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THE SAN JUAN CANYON, SOUTHEASTERN UTAH
A GEOGRAPHIC AND HYDROGRAPHIC RECONNAISSANCE

By Huen D. Miser -

LOCATION

The canyon bearmg the name of San Juan River, which runs
through it, lies in southern San Juan County, in southeastern Utah.
It extends westward from the mouth of Chinle Creek to Colorado
River, a distance of 63 miles in a straight line, yet it is so crooked
that the distance by stream is 183 miles. (See Pl. XV.) The can-
- yon has close precipitous walls as much as half a mile high and is
continuous except for short distances where the river flows through
open country. '

San Juan River rises in the high San Juan Mountains of Colorado,
whence it flows southwest into New Mexico, back into Colorado,
enters Utah, flows west through its canyon, and j joins Colorado River
near the Utah-Arlzona line.

The region trenched by the canyon is a rough, arid country, diffi-
cult of access, which forms a part of the broad Colorado Plateau.
It is penetrated by few trails and still fewer roads, and parts of it
are impassable for man and beast. All of the region lies more than
150 miles from a railroad, and some of it is about 200 miles from a
railroad. Although the region includes a part of the Navajo Indian
Reservation, it has not more than a few score mhabltants. Thg
canyon was not the habitation of a single person in 1921. Bluff is
the nearest post office, and the “ villages ” of Goodridge and Mexican
Hat, with their combined population of half a dozen persons, are
the only white settlements near the canyon. ‘

PRESENT AND PREVIOUS EXPLORATIONS

_ This report, which describes the San Juan Canyon, San Juan

River and the tributary streams, and the geography and to some

extent the geology of the region, presents information obtained by

me during the descent of the river with the Trimble party in 1921.

The exploration of the canyon, which was financed jointly by the
’ . 1



2 THE SAN JUAN CANYON

United States Geological Survey and the Southern California Edi-
son Co., had as its primary object the mapping and study of the
San Juan in connection with proposed power and storage projects
along this and Colorado rivers.* The exploration party was headed
by K. W. Trimble, topographic engineer, Qf the United States Geo-
logical Survey. Other members of the party were Robert N. Allen,
Los Angeles, Calif., recorder; H. E. Blake, jr., Monticello, Utah,
and Hugh Hyde, Sa.lt Lake City, Utah, rodmen; Bert Loper, Green
River, Utah, boatman; Heber Christensen, Moab, Utah, cook; and
H. D. Miser, geologist. Wesley Oliver, of Mexican Hat, Utah,
served as packer for the party and brought mail and provisions by
pack train twice a month to specified accessible places west of Good-
ridge.

The party descended the canyon by using two 16-foot, flat-bottomed
rowboats, which were built in. Los Angeles, Calif., shipped to Green
Rlver, Utah, and hanled 170 miles with a quad truck to a point on
the river 4 miles below Bluff, Utah. The boats were launched and
the canyon voyage began July 18, 1921, and the mouth of the river
was reached October 3. The length of the river thus traversed was
about 140 miles, though before making the voyage we did not know
whether we would have to travel 100 miles or 150 miles to reach the
Colorado. The voyage was attended by strenuous labor and hard-
ships, such as may always be expected in explomng an unknown
canyon with its rapids in an uninhabited region. Its successful com-
pletion was due to the painstaking preparations and wise leadership
of Mr. Trimble and to the loyalty and cooperatwn displayed by. all
his asgistants.

During the descent of the canyon I made detailed and recon-
naissance studies of the geology not only along the river but to
distant points as far as 25 miles from the river. On October 5 1
joined, at the mouth of the San Juan, Sidney Paige, E, C. LaRue,
and Ellsworth Kolb, who had descended by boat Green and Colo-
rado rivers from the town of Green River, Utah. The down-
stream party reached Lees Ferry, Ariz., October 8, after a hurried
trip with only a few short stops, mcludmg a visit to the Rainbow
Natural Bridge.

Numerous oil and gold prospectors have descerided in rowboats
and on rafts parts of Sen Jusn Canyon between Bluff and Zahns
Camp (see PL. XV), and it is stated that a man with pack train
ascended the canyon floor a considerable distance many years ago
while the river was at an exceptionally low stage. Some of the
prospectors ascended the canyon with their boats, but they had to
tow the boats upstream, because the current is too swift for up-

1The maps and profiles along Colorado and San Juan rivers that were made in 1921
have been published in 22 sheets (16 plans and 6 profiles) and may be purchased from
the Director of the U. 8. Geological Survey, Washington, D. C., for 10 cents each sheet.



PRESENT AND PREVIOUS EXPLORATIONS 3

stream rowing. Bert Loper, our boatman, who spent two and one-
half years prospecting for gold in the upper part of the canyon,
beginning in 1893, made a trip at that time on a raft from Chinle
Creek to Slickhorn Gulch in company with Bill Clark and John
Clark. This trip he repeated numerous times with a boat, and on
several trips he was accompanied by George Edmonson and James
Hamilton. In 1894 Loper, together with Edmonson and John Clark,
descended the canyon to Zahns Camp and then returned to the head
of the canyon by towing the boat upstream. ~

The Trimble expedition was the first engineering expedition to
descend and map the San Juan Canyon, and so far as I have been
able to learn from printed records and from inhabitants of Utah
it was the fourth expedition of any kind that has ever descended
the full length of the canyon.

The first known trip down the canyon was made by E L. Good
ridge, an oil prospector, who descended in the spring of 1882 the
San J uan and Colorado canyons. from Bluff. to Lees Ferry with the
loss of one boat.r

In 1894 Walter E. Mendenhall a gold prnepector, of Lake City,
Colo., made the trip alone in a crude hand-made hoat from Menden-
hall Cabln to Lees Ferry.? In the summer of 1895 he repeated the
trip together with F. R. Mendtnhall, A. A, Savage, George Munally,
Charles Murphy, Charles Rhodes, and Eli ‘Woolman. They had
geveral boat loads of supplies and mining equipment.? Their most
serious mishap occurred one night while they were asleep on the
bank. The largest boat with the grub and mining equipment broke
its moorings and floated off unaccompanied on its wild journey
down the river, but, fortunately it was found three days later at
the head of a I‘apld where it had lodged unharmed among willows,

'The mapping of the canyon by P. Holman in 1884 as it is repre-
sented on the Abajo and Henry Mountain topographlc maps of the
United States Geological Survey is erroneous and is therefore of
little practical use.

The San Juan oil field, near Mexican Hat and Goodndge, whlch
lies north of and ad]acent to San Juan Canyon, has been visited and
fully described by Gregory * and Woodruff.t Gregory® during his
field work in the Navajo country, visited the canyon at places and
gives much information on its geography and geology. Some fea-

1 Gregory, H. E.,, The 8an Juan oil field, San Juan County, Utah: U. 8. Geol. Survey
Buill, 481, p. 21, 1911,

3 Letter dated March 5, 1922, from Heber Christensen.

2 Gregory, H. E., The 8an Juan oil field, Utah: U. 8. Geol. Survey Bull. 431, pp. 11-25,
1911,

4+ Woodruff, E. G., Geology of the San Juan oil field, Utal: U. 8. Geol. S8urvey Bull. 471,
pp. 76-104, 1812,

S Gregory, H. E.,, The Navajo country: U. 8. Geol. Survey Water Snpply Paper 380,
1918 ; Geology of the Navajo country: U. 8. Geol. Survey Prof. Paper 93, 1917.

06640—24——2



4 THE SAN JUAN CANYON

tures of the river, including the transported silt, the movement of
débris, “ sand waves,” and measurements of velocity and discharge;
have been described by Pierce:* These as well as numerous other
reports and articles on adjoining regions have been consulted during
the preparation of this report, and much information, for which
credit is given in footnotes, has been abstracted from them.

A report describing briefly the rocks of this and other parts of
the Colorado Plateau of southeastern Utah and northern Arizona
was published in 1928.7

A report describing the structure of the rocks and the oil possi-
bilities along San Juan Canyon has recently been published.?®
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SUGGESTIONS TO OVERLAND TRAVELERS

To penetrate the canyon country below Goodridge and Mexitan
Hat requires the use of a pack outfit, because there are no roads
good enough to be depended upon at all times for travel in wagons
or automobiles. Few wagons and still fewer automobiles have been
taken into this area—in fact, much of it is impassable for man or
beast. Zeke Johnson, of Blanding, Utah, and John Wetherill, of
Kayenta, Ariz., not only serve as guides but provide pack outfits.
In 1921 Wesley Oliver, of Mexican Hat (post office at Bluff, 25
miles away), with his pack outfit, was employed to carry supplies
and mail for the Trimble expedition. If arrangements have not
previously been made for equipment at Kayenta, Blanding, or

8 Pierce, R. C., The measurement of silt-laden streams: U. 8. Geol. Survey Water Sup-
ply Paper 400, pp. 89-51, 1917,

7 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 Arizona: U, 8.
Geol. Survey Prof. Paper 132, pp. 1-23, 1923.

8 Miser, H. D., Geologic structure of San Juan Canyon and adjacent country, Utah:
U. 8. Geol. Survey Bull. 751, pp. 115-155, 1924 (Bull. 751-D).
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Mexican Hat, equipment should be procured at Gallup, Flagstaff,
Dolores, Mancos, Green River, or other points on the railroads.

The information given below, which was acquired by H. E. Greg-
ory from personal experience, may be helpful to those who desire to
visit the canyon country.?

The Navajo is vigorous, intelligent, and capable of hard work if it is not too
continuous. He will render assistance for pay, frequently for friendship, and is
loyal and cheerful when fairly treated. He is, however, independent and will
desert with scant ceremony when unjustly treated. He will help himself to
interesting trinkets and to food, but may be trusted with valuable things and
with important missions. He is a past master at driving a bargain. He is an
expert horseman, but knows little of harness, wagons, and pack outfits. His
knowledge of distances and of directions is of such nature as to be of little use
to a white man. It is essential to success that the Navajo should understand
and approve of you and of your mission, and therefore franknéss should charac-
terize all dealings with him. A Navajo, preferably a school hoy. recommended
by a superintendent, should be a member of each party, not oﬁirm serve as
guide and interpreter but to obtain advance:information regarding water and
forage and to establish friendly' relations ‘with those Indians who have slight
acquaintance with the whites.

The Piute, in my opinion, is less tmstworthy and less skillful than his Navajo
neighbors.

The prevalent Indian diseases are tuberculosis and trachoma, a fact which
should be kept in mind when hospitality is extended or accepted.

“Roads,” In the local sense—that is,:routes over which a staunchly built,
lightly loaded wagon drawn by two, four, or more horses may be taken by
skiliful drivers—may be found here ‘and there. * * * The land of the
Navajos [and also of the Piutes] is, however, preeminently a * horseback coun-
try,” and a pack train is the only type of outfit which offers freedom of move-
ment. Quicksand is to be expected in all stream channels and in the beds of
“dry lakes,” and crossings should be tested before wagomns or pack trains are
intrusted to them. ©Owing to sudden rises of water, streams and dry washes
should be crossed at the earliest favorable opportunity, and camp should never
be pitched on the floor of even the most innocent looking dry stream bed or
adobe flat.

