastily circulated.
Following its directive, most of the missionaries met in Salt Lake City
late in January, where they were organized inte companies of fifty
according to the locality from which they came.” They were also briefed
as to what they might expect in the Little Colorado country and given
some idea of how to prepare for the trip. Haste, they were told, was an
imperative,

As they rushed to put their affairs in order, these first missionaries
were confronted with problems that characterized the entire Mormon
migration to Arizona. Since most mission calls were for permanent col-
onization, it was necessary to make extensive and careful preparations.
Although there was a sameness about the process, the time allowed varied
greatly, according to the needs out of which the different calls grew and
the circumstances and energy of the individuals called. The missionaries
who left during those short winter days of 1876 took no more than a
month to get under way. Inevitably some were unable to settle their affairs
and had to return to Utah to finish their preparations. Later, as the nature
of the urgency shifted and the costs of the return trip in terms of time
and truancy became apparent, it was more customary to give six months
or even longer for the missionary to make ready.

One of the first steps in preparing was the disposition of Utah prop-
erty. Although such was not always the case, prospective entigrants were
usually counseled to dispose of their holdings and sever all economic
bonds. Therefore the move south generally required that property not
only be sold but that it be moved guickly. Characteristic of the first year’s
experience was that of a central Utah missionary who received his call
on January 23. On January 31 he sold his homestead and at the cnd of
another week left for the Little Colorado River.® A favored few were
helped in the process when the call by which they were directed to Arizona
charged other men to purchase their property. Such was the case at Mt,
Pleasant in Sanpete County where “persons were designated to buy out
the brethren called at fair, just and equitable prices.”3

Forced as a rule to seek their own markets, missionaries found it
extremely difficult to get “equitable prices.” Indeed, mission calls appear
to have created a buyer’s market with land and improvements almost

1 See Frihoff G. Nielson, “The History of the Little Colorado Mission,” a
fragmentary document included in “Joseph City Ward History.”

2“fohn Bushman Diaries, 1871-1923," handwritten original in possession of
Martin D. Bushman, Snowflake, Arizona; typescript prepared by George S. Tanner
in possession of author.

3 Deseret News, February 9, 1876,
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always going for prices far below the value placed upon them by the
missionaries. There is no evidence that the tight land situation that is
generally said to have prevailed in territorial Utah was sufficiently acute
to result in ready sales for those called to Arizona. Although they some-
times resented the dilemma and commented on its irony, most regarded
the losses they sustained as part of the sacrifice incident to settling a
new country.

Some tried to minimize losses by leaving their property in the hands
of friends or family to sell, or they returned themselves and sought to
move it at their leisure during subsequent winters. Even when this course
was followed, ready markets and satisfactory prices were rare. An instruc-
tive case was that of Miles P. Romney, who after a year or two in Arizona
returned to St. George to sell his holdings. After reducing the price to
one quarter of its “ordinary value” without finding a buyer, he finally
boarded up his buildings and held on.* Others depending upon the returns
from property to outfit themselves for the trip found it necessary to sell
at whatever price. Most transactions took place with little or no cash
changing hands, the emigrant bartering land and improvements for cattle,
horses, or equipment.

In planning for the trip and the new life that lay at its end, mis-
sionaries drew from various sources. Although at the time of their call
many were not frontiersmen in the ordinary sense, the Mormon experience
had been one of pioneering, and in a general way they had a good grasp

“of what would be expected of them. Many had crossed the continent by

wagon or handeart; all knew people who had. The processes of the church,
including its expansions, had resulted in a mobile frontier so that the
pioneers of the Little Colorado were not novices in the lore of the trail.
In addition to this environmental or cultural preparation, many of the
early missionaries met for briefing sessions where they were instructed
as to the route and needs of the trip. Furthermore, during times of heavy
migration, successive rendezvous were established where experienced
frontiersmen gave additional instruction and aid to travelers.® As the
years passed, leaders and personal friends in Arizona wrote detailed
letters specifying needs that had become apparent during the process of
colonization, These letters, some of which were addressed to the Deseret

1 Ibid., November 23, 1881,

i In the migration of 1873, for example, Pipe Springs and Mocnkopi were
designated as such rendezvous, At these two sites, incoming travelers were met by
Joseph W. Young and Horton D. Haight. See letter of Brigham Young o Joscph
W. Young, March 10, 1873, Brigham Young Letters, HDC, and letter of Henry
Holmes to F. D. Richards, June 27, 1873, Miflennial Star 25 (1863): 552-54.
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News, received broad circulation, probably coming to the attention of
all prospective emigrants.

Special attention was given to draft stock and wagons. Although
what a man had on hand was often the determining factor, considerable
pains were taken to secure the best, Teams were trained and animals
traded. It was thought by some that brood mares would be of the greatest
value. Yet individual preference often dictated in favor of oxen or mules.
In any event it was a diverse array that took to the trail at the front of
the wagons of the Little Colorado settlers, with teams of horses, oxen,
and mules to be seen in virtually every group of emigrants.

Wagons were repaired and when possible new ones purchased. From
the very first it was found possible to refit along the way, and references
to both buying and selling wagons en route are not infrequent. Within a
short time it was apparent that well-made, medium-sized wagons were
best. But as in the case of teams, variety was the norm. Many proceeded
with only one wagon and a two-horse team, while others equipped them-
selves more elaborately, taking as many as five or six wagons and draft
animals in commensurate numbers. Frequently wagons in tandem drawn
by long strings of oxen or mules were used. The characteristic wagon was
covered with a tarp which kept the worst of the elements out, though
inevitably water and dust reached the precious goods within,

Loads were made with an eye to the long haul south and to the
needs of the new life at the end of the trail, with each pioneer seeking
some kind of a practical adjustment of the problems raised by the two
sets of needs. A rule of thumb sometimes followed was to limit the weight
to 2,000 pounds per wagon. A more valuable guide came from a mis-
sionary who wrote from Arizona to suggest medium-sized work horses
and good wagons not loaded “to exceed six (6) or seven (7) hundred
pounds to each animal.”®

Cargoes were characteristically utilitarian in nature. Grain for draft
stock and seed purposes was an ordinary item as were implements for
use once the new land had been gained. One bachelor missionary from
northern Utah’s Hyde Park who accompanied Lot Smith in 1876 stressed
the essentials, taking:

$50.00 in cash, 4 oxen. one wagon, one plane, hoe, pitchfork, crow bar, one
rifle, two barrels of nails, one bucket, milk pan, and strainer, lantern, bake and
camp kettle, a fry pan, two tin plates and cups, knives, forks and spoons, four
blankets and a bed, two pair of shoes, and three pair of boots, 4 bu. wheat, 114
bu. of potatoes, 500 lbs of flour, 40 gal of molasses, 20 Ibs of apples, one
ham and six Ibs of butter, 4 Ibs of candles, 9 Ibs of soap, 16 boxes of matches
and some garden seed.?
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— Utal State Historical Socicty

Ready for the road: a Mormon pioneer outfit,

All did not limit themselves to such spartan necessities, and hixuries
were taken to brighten new homes, including an occasional piano or organ.
Men either found it easier to restrict themselves in what they loaded or
were persuaded that the items they selected were necessaries. Women,
on the other hand, were often accused of taking things that could be done
without. Regardless of where the blame lay, these pioneers like others
who had gone before often loaded too heavily and found it necessary
to jettison a variety of items en route, including family heirlooms and
such necessities of the frontier as flat irons, wood ranges, and sewing
machines.

Leaders and experienced travelers worked constantly to limit foads.
An interesting story related by Daniel W. Jones, who in 1877 led a party
south by way of St. George and Pearce’s Crossing below the Grand Can-

& Deseret News, March 24, 1880.

7 See “Diary of Peter Nielson,” translated from Danish by 1. F. ?\}icison, com-
piled by Frihoff G. Nielson, in possession of Mrs. LaVinta Shiner. Price, Utah.
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yon, reveals Brigham Young’s ability to deal with this sort of trouble where
the best efforts of lesser leaders failed. Jones, who had cut his own load
to the bare essentials, had given up in his efforts to get others to do like-
wise and meeting Young in St. George told him so. To his remark, the
president replied:

Get your company in the best shape you can and as scon as possible move out.
There is a nice little settlement, Santa Clara, on your road. There is a beautiful
piece of sandy road from here to there, just as will help you get the brethren
to see the importance of lightening up. When you get there you can set up an
auction store. The people are pretty well off and will be able to buy what you
have to sell.8

Jones complied, and it proved to be substantially as Young had foreseen,
with the exception that the emigrants traded with such skill that their
new loads of grain and dried fruit were nearly as heavy as the irons and
sewing machines swapped off. But as the expedition’s wagon master lacon-
ically commented, it was better to “roll at a wheel to help get a sack of
corn over a hard place” than it was to “strain his back to move an old
stove along that was not worth hauling,”?

In addition to the ordinary physical preparations for the trip and
pioneer life, many of those called took advantage of the newly opened
temple at St. George or the Endowment House in Salt Lake City to
solemnize holy ordinances that could not be performed in the deserts of
Arizona. Some were married for the first, second, or third times, and
others did temple work for their dead. Church and civic positions were
resigned, and the inevitable round of farewell parties and meetings wound
up the process of preparation. Send-offs were sometimes elaborate. A
crowd of four hundred gathered in one town fo see their representatives
depart. At Lehi the town square was thronged and the 1876 leave-taking
charged with such excitement and sentiment that a [east one man, born
four years later, caught its spirit and though not there in person seemed
to recall the square, crowded and festive for the occasion.!®

The Trail

Preparations completed, the missionaries took to the trail. The routes
south through Utah were well worked out and followed the existing line
of settlements, Always important in the West, roads were rarely more

8 Jones, Among the Indians, p. 250.

¥ 1bid., p. 291,
10 [nterview with David A, Peterson of Lehi, Utah, July 1963.
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significant, as the closeness of the religious bond between mother and
daughter communities gave a two-way movement that was as necessary
to the essential character of the Little Colorado colony as it was constant
and continuing. Unlike the great national trails, the Mormon routes bore
north and south. Threading through mountain defiles and along desert
water courses, they were the product of pioneer use rather than of govern-
ment or army transportation. Beginning as Indian trails, they became first
the path of exploration and later the highroad of Mormon expansion.

By 1880 three routes to the Little Colorado were known. Two little-
used passages flanked the canyon lands that lay athwart the borders of
Utah and Arizona. The western road, which had been pioneered by Jacob
Hamblin, ran south from St. George to cross the Colorado at Pearce’s
Ferry at the mouth of Grand Wash. An extension crossed the river a few
miles downstream near the confluence of the Virgin and the Colorado at
Stone’s Ferry, or Bonelli’s Ferry, as the Mormons knew it. Once over
the river, traffic from Stone’s Ferry bore a little east of south to about the
present site of Kingman, from which it cut east between the headwaters of
Bill Williams Fork and the Verde River and then on to the Salt River.
Leaving the Colorado River by way of Grapevine Wash, Pearce’s Ferry
traffic either veered southwest to join the Stone’s Ferry road or held nearly
due south through Wallapai Valley before turning east by southeast along
the Sitgreaves trail which joined the Prescott to Fort Wingate mail road
just south of Bill Williams Mountain and thence east to strike the Little
Colorado at Canyon Diablo. Little Colorado emigrants who chose the
Stone's Ferry route followed it to a few miles south of Mineral Park whe_re
they turned sharply east to pick up the Prescott to Fort Wingate road."!
In addition to these trails there was also some effort to open a more direct
route east from Wallapai Valley to strike the Little Colorado north of
the San Francisco Mountains.!? In spite of high hopes among their advo-
cates, these roads did not solve the problems of feed and water and circled
far to the west; as a consequence, they did not bear any great portion of
the Little Colorado traffic but were important in the movement to southern
Arizona.

Another little-used route to northern Arizona went by way of Utah’s
San Juan country. Taken aback at the rigors of the trip over the Lee’s
Ferry road, Arizona’s first pioneers and church leaders looked to Utah's

11 For a detailed account of a trip by way of Pearce’s Ferry, see “Journal of
John W. Tate,” entries for November and December. Also see Melvin T. Smith,
“The Colorado River: Its History in the Lower Canyons Area” (unpublished Ph.D.
Dissertation, Brigham Young University, 1972), pp. 374-435.

12 See letter of Jacob Hamblin to Deseret News, February 28, 1877.
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southeast for an easier path. Revealing this interest, Brigham Young
advised Lot Smith late in the summer of 1876 to counsel missionaries to
stay with the known route while the San Juan was further studied. But
after William C. Allen, one of the original leaders of fifty, struggled back
to Utah through the San Juan during August and September, the route
was abandoned temporarily. However, as the movement of the church
to the southeast accelerated in the last years of the 1870s, Apostle Erastus
Snow continued to feei that this would become a strategic and convenient
route. Indeed, the San Juan Mission was to some degree founded to serve
in the communications system envisaged.’® Even after the Hole-in-the-
Rock expedition had taken the measure of the area’s tangled canyons,
Snow persisted in his hope that a Mormon road could be developed, and
in the fall of 1880 wrote urging church authorities to settle at Green
River Crossing thus securing the route “which is destined to be our nearest
and best . . . to. . . Eastern Arizona.”!*

The Main-Traveled Way

The main-traveled way was the most direct, passing between Utah's
mountain ranges to cross the Colorado River at Lee’s Ferry. It was over
this road that the missions of 1873 and 1876 picked their way, and despite
persistent effort to flank its canyons it continued to be the most heavily
traveled road between Utah and the new colony during the nineteenth
century.

The Lee’s Ferry road was impressive, among other reasons, for its
distances. From northern Utah, it stretched out for seven hundred miles
or more. From the southern part of the territory, it was substantially
shorter, perhaps a little more than three hundred miles, depending on the
points of origin and destination; but these last were the hardest miles
and still constituted a long and exhausting trip.

‘South to the Sevier Vulley the route was heavily traveled and ram
through a relatively level country. Consequently, pioncers made good
titne, pausing only to rceruit their stock and visit friends in the com-
munities that fay along the way. But as the road wound up the meadowed
valley of the Sevier River, conditions worsened, and the cold of the winter

13 Reflecting this hope, Erastus Snow wrote to John Taylor on November 6.
1879: “Silas S. Smith has started for San Juan with forty to fifty men and some
boys and quite # few families, with Boats &c intending to hew their way threw the
Canyon and open a straight or more direct route to San Juan and as he thinks also
1o the head of Little Colorado.” Erastus Snow Letters, HDC.

4 See letter of Erastus Smow to John Taylor, September 29, 1880, ibid. For
the Hole-in-the-Rock company’s incredible undertaking, see Miller, Hole-in-the-Rock.



e \

72 M orm((./ gon Road

travel that characterized most of the Arizona migration was made more
extreme by mounting elevations. Forced to cross and recross the stream,
winter migrants experienced great difficulty getting in and out of the river
by way of partially frozen dugouts. Crossings were further complicated
by the necessity of entering freezing water to chop ice not yet thick encugh
to hold loaded wagons,

Possibly no large group had a better opportunity to test these frosty
miles than did the missionaries of 1876. Toiling through snow that lay
up to eighteen inches on the level, and in temperatures that froze the
feet of both livestock and humans, they were well initiated to the rigors
of winter travel by the time they reached Panguitch in the south end of
the Sevier Valley. But, as many of them feared, the hardest part of the
journey lay in the thirty-five-mile mountain stretch from Panguitch to
Orderville. After crossing south of Panguitch, they followed the old road
up the west branch of the Sevier, a long day’s drive to Hatch Ranch.
Here they girded themselves for the push on to the timbered rim of the
Great Basin, which they reached near present-day Long Valley Junction.
Although there were many outfits on the road, the trace through the snow
drifted in almost as it was broken, and each new party was forced to
break its own way through drifts three or four feet deep.’® By pushing
far into the night, some who were fortunate in the condition of their animals
made it up the divide from Hatch to the rim of the basin in one long day.
It took others four days, and -one unfortunate party floundered in the
snows eighteen days in making the sixty miles from Panguitch to Kanab.

From the summit they continued along the course now followed by
Highway 89. Flanked by canyons, whose delicately shaded rock more
than hinted at the proximity of the latter-day tourist meccas of Bryce and
Zion canyons. the downhill road proved to be nearly as trying as had
the drag up, The primary problem of the descent was ice. One man finding
that the steepest roads in northern Utah would not compare related that
“sometimes three animals were down out of four, and every minute we
expected to see an axletree broken,”'?

Although the entire emigration of that winter moved through Long
Valley and Kanab (approximately Highway 89's present course), later

15 The following characterizes the accounts of the journey over the rim of the
Great Basin: “They were four days on the divide, where the snow was three feet
deep, making ten miles a day, working till midnight one night to make that distance.
The road had been broken previously, but had filled vp again, and was the worst
road they had ever seen.” Deseret News, September 27, 1876.

18 Ihid., April 5, 1876, The snows of that year were unusuatly heavy; for one
period of over a weck it snowed without letup. James T. Weods and three other
families who were caught on the divide abandoned all but one wagon in which
they escaped, pushing on with their livestock. 7hid., September 27, 1876.
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traffic often ran from the rim of the Great Basin east to Upper Kanab,
or present-day Alton, and then down a narrow passageway through John-
son Creek past vast cedar forests to the village of Johnson twelve miles
east of Kanab. Cutting several miles from the trip, this road avoided a
hard pull over the sand hills between Carmel Junction and Kanab. From
Johnson migrants passed on east about eight miles to Navajo Wells before
leaving Utah and mounting the Kaibab Plateau. The road across the
sprawling east bastion of the Kaibab was perhaps the most variable of
the journey, changing sharply according to the season. During the winter,
it was a frozen waste of juniper and pinon where snows piled axletree
deep. In the spring it became a slimy sea of mud and in the summer 2
searing dust-choked and wagon-wrenching stairway.!?

From the east foot of the Kaibab, the road dropped through House
Rock Valley, which opens out toward the river like a giant cornucopia,
to pick up the Vermillion Cliffs which it followed as they looped east and
north to Lee’s Ferry. Four waterholes — House Rock Springs, Jacob’s
Pools, Soap Creek, and Badger Creek — provided a scanty and, in the
case of the latter two places, a foul-tasting supply of water. Of the four,
House Rock Springs, which lay about three-quarters of a mile east of the
road at the foot of steep sandstone cliffs, provided not only the best water
but good grazing and firewood as well. Consequently, it was a major rest-
ing place, and the cliffs and rocks around it became the most complete
register of the Arizona migration, as hundreds of travelers took time to
chisel their names and the dates of their visits. Some idea of the potable
qualities of Soap Creek may be gained from one early diarist’s account
that it had been named when Jacob Hamblin and other Indian scouts
used its water to boil pork and beans and found that the entire concoction
turned to soap.’®

Presaging the future of travel across this section, John D. Lee’s
experience in opening the road between Johnson and the Colorado River
at the mouth of the Paria in 1871 had been almost unbelievably difficult.
Like most Mormon colonizing endeavors, the establishment of the ferry

1" “Lorenzo Hill Hatch Journal,” p. 87. In May of 1876, James T. Woods,
who a few weeks before had suffered from frostbite and fled the drifting snows near
the rim of the basin, found the Kaibab stretch to be transformed by unseasonable
heat and had his “entire satisfaction of summer.” See Descret News, September 23,
1876. Anthony W. Ivins noted that the mountains received their name “Kaibab,”
or]“’%ymg:]" in Indian from their sprawling pature. “Anthony Woodward Tvins Jour-
nal,” p. 27,

8 "Horatio Morrill’s Book,” typescript USHS, October 8, 1869. I have chosen
to refer to most of the springs and wells along the road to Arizona in the plural,
because pioneer diaries use the plural. In so doing 1 have ignored the established
nemenclature of modern maps where most are referred to in the singular.
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was a cooperative action, and scouts who knew the Kaibab-House Rock
Valley trail were directed to guide and help Lee in opening the new road.
As it turmed out, the entire undertaking was a medley of error, mis-
calculation, and struggle. Men failed, equipment broke, and cattle and
Lee himself went astray. Consequently, it was only after weeks of appalling
exertion that Lee succeeded in moving his livestock to the site and working
the first wagon trace south to the ferry.!?

Persistent rumors of hostility on the part of the miners, coupled
with the fact that a considerable number of them were crossing the country
en route to the San Juan mining field in Colorado, raised fears among the
apprehensive Mormons. Their suspicion mounting when certain miners
announced their intent to claim key waterholes, Hamblin and Lee moved
to acquire clear control of the springs on the House Rock section of the
road. Hamblin established a small livestock operation in the House Rock
Valley, which according to his son the Indians had ceded to him. Develop-
ing the springs somewhat, he built a small cabin at the site.?* A few miles
to the southeast Lee claimed the water at Jacob’s Pools and after build-
ing a rock hut there ran stock in the area for several years before trading
his claim to Hamblin. Lee, whose name was closely linked with the Moun-
tain Meadows Massacre and who was finally tried and executed for his
implication in the event, felt his vulnerability. He was therefore anxious to
exclude Gentile neighbors. Pushing to secure the water in the interest of
the church, he found the “want of a little snap” on the part of his associates
to be most galling.®'

However, the flurry of prospecting interest soon passed and with it
the threat of Gentile control. With the exception of Lee’s holdings and
occasional use by Orderville herds, the ranching operations appear to
have lapsed for a time. Nevertheless, the movement of miners over the

18 Cleland and Brooks, Mormon Chronicle, vol. 2, pp. 185-86,

2 phid. Also see Pearson H. Corbett, Jacob Hamblin, Peacemaker (Salt Lake
City: Deseret Book Co., 1952), pp. 328, 330, 518.

