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THE SAN JUAN COUNTRY
A GEOGRAPHIC AND GEOLOGIC RECONNAISSANCE OF SOUTHEASTERN UTAH

By Herserr E. GREGORY

ABSTRACT

The San Juan country includes an area of about 3,800 square
miles east of the Colorado River in San Juan County, southeastern
Utah. This paper is based on reconnaissance geographic and
geologic surveys made in 1910, 1915, 1925, and 1927-29. The
region described comprises 12 districts characterized by differ-
ences in topography, soil, vegetation, water supply, and other
factors that affect human activities. It is a semiarid country in
which the small population is grouped about the base of the Abajo
Mountains and on the San Juan River, where water is available
for irrigation. Stock ranching is the chief industry. Exploita-
tion of the mineral resources has proved unprofitable. Of the
sedimentary rock formations the oldest exposed is the Hermosa,
of Pennsylvanian age. Above it lie the Rico and Cutler formations,
of Permian age; the Moenkopi, Shinarump, and Chinle forma-
tions, of Triassic age; the Wingate sandstone, Kayenta formation,
and Navajo sandstone, tentatively assigned to the Jurassie; the
Carmel (?) formation, Entrada sandstone, and Summerville (?)
formation, of Jurassic age; the Morrison formation, of Upper Jur-
assic age; and the Dakota (?) sandstone and Mancos shale, of
Upper Cretaceous age.

The igneous rocks include granites and granite gneiss, found
at the bottoms of deep wells; augite minette, in a single dike;
and hornblende latite, exposed in the laccolithic Abajo Moun-
{ains.

The sedimentary beds have been folded into low anticlines and
shallow synclines that have a general north-south trend and
plunge steeply eastward. Tbe anticlines and synclines affect all
the rocks exposed and probably date from a pre-Tertiary period.
In the Abajo Mountains the beds are steeply upturned as the
result of intrusion that took place probably in.early Tertiary
time. Here and there the beds are broken by faults of small
length and displacement.

The physiographic history is in general that of the Colorado
Plateaus, of which the San Juan country is a part. Two cycles
of erosion are outlined, the later one divided into epicycles.
Conspicuous erosion features are the natural bridges in White
Canyon, the dissected Comb anticline, and the deep, vertical-
walled canyons within which enormous accumulations of gravel
are in process of vigorous removal.

INTRODUCTION
SCOPE AND PURPOSE

- The surveys of Sitgreaves (1851-52), Whipple
(1853-54), and Ives (1857-58) in north-central and
western Arizona, of McComb (1859) and Hayden
(1874-76) in southwestern Colorado and extreme
eastern Utah, of Frémont (1842-44), Gunnison (1853),
and King (1868-79) in central Utah, and of Powell
(1872-75) and Wheeler (1869-79) in southern Utah
and northern Arizona resulted in the delineation of the
salient features of the Colorado Plateau province.

The reports of these explorers faithfully outline the
geography and geology of Arizona west of Echo Cliffs
and of Utah west of the Paria River, north and west.
of the Kaiparowits Plateau in the immediate vicinity
of Glen and Cataract Canyons, and along the Utah-
Colorado boundary. The desire for information re-
garding the unmapped part of the plateau province,
in particular the regions north, south, and east of
Glen Canyon, led to the formulation of plans for
reconnaissance surveys of northeastern Arizona and
southeastern Utah. The purpose in view was two-
fold—(1) to describe the topography, climate, soil,
vegetation, and water supply as a guide in the devel-
opment of vast areas of unallotted lands bordering
Glen Canyon; (2) to map and interpret the geologic
formations in at least sufficient detail to serve as a
basis for comparative regional studies in stratigraphy,
physiography, and structure.

" In carrying out these plans studies were madé of
the Navajo country during the field seasons 1909-11
and 1913 and of the Kaiparowits region in 1915, 1918,
1922, and 1924. The present report gives the results
of a continuation of these studies, made with the same
scope and purpose. It is based on field work done in
1909-10 and 1915, in connection with previous studies,
and in 1925, 1927, 1928, and 1929, with specific refer-
ence to the San Juan country. In 1915 a 2 weeks’
preliminary survey was made of White Canyon and
Elk Ridge in association with Dr. Malcolm R. Thorpe,
who remained in the field to map in detail the geology
of the Abajo Mountains. Field work of 1925 included
studies of the canyons heading in Elk Ridge, of upper
Red Canyon, and of Castle Wash west of the Clay
Hill Divide. In 1927 the region including Butler
Wash, Comb Wash, and middle Grand Gulch was
studied, and the traverses made in 1925 were extended
from Castle Wash to the junction of the San Juan
and Colorado Rivers, along Moki Canyon, Cedar
Canyon, lower Red Canyon, and Glen Canyon, to
connect with the traverse of White Canyon made in
1915. Routes of travel were chosen with a view to.
gaining information regarding the large area between
Comb Wash and Glen Canyon that had not been
visited by scientific parties, thus providing material
for a comparison of the structural and stratigraphic
features of the Kaiparowits region and upper Glen

1



2 v THE SAN JUAN COUNTRY, SOUTHEASTERN UTAH

Canyon with those along the San Juan River exam-
ined in 1909. During short field seasons in 1928 and
1929 the geologic features of the San Juan Valley and
of the canyons northwest of Elk Ridge received chief
attention.

The field work was necessarily a reconnaissance,
supplemented here and there with more complete
geographic and stratigraphic studies. Within the
time available detailed investigation was impossible,

because of the large size of the area, the diversity of |

the topographic features, the scarcity of water and
forage, and the necessary search for feasible routes of
travel. Moreover, except for the borders of the area
and the top of Elk Ridge, the existing maps are as
misleading as helpful, and the information available
from “old timers’’ relates chiefly to the region east of
Comb Wash and the strips of country bordering well-
marked trails from Elk Ridge down White Canyon
and Castle Wash. In a scientific sense most of the
field traverses of 1915, 1925, and 1927 were pioneer
undertakings.

PREVIOUS EXPLORATION

'On his memorable journey from Santa Fe .through
Colorado, Utah, Nevada, and California in 1776,
‘Escalante followed an Indian trail that before his time

had been traversed in part by Fray Alonzo de Posada .

and by Don Juan Maria de Rivera, who reached the

Colorado near Moab in 1761. From descriptions in

Escalante’s diary, the route may be traced with con-
. siderable accuracy. At his crossing of the Green
River near Jensen, the cottonwood trees that sheltered
his party still stand. . Among his guides was Mifiz, a
member of Rivera’s expedition, who may have passed
on from Rivera the names used in the diary—La Plata
Mountains, Sierra Abajo, Datil Mountains (Monu-
ment Valley?), La Sal Mountains, and San Xavier
(Grand, Colorado) River. '

In 1859 an expedition in charge of Capt. J. N. Ma-
comb, Topographic Engineers, U.-S. A., crossed Sage
Plain, passed the east base of the Abajo Mountains,
and descended “Cafion Colorado’” (Indian Creek) to its
junction with the Grand (Colorado). The homeward
route was down “Rito de la S. Abajo” (Recapture
-Creek or Montezuma Creek) and up the San Juan to
Canyon Largo. The descriptions given by Macomb
and by Newberry,! geologist of the expedition, supple-
mented by colored reproductions of sketches made in
the - field, portray for the first time the outstanding
geographic features of southeastern Utah.

In connection with the work of the Hayden Survey,
Jackson 2 made an exploratory traverse that included
the San Juan Valley to the mouth of “DeChelly Creek”

! Newberry, J. 8., Geological report, in Report of the exploring expedition from

8anta Fe, N. Mex., to the junction of the Grand and Green Rivers of the great -

Colorado of the West in 1859, pp. 83-109, 1876. )
1Jackson, W. H., Ruins of southwestern Colorado and adjacent territory: U. S.
Geol. and Geog. Survey Terr. 10th Ann. Rept., pp. 411-430, 1878.

(Chinle Creek), “Epsom Creek’” (Comb Wash), and
the south base of the Abajo Mountains, and Holmes 3
made a reconnaissance of northern Sage Plain and the
Abajo Mountains. Interesting geographic, archeologic,
and geologic features in Utah are shown on the map of
Colorado issued by Hayden in 1878. The map retains
“Sierra Abajo’” and “Sage Plain’’ as used by Macomb
(1859) and for the first time applies the terms “Me-

"Elmo”, “Montezuma’”, ‘“Recapture”’, and “Macombs”

(now Cottonwood) to tributaries of the San Juan.

The topographic features of all southeastern Utah
are depicted in generalized fashion on the Abajo and
Henry Mountains reconnaissance maps of the United
States Geological Survey, made by P. Holman in 1884.
On these maps the new names applied are “Cotton-
wood Wash’ (for Macombs Creek of Hayden), ‘“Butler
Wash’’, “Comb Wash”’, “Elk Ridge” (Bears Ears Pla-
teau of Holmes), and “Clay Hill Divide.”

The first known exploration of the San Juan canyons
was made by E. L. Goodridge, an oil prospector who,
in 1882, descended the river in a boat from Bluff to
Lees Ferry, investigating on the way the “oil seeps”
reported by the Piutes as issuing from “white rock’
between the mouths of tributaries now mapped as Lime
Creek and Slickhorn Gulch. Reports of gold in gravel
bars along the river gave rise to much detailed explora-
tion of the San Juan Canyon during and after the
“Bluff excitement’”’ of 1892. During 1893 and 1894
Bert Loper explored the river by boat between Chinle
Creek and Nokai Creek, and in 1894 and 1895 Walter
E. Mendenhall, a gold prospector, made two trips down
the San Juan from “Mendenhall Cabin’’, about 3 miles
below the Goodridge bridge. Some detailed explora-
tions of the San Juan Valley were made in 1909 by
Gregory and by Woodruff, but not until 1921---39 years
after its first traverse—were adequate maps and
descriptions of the river from Comb Wash to its
mouth provided. Tn that year a party of the United
States Geological Survey in charge of K. W. Trimble
spent 3 months in a detailed study of 140 miles of its
interesting canyon.

RELATED INVESTIGATIONS

In part contemporaneous with these reconnaissance
surveys, studies of other kinds have added much to the
geographic and geologic knowledge of the eastern part
of the Colorado Plateau province. In 1921 the Colorado
River and its main eastern tributary, the San Juan,
were surveyed in detail by field parties under the gen-
eral direction of E. C. La Rue * to ascertain “‘the facts
regarding available water supply and all known dam
sites.”” The resulting maps and geographic descrip-
tions gave for the first time an adequate description of
the alinement and gradient of these rivers and of the

3 Holmes, W. H., Report on the geology of the Sierra Aba.jo and West San Miguel
Mountains: U. S. Geol. and Geog. Survey Terr. 10th Ann. Rept., pp. 187-195, 1878.

" 4 La Rue, E. C., Water power and flood control of Colorado River below Green
River, Utah: U. S. Geol. Survey Water-Supply Paper 556, 1925.



INTRODUCTION

topography of their canyons. The geologists associated
with these river surveys studied the structure, strati-
graphy,and physiography of areas theretofore unknown
‘and amplified the records made by previous investiga-
tors. During the course of their field work ‘‘the geology
of the canyons of Colorado and San Juan Rivers and
of the lower parts of tributary canyons was examined
continuously, and reconnaissance work was done in
the country back from the rivers.” Among the re-
~sulting publications a paper by Longwell and others °
deals chiefly with regional stratigraphy, and papers by
Miser ¢ afford a comprehensive geographic and geologic
study of the San Juan Canyon.
To determine the mineral value of public lands a
third type of Government survey has been in progress.

In these studies chief attention has been appropriately

given to plane-table mapping, stratigraphy, and struc-
ture. Among the projects in central and eastern
Utah that have involved detailed areal work by many
"geologists have been studies of the coal resources of

the Wasatch Plateau by Spieker’ and of the Book:

Cliffs by Clark ® and Fisher. The oil possibilities of
the Moab district and of the part of Utah south of the
San Juan River have been described by Baker,® of
the San Rafael Swell by Gilluly," of the Circle Cliffs
by Moore,* and of the Green River district by Baker."

- Special stratigraphic studies made during the course of

the economic surveys have been described by Gilluly
and Reeside!* and by Baker and his field associates.'
Insofar as they bear on the interpretation of the
geology of the San Juan country the papers resulting
from the Colorado River survey and the wider-range
economic surveys have been incorporated in this report.
The results of the work by Cross and Howe,'® Coffin,"
Baker and Reeside,'® Butler,® and Thorpe * have also
been utilized. ' '

3 Longwell, C. R., Miser, H. D., Moore, R. C., Bryan, Kirk, and Paige, Sidney,
Rock formations in the Colorado Plateau of southeastern Utah and northern Ari-
zona: U. 8. Geol. Survey Prof. Paper 132, pp. 1-23, 1925.

¢ Miser, H. D., The San Juan Canyon, southeastern Utah: U. 8. Geol. Survey
Water-Supply Paper 538; 1024; Geologic structure of San Juan Canyon and adjacent
country, Utah: U. 8. Geol. Survey Bull. 751, pp. 115-155, 1925; Erosion in San Juan
Canyon, Utah: Geol. Soc. America Bull,, vol. 36, pp. 365-378, 1925.

