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WATER SUPPLY OF INDIAN RESERVATIONS

GEOLOGY AND AVAILABILITY OF GROUND WATER ON
THE UTE MOUNTAIN INDIAN RESERVATION, COLORADO
AND NEW MEXICO

By James H. Irwin

ABSTRACT

The geology and availability of ground water on the Ute Mountain Indian
Reservation were studied to determine the possibility of developing additional
water for domestic and stock purposes. The reservation is in the southwest
corner of Colorado and a part of northwestern New Mexico; it has an area of
about 900 square miles and includes part of Mesa Verde and the laccolithic Ute
Mountains. The climate is semiarid, and the average annual precipitation
generally ranges from 10 to 15 inches. The streams are tributary to the San
Juan River; the Mancos River is the main tributary.

Most of the rocks exposed are of Cretaceous age. The oldest formation exposed
is the Navajo Sandstone of Jurassic and Triassic(?) age. Pre-Cretaceous rocks
younger than the Navajo are, in ascending order: the Entrada Sandstone, the
Summerville Formation, the Junction Creek Sandstone, and the Morrison
Formation. The Cretaceous rocks are: the Burro Canyon Formation, the
Dakota Sandstone, the Mancos Shale, the Point Lookout Sandstone, the Menefee
Formation, the Cliff House Sandstone, the Lewis Shale, the Pictured Cliffs
Sandstone, the Fruitland Formation, the Kirtland Shale, the Mc¢Dermott For-
mation, and the Ojo Alamo Sandstonc. Some of the pediment deposits are of
Tertiary (?) and Quaternary age. Quaternary deposits include: alluvium and
terrace, pediment, and talus deposits. Laeccoliths, sills, and stocks of Cretaceous
or Tertiary age intruded into and between sedimentary rocks form the Ute
Mountains. The regional dip is away from the mountains.

There had been little development of water resources before the early 1950’s.
With the establishment of the Ute Mountain Indian rehabilitation program,
ground-water studies were started in an attempt to alleviate shortages of domes-
tic and stock water supplies.

The major factors controlling the occurrence and movement of ground water
are climate, lithology, structure, and erosion. The principal occurrence of ground
water is in the sandstonc formations, although surficial deposits are significant
aquifers near the Ute Mountains. Shale, the dominant rock type, inhibits or
precludes thec movement of ground water. Thus, artesian conditions generally
prevail in the sandstone beds confined by the shale.

Most of the wells yield water from artesian sandstonc aquifers. The major
artesian aquifers are the Dakota Sandstone, the Burro Canyon Formation, the
Junction Creek Sandstone, and the Entrada Sandstone.

G1



G2 WATER SUPPLY OF INDIAN RESERVATIONS

During this investigation, several stock wells were drilled in the western part
of the reservation, and three deep public-supply wells were drilled at Towaoc.
Stock wells tapped the Dakota Sandstone; the deep wells at Towaoc tapped the
Junction Creek, Entrada, and Navajo Sandstones. Pumping tests at Towaoc
indicate that yields of as much as 100 gallons per minute are possible from pump-
ing the three wells.

Water from the bedrock aquifers generally is highly mineralized, and most of
it contains one or more constituents that exceed limits recommended by the U.S.
Public Health Service. Water from alluvial sources in the mountain area is
generally of better quality than that from the deeper aquifers. Shallow supplies
are unreliable the year round, and it is necessary to depend on water from the
deeper aquifers for a continuous supply.

In general, ground water is not available in large quantities. However, ade-
quate stock supplies are available from the Dakota Sandstone in the western
part of the reservation. The Mesa Verde and New Mexico areas are not favor-
able for extensive ground-water development. Springs are an adequate source
of water in the mountains. Public supplies for Towaoc are adequate for the
present needs (1962).

INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

This investigation was made to determine the water resources of
the Ute Mountain Indian Reservation and to aid in the development
of additional water supplies for domestic use in the Towaoc area and
for stock use throughout the reservation. The investigation was made
by the U.S. Geological Survey in cooperation with the Ute Mountain
Ute Tribe of Indians, Towaoc, Colo., and with the approval of the
U.S. Bureau of Indian Affairs. The project was established by the
Ute Mountain Tribal Council as a part of the Ute Mountain Indian
Rehabilitation Program.

The location of water supplies and development of the meager sup-
ply to serve the Indian population throughout their semiarid lands
have long been critical problems. The investigation included a study
of the geology and the ground-water resources to ascertain the occur-
rence of ground water and to insure its proper development.

The investigation was begun in 1955 and was under the direct
supervision of Thad G. McLaughlin and Edward A. Moulder, suc-
cessive district chiefs, Ground Water Branch, U.S. Geological Survey,
in charge of ground-water investigations in Colorado. Details of
scope and methods of procedure were established in conferences with
Messrs. Robert O. Bennett and James F. Cannon, successive Super-
intendents of the consolidated Ute Agency, U.S. Bureau of Indian
Affairs, Ignacio, Colo., and with the Ute Mountain Tribal Council.

LOCATION AND EXTENT OF THE AREA

The Ute Mountain Indian Reservation includes the southwestern-
most part of Colorado and a small part of northwestern New Mexico
(fig. 1). The southwest corner is coincident with the “Four Corners,”
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FI1GURE 1.—Location of project arca.

the only place in the United States where four States (Colorado, New
Mexico, Utah, and Arizona) have a common corner. The area,
about 900 square miles, includes the southern part of Montezuma
and a small part of La Plata Counties, in Colorado, and a part of
San Juan County, N. Mex.