The location of camps is necessarily controlled by the distribution of water,
and the traveler should have reliable information regarding water holes and
springs for the particular month during which he proposes to make his expedition.
Grain for horses should be prdvided, as very few places afford the essentials of
camp—water, wood, and forage—and barren zones surround most of the water
supplies. - Not all stores carry grain, and inquiries as to the amount available
should be made beforechand. Puel is lacking at many camp sites or is limited
to yucca, grass, and annuals. TUnder such circumstances the abandoned
“hogans  appear tempting ; but some of these deserted huts have honsed dying
persons and are therefore taboo, and their use may lead to trouble. The trav-
eler should never leave camp without a supply of water and should keep in mind
the deceptive character of ‘mirages. 'The danger from lightning may be mini-
mized by avoiding shelter of trees during the thunderstorms that almost inva-
riably accompany summer rains.

® Gregory, H. E.,, The.Navajo country: U. 8. Geol. Survey Water-Supply Paper 380,
pp. 11-12, 1916,



THE SAN JUAN CANYON

F1eurm 1.—8ketch of the country along S8an Juan Capyon, Utah, showing a vertical section in front, with a landscape beyond. A, Navajo sand-

stone, Todilto (?) formation, and Wingate sandstone; B, Chinle formation, Shinarump conglomerate, and Moenkopi formation; C, Coconino

sandstone ; D, Supai (?) formation; B, Chinle, Shinarump, Moenkopi, Coconino, and Supai (?) formations; F, Gocdridge formation

Reliable information may be ob-
tained from the officials at the
various Government schools and
from those traders and mission-
aries who have been long in con-
tact with the Navajos.

GEOGRAPHY
SURFACE FEATURES

San Juan Canyon trenches
a large arid region which is a
part of the Colorado Plateau
and which is a land of can-
yons, cliffs, mesas, and buttes.
The general upland surface,
averaging. 5,000 to 6,000 feet
above sea level, is not a
single plateau but consists of
several plateaus. (See fig. 1.)
Each plateau appears quite
regular and continuous in a
panoramic view, yet they are
all trenched by the crooked
canyons of San Juan River
and its many tributaries. The
intercanyon areas are gently
rolling to rugged and contain
no extensive tracts of level
land. The solitary peak of
Navajo Mountain, the only
mountain that stands near the
San Juan in Utah, towers to
a height of 10,416 feet.

The roughness of the region,
combined with the meager

_rainfall, the almost total ab-

sence of soil, and the scanti-
ness of grass, sage, pine, pifion,
and cedar, make it a desert
waste practically all of which
reveals bare rock ledges. Be-
cause the rocks have many col-
ors—gray, buff, brown, red,
pink, lavender, green, yellow—
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and also have many shades of a single color, any landscape view pre-
sents a kaleidoscopic variety, though buffs, browns, and reds predom-
inate, and the exposed edges of the gray rocks are generally stained
with these three colars.

The rocks, which generally lie in nearly horizontal beds, do not all
offer the same resistance to weathermg, and for this reason the char-
acter of the surface features depends in large measure on the char-
acter of the rocks. Thick beds of hard sandstone and limestone form
vertical cliffs, above which there are benches or plateaus, whereas
shale produces slopes or badland areas. Stream channels cut entirely
in sandstone and limestone are confined in narrow, steep-walled can-
yons; but the channels that are cut into thick beds of shale are
bordered by wide valleys, whose slopes are surmounted by precipi-
tous cliffs of the overlying hard sandstone.

San Juan Canyon extends westward from a point near Bluff to
the junction of the San Juan with the Colorado; the air-line distance
is about 63 miles, yet the canyon is so crooked that it is 133 miles
long. (See PL. XV.) It is continuous, and the walls, which are as
much as half a mile high, are close together, except for a few stretches
where the river is bordered by fairly wide valleys. The features
of the canyon, the tributary canyons, and the adjoining plateaus are
described below, beginning with the country in the vmlmty of Bluff
and thence continuing downstream. .

. BLUFF TO CHINLE CREEK

At and near Bluff the San Juan flows in a flat-bottomed valley
half a mile to 1 hile wide, in which lie the vxllage and its adjacent
itrigated tracts. (See PL I, 4.)  The valley is bordered by gray to
red precipitous cliffs more than 200 feet high which mark the edge
of broad, flat-topped mesas described by Gregory® as the Gothic
Mesas. The mesas extend for many miles south, east, and north of
Bluff; but on the west they swing away from the river toward the
north and thé south, so that the valley becomes wider. This wide
valley is floored by red rocks and contains high gravel-capped ter-
races. It is limitéd on the west by the narrow Comb Ridge, which
has a general northeasterly trend. The ridge has a gentle east slope,
which is trenched longitudinally by the narrow canyon of Butler
Wash, a tributary of the San Juan, and its straight, sharp crest of
buff and brown sandstones, rising many hundred feet above the adja-
cent country, is a conspicuous feature along its entire length of 70
miles. The river runs through the ridge in a narrow silt and gravel

‘10 Gregory, H. E., The Navajo country : U. 8. Geol. Sutvey Water- Supply Paper 380,
p. 81, 1918,



8 THE SAN JUAN CANYON

filled gorge several hundred feet deep, and after emerging from the
gorge it is joined by Comb Wash from the north and then runs south-
west for 2 miles in a wide valley of red rocks parallel with the precip-
itous west face of Comb Ridge. In this valley the river is bordered
by large bars of yellow sand and is joined on the east by the small
though long Chinle Creek, whose mud-filled channel passes through
Comb Ridge not only near its mouth but at several other places
farther southwest. '

CHINLE OREFK TO CEDAR POINT

Just below the mouth of Chinle Creek the San Juan turns north-
westward and enters the. treacherous canyon, 133 miles long, that
bears its name. (See Pl I, B.) The canyon and the!adjoining
country from the mouth of Chinle Creek to the vicinity of Cedar
Point have similar features. The canyon is less than 100. feet in
depth at places near Spencer trading post (formerly Goodridge post
office) and near the village of Mexican Hat, but through most of
this stretch it is many hundred feet deep, attaining about 1,000 feet
in the Soda Basin, east of Mexican Hat, and 1,340 feet at and near
the Honaker trail.* (See Pls. II-IV.) ‘The first place that the floor
of the canyon can be-resched by trail below the Mendernhall Leop is
at the Honaker trail. The floor can be reached by tml at only a
few places between Chinle and Lime creeks.-

Notmthstandmg the great depths of the canyon and 1ts inacces-
sibility, it is as crooked as the course of any stream that meanders
on a wide flood plaip. . The San Juan once, in faet, flowed with a
crooked course across a level or nearly, level plain, and the. present
bends are simply the old bends that have been lowered or intrenched
in the plain. The most closely spaced bends are the famous.“ goose-
necks,” 4 miles west of Mexican Hat, a panoramic view of which has
been given by Gregory and also by.Grabau.'* "The river channel
ranges in width from about 50 feet to several hundred feet. : It is
skirted here and there by gravel and sand bars, but at most places
the water’s edge is met, by the base of high talus slopes and by, pre-
cipitous walls that rise in a series of uniform: steps:consisting of
alternating sheer cliffs and steep slopes. The prevailing colors of
the walls are pink, brown, and red, though some rock ledges are not
discolored and thus reveal their true gray color. The gray color of

the rocks is also revealed in irregular patches from which slabs
" and boulders of rock have fallen by gra\nty or have been blasted by
lightning, and in the bottoms of ravines of steep gradient which are

1 Gregory, H. E., Geology of the Navajo country: U. 8. Geol. Survey Prof. Paper 93,
pl. 26, A, 1917 ; Military geology and topography, fig. 25, Yale Univ. Press, 1918,
12 Grabau, A. W., A text-book of geology, pt. 1, p. 708, 1920.



U. 8. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 538 PLATE 1

A. BLUFF, UTAH, IN VALLEY OF SAN JUAN RIVER, LOOKING SOUTHWEST
Photograph by Robert IN. Allen

B. ENTRANCE TO SAN JUAN CANYON JUST BELOW MOUTH OF CHINLE
CREEK, LOOKING SOUTHWEST

Goodridge formation produces canyon walls. Photograph by H. D. Miser
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B. SECOND NARROWS, LOOKING DOWNSTREAM

SAN JUAN CANYON

Walls are formed by Goodridge formation. Photographs by Robert N. Allen



U. S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 538 PLATE I1II

A. THE TABERNACLE, IN A LOOP OF THE RIVER, LOOKING WEST
Canyon is trenched in Goodridge formation. Photograph by Robert IN. Allen

B. VIEW LOOKING WEST FROM HEAD OF HONAKER TRAIL

Cedar Mesa to right capped by Coconino sandstone. Supai (?) formation is in lower haif
K’i[-' escarpment of mesa. Canyon is in Goodridge formation. Photograph by H. D.
iser

SAN JuanN CANYON



U. 8. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 538 PLATE IV

A. VIEW LOOKING SOUTH (DOWNSTREAM) TOWARD MEXICAN HAT
Sandstone ledges here produce a rapid

— E. s Ll

B. A THUNDERSHOWER—THE CHARACTERISTIC RAINSTORM OF THE
SAN JUAN COUNTRY

View looking north from a point near Mexican Hat

SAN Juan CANYON
Photographs by Robert N. Allen
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A. VIEW LOOKING UPSTREAM FROM A
POINT ABOUT 1 MILIEE ABOVE THE MOUTT
OF JOHNS CANYON

Coconino sandslone forms distuul high bullressed
cliffs.  (GGoodridge formalion occurs in lower parts

of walls, Photograph by Roberl N. Allen

B. VIEW LOOKING UPSTREAM FROM POINT
ABOUT 2 MILES BELOW MOUTH OF JOHNS

CANYON

Lower part of wull formed by Goodridge formation;
upper, sunlit parl by Coconino sandstone and
Supai (?) formation. Photograph by II. D. Miser

SAN JUAN CANYON
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4. ALHAMBRA ROCK, A BLACK VOLCANIC NECK, RISING ABOVE A VAST
EXPANSE OF RED ROCKS

Photograph by H. D. Miser

B. TRAIN ROCK

An outlier of Moenkopi formation, 800 feet high and 2 miles long, rising above floor of
Coconino sandstone. View looking southeast. Pnotograph by H. D. Miser

¢. THE BEAUTIFUL RED ORGAN D. END VIEW OF BALANCE ROCK
ROCK
An outlier of red Moenkopi beds, 375 feet, Rock is larger than a boxcar. Note profile
high of human face on right

Photographs by H. D. Miser
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A. VIEW LOOKING EAST (UPSTREAM) FROM POINT HALF A MILE BELOW
THE MOUTH OF CLAY GULCH

The platform trenched by the inner canyon is floored by the Shinarump conglomerate

B. VIEW LOOKING SOUTHWEST (DOWNSTREAM) FROM CLAY GULCH
) TOWARD COPPER CANYON
The wide shallow channel is here touched by long badland slopes of the Chinle formation,

which are surmounted by impassable palisade-like cliffs of the Wingate sandstone and
Todilto (?) formation. Low-walled inner canyon in distance is in Shinarump couglomerate

SAN JUAN CANYON
Photographs by Robert N. Allen
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scoured by rock-laden torrents during rainstorms. A. notable feature
of the south canyon walls is the occurrence of yellow sand dunes
that have been built in protected spots by the prevailing southwest
winds.