2t Ip company with John Mangram and a Brother Heath, Lee arrived at Jacob’s
Pools on April 16, 1872, where the following exchange took place which is instruc-
tive as to both the plan to control the route by possession of its water and Lee’s
feetings about it: “Here [Yacob’s Pools] Ino. Mangram proposed to return home &
at some future time come & secure this & the Ranch at Soapereek. I felt so indignant
at the Tdear of Coming some 80 Miles & going back without doeing anything and
risking the chance to fall into the hands of our Enemies for the want of a little snap,
that [I] spoke a little cross & sharp & said that T had 10 much reguard for the con-
fidence that leaders reposed in me & too Much interest for this Kingdom than to
flat out like that: that he was a conselor & Should be the last man to flat out,”

Lee evidently won some concessions from Mangram as they stayed. On the
seventh, they staked off the springs and built a *3 feet wall of a House by noon”
when a company of miners came along and announced that they had intended to
secure “those Springs.” But as Lee exultantly notes, “we were ahead of them.” See
Cleland and Brooks, Mormon Chronicle, vol. 2, pp. 185-86.
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route in 1872 and the Mormon effort to retain control did much to
establish the road. Government surveyors, especially those connected with
the Powell Survey, also found frequent cause to use the route during this
period; by the time of the Little Colorado migration, its course was well

fixed. But for many years the approaches to the ferry remained a challenge
and a thr_eat to all who passed that way.

Lee's Ferry

A vital link in the chain of communications was Lee’s Ferry. This
crossing had been discovered prior to 1860 by Jacob Hamblin, who along
with other scouts used it occasionally. As we have observed, John D. Lec
was dispatched to the spot late in 1871, establishing a ferry which he
operated until he was taken by the federal authorities in Panguitch in
1874.22 At the time of Lee’s arrest, his wife Emma assumed responsibility
and with the help of Warren Johnson operated the ferry for the next five
years. Before his death in 1877, Brigham Young authorized Ephraim K.
Hanks to purchase the ferry in the interest of the church, but the transac-
tion fell through on the passing of the president. Thereafter, Warren M.
Johnson made similar overtures, but the ferry remained in Mrs. Lee's
hands until the spring of 1879. It being rumored that outsiders were
negotiating with Mrs. Lee, President of the Church John Taylor directed
John W. Young, who was at Moenkopi during that spring, to buy the place.
This Young was able to do for a consideration of $3,000 paid mostly in live-
stock. The ferry became the property of the church and of the Little Colo-
rado settlements which advanced some of the cattle used in the purchase.™

Important Mormon use of the ferry, however, had begun in 1873.
The outward-bound missionaries of that year found Lee living in primitive

22 By {870 Lee was a source of some embarrassment to the church. Some hint
of Brigham’s thoughts as to the future was apparent in a conversation between Lee
and Young recorded by the former when the president visited Paria in 1870: “Pres,
Young . . . Said to Me that he would like to have Me Gather My wives, sons &
Daughters around me & setle in any of the Places we should Select & Start the
Family order, stating that | had passed through a great deal of Hurdship in my life
& Now he would like to See me Enjoy peace the balance of my days. I replied that
My Mind led further to a country that [ had Seen in visions & dreams. He continued,
You will see that country; it [is] over the Colorado in the San Francisco Mountain.
1 intend I}ro. L. Stewart to go there & you May go too when the Time comes &c.”
?ggséu)an;tsaé’ggooks, “Lee's Ferry at Lenely Dell,” Uwh Historical Quarterly 25,

22 For.referfznce to the role of Hanks and Johnson, see McClintock. Mormon
Settlement in Avizona, p. 93. Young's purchase of the ferty is recorded in the “Diary
of L. John Nuttall, 1B34-19Q35,” original in possession of Mrs. Clara Nuttal Glass,
Provo, Utah; typescript BYU, p. 285. For the important role of Warren Johnson

at Lee's Ferry, see P. T, Reilly, “Warren Marshall Johnson Forgotten Saint,” Utah
Historical Quarterly 39 (19713 3-22.
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conditions, but their wagons were moved across the river without untoward
incident and without delay. Most of them were pleased with the operation
and commended Lee for his service. With inimitable spelling, Andrew
Amundsen recorded his favorable impressions: “. . . we corsed . . . all
over sef and sound. . . . Dea Lee was a verry jocky, an jovele, full of fun.”#
As the spring wore on, some missionaries even found time for pleasure
and, much to Lee's satisfaction, joined his family in moonlight boat rides
“over the Still waters of the Colorado” complete with “Music by the
constantina.” 2%

The river’s passage was always accompanied by a certain amount
of tension and fear. In part, this was a matter of expediting traffic and
keeping this potential bottleneck clear. The nature of the desert over
which the migration moved required that emigrants be spread out, and
delay at the river complicated the trip. An additional factor was the limited
feed at Lonely Dell, 2s Emma Lee had named their home. Large numbers
of stock simply could not be fed; consequently, traffic had to be kept
moving. This was not easy. The ferry was small and open, and excited
cattle crowded onto its unfamiliar deck often quit it singly or en masse
and headed back for the north shore. Pioneer accounts indicate that much
stock was forced to swim, an expedient that appears to have been more
successful with horses than cattle. After 1879, as large herds were driven
to Arizona, cattle sometimes milled on the north bank or, if crossed early,
strayed unattended from the river while herdsmen struggled at the ferry
as long as ten days to get herds across.®®

At other times, crossing was accomplished much more quickly. On
at least one occasion, early in the winter of 1878, the river iroze, enabling
pioneers to cross on the ice without waiting for the ferry. Children and
household belongings were loaded upon upended tables and sledded across
while wagons were pushed and cattle were either thrown and dragged
or driven after the ice had been sanded. It was an easy crossing but still
a slow process and not without its anxieties as the burdened jce groankd
and snapped and even parted at one point so that the water could be
seen below. Anthony W. Ivins, who crossed the ice thirty-two times in
the course of moving one party over, revealed characteristic relief when
he wrote that all were “feeling very thankful that we had successfully
crossed that horrid river without loss of life or property.”?” Others took

24 See Amundsen, “Journal.”

25 Cleland and Brooks, Mormon Chronicle, vol. 2, p. 238.

25 See Evans Coleman, “Biographical Sketch of William B. Maxwell,” Cole-
man Papers, AHS.

27 *Anthony Woodward Ivins Journal,” p. 98.
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Lee's Backbone, first known as Lee’s Hill, a tilted apron of rock on the
south side of the Colorado River at Lee's Ferry, as viewed from the north bank.

the ice span which appeared only in the comparatively calm water of
the crossing to be a manifestation of the hand of the Lord in answer to
their importunings that He “Cast up an highway in the midst of the
deep.” 28

Fear grew, of course, from concern for human life. Dry marches,
Indians, and bad roads notwithstanding, the river with rapids running only
a few hundred yards below the crossing was undoubtedly regarded as the
journey’s greatest danger. Anxiety was often expressed at the condition
of the ferry and other equipment which was of insufficient size and often
in a state of disrepair. The ferry operators, on the other hand, inspired con-
fidence and a feeling of well-being. The reaction of travelers to Lee’s
competence has already been noted. Emma Lee and Warren Johnson
were also known as capable and careful operators.® But occasionally

28 Logan Brimhall, “Table Sleighs,” taken from “Diamond Jubilee Gems,
Snowflake Stake of Zion, 1887-1962,” compiled by Alice S. Hanson et al., multi-
lithed copy in possession of author.

20 “Autobiography of Joseph Fish,” p. 155. Also see Brooks, “Lee’s Ferry,”
Utah Historical Quarterly 25 €1957); 284-90.
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mishaps occurred, and in the course of the ferry’s history several people
drowned. Perhaps the best known of these was explorer Lorenzo Roundy,
who lost his life in the spring of 1876 while making a crossing with Daniel
H. Wells of the First Presidency, and an official party bound for the new
settlements on the Little Colorado.®®

There was some variation in the fees charged for ferriage. According
to Lee’s own account, the Haight expedition of 1873 paid $3.00 per wagon
and $1.00 extra for horses. By 1876 missionary fees (hali-fare) were
worked out at $1.00 per wagon and $0.25 for each extra animal. These
charges were maintained for several years, but by 1879 there was either
considerable inconsistency in their application or the general rate had
been altered upward. At that time Silas 8. Smith, who was exploring the
southern route to the San Juan country, chose to swim his horses rather
than pay what he considered the excessive rate of $1.00 per head. How-
ever, most missionaries seemed grateful at the nominal prices charged.®!
Some felt that because of the church’s obvious interest in the ferry, which
included ownership of the ferryboat, missionaries ought to be entitled
to free passes, but church leaders instructed Lee to charge “a suitable
price” for his labor and stated their own intent to pay on such occasions
as they used the ferry.32

Before leaving the subject of the crossing, a word should be written
about the road out of the river to the south. Hurriedly opened as the
migration of 1873 approached, it led up a tilted and precipitate apron
of rock since known as Lee’s Backbone but called merely “the mountain”
or “the Lee Hill” during years prior to 1880.%% Complicated by the crazy

3¢ McClintock, Mormon Settlement in Arizona, p. 87, gives an account of
Roundy’s death. For a brief report by an eyewitness, see “Lorenzo Hill Hatch
Journal,” p. 83. P. T. Reilly considers the entire question of drownings on ghe
Colorado River in “How Deadly is Big Red?,” Uralt Historical Quarterly 37 (Spring
1969): 244-60, ‘

31 For reactions typical to these two points of view see “Journal of Joseph Fish,”
original, HDC, Dzcember 19, 1878, p. 176. Also see the letter from George Dabling,
Deseret News, September 20, 1876. For Silas Smith, see Miller, Hole-in-the-Rock,
pp. 19-149, including “Nielson B. Dalley’s Diary,” Appendix L

22 Letter of Brigham Young to John D. Lee, fanuary 28, 1874, St. George,
Brigham Young Letters, HDC. Also see Cleland and Brooks, Mormaon Chronicle,
vol. 2, pp. 327-28.

3% Joseph Fish notes specifically that it was called “the Lee hill” in 1878,
which name he again applied to it in the following year. See “Autobiography of
Joseph Fish,” p. 156. Jesse N. Smith uses the same name in 1878 and calls it “the
Hill” in 1880. See Smith, Journal of Jesse N. Smith, pp. 231, 241. Two diaries that
refer to it in the 1876 migration both call it simply “the mountain.” See “Lorenzo
Hill Hatch Journal,” p. 87, and “Journal of Daniel H. McAllister, Northern Arizona,
1876-77." typeseript BYU: copy in possession of author, p. 4.
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After crossing the river at Lee's Ferry, the pioneers faced the difficult climib
over Lee's Hill. This original precarious road was constructed from the river,
cver the hill, toward the south.

pitch of the backbone and its scarred and broken rock surface, the climi,
was perhaps the worst that the pioneers encountered on the Lee's Ferry
route. Teams were doubled and wagons taken singly to the top of the two-
mife pull. Slowed by such procedures, parties of any size usually took a
half-day or more on the up-grade and a like period dropping off the other
side where a steep and contorted terrain required that hind wheels be
locked and spring seats and other loosc equipment tied to the wagons.
When extra teams were not available for doubling, it was necessary, s
one pioneer laconically noted, to “unload . . . and pack it up on our
backs.” ¢

31 " Autobiography of Joseph Fish,” p. 163.
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The climb over the Lee Hill was regarded with scarcely more enthu-
siasm than the river crossing itself, and alternate routes were ultimately
developed. Even before the work of construction was undertaken, the
question of where a road could best be located led to a sharp conflict of
opinion between Lee and Jacob Hamblin. Lee had established the ferry at
an upper crossing which gained in safety what it sacrificed in ease of
leaving the canyon. Hamblin favored a more dangerous crossing somewhat
downstream leading to a much easier ascent from the river. After a good
deal of consideration, it was concluded that the safety of Lee’s upper
route merited the added expense of construction and difficulty of travel,
and a rudimentary trail was cleared during the late winter of 1873. There-
after, occasional crews made small improvements, but the road remained
substantially as it was left by the original construction mission until 1887
when a way was cleared, circling somewhat to the left of the rock apron
but still making the climb over the hill.

Although Lee’s judgment had prevailed and the main crossing led
out over the backbone, the ferry did use a lower crossing when con-
ditions permitted, thus enabling travelers to avoid the hard climb out of
the canyon. Finally, in 1898 a long dugout was constructed from the
upper ferry around the edge of the cliff to the lower road which was used
until 1928 when Navajo Bridge was completed a few miles downstream,
consigning both the ferry and its routes out of the canyon to disuse.?"

Arizona’s Mormon Wagon Road

After crossing the river and struggling up Lee’s Backbone, emigrants
moved south and east, following the Echo Cliffs on the left and on the
right a country of rolling hills fractured by deeply etched washes that
fell sharply toward the Grand Canyon. Opened first to wagons by the
mission of 1873, this trail became known in Arizona as the Mormon
Wagon Road. Proceeding south their course approximated the route along
which Highway 89 eventually would be constructed. leading into the Little

35 For a thorough study of Lee’s Ferry, including data on the road, see C.
Gregory Crampton and W, L. Rusho, “A Report on the History of Lees Ferry,
Arizona,” prepared for the NMNational Park Service, mimeographed, 1965. P. T.
Reilly of North Hollywood, California, has also provided much information on
the ferry from his personal collection. For much of my information about the ferry
and the road on both sides I am indebted to Gregory Crampton of the University of
Utah. As he has kindly pointed out to me, the wagons of the 1873 mission were the
first wheeled vehicles to penetrate this remote quarter of Arfzona. For additional
information see Dr. Crampton's work written for the National Park Service, “Mor-
mon Colonization in Southern Utah and in Adjacent Parts of Arizona and Nevada.
1851-1900,” mimeographed, Salt Lake City, 1965,
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Crossing at Lee's Ferry, about 1925.

Colorado River a bit above the present-day bridge at Cameron some
eighty-five miles south of the Colorado River.

Passing Navajo Springs eight miles from the ferry, the road ran up
what is variously called Tanner Wash and Roundy Creek twelve miles
through intermittent rocks and sand paiches to Bitter Springs. Nine miles
beyond Bitter Springs over a similar road were the Limestone Tanks where
rain collected in pockets to afford a scanty supply of water. From the
tanks the road continued up a gentle but sandy slope into the cedars of
the divide between Roundy Creek and Hamblin Wash, which is part of
the Little Colorado drainage. About fifteen miles beyond the divide, ti
road ran through a litter of weather-sculpted stone monoliths to Willow
Springs, which flowed out under the cliffs, providing the best water on
the direct route to the Little Colorado. A much-used stopping place, the
rocks around it became covered with the graffiti of migration, travelers
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chiseling and daubing axle grease to record their passing. Leaving the
main road south of Willow Springs, an alternate route ran several miles
out of the way to the east, passing through Moenave to Moenkopi.
Traveling this way for the first time, one prominent churchman described
the area as:

A strange couniry of a barren desert of rocks, sand hills, mounds, gravel beds,
and many curious rocks. . . . The hills are of thin slate in a decayed state,
rocks are in every shape of men, women, children, and palaces. The country
is without grass, or soil.3¢

Leaving Moenkopi the road turned west to pick up the main trail again
in Moenkopi Wash. Through-traffic ran from Willow Springs down Moen-
kopi Wash twenty-five miles to the Little Colorado across what was often
termed the “bad land.”

No other part of the road was more barren or dry than this section
between rivers. There was live water at only three places, and at two of
these - Navajo Springs and Bitter Springs — it was often limited in amount
and, as the name implies, was bitter tasting at the latter spot. By timing
their migration to coincide with the cooler and wetter seasons and carry-
ing water for the dry marches, humans and draft stock usually made the
trek without undue suffering; but efforts to trail large herds of livestock
brought heavy losses, and bleaching bones soon laid a melancholy mark
on the road.?” ‘

From where the road struck the Little Colorado River, it was approxi-
mately a hundred miles to the first Mormon settiement. Although the
Mormon Wagon Road along this section was regularly traveled until the
turn of the century, it has since fallen into complete disuse and no modern
traffic follows the river’s course except for the last twenty-five miles into
Winslow, which stands near the sites of the defunct villages of Sunset
and Brigham City. Many of the landmarks and names that designated the
route have likewise fallen into disuse. Since this is true, and since the
writer has visited only the more accessible spots along the river, it is
difficult to reconstruct the course of the road with any precision, and yet
some tentative remarks should be made.

After reaching the river, the road evidently followed its sandy bot-
toms for about four miles to old Camp Utah, as the site of Haight's 1873

36 Cowley, Wilford Woodruff, p. 513.

47 Several herds of over a thousand head of stock were brought over the trail
before 1880. Most of these lost heavily, some well over one-third of the total. Accord-
ing to one pioneer who later became an Arizona cowboy, the loss was in large part
the result of ignorance as “none of them had the remotest idea of handling cattle
or horses on the trail.” See Coleman, “Biographical Sketch of William B, Mazweil,”
Coleman Papers, AHS.

v O Gregory Crampton
Grand Falls of the Little Colorado River in high water.
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encampment was known, which because of sheltering cottonwood trees
became a primary resting place. About twenty-five miles beyond, through
drifts of sand that had been regarded as impassable by the mission of
1873, was the first major landmark, Black Falls, where the river spread
over a lava outcropping to form a waterfall of about 125 feet in width
and with a fall of twelve or thirteen feet. Unlike most of the country along
the lower river course, the rolling hills around Black Falls provided fairly
good grazing. From the first, herdsmen, who marveled at the Indian roins
that have since been dignified as the Wupatki National Monument, held
stock there that were too weak to make it on to the settlements. About a
half-day’s trip up the river lay Powder Hill, which became a nooning
place between Black Falls and Grand Falls. In the neighborhood of Grand
Falls, which took its name from a spectacular drop in the river of about
a hundred feet, grazing grounds were also found, and around it were
established a number of temporary camps for herders and travelers.

Some six miles beyond was Rocky Ford, where most of the traffic
crossed from the north to the south side of the river. Beyond, the road
went past Roundy’s Point to Canyon Diablo, or San Francisco Wash,
as the earliest pioneers knew it, where it joined the Prescott mail road.
From there it continued to the Mormon settlements, following the bend
of the river up a broad valley, which because of its heavy cottorlwoo.ci
growth was reminiscent of the Platte Valley to a few widely traveled immi-
grants. Thence it proceeded through a monotonous landscape up the squth
side of the river to Horsehead Crossing, or Holbrook, where it split into
three divisions.

The old mail road followed up the Rio Puerco east by northeast
into New Mexico, while another trail crossing to the north side of the
river worked its way along cedar ridges to St. Johns and on into beautiful
senecas and timber near the New Mexico border. The third branch was
itself two separate roads — one crossing the Rio Puerco a mile or so east qf
Holbrook before turning south through Woodruff to Snowflake along the
east side of Silver Creek, while the other, bearing abruptly south at Hol-
brook went over the cedar hills on the west side of Silver Creek’s canyon
to Snowflake where the two joined to run on to Fort Apache. _

The lower portion of this road was by all odds the more difficult,
and unlike the part that lay above Sunset it remained a trail through an
uninhabited desert. Although heavy sands and lack of feed complicatefi
its use, water was the major problem. Bad-tasting and dirty at best, it
could be so filthy that when left overnight to settle only an inch or two
was clear and that had a white or milky appearance. As we have seen
elsewhere, the river also was frequently dry. In such event travelers were

y
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forced to dig for water or seek it in foul pools and tanks along the wav,
While water found by digging was of better quality than that of the river,
it was both laboriously acquired and not without its hazards, as in the
process of digging the unstable sands of the river bed were stirred, and
thirsty stock rushing to drink often mired in quicksands.

Summer travel .across this desert stretch could be a chancy thing
indeed, and, while there is no record of loss of life due to water's lack.
seasoned travelers undertook it with some apprehension, and well they
might, as is apparent in the following account of a July trip in 1879:

We found but little Grass and no water to speak of, occasionally there was a
little in holes along the bed of the river but it was so salty that it could not be
used. We dug near the mouth of some of the large washes that camec in where
we found some water that was a little better. . . . At the crossing of the river
we found a little in a hole but it was very salty. On the 30th we found enough
at Grand Falls to fill a ten gallon Keg. At Black Falls we found a little but it
was not fit to use as the fish had died in it and it smelt very bad, like carrion.3®

Touring the area in 1900, forester Gifford Pinchot found things

substantially unchanged. Running out of water his party could locate
only

a stagnant pool of terrible green water, Sticking out of it were the horns of
rotting carcasses of cattle that had waded in and drunk till they bogged down
and died. ... We had to drink it or go dry . . . although the water was so rank
that in camp at nightfall its taste completely hid the taste of strong tea. Why

it wasn't poison I don’t know. In the desert such corruption seems to be
harmless.®?