PREVIOUS INVESTIGATIONS

The occurrence and the development of the mineral, fuel, and water
resources of the Four Corners area, including the Ute Mountain In-
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dian Reservation, have long been of interest to the geologist working
in this colorful and scenic region. Until recent years, however, few
detailed investigations had been made.

The first ground-water investigation (Waring, 1935) that included
the project area was a brief reconnaissance of ground-water supplies
in southeastern Utah and southwestern Colorado. Specific studies
have been made to obtain public water supplies at Towaoc, Colo., and
at the Park headquarters of Mesa Verde National Park just outside
the reservation boundary (fig. 1).

In October 1951 a brief reconnaissance was made of the Towaoc
area by S. E. Galloway of the U.S. Geological Survey. A more de-
tailed investigation was started in December 1953 by Joseph T.
Callahan and completed by William J. Powell in 1954, both members
of the U.S. Geological Survey. These investigations were made in
cooperation with the Bureau of Indian Affairs. During the 1953-54
investigation, six test holes were drilled in the Towaoc area—five
shallow tests in alluvial material and one deep test in sedimentary
rocks. Drilling of the deep test hole was stopped at a depth of 960
feet for economic reasons, and the well did not reach its proposed
depth. Approximately 25 gpm (gallons per minute) of water was
added to the community supply from two of the test wells. Much
of the hydrologic data collected by Mr. Powell is included in this
report.

Several recent geologic investigations, of the fuel and mineral re-
sources, that include parts of the project area are by: Barnes, Baltz,
and Hayes (1954); Hayes and Zapp (1955); Wanek (1954, 1959);
Ekren and Houser (1957, 1958, 1959a, b, ¢, d); and Houser and Ekren
(1959a, b). The geologic maps in these reports and additional map-
ping by the author were used in compiling the geologic map included
in this report (pl. 1).

Other recent reports or maps that are concerned with stratigraphic
relations and that are important to the understanding of the regional
geologic setting were prepared by: Harshbarger, Repenning, and
Irwin (1957); Strobell (1956, 1958) ; Craig and others (1955); Repen-
ning and Irwin (1954a, b); and Irwin, Akers, and Stevens (1954), as
well as several of the articles in guidebooks of the Four Corners Geo-
logical Society and the Intermountain Association of Petroleum
Geologists. Reference to individual articles in these guidebooks is
made thoughout the text.

METHODS OF INVESTIGATION

The fieldwork for this report was done in October and November
1955, June to December 1956, and March to December 1957. The
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Water is diverted above the station for irrigation of about 100 acres
at the Mancos farm, the only land irrigated by surface water in the
project area.

The discharge of McElmo Creek is measured at a gaging station
1% miles east of the Utah State line, a few miles outside the project
area. 'The average discharge at this station for 6 years was 36.2 cfs.
Maximum recorded discharge was 1,700 cfs on August 29, 1951,
and July 27, 1957. Minimum flows of 0.1 cfs were recorded several
days in 1951 and 1957. Water is diverted between the station and
the reservation for irrigation of about 1,000 acres of land above the
station and 60 acres below it.

CLIMATE

The Ute Mountain Indian Reservation has a semiarid climate.
Precipitation ranges from about 8 inches annually in the south-
western part to more than 18 inches on Mesa Verde. Figure 4 shows
the distribution of precipitation in the project area and surrounding
areas of Colorado. The average annual precipitation at stations in
the area ranges from 12.89 inches at Cortez to 18.42 inches at Mesa
Verde National Park headquarters. Average monthly precipitation
for weather stations at Cortez and Mesa Verde National Park head-
quarters is shown in table 2. The heaviest precipitation is normally
in the late summer from typically sudden violent thundershowers.

Temperatures are relatively moderate. The average monthly tem-
peratures at Cortez and Mesa Verde are shown in table 2. The
average annual tempeiature at Cortez is 48.9° F'; the highest mean
monthly temperature is 71.3° in July; the lowest is 27.5° in January.

TABLE 2.— Average monthly precipitation and temperatures at Cortez and Mesa Verde

Cortez Mesa Verde

Precipitation | Temperatu Precipitation | Temperature

P B | T (inones) )
January _______________ IO 1. 06 27.5 1. 93 29. 8
1. 10 31.9 1. 95 33.0
1. 09 38. 5 1. 76 38.6
1. 09 47. 4 1. 32 48. 1
. 86 55. 9 1. 05 57.0
. 54 64. 7 .70 67. 4
July___ 1. 21 71.3 1. 68 72.9
August_ _____ . ________________ 1. 51 69. 6 2. 01 70. 8
September_ ___________________ 1. 41 62. 2 1. 53 64. 4
October_ _ _ ___________________ 1. 46 51.0 1. 66 52.7
November____________________ .75 37.2 .98 39.5
December_____________________ 1.12 29. 5 1.7 32.1
Average annual__________ 13. 20 48. 9 18. 28 50.5
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Recorded at the Mesa Verde station, the average mean annual tem-
perature is 50.5°; the highest mean monthly temperature is 72.9°
in July, and the lowest is 29.8° in January. At Cortez the mean
date of the last spring freeze is May 15 (32°, freeze threshold), and
the mean date of the first fall freeze is September 29. The lowest
temperature recorded in 1961 was —16° on December 12 at Cortez
and —4° on December 13 at Mesa Verde National Park headquarters.