7 Spieker, E. M., The Wasatch Plateau coal fleld, Utah: U. S. Geol. Survey Bull.
819, 1931.

& Clark, F. R., Economic geology of the Castlegate, Wellington, and Sunnyside
quadrangles, Carbon County, Utah: U. S. Geol. Survey Bull. 793, 1928,

% Fisher, D. J., The Book Cliffs coal field in Emery and Grand Counties, Utah:
U. 8. Geol. Survey Bull. 852, 1936.

10 Baker, A. A., Geology and oil possibilities of the Moab district, Grand and San
Juan Counties, Utah: U. 8. Geol. Survey Bull. 841, 1933; Geology of the Monument
Valley-Navajo Mountain region, San Juan County, Utah: U. S. Geol. Survey Bull.
865, 1936.

1t Gilluly, James, Geology and oil and gas prospects of part of the San Rafael Swel},
Utah: U. S. Geol. Survey Bull. 806, pp. 69-130, 1929. )

12 Gregory, H. E., and Moore, R. C., The Kaiparowits region, a geographic and
geologic recounaissance of parts of Utah and Arizona: U. 8. Geol. Survey Prof. Paper
164, pp. 154-157, 1931.

13 Baker, A. A., Preliminary map showing geolog:c structure of parts of Emery,
Wayne, and Garfleld Counties, Utah, U. 8. Geol. Survey, 1933.

“@illuly, James, and Reeside, J. B., Jr., Sedimentary rocks of the San Rafael
Swell and some adjacent areas in eastern Utah: U. S. Geol. Survey Prof. Paper 150,
Pp. 61-110, 1028.

15 Baker, A. A., Dobbin, C. E., McKnight, E. T., and Reeside, J. B., Jr., Notes
on the stratigraphy of the Moab region, Utah: Am. Assoc. Petroleum Geologlsts
Bull., vol. 11, pp, 785-808, 1927.
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ships by John Wetherill, Joseph Adams, Zeke “Junior”’
Johnson, and Lloyd Young, who served as guides in a
region much of which they had not previously traversed,
are recalled with pleasure.

To R. C. Coffin, chief geologist of the Midwest Oil
Co., I am indebted for a structure map of Elk Ridge and
for geologic information that facilitated field work in
areas immediately adjoining Colorado.

The value of my investigation has been enhanced by
conference with A. A. Baker and E. T. McKnight at
Elk Ridge and at localities north of the Abajo Moun-
tains and by discussions of terminology and regional
correlation during traverses along the San Juan River
and southward in company with A. A. Baker, James
Gilluly, and John B. Reeside, Jr.

SUGGESTIONS TO TRAVELERS

Southeastern Utah seems destined to have many "

visitors who are attracted by the scenery of a region

remote from main lines of travel. In anticipation of
lucrative tourist travel the highway from northern
Utah and western Colorado through Moab, Monticello,
and Blanding to Bluff is in process of much improve-
ment, and plans have been made for reconstructing
the road from Bluff across the San Juan at Goodridge
and south through the Navajo country to join the
transcontinental highway that parallels the Atchison,
Topeka & Santa Fe Railway. When this route is made
suitable for automobiles, it will have few rivals as a
scenic highway. A good road leads from Monticello

“to the Indian reservation at Allen Canyon and, except

during the winter, is passable as far west as the Natural
Bridges, in White Canyon. Most of the San Juan

18 Crosse, Whitman, and Howe, Ernest, Red beds of southwestern Colorado and
their correlation: Geol. Soc. America Bull., vol. 16, pp. 447-498, 1905.

17 Coffin, R. C., Radium, uranium, and vanadium deposits of southwestern Colp-
rado: Colorado Geol. Survey Bull. 16, 1921.

18 Baker, A. A., and Reeside, J. B., Jr., Correlation of the Permian of southern
Utah, northern Arizona, northwestern New Mexico, and southwestern Colorado:
Am. Assoc. Petroleum Geologists Bull., vol. 13, pp. 1431-1448, 1920.

19 Butler, B. 8:, Loughlin, G, F., Helkes, V. C., and others, Ore deposits of Utah
U. 8. Geol. Survey Prof. Paper 111, 1920.

% Thorpe, M. R., Structural features of the Abajo Mountains, Utah: Am. Jour.
Sci., 4th ser., vol. 48, pp. 379-389, 1919.
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country, however, like the Kaiparowits region to the
west and the Navajo country to the south, is as yet
inaccessible to automobiles; and few places off the
main highway can be reached by wagons. For a
distance of 140 miles but one bridge crosses the San
Juan. There are no bridges or ferries across the
Colorado in this region, and the only rowboats are the
makeshift affairs of prospectors, constructed from time
to time as needed. The region is distinctly a ‘“foot
‘and horseback country’’: most of it is accessible only
by pack train. Even with a pack train, traverses west
of Elk Ridge and Grand Gulch should not be under-
taken without careful preparation. Horses accus-
tomed to rough country can make their way up steep
'slopes, across deep canyouns, over bare rock, and through
piles of drifting sand and under skilful guidance can
reach seemingly inaccessible spots. But forage is
nearly everywhere insufficient for horses that have
only the night in which to search for food; for pack
trains grain must be carried. Here, as in other semi-
arid regions, the recognized routes are streamways or
trails that lead across uplands from one spring to
another. “Off the trail” is away from water. The
greatest difficulty is presented by the inconvenient
spacing of water supplies. Immediately after rains
water is plentiful in rock pockets and in ephemeral

streams; at other times the valley flats and mesas are
almost bare of water holes, and supplies are obtainable
only in the bottoms of canyons, which are very difficult
to reach. At any time of year it is possible, by making
long daily rides, to obtain water on the old Mormon
trail to the Hole in the Rock and along the poorly
marked trails across Red Rock Plateau or down White
Canyon. Trips to the Sipapu Natural Bridge, to
points about Elk Ridge and the Abajo Mountains, and
to the cliff ruins in Montezums Canyon and Grand
Gulch present few difficulties, and with experienced
guides the exceptionally interesting trail through the
Clay Hills, Castle Wash, Wilson Mesa, and across the
San Juan to Navajo Mountain, and the trail down
White Canyon across the Colorado, through the Henry
Mountains and the Kaiparowits region to Escalante,
are feasible for adventurers who place unusual expeéri-
ences above daily comforts. Except under the direc-
tion of men acquainted with the topography of the
plateau province and experienced in finding water
holes, tourists are advised to limit their travels to
areas reached by automobile or by frequently used
trails. In diversity, beauty, and grandeur the scenery
thus reached is fortunately a counterpart of the scenery
viewed by the scientific explorer whose routine duties
lead him to places difficult of access.

‘



CHAPTER 1.

LOCA’i‘ION. EXTENT, AND ACCESSIBILITY

As defined in this paper the San Juan country lies
between the San Juan River and the north base of the

Abajo Mountains and extends from the Colorado line.

westward to Glen Canyon. (See pl. 1.) It is the part
of San Juan County, Utah, that in records of the Mor-
mon Church, in popular literature, and in generalized
scientific writings has long been known as the San
Juan country, as a ready means of distinguishing it
from the Dry Valley district, the Indian Creek country,
and the La Sal country, in northern San Juan County,
and from the Utah strip and the Navajo country,
south of the San Juan River. The average distance
across the region in an east-west direction is about 85
miles, in a north-south direction about 45 miles; the
area is therefore approximately 3,800 square miles.
The commercial center of the area is Blanding, midway
between the county seat, Monticello, and the pioneer
settlement of Bluff. For the convenience of farmers,
post offices are maintained at Lockerby and Urado.
At Goodridge (Mexican Hat), 25 miles west of Bluff, a
store is intermittently operated, mainly for trade with
Navajos-who live south of the San Juan River. Trad-
ing posts are maintained also at Aneth and in-Monte-
zuma Canyon.

- Of the routes to the San Juan country the original
Hole in the Rock road used by the missionary party
in 1879-80 was abandoned the year it was made, and
its place was taken by one that crossed Glen Canyon
on a ferry at the mouth of Halls Creek and joined the
old road in Lake Canyon. This road in turn was soon
superseded by one that crossed the Colorado at Dandy
Crossing (Hite) and led up White Canyon, across the
head of Grand Gulch, and down Comb Wash. For
some years a traverse of this route was the only means
of bringing the people of central Utah into touch with
their friends in far-away Bluff. Soon after the settle-
ments on the San Juan River were made, a trail over
which wagons might be taken was constructed from
Bluff to Moab and thence to Salt Lake City, but for
many years the chief trade route ran along the San
Juan River and McElmo Creek from Bluff to Mancos
and on to Albuquerque. To reach the ranches east of
Elk Ridge a wagon road was constructed across Bluff
Bench to the floor of Cottonwood Canyon. After
Monticello was established (1886) the Bluff-Moab-
Thompson road was improved and later relocated to
include Blanding. During the development of the
San Juan “oil field”” a road was constructed from Bluff
across Comb Ridge and Comb Wash, up Snake Canyon,

GEOGRAPHY

and down Lime Creek, and a makeshift bridge was built
across the San Juan at Goodridge (1910?). In 1926-27
the old road from Blanding through the Indian settle-
ment at Allen Canyon to Elk Ridge was made suitable
for automobiles. In 1928 it was extended to the
Natural Bridges, in White Canyon. At present (1934)
the main artery of travel, the only ‘‘good road’’, runs
from Bluff through Blanding, Verdure, Monticello,
and Moab to the railroad at Thompson (140 miles),
with a branch from Monticello east to Dolores and
Cortez (65 miles). Automobiles can be driven from
Bluff westward through Goodridge and the Navajo
Reservation to Flagstaff (200 miles); from a junction
with the Bluff-Blanding road across Recapture Canyon,
McCracken Mesa, and Montezuma Canyon to McElmo
and Cortez; to some of the farms on Sage Plain, and to
Aneth by way of Cortez. Points along the San Juan
River above Bluff and below Goodridge, along the
Colorado River, and about the Abajo Mountains are
“accessible only on horseback. A few trails are kept
open by cattlemen, and in many places topography
marks out feasible routes for pack trains, but for most
of southeastern Utah travel consists of rough scrambles
in and out of canyons at places that seem at the time
most favorable. :

NOTE ON THE MAP

The existing maps of the San Juan country inade-
quately picture the geographic features; those based
on detailed surveys cover but a small part of the region.
The General Land Office has mapped the Natural
Bridges National Monument, the “oil fields” of Lime
Creek Valley, and most of the area between Cotton-
wood Canyon and the Colorado State line. Maps:
showing township lines and drainage on and about Elk
Ridge have been made by the Forest Service. Accurate
maps are available for the San Juan canyons below
Bluff and for the entire Colorado River. The Abajo
and Henry Mountain reconnaissance topographic maps,
made by P. Holman in 1884 and published by the
United States Geological Survey, include the San Juan
country. They show the mountains, the larger ridges
and valleys, and such features as could be seen from
selected viewpoints on Elk Ridge and on highlands
along the San Juan River. Unfortunately, in this
region of deep meandering canyons and interlacing
ridges and plateaus, the trend of many drainage lines,
the position and size of tributaries, and the distinction
between mesa face and canyon wall cannot be deter-
mined in distant views. The 1884 maps are therefore
of little practical use. '

5
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On the base map constructed for this report (pl. 1)
the features of Sage Plain, of the San Juan canyons, of
the Colorado canyons, and of the eastern edge of Grand
Gulch Plateau are reproduced from modern surveys.

" West of Comb Wash and Elk Ridge the map is a record
of field traverses checked here and there by instru-
mental measurements. The names on the map include
those on older maps and those locally in common use.
To facilitate description of geographic districts and
prominent topographic features, new names have been
added. When maps become available on which to
represent them, many more interesting features in this
little-known region can appropriately be named.

TOPOGRAPHIC OUTLINE

The San Juan country is part of the Colorado

Plateau province; its larger topographic features are
duplicated in the Navajo country, to the south, and
in the Kaiparowits region, to the west. Throughout
most of the region the rocks are flat-lying or slightly
tilted and are cut into great sections by steep-walled,
deep canyons. KEast of Comb Wash and the promi-
nent Comb Ridge the topographic pattern is simple;
the surface is formed of a single stratum of sandstone
into which are sunk canyon trenches of uniform pattern
and above which rise a few inconspicuous mounds.
West of Comb Wash the landscape is much varied.
The flat dome of Grand Gulch Plateau is bordered on
the west by the Red House Cliffs, a precipitous terraced
sandstone wall that marks the beginning of deep, steep-
sided, meandering gorges tributary to Glen Canyon.
Elk Ridge is a mesa capped by a stratum of resistant
sandstone that terminates abruptly at the box head of
small canyons. The historic landmarks—the Bears
Ears—are two of the many buttes that project above
"its general surface. The lofty Abajo Mountains con-

- sist of a laccolithic mass that reproduces the topographic

features of the Henry and La Sal Mountains.