The plateau trenched by this part of the canyon is floored by red
and gray rocks which are concealed in considerable areas by scanty
soil, sagebrush, and grass. It ranges in altitude from about 4,500 to
5,500 feet and is gently rolling except for numerous small tributary
canyons and for a number of peaks and buttes that rise -above its
floor. The dark-gray, almost black Alhambra Rock (Pl VII, 4)
stands 3 miles southwest of the Goodridge bridge, and a great num-
ber of picturesque buttes (Pl. IV, 4) are to be seen:near.Mexican
Hat and farther north. The best published but by no means accu-
rate map showing the surface features of the plateau was made by
Woodruff.'* The plateau on its east side is limited, by. the westward-
facing escarpment of Comb Ridge, already mentioned; on the south
it merges with the floor of Monument Valley, where many buttes,
called monuments, rise nearly 1,000 feet above the valley floor; and
on the west and north it is limited by a sheer escarpment several
hundred feet high, which is the east edge of a higher plateau., The
ez;st edge of the part of the higher plaeau that lies. north of the San

Juan is known as Cedar Mesa or. Cedar Ridge, and the: southern-
most point of the mesa is known as Cedar Point. - (See Pls III, B
and XVI, 4.)

GEDA]? POINT TO CLAY HILL CROSEIHG

San Juan Canyon i is about 2 000 feet deep in the vicinity of Cedar
Point, but gradually becomes shallower towayd the west until it
terminates at Clay Hill Crossing. Between Cedar Point and the
mouth of Grand Gulch the canyon walls, which rise from the water’s
edge except where there are talus slopes and ‘some bars of sand,
gravel, and boulders, _comprise three distinct divisions. (See Pls.
1T, B, V,and VI, A.) The lowest division is made up of a series of
alternatlng sheer chﬁ's and ‘steep slopes, such as are found along the
canyon between Cedar Point and the mouth of Chinle Creek. It is
about 1,300 feet high near Cedar Point, but gradually becomes lower
toward the west until it disappears at the water’s edge at a locality
about 1 mile below the mouth of Grand Gulch. The middle division
is a fairly uniform though steep slope of red rock about 400 feet
high, and at its base there lies a narrow flat bench which is followed
by a poor road runnmg east from the mouth of Slickhorn Gulch.
The top division is a continuous sheer and inaccessible cliff 400 to

13 Woodruff, E. G. Geolegy of the 8an Juan oil field, Utah: U. 8, Geol. Survey Bull, 471,
pl. 9, 1912,
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perhaps 600 feet in height, which is composed of buff to brown sand-
stone. Like the middle division and the top of the lower division, it
becomes lower and lower toward the west; its base is about 1,700 feet
above the river at Cedar Point, about 900 feet above at Slickhorn
Gulch,and about 450 feet above at the mouth of Grand Gulch. The top
canyon walls are less than half a mile apart at the mouth of Grand
Gulch, but as they become higher upstream the distance between them
increases; near Cedar Point they are perhaps 4 miles apart.

Below Grand Gulch the sheer cliff just described continues to be-
come lower, and at the mouth of Buckhorn Canyon its base reaches
the edge of the river. The steep subjacent slope also becomes lower
below Grand Gulch. Between the mouth of Buckhorn Canyon and
Clay Hill Crossing the San Juan runs between vertical walls a few
hundred feet apart that rise from the water’s edge except at places
where short sand bars are present. At and near the mouths of
Buckhorn and Moonlight canyons tHe walls are about 600 feet high,
but they descend downstream and termmate at Clay Hill Crossing.
(See Pls. VI, B and XVI, B.)

Between Cedar Point - and ‘Clay Hill Crossing San Juan
Canyon trenches 'a westward- slopmg plateau. The part of the
plateau lying north of the canyon is bounded on the north by Elk
Ridge and on the west by the Clay Hills, and to portions of it the
names Grand Flat, Polly Mesa,; and Cedar Mesa have been applied.
The southern part of the plateau, which is bordered on its south and
west sides by higher country, was called Monument Valley by
Gregory.** Beautiful Organ Rock, 875 feet high, and Train Rock,
about 800 feet high, as well as other buttes near by, are within this
valley. (See Pls. VIL, B, C.) The plateau near the San Juan slopes -
gradually toward the west from an altitude of about 6,000 feet to
about 3,700 feet but rises toward the northeast to almost 7,000 feet.
It is so rugged as to be nearly inaccessible except around its borders,
for its floor of gray to buff sandstone is deeply trenched by steep-
walled canyons, including Johns Canyon, Slickhorn Gulch, Grand
Gulch, the head of White Canyon, and the canyon of San Juan
River. Grand Gulch, which I ascended to a point three-fourths of
a mile from the river, presents some of the wildest scenery along the
San Juan. .It is a dark, narrow canyon with vertical red walls sey-
eral hundred feet in height at whose base lie heaps of huge boulders
and great piles of driftwood. At the mouth of the gulch there
stands a castle-like column of brown sandstone 400 feet high, whose
position and form suggest that it is an ancient fortress guarding the
approach to the gulch.

#* Gregory, H. E., U. 8. Geol. Survey Water-Supply Paper 380 and Prof. Paper 98.
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OLAY HILL CROSSING TO PIUTE FARMS

Between Clay Hill Crossing and Piute Farmg the river runs in a
wide valley showing numerous terraces and ravines and a general
badland topography; and the channel, which is skirted by very
little alluvium, ranges in width from several hundred feet to more
than 3,300 feet. In this stretch many islands of ripple-marked sand
are revealed during low stages. The valley is sharply bounded on
the west by a mesa 2,000 feet high surrounded by cliffs, but on the
east it is bordered by the low country along the west edge of the
plateau, which rises eastward, culminating in Cedar Mesa. (See Pls.
XIX, 4 and XX, 4.) The terraces, which are floored with gravel,
are especially extensive east of the river and rise in steps toward the
east, attaining an altitude of about 600 feet above the river near the
mouth of Moonlight Creek.

PIUTE FARMS TO MOUTH OF RIVER

Between Piute Farms and the mouth of the San Juan the country
along the river and also for many miles on each side reveals diverse
surface features, though it is in general a much dissected plateau,
highest to the east and lowest to the west, which attains altitudes
ranging from 4,500 to 6,000 feet and which stands 2,000 feet above -
the westward-sloping plateau that adjoins it on the east. ‘The plateau
extends southward beyond the dome of Navajo Mountain (PL XII,
A), which rises to an altitude of 10,416 feet, and it extends north-

. ward and westward across the Colorado to the lofty peaks of the
Henry Mountains, about 11,000 feet above sea level; to the broad,
straight northwestward-trending ridge known as the Waterpocket
Fold, 6,000 to 7,000 feet; and to the broad Kaiparowits Plateau,
7,500 feet. The country west of the Piute Farms is so greatly dis-
sected that most of its surface is extremely rugged and is accessible
at only a few places. The canyons, 1,000 to 2,500 feet deep, are
deepest and widest to the east, where the intercanyon areas are in
reality mesas. The walls of many canyons are vertical cliffs, but
others, especially the deepest ones, have walls composed of a series
of alternating sheer cliffs and gentle to steep slopes. The only
canyons here described are those of the San Juan and its tributaries.
Parts of the intercanyon areas are level or gently rolling, but other
parts, especially west of Spencer Camp and Piute Canyon, reveal
numberless gigantic well-rounded mounds, domes, and *mosques”
of solid bare buff sandstone. The largest and most conspicuous area
of level plateau country is a grass-carpeted tract known as Wilson
Mesa, about 4,500 feet in altitude, 6 to 8 miles long, and 3 to 4 miles
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wide, which lies between the San Juan and the Colorado near their
junction. (See Pl XI, B.) The rugged country near Wilson Mesa
is briefly described by Judd ** in two recent articles.

Between Piute Farms and Spencer Camp the San Juan -and its
tributaries run between mesas that rise 2,000 to 2,500 feet above the
river. The top edges of the mesas are bordered by inaccessible
palisade-like cliffs, 200 to 900 feet high, which are composed of buff,
dark-brown, and vermilion sandstones. (See Pls. VIII, B; IX, C;
X.) Below the cliffs there are long badlind slopes about 850 feet
high which reveal in considerable areas marly shale with beautiful
variegated colors but in other areas a tangle of huge angular boul-
ders of sandstone and finer materials that have fallen from the cliffs
above or have reached their present position through landslides.
These slopes touch the river at Spencer Camp and for a distance of
2 miles between the mouths of Clay Gulch and Copper Canyon. (See
Pl VIII, B.)

From Plute Farms to a point half a mile below the mouth of
Clay Gulch a comparatively level platform lies at the base of the
badland slope. In this platform the San Juan.has cut a:narrow
inner.canyon and a few small tributaries have cut side canyons. - (See
Pl. VIII, A.) The walls of the inner canyon; each composed of a

- steep slope of soft red rocks capped by a sheer cliff of gray to brown
conglomeratic sandstone, are 500 feet high to the east and become
lower downstream until they terminate half a mile below the mouth
of Clay Gulch. For considerable distances'they extend down to the
water’s edge, but elsewhere their base is separated from the river by
narrow bars of sand and gravel:

The San Juan enters a similar inner canyon at a pomt half a mlle
above the mouth of Copper Canyon and leaves it at a point just
below the mouth of Nokai Canyon. (See Pls. VIII, B; IX, 0; X,
A, 0.) The vertical walls, which are composed of conglomeratic
sandstone, attain a height of 200 feet, and above them there are fairly
level benches. The walls rise from the water’s edge except where
narrow short bars of sand and gravel intervene. Nokai and Copper
canyons, which enter the south side of the main ea'nyon in this
stretch, also have narrow inner canyons that increase in depth and
width upstream. They were followed to points several miles away
from the San Juan; at such points they are 500 feet or more in depth
and have serrated walls.