Vegetation commonly native to semiarid regions grows in the proj-
ect area. In the lower altitudes there is a relatively sparse to



UTE MOUNTAIN RESERVATION, COLORADO, NEW MEXIco Gl1

moderate cover of grass and cactus, sagebrush, and cottonwood.
In the higher tableland and the mountains, the vegetation includes
pifion and juniper and some pifion and yellow pine.

DEVELOPMENT

The Ute Mountain Indian Reservation is relatively undeveloped.
The only settlement is Towaoc, at the foot of the southeastern part of
the Ute Mountains (pl. 1). The population of the community is
about 650, of which 600 are Ute Mountain Ute Indians. A large per-
centage of all the Indians now live within a few miles of the town.
The tribal headquarters and offices, as well as offices of the Bureau of
Indian Affairs, are here. The community also bas a school, dormi-
tories, a clinic, a church, a trading post, a cafe and service station, and
several houses. Most of the homes that surround the older govern-
ment compound, approximately 75, have been built in recent years.
The community is approximately 13 miles south and west of Cortez,
Colo., the county seat of Montezuma County.

The population of the main reservation is a little more than 650,
and there are about 200 Indians living in the White Mesa community
near Blanding, Utah. All lands are owned by the tribe and are oper-
ated as a unit by the tribal council. The Indians are predominantly
sheep and cattle ranchers. The only lands under cultivation are a
few small vegetable gardens and orchards in the Towaoc area and ap-
proximately 100 acres used for raising hay at the Mancos farm.

Much of the reservation is accessible only by poor, unimproved
roads. In the Mesa Verde part of the reservation, and in much of the
Ute Mountain area, remote areas can be reached only by horse or jeep
trails. The area is served by a north-south paved road, U.S. High-
way 666, which connects it with Cortez, Colo., to the north and Ship-
rock and Gallup, N. Mex., to the south. Towaoc may be reached by
a paved road from this highway. Several graded roads are main-
tained by the Bureau of Indian Affairs and the Ute Mountain Tribe.

Colorado State Highway 40, recently completed (1962), connects
with U.S. Highway 666 near Chimney Rock. This road gives ac-
cess to the oil fields, the Four Corners Monument, and other newly
paved roads in New Mexico, Arizona, and Utah.

The principal supply center is Cortez (population 6,764, 1960).
U.S. Highway 160 connects Cortez with Durango, 45 miles to the east,
and Monticello, Utah, 60 miles to the west. Scheduled airline serv-
ice is available at Cortez. Durango is the nearest rail point, being
served by a narrow-gage line of the Denver and Rio Grande-Western
Railroad.

206-805 0—66——2
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GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

Most of the rocks that crop out on the reservation are sedimentary,
but some are igneous. The igneous rocks are mainly in the mountain
area. The exposed sedimentary rocks range in age from Triassic(?)
to Quaternary. The areas of outcrop of both types of rocks are
shown on plate 1. A brief summary of their physical character and
water-bearing properties is given in table 3.

TRIASSIC(P) AND JURASSIC SYSTEMS
GLEN CANYON GROUP

The Glen Canyon Group was named after Glen Canyon of the
Colorado River in Kane County, southeastern Utah, where the for-
mations comprising the group are typically exposed. The term was
first applied by Gilluly, Reeside, Gregory, and Moore to rocks having
a similar lithologic character and areal extent. The first published
reference to the name was in a report by Baker, Dobbin, McKnight,
and Reeside (1927) and included the Wingate Sandstone (Dutton,
1885), the Todilto Formation (Gregory, 1917), and the Navajo Sand-
stone (Gregory, 1917). The type Todilto Formation was determined
to be younger than the Todilto of the Glen Canyon area, and the
name Kayenta Formation (Baker and others, 1931) was introduced
to replace what was first considered to be a sandstone facies of the
Todilto Formation. The Glen Canyon Group is considered to be
both Triassic(?) and Jurassic (Harshbarger and others, 1957; Lewis
and others, 1961).

The Navajo Sandstone is the only formation of the group exposed.
The Kayenta Formation is present in the subsurface throughout at
least the western part of the reservation; it probably pinches out
within the project area. The Wingate Sandstone is present in the
subsurface throughout the reservation.

NAVAJO SANDSTONE
GENERAL CHARACTER

The Navajo Sandstone, the oldest formation exposed, crops out
along the south flank of McElmo dome in McElmo Canyon, just
above the north boundary, and in sec. 31, T. 36 N., R. 17 W. (fig.
5). The Navajo Sandstone was named by Gregory (1917, p. 57-59),
and the type locality is given as the Navajo country in general, where
it is one of the most conspicuous formations. It is recognized over a
large part of the Colorado Plateaus and is an important aquifer in
many places.

Throughout the McElmo Canyon exposure, the Navajo Sandstone
ranges from grayish orange pink (10R 8/2) to moderate reddish
orange (10R 6/6). (For rock color terms, see Goddard and others,
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eastward and southward—from 200 feet to 0—in the Carrizo Moun-
tain area a few miles southwest of the reservation. Figure 6 shows
the approximate limit of the Navajo Sandstone and the Kayenta
Formation.

The age of the Navajo Sandstone on the Colorado Plateaus is
considered to be Late Triassic(?) and Jurassic by Lewis, Irwin, and
Wilson (1961, p. 1439).

WATER SUPPLY

The Navajo Sandstone contributes small amounts of water to the
three deep public-supply wells in the Towaoc area. Although the
Navajo is a major aquifer on the Navajo Indian Reservation, it is
near or at its depositional limit in the project area, and yields are
much less than those obtained in parts of the Navajo country. The
Navajo is overlain by three major aquifers, and an adequate water
supply can generally be obtained without tapping it.