About 50 percent of the San Juan country lies be-
tween 6,000 and 7,000 feet above sea level. The areas
below 5,000 feet are the -benchlands and stream valleys

along the San Juan and Colorado Rivers, and those |

below 4,000 feet are narrow strips within the canyons
of these master streams. Elk Ridge stands 8,000 feet
above sea level, and the Abajo Mountains are still
higher. The extremes of regional relief are Abajo

Peak, 11,445 feet, and the mouth of the San Juan,

3,286 feet. The general surface slopes of the area are
southward to the San Juan and westward to the
Colorado. v

Except for a few small meadows and tiny highland
ponds the region is thoroughly drained by well-defined
channels. Streams entering the San Juan carry the
run-off from about two-thirds of the area in canyons,
some of which, especially at their mouths, broaden into
washes. Streams entering the Colorado directly carry

the remaining drainage in channels that retain their
canyon form throughout. Only the San Juan and the
Colorado are through-flowing. Twice in the last half
century even the San Juan ceased to flow below
Aneth. Many of the streams are perennial at their
heads and at favorable places along their courses; many
others flow only in direct response to rainfall. During
most of the year the stream channels, except at their
heads, are dry beds of sand, boulders, or bare rock; yet

‘the coarse detritus and the driftwood perched on the

valley sides testify to the strength of the occasional
floods. :

Erosion is vigorously active. Most streams at their
headwaters are keeping their channels clear of normal
rock waste and are rapidly removing the materials piled
in by landslides; farther down their courses they are
digging out and transporting the enormous masses of
sand and gravel deposited during a previous physio-
graphic epoch. Talus is piled deep on the slopes of the
Abajo Mountains, along White Canyon, and around
the south rim of Elk Ridge, and it forms a basal border
along the east wall of Comb Wash. Elsewhere it is
irregularly present and inconspicuous; many slopes and
most canyon walls present bare rock. On interstream
areas, particularly along the San Juan River and west
of Grand Gulch, erosion has outlined flat domes, huge
angular mesas, and circular buttes that rise above the
plateau tops. In many places along the canyon walls
soft beds underlying hard beds have been removed to
form caves with overhanging roofs, and the massive
beds of sandstone have been carved into alcoves,
fluted columns, natural bridges, and a variety of minia-
ture features picturesque alike in form and in color.
There are no large areas of dunes, but most of the region
below -the 6,000-foot contour is unevenly coated with
wind-blown sand. Outside the high level areas forest
vegetation is insufficient to conceal the rocks. The
color of canyon walls and plateau tops is the color of
the rock—red, tan, white, replaced here and there by
variegated bands miles in length.

GEOGRAPHIC DISTRICTS
BASIS OF SUBDIVISION

Though the San Juan country is a division of the ex-
tensive Colorado Plateaus, its .diversified features are
not readily grouped within a single geographic unit.
As regards possibility of future utilization, the parts
of the area are decidedly unlike, and such problems as
water development, forestation, agriculture, and trans-
portation can best be understood with the local condi-
tions in mind. For this reason it seems desirable to
divide the region into geographic districts on the basis
of topography, vegetation, water supplies, and other
features that affect the human population. The 12
districts thus outlined are described on the following
pages. (See pl. 1.) : ' :
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SAGE PLAIN

That part of southeastern Utah lying east of Comb

- Wash, upper Cottonwood Canyon, and the flanks of the
‘Abajo Mountains is essentially a plain, about 1,200

square miles in area, the western half of the flat surface

that extends to the Dolores River and the Mesa Verde

in Colorado. To this extensive area of flat land, one

of the largest in the plateau country, Newberry 2 gave

the name “Sage Plain.” * He speaks of it as ‘“an arid

expanse’’, a scene of ‘“dreary monotony’’, an ‘“‘orderly

and unbroken arrangement of underlying rocks.”

From Surouaro [near the Dolores River] to the base of the
Sierra Abajo the physical aspects of the country are everywhere
the same—a great plain, to the eye as limitless as the sea; the
monotonous outline of its surface varied only by two or three
small islandlike mountains so'distant as scarcely to rise above the
horizon line.

Surface profiles drawn in an east-west direction
across almost any part of the plain reveal only small
departures from horizontality, but north-south profiles
. show a regional slope of about 2,000 feet in a distance
of less than 50 miles, from 7,000 feet above sea level
in the region east of Monticello to 5,000 feet near the
mouth of Montezuma Creek. Almost any point on
Sage Plain affords uninterrupted views of distant
features. From the highway between Blanding and
Bluff, Lone Cone of the San Miguel Mountains, the
wall of the Mesa Verde, and Ute Mountain rise promi-
nently on the sky line 70 miles to the east; and at the
‘base of the Carrizo Mountains Ship Rock appears as a
vessel far out at sea.
the bluffs of the San Juan River are in plain sight, and
beyond them the towers of Monument Valley and the
precipitous walls of Black Mesa, in the center of the
Navajo country. Even from the old Indian trail that
crosses the northeast corner of Sage Plain the Spanish
scouts of eurly days recognized the Sierra Abajo,
Orejos del Oso (Bears Ears), Calabasa Mountains
(South Comb Ridge, the Monuments, and Skeleton
Mesa?), Lava Negra (Agathla Needle), and even Sierra

.~ Panoche (Navajo Mountain), more than 100 miles

distant. Though the remarkably even surface of
Sage Plain is surmounted only by scattered low mounds
of shale, it is deeply dissected by streamways that begin
as canyons and continue as canyons all the way to the
San Juan. Even the narrow shallow channels in the
least dissected parts of the plain are vertical-walled,
for the initial trench is cut through a thick bed of
resistant sandstone. To cross the center of the plain
in an east-west direction is a difficult undertaking;

canyons 100 feet to more than 500 feet deep appear

without warning and can be crossed only at the few
places where the tops of their enclosing walls are
broken by cracks or fringed with talus.

3t Newberry, J. 8., Geological report, in report of exploring expedition from Santa

Fe, N. Mex., to the junction of the Green and Grand Rivers of the great Colorado of
the West in 1859, p. 89. 1876.

1 from the walls.

To the south and southwest

‘walls.

The road from Blanding to the San Juan is on the flat
divide between Cottonwood and Recapture Canyons,
which at one point is only 30 feet wide. The road

‘from Blanding to Allen Canyon, which replaces the

long road up the sandy floor of Cottonwood Wash,
crosses four deep canyons and some shallower ones
where expensive construction was required; and the
highway between Blanding and Monticello, though it
crosses only the headwater tributaries of Recapture and
Montezuma Creeks, is a series of costly fills and graded
slopes. To construct the much desired road from
Blanding directly east to railroad points in Colorado
would involve crossing no less than 25 canyons, 10 of
them within the first 15 miles. Of the highways that
now connect Blanding and Bluff with Dolores and
Cortez, one follows the circuitous route around the
heads of tributaries to the Montezuma, and the other
crosses Recapture and Montezuma Canyons at places
not far from their mouths, where the floors of the can-
yons are broad and their rims somewhat broken down.
The canyons of Sage Plain are much alike in form.
Starting at the top with a formidable “rim rock”, the
wall descends by steps or talus-covered slopes to a floor.
of detritus, below which lies the sandy stream bed.
The lower third of Butler Wash occupies a rock-floored,
V-shaped trench, and here and there in other canyons
the water flows over bare rock between high narrowly
spaced walls. But most of the canyon floors consist of .
alluvium in which are embedded huge blocks dropped
Much of it has been reworked by
floods and wind.

 In places where water is permanent and the soil
suitable the canyon bottoms have long been cultivated.
In all the larger canyons and in many -tributaries, .
particularly in the Montezuma, are groups of ruins on
the floor, on the rim, and on low spurs within the canyon
Here and there are remnants of ancient corn-
fields. Jackson speaks of “a band of Wiminuche Utes”
in middle Montezuma Canyon who “have considerable
corn planted.” Present-day Piutes practice agriculture
in Cottonwood Wash, and some of them return to their
old homes in Montezuma and McElmo Canyons,
especially in the winter. Most of the efforts of the
Mormon pioneers to ‘“farm the washes” have proved
unprofitable. At Verdure and a few other places near
the Abajo Mountains where streams have permanent:
flow, grain and alfalfa are profitably grown. Agricul-
ture at Blanding and at Monticello depends on irriga-
tion water drawn from the mountain tributaries of
Recapture and Montezuma Creeks.

On the surface of Sage Plain (pl. 2, A) sagebrush is:
present everywhere, and within the canyons it seems to.
be dominant. At Verdure, south of Blanding, between:
Cottonwood and Montezuma Canyons, near Lockerby,
and west of McElmo Canyon it constitutes almost pure
stands 3 to 5 feet high. On the floors and lower slopes
of canyons it grows in places to a height of 8 feet, form-
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ing almost impenetrable thickets. Pifion and juniper
in constant association are likewise widely distributed.

As single trees or small groves they occupy canyons and-

interstream flats. As viewed from Blanding, contin-
uous forests of pifion and juniper extend westward to

the Allen Canyon country and eastward to Colorado.

These trees supply fuel for homes and for the small
gristmills and sawmills. Oak brush, which is conspicu-
ous on the lower slopes of the Abajo Mountains, appears
in the canyons of Sage Plain in small, widely separated,
dense groves. On the floors of canyons vigorously
growing cottonwoods are abundant.

As an agricultural region Sage Plain, though by no

means worthless, offers no large promise. On alluvial
slopes extending some miles from the Abajo Mountains
and on flat lands where disintegrated shale is sufficient
in depth the soil is suitable for most crops, but on much
of the plain bare rock is exposed or is thinly coated with
highly siliceous materials. Scant precipitation and a
short growing season prevent the full utilization of
favorablesoil. Dry farming in this region at an altitude
of 5,000 to 7,000 feet and with an annual rainfall of 8
to 18 inches is likely to be profitable only in times of
unusually high prices. Agricultural development de-
pends upon the amount of water that can be brought
without prohibitive cost from streams on the Abajo
Mountains and from wells sunk deep to water-bearing
" strata. Land at present irrigated is yielding satisfac-
tory returns, and though the produce raised is prevented
by transportation costs from competing in the general
-market, the local demand is supplied at prices.far below
those charged for materials brought in.
" As a grazing country Sage Plain has small and de-
creasing value. Stock water is sufficient and spaced at
convenient intervals, but much of the grass, perennial
plants, and brush suitable for forage has been destroyed
as the result of overgrazing, especially by sheep.  The
region serves mainly as winter range when the highland
pastures are buried in snow.

ABAJO MOUNTAINS

The Abajo Mountains rise from Sage Plain with a
slope of 500 feet to the mile between the contour lines
of 7,000 and 9,000 feet, 1,000 feet to the mile between
the contours of 9,000 and 10,000 feet, and then more
steeply to eight mdependent summits (pl. 2, A).
Below 8,000 feet the mountains constitute a single mass
about 16 miles long and 10 miles wide, scalloped by

radial valleys except on the west, where the flat-topped -
Above 9,000 feet
and covering an area of 90 square miles are four groups :

Elk Ridge abuts against its flanks.

of peaks—a southern group, including South Peak

(11,000+ feet) and: Abajo Peak (11,445 feet); a western
group, dominated by Mount Linnaeus (11,300 feet); .
a northern group, including North Peak (11,350 feet),

Horsehead Peak (11,0004 feet), and Twin Peak
(11,000 + feet); and at the northwest the isolated mesa- *

like Shay Mountain (10,000+ feet). The peaks con-
stituting these groups are much alike in form and
structuré: Their tops are rounded, some of them
nearly flat; their sides slope steeply and evenly and not
far from the summit develop into long spurs, which
likewise have broad tops and smooth sides. There are
no deep, sharply cut canyons, no steep precipices, and
no bold masses of naked rock; the features associated
with mountain ruggedness are absent. Trails between
South Peak and Mount Linnaeus and between Twin
Peak and Abajo Peak present no difficulties.. Wagons
traversing the road from Monticello to the pass between
Abajo and Horsehead Peaks have mainly steepness to
contend with.

At altitudes of about 9,000 feet the general smooth
outlines of the mountains are replaced by a belt of rough
country. Here the sandstones of Sage Plain, which
formerly covered the mountains, terminate with steeply
upturned edges, forming disconnected hogbacks that in
places have been broken up into huge blocks. In this
zone also are extensive and thick accumulations of talus
from the igneous rock above. (See pl. 2, 4.)

The Abajo Mountains give rise to many permanent
streams that head in swampy meadows high on the
slopes or emerge from the talus lower down. Those
flowing south and east unite to form the tributaries of
Montezuma Creek, Recapture Creek, and Cottonwood
Canyon, all draining to the San Juan River. Those
rising on the north slopes form Indian Creek and Harts
Draw, which enter the Colorado River. Except for the
San Juan River, these headwater tributaries constitute
the only reliable supply of water adequate for irrigation.
In fact, the rills and brooks of the Abajo Mountains are
the life of southeastern Utah. Without them the villages
of Monticello, Verdure, and Blanding, the ranches about
the base of the mountains, and the Indian reservation
in the Allen Canyon country could not be maintained.