It is not difficult to understand why oldtimers have later said that “you
had to bite it off.”

Travel over the Mormon Wagon Road was nevertheless compar-
atively heavy. It was not only the avenue by which most Little Colorado
colonists came to Arizona. but the lifeline by which they maintained
themselves. During the early years, supply wagons lumbered the three
hundred miles from southern Utah to supplement the meager production
of Little Colorado farms. Over it came the livestock which served as a
medium of exchange in the Mormon land purchases and as foundation
herds. Over it, too, moved churchmen, polygamists, wedding entourages,
and jaded missionaries returning to Zion. Many settlers made the trip
numerous times. Not unusual was William J. Flake, who between 1878 and
1895 came and went between Utah and northern Arizona thirteen times.

8 “Autobiography of Joseph Fish,” p. 161.

A Gifford Pinchot, Breaking New Ground {New York: Harcourtf, Brace and
Company, 1947}, p. 178.
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His wife Lucy made the trip nine times.*® Although traffic diminished
somewhat after convenient and reasonable rail connections with Si.tlt
Lake City were opened, the peculiarities of Mormon society fed to its
continued use well into the twentieth century.

Paiterns and Experiences of the Trip

Having focused primarily upon the route to this point, we shaE.i now
shift our attention to the journey itself and certain patterns and experiences
that characterized it. As we have observed, the migration .to northern Ari-
zona was rarely made in large companies. The first parties that left Salt
Lake City in February of 1876 departed in small groups as they got rt_aady
and with whatever company was convenient. Chance meetmg‘s some;tzmes
resulted in the joining of as many as twenty—ﬁve‘ouiﬁts which split anfi
regrouped as the fortunes of the road dictated, Little concern was mam;
fest for maintaining any group identity other than tﬁat growing out ©
bonds of family and friendship. Lot Smith, who was with the vanguard oi
the 1876 migration, left word as he rolled out of Kanab t.hat groups (;)
ten wagons should travel on to Lee’s Ferry and to the ;ﬁtge Cglora o
together.!! Some effort may have been made to follow this d:rectfve, but
the accounts of the southward trek that year and later Jeave the impres-
sion that people moved along the road pretty much at random. The gsuai
traveling group was probably something less than the recommende t'en
wagons, and in many cases single teams or lone horsemen made the entire
trek by themselves. '

Although the trip to the Little Colorado was always long, time sp.ent
on the road varied greatly according to the nature of .the o.utﬂt makmg
the trip and the season of the year. Official church parties with good ani-
mals sometimes made summer trips from the southern Ut‘ah communi-
ties in two weeks or less. However, emigrants burdened with belongings
and extra livestock took far longer, particuiar!'y .those. wf.lo made {;xg
passage during the winter. The first groups of missionaries in both 18
and 1876 were two or three months on the road. Thereftfterz single-wagon
outfits made it from Kanab or Johnson or even Pang‘u:tch in four or five
weeks. Even in the case of those who made good time, the course wals
marked by innumerable reverses and delays as outfits broke down, anima (si
gave out or slipped away during the night,'or delays were necess:ta;te

at the ferry or at slow-filling waterholes, Parties that started together often

10 “Diary of Lucy Hannah Flake,” June 16, 1895.
41 Deseret News, March 29, 1876.
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split, those able going on and those more plagued with hard luck faling
back to be picked up by new groups or to labor on by themselves.
Indicative of the frustrations and delays of the trail is the following
list of difficulties gathered from the diary of a missionary who with the
help of his family took three wagons and a small herd ot stock from Kanab
to the first Little Colorado settlements during the summer of 1876:
between August 8 and 17, they looked for cows, were limited to a six-mile
day by rain, waited six hours for water, held up an additional hour tor
balking horses, looked for horses, attended a council meeting, lost entire
string of horses one day out from the river, relayed wagons while other
members looked for horses, broke a wagon in a night drive, spent a half-
day in travel for tools and repair of wagon and finally spent two entire
days finding remaining animals. To moderns used to convenient, unde-
layed progress, such interruptions would seem interminable, but the party
made the drive in quick time, spending only three weeks on the road.!?
The trek was usually marked by a good deal of individualism. At no
point was this more apparent than in the mess practices. There is no evi-
dence of a commissary or chuckwagon which cooked for entire com-
panies. The ordinary procedure was for each family to carry and cook
its own food. During the winter months, women with long flowing skirts
and poorly made shoes kicked the snow back and, as half-frozen children
warmed themselves and played underfoot, pulled heavy grub boxes out and
cooked on open fires. Served up on tin plates, the food soon cooled in the
near zero weather in which many of them traveled. It must have been
a harrowing process — one that could have been materially eased by adopt-
ing the characteristic chuckwagon of the cow camyp to their own trail or
even the “long table” that some of them had seen in Orderville as tney
came south. Laundry and other chores were also done within each family,
with women standing at the scrubbing board for hours in the cold and
snow as they tried to maintain some semblance of cleanliness.*?
- Some pioneers sought to prepare to meet the cold of their winter trip.
A few fixed special facilities for their women and children. Evans Coleman
wrote of the arrangements enjoyed by himself and his mother:

My mother and I together with numerous house-hotd goods occupied the trail
wagon. It was quite comfortable. The bows were set out from the sides of the
wagon bed proper; a heavy carpet was stretched over them and tacked down,
then a wagon cover was stretched over the carpet, making a water and wind

#2 See "Lorenzo Hill Hatch Journal,” August 8 to 28, 1876, pp. 86-87.
3 “Diary of Lucy Hannah Flake,” vol. 1.
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proof room, small wood burning stove and a large lantern, looking glass,
comb, towels, wash basin, etc., completed the inside makeup,

There were not many of these. Far from entertaining themselves in the
comforts of specially constructed vans, most women and children rolled
about on top of household goods or walked to ease the burden upon over-
loaded animals or to warm themselves. Women as well as older boys and
girls teamstered, herded stock. and otherwise made themselves useful.

Sickness and physical hardship often attended the journey. Child-
birth was not uncommon. Throwing ideas about protracted nineteenth
century confinement into question and reflecting a hardiness foreign to
modern women, the courage of expectant mothers who set out for the
south knowing they would face delivery by themselves under winter con-
ditions is almost unbelievable. Characteristically such events did not wait
for convenient moments. One child’s untimely arrival halted a party
struggling through the snow in a crossing of the rim of the Great Basin.*®
Another was delivered on the Kaibab but lingered only nine days before
finding a lonely grave at House Rock Springs and becoming the only
casualty of the 1873 mission.*® Another was born in November of 1880
in the remote and rugged approach to Pearce’s Ferry. Noting the new
arrival, one missionary wrote: “A pretty rough country for such an event,
and then to travel over a rough road the next day.” But indicating that it
was to be taken in stride, he continued: “Yet I came into this world under
similar circumstances.”*7

During the migration of 1877 an epidemic of diptheria flared late
in December as the emigrants who all used the same waterholes approached
Lee's Ferry. William J. Flake, whose own daughters *“took diptheria”
and “had it dredfull bad,” came upon a standing wagon at the east foot of
the Kaibab Plateau and, as his son Osmer recounts, found a woman

... sitting on the seat with a dead babe on her knee. It had died as she drove
the team down the mountain, Mother prepared the body for burial. Father
got a few short boards from the wagons and made a box, the teamsters dbg a
hole, and we buried her darling in a lonely grave. It looked as though her life
too, would go. Their outfit had gone on for water. We took their wagon with
ours and went down the road.!8

Although there were no doctors, midwives and other lay practi-
tioners did provide minimal medical service. For example a blind mid-

44 “Autobjographical Sketch.” Coleman Papers, AHS.

45 May N. Christensen, “History of Bendt Nielsen Jr., 1855-1944," mimeo-
graphed copy in possession of author.

48 “Journals of John Henry Standifird,” July 13, 1873.

17 “Journal of John W. Tate,” p. 15.

48 Flake, William I. Flake, p. 60.
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wife named Abbie Thayne rendered yeoman service during the diptheria
outbreak mentioned above and was remembered afterward by grateful
pioneers as Dr. Thayne, “a very fine physician.” 4 The versatile John W.
Young's gifts also extended to healing, as Apostie Wilford Woodruff,
whom he nursed through a severe iliness at Moenkopi in the spring of
1879, had good cause to appreciate. In December of the same year, Young
happened into the Little Colorado communities in time to ply his medi-
cinal skills upon an aging immigrant. After diagnosing his eighty-two-year-
old patient’s ailment as “Lung Fever,” Young “drew his water off with a
Cattelan [?] which was a great help to him.” % The oldtimer was evidently
far gone and his relief was temporary, for three days later it was necessary
to treat him again.

Interesting and sometimes even bizarre home remedies were prac-
ticed among the migrants. Two examples will suffice. One traveler whose
son was afflicted with shingles cut the tip from a black cat’s tail and rubbed
the blood over the shingles. Without attributing the cure specifically to
the medication, he noted that the shingles “soon began to disappear.”
Wilford Woodruff also tried his hand at home remedies, prescribing sage-
brush and charcoal poultices for infection. It was, as he said, a “safe
medicine and can do no hurt.” For cases that did not respond to this
treatment, he recommended that the afflicted part of the body be held
over a “smoke of woolen rags on wood.” Presumably this too did “no
hurt.”5?

When such skills as Woodruff and “Dr. Thayne” could boast were
either unavailing or unavailable, the stricken traveler had recourse as else-
where on the Mormon frontier to administration with blessed oil and
prayer and often felt himself improved by the power of faith and the
priesthood. Nevertheless, a goodly number gave their lives as the price of
the exposure and the exertion of the long trek.*2

This was in substance the experience of the trek to the Little Colo-
rado River. Marked by its length, its isolation, and its barren and drouth-
stricken stretches, it constituted a trying trip indeed. It was also one with

W rbid,

. " “Wilford Woodruff's Journal,” April 25-May 1879, For the lung fever
episode, see December 20-23, 1879,

51 William Henry Solomon, “Diary of the Arizona Mission,” p. 31, and letter
from Wilford Wooedruff to Lot Smith, January 31, 1882, Lot Smith Papers, UA.

52 Characteristic gratitude for divine protection is obvious in the following
words from Lucy Hannah Flake's brief account of the Flake family’s winter journey:
“We traveled very slow we had a very hard trip our two oldest daughters fook the
diptheria when we had been on the road about two weeks they had it dredfull bad
and we never had seen a case of it before we did the best we could and the Lord
hered our prairs and spared their lives.” See “Diary of Lucy Hannah Flake,” vol. 1.
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which many Little Coloradans became well acquainted. Some even devel-
oped a certain nostalgia as they contemplated its role in their lives. One
remembered it as the “honeymoon trail.” Another as “the fond old route
known as the Lee’s Ferry by way of upper Kanab.”® And in the waning
years of the nineteenth century as the colony was stabilized, the entire
community came to commemorate the trek, reliving it one day each year
as they celebrated Old Folks Day in connection with July 24. Conscious
of their past and of their bond with the mother community in Utah, Little
Colorado Saints did not forget its miles.

53 See “Joseph City Ward History,” p. 27, and “Lorenzo Hill Hatch Journal,”
p. 181,

5. THE UNITED ORDER

.. . and I must say that I felt in spirit that these settlements . . .
were living in the United Order as near as any people could, in
mortality, until a better way shall be revealed.

WILFORD WOODRUFF

- . . We consider it the will of the Lord to live in this manne. —
otherwise many would prefer living in the old style, for there is a
great many trials connected with this style of living not known
to the other. . ..

Levi M. SavaGe

Bond of Peculiarity, Agency of Expansion

MoORE IMPORTANT EVEN than the Mormon Wagon Road in forging the
bond that held Littde Colorado Mormons to the mother institution were
the cultural and spiritual values common to both. None of these — save
possibly pelygamy — was more unique or more consciously cultivated
than the United Order, a communal arrangement under which the first
villages on the Little Colorado were settled. As planned and in effect, the
United Order was a badge of peculiarity. In its Arizona phase it was also
a vehicle for the outward thrust of the Mormon Kingdom.

When the Mormons began their colonization of Arizona, the United
Order movement had been underway in Utah for three years. Reduced
to its simplest terms it was an effort to seek out grass-root social arrange-
ments that would enable the Latter-day Saint society to advance more
quickly in Christ-like attributes, maintain the church’s separation from
the world, and solve a variety of economic problems. It implied a unity

[ 81}
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8. THE COSTS OF WATER

With a cloudburst of rain, it becomes a raging torrent, rampaging
along, sweeping everything in its path. It is dirty, muddy, gurgling,
seething, belching, vicious, demon-like, bringing havoc, destruc-
tiont and death. . . . Yet with alt its dangers it was a lifesaver. In
the early days, man and beast survived only because of its life-
saving power. It was the only water for miles around so it was
“that or nothing” and without it that part of Arizona could not
have been settled,

ErpLen GREER REES

THE WATERS OF THE LITTLE CoLORADO were judged by some early Mor-
mons to be so limited, hard to control, or “mineral” as to render the
country unfit for human habitation. Others more optimistic visualized the
day when the stream would support a community numbering into the tens.
of thousands. All, however, acknowledged that water was the key to
successful colonization. On its development hinged the prospects of the
future. In seeking to escape the strictures Iaid upon them by the limited
water and the capricious nature of the country’s streams, colonists strug-
gled for decades to establish effective control, but in the long run found
that the costs of all but the most primary developments were beyond their
abilities.

Their experience, except perhaps in its exiremes, was not unique.
As a matter of fact, it was a replica with variation of a drama that
unfolded over the entire Colorado Plateau. Settlers in southwestern Utah’s
Virgin River Basin, in eastern Utal’s Castle Valley, and farther east into
Colorado and New Mexico encountered similar problems. The name of
the river varied and the detail was not identical, but water development
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on the Price, the San Juan, or the Mancos had much in common with
water development on the Little Colorado. The process of taming these
desert streams dominated the lives of those who stayed as it dictated the
departure of many who left. Certainly, the Little Colorado River left an
indelible mark upon the colony that depended upon it.

Although its watershed, which spreads over 25,900 square miles,
must be reckoned among the larger areas drained by Colorado Plateau
rivers, the Little Colorado is relatively unimportant in terms of the water
it carries. Measured by the U.S. Geological Survey at Holbrook, below
which the river is fed only by intermittent flooding, its average annual
discharge during the early years of this century was less than 200,000 acre-
feet — statistics which may be taken as somewhat characteristic of the
period of colonization. Comparatively, a section of the Virgin River,
which empties only a little more than a thousand square miles, boasted
a flow similar in volume during the same years. The San Juan River,
whose flow approached ten times that of the Arizona stream, runs from
a region somewhat smaller in size. According to estimates made in 1905,
the Little Colorado’s maximum annual runoff likely never exceeded
300,000 acre-feet. Not only was its discharge small, but its water volumes
varied widely during the year, running as high as 69,000 acre-feet in
flood months and dropping to little more than a trickle in the dry months
of June and July when its flow was only 244 acre-feet.!

Rising in the White Mountains near New Mexico's border, the Little
Colorado flows northwest, flanked variously by mountain meadows, rolling
hills, wide sandy bottoms, and by rugged but comparatively modest can-
yons. Farther back from the river the country also varies greatly. In the
main, however, it can only be termed a desert possessing the thin s.ils,
sands, clays, rocks, and minerals that generally characterize such regions.
Whatever prospect such a country held for agriculture obviously lay in
the utilization of the river. A moody and fitful stream virtually lost in its
vast arid drainage, it was nevertheless the country’s primary asset.

Water Development

Early-day water development was of three sorts: diversion, impound-
ing, and conveyance. The first and basic measure was diverting the water
from stream beds. In a few cases this was relatively simple. Rock walls

UThe variations would have been even more pronounced had measurement
been taken below Sunset where the stream drew additional flood waters from
numerous washes in wet perieds and dried up completely in the early summer
mounths of dry yvears. The data presented above was taken from E. C. LeRue, Colo-
rade River and Its Utilization, United States Geological Survey Water Supply Paper
395 (Washington, D.C.: Government Printing Office, 1910}, pp. 109-120.
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into which headgates were built were located at strategic spots, usually at
a bend or “at the top of the water” where the flow could easily be drawn
off into some earlier course which was near stream level. More often it
was a matter of lifting the water and “taking it out” by means of diversion
dams. Like the rock walls, these were located according to footing con-
ditions and convenience of diversion. The first dams were not large works,
rising no more than twelve feet. As a lift of more than a few feet was
usually avoided, it was hoped that such modest barriers would be ade-
quate. Hard experience soon proved that the happy combination of
conditions under which the small dam sufficed was Iimited indeed. Larger
works or continuing reconstruction were consequently required.

All of the earliest dams were constructed of dirt-fill, bound and
stabilized by rock, cedar brush, and logs. In time settlers learned to lay
them with the side fronting the water rising at a gentle pitch so that
floods swept up and over, leaving the dam intact. Before the turn of the
century, mote impressive works had been made on the Little Colorado,
but Silver Creek was still controlled by a series of these earthen and rubble
diversion dams. For decades it proved necessary to replace them with
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— Albert 1, Levine, Snowflake, 4 Pictorial Review, 1878-1964
Silver Creek diversion dam pear Snowflake.
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Mormon reservoir near Tuba City.

heartbreaking regularity. Later a degree of permanence was achieved by
pouring concrete shells over the dams and laying aprons downstream
onto which flooding waters fell as they came over the dam.

After the earliest years, efforts were made to impound unused water
in reservoirs to supplement the natural flow of the streams during periods
of heavy irrigation.? Between Snowflake and Taylor, for example, three
such reservoirs had been constructed by the early 1890s. Dams or levees
ten or twelve feet in height and perhaps two hundred yards in length were
built, generally at sites removed from the direct path of the river. One of
these was said to have “about 4,550 yards of earth work in the bank
besides rock and brush.” Its capacity was estimated at “enough water to
irrigate 1,000 acres over once.”?

Perhaps the largest and most cffective reservoirs were built at St.
Johns. Beginning with two in the immediate vicinity of town in the early
1880s, development progressed until before 1915 the Lyman Dam backed
up a substantial amount of water. While the wutility of St. Johns’ dams
was great, they frequently broke, precipitating a chain reaction that swept
dams away at Woodruff and St. Joseph that might otherwise have held.

2 See “Minutes of the Woodruff Irrigation Company, 1895-1906,” pp. 154,
161, 166. The original minutes are in possession of Earl_ Crofford at Woodruff,
Arizona. He has been kind enough to furnish the writer with a copy.

2 Fish, “History of the Eastern Arizona Stake,” p. 22.
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The third aspect of water development was ditching. Because of the
modest size of Little Colorado irrigation projects, ditches were not of
great capacity, rarely being more than six feet wide or of greater depth
than two or three feet. On the other hand, they often ran long distances
and involved great expense and continuing labor. In the fall of 1876.
touring territorial officials noted that the colonists on the lower river had
already dug “many miles of large frrigating ditches . . . often for long
distances through solid rock.”* The experience of that first summer was
duplicated with variations almost annually throughout the colony during
the next decade and a half and occasionally thereafter. With notable excep-
tions, the terrain through which Little Colorado ditches ran was not unduly
rough, but the lower country was covered with sandstone upcroppings and
the higher elevations with volcanic malapai formations that complicated
ditching. On the lower river, the soil was “sugary” in character and fre-
quently cut out or merely absorbed the entire stream. At the higher
elevations, porous volcanic deposits also drained water out of ditches, con-
stituting a technical difficulty that was never solved.

Ditch networks, of course, were subject to constant revision as reser-
voirs, new lands, and natural factors altered the water situation. Even
after primary construction was completed costs remained high. Wind-
storms and gully-washing rains filled and refilled ditches with sand and
debris. Dependent on Silver Creek and the river itself, ditches never
escaped the fury of floods and even when left intact regularly filled with
sediment. Consequently, ditch-cleaning was a job that settlers knew well,
returning to it in a dogged annual rhythm punctuated by periodic repairs
necessitated by floods and washouts. Water assessments and work sched-
ules announced from church pulpits were frequent ceremonials as the
cycle of maintenance went on. While they bore the expense, colonists
often felt oppressed by it. Characteristic of their feelings was the following
expression:

Labor on ditches in this stake has been enormous, at Snowflake this year [1889]
the tax was a trifle over $3.00 per acre. Paying out this amount every year per
acre . . . tells upon the people and they begin to think it is too much of a
burden to carry. Other places have paid about as much as this.b

Nevertheless, ditch work was a norm of agriculture on the Little Colorado.