JURASSIC SYSTEM
SAN RAFAEL GROUP

The San Rafael Group was named by Gilluly and Reeside (1928,
p. 73), and the type area is in the San Rafael Swell of southeastern
Utah. At the type area the group consists of the Carmel Formation,
the Entrada Sandstone, the Curtis Formation, and the Summerville
Formation. The Junction Creek Sandstone and its equivalent, the
Bluff Sandstone, also are now considered to be part of the San Rafael
Group in the Four Corners and San Juan Mountain regions (Craig
and others, 1955, p. 133, 134). The Todilto Limestone in the
Navajo country also is considered by Harshbarger, Repenning, and
Irwin (1957, p. 38) to be a part of the San Rafael Group.

In the project area the San Rafael Group is represented by the
Entrada Sandstone, the Summerville Formation, and the Junction
Creek Sandstone, although the Todilto Limestone may be present in
the subsurface in the eastern part. In the San Juan Mountain area,
beds equivalent to the Summerville Formation are included in the
Wanakah Formation.

ENTRADA SANDSTONE

GENERAL CHARACTER

The Entrada Sandstone was named and described by Gilluly and
Reeside (1928, p. 76) for exposures on Entrada Point in the San
Rafael Swell, Utah. It is exposed in a small area in the northern
part of the reservation (pl. 1) and in the canyons of McEImo Creek
and its tributaries (fig. 5). The Entrada is in the subsurface through-
out the rest of the reservation. It unconformably overlies the Navajo
Sandstone.
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FIGURE 6.—Approximate limit of the Navajo Sandstone and the Kayenta Formation in the Ute Mountain
Reservation area.

In the Ute Mountain area, the Entrada Sandstone consists of two
units, a lower silty unit and an upper sandstone unit. The lower unit
is a very silty pale-reddish-brown (10R 5/4) to grayish-red (10R 4/2)
to moderate-reddish-brown (10R 4/6) very fine grained quartz sand-
stone. It weathers into characteristic rounded forms, commonly
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called hoodoos, and in places it forms a soft bench between the more
massive cliffs of the underlying Navajo Sandstone and the upper
sandstone member of the Entrada. This lower unit is correlative
with the medial silty member of the Entrada of Harshbarger, Repen-
ning, and Irwin (1957, p. 35-38) in the Navajo country. The lower
unit is similar to the red silty facies of the Carmel Formation and has
been considered to be the Carmel by some geologists in the area.
In this report the unit will be treated as the medial silty member of the
Entrada Sandstone.

The medial silty member is about 20 feet thick in the McElmo Can-
yon area. Three water wells near Towaoc penetrate from 10 to 20
feet of a silty sandstone, which is considered by the writer to be the me-
dial silty member of the Entrada. The member may not be present
everywhere in the subsurface in the area.

The upper sandstone unit of the Entrada ranges from white to
grayish orange pink (10R 8/2) to moderate reddish orange (10R 6/6).
It is composed of very fine to fine grains, and some subrounded to
subangular medium grains, of clear quartz. The unit is highly eross-
bedded, ranging from small to medium scale, but some beds exhibit
horizontal bedding planes. The Entrada weathers to form a prom-
inent characteristic ‘“slick rock’ rounded cliff.

According to Ekren and Houser (1958, p. 74), the upper unit of the
Entrada is 70 to 80 feet thick in the McElmo Canyon area. The
upper sandstone member of the Entrada, determined from cuttings
from a well drilled at Towaoe, is approximately 80 feet thick.

No fossils are known from the Entrada other than dinosaur foot-
prints near Moab, Utah. At the type locality, the Entrada is con-
sidered to be Late Jurassic from its position between the Middle and
Upper Jurassic Carmel Formation and Upper Jurassic Curtis For-
mation (Gilluly and Reeside, 1928, p. 78).

Wright, Shawe, and Lohman (1962, p. 2057) designated member
names for the Entrada in east-central Utah and west-central Colo-
rado. The names Moab Member and Moab Tongue are retained for
the upper member; the Moab is called 2 member in and east of Arches
National Monument and is called a tongue west of this point (Loh-
man, 1965). The middle unit is named the Slick Rock Member, and
the lower unit, the Dewey Bridge Member. The upper sandy mem-
ber and the medial silty member of this report and that of Harsh-
barger, Repenning, and Irwin (1957) are correlative with the Slick
Rock Member and Dewey Bridge Member, respectively.

WATER SUPPLY

The upper sandstone member of the Entrada Sandstone will yield
only small (less than 10 gpm) amounts of water to wells because it is
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fine grained. Development of supplies from the zone should be at-
tempted in places where supplies are needed in addition to those
obtainable from the overlying Dakota and Junction Creek Sandstones.

The medial silty member of the Entrada is relatively impermeable
and acts as a confining bed. Where the medial silty member is not
present, the upper sandy member rests on the Navajo Sandstone, or
older rocks where the Navajo has pinched out. Here, the upper sand-
stone member and the Navajo will act as one aquifer.

The quality of water from the Entrada is not known. In the
Towaoc area, the Entrada contributes water to a multiple aquifer
system in wells supplying domestic water, and the water is consid-
ered to be of acceptable quality for domestic use, at least where mixed
with water from the overlying aquifer.