Except in areas of unstable talus (slide rock), where
only lichens and small tufts of alpine grasses grow, the
entire mountain mass is clothed with forest or grass.
(See pl. 2, A, B.) In general, dense forests cover the .
northern and northwestern slopes and terminate
abruptly at the crests of spurs and ridges; grasses cover
the southern and eastern slopes. At the heads of the
highest valleys and in favorable places down to an
altitude of 8,000 feet are groves and individual trees of
spruce and balsam fir. Below them is a forest zone in
which yellow pine is dominant, then a zone of pifion
and juniper merging down-slope with the vegetation

‘characteristic of the Sage Plain. Aspens seem most at

home  among the yellow pines and the spruces, but
groups grow also with the pifions. About the swampy
stream heads are willows, maples, and alders, meadow
grasses, and a wealth of flowering annuals. Sagebrush
reaches up to the 9,000-foot contour line; oak and service
berry likewise seem to be distributed Wlth httle regard
to altitude or soil.
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Vegetation, climate, and scenery combine to make the
mountain meadows and groves at altitudes of 8,000 to
9,000 feet delightful camping places. Jackson # writes:

The‘ southern, eastern, and northern flanks of the Sierra Abajo
¥ * % without exception, the most pleasant spot we have
touched since leaving La Plata. Clear and cold mountain streams
ripple down through ravines overhung by groves of willow,
maple, and quaking aspen, with splendid oaks and stately pines
scattered over the uplands, and an abundance of rich, nutritious
grass everywhere, that our poor, half-starved animals knew well
how to appreciate. The blacktail deer and grouse were in goodly
numbers, starting up from under our very noses and leading our
hunters many a long chase.

The view from the top of Abajo Peak is of unusual
interest. The prominent features of the marvelously
carved and marvelously colored Colorado Plateaus
within a radius of 100 miles are plainly visible. On
clear days the sweep of vision is limited eastward only
by the San Miguel and La Plata Mountains, southward
by Black Mesa, westward by Kaiparowits and Aquarius
Plateaus, and northward by the Book Cliffs. In dis-
tant views the La Sal Mountains, Henry Mountains,
Ute Mountain, and Navajo Mountain, companions of

the Abajo Mountains in structure and setting, appear:

on the horizon as solitary peaks dwarfed in size by the
enormous expanse of surrounding flat surface. The
general course of the San Juan can be traced and
Cataract Canyon and Glen Canyon located with refer-
ence to adjoining features, By alining its projecting
teeth the Comb monocline can be followed with the eye
far into the Navajo country. Immediately at hand to
the west can be seen the forest-covered flat-topped Elk
Ridge, from which rise the brilliantly colored Bears
Ears and Woodenshoe Buttes and below which toward
the southwest is the intricately eroded area at the head
of Comb and Butler Washes. Looking south and east
. the eye follows down the forested slopes of the Abajo
Mountains out across the dull-colored, scantily wooded
Sage Plain to stretches of bare rock terminating at
Carrizo Mountain, south of the San Juan River in
Arizona.

As a grazing area and a source for timber, the Abajo
Mountains have high value, and it is not difficult to
foresee the time when they will become a center of
scenic interest. Of all the high isolated mountains
affording extensive views of the plateau country this
group is the most easily accessible.

' SAN JUAN VALLEY

Throughout its course in Utah the immediate valley
of the San Juan River consists of two unlike parts.
Between the Colorado boundary and Butler Wash the
river occupies a wide flood plain bordered by gravel
terraces that form steps in front of low enclosing walls.
(See pls. 2, C; 3, C.) At Butler Wash the river enters
a remarkably meandering canyon and except for short

1 Jackson, W. H., Report on ancient ruins examined in 1875 and 1877: U. 8. Geol. and
Geog. Survey Terr. 10th Ann. Rept., p. 426, 1878.

stretches at Comb Wash, Goodridge, and Clay Hill
Crossing continues to the Colorado between close-set
walls 1,000 to 2,500 feet high. (See pl. 3, 4, B.) Like
the master stream, the mouths of most of its tributaries
are set deep in rock gorges. Within the canyon the
alluvial materials consist of piles of boulders and gravel
and patches of sand deposited and removed in response
to floods. Except for tiny fields near Clay Hill Cross-
ing and Comb Wash the arable lands in the San Juan
Valley are the strips of flood plain above the mouth of
Cottonwood Creek, most of them on.the north side of
the river.

Stone-built villages under the ruins of the canyon
walls and potsherds on gravel terraces point-to long
occupation by agriculturists of pueblo times, and
hogans and wickiups, some of them habitable, others
in decay, show intermittent use of these lands by
Navajos and Piutes. These flood-plain lands, culti-
vated by the Indians and by Cliff Dwellers before them,
were the lure that brought the Mormon pioneers to
southeastern Utah. (See pp. 31-33.)

During the last 20 years great changes have taken
place in the San Juan Valley. The destruction of arable

land, the result of changes in the river’s current and

the neglect of irrigation ditches, has reached a stage
where barely 200 acres remains; abandoned machinery
and huts mark the sites of ¢ placer mines” and “oil
fields”; coarse brush and fields of introduced weeds
have replaced the grass and flowering shrubs. Because
of intermittent floods it has been found impracticable
to maintain a road along the river above Bluff. At low
stages of water pack trains can go along the banks for
most of the distance from Bluff to Aneth and can ¢ross
the river at several places; the difficulties encountered
are quicksand and precipitous walls rather than depth
and strength of current. Below Bluff the river can
be reached at few places. Between Bluff and Goodridge
the topography forces a long, sinuous detour that leads
to a suspension bridge below the mouth of Lime Creek—
the only highway crossing in Utah. Below Goodridge
the short road on the north side cf the river is high on
the canyon rim; that south of the river is far back. At
favorable stages of water the lower .canyon can be
crossed by pack train at the mouth of Copper Creek
and at the mouth of Wilson Creek.

ELK RIDGE

Except for the Abajo Mountains, Elk Ridge is the
most conspicuous topographic feature in the San Juan
country. It is plainly visible from the Mesa Verde in
Colorado, from Monument Valley, Arizona, and from
the Henry Mountains, west of the Colorado River:
From Blanding it is an impressive sight—a huge flat
block from which rise the Bears Ears (pl. 4, 4) and
about which winds a crenulated wall, in places bril-
liantly colored. From Grand Flat its outstanding feature
is a series of long, narrow, steep-sided, flat-topped ridges
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that project from the main mass and terminate abruptly
like capes on a rugged seacoast. Elk Ridge is a plateau
or mesa like the Kaiparowits or Mesa Verde, and the
term ‘‘Bears Ears Plateau’” as applied by Holmes is
much more appropriate than the name now in use.
It is a forest-covered surface about 20 miles long and 15
miles wide at an altitude of 7,500 to 8,000 feet above sea
level and 1,000 to 2,000 feet above its basal slopes.
On the east its bordering wall is a series of cliffs alter-
nating with steep slopes; on the south and west the wall
is precipitous; on the northwest it is flanked by slopes
"broken by steps that descend to Cataract Canyon; on
the northeast its surrounding wall is interrupted by the
Causeway, which connects Elk Ridge with the Abajo
Mountains. At first sight the surface seems flat and
even, except for the beautifully colored buttes that rise
above it. Instrumental measurements show a long,
flat dome—in fact, two domes separated by a shallow
swale—with a top at 8,400 feet. The culminating
feature is the Bears Ears, 9,040 feet. ‘

. The plateau is deeply dissected by streams that flow
in profound canyons and divide the surface into seg-
ments of very irregular outline. The master drainage
line is Dark Canyon, whose tributaries extend from
the west nearly across the plateau. The head of Dark
Canyon has reached and broken down the eastern wall,
producing the “Notch’”, which separates South Elk
Ridge from North Elk Ridge and forms the narrow
divide between canyons leading to the San Juan and
to the Colorado. Near Kigalia ranger station the
vertical walls of Kigalia Canyon, tributary to Dark
Canyon, are less than 3 miles from the box heads of

' Hammond Creek and Arch Canyon, draining to the

San Juan. Peavine Canyon and Woodenshoe Creek,
the longest tributaries of Dark Canyon, head within a
few miles of the precipitous south wall of Elk Ridge.
Parts of the plateau are poorly drained. Some of the
streamways are merely shallow depressions revealed
by the presence of water-loving plants. Standing
water appears in small swampy areas immediately
under the cap rock and in such shallow ponds as Duck
Lake on the road to the Bears Ears and the ‘“lake’” near
Gooseberry ranger station. Several springs and also
the headwaters of streams that lead out from the plateau
rim are perennial.. They supply water of excellent
quality sufficient to meet the needs of stockmen.

Forests of yellow pine cover Elk Ridge and extend
down the plateau slopes to points where they are re-
placed by juniper and cedar. With the pines, in
detached areas and on the borders of open parks, quak-
ing aspen, oak, scrub maple, and willow are conspicuous.
Such shrubs as the service berry, manzanita, sage-
brush, and checkerberry and many grasses serve to
Increase the ground cover within and outside the dense
growth of pine. Many of the most attractive flowers
common to the plateau province grow in abundance.
(See pp. 23-24; pl. 4, A.) :

Elk Ridge is part of the south or Monticello division
of the La Sal National Forest. In addition to timber
for local use it provides forage for several thousand
cattle and horses during the months when lands at
lower altitudes are without water sufficient for stock.

During the summer Kigalia and Gooseberry ranger
stations and some cabins built long ago are intermit-
tently occupied. During the winter the entire plateau
surface is deeply covered with snow.

The southern part of Elk Ridge (the “South Elks’)
was made accessible to the early settlers of San Juan
County by the construction of a road from Cottonwood
Canyon to the flat lands about the Bears Ears—a road
much better adapted to pack trains than to wagons.
Through the combined appropriations of the State, the

county, and the Forest Service, part of this road was re-

constructed and extended to Blanding. In 1926-27
the Midwest Refining Co. constructed an expensive
road from the Junction, near Kigalia, through the
Notch, down the walls of Kigalia Canyon, and along

“the floor of Dark Canyon to its deep well in Reservoir

Canyon. The “North Elks” can be reached by horse
trails from the Blanding-Kigalia road or from trails
that pass around and over the Abajo Mountains and
across the Causeway; even wagons have been dragged
over the trail from the Notch. In 1927-28 the old road
from Kigalia to the Bears Ears was reconstructed and
extended over the plateau rim and along the flats bor-
dering Armstrong Canyon to the Natural Bridges, thus
making accessible an exceptionally interesting region.
After a few hours’ ride from Blanding a delightfully cool
camp on Elk Ridge may be made among tall forest
trees near attractive springs, in the home of flowers and
birds. Short walks from camp to the rim of the plateau
reveal scenery of surprising beauty and grandeur. To
the east the great Sage Plain extends from the base of
the Abajo Mountains far away into Colorado and the
Comb Ridge traverses the country like a turreted wall;
to the south Grand Gulch Plateau presents 4 seemingly
unbroken surface, terminated only by the steep face of
Red Rock Plateau and by the towering buttes beyond
the San Juan, 50 miles away. Westward the view
ranges across the brightly colored White Canyon, Red
Canyon, and Clay Hills to the mesas, buttes, and ridges
of the Castle Wash and Moki Canyon region and on to
the Henry Mountains, the Kaiparowits country, and
Navajo Mountain beyond the Colorado. Immediately
at the rim is the head of the inaccessible Arch Canyon,
formed by beautifully carved red-topped white walls
that descend 1,000 feet to a mysteriously hidden floor.
Within the whole region from Comb Wash to Dark
Canyon, 90 degrees of arc and extending as far as vision
permits, the only evidences of human inhabitants are
the mummies and skeletons of the Basket Makers and
Cliff Dwellers, buried in the sand of washes or resting
among the ruined structures in wall recesses of the pro-
found canyons.
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A. ABAJO MOUNTAINS FROM WESTERN EDGE OF SAGE PLAIN.
Viewed at a distance of 8 miles. Panoramic photograph by L. M. Gould.

B. LAKE ON FLANK OF ABAJO MOUNTAINS BETWEEN JOHNSON AND RECAPTURE C. SAN JUAN RIVER 1 MILE BELOW MOUTH OF McELMO CREEK.
CREEKS.

Depression in a sheet of intrusive rock. Photograph by M. R. Thorpe. Morrison strata capped by gravel terrace.

Looking upstream toward Aneth, middle distance. Shows part of the abandoned Colorado-Utak road.
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A. SAN JUAN CANYON ABOVE HONAKER TRAIL. B. SAN JUAN CANYON 6 MILES BELOW SPENCER CAMP.

Permian and Pennsylvanian strata. Photograph by R. N. Allen. Navajo and Kayenta strata in middle dist}z)in(:ﬁ; \&/’irﬁate sandstone in left foreground. Photograph
y R. N. Allen.

C. VIEW LOOKING SOUTH ACROSS SAN JUAN RIVER AT BLUFF.
Foreground, top of Bluff bench developed on Bluff sandstone. In distance, Bluff sandstone nnderlain by Summerville (?) and Entrada formations. Photograph by W. H. Hopkins.
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A. BEARS EARS ON SOUTH EDGE OF ELK PLATEAU.
Flat in foreground shows general surface of the plateau developed in Shinarump conglomerate; buttes composed of Chinle shale capped by Wingate sandstone. Photograph by A. A. Baker.