4 See Territorial Governor A, P. K. Safford’s report of the visit in the Deseret
News, December 20, 1876.

5 “Minutes of the Woodruff Irrigation Company,” p. 92.
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Organization and Leadership

Organization to meet the continuing problems of irrigation was
inevitable. Its first manifestations came with an immediacy that indicated
that the lessons of Utah’s experience had not been lost upon the earliest
colonists. The day after the vanguard of settlement arrived on the lower
river in 1876, the Allen’s Company contingent met to consider “the best
way to secure” their “water right by cooperating together.” The following
day after limited discussion, they accepted an “agreement for an irrigation
company” and “commenced work on the Ditch.” ¢

Though one of their purposes was to form an association under
territorial law, it is unlikely that either this company or others were incor-
porated in the early years. As a matter of fact, in the years before the
mid-1890s some of them appear to have lost their identity as independent
agencies entirely, For example, the March association of the Aflen’s Com-
pany water users was soon supplanted as the effective administrative unit
by the St. Joseph United Order. As long as the Order remained intact,
St. Joseph residents apparently handled all irrigation matters within its
jurisdiction.” Elsewhere, arrangements corresponding more or less to the
church organizations assumed the primary obligations of water develop-
ment.

Informal associations persisted as the primary form of irrigation
organization until the 1890s when they were supplanted by irrigation
companies incorporated under Arizona law. Among the early incorporated
companies was the one at Woodruff. Although stock in the Woodruff
water system had long been divided according to the amount of land held,
there is no reference to any formal organization prior to 1895, During
later years, Woodruff users reasserted rights to waters that had fallen into
disuse, and in the process ascertained that their water right, which was
not filed officially until 1898, is anterior to any other on Silver Creek. In
view of this fact, it would not seem that Woodruff turned to incorporation
primarily because of economic factors or matters of internal regulation.
These had been effectively provided by the earlier church-oriented asso-
ciation and were stilt being adequately dealt with at the time of incorpora-
tion. It consequently appears that when incorporation came, it came in
large measure as a necessary prelude to the securing of legal title to the
water.®

€ See “Joseph City Ward History,” pp. 10-11.

7 See George S. Tanner, “Henry Martin Tanner, Joseph City Arizona Pionecer”
{multilithed, 1964}, p. 59. .

8 “Minutes of the Woodruff Irrigation Company,” pp. 24-25.
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The shadow of the church loomed large in both the associations of
the early years and the chartered companies of the later era. Stake presi-
dencies and bishops played vital roles. They became involved in water
development when they entered the country and remained at its forefront
until they were removed from office or died. In many cases their successors
inherited this obligation, carrying the tradition into the twentieth century.

1. H. Hatch, who served in the stake presidency from its inception
in 1878 until 1901, spent the entire period in a struggle to solve Woodruff's
water problems. Tending to pessimism and self-recrimination, he was
nevertheless the figure around which Woodruff's shifting population
formed as he helped build twelve dams and weathered the destruction
of eleven of them. His voice on the stake presidency and access to the
General Authorities, most of whom he knew well, won concessions far
beyond what the size and prospects of the community might otherwise
have merited. Driven by despair as dams continued to fail, he carried his
requests for aid beyond the confines of the Mormon community, securing
funds from public sources as early as 1890. He sulked, preached, threat-
ened, and prophesied to focus the elements of continued effort on the
“famous Woodruff dam.”?

According to a son living in 1966, the old gentleman’s determination
was in part the result of a personal pact with Brigham Young to locate
the “worst place on the Little Colorado™ and develop its water as evidence
of success to other less determined missionaries.!® Whatever the facts, L. 1.
Hatch's leadership was an important, if not the paramount, factor in the
course taken by Woodruff's long fight to tame the Little Colorado River.

Less a joust with fate and more a matter of positive leadership was
the role of D. K. Udall, who first as bishop of St. Johns and later as
president of a stake by the same name also spent the better part of a life-
time in water development. Between 1880 and 1915 he was intimately
associated with the promotion and construction of seven reservoirs some
of which were immense projects requiring effective cooperation between
Mormons and outside financiers and engineers. At Round Valley where
he lived for a time, he put “a portion of each year” into “building and
rebuilding™ a “cluster of small lakes.” At Hunt, about halfway between
St. Johns and Holbrook, he also participated in successive construction
of the “Udall Reservoir” or, as it was called locally, “Zion's Lake.” 1

In company with visiting General Authorities, Jesse N. Smith, presi-
dent of the Eastern Arizona and Snowflake stakes, provided much of the

® “Eorenzo Hill Hatch Journal,” p. 157.

10 From a personal interview with Wilford L. Hatch of Franklin, Idahe, August
20, 1966.

11 Udall and Nelson, David King Udall, pp, 184-85.
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initiative for water development. His counsel was often sought though
less frequently taken, and upon him rested responsibility for a surprising
amount of technical decision for which only good judgment and practical
experience had prepared him. Local leaders often required him to take a
position on controversial issues in order to buttress their own positions
or to unify public opinion. As water matters came to take a large part of
his time, stake gatherings increasingly assumed the character of staff meet-
ings from which water policy and administration issued. One Danish
settler uttered a truism when he remarked from the pulpit that all that was
talked about in worship meeting was “Vater Ditch! Vater Ditch! Vater
Ditch!”?? Indicative of Smith’s participation in water affairs and their
invasion of church meetings is this curt notation from his own journal:

Attended meeting at Woodruff, 1 spoke of the break in the dam; did not see
but what the men who put in the portion that remained could put in more of
the same kind. Counseled the brethren not to be discouraged, neither by the
reports of what the railroad company was going to do about the land, nor
about the damage the water had done to the dam. Know of no better place
to make a living by farming in Arizona, any place occupied by Latter-day
Saints, than here in Woodruff,1# ’

Continuing to give close attention to water development, he broadened
his horizons in the last years of the century to become an important figure
in the national irrigation congresses of the time.

As noted before, bishops too were in the forefront of water affairs.
At St. Joseph, John Bushman manifested a contagious optimism that
accounts in some degree for that town’s resilience. This spirit was much
in evidence when following the loss of a dam in 1890 Bushman wrote:
“QOur people are not discouraged.” Twelve months later when another dam,
the product of much toil, went down the river, he noted with equal com-
placency: “No one seems discouraged. Probably because it is so com-
mon.”¥ Personal attributes and perhaps other economic opportunity
rather than familiarity with disaster appear to have been the basis of
St. Joseph's optimism since repetition did nothing to assuage the bitterness
of disappointment at the loss of dams in Woodruff. There washouts
plunged the populace into such gloom that even ardent supporters rallied
their spirits only by leaving town for awhile. Seeing divine rebuke in its
repeated reverses, Woodruff tended to self-remorse. More pliant, St. Joseph

12 From a personal letter to the writer from Lenora Hansen of Snowflake,
Arizona, February 15, 1966.

13 Smith, Jonrnal of Jesse N, Smith, pp. 274-75.

14 “The Life and Labors of John Bushman,” February 20, 1890, and Feb-
ruary 20, 1891,
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Jesse N, Smith, president of Eastern Arizona and Snowflake Stakes.
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with Bushman and others like him at its head also saw God’s hand in the
course of events but was less frustrated and guilt ridden by it.

With an eye to temporal means, leadership, and tenacity, the church
successively called three bishops to Woodrufl. The primary obligation of
each was to hold the community together in its effort to build the dam.
During the forty years before this objective was successfully accomplished,
each of the three succumbed to social discord, depression, or sheer weari-
ness, leaving the village with bitterness and relief. But before eaca took
his leave he had turned again and again to lead a fight in which there was
a minimum of personal economic interest and a maximum of commitment
to the basic objective.

The Famous Woodruff Dam

Other general aspects of water development may be viewed through
the experience at Woodruff. Founded in 1877, the community fought a
stubborn battle with the river; the battle, though it may have ended in
nominal victory in 1919 when a staying dam was finally erected, was in
reality something of a study in postponed defeat, as no really satisfactory
solution was ever achieved. Located four miles below the junction of the
Little Colorado and Silver Creek, Woodruff lies east of the river where it
flows through a rock cut some thirty-five feet in depth. Varying around
thirty families, the town’s population formed and reformed following
each washout. In all they built thirteen dams, eleven of which were lost
to the flooding river, one cut voluntarily, and one which was still surviving
in the early 1970s.

The pattern began in 1878 when, after months of labor, high water
cut around both ends of the first dam. A fiurry of construction during the
early 1880s was hammered by incessant reverse as dams number two,
three, four, five, six, seven, and likely eight were swept away. Brief respite
was experienced between 1886 and 1890 as meteorological changes led
people to hope they had conquered the river. In the latter year, however.
floods of unprecedented proportions again did their “awful work.” The
construction of dam number ten was immediately launched, bringing the
water out again before the summer’s end; however, in a wet November
that hampered life throughout the colony, it too was lost. Finished apain the
next year as engineering skills increased and the weather moderated, the
eleventh dam, now flagged by stone slabs, held until 1904 when Zion's
Dam at Hunt gave way before large storms, releasing a torrent that again
left Woodruff's settlers high and dry. Built with much assistance from the
church and the Little Colorado stakes, the twelfth and last dam on the
river - a tasonry structure, remnants of which still were standing in the
early 1970s as stark sentinels of the Little Colorado’s prowess — was lost



v P : iy

Remnant of the “famous Woodruff Dam.””

as.the Lyman Dam above St. Johns collapsed in 1915, adding the waters
it had impounded to an already swollen stream.

Weary, but this time with substantial state and church aid, Wood-
ruff turned to dam number thirteen. Engineers now determined that ditches
could be chiseled along the canyon side making feasible the construction
of a dam on Silver Creek just above its confluence with the river. Escaping
the silts and minerals of the Little Colorado as well as its fierce floods,
a permanent diversion dam was completed in 1919, Mormons in quest
of a happy ending for Woodruff’s long struggle have tended to regard
this as a successful conclusion, ignoring the fact that the technical diffi-
culties of ditching along the canyon walls proved to be virtually beyond
the exhausted town’s ability to overcome.'”

Certain characteristics of the entire colony are scen in sharp relief
on this troubled background. Keeping in mind that Woodruff's struggle

15 Recent decades have witnessed an almost complete abandonment of irrigated
farming under the dam. A move to restore the ditch and once again “bring the
water out” is presently afoot. The pace of changing times is apparent in the ironic
fact that impetus this time comes not from the church nor even the village natives
but to all appearances from an “outsider” who purchased the old home of 2 long-
time bishop and in the process of its restoration has been caught up in the broader
course of Woodruff’s ongoing struggle for existence.
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and its precarious hold on life were in a sense symbolic of the Little Colo-
rado’s general experience, we may now turn to a consideration of the
village’s marginal existence, certain communal elements in its history, its
dependence, and the failure of Mormon means to solve any but the most
supetficial water problems.

Apparent in the foregoing narrative is the fineness of the balance
in which Woodruff’s existence hung. Closely circumscribed by natural
conditions, it barely escaped joining the Little Colorado’s roster of ghost
towns. From the first, settlers appear to have vacillated about the desir-
ability of staying. After the loss of dam number one in 1878, only three
families remained — those of L. H. Hatch, James Dean, and Hans Guld-
bransen. Interestingly, these, along with the families of James C. Owens,
who came in 1879, L. M. Savage, and one or two other latecomers, became
the stable element in the town’s population. It became the role of these
people to recruit others. Time and again the initial phase of construction
was building population. Church counsel was used unstintingly in the
process, as was any promotional talk the people could muster.18

With the town built to a peak population of about thirty families
during periods of construction and successful diversion, failure of a dam
usually resulted in a general exodus. Most merely left. Occasionally there
were those who justified or attempted to justify their departure. At least
one, a Brother Dexter, reported that “the spirit had directed him to move
his family to Utah.”'7 In 1891 even L. H. Hatch became discouraged.
Being “very much exercised” about the village’s destitute condition, he
stated in strong terms, “if we were going to defer longer the building of
a dam, I would move and advise the people of Woodruff to scatter out
where they could make a living.” 18

In 19035 after receiving a lamenting report of the Joss of dam num-
ber eleven, Salt Lake authorities, whose willingness to subsidize Woodruff
had been unflagging, proposed that the community be abandoned. In reply
to a request for help from Jesse N. Smith, they suggested that the village
could be moved as a unit to southern Nevada's Muddy River. Smith quickly
backed off, responding that he considered it “better for Woodruff and
cheaper to the church” to build another dam. ignoring the facts of the

1% Typical of their overtures were those made to Allen Frost in April of 1889.
After conferring with Jesse N. Smith at Snowflake, Frost visited Woodruff in com-
pany with its bishop. On April 15 he wrote: “Looked around Woodruff, and visited
a little. Received a pressing invitation to locate here.” With the laconic but accurate
notation of “Poor Water,” he declined the invitation and established his home in
Snowflake. See “Diary of Alfen Frost,” p. 550.

17 “Lorenzo Hill Hatch Journal,” p. 170.
18 Ibid., p, 157.
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town'’s long history of subsidy and help, he rested the crux of his argument
on the embarrassment Woodruff's citizens would feel “if they had to take
charity.” Given such an alternative, he thought “the value of the poor
homes they had left would be enhanced 2 thousand fold in their eyes, and
they would long for Woodruff if they went to paradise.” Concluding that
the distance to the Muddy by rail was six hundred miles and the “wagon
road the worst in the country,” he turned again to plans of construction
and soon won cash grants totaling at least $1,500 from the church as well
as the right to apply local tithing receipts to the project.!?

That Woodruff escaped the tragedy of extinction was due in part to
the fact that its citizens were not unduly sensitive about accepting aid.
Indeed, their tolerance to “charity” was pronounced, and after the very
earliest attempts Woodruff was given help on most if not all its dams. Aid
came from various sources. Individuals who saw fit to make the town
their permanent home were often helped by family members in Utah.
While their strong sense of mission relieved this practice of some of its
onus, settlers appear to have chafed under the relationships so imposed.
The church, which apparently recognized a broader significance in the
town’s success than the handful of homes thus provided, advanced aid
in various guises. Outright cash grants were infrequent but with the pass-
ing of time became increasingly important. According to one account,
the church “contributed twenty-two thousand five hundred” of the total
cost of $85,000 that the Iast dam cost.?® More common were tithe reliefs
which were generally gathered in labor and kind from about the Little
Colorado community. Also important were opportunities to work out debts
contracted to the church for water development, land purchase, and other
undertakings.

In addition to grants requiring action of the General Authorities,
labor was donated by the surrounding towns on at least three occasions —
once in 1884, once in 1890-91, and again in 1905. With tongue in cheek

but nevertheless with real insight, Evans Coleman wrote the following

relative to this practice:

The Church autherities were practical and philosophical. For example: The
people on the Little Colorado were having a hard time, especially at Woodruff
and Joseph City. They just couldn’t keep those dams in, and a couple of the
Apostles came down to look things over and give encouragement and aid to
those people.

19 See letters of Jesse N. Smith to }oseph F. Smith under dates of June 6 and
December 5, 1905, Jesse N. Smith Personal File, HDC,

20 See “Our Town and People, A Brief History of Woodruff,” (multilithed),
compiled by Sara E, Brinkerhoff and Nina B. Brewer, p. 7.
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Those Apostles came on up into the more prosperous communities and
at meetings asked us to donate. Quote: “Brothers and Sisters: You know the
extreme difficulties our people are having along the Little Colorado. We must
not fet those settlements be broken up. You more prosperous people must help
them. Donate of your cattle, horses, grain, wagons — anything you can spare
that they can use. . . . Listen, (and the speaker towered his voice) If we can
just keep those old people there till they die off and the young ones grow up,
it will be home to those young people. They will know no other home nor want
any other home. And when the dam goes out they will be just like a bunch
of beavers, They won't know anything else but to go and put it in again. They
will be permanently located — rooted into the soil.” unquote. Good philosophy,
no? Who else would have thought of that but a Mormon colonization pro-

motor? And, the people of the more prosperous communities contributed
liberally 2!

Though inconvenient and at times even oppressive, local contributions
generally seem to have been regarded as part of the community responsi-
bility of colonists whose lot was somewhat less austere.

Woodruff's residents were not without their own sense of communal
obligation. Indeed, on one or two occasions their willingness to jeopar-
dize their own welfare for the broader weal was heroic. In May of 1880
as their second dam impounded the entire flow of the Little Colorado,
it had adverse effects on the lower river vitlages. Woodruff’s response to
the ditemma is perhaps best expressed in the words of L. H. Hatch:

Next day I received a letter from St. Joseph about the water affairs. We were

_ damming the water at Woodruff so that it did not flow on to St. Joseph. Qur

dam had been closed up for eight days and the people at St. Joseph were all

out of sorts waiting for the water to flow over our headgates. It would have

to fill up two and a half more feet before it would pass over and that was
too long to wait. We cut our dam and let the water through. It was a sorry

time for those who had worked so hard to put in this immense dam.2?

The following year, St. Joseph representatives again appeared in May to
request that Woodruff turn water down to relieve their critical need.
Although “some murmurred,” the headgates were opened leaving crops
dependent upon natural moisture which soon came in good amounts
despite the fact that the rainy season generally did not start until much
later.??

2t Coleman, “Historical Sketch of Dr. W. E. Plat,” p. 12,

22 “Lorenzo Hill Haich Journal,” May 16, 1880, p. 115. Of the same event,
Joseph Fish wrote: “A few days after this Major Ladd came up on behalf of the
people of St. Joseph and claimed that there was a great scarcity of water with them,
and if the water was not turned down they would lose their crops. A meeting was
called and it was decided to cut a hole in the dam and turn the water down. This
was a damage to the dam of about $500.00 and blasted their hopes of a crop for
that season.” See “History of the Eastern Arizona Stake,” p. 35.

23 “Lorenzo Hill Hatch Journal,” p. 121
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Not surprisingly, Woodruff citizens gained much support from non-
viormon sources. From the beginning, outside work was characteristic
>f life. With the railroad near at hand, freighting became a major source
>f income. Sons were hired out to cow outfits. Men scattered as far afield
1s the mines in central and southern Arizona. Entirely typical was the con-
dition in 1905 when a count made pursuant to commencing a new dam
revealed that the community consisted of thirty-three families, ten of
which were headed by widows or aged men. The men of twenty families
were working at various jobs away from home and could return to the dam
anly if support couid be found for them. Of the total, only three could
sustain themselves on their Woodruff holdings for any length of time.?

Pressed repeatedly by such need but determined to maintain the
principle if not the essence of nonfraternization, Woodruff men and boys,
and (over the loud protest of church authorities) occasionally its women,
became something of a service community. Honest and steady, they left
home for long periods of time to carry on the necessary functions of many
businesses without actually becoming part of them. Reflecting a character-
istic aloofness, one settler wrote in 1883: “I spent nearly two months among
the Gentiles laboring for wages, at Flagstaff. . . . Their company is not
pleasant for me.”?® Reserved and closemouthed, particularly after the
polygamy raids gathered impetus in the middle 1880s, Woodruff settlers
found it to their interest to perform their duties with little protest or agita-
tion. Combined with their impecunious financial conditions, their separa-
iism placed sharp limits upon the nature of their business participation.
Few of them acquired stock in or joined the management of outside com-
>anies.

Woodruff also sought outright relief from Gentile sources. In 1890
petitions were addressed to the Atlantic and Pacific Railroad requesting
that land debts be written off or at least temporarily waived. During the
same crisis, the territorial legislature appropriated $1,500 for their relief.
In 1915 Arizona, by now a state, advanced $10,000 to rebuild the dam.
Before the complex system of flumes and siphons by which the ditch was
worked down the canyon from the new dam was completed, the com-
munity had also received $26,000 under the Federal Emergency Relief
Act of the 1930s.2¢

Conditioned by the climate of crisis in which they lived, Woodruff
citizens and to a lesser degree Little Coloradans generally were thus any-

24 See letter to the First Presidency, May 13, 1905, Jesse N. Smith Mame
File Box, HDC.

28 “Journal of Levi Mathers Savage,” p. 37.

26 *Qur Town and People,” p. 6. .
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thing but independent. The effects of this conditioning were diverse. On
the one hand bonds between colony and mother institution were enhanced.
On the other was a strong centrifugal force that led colonists into reciprocal
relations with the secular world.

Other Little Colorado reclamation projects that sought to control
floods or to develop any but the most accessible waters met with a fate
not unlike Woodruff's. At St. Joseph where quicksand and shifting river-
beds combined with floods, the problems of building a dam that could
both survive the river’s moods and divert irrigation streams at low water
was not permanently solved until 1923.27 As we have seen, relatively large
projects at Hunt and St. Johns either failed totally or succeeded only upon
repeated efforts and after large-scale ouiside help was secured.

Guided by their ecclesiastical leaders and functioning from the basis
of informal water boards, Little Colorado pioneers undertook to subdue
their stream. This they were able to do only in the most limited sense
and then only by dint of lasting sacrifice and effort. The repeated crisis
of water development strengthened both the communal bonds within the
church and cooperative relationships with the Gentile community with
Mormons appearing as trusted employees and as recipients of territorial
aids. Closely related was the fact that crisis produced a highly dependent
society. Consequently a major factor in molding the size and character of
the Little Colorado community was its inability to exploit fully even the
modest drainage of the river’s vast watershed.