SUMMERVILLE FORMATION

GENERAL CHARACTER

The Summerville Formation conformably overlies the Entrada
Sandstone. The Summerville Formation was named for exposures
on Summerville Point in the northern part of the San Rafael Swell,
Utah, by Gilluly and Reeside (1928, p. 80). The Summerville is ex-
posed only near the northern reservation boundary, where McElmo
Creek cuts through the southern part of McElmo Dome.

In general, the unit consists of a sequence of grayish-orange-pink
(5YR 7/2) to reddish-brown silty sandstone interbedded with grayish-
red (5B 4/2), pale-red (5R 6/2), and moderate-brown (5YR 3/4)
siltstone or mudstone. The sandstone units are composed of very
silty, very fine to fine-grained subrounded clear and frosted quartz.
The sorting is usually fair but some is poor. The usually thin-bedded
siltstone units are horizontally laminated and commonly are crinkly
or wavy. Bedding ranges from a few inches in the siltstone and
mudstone to 3 or 4 feet in the sandstone beds. In the McElmo
Canyon area the unit becomes more sandy toward the top, and a
sandstone bed near the top is 20 feet thick (Ekren and Houser, 1958,
p. 74). Here the thick bed forms a prominent ledge, but in other
places the formation generally forms a moderate slope with thin
sandstone ledges.

The Summerville Formation is approximately 140 feet thick in
McElmo Canyon. The thickness penetrated by wells in the Towaoc
area ranges from 130 to 150 feet. The Summerville seems to main-
tain a fairly consistent thickness throughout the reservation. The
unit is 148 feet thick at Red Mesa, 20 miles west of Four Corners,
and is 126 feet thick at Beclabito Dome, 12 miles south of Four
Corners (Strobell, 1956).

The Summerville Formation is considered to be of Late Jurassic
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age because of its relation with the Late Jurassic Curtis Formation
at the type locality. No fossils have been reported from the Sum-
merville. It has been recognized in the project area by many geol-
ogists and here has a lithology similar to that of the lower silty mem-
ber of the Summerville of Harshbarger, Repenning, and Irwin (1957,
p- 39—41). South and southwest of the Ute Mountain area in New
Mexico and Arizona, the Summerville grades to sandstone. In the
southwestern San Juan Mountains region, the rocks considered to
be equivalent to the Summerville are called the uppermost member
of the Wanakah Formation (Goldman and Spencer, 1941, p. 1759;
Imlay, 1952; McKee and others, 1956). In older reports (Coffin,
1921) the Summerville was included in the McElmo Formation.

WATER SUPPLY

The Summerville Formation is not an aquifer. It overlies the
Entrada and retards or prevents infiltration of water into the Entrada
and acts as a confining layer; hence, water in the Entrada is under

artesian pressure.
JUNCTION CREEK SANDSTONE

GENERAL CHARACTER

Overlying the Summerville Formation is a conspicuous sandstone
unit called the Junction Creek Sandstone. This is the prominent
sandstone unit at the top of the Summerville Formation in the Four
Corners area. In Utah this prominent sandstone was named the
Bluff Sandstone Member of the Morrison Formation by Gregory
(1938, p. 58). Later, geologists, noting intertonguing with the un-
derlying Summerville as well as with the overlying Morrison, treated
the Bluff as a separate formation. In southwestern Colorado this
unit was defined as the Junction Creek Sandstone Member of the
Morrison Formation (Goldman and Spencer, 1941, p. 1750-1751).
The Junction Creek in southwestern Colorado is now treated as a
separate formation (Eckel and others, 1949, p. 20; Craig and others,
1955, p. 133). The Junction Creek directly correlates with the Bluff
Sandstone of Utah and Arizona, but, because the exposures of the
Ute Mountain area are in Colorado, the southwestern Colorado no-
menclature of Junction Creek Sandstone is used in this report.

The Junction Creek Sandstone is typically exposed opposite
Animas City Mountain between Junction Creek and the Animas
River north of Durango. It is exposed in McElmo Canyon (fig. 7)
and in one small outcrop just south of Sentinel Peak (pl. 1).

The Junction Creek Sandstone in McElmo Canyon ranges from
white to pale red (10R 6/2) through grayish orange pink (10R 8/2)
to light brownish gray (5YR 6/1). It is composed of fine- to medium-
grained poorly sorted subrounded to rounded clear and frosted quartz
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land surface. At present (1963), water from the well is used for stock
and drilling. Unfortunately, the high mineral content of the water
(5,100 parts per million dissolved solids) prohibits its use for domestic
supplies. It is possible that highly mineralized water under artesian
pressure from formations underlying the Junction Creek may have
broken into this well from below and contaminated the Junction
Creek water. Water from the Junction Creek at Towaoc, nearer
the recharge area, is of better quality and is used for domestic purposes.

MORRISON FORMATION
GENERAL CHARACTER

The Morrison Formation was named by Emmons, Cross, and
Eldridge (1896, p. 60) for the exposures near Morrison, Colo., but
the name first appeared in print 2 years earlier (Cross, 1894, p. 2).
The formation now.has been recognized over most of the western
interior of the United States and has been the subject of numerous
papers. The beds that now make up the Morrison Formation in
the McElmo Canyon area were originally assigned to the McElmo
Formation by Coffin (1921).

Throughout the Colorado Plateaus the formation has been sepa-
rated into members on the basis of lithologic similarity. Four mem-
bers are recognized and are, in ascending order: the Salt Wash
Sandstone Member, the Recapture Shale Member, the Westwater
Canyon Sandstone Member, and the Brushy Basin Shale Member.
For a detailed discussion of the stratigraphy of the Morrison and
related formations of the Colorado Plateaus, see the paper by Craig
and others (1955).