A conspicuous and interesting feature half a mile north of the
mouth of Nokai Creek is a balanced rock standing on the crest of
a spur about 400 feet above the river. (See Pl. VII, D.) It is so

1% Judd, N. M., Beyond the Clay Hills: Nat. Geog. Mag., vol. 53, pp. 2'}5-302, 1924 ;
Explorations in San Juan County, Utah: Smithsonian Mige. Coll.,, vol. 76, No. 10, pp.
77-82, 1924.
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A. MESA OF VARIEGATED MARLY SHALE IN CHINLE FORMATION NEAR
MOUTH OF PIUTE CREEK

Photograph by H. D. Miser

B. VIEW LOOKING WEST TOWARD ONE OF THE CLAY HILLS FROM A POINT
JUST NORTH OF CLAY HILL CROSSING

The palisade-like cliff next Lo the summit is formed by the edges of the Todilto (?) and Wingate
sandstones. The subjacent mottled badland slope is underlain by the Chinle formation.
The lower dark buttressed and fluted cliffs are produced by the Moenkopi formation.
Photograph by H. D. Miser

C. VIEW LOOKING NORTH (UP THE SAN JUAN) FROM TOP OF CLIFF NEAR
MOUTH OF NOKAI CREEK

Rocks are here bowed upward into broad arch. Photograph by H. D. Miser
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4. VIEW LOOKING WEST TOWARD BALANCE ROCK ANTICLINE FROM
POINT 1 MILE ABOVE MOUTH OF NOKAI CREEK

Cliffs of inner canyon in foreground are formed by the Shinarump conglomerate. The
position of Balance Rock indicated by the cross. Photograph by H. D. Miser

B. VIEW LOOKING EAST (UP THE SAN JUAN) FROM CANYON RIM
SOUTH OF SPENCER CAMP

The beds dipping toward the foreground lie on the west side of the Balance Rock anti-
cline. Photograph by Robert N. Allen

C. VIEW LOOKING SOUTH (DOWN THE SAN JUAN) TOWARD THE MOUTH
OF NOKAI CREEK

The walls of the inner canyon rise towardAltlhe right (west). Photograph by Robert N.
en
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A. VIEW LOOKING SOUTHWEST (DOWNSTREAM) AT POINT 3 MILES BELOW
SPENCER CAMP

The sheer sandstone walls of the Wingate and Todilto (?) formations are surmounted by
colossal domes of the Navajo sandstone

B. VIEW LOOKING WEST (UPSTREAM) IN LOWER PART OF GREAT BEND

The east edge of the level Wilson Mesa lies in the center distance

SAN JUAN CANYON IN THE GREAT BEND
Photographs by H. D. Miser
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A. VIEW LOOKING SOUTH (DOWNSTREAM) FROM LOWER END OF GREAT
BEND

Navajo Mountain 20 miles away. Cliffs are formed by Wingate, Todilto (?), and Navajo
sandstones. Boulder-strewn slope is underlain by Chinle formation

B. VIEW LOOKING SOUTH FROM LOWER END OF GREAT BEND ACROSS
THE OPEN COUNTRY THAT LIES BETWEEN THE BEND AND PIUTE CREEK

Note wide sand-filled channel of river

SAN JUuAN CANYON
Photographs by Robert IN. Allen
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large—larger than & box car—and stands in so prominent & posi-
tion as to be visible for a distance of 2 miles or more in different
directions. The rock, which is a mass of sandstone 30 feet long,
25 feet high, and 15 feet wide, is balanced on a crumbling base of red
shale 5 feet high, 8 feet long, and 4 feet wide. That the rock can
thus be supported by so weak a base is remarkable. 4

Just below the mouth of Nokai Canyon the inner gray to brown
walls of conglomeratic sandstone and their superjacent platforms
rise in graceful curves toward the west, become farther apart, and
then descend to the river and terminate at Spencer Camp. (See Pls.
IX, O, and X.) The tops of the walls between these two localities
attain an altitude of about 1,000 feet above the river and inclose a
picturesque basin less than 2 miles square, in.which' the rabandoned
gold-mining camp known as Zahns Camp is located. The floor of
the basin, which is crossed by the San Juan in a sand-filled channel,
contains flat-topped, gravel-covered hills; and its steep serrated walls
of gray, buff, red, and brown rocks are not crossed by trails except
at the western margin, where wooden ladders have been placed to
scale some of the steepest places The basin can be reached on.its
east side by a poor road running through a gravel-filled gap half
a mile south of the mouth of Nokai Canyon.

In the vicinity of Zahns Camp the palisade-like cliffs and' the
subjacent badland slopes, which border the top edges of the high
mesas, are also arched. (See Pls. IX, ¢, and X.) - On the crest of
the arch the highest summits of the mesas attain an altitude of
2,500 feet above the river, but they gradually descend toward the
west until-they stand 1,000 to 1,500 feet above the river near Spencer
Camp. .-

The palisade-like cliffs -descend to the water’s edge at a point
31% miles below Spencer Camp, and the badland 'slope with its
enormous talus boulders therefore disappears. Thence for a distance
of 6 miles by stream the precipitous canyon walls meet the water’s
edge except for short stretches where there are willow-covered sand
bars. (See Pl. X1.) The walls are gashed by impassable hanging
valleys at the mouths of side canyons, they are dented by alcoves,
some of which have arched roofs, and they terminate upward in
colossal sandstone domes that rise about 1,000 feet above the river.
Only one of the side canyons could be entered from the river. Its
precipitous walls bar entrance to it from all other directions. It
" was ascended in a north-northeastward direction for a distance of
114 miles. No trails or other signs were found to indicate that it had
been previously visited by man. Its picturesqueness is most impres-
sive and equals or surpasses the beauty of the canyon in which the
famous Rainbow Natural Bridge is located. Its sandstone walls,

with their buff, brown, and red colors, are as smooth as the gray
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granite walls of the Yosemite, and they terminate upward in gi-
gantic rock domes which tower higher than the Washington Monu-
ment. Yet they are dented with several alcoves—some with rounded
walls like the upper interior walls of a huge hollow sphere and
some with straight back walls and arched roofs. To their walls
there cling sparse ferns and lichens, which are fed by seeps. Rivu-
lets leap from the rim of the canyon and join the water from springs
to form a small, clear stream which runs on the rough, rocky canyon
floor. The water supply maintains abundant cedars, cottonwoods,
scrub oaks, grasses, and flowers. This canyon is here named Alowve
Canyon.

Below Spencer Camp the San Juan runs in a northwesterly di-
rection, then swings around and runs southeast, thus forming the
Great Bend, the longest loop in the canyon. The length of the loop
is 814 miles, yet the distance across the neck is only half a mile.
Colorade River is only 5 miles away from the west end of the bend,
but to resch the Colorado by descending the San Juan it is necessary
to travel a distance of 34 miles.

From the lower end of this loop to the mouth of Piute Canyon
the San Juan runs in a channel dotted by islands of ripple-marked
sand and skirted by a number of willow thickets. (See Pl. XI1.)
As the river runs toward the southeast the true canyon walls with
their palisade-like features rise high above the river and retreat
from it, inclosing a wide valley of badlands, but as the river swings
toward the west near the mouth of Piute Creek the valley narrows
and the palisade-like cliffs descend in this direction. Piute Canyon
presents the same features—precipitous walls and subjacent bad-
land slopes—as are found in this stretch of the San Juan.

From the mouth of Piute Canyon to the mouth of the San Juan
the canyon is 1,000 to 1,500 feet deep, is partly floored with widely
scattered bars of sand, gravel, and boulders, and is bent into oxbow
loops, notably near the mouth of the river. Through much of this
stretch the canyon walls are composed of sheer cliffs several hundred
feet high and of low talus slopes at the base of the cliffs. (See Pl
XVII, 4, B.) But in the oxbow loops near the mouth of the river
the cliffs touch the river or touch short, narrow sand bars; the base
of the cliffs rise to a height of 670 feet above the river near the
Thirteen-foot rapid, where they inclose a comparatively wide valley.

Below Piute Canyon the walls are dented by slcoves, of which
some are well-rounded chambers but others have arched roofs, and
they are surmounted by closely packed domes of buff sandstone.
There are a great number of tributary canyons. Most of them have
hanging valleys with waterfalls, and those that eould be ascended
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were found to have crooked courses marked by bars of huge boulders,
waterfalls, and water-filled potholes of small and large size.

A natural bridge of sandstone is perched on the rim of the right
canyon wall at a point 2 miles by stream below the mouth of Piute
Creek. The canyon wall at this locality is an unscalable nearly
vertical cliff rising to a height of 1,300 to 1,500 feet. The bridge
when viewed from the bottom of the canyon, a quarter of a mile
below, appears as a tiny arch, yet its span and height are each esti-

- mated to be 50 feet. The bridge has apparently been formed by the
partial collapse of the roof of an alcove or small agve in the massive
Navajo sandstone. A distant view of the alcove indicates that two
other parts of the roof have fallen in. To reach thebridge, if that is
possible, would require a trip across the unmapped maze of canyons
and domes lying north of the San Juan, The nearest points at which
the north wall of the San Juan Canyon can be scaled are at the mouths
of Piute and Wilson creeks.

An abandoned canyon-like valley trenches the rugged country
north of the San Juan, beginning at a point about half a mile above
the mouth of the river and extending northward about a mile to the
Colorado. It ranges in width from about 0.1 mile at the south to
0.4 mile at the north, and its partly gravel-covered floor stands ap-
proximately 400 feet above the two rivers. As the altitude at its
north end is the same as that at its south end, no decision could be
made as to which of the two rivers formerly ran through the aban-
doned canyon. The old vertical wall, more than 200 feet high,
which is still standing on the east side of the canyon near its north
end, is curved, running southeast, south, and southwest. This trend,
together with the fact that the lowest part of the gravel-covered
floor is adjacent to the wall, indicates that the wall skirted a broad
outer bend of a river.

A natural bridge is perched on the rim of the old wall on the east
side of the abandoned canyon described above. It is not visible at
any great distance, for it stands only a few feet in front of an
alcove. The bridge was in fact once part of the roof of the alcove
and was formed by the widening of a crack in the roof, through
which an intermittent stream now plunges to the floor of the alcove
and runs under the bridge. The stream formerly ran over the un-
opened crack and then fell from the rim of the alcove-dented canyon
wall. The crack back of the bridge is 50 feet long by 4 to 10, feet
wide and is parallel with the face of the cliff. The width and height
of the opening under the bridge are 80 and 40 feet, respectively.
The span trends S. 15° E.; its width is 15 to 20 feet, and its thickness
15 feet. A very small spring with a flow sufficient to fill a shallow
pool issues on the floor of the alcove.
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CLIMATE

PRECIPITATION AND TEMPERATURE '

The part of the Colorado Plateau trenched by San Juan Can-
yon is an arid region whose scanty rains fall mostly in two seasons—
one in winter, in which the moisture is derived from westerly winds,
and one in July, August, and September, in which the moisture is
derived from southwesterly winds. The summer storms take the
form of thundershowers, during which the rainfall is torrential and
the lightning almost incessant, causing considerable damage to life
in some exposed localities. (See Pl. IV, B.)

No weather stations have been maintained in' San Juan Canyon
for the collection of data on rainfall and temperature. Even the
data furnished by the nearest stations are fragmentary. Conclu-
sions regarding the climate of the canyon are therefore not precise.