B. MEXICAN HAT. . C. LIME CREEK VALLEY SHOWING EROSION SURFACE AND VEGETATION,

An erosion remnant of Halgaito strata preserved in the Mexican Hat syncline in Lime Creek Valley. Butte of Halgaito sandstone in middle distance. South face of Cedar Mesa in distance. Photograph
aplee anticline in background. Photograph by R. N. Allen. by E. G. Woodruff.
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ALLEN CANYON COUNTRY

The head tributaries of Cottonwood Canyon # drain
_ an area of relatively low land walled about by the edge
of the Sage Plain, the base of Mount Linnaeus, the
Causeway, and the rim of Elk Ridge. These tribu-
taries—Dry Wash, Allen Canyon, Hammond Canyon,

and their many short branches—and the Cottonwood |

itself rise at the base of encircling cliffs and, after
‘gathering run-off from the bordering steep slopes, flow
southward to form a single stream that emerges at the
point where the walls have been broken down. All these

tributary streams have about the same gradient and:

drain areas of about the same size, but the canyons
they have developed differ widely in width, depth, and
continuity. The area drained by them has been known
as the Allen Canyon country.®*

The east bank of Dry Wash is a terraced wall about
800 feet high; the west bank is a dissected lowland.’

Hammond Canyon crosses a series of ridges. Allen
Canyon and especially its branches, Chippean, Deep,
and many less conspicuous gorges, have cut deep
crooked trenches into massive red rock. Cottonwood
Canyon, in part of its course, is enclosed in high walls,
but for long stretches only its eastern wall is prominent;
its western tributaries are narrowly spaced, sharply cut
canyons that start as box heads beneath the rim of Elk
Ridge. The south end of the highlands between -Dry
Wash and Allen Canyon is carved into brightly banded
buttes, capped columns, and mounds of red rock locally
known as ‘“Beehives.”” Mancos Jim Butte is the
dominating feature. Farther north the highland,
coated with alluvium spread by streams from the Abajo
Mountains, becomes an- area of flat land (Bailey's
_pasture) suitable for cultivation.
corner of the Allen Canyon country is intricately dis-
sected. The short wall-like ridges, rounded mesas, and
especially the columns of sandstone have suggested the
local name “Chimney Park.” The massive red walls of
Allen and Cottonwood Canyons display niches, pockets,
and roofed recesses used as-dwellings and storehouses by
prehistoric inhabitants. '

The attractiveness of the basin is enhanced by the
vegetation. The great differences in soil, in altitude,
in water supply, and in exposure to sun have produced
conditions that favor the development of spots of
unlike vegetation in close proximity. In a small sec-
tion of canyon, yellow pine, pifion, sage, oak, box
elder, willow, cottonwood, squaw bush, roses, clematis,
ferns, and many grasses and flowering annuals are at
home. At the box heads oak brush forms almost
impenetrable thickets. In the large groves of cotton-
wood many trees are 4 to 6 feet in diameter.

% On some maps the name ‘“Cottonwood Canyon’ is applied to a short stream that
rises in the Causeway near the head of Allen Canyon and trends north to Indian
Creek. Locally “Cottonwood Creek’’ is known as Gundlock Creek.

#3a As the Allen Canyon country includes lands reserved for use by Piute Indians
it has also been known as ‘“Piute Park” and “Piute Basin.”

‘Plateau.

The northwest’

The Piute village at Allen Canyon is one of the oldest
settlements in Utah. Water, patches of rich soil, pro-
tection from wind, house sites in canyon walls, and ad-
joining hunting grounds made it a desirable spot for
Basket Makers and CHff Dwellers. The Piutes and
Utes found the stream flats suitable for planting corn,
and early white settlers were attracted by the pasturage
and the favorable conditions for small-scale irrigation.
The obvious injustice of taking from the Indians land
which they had used continuously for many generations
led to the present arrangement; the agricultural land in
Hammond, Cottonwood, and Allen Canyons and in Dry
Wash is allotted to the Indians; the other lands in the
Allen Canyon country form part of the national forest,
in which the Indians have preferential grazing rights.

, GRAND GULCH PLATEAU

Comb Ridge, the San Juan River, Red House Cliffs,
and the south wall of Elk Ridge outline an area of
about 1,000 square miles here called Grand Gulch
It is a unit with respect to its topography,
its drainage pattern, and its vegetation. Essentially
the surface of the plateau is a single stratum of sand-
stone on which stand a few low flat-topped mesas and
some rounded sandstone ‘‘haystacks.” It slopes up-
ward from the west and from the east to a broad flat
axis, which in turn slopes southward from an altitude
of 7,000 feet near Elk Ridge to 5,000 feet in Cedar
Mesa, overlooking the San Juan. From viewpoints on
Elk Ridge and on mesas in the Red House region the
surface of Grand Gulch Plateau seems continuous. In
fact, some extensive areas like Grand Flat, Polly Mesa,
and those about the heads of Steer Gulch and Road
Creek have remarkably unbroken floors on which
drainage channels are so faintly outlined that in places
water stands after. rains. But attempts to traverse
the plateau except along carefully selected routes proved
futile: the surface is trenched by impassable canyons
that reveal their presence only when their rims are
reached. The floors of the canyons that. cut the
eastern slopes of the plateau are accessible only at the
canyon mouths.” Though the white rocks in which the
natural bridges and windows in Arch Canyon are
carved are in plain view from the road on Elk Ridge,
they can be reached only by a trail from Comb Wash.
Likewise the deep trenches of Johns Canyon and Slick-
horn Gulch, which cut the southern edge of the plateau,
are passable only on worked trails along the banks of
the San Juan River. The chief obstacle to traverse is
Grand Gulch, which divides the plateau into an eastern’
and a western part. Though less than 1,000 feet deep,
its walls begin with a vertical drop of 30 to 60 feet and

| continue downward as a series of undercut steps 10 to

40 feet high and 5 to 10 feet broad, impossible to de-
scend, even on foot, except with great caution and at
wisely chosen places. Throughout its course the
parallel canyon walls wind in and out as a series of
closely placed meanders and risé almost vertically from
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a floor which in few places exceeds 500 feet in width.
No trails cross Grand Gulch. Access to its floor from
the east is impossible except at one point. From the
west it may be reached by an artificial trail near
Dripping Spring Gulch, at Collins. To avoid Grand
Gulch the abandoned wagon road from Bluff to the
Colorado River—the only road ever built across the
plateau—Ileads up Road Canyon to the plateau surface
bordering Fish Canyon and then north nearly to the
base of Elk Ridge, where shallow Kane Gulch, the chief
head tributary, is crossed by dugways.

During the winter and immediately after rains in
spring and summer, water may be found in broad,
shallow streamways on Grand Flat and in pockets
scattered over the plateau surface. Water remains
throughout the year in Kane Gulch, Dripping Spring
Gulch, and Snow Flat and in places on the floors of the
larger canyons. Over most of the plateau bare rock is
exposed. What little soil is produced by weathering is

blown by winds into low dunes, which provide footing"

for sagebrush, various low shrubs, and grasses. Pifion
and cedar thinly spread over the surface send their
roots deep into rock cracks and serve as centers for
small piles of wind-blown sand.

During times when water is present Grand Gulch

Plateau is a grazing ground for small bands of stock.
Otherwise it is not utilized. ‘That it was once the
center of a considerable population is amply shown by
ruined structures and agricultural fields on the canyon
floors and walls, and to a less extent on their rims.
The steep walls of Grand Gulch appear to have pre-
sented little difficulty to the ancient Basket Makers
and Cliff Dwellers. Lines of toe holes leading from
watered fields on the canyon floor to houses tucked away
on shelves and in recesses of the walls and other lines
leading to the plateau surface above demonstrate the
skill with which the ancient inhabitants gained access
to water, to arable ground, to building materials, and to
wild animals that might serve as food. Miser 2
describes the lowermost mile of Grand Gulch as pre-
senting ‘“some of the wildest scenery along the San
Juan. It is a dark narrow canyon, with vertical red
walls several hundred feet in height, at whose base lie
heaps of huge boulders and great piles of driftwood.”

LIME CREEK VALLEY

At its southeastern edge Grand Gulch Plateau over-
looks Lime Creek Valley, a lowland area sharply defined
on the north and west by the curved wall of Cedar Mesa,
on the east by the domelike ridge that borders Comb
Wash, and on the south by the San Juan Canyon.
Lime Creek and its score of western tributaries rise
abruptly in the wall-like face of Cedar Mesa and, when
water is sufficient, flow throughout their courses with
moderate gradient in meandering, vertical-walled,
shallow trenches. Tributaries from the east are short

# Miser, H. D., op. cit. (Water Supply Paper 538), p. 10. .

steep, angular grooves, cut into the flanks of the re-
markably banded Raplee Ridge. The valley includes
no towering mesas or deep canyons. Essentially it is
a plain broken into irregular tables and short, flat-
topped ridges from which rise here and there pictur-
esque erosion remnants—Mexican Hat, Setting Hen,
Bell Butte, Garden of the Gods—cut in red sandstone
and shale.

Lime Creek Valley (pl. 4, B, O) is an inhospitable
region—dry throughout the year and hot in the
summer. During most of thé year a small amount of
potable water may be obtained from a spring on the
Cedar Mesa rim, but the only reliable source is the
muddy San Juan. Lime Creek water is alkaline.
Though the altitude of the valley exceeds 4,000 feet,
the annual precipitation is probably less than 8 inches.
In favorable spots scattered pifions maintain them-

selves in rock cracks, but the general vegetation con-

sists of shadscale and other tough, low ‘brush charac-
teristic of arid regions. Fully three-fourths of the
surface is destitute of plant cover. Though much of
the bedrock is limestone, the formation of soil.is pre-
vented by the sweep of sudden showers.

Lime Creek Valley afforded no attractions to the pre-
historic inhabitants of Utah, nor to the Piutes or
Navajos. To the white pioneers it was a necessary
part of the route to the well-watered Johns Canyon and
to grazing lands beyond. The spring near the head of
Lime Creek was a camp site for prospectors who used
the overland route to places in San Juan Canyon below
Goodridge. During the “oil boom’” that began in
1908 with the completion of a well on the bank of the
San Juan and continued for several years the valley
enrolled a considerable population. A road was con-
structed from Bluff, a bridge built across the San Juan,
and in the mushroom village of Mexican Hat, near
Goodridge, three stores did a profitable business with
drillers and with Navajo visitors from beyond the
San Juan. Since the field has been abandoned by
drillers and real-estate speculators, a trading post
has been intermittently maintained at Goodridge, and
in the winter small flocks of sheep graze on the sparse
vegetation.

DARK CANYON PLATEAU

Cattle trails from the northwest edge of Elk Ridge
lead out to the Dark Canyon country, a plateau that
slopes gently westward to the Colorado River, where it
terminates abruptly in the walls of Cataract Canyon.
(See pl. 5, A.) At the south the plateau terminates in
the giant rock steps that border White Canyon. To-
ward the north it extends to the gorge that carries to
the Colorado. the drainage of Beef Basin. The domi-
nant feature of the plateau is Dark Canyon, a deep,
narrow, meandering watercourse whose headmost tribu-
taries have cut far into Elk Ridge. Below the mouth
of Woodenshoe. ‘Creek the walls of Dark Canyon are
continuous and nearly vertical, and its floor descends
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~ to the Colorado as a series. of steps into which water-
falls have cut irregular grooves. Attempts to traverse
the canyon on horseback proved futile, but passage
on foot is possible with the aid of ropes. The character-
istic vegetation of Dark Canyon Plateau is that common

to highlands of the San Juan country above altitudes of

5,000 to 7,000 feet—mile after mile of sagebrush inter-
rupted by groves of pifion and juniper. During seasons
when rain is sufficient small widely spaced water holes
permit the use of the plateau as grazing ground for

cattle.
WHITE CANYON

White Canyon is the best-known region along the
east side of the Colorado between Moab and Lees
Ferry. There is reason to believe that it was explored
by prospectors as early as 1870, and since Dandy
Crossing (Hite), near its mouth, was discovered, in
1880, it has served as the route for pack trains and
wagon trains that have found occasion to take a direct
course from the San Juan country to the settlements in
central Utah. Frey Cabin, Soldiers Crossing, Duckett,
Blue Dike, and Rasp Trail are historic spots. -

In its topographic expression White Canyon is
unlike the other drainage channels in southern Utah.
Except near its mouth, where the run-off passes through
a narrow, sharply meéandering gorge, the canyon is a
broad, flat floor bordered on the south by almost
continous high cliffs and on the north by cliffs alter-
nating with broad areas of lowland buttes, mesas, and
ridges. As seen from Elk Ridge, it appears as a road-
way of white rock 2 to 5 miles wide that leads indefinitely
westward between walls of banded red rock. Into the
white rock that constitutes this floor the present White
River and its tributaries have cut remarkably sinuous
defiles 200 to 500 feet deep—canyons within a canyon.
(See pls. 5, B; 6, A; 23, B.) Some tributary canyons
are vertical-walled or even undercut trenches much
deeper than wide and give no indication of their pres-
ence until their very rims are reached. The floor of
the inner canyon can be reached by following down
- the bed of Armstrong Canyon, also by trails constructed
at Soldiers Crossing and Duckett. Along the pioneer
trail down White Canyon interesting erosion features
appear at three levels. On the south rim of the outer
canyon stand huge mesas of red sandstone, the Tables
of the Sun, and west of them smaller mesas extend in
a broken line to the Colorado. On the north rim
Jacobs Chair, the Cheesebox, and other picturesque
buttes interrupt the otherwise even sky line formed by
spurs that lead to Dark Canyon Plateau. The floor
of the outer canyon, particularly below Soldiers Cross-
ing, is studded with low mesas, buttes, and mounds.
" The inner canyon is wonderfully carved. High on
the walls and down near the stream bed are long
roofed shelves, alcoves, tunnels, windows, pocketlike
niches, and a bewildering variety of miniature.erosion
forms. Undercut walls are common. In three places

natural bridges have been developed. (See p. 103.)
Along White Canyon pifion, juniper, and sage constitute
the dominant vegetation. At the heads of tributary
canyons yellow pine appears, and immediately along
the streams cottonwood, willow, boxelder, flowering
vines, and many annuals grow vigorously. Because of
the suitable sites for dwellings, abundant water supply,

patches of fertile soil, and convenient hunting range,

upper White Canyon was the home of many Cliff
Dwellers. The structures built by them, some still
undisturbed, are features of interest to tourists who
visit the Natural Bridges National Monument.: At
present the White Canyon region has no inhabitants.
Prospecting has revealed no valuable minerals, and the
historic road from Dandy Crossing to Bluff has been
long abandoned. As grazing ground it has value
when forage on the surrounding highlands is buried
in snow. - .