The Morrison erops out in McElmo Canyon, around the Ute
Mountains, in the canyon of the San Juan River at Four Corners,
and in places along the Utah State line (pl. 1).

The Morrison Formation seems to overlie the Junction Creek
Sandstone conformably in the project area; however, fluvial channel-
ing occurs locally at the contact. Craig and Cadigan (1958, p. 185)
considered the contact of the Morrison and the Junction Creek as
“characteristically a conspicuous erosion surface suggesting a dis-
conformity between the Morrison formation and the Bluff and Junc-
tion Creek sandstones.” They noted that where mudstone of the
Morrison rests on structureless silty sandstone of the Junction Creek,
the sequence appears conformable and in places gradational.

The placement of the upper contact of the unit with the Burro
Canyon Formation of Early Cretaceous age is arbitrary, and a break
in sedimentation is not noted between the two units. The boundary
between the Jurassic and Cretaceous sedimentary rocks is discussed
on page G26.
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Abundant fossil remains, indicating a Late Jurassic age, have been
found in the Morrison in many places.

The Salt Wash Sandstone Member of the Morrison consists of
interbedded sandstone and mudstone in the project area. The sand-
stone units consist of light-greenish-gray (56GY 8/1), pinkish-gray
(5YR 8/1), and yellowish-gray (5Y 8/1) lenticular sandstone that
commonly contains thin clay stringers. The thickness of the sand-
stone beds may range from a few feet to 20 feet. In general, the
sandstone units are composed of fine- to medium-grained fairly well
sorted clear quartz and commonly contain quartz pebbles and green
accessory minerals. The mudstone units are predominantly very
dusky red (10R 2/2) and greenish gray (5G 6/1). A few thin beds
of gray platey limestone have been noted.

The sandstone is generally crossbedded with small-scale low-angle
crossheds of fluvial origin. The crossbedded units commonly have a
channel scour surface at their base. The sandstone units form small
ledges between the less resistant mudstone units and, where exposed
in McElmo Canyon, form an irregular benchlike steep slope above
the more massive vertical cliff of the Junction Creek Sandstone.

The thickness of the Salt Wash differs greatly in the project area,
owing to intertonguing and gradation with adjacent units. In the
McElmo Canyon area the Salt Wash is 100 to 250 feet thick. In
the central part of the Carrizo Mountain area, the unit is 180 to 200
feet thick (Strobell, 1956), and farther south near Toadlena, N. Mex.,
it can no longer be recognized (Harshbarger and others, 1957, pl. 3).

In at least one outcrop just south of the east toe of the Ute Moun-
tains, the Salt Wash is not present (Ekren and Houser, 1965, p.
14) and the Recapture Member lies directly on the Junction Creek
Sandstone. The Salt Wash also is missing 20 miles west of the Ute
reservation, and the Recapture Member lies directly on the Bluff
Sandstone (Junction Creek Sandstone in Colorado).

The Recapture Shale Member of the Morrison Formation inter-
tongues with and grades into the Salt Wash, and the unit is not
everywhere recognizable in the northern part of the reservation.
Ekren and Houser (1958, p. 75) reported that it is absent in eastern
McElmo Canyon.

The Westwater Canyon intertongues with and grades into the
Brushy Basin Member. It is thin in the northern part and is probably
not recognizable a short distance north of McElmo Creek.

Where the members can be distinguished, the Recapture Member
is typically composed of interbedded sandstone, siltstone, and shaly
mudstone. The sandstone is grayish pink (5B 8/2) and consists of
fine- to medium-grained quartz. The siltstone and mudstone beds
are dark reddish brown (10R 3/4) and are lenticularly bedded. The
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member characteristically weathers to a soft steep slope. The West-
water Canyon Member is typically yellowish gray (5Y 8/1) to mod-
erate-greenish-yellow (10Y 7/4) fine- to coarse-grained sandstone
interbedded with green and red bentonitic mudstone.

The Recapture is 0 to 75 feet thick, and the Westwater Canyon
is 50 to 125 feet thick in McElmo Canyon. The Recapture and
Westwater Canyon Members thicken abruptly south of the McElmo
area, and each is about 200 feet thick in the southwestern part of
the project area. Strobell (1956) reported 220 feet of Recapture
and 150 feet of Westwater Canyon at Beclabito Dome in the Carrizo
Mountain area.

The Brushy Basin Shale Member consists of variegated mudstone
containing considerable amounts of bentonitic clay interbedded with
siltstone and siliceous sandstone. The mudstone and siltstone units
are predominately pinkish gray (5YR 8/1) to light greenish gray
(5G 8/1). The bentonitic clay is probably derived from volcanic
material and causes the mudstone to weather to a characteristic
frothy surface. Ekren and Houser (1959a, p. 192) noted that the
‘““‘distinctive frothy appearance is a result of swelling and subsequent
drying of the contained bentonite. Swelling muds are not present
in the lower members of the Morrison or in the Burro Canyon for-
mation.”

The sandstone units are white, yellowish gray (5Y 8/1), and light
greenish gray (5G 8/1) and are composed of very fine to fine-grained
subrounded to rounded clear and frosted quartz. Ekren and Houser
(1959a, p. 192) reported one 20-foot crossbedded conglomeratic sand-
stone, although conglomerate and conglomeratic sandstone are not
common. Where the member is capped by more resistant Burro
Canyon and Dakota Formations, it weathers to a steep multicolored
slope with small ledges of sandstone.