The amount of rainfall is influenced by the- topography of the
country. In general the higher the country the more rain it receives.
The canyon and the immediately adjacent country probably receive
about 5 inches or less of rainfall a year. During the descent of the
canyon from July 18 to October 8, 1921, more thunderstorms formed
over and near Navajo Mountain (altitude 10,416 feet) than at any
place along the canyon. The mountain therefore receives a greater
rainfall than the canyon. Its vegetation suggests a rainfall exceed-
ing 20 inches a year. ‘

Rain from 38 or more thunderstorms fell on me during the canyon
voyage. Perhaps as many more passed by less than 2 or 3 miles
away. These storms occurred on 10 days in July, 18 in August, 1 in
September, and 1 in October. The longest rainless interval was
from August 26 to September 29.

Hite, Utah, in the canyon of the Colorado (altitude 8,500 feet), has
an annual rainfall of 6.92 inches. Blanding, Utah (6,000 feet), has
14.26 inches; Bluff, Utah (4,300 feet), had 8.63 inches in 1913 and
6.26 inches in-1921; Aneth, Utah (4,700 feet), on San Juan River,
20 miles above Bluff, has 5.45 inches; Chinle, Ariz. (5,200 feet), has
0.9 inches; Kayenta, Ariz. (5,800 feet), had 10.91 inches in 1921.

The highest temperature recorded at Hite is 115° and the lowest
2°; at Aneth the extreme range is 106° to —10°; at Bluff the range is
from 104° to 1°; and at Kayenta it is from 99° to 1°. Daily ranges
are also very great in this region, where the skies are prevailingly
clear and the atmosphere dry All nights following even the hottest
days were comfortably cool in the canyon, and all requlred the use
of cover.

16 Many statements here given are taken from reports by M. R. Thorpe (Jour. Geog-
raphy, vol. 18, pp. 285-300, 1919) and H. E. Gregory (U. 8. Geol. Survey Water-Supply
Paper 380, 1916).
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The keynote to the climate as a whole is variability between day
and night, between sunshine and shadow, between opposite sides of
mesa and canyon, and between canyon floor and rim.

[

WIND

The wind, whose prevailing direction is from the southwest, picks
up and carries much sand and dust. Yet along the San Juan there
are no extensive areas of sand dunes. Most of the dlmes, which are
all small, occur along the bottom of the canyon and in protected
places on the south canyon walls. The scanty soil in the more level
parts of the country, where grasses and sage brush are common, is
probably composed in large part of wind-blown material that has
lodged among the vegetation and has been held by it.

Our party experienced a violent windstorm when we were several
miles above the mouth of Piute Creek. It began to blow from the
south between 9 and 10 a. m, on September 18 and continued without
cessation from this direction until 5 p. m. It blew in gusts and
picked up sand and fine yellow dust, which were carried up into
the air for hundreds if not thousands of feet. The wind shook Mr.
Trimble’s plane table so violently and blew so much sand into our
eyes that at 11 a. m. we discontinued the descent of the canyon. The
beating of the wind against the canyon walls roared. like an enormous
waterfall or the din.of a forest storm. The wind also blew hard on
September 17 and 19 but was less violent during the nights than
during the daytime. On all three days considerable sand and fine
dust were carried in the.air. On the mornings after the sand storms
much of the cloudless sky was streaked by thin light-gray to cream-
colored bands that were probably composed of impalpable-dust.

The river fell several inches during the daytime on September
17, 18, and 19 and rose a corresponding amount at night. This coin-
cidence of the fall and rise of the river with the activity and pause
of the windstorms indicates that they were due to the extreme evapo-
ration of the water during the storms in comparison with the, little
evaporation during the pauses. The quantity of water thus evapo-
rated was great.

Few opportunities were afforded for observing the effects’ of daily
evaporation on the flow of tributary streams—in fact, the only.re-
corded observation was at the mouth of a southern tributary that
enters the river at a point 3 miles in a straight line west of the mouth
of Piute Creek.

When we reached the mouth of the stream late in the afternoon of
September 28 it was flowing half a second-foot. or less over the sand
bar at its mouth. The stream continued to flow across the sand bar
until well toward noon next day, when the flow decreased so much
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that the stream ceased to flow across the sand bar; all the water that
was then flowing in the canyon farther south found its way to the
river by seeping through the sand.

September 29 and all the preceding days for about four weeks were
cloudless or nearly so, and in consequence the above-described daily
variations in the flow of the river and the tributary here mentioned
were apparently caused by the greater evaporation of the water dur-
ing the daytime, in comparison with the evaporation during the
night.

SOIL

The soil of San Juan Canyon and the adjacent country is exceed-
ingly scanty. It clings here and there to canyon and mesa walls,
lies in small patches on the canyon floors, and caps stream terraces “
and the more level parts of the plateaus. Two types of soil are
found—residual soil that is derived from the rocks immediately un-
derlying it and transported soil that has been carried by winds and
streams and deposited in its present position. The soils on the
canyon floors have all been transported, but the higher soils include
both residual and transported soils. Transported soils predominate,
because the scanty vegetation, the heavy thunderstorms, the rapid
run-off after rains, and the strong winds are not favorable for the
formation and retention of soil in place.

The soils are derived almost entirely from shale and sandstone that
are deficient in plant food. Much limestone is exposed in the San
Juan oil fields, but on account of the small rainfall and the great
depth and the inactivity of ground water the limestone undergoes
practically no decomposition except disintegration. The limestone
has therefore furnished very little, if any, residual clay. The colors
of the soils are like those of the rocks from which they are derived.
They are usually buff, brown, and red.

The soils, in spite of their dryness and seeming infertility, con-
tain sufficient plant food to support sage brush and other perennial
growths and to grow grass, Russian thistle and flowers during the
summer rainy season. Water is in fact the chief ingredient that is
lacking in the soil. The rainfall is not sufficient in and near the
canyon for dry farming, but the remains of dilapidated irrigation
systems here and there indicate that the soil produces crops in re-
sponse to the application of water. No cultivated patches were
observed at any place in or near the canyon in 1921.

FLORA

The flora of San Juan Canyon and the adjacent country is so
sparse that the widely scattered patches of green conmstitute only
a small part of any landscape view, whether the view is taken
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from the canyon floor or across the adjacent plateaus. The pre-
dominant colors in such a view are the browns and reds of bare
rocks,

Very few trees grow in the canyom Between ths mﬁuth of Ghmle
Creek and Piute Farms a few junipers were found that had been

" strong enough to withstand the floods, with their heavy loads of
driftwood. No cottonwood trees remain in this section of the eanypn,
because they have all been swept away by floods, Probably less than
two dozen cottonwood trees are to be found aleng the San Juan
at and below Piute Farms. Yet cottonwoods are numerous at
places in some of the side canyons, especially those that hawe not
been visited by high floods within the last. 20 years or more. ; The
only yellow pine tree observed in the canyon is clinging to the
southwest canyon wall near the west end of the Great Bend. The shrubs
include hackberry, rabbit brush, mountain rush: (Brigham tea),
greasewood, ironwood, sagebrush, willow, red haw, osk, and box
elder. Of these the willows are most abundant, but few of them
are more than an inch in diameter. Their age, like that of most
other shrubs, is dependent on the periods between the destruetive
floods which carry away most of the vegetation, No oaks were ob-
served in the canyon above the mouth of Grand Gulch. The mest
common vines are Virginia creeper and poison oak. . Flat-leaved ”
and “globular” cacti are abundant; yucca is common; grass is
scanty and commonly in detached tufts. Duringithe rainy -seasom
there are many kinds of flowers and much Russian’ thistle. .

The above-described flora falls within the limit. .of the lowest of
the several zones of vegetation that have been distinguished in.the
Navajo country by Gregory.'” The lowest zone, which he calls the
zone of cottonwood, cactus, and yucca, extends from the floor of San
Juan Canyon to an altitude of 5,000 feet. Some of the platean
areas adjoining the canyon that fall within this zone include much of
the San Juan oil field, broad belts of low country on either side of
the canyon near Clay Hill Crossing, and the.level-topped: Wilson
Mesa.

The next higher zone, called by Gregory the zone of sagebrush
(Artemigia) and greasewood (Sercobatus), ranges from 5,000 to
6,000 feet in altitude. It was noted in the country morth of the
head of the Honaker trail and also a few miles south of Red House.
(See PL. XVI, A.) Gregory says:

Bage within this zone attains heights of 4 or § feet and in places is so
closely spaced ag to render travel difficult and may occupy the surface to the
exclusion of trees. Besides the ever-present sage and greasewood,. grass is

fairly abundant in this zone. Patches of pifion and juniper are irregularly
distributed, usually along rocky ridges, but are in general of * scrub ” size.

! ¥ Gregory, H. B., U. 8. Geol. Burvey Water-Supply Paper 880, p. 72, 1816.
[}
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A third zone, called by Gregory the zone of pifion (Pinus
edulis) and juniper (Juniperus monosperma), ranges from 6,000
to 7,000 feet in altitude. It occurs on Cedar Mesa, in the country
north and east of Red House, on the mesas of the Clay Hills,
on a mesa north of Zahns Camp, and on the mesa between Piute
and Nokai creeks. The pifion and juniper I observed are of scrub
size. Sagebrush and greasewood occupy open spaces. Grass in tufts
and scattered mats grows everywhere except in the densest shade.

Two still higher zones occur on Navajo Mountain. They are the
zone of yellow pine, from 7,000 to 8,500 feet in altitude, and the zone
of Engelmann spruce, from 8,500 feet to the summit of the mountain,
10,416 feet above sea level.

ANIMALS

Among the indigenous animals observed by members of the party
were cottontails, -jack rabbits, one civet cat, field mice, harmless
snakes, beavers, seven Arizona mountain sheep, and lizards. The
mountain sheep are confined to the part of the canyon between the
Honaker trail and the mouth of Moonlight Creek. They have sur-
vived here for the reasons that much of this part of the canyon is
inaccessible to persons on foot and that few people have ever de-
scended the canyon in boats. The tracks of coyotes were numerous
in all parts of the canyon, and the track of a single mountain lion
was observed. The birds noted include black eagles, owls, ducks,
blue cranes, swallows, and rock wrens.

Several kinds of insects, especially flies, mosquitoes, ants, and scor-
pions proved to be far too numerous for comfort. The thousands
of ants that inhabit the sand bars on which we slept were bedfellows
" on many occasions, and they always displayed two disagreeable
traits—crawling and biting. On a few occasions scorpions who were
bedfellows were crowded too much and expressed their anger by
stinging. Lizards sometimes got into the beds and always caused
considerable’ anxiety for fear they were scorpions, until a match
was lighted and thus revealed their harmless nature.