27 See “The Life and Labors of John Bushman,” p. 86. For a good short treat-
ment of St. Joseph’s experience see Tanner, “Henry Martin Tanner,” pp. 57-64.
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WOODRUFF DAM, AFTER ONE OF THE FREQUENT
WASHOUTS

THE FIRST PERMANENT DAM ON THE LITTLE COLORADO
AT ST. JOSEPH
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August 23, 1876, a postoffice was éstablished, witn yohn
McLaws in charge. A weekly mail service operated between
Santa Fe and Prescott.

The first child in the settlement was Hannah Maria
Colson, July 17, 1876. The first death was exactly a year
later, that of Clara Grsy. The first school district was
established and the first school was taught during the
winter of 1877-78. Of all the lower Little Colorado settle-
ments, this is the only one now existent.

The present St. Joseph lies only & hundred rods from the
main line of the Santa Fe railroad system, 25 miles east
of Winslow. The first Allen’s Camp, in April, 1876, was
three miles east of the present site. There was a change to
the western location in June, at the suggestion of Daniel
H. Wells, who had followed for an inspection of the new
settlements. Later there was survey, nearby, of a townsite,
the same that now is oceupied. Among the few remaining
settlers of the Little Colorado settlements, Ml
What he was the first Justice of the
peace for Yavapal County in that region and the first
captain there of territorial militia. He also was prominent
in the Church organization.

Struggling with a Treacherous River

Every settlement along the Little Colorado River has
known repeated troubles in maintaining its water supply.
It would be vain recapitulation to tell just how many times
each of the poor struggling communities had to rally back
on the sands of the river bed to built up anew the structure
of gravel and brush that must be depended upon, if bread
were to be secured from the land. The Little Colorado is
a treacherous stream at best, with a broad channel that
wanders at will through the alluvial country that melts
like sugar or salt at the touch of water.

There are instances that stand out in this struggle for
water. The first joint dam of Allen’s Camp and Obed cost
the settlers $5000. It is told that 960 day’s work was done
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at old Holbrook. In January, 1882, this establishment was
left high and dry by the moving of Holbrook station a mile
and & half west to Berardo’s, or Horsehead Crossing.
There was difficulty in getting a location at the new site,
go this store, in February, 1882, was moved to Woodruff.

In January, 1881, at Snowflake was started & “Co-op”
that merged into the Arizona Cooperative Mercantile
Institution. The following month, under David K. Udall,
a similar institution was opened at St. Johns, where there

was attached a flouring mill. Both at St. Johns and Snow-

flake were cooperative livestoek herds.

One of the most extensive enterprises of this sort was
started in Mesa in September, 1884, with Chas. I. Robson,
George Passey and Oscar M. Stewart at its head. The first
stock was valued at 845, yet in 1894, the Zenos Cooperative
Mercantile & Manufacturing Institution had a paid-up
capital stock of over $25,000 and a two-story building, and
had paid dividends ranging from 10 to 50 per cent annually.

Almost every phase of communal effort now appears to
have been abandoned in Arizona Mormon business life,
probably because found unnecessary in the latter-day
development in which the membership of the Church has
had so large a share.

The Author feels there should be addition of a state-
ment that the Church is far from acceptance of the Euro-
pean ides of communism, for one of its tenets is, “Thou
shalt not be idle, for he that is idle shall not eat of the
bread nor wear the garments of the laborer.” Nothing of
political socialism ever was known in the United Order.
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Spreabing Juto Northern Arizana

Failure of the First Expeditions

The first attempt from the north of the Mormon Church
to colonize within the present limits of Arizona failed. It
was by means of an expedition placed in charge of Horton
D. Haight. A number of the colonists met March 8, 1873,
in the old tabernacle in Salt Lake City, and there were
instrueted by President Brigham Young. At Winsor Castle
they were warned to be friendly to but not too trustful of
the Indians and not tosell them ammunition, “for they
are warring against our government.” The route was by
way of Lee’s Ferry, the crossing completed May 11. On

the 22d was reached the Little Colorado, the Rio de Lino
(Fiﬂﬁ%iy_m') of the Spaniards. From the ferry fo the
river had been broken a new road, over a tolerably good

route. There was no green grass, and water was infre-
quent, even along the Little Colorado, it being found
necessary to dig wells in the dry channel. Twenty-four
miles below Black Falls there was encampment, the road
blocked by sand drifts.

On June 1 there returned to the expedition in camp
an exploring party, under Haight, that had been absent
eight days and that had traveled 136 miles up the river.
There was report of the trip that the country was barren,
with parrow river bottoms, with alkaline soil, water bad
and failing, with no spot found suitable in which to settle.
There also appeared to be fear of the Apache. So the ex-
pedition painfully retraced its steps to Navajo Springs,
sending ahead a dispatch to President Young, giving & full
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report of conditions and making suggestion that the settle-
ment plan had betier be abandoned. At Moen Copie on
the return was met a party of 29 missionaries, under Henry

Day. —

An interesting journal of the trip was written by Henry
Holmes of the vanguard. He was especially impressed
with the aridity of the couniry. He thought it “barren
and forbidding, although doubtless the Lord had a purpose
in view when He made it so. Few of the creeks ran half a
mile from their heads. The country is rent with decp
chasms, made still deeper by vast torrents that pour down
them during times of heavy rains.” There were found
petrified trees. One of them was 210 feet long and another
was over five feet across the butt, this in a land where not
2 tree or bush was found growing. Holmes fervently ob-
served, “However, I do not know whether it makes any
difference whether the country is barren or fruitful, if the
Lord has a work to do in it,” in this especially referring to
the Indians, among whom there could be missionary effort.
Jacob Miller acted as secretary of the expedition.

On the back track, the company all had ferried to the
north bank of the river by July 7, although there had to be
improvised navigation of the Colorado, for the ferry-boat
had disappeared in the spring flood and all that remained
was a little skiff, behind which the wagon bodies were
floated over. In all, were ferried 54 wagons, 112 animals,
109 men, 6 women and a child.

This first company had been called from different parts
of Utah and was not at all homogeneous, yet traveled in
peace and union. The members assembled morning and
evening for prayers, at which the blessings of the Lord were
asked upon themselves and their teams and upon the
elements that surrounded them.

President Young directed the members of the 1873 party
to remain in Arizona, but the message was not received till
the river had been passed. The following year he ordered
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another expedition southward. According to a journal of
Wm H. Solomon, who was clerk of the party, departure
from Kanab was on February 6, 1874. John L. Blythe
{who had remained at Moen Copie after the 1873 trip)
was in charge. With Blythe was his wife. Ira Hatch took
his family. Fifteen other individuals were included.
Progress southward was stopped at Moen Copie by reports
of a Navajo uprising. Most of the party returned to Utah
after a few weeks, leaving behind Hamblin, Hatch and Ten-
ney. :

Missionary Scoute in Northeastern Arizona

When the unsuccessful expedition turned back to Utah
in the summer of 1873, there remsained John L. Blythe of
Salt Lake and a number of other missionaries. They
located among the Indians on the Moen Copie, where they
sowed the ground and planted trees and grapevines, also
planting at Moabi, abolit seven miles to the southwest.
Blythe remained at Moen Copie, alone with his family,
until 1874, including the time of the Indian trouble more
particularly referred to in this volume in connection with
the work of Jacob Hamblin.

The failure of the Haight expedition in no wise daunted
the Church authorities in their determination to extend
southward. In general, reports that came concerning the
Little Colorado Valley were favorable. Finally, starting
from Salt Lake October 30, 1875, was sent & scouting ex-
pedition, headed by Jas. 8. Brown, who had & dozen
companions when he crossed into Arizona. This party made
headquarters at Moen Copie, where a stone house was built
for winter quarters. Brown and two others then traveled
up the Little Colorado for a considerable distance, not well
defined in his narrative, finding s fine, open country, with
water plentiful and with grass abundani, with good farming
jand and timber available. The trio followed the Beale
trail westward to a point southwest of the San Francisco
Mountains, where there was crossing back to the Little
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Colorado. Christmas Day, before Moen Copie was reached,
the scouts were placed in serious danger by a terrific snow-
storm. Brown returned to Salt Lake with his report,
January 14, 1876, after traveling 1300 miles, mainly on
horseback.

Here might be stated that Brown was none other than a
Mormon Battalion member who had participated in the
discovery of gold at Sutter’s Fort in California. At some
time prior to coming to Arizona he had lost a leg, shot, off
by hunters who had mistaken him for a bear. He should

not be confounded with Capt. James Brown of the Bat-
talion. :

Foundation of Four Settlements

The first Presidency apparently had anticipated Brown's
favorable report, for quick action was had immediately
thereafter. Four companies, each of fifty men and their
families, were organized, under Lot Smith, Jesse O. Bal-
lenger, George Lake and Wm. C. Allen. The 200 mis-
sionaries were “called” from many parts of Utah, but
mainly from the north and around Salt Lake. There was no
formal gathering of the companies. Each member went
southward as he could, to report to his leader on the Little
Colorado. The assembling point was Kanab. Thence there
was assemblage of groups of about ten families each, with-
out reference to companies. An entertaining detail of this
journey lately was given the Historian in Phoenix by David
E. Adams, captain of one of the Tens.

The leading teams reached Sunset Crossing on the
Little Colorado March 23, 1876, the migration continuing
for many weeks thereafter. Allen, Smith and Lake con-
tinued up the river twenty miles, to a point about five
miles east of the present site of St. Joseph.

From exact data furnished by R. E. Porter of St.
Joseph is learned that Allen’s company settled at the point
where this march ended, establishing Allen’s Camp. There
was later change to a point one mile east of the present

138

e

R P SR ST

e
ot (L

L7 T

_____ S((é:?%:;_'

wlements 1
W:{‘ a3 ¢%.“rr{;om ) l
A

e — i

»Fente

lcozenase

T

& 0

NEwW ME X |

NORTHEASTERN ARIZONA—The Little Colorado Country

139




If t - 4

-

g location, a site maintained till 1877. The name was changed
: January 21, 1878, to St. Joseph, after Prophet Joseph Smith.
Lot Smith’s company retraced, to establish Sunset,
three miles north of Sunset Crossing, on the north side of
the river.
i Lake’s company established itself across the river, three
i miles south and west of the present site of St. Joseph. The
3 set{lement was named Obed.
!
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Ballenger’s company located four miles southwest of
Sunset Crossing, on the south side of the river, near the
site of the present Winslow.

Genesis of St. Joseph

There was quick work in the way of settlement at
Allen’s Camp, where the first plowing was on March 25,
1876, by John Bushman and Nathan Cheney. Jacob Morris
immediately commenced the construction of a house. Two
days later an irrigation ditch was surveyed and on the fol-
lowing day John Bushman got out the first Jogs for a
diversion dam. April 3, Bushman sowed the first wheat.
A temporary structure was built for protection and for
storage. May 26 the name of Allen City was given the
settlement, in preference to a second suggestion, Ramah
J City. Early in August, 23 men, including Allen, started
i ' back to Utah, from which a few returned with their families.

On Allen’s return southward with a number of families,
the old Spanish Trail was used, in its eastern section, via
the San Juan region, with some idea that it might be made
the main thoroughfare, for thus would be obviated the
ferrying of the Colorado River, either above or below the
Canyon. But the way into Arizona through northwestern
New Mexico was too long, and the experiment was not
considered suecessful.

In the fall, the families moved into 2 stockade fort,
planned to be 152 feet wide and 300 feet long. Only part of
this was finished. Probably twenty or more houses were
built within it.
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CROSSING THE LITTLE COLORADO
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WOODRUFF DAM, AFTER ONE OF THE FREQUENT
WASHOUTS

THE FIRST PERMANENT DAM ON THE LITTLE COLORADO
AT ST. JOSEPH
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August 23, 1876, a postofice was established, with John
MecLaws in charge. A weekly mail service operated between
Santa Fe and Prescott.

The first child in the settlement was Hannah Maria
Colson, July 17, 1876. The first death was exactly a year
later, that of Clara Gray. The first school district was
established and the first school was taught during the
winter of 1877-78. Of all the lower Little Colorado settle-
ments, this is the only one now existent.

The present St. Joseph lies only a hundred rods from the
main line of the Santa Fe railroad system, 25 miles east
of Winslow. The first Allen’s Camp, in April, 1876, was
three miles east of the present site. There was a change to
the western location in June, at the suggestion of Daniel
H. Wells, who had followed for an inspection of the new
settlements. Later there was survey, nearby, of a townsite,
the same that now is océupied. Among the few remaining
settlers of the Little Colorado settlements, Mi
Richards, who writes that he was the first jusfice of the
peace for Yavapal County in that region and the first
captain there of territorial militia. He also was prominent
in the Church organization.

Struggling with a Treacherous River

Every settlement along the Little Colorado River has
known repeated troubles in maintaining its water supply.
It would be vain recapitulation to tell just how many times
each of the poor struggling communities had to rally back
on the sands of the river bed to built up anew the structure
of gravel and brush that must be depended upon, if bread
were to be secured from the land. The Little Colorado is
a treacherous stream at best, with a broad channel that
wanders at will through the alluvial country that melts
like sugar or salt at the touch of water.

There are instances that stand out in this struggle for
water. The first joint dam of Allen’s Camp and Obed cost
the settlers $5000. It is told that 960 day’s work was done
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on the dam and 500 days more work on the Allen ditch.
This dam went down at the first flood, for it raised the water
about twelve feet. Then, in the spring of 1877, another
dam was built, a mile and a half upstream, and this again
washed away. In 1879 the St. Joseph settlers sought the
third damsite at LeRoux Wash, about two and a half miles
west of the present Holbrook. In 1881 they spent much
money and effort on a plan to make a high dam at the site
of the first construetion, but this again was taken down-
stream by the river. In 1882, a pile dam was built across
the river, and it again was spoiled by the floods. This dam
generally was in use until 1891, but had to be repaired
almost every year. In the year named, work was started
upon what was hoped to be a permanent dam, at an esti-
mated cost of $60,000. In 1894, Andrew Jenson wrote that
at least $50,000 had been lost by the community upon its
dams. Noting the fact that only fifteen families consti-
tuted the population, he called St. Joseph “the leading
community in pain, determination and unflinching courage
in dealing with the elements around them.”

St. Joseph, as early as 1894, had completed its eighth
dam across the river. Jos. W. Smith wrote of the dedication
of the dam, in March of that year. He remarked especially
upon the showing of rosy-cheeked, well-clad children, of
whom the greater part of the assemblage was composed,
“ghowing that the people were by no means destitute, even
if they had been laboring on ditches and dams so much for
the last eighteen years.”

The main prayer of the exercise was brief, but charac-
teristic: “O Lord, we pray that this dam may stand, if
it be Thy will—if not, let Thy will be done.” The invo-
cation was effective. The dam stood, as is illustrated within
this book.

Decline and Fall of Sunset
Sunset, the lowest of the settlements, was near the
present railroad crossing of the river, below the river
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junction with Clear Creek. There had been a temporary
location two miles upstream. The main siructure was a
stockade, twelve rods square, mainly of drift cottonwood
logs. Within were rock-built houses, a community dining
hall and a well. Combination was made with Ballenger,
across the stream, in the building of a dam, two and a half
miles above the settlement.

Apparently the sandy land and the difficulty of irri-
gating it drove the settlers away, until, finally, in 1885,
Lot Smith’s family was the only one left upon the ground,
and it departed in 1888.

Years later, Andrew Jenson found the rock walls and
chimneys still standing. “Everything is desert,” he wrote,
“the whole landscape looks dreary and forbidding and the
lonely graveyard on the hillside only reminds one of the
population which once was and that is no more.” Only
ruin marks the place where once was headquarters of the
Little Colorado Stake of Zion. The settlement was badly
placed, for floods came within a rod of the fort and covered
the wheat fields.

Lot Smith wrote in poetic vein, “This is a strange
country, belonging to a people whose lands the rivers have
spoiled.” Very practically, however, he wrote of good lands
and slack water supply, “though the river shows it would
be a mighty rushing torrent when the rains commence in
summer, 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 some scaffolding in the
trees.”

In August, 1878, a correspondent of the Deseret News
wrote from Sunset that for a week the rain had been pour-
ing down almost incessantly, that the whole bottom was
covered with water, that some of the farms were submerged
and grain in shocks was flooded, that the grain of Woodruff
was entirely destroyed, the grist mill of Brigham City

143



g

L

inundated and the grain stacks there were deep in water,
with the inhabitants using boats and rafts to get around
their farms.
Village Communal Organization

The settlements all established themselves under the

United Order. Early in 1876 one of the settlers wrote from .

Allen’s Camp, “It is all United Order here and no beating
around the bush, for it is the intention to go into it to the
full meaning of the term.” This chronicler, John L. Blythe,
April 11, 1876, again wrote, “The companies are going into
the United Order to the whole extent, giving in everything
they possess, their labor, time and talent.” In August there
was a report from the same locality that “the people are
living in a united system, each laboring for the good of all
the community and an excellent feeling prevails.”

The communsal system was given formal adoption at
Allen’s Camp April 28, 1877, when articles were agreed
upon for a branch of the United Order. June 5, 1877, with
Wm. C. Allen presiding, there was an appraisal of property
and a separation of duties. Henry M. Tanner (who still
is in St. Joseph), was secretary, John Bushman foreman of
the farm, James Walker water master and Moses D.
Steele superintendent of livestock. Niels Nielsen was in
charge of ox teams and Jos. H. Rogers in charge of horse
teams, harness and wagons. The Church historian has
given in detail the manner in which the system worked:

From the beginning the Saints at Allen’s Camp disciplined them-
selves strictly according to Church rules. Every morning the Saints,
at the sound of the triangle, assembled in the schoolhouse for prayer,
on which occasion they would not only pray and sing, but sometimes
brethren would make brief remarks. The ssme was resorted to in
the evening. They did pot all eat at the sasme table (a common
custom followed in the other camps), but nevertheless great union,
peace and Jove prevailed among the people, sad none seemed to take

advantage of his neighbor. Peace, harmony and brot.herl;_r I::we
characterized all the settlers at Allen’s Camp from the very beginning.

In August, 1878, Samuel G. Ladd wrote from the new
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St. Joseph, that the United Order worked harmoniously and
prosperously. In that year manufacturing of brooms was
commenced by John Bushman. Up to 1882 each family
was drawing from one common storehouse. In 1883 the
Order waa dissolved at St. Joseph and the stewardship plan
adopted. Each family received its part of the divided land
and a settlement of what each man originally had put into
the Order. Proforma organization of the Order was con-
tinued until January, 1887.

Hospitality Was of Generous Sort

From Sunset Crossing Camp, G. C. Wood wrote, in
Apil, 1876, “The brethren built & long shanty, with a long
table in it and all ate their meals together, worked together
and got along finely.” In February, 1878, President Lot
Smith wrote the Deseret News in a strain that indicated
doubt concerning the efficiency of the United Order system.
His letter told: - y 7

This mission has had a strange history so far, most who came
having got weak in the back or knees and gone home. Some, I be-
lieve, have felt somewhat exercised about the way we are getting
along, and the mode in which we are conducting our culinary affairs.
Now, I have always had a preference for eating with my family and
have striven to show that I was willing to enlarge as often as circum-
stances require, and the same feeling seemed to prevail in these settle-
ments. We have enlarged ourselves to the amount of forty in one day.
We have noticed that most people who pass the road are willing to
stop and board with us s week or two, notwithstanding our poor
provisions and the queer style it was served up.

In July of the same year, Lorenzo Hatch wrote from
Woodruff, “At Sunset, Brigham City and Woodruff, the
settlements eat at one table, hence we have no poor nor
rich among us. The Obed camp also had gone into the Uni-
ted Order in the fullest sense in May, 1876.”

Brigham City’s Varled Industries

Ballenger, in September, 1878, was renamed Brigham
City, in honor of President Brigham Young. Its people
were found by Erastus Snow in September, 1878, with a
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remarkable organization, operating in part under the United
Order system. There was a fort 200 feet square, with rocky
walls seven feet high. Inside were 36 dwelling houses, each
-15x13 feet. On the north side was the dining hall, 80x20
feet, with two rows of tables, to seat more than 150 persons.
Adjoining was a kitchen, 25x20 feet, with an annexed bake-
house. Twelve other dwelling houses were mentioned, as
well as a cellar and storehouse. Water was secured within
the enclosure from two good wells, South of the fort were
corrals and stockyards. The main industry was the farming
of 274 acres, more than one-helf of it in wheat. A pottery
was in charge of Brother Behrman, reported to have been
confident that he could surpass any of the potteries in
Utah for good ware. Milk was secured from 142 cows.
One family was assigned to the sawmill in the mountains.
J. A. Woods taught the first school. Jesse O. Ballenger, the
first leader, was succeeded in 1878 by George Lake, who
reported that, “while the people were living together in
the United Order they generally ate together at the same
table. The Saints, as a rule, were very earnest in their
endeavors to carry out the principles of the Order, but
some became dissatisfied and moved away.” Dis-
couragement became general, and in 1881 all were
released from the mission. The settlement practically
was broken up, the people scattering, though without
dissension.