The Brushy Basin Member ranges in thickness from 150 to 300
feet in the Ute Mountain area. Craig and others (1955, p. 156)
said that as much as 450 feet of Brushy Basin has been measured
in southwestern Colorado, where the member differs considerably in
thickness. The member is 156 feet thick just south of the project
area in the Carrizo Mountains (Harshbarger and others, 1957, p. 55).

WATER SUPPLY

Only a few drilled wells have tested the Morrison Formation, and
little data are available regarding potential water supplies from the
formation. The Westwater Canyon Sandstone Member and the Salt
Wash Sandstone Member of the Morrison may yield small quan-
tities of water to wells. However, the members are not major agui-
fers because of their lenticularity, poor sorting, and differing thickness.
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A well drilled at Towaoc in 1954 (well B-16, pl. 1), ending in the
basal sandstone units of the Morrison (considered to be the Salt
Wash Member), yielded 9 gpm on bail testing but was abandoned
in 1956 because its yield had declined to less than 1 gpm. Recent
test wells tapping the unit in the Towaoc area also yield small quan-
tities of water.

As the Junction Creek Sandstone is a better source for water than
the Salt Wash Sandstone Member, any water well drilled into the
Morrison should be deepened to test the underlying Junction Creek.

JURASSIC-CRETACEOUS BOUNDARY

The Jurassic-Cretaceous boundary cannot be precisely located in
most of the project area because of intertonguing, lithologic gradation
and lack of fossils. Intertonguing and lithologic gradation between
the Jurassic Brushy Basin Shale Member of the Morrison Formation
and the Cretaceous Burro Canyon Formation has been observed in
many areas on the Colorado Plateau. In the Navajo Indian Reser-
vation in Utah, Repenning and Irwin (1954a) mapped the conglom-
eratic sandstone of the Burro Canyon Formation as lensing into
Brushy Basin mudstone to the south. The Burro Canyon is absent
or cannot be recognized as a mappable unit south of the San Juan
River. Harshbarger, Repenning, and Irwin (1957, p. 57) described
the Jurassic-Cretaceous relation on the Navajo Indian Reserva-
tion as follows:

Where the Jurassic rocks are overlain by the Burro Canyon formation, the con-
tact is extremely arhitrary and no indication of a break in sedimentation can be
found. Therefore, the upper boundary of the Brushy Basin member of the Mor-
rison is questionable, and the time boundary between the Cretaceous and Jurassic
periods cannot be precisely located.

The Burro Canyon is predominantly green mudstone interbedded
with lenses of conglomerate and conglomeratic sandstone. Where
mudstone of the Burro Canyon overlies mudstone of the Brushy Ba-
sin, the contact seems to be conformable, and there is no indication
of a break in sedimentation. In places in the Four Corners area,
basal sandstone lenses of Burro Canyon intertongue with the Brushy
Basin mudstone.

Near Four Corners, the Burro Canyon Formation cannot be rec-
ognized as a mappable unit, and the Dakota Sandstone rests on the
Brushy Basin. Here, the Brushy Basin may contain some rocks of
Cretaceous age. The absence of the Burro Canyon is probably due
to erosion before Dakota deposition. Ekren and Houser (1959a, p.
200), however, noted that, in addition to pre-Dakota erosion, this
absence may be due to a facies change southward frem the Ute
Mountains.
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In the Carrizo Mountain area, Strobell (1956) did not map the
Burro Canyon formation but reported that:

Lenticular strata of conglomeratic sandstone 10 to 20 feet thick oceur as much
as 100 feet below the top of the Brushy Basin member. These lenses are very
pale orange to yellowish gray and are very discontinuous. They are probably
equivalent to the basal conglomeratic sandstone of the Burro Canyon forma-
tion of southwestern Colorado (Stokes [and Phoenix], 1948), but where they
pinch out the overlying sandy claystone beds could not be differentiated from
the underlying sandy claystone beds. * * * Hence, in all probability the
Brushy Basin member as here mapped locally contains beds of Lower Creta-
ceous age.

Ekren and Houser (1959a, p. 200) also noted conglomeratic sand-
stone units in the Carrizo Mountain area, New Mexico—units prob-
ably equivalent to the sandstone and conglomerate lenses in the Burro
Canyon of southwestern Colorado.

CRETACEOUS SYSTEM
BURRO CANYON FORMATION
GENERAL CHARACTER

The Burro Canyon Formation was named by Stokes and Phoenix
(1948, map) for exposures in Burro Canyon, sec. 29, T. 44 N., R. 18
W., San Miguel County, Colo. The unit is described at the type
locality as “alternating conglomerate, sandstone, shale, limestone, and
chert ranging from 150 to 260 feet in thickness. The sandstones
and conglomerates are gray, yellow, and brown, and the shales are
faintly varicolored, mainly purple and green * * *  The lower con-
tact is at the base of the lowest, resistant, light-colored, conglom-
eratic sandstone above the varicolored Brushy Basin shale member
of the Morrison * * *”

The Burro Canyon Formation consists of varicolored mudstone
and lenticular conglomeratic sandstone on the reservation.

The mudstone units of the Burro Canyon are generally grayish
green (5@ 5/2) with some grayish-red (10R 4/2) units and have a
characteristic hackly weathered appearance. The mudstone is gen-
erally not bentonitic, and thus differs from the bentonitic frothy-
weathering mudstone of the Brushy Basin (Ekren and Houser, 1959a,
p. 192-195).