: RED, ROCK PLATEAU

The little known ‘red-rock country’’ along Glen
Canyon, ‘“beyond the Clay Hills’’, is a highland area -
bounded by White Canyon, Red House Cliffs, San Juan
Canyon, and Glen Canyon. For this region of mesas,
domes, and canyons, walled about by lines of cliffs, the
term ‘“Red Rock Plateau’ seems appropriate. Itis an
isolated region and difficult of access. From White
Canyon the plateau surface may be reached by the
Frey trail, at the head of Frey Canyon, and by the
Rasp trail, near the Colorado River. From Glen
Canyon a stock trail has been constructed up Trail
Cliff, near the mouth of Red Canyon, and other difficult

- trails lead to the plateau surface at Lake Canyon and at

a point opposite the Hole in the Rock. From the San
Juan River a trail runs up Castle Wash, and opposite
Navajo Mountain a trail climbs to the plateau about
1,000 feet in 2 miles. From the east, access to the
plateau top presents no great difficulty ; the wall formed
by the Red House Cliffs is broken down at Red House
and at the Clay Hills. From Red House, Red Canyon
may be followed to its mouth, but access to the high
country is blocked by cliffs. From the Clay Hills, how-
ever, trails lead to the plateau surface at places where
travel in all directions is feasible. In fact, Clay Hills
Pass, discovered and used by the members of the San
Juan Mission as part of their memorable route from
Escalante to Bluff, is the only entrance to the plateau
that could be developed as a wagon road without -
prohibitive expense. (See pl. 6, B.)

Over the part of the plateau between Castle Wash and
Red Canyon the surface is made uneven by mounds,
short ridges, and flat tables, few of which rise more than
100 feet above a general level. In this part of the
plateau travel is made difficult by the deep-cut Moki,
Cedar, and Knowles Canyons with their innumerable
short canyon tributaries, rather than by surface irregu--
larities. Between  Red. Canyon and White Canyon
lines of high-walled mesas dominate the topography.
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South of Clay Hills Pass and back of Red House Cliffs
the country rises into high domes and mesas among
which wind box-headed canyons that lead the drainage
down precipitous channels south to the San Juan and
west to lower Castle Wash. Along a line paralleling
Lake Canyon the surface of Red Rock Plateau curves
upward, forming the Step, west of which the plateau
continues at a higher level nearly to the Colorado
River. Of the separate plateau thus formed only
Gray Mesa remains. The rest of it has been eroded by
short tributaries to the Colorado and the San Juan to
such an extent that canyons alone seem to constitute
the landscape. Traverse about the junction of the
Colorado and the San Juan is possible only on foot, by
scrambling in and out over smooth sandstone walls
and following little crooked defiles whose floors break
off in terraces toward the river. In a day’s walk,
covering 2 miles, 25 canyons were crossed. It is a
region of bare rock towers, alcoves, arches, and deep
. vertical-walled grooves—the roughest country seen in
the plateau province. (See pl. 6, C, D.) ‘

The streamways traversing Red Rock Plateau vary
much in form and in details of erosion. Red Canyon is
a broad, sheer-walled trench throughout most of its
course. Moki Canyon is a narrow gorge with walls
"1,000 feet high, unscalable except where sand dunes or
landslides have obliterated the cliffs. The upper part
of Castle Wash is a wide, open valley, bordered on the
north by low sloping walls and on the south by bench-
like sandstone cliffs that lead back to high country.
The lower part of the wash is a canyon more than 500
feet in depth joined by tributaries equally deep. The
tributary along the base of the Step, locally known as

" Johnny Hole, is a particularly narrow, rough-walled
trench, into which a trail descends over the edges of
irregularly broken strata. Near its mouth Castle Wash
widens, though still hemmed in by walls. This part of
the wash, heretofore mapped as an independent canyon
(Spring Gulch), presents areas of flat floor and a perma-
nent spring-fed stream. It has been utlhzed by the
Piutes for winter camps.

Lake Canyon, like most of the other stream channels

of Red Rock Plateau, is a trench defined by sandstone

walls and joined by short, box-headed gulches. At a
place near its head the floor of bare rock and sand,
usually dry, is replaced by a stretch of meadow land.
_ This is the spot to which ‘“Providence directed’” the
San Juan Mission in 187980, the only place on the long
traverse where water and stock feed were abundant.
Though Hermit Lake, which cheered the tired scouts,
has since disappeared, the meadow remains an attractive
‘feature that contrasts sharply with surrounding areas of
bare rock. Its bordering walls are beautifully carved
into alcoves and overhanging arches; its alluvial floor
is a field of grasses, ferns, wild roses, violets, and
mallows, among which grow willows and cottonwoods.

Though most of Red Rock Plateau has an altitude

is soaked with rain.

' found the situation unfavorable.

THE SAN JUAN COUNTRY, SOUTHEASTERN UTAH

exceeding 5,000 feet and receives annually about 20
inches of rainfall, it is comparatively treeless. Widely
spaced pifions and junipers are rooted in rock cracks on
the plateau top, on the edges of mesas, and on canyon
walls and together with rare willows form small groves
in depressions floored with sand that from time to time
Sage, buckbrush, and cactus,
growing as individuals or as groups, seem equally at
home on the plateau surface and in canyons. Grass of
various kinds and a surprising number of annuals grow
in the wind-made flats, low dunes, and mounds built at
the base of trees and brush. Outside the canyons the
soil i1s predominantly shifting sand. There are large
areas of bare rock contmuously swept clean by rain
wash and wind.

Red Rock Plateau is a lonely region and doubtless
has always been so. The cliff houses in Lake Canyon,’
Moki Canyon, Knowles Canyon, and elsewhere are few,
small, and crudely built. They seem to be the tempo-
rary homes of migratory bands or of pioneers who
As remarked by
Judd,” “Thése ancient folk, safely cloistered in murky
canyons, tarried but a short while; then moved to a
happier environment.” For the Plutes and Navajos
the plateau is a hunting ground for deer and mountain
sheep. For white men it is a feeding ground for cattle.
But as a cattle range its use is restricted. There is
enough forage for several thousand cattle and enough
water to supply their needs. The permanent water
supplies, however, are unfavorably placed. Over about
800 square miles of surface there are few perennial
springs, and the best grasslands have none. Access to
seeps on the canyon bottoms is possible at few places.
After rains water stands for days in rock pockets and-in
favorable seasons may last for weeks. During most
years fall rains and winter snow provide sufficient water
for livestock. The critical season is summer. By June,
or even May, water is no longer available. The stock
that can be accommodated in the national forest is
driven to Elk Ridge, and the remainder started on the
100-mile trail to the railroad at Thompson.

WILSON MESA

West of the Step and north of the Great Bend of the
San Juan River the characteristically rough surface of
Red Rock Plateau is replaced by a level, undissected
floor. On the east it terminates just back of the Step;
its north and west edges are defined by the box heads.
of canyon tributaries to the Colorado; its south edge
overlooks the San Juan River, 2,000 feet below. To.
this remarkable feature, the only stretch of flat land
along Glen Canyon, the San Juan Mormon band gave
the name “Gray Mesa’’, in recognition of the color of
its rock floor and in contrast with the red-rock country
north and west of it. In recent years, however, the
terms ‘“Wilson Mesa” and “Rustlers Flat’’ have come:

# Judd, N. M., Beyond the Clay Hills: Nat. Geog. Mag., vol. 45, p. 279, 1924.
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into use. Wilson Mesa is a distinct geographic unit.
No pifions, junipers, or other trees grow on the mesa;
grass and low, hardy brush cover the surface. As a
point from which to view the stupendous work done by
the Colorado and San Juan Rivers, Wilson Mesa vies
with Navajo Mountain and the Kaiparowits Plateau.
In traverses across its surface there was no opportunity
to trace the boundaries of Wilson Mesa. The outline
shown on the map is therefore highly generalized.

~ GLEN CANYON

Throughout most of its course in Glen Canyon the
Colorado flows close to the base of its massive sand-
_stone walls 800 to 1,200 feet high. (See pl. 7, A4, B,
C.) In places the walls are undercut. At low water
stages mud flats are exposed here and there at the base
of cliffs, and in the river itself sand bars appear. There
are also gravel bars above the reach of high water—
the sites of placer claims. Most of the tributaries to
Glen Canyon enter through narrow gashes in the walls
and join the master stream without passing over flats
or deltas. At their mouths their depth and width are
about the same as farther back. In fact, in passing
through the canyon it is difficult to tell whether some
of the vertical grooves in the towering walls are local
-features or the exits of long streams. Red Canyon and
White Canyon join Glen Canyon less abruptly; the
last half mile of their courses is a gravel-strewn flat.

In general, the color of the canyon walls is the color of
the rock, little changed by a coating of vegetation. -

Only a few pifions and junipers seem to maintain a
foothold. At the heads of alcoves and in recesses
about water seeps, oak, ferns, and brush of various
kinds grow vigorously. The high-level bars support
cottonwood, willow, and tamarisk, and the bars exposed
at low water are thickly covered with young trees.
Glen Canyon was known to the prehistoric peoples,
whose presence is recorded in ruins and picture writing.
It has been thoroughly explored by prospectors, who
in 1883 to 1900 and intermittently thereafter were at
work on placer claims. Compared to Cataract Canyon,
-above, and Marble Gorge and Grand Canyon, below,
Glen Canyon is a quiet stretch of water many times
traversed by explorers, miners, and tourists, who reach
it from the settlements in central Utah. The trip by
boat from Hite to Lees Ferry is a memorable experience
attained in a few days’ time with little necessary
discomfort.
Mining has proved unprofitable, and the routes that
made use of crossings at Hall Creek and Hite have been
abandoned. Except for its scenic -interest, its future
economic usefulness lies in the possibility of developing

water power. .
BEEF BASIN

As viewed from Horse Mountain the Beef Basin
country appears as a flat dome, about 20 miles long and

| even in summer.

| rainfall and temperature.

At present no one lives in the canyon.

8 miles wide, extending northwestward from the base of
Elk Ridge. Into the northern and eastern flanks of the
dome tributaries to Indian Creek have cut deep box-
headed canyons. Along its south border Beef Basin
extends westward as a wide valley and is joined by
tributary canyons that reach north to and beyond the
crest of the dome and south into the flanks of Elk Ridge.
Springs at several canyon heads, in particular Home
Spring, provide a perennial water supply that makes
possible the utilization of the basin as a grazing area
Along canyon walls near the springs
cliff houses are numerous. In general views from high
points the region appears as an enormous expanse of
white sandstone, carved in places deep enough to expose
the red beds and dotted by buttes. Toward the west
Beef Basin Canyon rapidly deepens, and from the
mouth of Fable Valley to Cataract Canyon it is a gorge
1,000 to 2,000 feet deep.

CLIMATE
. GENERAL RELATIONS

In the San Juan country, as in other parts of the pla-
teau province, the climate is controlled only generally
by latitude and the passage of cyclonic storms. In a
broad sense, the westerly winds of the winter and the
southwesterly winds of July, August, and September,
rather than the more variable winds of other seasons,
provide conditions favorable for precipitation; but these
factors are greatly modified and in some places nullified
by altitude and topography. The result is a group of
local -climates, each with its peculiar distribution of
Thus at Bluff, in the San
Juan Valley, the mean annual precipitation is about
7 inches; at Blanding, on Sage Plain 27 miles to the
north, about 15 inches. At Monticello southeast winds
prevail throughout the year; at Blanding, 22 miles

_distant, the wind is south for 10 months of the year,

southwest for 1 month, and north for 1 month.

Rain showers are short and far apart. Most showers
last for an hour or less and furnish rain to a few square
miles. The number of days in a year on which rain is
lacking or is less than 0.01 inch is 323 at Aneth, 314 at
Blanding, 327 at Hite, and 311 at Monticello, the wettest
station for which records are available. Many of the
recorded small monthly rainfalls are in reality the
records of single showers, and the larger monthly means
may comprise but a few heavy downpours. But during
these infrequent showers water seems to be everywhere;
the bare rocks are coated, waterfalls drop over the can-
yon rims, and the dry washes become turbulent, muddy
streams. Most of the brief showers of summer and
early fall are accompanied by lightning. Bolts from s
cloud mass—perhaps the only one in an otherwise clear
sky—strike savagely at trees or bare rocks. The pre-
cipitation from these showers is slight; it sprinkles the
ground with scattered drops or with a few hailstones.
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During July and August 1921 Miser 2 experienced 23
thunderstorms, yet the precipitation recorded for those
months at the nearest station (Bluff) was only 1.65
inches.