Some went to Forest Dale, and later to the Gila River,
and some left Arizona altogether. There was a surplus from
the experiment of about $8000, which went to the Church,
after the people had drawn out their original capital, each
taking the same number of animals and the same amount
of property contributed originally. In 1882 only a couple
of families were left and an added surplus of $2200 was used
by the Church in settling the Gila country. In 1890 only
the family of Sidney Wilson remained on the old site of
Brigham City. The Brigham City water-power grist mill
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built in 1878, a present from the Church, was given to the
people of Woodruff, but was not used.

The abandonment of Brigham City should not be
blamed to the weakness of a communistic system. There had
been frequent failures of crops and there had come a de-
termination to find a locality where nature would smile
more often upon the barley, so scouis were sent to the San
Juan country in Utah, the Salt River country and to the
Gila. George Lake, Andrew Anderson and George W.
Skinner constituted the Gila party. Near Smithville they
bought land, a transaction elsewhere referred to. Anderson
and Skinner, in December, 1880, returned to Brigham City. -
At that point a business meeting was ealled at once and
the authorities of the United Order approved the purchases
made. . ‘

January 1, 18 anpounced a census of the settle-
ment of the Little Colorado country. Sunset had 136
inhabitants, Ballenger 277, Allen’s Camp 76. Woodruff
50 and Moen Copie 25, a total of 564, with 115 families.

Brief Lives of Obed and Taylor

The settlement of Obed, three miles southwest of St.
Joseph, directly south of old Allen’s Camp and across the
river, bears date from June, 1876, having been moved a
short distance from the first camp ground. At that time
was built a fort of remarkable strength, twelve rods
square. In places, the walls were ten feet high. There were
bastions, with portholes for defense, at two of the corners,
and portholes were in the walls all around. The camp at
the start had 123 souls. Cottonwood logs were sawed for
lumber. The community had a schoolhouse in January,
1877, and a denominational school was started the next
month, with Phoebe McNeil as teacher. The settlement
was not a happy one. The site was malarial, selected against
Church instructions, and there were the usual troubles in
the washing away of brush and log dams. The population
drifted away, until there was abandonment in 1878,
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Taylor was a small settlement on the Little Colorado,
about three miles below the present St. Joseph, and should
not be confounded with the present settlement of the same
name near Snowflake. This first Taylor was established
January 22, 1878, by eight families, mainly from Panguitch
and Beaver, Utah. In the United Order they built a dining
hall, 2 quarter-mile back from the river and organized as a
ward, with John Kartchner at its head. But there was dis-
couragement, not unnaturally, when the river dam went
out for the fifth time. Then, in July, 1878, members of the
settlement departed, going to the present site of Snowflske
on Silver Creek. They included a number of Arkansas
immigrants. There had been little improvement outside of
the stockade and dining hall, and for most of the time the
people lived in their wagons.
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and they cannot sail them as cheaply, while they must
be content with the same freight receipts as the English.
‘Consequently their percentage of return for the invest-
ment must be less than that of the English, whereas, by
iovesting within the United States, they can almost
eerfainly obtain & percentage of receipts upon their
investment of several times the magnitude. This in a
nutshell seems to express the situation. It is different -
with cosstwise or inland transportation. There the

 American is not obliged to meet the foreigner in com-

petition.  His government gives him a monopoly of the -
" emrying trade, end it has accordingly prospered.

In 1890 the total tonnage of vessels in foreign trade

fetering and clearing at American ports was aboub

-18,000,000 tons each way. Of this only about 4,000,000

? tons were under the United States flag; in other words,

“aly two-sevenths of the imports to and exports from

the United States were transported under the flag of that

i eountry ; indeed, British vessels alone carried much more

"~ of the exports and imports of the United States than did

. United States vessels.

The Foreign Carrying Trade

In the foreign carrying trade the Americans reached
their most prosperous condition about 1820. In that
vear this nation surpassed all others in the amount
of tonnage engaged in foreign commerce. From that
time down to the beginning of the Civil War, while the
tonnage of the United States did not diminish, but ‘in-
creased, the importance of that country relative to other
countries in the foreign carrying trade diminished. Gresf ‘
Britain soon took the lead, and in the extent of 1!3
tonnage surpassed the United States and became, s 1;
has been since, the queen of the high seas.

The Civil War brought danger to all vessels flying the
American flag.  To avoid that danger, or the necessity :
for paying high insurance rates (* war premiums”), in
one way and another ‘most of the shipping of the United 'T
States was, during the war, transferred to foreign flags,
mainly to that of Great Britain; and there it has perforcs.
remained, since, under United States laws, made for ths
protection of the shapbmldmg interest, ships canmot be
imported. -

Thus since 1820 the foreign carrying trade of the
United States has diminished relatively to other nations,
and since the beginning of the war it has absolutely
diminished in tonnage, while all other industries, agricul-
ture, manufactures, mining, and all internal transporta-
tion have grown with a rapidity that almost surpasses
belief, The ressons assigned for this decadence have
been many and various, and various cures have been
suggested. The true remson, however, appears to be
simply that Americans have found better-paying invest-
ments in their country than upon the high seas.  They

Navigable Streams

Tn treating of the navigability of streams one is
dealing with an uncertain and variable quantity. I is
pecessary, at the outset, to define what is meant by
navigability. Seme class or classes of vessels must be
selected as the test, whether a boat of 10 feet or of 2
" feet draft for instance. Again, what stage of water in
the river shall be selected, high water, low water, or a
medium stage. In order to arrive at some definite result,
it will be assumed, in the following sketch of the navi-

cannot build ships as cheaply as can be done in Eogland, - gable streams of the United States, that the high water
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Navigable to Miles.

Tombighes . . - . . . 250
Pear}, Miss. - . . . . 235
Sabine, Tex, . . . . . 40
Neches . . . . . . 30
Trinity . . . . . e 25
Rio Grande . . . . . . Presidio 700

The Mississippi system is far more extensive than all
others taken together. The navigability of the main
stream is interrupted only by the Rock Island rapids, in
Hiinoig; that of the Ohio by the falls at Louisville, Ken-
tucky ; and the Tennessee at Muscle Shoals. The two
first are passed by cauals, while the last has been im-
proved by dams and locks. With these exceptions the
navigability of the main river and its principal branches
is unbroken.

The following table schedules the navigable rivers of

this system e
Kavignblo to Miles.

Main Mississippi . . . . . Cairo, IlIs. 650
Upper Mississippi . . . - Minneapolis, Minn. 700
Bayou La Fourche, La. . . . 100
Bayou Atchafalaya, La. . . . 156
Red River and branches, La, . . Gainesyille, Tex.” 600
Ouaclita and branches, La, and Ark, . 450

Yazoo, Miss, . . . . 300
Arkansas and branches, Ark, . - Wichita, Kan. 660

8t, Francig and branches, Ak, . . .. 300
White River and branches, Ark. . . 400
Oliio River . . . . . - Pittshurg, Pa. 800
Allegheny, I'a, . . . 125
Monungahela, Pa. . . . 160
Tonnessor, Ky, and Tenn, . . . 550
Cumberfund, Ky, . . . . 450
Green, Ry. . . . . . . 160
Kentucky, Ky. . . . . . 125
Licking, Ky. . . . - . 125
Big Sandy, Ky, . . . . . 125
Guyandot, W. Va, | . - . s
Kanawha, W. Va. 150
Wabash, Ind. 150

kA
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Navigable to Milrs,

Muskingum, Ohio . . . . 75
Hlinois . . . . . . 200
Missouri R . . Fort Benton 1500
lasconade . . . . . . 50
Osage . . . . . . . 100
Yellowstone . . . . . 250

The Great Lakes furnish, by the aid of the Welland
Canal at Niagara, and the “Soo” canal at the Sault Ste,
Marie, an unbroken stretch of navigation from the foot
of Lake Ontario to Duluth, at the head of Lake 'Superior,
a distance, roughly measured, of 1050 miles. In
addition to this is the stretch afforded by Lake Michigan
which from Mackinae to Chicago is 400 miles. '

On the Pacific side there are few navigable rivers.
The Colorado bears steamers only 400 miles from its
mouth; the Sacramente of California is navigable for
150, and its branch, the San Joaquin, for 100 niles.
The Columbia is navigable for 500 miles, and its main
branch, the 8nake, for 100. miles only, while the Willa-
mette is navigable for 125 miles. Altogether the navi-
gable length of the rivers of the country, roughly
measured in direct lines, not by following the details of
their often crooked courses, is no less than 14,100
miles. Following their sinuous courses, doubtless the
total length exceeds 20,000 miles. Of the straight line
extent of navigable waters the Mississippi bas by far the
lion’s share, as with its branches it has a navigable
extent of 9200 miles, which, when all its enrves and
windings are followed, swells to nearly 15,000 miles,

Canals

In the early part of the present century, before the
advent of the railway, many of the states of the Ameri-

R R T
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can Union were seized with a fever for public improve-
ments, and several of them carricd out extensive works.
Prominent among them was the building of canals.
Among these states were prominent New York, New
Jersey, Pennsylvania, Maryland, Virginia, Ohio, and
Indiana. Partly at public and partly at private expense
a large number of canals were built at this time. Most
of them have, however, since been abandoned, having
succumbed to the competition of the railway. In 1890
the total mileage of canals in operation was but 2700,
and the tonnage which they conveyed during that year
was about 21,000,000 tons. The principal of these
canals now in operation is the Erie Canal, extending
from Bufinlo, in Western New York, to Albany, on the
Hudson River. A project is now (1896) on foot for
deepening and widening this canal to enable large lake
vessels to traverse it

Railroads

The railroad made its advent before the world about
1830, sixty-five years ago,and as an ageney of transporta-
tion it has grown up with this country.  In these sixty-five
years a railroad system has been constructed in this eountry
aggregating 178,708 miles, representing an expenditure
of more than $11,000,000,000 of capital. Nearly one-
sixth of the entire wealth of the country is invested in
railvonds.  In mileage of her railroads the United States
leads the whole of Europe, and indeed all the rest of the
wordld. There is probably no nation which, in comparison
with her area, population, and wealth, has as complete
and well arranged a system of railway transportation as
this. The rapidity of its growth is but one of ifs
starthing featuves. Since the beginuing there has been

no year in which some railroads have nob been built, and
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stage is referred to, and that streams having three feet
in depth will be regarded as navigable. Under these
premises the following are the resources of the country
in internal navigation.

On the Atlentic coast the navigable portions of the
rivers are short, but in general they increase in' length
southward. The following table lists the principal of

them, with a rough estimate of their navigable lengths,

measured as straight lines:— -~

Navigable &6 -. - Miles,
Penobscot, Me, . P . Baangor ’ L
Kennebee, Mo. . . . . Avgusts 5o
Connegticnt, Conn, . . »  Hartford -- ‘40
Hudson, N.Y. ". . , ., Albany - 150
Delaware, N.J, and Pa. . .7 Trenton 75
Potomac, Md. . . . . Georgetown, D.C. e .
- Rappshennock, Va. . . ., . » Fredericksburg 80
York, Va. . . ., e, Y 50
James, Va. . + -y - .- Richmend : 75
Roancks, N.C. . R : Weldon . 75
Pamlicq, N.C. . . v 50
Neuse, N.C. . . . .« Goldshoro 100
Cape Fear, N.C, . 2 . Fayetts 100
Waccamaw, 8.C. . . . vy, 75
Great Pedee, S.C. . . . v 166
Santee and branches ., . Columbia 1650
Savannah, Ga. . . ., Auvgusts 125
Altamaha and branches, Ga. . Milledgeville and Macon 300
8t. John's, Fla. . . . . Sanford 125

1860

Navigable rivers flowing to the Gulf of Mexico are
few in number, and, with the exception of the Mississippi,
are not long. The larger ones are as follows :—

: Navigable to Hiles,
Apalachicols, Fla. and Ga. . .. 75
Flint, Fla. and Ga, . . . . 125
Chattahoochee, Fla. and Ga, . . 125

Bobils, Ala. . . . 25
Alabama . . . . . . Montgomery 150
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ative of what occurred on the reservations, yearly run-
off from 1930-55 was above the 1897-1955 median of
the reconstructed virgin runoff only 8 years, whereas it
was below the median 18 years {Alfonso Wilson, U.S.
Geol. Survey, written commun., 1960).

GROUND-WATER HYDROLOGY

The ground-water hydrology of the Navajo country
is controlled by five large hydrologic basins—Black
Mesa, San Juan, Blanding, Henry, and Kaiparowits
basins (pl. 3). Locally, ground water is exchanged be-
tween some of the basins. Part of the water in south-
western San Juan basin moves across a low structural
divide into Black Mesa basin, and, similarly, some water
from Black Mesa basin overflows into Blanding basin.
The area of each basin, in square miles, within the
boundaries of the reservations are: Black Mesa, 12,200;
San Juan, 6,200; Blanding, 3,100; Kaiparowits, 2,900;
and Henry, 1,100

The main areas of recharge to the ground-water reser-
voirs are on the highlands along the divides between
the basins. Movement of ground water in each hydro-

logic basin is downdip from the highlands and towar
the Colorado, Little Colorado, and San Juan Rive:
and their larger tributaries rather than toward the cet
ters of the structural basins. Natural discharge «
ground water is to these streams and to about 1.0
springs and numerous seeps. Artificial discharge is ¢
about 1,400 (1961) drilled wells and 550 dug wells ut:
lized chiefly for domestic and stock water.

RECHARGE

Recharge to aquifers in the Navaj o country is direct!
from precipitation and from ephemeral streams or ir
directly from interformational leakage. Direct rechary
to the aquifers in the consolidated sedimentary rocks
controlled principaily by the permeability of the rock
the structural and physiographic expression, the amow
of fracturing, and the altitude of the water-bearin
strata; by the presence or absence of surtficial deposit:
and by the duration, type, and amount of precipitatio
The mantles of surficial deposits are rechurged by dire
precipitation, by influent streams, and by dischars

from the consolidated aquifers. Recharge from inte
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SURFACE WATER SUPPLY, 1907-8, .

o

Daily gage height, in feet, of La Plata River near La Plata, N, Mez., for 1
o [7ohn Smith, Frank Wiiltars, cbservers] g

€ SURFACE WATER SUPPLY, 1007-8, 16

LITTLE COLORADO RIVER DRAINAGE BASIN.
DESCRIPTION.
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Bleatl with an elevation over 4,000 feet above sea level, extending

lhe Continental Divide in northwestern New Mexico westward

ithd San Francisco Mountains in Arizonn and from the Grand
fort ‘of the Colorado southward to the Mogollon Mesa. The
et part of this platenu is composed of rolling plains with a few

f’éjoil ab the surface underlain by rock. Through this platesu

ivek winds northwestward to its junction with the great Colorado.
BIii-off from approximately 6,000 square miles of the drainage
1 . - +* * .

firids its way into the Little Colorado above the mouth of Rio

¥4y t}hel largest tributary, which joins the main stream 2 miles

tho town of Holbrook, Ariz. Both the Little Colorado aud

g 1 lotco are flashy stroams, seldom clear even during low stages.
5 hi 8 shifting sandy bottoms, and where not confined in canyons

Biliiebin beds aro wide with abrupt earth banks. The fischarge
,f-.s greatly; being insignificant in dry soasons. The floods

gRibrt dnd violent and carry Inrge quantitics of silt in stispension.

following stations have been maintained in this river basin:

Tite Colorado at St. Johna, Ariz., 1506-1908.

1ittle Colorado st Woodruft, Ariz., 1905-1908.

Litto Colorado at TTolhrook, Atiz., 1005-1908,

Bitver Creek near Snowflake, Ariz., 1906-1908. '

Bilver Creek at Canyon Station, Ariz., 1906.

Woodruff ditch at Woodruff, Ariz., 1906.

L Chevelon Fork near Winslow, Ariz., 1906-1907

Cle}u' Creek near Winslow, Ariz., 1906-1608,
H - 't (# N .
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LITTLE COLORADO RIVER AT 8T. JONNS, ARIZ.
i8 ghation, which was estgblished April 18, 19086, to determine the

Fof water available fof irrigation, is located at the south end
gn i of St. Johns, one-half mile above the dam and county
;5. The bed of the stream is clean, sandy, and shifting. Fre-
Jnedsuremonts are necessary to properly determine the daily
ﬂ'ﬂﬁia station. The results given in the {ollowing tables were

shéd by the United States Reclamation Service:

EYTYTYY

Wieasurements of Little Colorado River at 81, Johns, Ariz., in 1907 and 1908,
45
{By W, D. Roncher.}
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012~ Oage out of water August 29 fo Decomber 8, 1008, Durtlng this
ab]:}'m 1 seon?gg!oot per day. ng\'sv gage established Deégmbcr 6, 1008;
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SURFACE WATSR Syi=L . - 18, IITTLE COLORADD RIVER DRAINAGR BASIN, N
Daily gage height, in feet, of Little Colorade River at St. Jehns, Ariz., for 1507 tnd thatge, in second.feet, of Little Colorado River at St. Johns, Ariz., for 1907,
' — Mer. | Apr. | May. Day. | Jan. | Feh. | Mar. | Apr. | May.
Jan. | Feb, } Mar. | Apr. { May. | June, Aug. | 8ept. | ook - P ¥ v ° o o o
- . " Sk -
I PR 88| a8 70 i B T 10 37
B B[ 403 03 oof 7w 8| 18 a5
4600 473 44| 6.20] 468] 414 3.87] 4.18] 485 a:; 8| 280 0 YR g2l 4l 34
4501 4.81) 4od] 67| 455] 407 3.00) 424 487 3m 851 290 a4 5| 8o 1] 1g g3
4601 4771 4030 577 445 4o0a) 300] 454 480 3w R5 ] 288 51 #f ] 1’3l gae 32
4721 471} 494 582 430} dos) Teo| 4251 s40] 3m
485 470) 494f 581 432 3.09) 380 427} 4.45) 399 wl o & B7E 68| wa| 14 32
‘ B bl I 44 47 50 8| i 13 0
467 | 483 492| 545( 4207 307 3.80] 42 ool 29t an | o8 i 38| 08} 48] 190 2
4687 4881 4.05{ 5065) 4260 201! 388l 417 640l 3% wo| 78 4 371 g0} 18| 8 2
4.68; 4.92| 502 675) 422] 3.02| 3.83| 4.23| Leol ale 8| 3 51 95| 368 im0 7
468, 4.80) boa| B3| 410) 300 28| £34] £52] 118 i R
473 4.88) 502{ 575| 416] a.e0| 380 425! 211 31§ . 21 92| 361 31 27
- i 1 215 37 451 e2| 331 70 77
£71 4857 4901 5.92] 4.14| 3.00] 870 42 297 218 921  bog & 41 50 302 85 32
4.73 |"4.82 | 4.99| 90 4.10] 300 3.78| 438| 2.09] Bye b 248 8 18 R %5( 69 31
470 482 498 b60| 4.t0f 380 Avrl-4a3s] 270l e e 54 21 35 4 ... 25 arl o4
4691 4.82} 490! 570! 400] 3.88| 3.781 420} 365f. 218 GisOE w218 a7 Bl A 47
470 4.85[ 4m| 5.46] 411 38| 277 417 Fes[ %18 5
4681 4.88) 4.03] 5.35] 411} 3.88| 277| s.03| 258 'g. ﬁgs'a diseharges vwere obiained by the Indirect method for shifting ehannels.,
4081 4871 408) 5.27| 40| 3.85] 3.78] 445/ 373 ].% jo , . , .
4671 4o0) 407 518] 40| 3w ¥ww| 442 Tl % Udiithly discharge of Little Colorado River at SI. Jokns, Ariz, for 1907,
4641 4901 505 b12] 404| 3.8t 77| 42| TEalia, : :
464 4861 530 h10| 403| 384| 39| 445 348 Dlscharge n seeond-foot, .
466 4847 5.65) seg) 402] 443 3701 g10f 3.4i Month, = 7 (total In
467! 485 6.05] 507 40if 442 3 Wi so5) 330 Mnxtseen Minhmom.] Mean, nere-feot).
i EHER: BRI R RE
. ) . . . . . . X - 16 8.0 3,570
4871 497] 613) 483 04| 42| 42| K7z 33 & L X £
460 495 o7 463! 303 - 42t] 500] 508] 220 10
404 4.05) 697 4581 303| 4141 aez| 653} 327!, " a| sl 5
460 404} 5.85) 462 402§ 308| 443] 535] 325 " Lo ’
460 ranas E63| 486| 4051 3.05| 4.98] 480 324]°
:. gg . g‘g 1.5 33? 3.81 ‘s {["75 ‘;’.gg ‘?-?4 4 Maximum recorded discharge for the month, Aprit 2, 1907,
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IITTLE COLORADO RIVER AT WOODRUFPFF, ARIZ.
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e i e 1:22 FpIaB 1601 108 @ﬂq-December 31, 1908, -was located about 100 yards below
« CAE Ta o .
AR I R R = R AR fossing of the Holbrook-Winslow wagon road and one-fourth
: al iR iB] IR 38 iR iR B o elow the Woodruff dam,
A D IR R e ahqn_ equipment, which was caried away by the flood of
3.97| 405] 431 4.64] 25| 2.15] 22| Le0| Lo _?6 and 27, 1905, was replaced March 24, 1906. The object
e e A A A ) §:§§ vl bl dbion was to detdrmine the amount of water available for
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HISTORICAL MARKERS

VOLUME IX
1329
;}ﬁ . The Arizonma Development Board herewith presents the
B | text and historical background for 100 Historical Markers
P for use along Arizona highways.