Mosquitoes were not numerous except during the period from
August 138 to 25, which was in the rainy season. The party had no
mosquito netting, and it combated mosquitoes unsuccessfully by using
smoke barrages from fires of sagebrush and cow chips. - After many
sleepless and restless nights caused by these pests and by the rains,
which wet the bedding, our canvas bed covers were converted into
pup tents. Such tents protected us from both the mosquitoes and
the rain. '

A few wild cattle were seen at places in the upland country north
of the canyon. Burros, some of which may be wild, were noted

south of the canyon below Clay Hill Crossing. Indian horses and
"
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mules were seen grazing in Piute Canyon, also on the high mesa
east of Piute Canyon and on the plateau extending north from the
base of Navajo Mountain. Flocks of sheep have been grazed at
places in the canyon below Clay Hill Crossing, but they, like all the
Indians, had moved away from the river before our déscent of the
canyon. The abandoned hogans and sheep corrals along the river
suggest that a few Indians with their sheep spend their winters
there.

MINERAL RESOURCES

Among the prospectors to visit San Juan Canyon and the adjacent
country were those in search of gold and petroleum, which are the
only exploited mineral resources of the region. The gold prospects,
the dilapidated oil-well and gold-mining machinery, and the piles
of stones marking the corners of the numerous oil leases and mining
claims are some of the most conspicuous reminders that this deserted
canyon has formerly been visited by human beings.

Several oil seeps occur in the bottom of the canyon between Mexi-
can Hat and the mouth of Slickhorn Gulch. The largest of these
is a rather continuous series of seeps extending 114 miles upstream
from the mouth of the gulch. (See Pl VI, 4.) Oil-prospecting per-
mits in the country north of the San Juan have been acquired by
the hundreds from the Department of the Interior, and a continuous
belt of land covered by such permits extends from Bluff westward
past Mexican Hat and Goodridge to Colorado River. Many wells
in search of commercial quantities of oil have been drilled near
Goodridge and Mexican Hat, in what is known as the San Juan oil
field.** Oil has been found, but the production has thus far been

so small as not to repay the large expenditures of capital. Further
" and complete exploration with the drill may, however, reveal oil
in commercial quantities, but the oil prospector should always keep
in mind the hardships and enormous cost of drilling wells and of
marketing oil in this arid region, which is more than 150 miles
from a railroad. The possibility of obtaining oil and the structure
of the rocks in the canyon and the adjacent country are fully dis-
cussed in another report.*®

Prospecting for gold in San Juan Canyon bega.n in 1892, when
tales of fabulously rich deposits caused 1,200 men to stampede to the
canyon. After spending a few months there they went away. empty
handed, but prospecting continued at a few places as late as 1915.
The gold is extremely fine in grain, being known as flour gold, and

18 Gregory, H. B., The San Juan oil field, Utah: U. 8. Geol. Survey Bull. 431, pp. 11-25,
1911, Woodruff, E. G., Geology of the San Juan oil field, Utah: U. S. Geol, Sarvey Bull.
471, pp. 76-104, 1912,

»® Miser, H. D., Geologic structure of San Juan Canyon and adjacent country, Utah:
U. 8. Geol, Survey. Bull. 751, pp. 115-155, 1924 (Bull. 751-D).
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occurs mostly in placer deposits along the river channel and in
terrace gravels. Placer deposits have been prospected at numerous
places between the mouth of Chinle Creek and Zahns Camp. The
results of work at Zahns Camp are not known, but the richest
returns from the rest of the canyon were obtained at the Nephi
claim, 4 miles below the Honaker trail, where $3,000 worth of gold
was recovered in 30 days. At Spencer Camp and near the mouth
of Copper Creek attempts have been made to extract gold from
sandstone débris, which has been derived from the Wingate and
Navajo sandstones. Small quantities of gold—20 to 40 cents a ton—
are said to oocur disseminated through these sandstones. For fur-
ther information'on the gold deposits in San Juan Canyon the
reader is referred to reports by Gregory *° and Butler 2

INHABITANTS

‘A part of Utah south of San Juan River has been set aside for the

use of the Navajo Indians. The former Piute Indian Reservation,
which was a belt of country lying between the San Juan and the -
Utah-Arizona line and extending from Colorado River eastward to
the 110th meridian, has recently been returned to the public domain.
The Navajo Indian Reservation extends eastward from this meridian
and southward from the San Juan into Arizona and New Mexico, in
which most of the reservation lies.
- The country lying south of the river in the Navajo Indian Reser-
vation is not subject to entry except by permission of the Commis-
sioner of Indian Affairs, but the region adjoining the north side of
the river and in the former Piute Indian Reservation is public do-
main and is subject to entry by the usual method.

San Juan Canyon was found by the Trimble party to be uninhab- .
ited by either white people or Indians, though much evidence indi-
cates that the more accessible parts have been the temporary abode of
a few Indians with flocks of sheep and that prospectors have visited
the canyon in search of placer gold and of oil, of which there are
seeps near the San Juan oil field. Furthermore, the country ad-
jacent to the canyon is inhabited by very few people.

An uninhabited country fully 50 miles square lies north of the San

" Juan and east of Colorado River; yet it is visited during the winter
by herdsmen with their cattle. The only settlements in its southern
edge are at Goodridge and Mexican Hat; the only ones on the west-
ern edge are the Loper ranch, on the Colorado at the mouth of Red
Canyon, and the Hite ranch, at the Dandy Crossing of the Colorado;

2 Gregory, H. B., Geology of the Navajo country: U.' S. Geol. Survey Prof. Paper 98,
pp. 139140, 1917.

2 Butler, B. 8., The ore deposits of Utah: U. 8. Geol. Survey Prof. Paper 111, pp.
636640, 1920,
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and the first settlements to the east are found at Bluff and Blanding
and at places near the Abajo (Blue) Mountains. - There is & single
ranch, however, near the head of Comb Wash.

Bluff is a thriving village of white people in an irrigated valley
and is visited by many Piute and Navajo Indians. (See PL I, 4.)
The only white people living near the river west of Bluff are at
Goodridge, Mexican Hat, and a trading post near Oljeto m Moon*
hght Valley. Goodmdge, formerly a post office, was in 1921 a trad-
ing post operated by A. H. Spencer. It consists of-three frame build-
ings and a cellar, and is the permanent residence of not more than
three or four people.

The village of Mexican Hat, which receives its name from a
near-by butte (Pl. IV, A) that is capped by a wide circular rock
standing in such a pesition as to resemble 2 huge Mexican sombrero,
is 25 miles from Bluff and half a mile west of the river. In 1921 it
consisted of two frame buildings, with as many white families,
though a third building, the home of A. L. Raplee, was on the right
bank of the river half a mile away. J. L. Oliver, who lives in the vil-
lage, operates a store with a very small stock of merchandise.. .

Both Goodridge and Mexican Hat are field headquarters for oil
men who visit the San Juan oil field, in which the villages are, situ-
ated. The people living there go 25 miles to Bluff, the nearest post
office, for mail; their nearest available physician lives at Bignding,
about 50 miles away. No white inhabitants and only three ?ndmns
were seen during the canyon voyage from Goodridge to Lees F"erry, on
Colorado River, notwithstanding the facts that the party spent two
months in the canyon west of Goodridge and that members of the
party walked to several points as much as 6 or 7 miles away from the
river, to one point 15 miles away, and to one pomt 25 miles away.
The three Indians referred to were Navajos who were living in Piute
Canyon, 9 miles south of the river. But several abandoned hogans,
farms, and corrals, whose location is discussed below, were seen on
or near the river. Their character is such as to indicate that nomadic
Indians have lived for short periods along the river. In fact, it ap- -
pears that a few Indians take their flocks to the San Juan to spend
the winter.

Above the entrance to the canyon two or three hogans were seen
near-the mouth of Chinle Creek, and in July, 1921, a Nava]o famlly
was found living by a cultlvated patch on the north side of the river
just ‘below the mouth of Butler Wash. No hogans occur along the
river near Mexican Hat and Goodridge, though one or more * sweat
boxes ¥ were noted on the west bank near Goodridge. An Indian
who wishes to take & “ Turkish bath” tightly closes himself and
some heated stones in such a box and then while perspiring copiously
rushes and plunges into the river.
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. Other signs of Indian habitation were not observed until the

party reached Rockhouse Gulch, where there is a hogan partly con-
structed of stone 114 miles in a straight line southeast of the mouth
of the gulch. Abandoned Indian farms and a corral are on the left
bank of the river at a locality known as Piute Farms. A hogan is
on a bench on the left bank of the river just north of the mouth of
Copper Canyon; two or three were noted on Nokai Creek at points
several miles south of the river. A hogan and an abandoned farm
are on the east side of the river at a point 3 miles above the mouth
of Piute Creek. Another with a farm is just south of the Thirteen-
foot Rapid, and a third, also with a farm, is 114 miles to the south
in a tributary canyon.

IRRIGATION AND AGRICULTURE

Water from the San Juan is used for irrigation at Bluff and other
places farther upstream, but in the canyon there is practically no
tillable land and none was under cultivation in 1921. The thin soil
on the terraces and on some of the other level upland areas below
Clay Hill Crossing would probably grow crops if irrigated, but the
areas of tillable land are small, and the enormous cost of utilizing
water from the river, either by pumping or by building dams, pre-
cludes such practice under present conditions.

No farming has ever been done in the canyon between the mouth
of Chinle Creek and Clay Hill Crossing. Farming has been carried
on in recent years at and near Piute Farms, where water from both
the river and small tributary streams has been utilized, but the
aggregate area under cultivation there probably did not exceed sev-
eral acres. The land that has been cultivated at Piute Farms is
now subject to being flooded by the river during high stages, and
much if not most of it has been carried away in recent years by the
river. During the stay of the Trimble party at Piute Farms from
August 18 to 26 the waves of the surging flood-swollen stream beat
against the south bank and carried away a strip of land 75 feet
wide, notwithstanding the fact that the channel was already 3,300
feet wide.

There appears to be an abandoned Indian farm on the east mde
of the San Juan at a point 3 miles east-northeast of the mouth of
Piute Creek. Another abandoned Indian farm is just south of the
Thirteen-foot Rapid on the San Juan and another is in a side canyon
114 miles south of the rapid; both these farms were irrigated by
water from the stream that drains the side canyon.

In 1921 no tract under cultivation was seen along the San Juan
or along its tributaries at an altitude of less than 3,900 feet. In
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fact, the only cultivated patches that the Trimble party saw during
the canyon voyage below Comb Ridge were in Piute Canyon at a
point 9 miles south of the river.

ARCHEOLOGY

A fairly large number of accessible cliff dwellings occur along the
river at and east of Bluff, but in and near San Juan Canyon, which is
west of Bluff, cliff dwellings and other prehistoric ruins are sur-
prisingly few. This apparently means that the canyon country,
with its meager quantity of tillable land and its sparse grasses, has
not at any time been able to sustain more than a few nomadic in-
habitants.

A small accessible dwelling stands in a recess in a chﬁ on the west
side of Butler Wash near its mouth. Its walls have been partly -
demolished.