As is to be expected, the low-lying canyon settle-
ments Hite, Bluff, and Aneth experience higher mean
annual temperatures than the plateau villages Blanding
and Monticello, yet the highest temperature recorded
in San Juan County is at Blanding (110°) and the
lowest at Aneth (—29°). Except in deeper canyons,
snow is expected any time between October 1 and June
1. Even in the San Juan Canyon at Aneth the annual
snowfall of 5 inches is distributed through 5 months.
Snow may fall on Elk Ridge (altitude 8,000 feet) at
any time between September and June and on the
Abajo Mountains (altitude 11,000 feet) during every
month of .the year. Extensive snowbanks were en-
countered near the Bears Ears in May. About Abajo
Peak and Mount Linnaeus snow chokes the canyon
heads until late in June and supplies water to streams
until late in August. During most winters snowdrifts
block the Monticello-Blanding highway and make the
Blanding-Kigalia road impassable.

Characteristic features of the San Juan climate are
the great range of diurnal temperature and the preva-
lence of clear skies. During summer and autumn a
daily range of 50° is not unusual. Hot days are fol-
lowed by cool nights beginning soon after sunset.
Even in deep canyons during the hottest part of the

year few nights are comfortably spent without a cov- |

ering blanket. On Elk Ridge in July uncomfortably
hot days may be followed by nights during which water
freezes in camp buckets.
At Hite, Bluff, and Goodridge days with cloudless
skies number probably 200 a year. At Blanding the
approximate means for the years 1922-27 are, clear,
133 days; partly cloudy, 153; cloudy, 79. Of ‘the
cloudy and partly cloudy days, those with rain number
about 50 at Blanding and perhaps 40 at Aneth, Hite,
and Bluff. West of Elk Ridge and dlong the San Juan
many clear days are to be expected in every month of
the year. In spring and fall they may be continuous
for 1 or 2 weeks, and throughout the San Juan country
days with scattered clouds greatly exceed those with
overcast skies. It is estimated that southeastern Utah
as a whole receives 85 percent of the possible sunshine.
Because of its clear skies, its low.humidity, its large
range of daily and annual temperature, and its almost
constant gentle winds, the climate of the San Juan
country is invigorating. Though the heat of spring

0 Miser, H. D., The San Juan Canyon of southeastern Utah, a geographic and
hydrographic reconnaissance: U. S. Geol. Survey Water-Supply Paper 538, p. 16,
1924.

and summer days is great, it is not oppressive; it is
dry heat, and the coolness of night is equally dry. To
escape the discomfort of the hottest days spent trav-
ersing the bare ledges and sand-floored washes, it is
only necessary to seek the shade of a rock. The edge
of a shadow is the dividing line between. heat and
delightful coolness.

PRECIPITATION
RECORDS

Since the settlement of the San Juan country in 1880,
facts about floods and droughts, the time of killing
frosts, snowfall, and ice in the San Juan and the Colo-
rado have been recorded in archives of the Church of.
Jesus Christ of Latter Day Saints. Diaries and the
recollections of old-timers are additional sources of in-
formation. Instrumental measurements of the amount
and distribution of rain that falls between the Colorado-
Utah boundary line and the High Plateaus, 100 miles
west, have been made by volunteer observers.

At Aneth the records are complete for 9 years, 7 of
them consecutive (1901-7); at Hite, for 12 consecu-
tive years (1902-14); at Bluff, for 14 years, scattered
through a period of 24 years. At Monticello the rec-
ords are substantially complete for 17 years (191119,
1924, 1928-34), and when supplemented by measure-
ments gt Verdure, 7 miles south of Monticello, and at
the nearby Baker ranger station, give a reasonably ac-
curate record of the rainfall for 33 years (1902-34).
The most satisfactory records are those at Blanding,
which, except for the years 1910 and 1911, are com-
plete and consecutive for 29 years (1905-34).

Unfortunately these six stations are so located as to
give information for only a small part of southeastern
Utah. Bluff, Blanding, and Monticello are in a north-
south line; Baker ranger station is close to Monticello;
Aneth has substantially the same situation as Bluff;
and Hite obviously records peculiar conditions. For
the higher lands, for the lower San Juan Canyon, and
for the great stretch of country between Comb Wash
and the Colorado measurements of climatic factors
are lacking. Of the records published, those for
Blanding are believed to represent best the conditions
on the plateau lands, and Bluff those of the canyon
floors. '

Though the instrumental records are obviously too
fragmentary for detailed climatic studies, when supple-
mented by observations on streamways and vegetation
they give a generalized picture of the climate and
indicate the amount and distribution of rainfall in
those parts of the San Juan country that are adapted
for agriculture. (See fig. 1.)
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Precipitationlin the San Juan country

Aneth (altitude 4,800 feet)

COUNTRY, SOUTHEASTERN. UTAH

Precipitation in the San Juan Country—Continued

Monticello—Continued
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3.60] .60f 1.28| . . . . . 05] . . . .84( 17.63 . . .
1.93| 60| 20| 2.22 .79| 00| 203 .43 (40 T: | ‘10| ‘0| 870 | 20 inches of rain and snow only at Alton, on the High
.91 .25} 2.08f .20 L . . .20f 1.15( .87 .91 2.38) 11.14 -
-08) 131| T.71| 25| 1.1s| T. | 1.51| 1.44| 67| 177} 335 .25 13746 | Plateaus of Kane County, and Winter Quarters, near
1,97} 2.91| 1.22[ .05 1.54| .76; T. | 1.76] .79 1.28] 1.65| .47| 14.40 : ' . .
47| .| 70| 98| 1.74| 74| 2.68| 2.38| .01| L6s| .51 2.64) 1450 | the crest of the Wasatch Mountains in Carbon County.
1.92) 2.25| 1.57| .35 .70{ .21| 1.22} 1.52{ .15| .10] 2.30| 1.50| 13.79 . . . L.
I R B PCE e I R R At 29 stations less than 15 inches is recorded, and at
. . . . . | .81} . . .32 . 1.97 . 06 . . .
231 102| 41| 70| .o0a] 80| o8| 1.20| 202| 189| (45 .60 151 | 19 stations less than 10 inches. With respect to total
.32 .33 .80( 4.35] 2.62| .23| 1.03) .51| 1,27 .79{ .22| 2.90{ 15.37 . . .
.60 2:88| 186 .17| T, | 2.47| 50| 1.73| 4.80| 1.18| 78| 1.30| 19.36 | rainfall, San Juan County, with an-annual mean of
.34 1.68] .97| .40| 1.86| .22| .54| 1.85 .15| 3.96] 1.76] .99| 14.72 - - . . .
va8l 170 (19| 50| .48 00| 1.05 2.21] 192 “21] .00l T, | 9.63 | about 12 inches, is more favored than its neighbors.
1.54) .73 .71] 1.65| .39| .40| .66| 1.82| 2.55 .34] 1.90| .00| 12.69 . .
T, |1.47| .80 .73 32| .39 _42| .46| 1.08 2.14| 2.17| 2.00| 13,78 | Grand County receives 7.88 inches; Wayne County,
L7701 2.27) T. | 1.00} .37 .67| 1.43| 1.57| 1.72| .37| .00] 1.02] 11.19 . : . -
140 14 i2| 126 133) 24| 130| 85| 2.61] 1.52| 122| .55 12.63 | 6.85 inches; Garfield County, 10.30 inches; and Kane
.27) 1.41) .05 .66| .93} .05! .25 .57 .28] .15/ 1.28| 1.17| 7.07 - ’
| County (excépt for a small area on Paunsaugunt
1.34] 1.49| 1.13| .95 .76/ .44} 1.38| 1.48] 1.36| 1.58| 1.32] 1.69| 14.94 .
‘ Plateau), about 8 inches.
1 Interpolated. A comparison of rainfall records of the different
. Monticello (altitude 7,400 feet, . - :
(ateitn ) stations shows clearly the influence of geographic

Record for 1905 at Ver i h i - s . . :

[ 905 at Verdure, 7 miles south of Monticello] position. At Hite, Bluff, and Aneth, stations in
iggg ______ 1%7510_2213,'3 (')1\%7 113 ggg (l)g 1;(2) %ll)g 083 33(3) 038 15?3 canyons at altitudes of .3,500, 4,200, and 4,800 feet,
iggg._ .01 .09| 1.53] .12| 1.67 gﬁ ig 3,2(1) ég; 1.‘3613.30 1,65| 12,38 the_ mean annual rainfall is respectlvely 7.28, 6.97, and
1906 5737 Ta1[ 5712 2731 1734] [00| 2.28| 1.08| 5.6 70| 2.90| -8 7531 | 7.00 inches. The mean totals for Bluff and Aneth
ot Rk I e 1 o ’ 5| 5 og| 1-96) 200 .47} 3 B-—---- probably fairly represent conditions in the San Juan
1909... 1.75| 8.80( 1.10 P30 I IO RN IO A 1 .

1910, 1. 54| 18801 1.50 ol irlisiliterlitiol 5 | Valley east of Comb Wash but, to judge from field
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experience and amount and kind of vegetation, are
too high for the region about Goodridge and for the
. stretches of canyons farther west. The position of
Hite, at the base of the Henry Mountains, seems to
give it a rainfall greater than that believed to be charac-
teristic of Glen Canyon. For the stations about the
Abajo Mountains, Blanding (altitude 6,400 feet)
receives 14.94 inches and Monticello (altitude 7,400
feet) 16.72 inches. Records kept for 3 years (1921-23)
indicate that somewhat more rain falls at Lockerby,

near the Utah-Colorado line, than at Blanding or

Monticello. On. the higher lands the precipitation
undoubtedly exceeds that recorded for any station.
The forests, meadowlands, springs, and small bodies
- of standing water on Elk Ridge and the Abajo Moun-
tains indicate an annual precipitation certainly exceed-
ing 20 inches and perhaps as much as 25 inches. For
Kigalia ranger station A. C. Folster, forest supervisor,
estimates the precipitation as 23 inches, including the
equivalent of the snow, which during most years covers
the ground to a depth of about 3 feet from December
to April.
VARIATION FROM YEAR ' TO YEAR

The precipitation at stations in the San Juan country
shows a wide annual range, though somewhat less than
that recorded for the Navajo country to the south or
the Kaiparowits region to the west. The variation
is less at the canyon stations (Aneth, Bluff, and Hite)
than at those at greater altitudes. At Hlte, where the
annual mean is 7.28 inches, 12.36 inches of rain fell
in 1905 and 3.12 inches in 1903, & year during which
November and December were rainless. At Bluff the
extremes are 12.72 inches in 1927 and 3.63 inches in

1913; at Aneth, 10.83 inches in 1911 and 4.00 inches in |

©1912. At Blanding precipitation of 20 inches or more
is recorded for 1906, 1908, 1909, and 1915. The rain-
fall at Blanding for 1909 (24.61 inches), the heaviest
recorded for San Juan County, was two and one-half
times that of the following year (9.48 inches) and still
greater than that for 1917 (8.70 inches) and 1934
© (7.07 inches). In 1906 and 1911 Monticello received
more than 23 inches of rain; in 1903, only 9.12 inches;
and in 1934, 8.21 inches. The records show that 1903
and 1934 were dry years at.all stations in San Juan
County, that 1913 was another dry year at Aneth and
Bluff though not at Blanding or Monticello, that 1905
was 8 wet year at three stations, and that 1906, 1909,
1911, 1915, 1916, and 1927 were wet years at two

" stations.

Long before instrumental records were made the
pioneers experienced years of heavy rain and years of
drought. As related in diaries it “rained for a solid
month’ in the summer of 1884, and during the ‘“great
drought’ of 1896 the San Juan at Bluff could be crossed
dry-shod. Dying fish in pools scattered along its sandy
bed were caught by Navajos and sold as food. Hot
southwest winds caught up the sand from the river

no rain fell during June.

bed and swept cultivated fields bare of soil down to the
base of plow furrows. In areas adjoining the San
Juan intermittent streams ceased flowing, large springs
decreased in volume, and small springs disappeared.
Except on the mountains the fodder of pasture lands
was deficient in amount and quality. In 1934 the
San Juan country in common with adjacent regions
witnessed extreme aridity. In July the bed of the
San Juan River was dry.

Some years of abnormal pre01p1ta,t10n in the San
Juan country correspond with those in other parts of
the plateau province. Others show wide differences.
The year 1903 was dry in the Kaiparowits region but
unusually wet at Fort Defiance; in 1913 Holbrook and
Chinle were dry, but most other stations experienced
heavy rains, and Fort Defiance received one of its
heaviest rainfalls. The year 1905 was wet at stations
in the Navajo country and at Alton and Cannonville,
in the Kaiparowits region, and 1911 was exceptionally
rainy over most of northern Arizona and southern
Utah. Likewise at most stations the precipitation for
1906, 1909, 1915, and 1916 was somewhat above normal.
The records available give no indication of cycles. At
many stations exceptionally wet years are immediately
followed or preceded by exceptionally dry years.