One for each of Arizoma's 14 counties has been cast,
sponsored originally by the Arizona Development Board.
Some others contained in this publication have also been
sponsored and are in place.

This publication, in two volumes, is prepared with
the thought in mind that many Arizona fraternal organiza~
tions, civic clubs, etc. will spounsor the placement of the
markers to better inform motorists of the historical lore
of Arizona.

The historical background and text for the markers
was compiled by Bert Fireman, Arizona newsman and historian.
in accordance with Arizona statutes, which places in the
State Department of Library and Archives, responsibility
for the authenticity of historical markers, this list of
100 markers has been reviewed by Mrs. Alice Good, head of
the Department of Library and Archives, and approved.

The Arizona Highway Department, cooperating in this
venture with the Arizona Development Board, will install
the markers in concrete and will supervise the technical

work involved,
W/ I Theq

Bernard M. Mergen
Manager -~




NAVAJO COUNTY

Historical Site < Sunset Crossing, 1858-1882

Location of Site « Approximately six miles east
of Winslow on Little Colorado
{three miles east of confluence
of Cottonwood and Clear Creeks
with Little Colorado)

Marker Location - South side of U.S. 66 about
six miles east of Winslow, on
rise or hill overlooking river

SUNSET CROSSING
on the
Little Colorade River

This was the crossing fer
Beale’s Camel Expedition in
1858 on the military road from
Port Defiance to Fort Mohave,

A rocky ledge through a river
bed filled with dangerous quick-
sand, it was used by military
travelers and the Mormon immi-
grants who arrived in Northern
Arizona in 1876. Main crossing
of the river until the railrecad
was built in 1882.

Historical Marker Erected by
Arizona Development Board

- 1957 -




MAVAJO COUNTY

Sunget Crossing

Sunset Crossing was the best crossiang of the
Little Colorado during much of the year. A4 rocky ledge
crossed the stream from bank to bank, permitting wagons
and stock to cross without the danger of quicksand wery
prevalent along the Little Colorado. Thie erossing was
used by Beale's Camel Expedition in 1858, becoming a
regular stop on the military road he surveyed and built
from Fort Defiance to Fort Mohave. It appeared on army
maps and subsequently was mentioned by other expeditions,
including the Wheelexr party in 1870. It was used by
Arizona's first territorial officials arriving from
Santa Fe in 1863,

When the Mormons began their migrations out of
Utah in the mid-70s, they used Sungset Crossing en
route from the Colorado crossing at Lee Ferry to the
new settiements along the Little Colorado, Silver
Creek and Central Arizoma. A small settlement of Sunset
was established about three miles downstream from the
crossing in 1876.

Sunset Crossing was used interchangeably with
Horsehead Crossing mear Holbrook by travelers on the
road from Santa Fe to the Verde settlements and Prescott.
Sunset Pass was in the mountains about 20 miles to the
southwest, Until the Atlantic and Pacific Railroad was
built in 1882, this crossing was universally used for
easte-west transportation through Northern Arizona.
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A GUIDE TO THE BEALE
WAGON ROAD THROUGH THE
' KAIBAB NATIONAL FOREST
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The History and Significance of the Beale Road.

During the 1850s the United States Government involved itself in appropriatiﬂg
money for exploration in the American West. one such planned expedition was
the construction of a wagon road along the Thirty-fifty parallel. This job
was awarded to former Navy Lieutenant Edward Fitzgerald Beale. In 1857 Congress
appropriated $50,000 for the construction of a road from Fort Defiance, New
Mexico Territory, to the Colorado River. The following year an additional "'\
$150,000 was appropriated to complete the construction along the Thirty-fifty
parallel form Fort Smith, Arkansas to the Colorado River. This wagon road
became the first federally funded interstate highway to be built in the western
part of the United States. The road was built for the purpose of shortening
the distance from the East to California.

Beale's first trip in 1857 started from Camp Verde, Texas, where he picked
up twenty-two camels to use as an experiment. The government wanted to see
if these animals would be feasible for use in the desert Southwest. From
that point they went to El Paso, Texas, then up the Rio Grande River to Albuquerque,
New Mexico Territory. As Beale's party neared the junction between Fort Defiance
and Zuni Pueblo, he found it wiser to go due west to Zuni ‘rather than to Fort
Defiance. The fort was located a considerable distance out of the way to
the north, so he built the road pass the old pueblo. {He then proceeded to
explore northern Arizona as far west as the Colorado River.

His second trip started from Fort Smith, Arkansas, in October, 1858,
with a construction crew of 50 men, which was increased to 100 near modern
day Flagstaff, Arizona. Entering Indian Territory (Okiahona) the most they
had to do was to build a few bridges over rivers & creeks that were otherwise
difficult to cross. They then passed through Texas and the territories of
New Mexico, Arizona, southern Nevada, and on to Califormia constructing whatever
was necessary to get wagons through. This included removing rocks out of
the roadway and building dams around spring so they would hold more water.

Lieutenant Edward Beale was a mover aﬁd doer in the West and truly an
outstanding American. Although he was born on the family farm called Bloomingdale
in the District of Colurnbia on February 4, 1822 he grew up with politics in
the nations capitol and ever after was in touch with the Washihgton scene
wherever he found himself. At the age of fourteen he enterd the Navy where
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he would eventually earn the rank of Lieutenant. Beale proved himself daring
and resourceful during the Mexican War in 1848, when he crawled through enemy
lines and ran forty miles barefooted to San Diego to warn Commodore Stockton
of Colonel Kearney's defeat at the Battle of San Pasquel. During the years |
1848-50 Beale made eight transcontinental trips carrying dispatches from California
to Washington, D.C. and back.. On one such trip he brought the first official
news of gold discoveries in California to Washington. To accomplish this
feat he disguised himself as one of the local inhabitants and road alone across
Mexico fighting off bandits much of the way.

In 1852 he was appointed Superintendent of Indian Affairs for California
and MNevada, a post he held until he was given the job of building a wagon
road to California in 1857. _

At the outbreak of the Civil War, President Lincoln appointed him Surveyor
General of California. Beale was also directly responsible for stopping the
Confederate movement in that state. During the war he constructed a toll
road from Bakersfield to Los Angeles, California. At one point in the road,
he engineered a cut in the San Fernando Mountains which was approximately
100 feet deep to allow wagons to pass through easily.

In the 1870s he was appointed by President Grant as Ambassador to Austria-
Hungary. He retired in Washington D.C., where he died in April, 1893 at the
age of seventy-one.

The wagon road that Beale laid out from 1857 to 1860 was a ramarkable
piece of work which took his name in recognition of his efforts. ".("Fhrough
Arizona it encountered the widest variation of terrain and the most serious-
obstacles. The road entered Arizona a few miles west of Zuni Pueblo and moved
westward through the modern commnities of Holbrook, Joseph City, Winslow,
Leupp, Flagstaff, Seligmdn, Peach Springs, Hackberry, Kingman, Goldroad and
the Rivera; most of these, vhich subsequently sprang up with the railroad, ‘
were located along the old road. These later routes confirmed the wisdom
of Beale's choice of a route through Arizona. ’ -

The road was used extensively during the years 1858-1883. Large immigrant -
trains moved over this road to Califormia. Many of these travelers took time
to write diaries of their adventures. One such individual was John Udell, ’
who traveled over the Beale Road in the summer of 1858. Udell's trip was
made in the interval between Beale's surveys before the actual road construction
was completed. Information concerning this adventurous trip is contained '

e



N

6
in the pages of the book called "John Udell: The Rest of the Story." by the
author of this book: See Bibliography. ‘

By the spring of 1859, Lt. Beale was back in Arizona with a construction
crew of 100 men. Work for the Arizona section was completed by the late summer
of 1859. During the summer of 1860 Beale made an inspection of the road and
suggested that an additional $100,000 be spent on building bridges over the
major rivers and across Canyon Diablo. He also suggested that large stock

tanks be built along the way to ease the pressure of finding water as the
traveler moved over the road. Congress did appropriate the money for the
project. However the Civil War began in the spring of 1861 and the money
was never realized for the completion of this project.

In the summer of 1861, Joseph Reddeford Walker, the famous mountain man
who would discover gold in the Prescott, Arizona area two years later, came
through the Kaibab Forest with several other prospectors. Their main reason
for leaving California was to avoid being placed in prison because of their
Southern views and attempts to get California to succeed from the Union.

They searched for the legendary canyon of gold that was supposed to be located
somewhere north of the San Francisco Peaks near modern day Flagstaff, Arizona.
They were, however, unsuccessful and moved on eastward to Hew exico.

| Eob Hamblin,

came down from Utah crossing the Colorado River at Pierce's Ferry. Here they

During the spring of 1863, Mormon missionaries, led by Ja

met Lewis Greeley, the nephew of Horace Greeley who had coined the fraise
"Go West Young Man. Go West.", which seams to have applied to his nephew.
Greeley was allowed to join the expedition and they moved onward. Following
an Indian trail through the Music Mountains they continued eastward through
Cataract Canyon the home of the Havasupai Indians, and on to the Hopi Villages.
Before leaving Utah President Brigham Young had instructed Hamblin to go to
the San Francisco Peaks and look for the Beale Road. In this they were quite
successful finding it just west of Wild Bill Hill. They paused and hunted
in the area for two days killing two Antelope which they dried the meat in
preparation for their homeward trip. Moving out on the 24tf1 of August 1863
they traveled pn the Beale Road for four days before they turned northward
to Utah. . '
Puring the years 1867-68, extensive su;irey work was done in northern :
Arizona by the Union Pacific Railrocad. This expedition was headed by General
William Jackson Palmer. The Beale Wagon Road was surveyed by this party througlmut:
the Kaibab Forest as the possible line for the railroad. In April of 1868,
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several members of the survey party dcratched their initials on the rdcks

around Laws Spring. The initials "J.B. U.P.R.R. Ap. 1868" appear on the rock
above the words "Laws Spring.”

During the 1870s, Mormons, along with other travelers, began moving into
northern Arizona. Several Mormon parties used the Pierce Ferry route to Hackberry
Arizona; these families then traveled the Beale Road to the settlements on
the Little Colorado River. Several of these families kept diaries as they
traveled along the road. For example, diaries were kept by John Bushman and
Ida Hunt which incidentally was Morris Udall's grandmother, in April of 1877. -
Both diaries mentioned stopping at Laws Spring, and finding a rancher living
in Spring Valley near Bear Spring.

Large cattle and sheep drives also used this route. During the years
1857-1883, it is conservatively estimated that well over 1,000,000 head of
sheep were brought through northern Arizona. In the early 1870s the famous
Colonel Francisco Chavez, who had guided the first Governor and party to Prescott
in 1863, brought newly introduced Merino Sheep from California to his ranch
in New Mexico. Several such drives numbered 40,000 head apiece.

Historians have given much attention to the famous Texas cattle drives
to Abilene and Dodge City, Kansas, but have failed to record equally impressive
drives from Texas to the southwest and to California. A conservative estimate
is that 600,000 head of Texas longhorn heef were driven through northern Arizona
to California from 1858 to 1878.

Use of the road for westward migration lasted about twenty-six years,
from 1857-1883. As a route for driving livestock, its usefulness extended
muich beyond 1883. For 1oca1&travel the road was used until modern times.

For example, the portion between Holbrook and Flagstaff was used continuously
until the early 1930s. A portion of the road on the Hualapai Reservation

was used until the mid 1940s. The Beale Road from Seligman to Kingman was

the main road before paving occurred in the late 1930s. Use of the road started
with the flood of westward migration and continued until after World War 11,

a remarkable record of longevity lasting some eighty-eight years.

A comparison of the Beale Wagon Road with the famed Oregon trail is helpful.
Both were major routes of westward travel and commerce. The Oregon Trail,
and its off-shoot California Trail, are well-kribwn; the Beale Road is not
so well-known or even recognized. Yet it is probable that the Beale Road
rivaled, or exceeded the California Trail as an immigrant route to California
after 1867. As a route for stock, the Beale Road would appear to exceed the

-
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northern route in numbers of animals driven over it both ways. Lieutenant
Beale predicted that the route would be well-used and serve its purpose for
many, many years. And so it was. It is remarkable that much of this road

still exists today. It constitutes a historic relic of major importance.
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- ) " MEASUREMENTS.
7 AN mensnremeats of specimens aro in muilimeters. - -
~ AN MamMaLs eollected by Field Ageunts of the Irivisien
with the following instroctions: -. - . ) ;
-~ {1} The TOTAL LENGTH is the distacco between the tip of the nese and the end:
the tail vertebra. 1t ia taken by laging the animal on a badrd, with its puse again
a 'pin or upright past, and by sttuightening the back aud tail by sxrendling the biz
Taga with one hand whils holdieg the head with tke other; a piu is then driven ix_-.i
the board at the end of the vertebra, . . % . o0 7wl .
(2} THE LENGTH OF TalL ia th¢ lenish of the candal Xertebra, ‘It'is‘tnfkeu [
erecting the tail at right angld to the bnck, and placing ove, point of the dividers)
the backbone at the very toat of the tail, the othe: at the tip'end of the verzcbrie.
< {3) The ¥p FooT s measured by placing oue point of the dividers agninst *
. end of the heel (calcancunm), the otherat the tip of the longest elaw, H}e Tuot bel
. fisttensd for this parpdse. .~ . - T ;
~* In weasaring the bind fans in Jry xking,
cotton until the toes can be a:raightcgud.

are measwred in aceordane

LTt Sed ) i
the foot is f:s% wrapped fn wet absorhd
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of the Great Pl Apaches sear the fower, and Wingaie near the
upper, Hndn of this zene. They are 202 kfloteiers £15 waibesy apurt,
The mean tanpersituee for the Bve month-  Apeil 1o Augus<t inelusivey,
assumed 1o cover the periad of repraluction in this belt is fnnd o be
6302 Fabe ar Fort Apaches and 83005 0t Parr Wingate, showing a
really remmrkable agrecaent vver this poot ot the pifen belt,. The mean

tetnperatnre of tie saupe pericd ar Hobbroek e the edee of the Lirte
Culorade fresert g the junetion of the Daesvo awd Litide Colosudoy,
E2E Eitometers (70 mitesy row Port dpoehe, B3 Hithe above 70717005
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essentidly the =une summer temperture (70,12 FPabe).
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former to make it represent that of the Litter, which would then b in
round urmbers 122 Fahr,
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unitions to these tanperatures by utilizing the records from distaut
stativns in the sicue life arens. By this process the following means
Bave been obratoel. While not snpposed to represent the actual mesus
for eaelt zote, they are believed to £l within the nermal range of Vi
viation betwecn the gpper amd lower borders of the zones o which they
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11y exueh fur purposes of comparison,
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, a lighe shower witleh :}attzmlly souk place ju the
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to be Lebween San Franeiseo wnd Kendrick
Peuts, but the greatest precipirativn Geeurs ol Sau Franci=ve Motutay,
as wouhd he gxpreted from it great altitmle. The swnmit of the mosns
win is so cold that it is oceasivnally whitened with snow wlpghe poin L
at irs buse; aud il stocias are frequent hoth on the mountiis st
and throughout the plateau regiow, wavy sudden storms taking this
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aud i3 so porous that the vain siuk
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On the arid desert of the Littie Colorado T

usually of great violence, producing torrents W

tarroyos’ in the sun-baked sand -amd elay.
deluge large arets, tiouding the valleys and destroying mulritudes of
the smaller mannsals. Three storms of this eharacier were witnessed,
pwo of muderate size, the third of great Qdimensions, and striking evir
dences of a foarth wers everywhere noticesble when we veachel the
' This fatter almost jnundated thetown of Flagstatf aud severil
aeew aleng the line of the Atlantic and. Paciic Raibway; and
£ its volume and foree in varions dirvetions,
the most itpirive, perhaps, being the overtlow of 8 crater take and
adjoinis eyt ter just east of Kendrick Peak, The trmek of the torrent
that tuahust Lesn The sides of this erater, andd for  distaned through
the pine Lo el md,y suggestel & veritable voleauie eruptioth.
While fut e the csurse of Tenebito Wasl across the Painted
Posvert wa < . vy roin-storm raging over the high mesas 1o the
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trurth mand cast during the entire afternnon of syt 1 £, thon,
clowd wume hetween s el the pauwrelinge s,

. Getere dark a furions
witnl—the vehigh of o situl-biast—swept dowt the wigah between the
vaws of eliifs' which muark jra Corrse, AN A5 Dirh come o,

Ahonyt
. )
U aeloek we were startdel by afoud eonrins in the uorth, which

at st
gave the fmpression that i severe sterm was advascing upon us, hut
Wit & eloud could b seen, amd the stars shone brighily ju every direc.
tion. The roaring increased aned citine Liearer until it was evident
that somethin.: was cetning sdhown the bed of the wishi; and in a @,
ment a grent wave of thick maed rashed past with o tromeudous roar,
deeompitiied by a fetid stencli, The tirst wave was aliout Ly wmeters (3
teel} bigly, but it soon rose to 23 mvters (3 feet), wlere i remaioed for
at kour, wnd then slowly subsided,  After 31 Tours it wis <titl about
H owmeters {3 brer) devp sunl rauning sWitly, amd it had not eutirely
ceitsed theee days luter.

Two duys afferwand (hiast 16, when at the Moki Pueblo of
Oraibi, a furions rain set iy abunt 1 e g aand Tasted more than an hour,
Howding the house tops amd strects, aud parts of the valley below.  And
¥et the desert was as parched poxt &y as i i had never been wet,

The beaviest am] wost extemded rain il ubserved by us oeenrped
Seprembuer 20, ou which date M, sley il et oat frow Littie Spring
tfor Movneopie,  Ieavs leaden clowls begrun scuresing over the monn-
taiu towand the northeast esarly I the moruing, and by noun the
entire sky was overcast and hud a most ominous appearauce., Suon
the rain began falling in torrents, aml the storm moved stemlily east.
ward from the edge of the Inva Luds to the Little Colorulo, and thenee
across the desert to the high mesas beyoud. Such a deluge ¥ never
saw, and we afterwirds learned that it extended 160 Liloneters (nearly
100 mites) to the south. The gulek in the edge of the lava beds, sbout

23 kilometers (1 miles) enst of Bluck Tauk, was full to overtlowing;
the flag upon which it empties was 1 wmeters (3 feet) auder water;
great lakes appeared in varfous parts of the desert, and the Little
Colorado botiom wus compietely tooded, And yet all this vast volume
of water disuppeared fn fow liours, A red, sivapy, alkualine mud 8iled
the bed of the Little Colorado for a few days, and pools of similar mud
were ocensionully found in depressions fe (Le Sand-rock all the way to
Moeucopie. Tho whole deser, trom the San Francises Luva beds on the
west to Belo Clists on the east, showed that it bl been reeently deluged,
as if by the Lreakage of some wighty dam, but the water had disap-
peared.