There are a few small dwellings, difficult of access on account of
the steep approach and the small entrance, on the north side of the
San Juan about half a mile west of the mouth of Butler Wash.
They appear to be well preserved. A few ruins are said to occur at
the mouth of Comb Wash. The ruins near Bluff and those in Butler
and Comb washes, also some in and near the Great Caves in Grand
Gulch and some north of the north base of Navajo Mountain, have
been described by Prudden.??

A round jar having the form of an olla was found beneath a
narrow projecting ledge on the right bank of the river about one mile
above the mouth of Slickhorn Grulch. In this vicinity oil seeps occur
" in the river and at the water’s edge for a distance of a mile and a
quarter. Perhaps the cliff dwellers who made pottery of this type
came to the locality to obtain the oil for fuel or medicine. No
masonry that could have been part of a cliff dwelling was seen, but
buried heaps of charcoal, corn cobs, grains of corn, and partly com-
pleted arrowheads that were found indicate that the cliff was once
a place of habitation.

Fragments of pottery of several designs were noted on the surface
near the mouth of Clay Gulch. The cliff at this locality is on' the
west side of the gulch and has a large recess, which has obviously
been used as a shelter by Indians and white people.

A dwelling with an entrance 2 feet square was found beneath a
huge sandstone boulder in the bottom of Copper Canyon at a point
some 4 or 5 miles from the San Juan. The length and breadth of the
single.room are only a few feet, and its ceiling of solid reck is so
low that a person can not stand erect in it.

2 Prudden, T. M., The prehistoric ruihs of the San Juan watershed in Utah, Arizona,
Colorado, and New Mexico: Am. Anthropologist, new ser., vol. 5, No. 2, pp. 224-228,
1903.
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!
A cliff dwelling beneath a projecting ledge on the northeast side
of the inner canyon of Nokai Creek at & point about; 6 miles from the
river consists of two rooms, the larger 8 by 12 feet. The smooth
walls, which were constructed of slabs of rock an“{vred clay, stand

sinag@yeral Teet high. The walls have been partly torn down by recent

Indians to obtain:stene for building crude huts in which no mortar
or clay was used. Pras Hifra, - of pottery of several designs
were noted on the surface. The abundance of the fragments sug-
gests that the locality was a place of habitation for a/long timé*-

A small cliff dwelling whose walls have been mbstly demolished
was seen about 2 miles north of Spencer Camp. It is in an alcéve
in the Navajo sandstone on the northwest side of a gulch and is
more than 1,000 feet higher than the San Juan. Only small plecea
of broken pottery were observed on the surface.

A cliff dwelling with walls several feet high was built in an alcove
in the Wingate sandstone in the northwest canyon wall of the river
at a point 3 miles by stream below Spencer Camp.| It is 50 feet or
more above the river and can be reached by cautiously climbing the
steep face of the cliff, in which shallow notches hdve been chiseled
for steps. It is small and. erude, but is in 2 goed state of preserva-
tion. Bits of broken pottery were found in and near the dwelling.

Pictographs tepmeseriting: mapy things, such as mountain sheep;
snakes, and ducks, have been’ #hiseled by the Indl 1S of nuImerous
huge boulders of sandstone below the Clay H
were chiseled on smooth surfaces that had a dark-brown coating of

iron oxide, known as “desert varnish.” None ofl/them appear to

have -been made in recent times—in fact, some have been so nearly
obliterated by weathering as to suggest that they are many cen-
turies old. Some of the pictograph-bedaring boulders have recesses
whose upper surfaces are covered with. seot. This soot and the éc-
currence at places of buried masonry indicate that Indians long ago
used the boulders for shelter.

Two or more low circular rock walls, mostly fallen down, stand
on. the terraces just south of the Thirteen-foot Rapid and occupy
prominent positions overlooking the adjacent flats along the river.
They were.very crude, being built of angular stones apparently
without mortar. They-ase said by Loper and Christensen to ante-
date the architecture of the present Indiang of the region.

ROADS AND TRAILS

Because San Juan Canyon and the region traversed by it are dif-
ficult of access and are inhabited by few people, the region contains
only a few roads and trails. The canyon and the adjacent country
are generally reached by two overland routes—one by way of Bluff,
Utah, and the other by way of Kayenta, Ariz.
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Bluff may be reached by automobile stage from Thompson, Utah,
on the Denver & Rio Grande Western Railroad, 143 miles by road
to the north, by going through Moab, Monticello, and Blanding
(formerly called Grayson), Utah. It may also be reached by auto-
mobile stage from Dolores, Colo., on the narrow-gage line of the
same railroad. The route from Dolores runs in a west-northwesterly
direction to Monticello, a distance of about 75 miles, and then south
through - Blanding to Bluff. From Bluff a road runs to Mexican
Hat, a distance of 25 miles, and then on to Goodridge 214 miles by
road farther south. The road between Bluff and Goodridge is
used by a few automobiles, but on account of washouts it is occa-
sionally impassible except for pack animals.

Several roads radiate from Goodridge and Mexican Hat and run
to different parts of the San Juan oil field, most of which is north
of ithe river. These roads, which are used very little except by oil
drillers, are shown on Woodruff’s map of the region.?® A road, as
shown on this map, crosses the river at the mouth of Conmib Wash
and runs southwest for several miles along the west face of Comb
Ridge. In 1921 the members of the Trimble expedition found a trail
running southwest from the mouth of Chinle Creek., If there ever
was a road here it has been obliterated on account of disuse.

From Goodridge a wagon road runs in a southwesterly direction,
crosses the San Juan over a suspension bridge half a mile west of
the village, and then runs through Monument Valley and Pass to
Kayenta, Ariz., the distance being about 50 miles by road. On
account of deep sand and washouts, only one automobile had made
the trip from Kayenta to Goodridge before 1921.

Kayenta may be reached by automobile from Flagstaff, Ariz., on
the Atchison, Topeka & Santa Fe Railway, 155 miles by road to the
southwest. The road between Flagstaff and Tuba is in good condi-
taon, but most of that between Tuba and Kayenta is poor. Kayenta
may also be reached by automobile by way of Chinle, Ariz., from
Gallup, N. Mex., on the Atchison, Topeka & Santa Fe Railway, a
distance of 190 miles.

The bridge near Goodridge is the only one spanning the river
below Shiprock, N. Mex. It is therefore used by many people, be-
cause the crossing of the river, by wading on foot or by fording or
swimming on horseback, is preearious on account of the quicksands
and the unreliable, changing channel.

The first place that the canyon floor can be reached below the
bridge is at the Mendenhall Loop, where a trail descends the north
wall to Mendenhall Cabin. The next place is at the. Honaker trail,

BT, 8. Geol. Survey Bull. 471, pl. 9, 1912.
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whose head is 714, miles by road west of Mexican Hat. The trail
was built in 1904 by gold prospectors, who were attempting to work
the placer deposits in and near the river channel. The canyon wall
descended by the trail is only 1,285 feet high, yet the trail is so
crooked that it is about 214 miles long. The trail was built with
the intention of using pack animals on it, but the only horse ever
to attempt the descent fell off from a particularly steep, narrow
stretch known as “ The Horn,” and its bleached bones may still be
seen lying at the base of the cliff. Before 1904 prospectors reached
this part of the canyon by descending the river from Goodridge
and Bluff or by ascending the canyon from Clay Hill Crossing or
the mouth of Slickhorn Guleh. Also for some time they used ropes
for lowering themselves and supplies into the canyon at the Honaker
trail. The ropes were used over the high impassable pink cliff that
is about halfway down from the rim.

A road used mostly by oil prospectors runs from the vicinity of
the Honaker trail past the south base of Cedar Point and across Johns
Canyon to the mouth of Slickhorn Gulch, where it descends the lower
part of the canyon wall to the river. It follows the prominent bench
that gradually becomes lower and lower downstream and disappears
at the water’s edge near the mouth of Grand Gulch. The road down
the canyon wall at the mouth of the gulch was constructed many years
ago by E. L. Goodridge for the purpose of lowering drilling ma-
chinery to the bottom of the canyon, where there are large oil seeps.
An engine, after being brought across the desert for a distance of
more than 175 miles, was safely taken down the canyon wall to a point
within a stone’s throw of the drilling site, but at that point, owing to
an unfortunate accident, the engine tumbled from the road and over
the cliffs to the bottom of the canyon and was thus broken beyond
repair.

To reach the canyon below the mouth of Slickhorn Gulch there are
two customary routes. One passes through a locality known as
Oljeto, which is about 80 miles from Goodridge and 25 miles from
Kayenta. A poor road from Oljeto runs in a northwesterly direction
past Organ Rock, 375 feet high (Pl VII, C), thence in a westerly and
northwesterly direction down Copper Canyon to the river, and next
to and across Nokai Creek to Zahns Camp. The road down Copper
Creek follows the stream to a point about 8 miles from the river,
ascends a low escarpment on the west side of the creek, and follows a
bench to the river and downstream as far as Nokai Creek.

One or more trails run in a northwesterly direction from the
vicinity of Orange Rock to Piute Farms and Clay Hill Crossing, on
the San Juan. One of them was found to be marked for short dis-
tances by wagon tracks. Amnother trail leaves the road west of Organ

Y
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Rock and, after climbing an escarpment a few miles farther west,
follows a platform or bench along the east side of Copper Creek to
the river.

- A trail apparently constructed by gold prospectors runs along the
‘south canyon wall from Piute Farms to the mouth of Copper Canyon.
In 1921 it was in places so narrow as to be impassable for pack ani-
tnals and to require a steady nerve and sure footstep for a person to
pass over it. West of Nokai Creek a fork of the trail ascends the east
slope of a saw-toothed hogback ridge and thence follows a level or
gently sloping bench to Spencer Camp. This trail was used by
wagons in hauling gold-mining machinery to Spencer Camp. In
September, 1915, a Franklin automobile was driven by the five Zahn
brothers, of Los Angeles, Calif., over the route leading from Kayenta
through Oljeto, down Copper Canyon, and across Nokai Creek to
their gold-mining camp, commonly known as Zahns Camp.

Stock trails ascend Nokai Creek for only a few miles. A trail run-
ning from a point on the road near the mouth of Nokai Creek climbs:
the high mesa to the west and then crosses Piute Canyon about 9
miles south of the San Juan. This route was followed in 1909 by the
combined parties of Cummings and Douglass when they were being
guided by Piute herdsmen to the Rainbow Natural Bridge. This was
the first time that white men had visited the bridge. In September,
1921, Wesley Oliver, packer for our party, who was to meet us at the
mouth of Piute Creek, attempted to follow this trail with his pack
train. When he reached a particularly steep part of the trail leading
west out of Nokai Canyon he encountered a landslide of huge jagged
boulders that had recently blocked the trail. Nevertheless he at-
tempted to take his pack animals across the landslide, but before he
had gone far one of the mules, in floundering on the boulders, was
so seriously injured that the attempt was given up. The pack train
with its provisions, which were greatly needed by the San Juan
party, was returned to the bottom of Nokai Canyon, where the stock
could get water and grass. Then Oliver returned to the landslide
with his saddle pony, managed to cross it, and reached our camp two
days late. He reported seeing the skeletons and carcasses of eight
horses that had fallen from the cliffs at the landslide within the last
two months. To obtain the much-needed provisions Bert Loper and
I laboriously towed a boat upstream to Spencer Camp, a distance of
16 miles, where we met Oliver with his pack train, as he had in the-
meantime returned with his pony over the treacherous trail to Nokai.
Canyon. The trail across the landslide has, accordmg to John Oli-
ver,?* been repaired by Indians since 1921.