As the maximum annual precipitation in the San
Juan country is insufficient for ordinary agriculture
and in places even for grazing, and as the possibility

‘of irrigation for any year depends upon the rain and

snow that fall on the Abajo Mountains, these great
variations from year to year limit the utlhzatlon of the
abundant unoccupied land.

SEASONAL DISTRIBUTION

In the San Juan country the seasonal distribution of
rainfall is unfavorable for ordinary farming and for
the vigorous growth of forage plants. For all stations
March is a relatively wet month, but the combined
mean rainfall during April, May, and June is 2.63
inches for Monticello, 2.15 inches for Blanding, 1.27
inches for Bluff, and 0.96 inch for Aneth. In 2 years
at Monticello and 3 years at Blanding, Bluff, and Aneth
Part of even this inadequate
supply is unavailable; evaporation during these dry,
bhot months is great. In a few favored areas the mois-
ture from fall rains, kept intact during the winter and
supplemented by the small supplies of spring, is suffi-
cient in some years to bring field crops to maturity, but
in most of the San Juan country the success of irrigated
crops depends upon the raing of July.

During 30 years at Blanding the July rains amounted
to 0.05 to 0.98 inch for 9 years, 1.00 to 2.00 inches for
13 years, and more than 3 inches only in the ‘‘good
years” of 1911 and 1914. During 32 years Monticello
recorded only 9 years with a July precipitation exceed-
ing 2.00 inches. July rains exceeding 1.00 inch fell
in 3 out of 15 years at Hite, 3 out of 19 at Bluff, and
4 out of 11 at Aneth. In general the nonirrigated
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crops for years having July rains of less than 2.00
inches are raised at a loss. .

The range in monthly rainfall from year to year is
large even for semiarid regions. The figures for Bland-
ing during 30 years, in inches, are: January, trace to
4.09; February, trace to 3.87; March, trace to 3.72;
April, trace to 4.35; May, trace to 2.62; June, 0.00-2.47;
July, 0.05-3.55; August, 0.13-3.78; September, 0.01-
4.80; October, trace to 7.01; November, 0.20-4.31;
December, 0.00-6.43. October 1916, which had the
heaviest monthly rainfall recorded (7.01 inches), was
preceded and followed by Octobers with only a trace.
Corresponding variations appear in the records of other
stations. Obviously, agriculture based on an expecta-
tion of rain for a certain month or a group of consecutive
months and stockraising that depends on ephemeral
water supplies are speculative industries.

Except for a relatively dry season that includes April,
May, and June, which is characteristic of the plateau
province, the meteorologic records for the San Juan
country show no uniform seasonal rainfall. In amount
of precipitation the seasons rank at Aneth, fall, summer,
spring, winter; at Hite, fall, winter, spring, summer; at
Bluff, winter, summer, spring, fall; at Blanding, winter,
fall, summer, spring; at Monticello, fall, spring, sum-
mer, winter. The wettest month of the year is Sep-
tember at Aneth, November at Hite, July at Bluff,
December at Blanding, March at Monticello, and April
at Baker ranger station. At Bluff November is nearly
as dry as June; at Blanding the November rainfall is
three times that of June. The distribution of rainfall
during the wettest and driest years of record is shown
in figure 1.

TEMPERATURE

As shown by a comparison of the tables for the mete-
orologic stations in the San Juan country, the mean an-
nual temperature varies with altitude; but in order of
the amount of heat experienced, the position of the
months differs considerably. The warmest months
have the rank July, August, June, September, May.
The coldest months have the rank January or Decem-

ber; February or November; March, November, or,

February.

At Monticello, the coldest station, the thermometer
rarely records as much as 90°, and the highest recorded
temperature during 32 years was 98°. At the other
stations in San Juan County temperatures exceeding
100° are normal for June, July, August, and September.
The maximum figures are, for Aneth; 106°; Bluff, 109°;
Blanding, 110°; Hite, 115°. The difference in mean
monthly temperature from year to year, though not
abnormal, is greatest in September and January. The
September variation is a factor of some importance in
agriculture. Temperatures below zero have been
recorded at.all stations; at Monticello and Blanding
they may ocecur at any.time during November, Decem-
ber, January, and February. .At Bluff temperatures
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below zero are expected late in December. Because of
some local conditions not understood, Aneth, otherwise
a warm station, has experienced the lowest tempera-

‘ture (—29°) recorded for San Juan County.

Each year the soil is frozen to depths of 1 to 4 feet
and the Colorado and San Juan Rivers freeze over in
places. During some years the ice is sufficiently solid
to support teams and wagons. ,

The annual ranges of temperature are great. The

maximum ranges recorded are, for Monticello, 119°
(98° to —21°); for Blanding, 133° (110° to —23°);
for Hite, 116° (115° to —1°); for Aneth, 135° (106°
to —29°), the highest range recorded for the plateau
province and among the highest known. ,
- The daily range of temperature, except on canyon
floors, is probably 40° to 50°. Hot days are followed
by cold nights, and passing thunder showers lower the
temperature abruptly. ‘

As given in the reports of the United States Weather
Bureau, the average period without killing frosts is 145
days (May 17 to Sept. 29) at Blanding, 154 days (May
5 to Sept. 26) at Aneth, 224 days (Mar. 24 to Nov. 3)
at Hite, 118 days (May 29 to Sept. 24) at La Sal, and
128 days (May 26 to Oct. 1) at Monticello. In excep-
tional years killing frosts come later in the spring or
earlier in the fall, or both later and earlier, thus reducing
the length of the growing season disastrously. During
certain years days without killing frosts numbered 130
at Aneth, 90 at Blanding, 179 at Hite, and 78 at
Monticello.

As corn requires, on the average, 90 to 150 days, and
fruit an even longer period to reach maturity, it is
obvious that crops suitable for the San Juan country
must be selected with discrimination and that crop
failures are to be expected.

Temperature (°F.) at stations in the San Juan country

[From records of U. S. Weather Bureau]

Mean .
Highest | Lowest
Maximum | Minimum | Monthly :
ANETH !

January ... 43.2 17.5 30.4 63 -29
February..occmeecccacnc- 51.3 24.3 37.8 77 2
March. oo oot 59.4 |- 33.0 46.2 83 14
Aprileo . 69. 6 39.9 54.7 86 19

£ S 78.8 47.6 63.1 93 31
June. ..o 89.4 55.8 72.2 105 38
L) 94.5 61.7 78.1 104 45
Augusto..oooemeeaC 93.5 611 77.3 108 42
September__._.._._..__. 83.7 51.3 67.5 100 28
October. coccerecvaaoao 7.8 39.3 50. 6 88 22
November. ............. 57.1 28.0 42.6 74 10
December. .oo..._._._.. 41.4 17.7 311 67 -2
Annual._.. ... . ___ 69.7 30.8 54.3 108 —29

HITE 2

January. . ooocccooon 46.8 4.7 35.7 66 1
February-....o..._.____ 54.7 30.0 42.4 81 (]
March. oo 65.1 37.3 51.1 86 18
Aprilo . 74.2 44.3 69.2 04 28

- 3., 83.4 52.9 88. 2 104 35
June. - e 94.2 61.3 77.7 111 40
JUN Y el 99.5 68.8 84.2 115 44
August. 97.7 67.9 82.8 110 51
September. 88.6 56. 4 72.5 104 39
October.__ 75.4 43.9 59.7 91 29
November. 60.9 34.1 47.5 78 18
December....._.._..__. 46.1 24.3 35.2 76 -1
Annual _____.__.____.___ 73.9 1 45.5 59.7 115 -1
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Temperature (°F.) at stations in the San Juan couniry—Contd.

Mean .
Highest | Lowest
Maximum | Minimum { Monthly
BLUFP
January.........., ——————— 30.1 16.1 21.6 62 -20
February.ccccececcuenane 60.0 26.6 38.3 72 -13
March......_. 60.1 33.0 46.5 80 16
April 69.6 40.3 55.0 88 20
May..ooooeeee 79.8 49.7 64.7 95 28
June....cooo.. 90.8 57.5 74.0 105 38
JOVY et 94. 4 65. 6 80.0 109 40
August, 91.9 62.3 77.1 104 40
September 83.7 63.4 68.4 99 29
October 71.0 40.8 56.0 89 20
November 55.0 30.2 42.6 85 -1
December. 40.0 18.6 20.3 60 —18
Annual 68.8 41.2 55.0 109 -20
' BLANDING
37.0 15.4 26.3 62 —15
4.3 2L.6 32.9 71 -23
52.6 27.5 40.0 86 4
61.6 34.2 47.8 88 10
70.2 41.0 56.6 91 15
81.7 50.3 66.0 110 28
86.0 57.6 71.8 109 42
84.5 55.5 70.0 106 40
September..._... © 76.5 47.4 61.9 100 20
October. ... 66.0 37.1 51.5 99 12
November....._.. 52.6 26.8 39.7 74 -7
December........ - 30.1 18.0 28.4 65 ~11
Annualo.o.ooooooaeeoooo 62.7 36.0 49.3 110 -23
MONTICELLO

January. ... _.o.o._.. 34.4 12.5 23.4 57 -12
February...... 39.4 18.3 28.8 80 21
March. .. _.... 46.6 24.7 35.6 81 2
April.. 57.3 32.1 4.7 80 4
: 3 2, 65.3 38.4 51.8 85 14
June.......... 76.5 47.1 61.8 97 27
Julyooooooae 8l.4 53.4 67.4 97 35
August._.._.... 79.8 51.7 65.7 98 37
September 72.6 44.0 58.3 89 21
October. _. 62.7 34.8 44.2 80 12
November. 48.8 25.2 37.0 70 -6
December..... 36.1 15.1 25.6 58 —14
58.4 33.1 45.4 98 —21

1 Length of record, 10 years.

1 Length of record, 14 years.

WIND

At Monticello the recorded direction of prevailing
wind was consistently southwest for a 9-year period.
At Blanding it was prevailingly south, except for De-
cember (southwest) and January (north), for the years
1904-20 and 1923-27, and southwest during 1921-22.
These regional directions are those common to the
plateau province and are reflected in the shape of trees
in exposed positions and in the alinement of dunes and
wind-borne debris on the flat surfaces of Sage Plain and
Grand Gulch Plateau. But for most of the region the
winds are highly variable in direction, strength, and
continuity. They blow in and out of canyons, up
canyons, down canyons, and around buttes and mesas.
They blow up over the box heads of canyons during
the day, only to return down canyon at night. During
the hot summer days they seem to head from all direc-
tions toward sand flats and stretches of naked rocks.
The rugged country west of Red House Cliffs provides
no long sweeps for the wind, and on the flatter plateaus
any material available for wind transportation has long
ago been carried eastward and added to the soil of
Colorado. Consequently, there are no large areas of
dunes, and severe dust storms are infrequent. The
most annoying one ‘experienced during field work
originated in the plowed fields about Blanding.
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For the San Juan country as a whole soil is deficient
in amount and in fertility. Over large areas it is merely
shallow filling of disintegrated material in depressions
between projecting rocks, sand temporarily holding its
position on wind-swept rocks, or deposits left by storm
floods only to be moved by succeeding floods. The
patches of soil on canyon and mesa walls, in mountain
gullies, and on isolated mesa tops are unfavorably
located for utilization. Large areas have no soil at all.

Most of the flat-lying surface rock is siliceous sand-
stone deficient in mineral plant food. The patches of
shale on Sage Plain are small, and the limestones of the
“oil fields” are too continuously dry to permit the for-
mation of residual clays. In local parlance the land
west of the Clay Hills is ““a lot of rocks, a lot of sand,
more rocks, more sand, and wind to blow it away.”
On the whole agricultural soil derived directly from the
decomposition of rock in place covers probably not
more than 5 percent of San Juan County. The low
ground-water tables, the short-lived heavy showers,
and the scanty vegetation are unfavorable for the
decomposition of rocks and the retention of soil in place.

Nearly all the soil suitable for agriculture is trans-
ported soil, carried and deposited in its present position
by running water. The soil about Blanding, Verdure,
and Monticello, in Mormon Pasture, and along the
headwaters of Indian Creek and Allen Canyon is the
result of erosion in the Abajo Mountains, which has °
provided material for transport by the streams that
spread from the mountain base. Because this soil is the
product of igneous rocks and shale, as well as of sand- -
stone, it includes the necessary inorganic plant foods.
The soils about Bluff and Aneth, at the mouth of Red
Canyon, and in Montezuma, McElmo, Cottonwood,
Comb, and the many other narrow valleys are the tops
of flood plains and terraces built by the San Juan, the
Colorado, and their tributaries out of materials derived
from nearby and distant sources. During the last 50
years most of the soil in these valleys has been carried
away by floods. (See p. 102.) .

That these transported soils are fertile is shown by
the vegetation. Thick sagebrush and oak occupy parts
of the alluvial fans about the Abajo Mountains, and
groves of cottonwood and willows and dense stands of -
weeds appear along the San Juan, the Colorado, and
most of the wider washes. The ruins of small gardens
and cornfields are common about the sites formerly
occupied by Cliff Dwellers. At the present settlements,
even without irrigation, potatoes and melons are raised,
and in favorable seasons w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>