From the scanty data available, and from the experience of residents
of the region, itis safe to infer that the raig-fall was unusually heavy
fn the Platean region during the senuner of 1539,

PART (L—BEAND C3R08 of TIE slaf b, BETWEEN THE KABAD
AND COANINE PLATEAES

No attempt will be newde to desine or deseribe the .filil.li‘..lr'i :lz:rl\‘i‘iﬂ‘:;}:
of the stupendous clusim of the Coloradu, Onr s7Tay nf lzn < 1 .-.‘1.‘{\'
meittesl wady o hrrivd reconpaissavee, wlich Arves 1o un.hl ate mereh
in s ;:um-r:lxi way the mure conspietiens fralures ot ”*‘_" z'v:lun.! -

The lowest point berween S Pranciseo Mountain ;tmé i].lx: :E.-.t f,
Caiivn is at the eud of o uasr;'m;' :ul'ml of Ithuﬂcl.e‘s::'t‘ 1::-.t:)fl‘Elzlw;_{pllli];m

iere the fanipers amd pifian which bonder flisdongaue e !
:ztla‘llgvii:;li;i:'l;itw:u-d il; i broad belr, cmzl[_}Ictcly"sepzi}‘u.tl%I%]m‘;'rtl-I:E pu.:u
forest of the mountain platean from that of the (Juumum“ 'I.it‘_‘.ttls(.z
shown by the areas eolormd yellow amd green on Map 1. ) n h_l ¢ ;lllt-’[ ‘d.,
Fr-.mcis:;o Mountain Platest is composed of _1:1.\';1, [itc.f.e.llj:il:!;ijl‘:.” ate
is carboniferous lmestone,” The r{z.sul:i;;g '(Entcrenw:‘ in ;(?. u ; )
vegetation, sunl inany plouts grow in the pifon belo dr,,t ‘;z -(h'l”,[-mcg,”-‘;«l.-
are not found in the sume belt on the l.m'n. .-'X.m(.)nf_ mzap 1{,““'{; ".en:
Corcania mericana, Derberis ,f'«'nri!err:, Spiras ‘n.ui{c','uhzun,lm n? ¢ e
mexicang, sl Yucea buccate.  Juniperws L'cllljm'li%{.‘!f.\: um‘ t’e‘;:;.n i s
thero also, bub the relativn of its pruesesice Lo tl:e so:i[:.:: -l'lmtbfr-: lﬁ!-u!s o
teue saue beask (drtemisia tridentatey ol the f‘.:-ruut. .1.~,mtln‘a.‘. frads It
axtreme southeastecn Hinit, L:;rgﬁ}ntclms o_{ it?cuil‘ c?n . f:::;:r:thar N
of the cafion, opposite Point Sublime, but it disappears altoge E
tu::‘:l[l::il;l:;ﬁi ;)f thee cafiut opposite Pu_issr, E‘Sublinie,.a}l:uu‘t‘ 2 rfull:;:,}:::
of the puul or tank knownas Cm'{on Spring, 15;1(1\\:";“ turt;t_t 20};55%3 "of
aspest, and Baving a unitorm leﬂgist of ;_li.muf. 3 ‘m: ?rs. B m.emit'
pifion {Pinues edulis), ewlar (Jmupcr_us mfzjor.mcm zt. i: mu.>.z.]< & (ﬁ e
ain mahvgany {Corencurpus ledifolins®), whu:i:. i:_eu, er;fm. 3 ‘s -ijm.mq .
atul pifion in height and weasuces [0 tl'y ‘_!UL.I miltimeters {.L;)-ln.olr[ bl; .h,i.
4 to % inches) in diameter,  Mingled wlti: i are 1_uum:s:ou: t.n{ ﬂic 5
of Berberis fremonti and the besutitul ?szr-fca mefle_{”u[mm.‘ -ﬁxlln:zs:lz
this Lilliputian forest zner,lges into z;}er;:\boaiii?: (i;:;:;lti::;h:{]g:‘inm -0{‘
{Artomisia Er!d‘eut«cfa) atw 'y-xuiua ve @ bac f;-ui't e s
DN “iwulilj;g:;:![:.-:?lf:;i,:tli)s::;“i?;;i\':s pl:uz; to thickets of scruly

1

of uitetuses; wiiie

i. 4 ¥ -s " pecis ho larg Howart

= This hlentilication wvis mevie i the Huld.  No speciaous of tho large far! o
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ment polished smooth in many places, in others embossed in a thousand
fantastic patterns,” the men looked instead at their ragged clothing
qnd were “interested now only in how we shall get through the canyon
and once more to civilization though we are more than ever sanguine
of success.” Continuing this musing Bradley wrote: '

Fertunately we are a happy-go-lucky set of fellows and look more to our
present comfort than our future danger and as the cook has a fine lot of beans
cooking with every prospect that his sweating and swearing will issue in an
ample breakfast in the morning, we shall make our beds tonight and no doubt
sieep as soundly as if surrounded by all the comforts of home.

In mid-afternoon on August 10th the party came upon the Little
Colorado River, “a loathesome little stream . . . as disgusting as
there is on the continent; 3 rods wide and about 3 feet deep, half of its
volume and 2/3 of its weight is mud and salt.” ** The canyon walls
were nearly four thousand feet high and practically inaccessible. The
Major called for a stopover for two or three days to determine latitude
and longitude. If James White had gone through the canyons from
this point to Callville on a raft, the men figured that they had little
to fear from waterfalls below. They derived little comfort from the re-
port. The truth was that the men were disconiented, uneasy, and anx-
ious to move on. Bradley wrote in his diary under August 11th:

If Major does not do something soon I fear the consequences, but he is con-
tented and seems to think that biscuit made of sour and musty flour and a few
dried apples is ample to sustain a laboring man. If he can only study geology he
will be happy without food or shelter, but the rest of us are not afflicted with it
to an alarming extent.*®

For three chilling days, more like November than August, it had
rained in torrents. They were slowly starving. At the moment rain had
extinguished the fire and they huddled in the shelter of their boats.
When on half-rations they had been mirthful, on gquarter-rations,
grimly humorous; now, with almost no rations, they were no longer
amused. The shredded canvas was too rotten and tattered to shed
water and there were but four blankets for the eight men. Their

15 7. C. Sumner, ms, Dicry; also G. Y. Bradley, s, Digry, Aug. 10. The Little Colorado
brings down a burden of red mud at certain periods of the year when there is water in
the upper river. The greater the flow of water, the greater the erosion and corrasion—
!"’“Cﬁ, Zreater transportation of sediment. At other periods, when the water is low and
lis ‘:EI'OCity diminished, it is perfectly clear at its junction with the Colorado. Seasonal
f:"cipttation and spring thaws determine the amount of sediment carried by the tributary
Eoriia;,n:' Intense local storms influence the type of sediment the stream carries from time

8G. Y, Bradley, ms, Diary, August 11, 1369,
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THROUGH THE GRAND CANYON FROM
WYOMING TO MEXICO

CHAPTER 1
PREPARATIONS AT GREEN RIVER CITY, WYOMING

EarLy in September of 1911 my brother Emery and 1
landed in Green River City, Wyoming, ready for the
launching of our boats on our long-planned trip down the
Green and Colorado rivers. '

For ten years previous to this time we had lived at
the Grand Canyon of Arizona, foilowmg the work of
scenic photography. In a general way we had covered
much of the country adjacent to our home, following
our pack animals over ancient and little-used trails,
climbing the walls of tributary canyons, dropping over
the ledges with ropes when necessary, always in search of
the interesting and unusual.

After ten years of such work many of our plans in
_connection with a pictorial exploration of the Grand
Canyon were crowned with success. Yet all the while

our real ambition remained unsatisfied.
B 1
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Butte. Once more we were in a narrow canyon, narrowed
| by this peak, but a canyon just the same. Soon we were
below a wall we once had photographed from the mouth
of the Little Colorado; then the stream itself came in
view and we were soon anchored beside it. This was the
beginning of the Grand Canyon.

CHAPTER XIX
SIGNALLING OUR CANYON HOME

How long we had waited for this view! How many
memories it recalled — and how different it seemed to our
previous visit there! Then, the high water was on, and
the turquoise-tinted mineral water of the Colorado
Chiquito was backed up by the turbid flood waters of
the Rio Colorado, forty feet or more above the present
tevel. Now it was a rapid stream, throwing itself with
wild abandon over the rocks and into the Colorado.
There was the same deserted stone hut, built by a
French prospector, many years before, and a plough that
he had packed in over a thirty-mile trail — the most diffi-
cult one in all this rugged region! There was the little
grass-plot where we pastured the burro, while we made a
fifteen-mile walk up the bed of this narrow canyon !
What a hard, hot journey it had been ! A year and a half
ago we sat on that rock, and talked of the day when we
should come through here in boats ! Even then we talked
of building a raft, and of loading the burro on it for a spin
on the flood waters.  Lucky for us and for the burro

203
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that we didn’t! We understand the temper of these
waters now. |
| Cape Desolation, a point of the Painted Desert on
] the west side of the Little Colorado, was almost directly
' above us, 3200 feet high. Chuar Butte, equally as high
and with walls just as nearly perpendicular, extended
on into the Grand Canyon on the right side; making the
narrowest canyon of this depth that we had seen. The 4
Navajo reservation terminated at the Little Colorado,
although nothing but the maps indicated that we had
passed from the land of the Red man to that of the White,
Both were equally desolate, and ‘equaily wonderful.
With the entrance of the new stream. the canyon changes
its southwest trend and turns directly%est, and continues
to hold to this general direction until the northwest
corner of Arizona is reached. '

But we must be on again! Soon familiar segregated
peaks in-the Grand Canyon began to appear. There
was Wotan’s Throne on the right, and the “Copper
Mine Mesa” on the left. Three or four miles below
the junction a four-hundred foot perpendicular wall
rose above us. 'The burro, on our previous visit, was
almost shoved off that cliff when the pack caught on a
rock, and was only saved by strenuous pulling on the
neck-rope and pack harness. Soon we passed some
tunnels on both sides of the river where the Mormon
miners had tapped a copper ledge. At 4.15 p.m. we

o

e L
CATARACTS OF THE LITTLE COLORADC RIVER.

END OF MAREBLE CANYVON, FROM THE MOUTH OF THE
LITTLE COLORADO.
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CHAPTER XIX

LEE'S FERRY AND THE JOURNEY THITHER

HE ride from Winslow to Lee’s Ferry and the
adventures and experiences connected there-
with form one of the great memories of my life.

1 o . - g P

[
h

Ox THE WaAY To LEr's Ferrv,

I shall not attempt to give them in detail. A few
will give a true picture of an historic section near
the Grand Canyon and the Little Colorado River
of which few people have any conception.

My driver to this memorable spot was Franklin
French, an old pioneer, born in Boston, Massachu-

THE GRAND CANYON 211

setts, whose life had been spent in the West, and
who would have been a character for Dickens or
Bret Harte. He was good company, especially over
the desert country we had to drive. The first por-
tion of the journey I went ahead in another wagon.

Crossing Red Lake, dry at this season of the
year, we came to a slough, which ordinarily is dry,
but now was filled up with the fine dust blown in
by the never-quiet wind of this region, all moistened
into a soft and yielding mud by a small stream that
made a channel for itself as it sluggishly flowed.
John, the driver of the first wagon, on the front seat
of which I sat with him, was busy at .the moment
we reached this treacherous slough, expounding
some mining problems to me, and, expecting the
moist-looking red mud was the coarse sand gen-
erally found, and which easily bears up a heavily
loaded wagon, he recklessly drove on. In a
moment leaders and wheelers were floundering
deep in the quagmire; horses wildly leaping and
striving to extricate themselves, the mules wisely
resting as they fell, waiting until the slush around
them settled somewhat. In the mean time John
and myself slipped off all our nether garments and
jumped into the yielding mud to release the
animals from the harness. As soon as they were
free, it was not many moments before they stood
on the opposite side of the slough. A chain and
double-trees were now brought from the rear wagon,
fastened to the end of our submerged wagon-pole,
the four animals harnessed, and John took the
linest 11111

Reader, do you know what those six exclamation
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points mean? Did you ever hear an Avizona
pioncer drive mules?—especially when he was
mad? More especially when his wagon was stuck
in such a horrible mess as we had fallen into?  Mos/
especially when for his nether garments was sub-
stituted a coating of red mud an inch thick?

In my varied experiences 1 have heard skilled
artists in profanity, but compared with this man
they were but in the kindergarten, and he a classi-
cal scholar, familiar with the profanity of the ages
in all tongues.

And how those mules did pulll With that sul-
phurous stream of expletives striking them with
full force, accompanied by vigorous thwacks of
a wire-loaded black-snake, it was not long before
the wagon and its precious freight were safe on
the other side. In apologizing for his vigorous
profanity, John explained that nothing but swearing
would make mules pull when in such a place, and,
said he, “ While I was ashamed to use such lan-
guage in your presence, nothing but the Simon-
pure article does with these yere chaps.”

Being safe and secure, I felt constrained to ex-
cuse him, and serene, though muddy, our caravan
proceeded, the other wagon making a short detour
around the head of the slough, and thus avoiding
all trouble.

In a few more miles we reached the banks of
the Rio Colorado Chiquito. The only road was
one made by the cowboys, and of all the Chinese
puzzies of a road it would outwit the celestial
inventor of the most bewildering razzle-dazzle to
construct another equal to this. We moved in

[
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every direction, made acute angles, oblique angles,
and described curves of every order, several times
retracing our steps for long distances towards
Winslow. In despair I was about to give up the
hope of ever reaching the crossing, when John
nerved me to a few more moments’ waiting, with
the assurance that we were “ncarly there.”

We reached and crossed the dirty red stream at
last, and there made our first noon camp.

In order to test the muddy qualities of the
stream, and also to enjoy a swim, if one were
possible, one of the gentlemen and myself deter-
mined to undress and enter the river. One plunge
convinced us of the vast amount of matter it held in
solution, and the swift current decided for us the
question of swimming. We were compelled to
strike out, and make for the other bank, walk back
on a mud flat, and then recross to where our clothes
were.  As we emerged we found ourselves fairly
coated with a fine red paint, which nothing but
plenty of clean water would remove. This we did
not have, so scraping with sticks the fine mud off as
well as we were able, we dressed, and rejoined the
party, who were now about ready to proceed.

For a long way our route lay alongside the Little
Colorado River. We passed on the west side of
Volz's Crossing — where once 1 had a party de-
layed for nearly two days, owing to a ten-fect rise
in the river during the night—on to Wolfs
Crossing and Trading Post, and in turn passed
Black and Grand Falls. Black Falls, in reality, is
but a long stretch of slight cascades, the river-bed
formed of and filled with rough boulders of lava
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and basic rock, so that the muddy red waters are
churned into creamy foam for the distance of nearly
half a mile, and thus set off in contrast the black of
the rocks. The sceneis not unlike that of the upper
cataracts of the Nile, but on a reduced scale, Grand
Falls is more of a genuine waterfall, but unless it
is in flood time, there is not enough water to cover
the width of the crest of the precipice over which
it dashes, and thus make an effective scene. In
flood time, however, it is a miniature Niagara.

All along the banks of this stream, variously
known as the Flax River, the Salt River (the
Havasupais still speak of it as the Salt River,
because here their Hopi friends used to obtain
salt), the Colovado Chiguito, and its English equiva-
lent, the Little Colorado, are the ruins of a large
number of homes of people who, long ages ago, here
found shelter from worse enemies than the barren-
ness of a desert, — enemies whose fierce hostility
led them to scek protection in caves and cliffs and
desert places of this character. What a piteous
life it must have been! Nothing grand, picturesque,
or beautiful to soothe the horror and awfulness of
it ; fearful of the attacks of blood-thirsty and persist-
ent focs, both by day and by night; in a region
where nothing could grow ; the dumping ground of
volcanoes, and fired and scorched Dby pitiless lava
flows, — I never picture the life of those wretched,
hunted people of the past but a sob of pity rises
within me, and tears well up in my eyes.

And to give vividness to the horror, every time
I have crossed this desert T have been caught ina
‘dreadful storm. On this occasion it was such a
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one as [ had never seen before, and I hope I may
never sce again.  I'rom pure cobalt or rich tur
quoise bluc the sky gradually changed to ashen
gray, then lowering black, and then fiery red.
Clouds were drifting in from the north, When the

IN THE “BoxiNg ¥ oF THE LiTTLE CoLORADO.

lightning began it was on three sides, and all at
once a wild, fierce glare everywhere. Occasionally
these sheets of lightning were followed by vindictive
zigzag flashes, which in the north struck from zenith
to nadir. By this time the wind was blowing a
perfect hurricane, and the thunder rolled fiercely in
accompaniment to the wild raging of the wind.

But these were only premonitions! For an hour
or more they continued, the Storm King lashing
himself into greater and greater fury, until, all at

T
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once, his fierce anger become uncontrollable, and
the crisis came. The heavens split wide afar, the
flood-gates were opened, and down came many
waters. Not in drops did the rain descend, nor
torrents even, but in rivers, in Niagaras! The hills
were water-washed everywhere, and deep canyons
were cut even into solid rock.  With such a tempest
twice a year even, gathering rills into streams,
streams into rivers, rolling with fierce rapidity over
the rocky slopes, the water charged with sand, pos-
sibly stones, and, as the velocity increases, large
fragments of rock, there is no wonder that this
whole country is barren and cut, sawed, seamed,
and scarred, and made as rugged in face and feature
as the hero of a hundred desperate hand to hand
battles. It seems as if the evil powers of nature
concentrated all their fury, deadly hatred, and most
awful vindictiveness in this corner,—an area of
perhaps one hundred miles in circumference, — for
in summer it is blazing with tropic heat, in the
fall deluged with frightful floods, in winter cursed
with cutting snow blizzards, and in spring the scene
of dire battles fought with fierce winds laden with
blinding sand. Hence, at all times it is desolate
and accursed. And he is wisc-—unless he be a
truc explorer and investigator, willing to endure
all hardships in his chosen work-—who shuns
closer acquaintance with its awful desolation, wind-
swept wastes, and water-cut surface.

This barren desolation continues as far as Wil-
low Spring, a Navaho Indian trading store. Near-
by a number of “hogans” may be seen, where the
women arc hard at work at, their looms, weaving
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blankets. Two or three of these weavers have
considerable skill and ability, and some of the fin-
est blankets of the tribe are made here.

This is the nearest settlement of any kind to the
junction of the Little Colorado River with the
Grand Canyon. It was undoubtedly by Willow

Ao dank o
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Spring that Cardenas with his handful of soldicrs
was led by the crafty Hopis. who did not wish the
Spaniards to obtain too favorable an impression of
the Colorado River region, or gain access to therr
beds of salt near the junction of the lesser and
greater rivers.  No other presumption can account
for their not being guided by the tlopis down the
old Salt Trail— to which reference will be made
in a later chapter— to the very edge of the water.
Poor Cardenas! thou and thy thirsty soldiers are
not the only oncs who have been misguided by
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wily and suspicious Indians, or deceived by their
constant protestations of good faith.

This corner of country near the mouth of the
Little Colorado River is seamed with canyons,
ravines, and gulches. It is a genuine * Beled-el-
ateuch "—land of thirst — and may well be desig-
nated an “interminable country of desolation.”
There is no water for miles, and except immedi-
ately after a rain-storm, when water is caught in a
few natural rock pockets, or during the storms of
winter, when patches of snow may be found, it is
impossible to get even an Indian, used to the
sandy deserts in Arizona, to ride across it, much
less undertake to guide a stranger over its waterless
and pathless miles.

In looking over the country from Echo Reef,
one sees a thousand hills of all sizes and materials,
— sandstone, sandy clay, blue mar], — and the rock,
cuf, washed, scarred, and carved by all the uninter-
rupted forces of nature, that in such places as these
seem to enjoy their work of creating desolation.

If one follows the windings of the Little Colo-
rado River, about sixty miles of walled-in, boxed-up
canyon are presented, every mile of it grand,
stupendous, overpowering. During the dry season,
the upper portion of this canyon is almost dry,
often entirely so, the light flows of water from
the sources in the Arizona White Mountains dis-
appearing in the sand and gravel soon after their
appearance. But about twenty miles from the
junction of the Little Colorado River with the
main Colorado River, nearly parallel with Kohonino
Point, there flows out a large body of water at the
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base of the canyon wall that makes a stream of
considerable size. This water is strongly impreg-
nated with mineral, and is blue in appearance, and
when free from the mud and filth of the upper

MINERAL SPRING IN THE CANYON OF THE LITTLE
COLORADRO.

waters of the Little Colorado, offers an unspeak-
ably beautiful spectacle as it flows on to join the
waters of the great river below. There has been
much conjecture as to the source of this large
strecam, I am satisfied, from extended observation
on the Kohonino Plateau, between the 1ittle Colo-
rado Canyon and the San Francisco Mountains,
that it has its risc in the water-soaked slopes of
the latter. Indeed, in several places 1 have found
holes in the rock on this plateau, into which the
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if the uplift continues long enough, all the strata
thus deposited are exposed, and perhaps also the
archazan and plutonic rocks beneath. This is what
we actually find to be the case in the Grand
Canyon.

At the mouth of the Little Colorado clear evi-
dences of uplift and subsidence are seen in con-
nection with the non-conformable strata of the
pre-carboniferous era. Here, with a thickness of
about five hundred feet, strata are found, in a #fed
condition, upon which are Aorizontally deposited
the several thousand feet of the carboniferous era.
To the geologist the history of these strata is easily
read. It tells of ten thousand feet of rock sub-

stance deposited horizontally upon the plutonic

formations @ons ago. In the uplift that followed
their deposition they were tilted. While thus
thrust out and tilted, denudation began. . This
undoubtedly was rapid and fierce, for ninety-five
hundred feet were removed and washed down by
the river.

But the non-scientific reader asks: How do you
know ninety-five hundred feet of strata were re-
moved from this region? With only five hundred
feet left how can you asscrt that there were once
ten thousand feet? In other words, low do you
measure strata that are no longer there?

The answer is simple. One could take books
that are but a foot high and an inch thick, and,
standing them in a tilted position, lay them together,
as'in Fig. A, side by side, for a mile. Yet they
would be but a foot in height. But if these same
books were placed one above another, as in Fig. B,
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Fra. A

Fig. B.

they would no longer be a foot, but a mile high.
Now, instead of dealing with books, deal with
immense layers of rock five hundred or more feet
in thickness and covering vast areas, deposited
originally one above another as the books are piled
in Fig. B to a thickness of ten thousand feet. Then
slowly tilt this mass over until the rocks are sloping,
as are the books in Fig. A, but of course reaching
far up into the air.  Let the forces of erosion gnaw
away at them for the centuries, and by the time
they are submerged again into the ocean bed, they
are mere fragments of their former selves. Yet if
their measurement be taken longitudinally, it is
apparent that this must have been their height when
originally deposited Zorizontally.  Consequently,
though now they are but five hundred feet horizon-
taily, their longitudinal measurement being ten
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