Another southern route into the canyon country leads from.
Kayenta southwestward to the head of Marsh Pass, northwestward’

* Letter dated April, 1923,
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up Laguna Canyon past its cliff dwellings, across the head of Piute
Canyon, and around the east side of Navajo Mountain to its north
base, a distance of fully 75 miles, whence there are two or more trails
leading north to the river and one leading west to the Rainbow Nat-
ural Bridge. One of the trails descends the west wall of Piute
Canyon at a point 9 miles away from the river and then descends
Piute Creek to the river. From the mouth of this creek a good trail,.
used by horses and burros, runs up the left bank of the river for a
distance of 5 miles.

A trail constructed for the use of horses and burros ascends the
south canyon wall at a point 1 mile southwest of the mouth of Wilson
Creek and passes on to a nearly level grass-covered plateau that
extends to the base of Navajo Mountain, several miles away. It
doubtless connects with the trail that follows the north side of the
mountain to the Rainbow Bridge.

The canyon that is drained by a stream entering the river at the
Thirteen-foot Rapid was formerly followed by a trail. The trail
led from the abandoned Indian farms near the mouth of the creek
past the abandoned farm just north of the forks of the canyon and
thence up the west fork for an unknown distance. Whether it con-
nects with the Rainbow Bridge trail is - not known. It was found
to be so obliterated at many places by landslides and washouts as
to be impassable for man or beast.

The difficulties in reaching the part of the canyon below Slickhorn
Gulch from the north are fully as great as those in reaching it from
the south, because only a few people, including herdsmen, pros-
pectors, and guides, are familiar with the trails. One of the prin-
cipal routes of travel runs from the town of Green River, on the
Denver & Rio Grande Western Railroad, by way of Hanksville to
Hite. A wagon road from Green River has been built as far as
Hite. At Dandy Crossing, just above Hite, animals can easily swim
the river, and supplies can be taken across in boats. From Hite
the trail, which was once used as a wagon road and which is still
an excellent pack trail, passes in a southeasterly direction up White
Canyon to the natural bridges, 40 to 45 miles distant. From the
bridges one trail runs in an easterly direction to Blanding, a distance
of 40 miles, and another that has been used at times by wagons runs
in a southeasterly direction to Bluff. Another route of travel is
from Thompson, on the Denver & Rio Grande Western Railroad,
to Blanding and thence west over the route just described.

In 1923 a party of the National Geographic Society traversed by
pack train the region lying north of San Juan Canyon. The region
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and the route followed are briefly described by Judd,® leader of the
party, in two recent articles.

A road from Hole in the Rock to Bluff by way of the Clay Hill
Pass and the head of Grand Gulch, was constructed in the winter
of 1879-80 by a Mormon mission party, which followed this direct
yet unknown route from Cedar City, Iron County, to colonize the
part of the San Juan Valley where Bluff now stands. The party
consisted of 200 men and women and 50 children, who took with them
more than 100 teams, 82 covered wagons, and nearly 1,000 cattle.
An account of the journey of the party, which underwent endless
privations and hardships during the severe winter in this most
rugged, barren country, and which still displayed an exemplary
morale and discipline and an unbounded confidence in their leaders,
is one of the most interesting chapters in Utah history. Since 1880
the road traversed by them between the Colorado and Bluff has been
used very little by wagons, and to-day its location is marked simply
by a trail. In fact there is not a single human habitation on it west
of Bluff. .

The following brief description of the route is abstracted from
an article by J. Cecil Alter:2¢

About December 14, 1879, the leading wagons reached the Hole in the Rock,
the only break in the continuous canyon wall through which a road could be
consfructed to the river. [See PL XIII.] Work was immediately begun in
the 4-foot crevice to build a roadway 1 mile long to reach the river 800 feet
below. So precipitous was the crevice that the first workmen had to be
lowered by ropes from the rim and then held in suspension while they drilled
the powder holes. By December 17 enough room was found in the crevice
for 47 men to work. The number of workmen gradually increased, but it
was not until January 26, 188(Q, that the first wagons could be taken down
the new road to the ferryboat, which was built of lumber that had been hauled
from Escalante, a distance of 60 miles. On February 10, after the last wagon
had descended to and crossed the icy river, the caravan began to climb the
east canyon wall, in which a road had been blasted.

On February 13, cold, stormy weather, with snow and bad roads, forced a
halt about 10 miles from the Colorado, yet the summit of the “ San Juan Hill ”
was still 2 miles distant. On February 17 the party passed near the most
northerly bend in San Juan River, about 14 miles east of the Hole in the Rock,
where it is said the vertical canyon walls of the San Juan obscured the stream
below. [The bend referred to is obviously the Great Bend that is below
Spencer Camp.}

About February 20 the leaders of the party reached the Slick Rocks, “ con-
sisting of great knobs and hummocks of sandstone, jumbled together and
riven with crevices, the whole field a half mile across being tilted at a sharp

% Judd, N. M., Beyond the Clay Hille: Nat. Geog. Mag., vol. 45, pp. 275-302, 1924 ;
Explorations in San Juan County, Utah: Smithsonian Mise. Coll,, vol. 76, No. 10, pp.
77-82, 1924.

.. % 8alt Lake Tribune, Oct. 23, 1921,
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angle. A roadway had to be literally chiseled and blasted through this region,
as box canyons prevented getting around it.” On February 28 the first
wagons slid down the chutelike roadway into Lake Canyon and reached Hermit
Lake, called Pagahrit ( standmg water) by the Indians. ThlS lake, which was.
half a mile long, was produced by a spring and stream havmg been’ dammed by
beavers. “The dam went out with a flood six or seven years ago, and the
beautiful lake with its willows, bushes, canes, grass, and ducks, is no more.”?
On March 2 the advance column, after passing over rocky ridges and sand
dunes, reached Green Water Spring, in Castle Wash, so named from a castle-
like cliff dwelling near the spring. After another two day’s traveél in heavy
sand in the wash the leading wagons reached the head of the Clay Hill divide
or pass—the only pass in the southeast escarpment of the mesa country that
extends from San Juan River in a northeastward direction to the head of
Red Canyon, a distance of 20 mijles. The clay hill lies east of the pass and
is a long badland slope leading down to the lower plateau coun?:ry to the
east, which is sometimes referred to as the “Grand Flat.” [See PL XIV,
A.] 1t is only a part of a belt of badlands that runs the whole length: of
‘the southeast escarpment of the above-mentioned mesa country. . To this mesix
country the name Clay Hills has been appropriately applied, yet the hills,
-which are in reality mesas, are capped with massive chﬁ.‘-making sandstones
-that are generally bare of soil and vegetation.

The descent of the Clay Hill was difficult, for the clay was wet and slippery,
the mud was deep, and the slope was long and steep. The first- wagons made
the descent about March 12, and headed in a northeastward direction through
a cedar-clad country, reaching the Cow Tanks after going a d1stance of 20
miles, and next reaching Dripping Springs, some 6 or 8 miles farther north-
east. The party, after traveling 10 miles in going® around the head of Grand
Guleh near Elk Ridge, and in crossing Harmony Flat, reached the point where
the present-day trail leads off to the north about 2 miles to the Edwin Natural
Bridge. The caravan next entered the canyon of Comb Wash @nd followed
it for 25 miles in a southerly direction to San Juan River, wheré a roadway
had to be blasted in the face of a cliff. [See Pl XIV, B.] The wagons after
passing down the “ dugway ” went eastward 9 miles to the place sincé known
as Bluff, where two or three families were then living. The’ ﬁrst Wagons
reached that place on April § and the last on the next day. ’

During my exploration of the country adjacent to San Juan River
I saw the abandoned road on both sides of the Colorado at Hole in the
Rock and at a locality 9 miles west of Bluff, where a dugway was
made in the face of a cliff of solid rock, and also walked over the
route from Clay Hill Pass to Red House, which is about 10 miles
northeast of the pass.

A trail used many years ago by wagons leaves this old road at the
foot of the clay hill and runs in a southwesterly direction to Clay
Hill Crossing on the San Juan, a distance of 10 to 12 miles. During
the “ gold ” excitement of 1892 the trial was used by prospectors who
rushed southward to the river, and it was also used by them when they
went away empty-handed. At that time the river could be forded
at Clay Hill Crossing, for the channel was narrow. Since then the
tree-covered bottomland extending from the crossing to Piute Farms



GEOLOGY - . . 33

has been swept away and has been replaced by the w1dened river
channel with its shifting bed of quicksand.

Spring Gulch was found to be followed by a cattle trail that leads
northward to the grassy valleys of the high country. The trail,
which was followed for a distance of 414 miles from the river, has
been obliterated at some places by washouts and is in poor condi-
tion at most other places.

A trail constructed for the use of horses and cattle ascends the
north wall of San Juan Canyon at the mouth of Wilson Creek and
runs in a northwesterly direction on a grass-floored bench on the
east side of the creek. It was followed for a distance of only 2 miles
from the river. A similar trail described on page 30 ascends the
south canyon wall at a pomt 1 mile southwest of the mouth of the
creek.

GEOLOGY
GENERAL FEATURES

The rocks in and near San Juan Canyon are bare of soil and
vegetation at most places and thus offer an unexcelled opportunity
for their study. They include both igneous and sedimentary rocks.

The igneous rocks are found at Alhambra Rock, where there is a
high, dark volcanic neck and associated dikes; 3 miles north of
Mexican Hat and 4 miles south-southeast of Goodridge, where there
are dikes; and 2 miles south of the mouth of Chinle Creek, where
there is a Volcamc neck. All these localities are in the east'end.of the
region here described.

The sedimentary rocks, which are generally horizontal or inclined
at low angles, are of Pennsylvanian, Permian, Triassic, Jurassic,
Cretaceous (%), and Quaternary age and have been grouped into a
number of formations. The succession and character of the sedi-
mentary rocks are graphically represented in the accompanying
columnar section (fig. 2) and the distribution of the different forma-
tions is shown on the geologic map (Pl. XV). The oldest forma-
tions are exposed at and near Goodridge and Mexican Hat, in the
San Juan oil field. Because these and the younger formations dip
in all directions from the oil field, successively younger beds are
found in going both upstream and downstream from the field. The
different formations are described below in the order of their age, the
oldest first. Their structure is briefly described on pages 40-41.

SEDIMENTARY FORMATIONS
GOODRIDGE FORMATION

The Goodridge forma,tibn, of Pennsylvanian age, is widely exposed
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