The conglomeratic sandstone and sandstone lenses are white to
light gray (N7) and weather pale brown (5YR 6/2). The sansdtone
and matrix of the conglomeratic sandstone are composed of fine- to
medium-grained subangular clear quartz. The pebbles of the con-
glomeratic sandstone are principally red, white, green, or gray chert
and are as large as 2 inches in diameter. These units are commonly
crosshedded. The conglomeratic lenses form rough cliffs or steep
ledges, where they are thickest. The lowermost conglomerate in
the Burro Canyon was named the Karla Kay Conglomerate Member

206-805 0—66——3
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by Ekren and Houser (1959a, p. 195) from an exposure at the Karla
Kay mine in McElmo Canyon. They described the member as
“part of a system of shoestring channel-filling conglomerate and
conglomeratic sandstone lenses * * *. Rarely are the channel-fills
more than 2,000 feet wide or more than 65 feet thick; commonly
they are 500-800 feet wide.”

The conglomeratic sandstone and sandstone lenses are most evident
in the northern part of the project area, particularly in McElmo
Canyon. South of McElmo Canyon these units are rare and are
commonly absent. Where the conglomerate and sandstone are not
present, it is difficult to map the contact between the Burro Canyon
and the Brushy Basin. In mapping the Ute Mountains area, Ekren
and Houser (1959a, p. 193) placed the contact where the rocks change
from hackly weathering mudstone of the Burro Canyon to frothy-
weathering mudstone of the Brushy Basin Member of the Morrison.
Along the San Juan River in the extreme southwestern part of the
project area, the Burro Canyon could not be distinguished as a con-
tinuous mappable unit. Thin lenses of conglomeratic sandstone
similar to the Burro Canyon occur in the upper part of the Brushy
Basin Member. Pre-Dakota erosion has probably removed most
of the Burro Canyon from the area, and the Dakota rests unconform-
ably on Brushy Basin, which may contain, because of its intertonguing
relation, a few lenses of conglomeratic sandstone of Burro Canyon
lithology.

The Burro Canyon ranges in thickness from 0 to approximately
200 feet in the McElmo Canyon area. Its occurrence in the east
half of the project area is not known, as it does not crop out, and data
obtained from well logs are inadequate.

The Burro Canyon Formation is considered to be Early Cretaceous
on the basis of fossils. Evidence for this assignment was presented
by Brown (1950, p. 50), Stokes (1952, p. 1767), and Simmons (1957,
p. 2525-2526). Recent fossil evidence suggesting a Cretaceous age
for the basal member of the Burro Canyon, the Karla Kay Conglom-
erate Member, was presented by O’Sullivan (1962).

WATER SUPPLY

The sandstone units of the Burro Canyon Formation yield water
to wells on the reservation. The Burro Canyon is overlain by the
Dakota Sandstone, the major aquifer of the reservation. Where the
Burro Canyon is present, the two formations are considered a hydro-
logic unit. As the formations are not everywhere distinguishable
in the subsurface, wells completely penetrating the Dakota Sand-
stone are usually also drilled through the sandstone beds of the
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Burro Canyon into the green mudstone of the Burro Canyon or the
underlying Morrison Formation.

DAKOTA SANDSTONE
GENERAL CHARACTER

The Dakota Sandstone was named the Dakota Group by Meek
and Hayden (1862, p. 419-420) from exposures near Dakota, Nebr.
The name is now used throughout an extensive area, including the
Colorado Plateaus.

The Dakota in the project area disconformably overlies the Burro
Canyon Formation. Where the Burro Canyon is not present or
cannot be recognized, the Dakota unconformably overlies the Brushy
Basin Member of the Morrison Formation. The Dakota is exposed
in the vicinity of the Ute Mountains and along the west boundary of
the reservation (pl. 1).

The Dakota crops out or is in the subsurface throughout the’ pro-
ject area, except in the relatively few areas where older rocks are
exposed (pl. 1). In the eastern part, it lies at considerable depth
under an accumulation of several thousand feet of younger Creta-
ceous rocks. In the western part, the Dakota is at or near enough
to the surface so that it can be reached by a drill rig capable of drilling
a few hundred feet.

The Dakota is composed of a series of sandstone units interbedded
with carbonaceous shaly claystone, mudstone, and some thin coal
beds. The basal sandstone unit is commonly conglomeratic. In a
general way, the Dakota can be separated into three parts: A lower
unit consisting of sandstone or conglomeratic sandstone, a middle
unit consisting of carbonaceous black mudstone and silty sandstone,
and an upper unit consisting of sandstone.

The sandstone beds are generally light gray to light yellowish gray
and weather tan to yellowish brown. They are composed of very
fine to medium-grained well-sorted subrounded to subangular frosted
quartz.

The sandstone beds of the Dakota generally are weakly cemented
with limonite and are moderately porous, friable, and, in some
places, sugary. Locally, the cement is firm, and the sandstone is
hard and has little porosity. Siliceous, calcareous, and hematitic
cement is present locally.

The mudstone beds of the Dakota are medium gray to black and
usually contain abundant carbonaceous material. They generally
contain abundant fine sand and are commonly interbedded with
thin-bedded platy gray sandstone stringers that weather tan.
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Thin lenticular beds of low-grade coal occur throughout the unit
but are generally more concentrated in the middle and upper parts.
The coal beds range from a few inches to a few feet in thickness.

The Dakota of this area was probably deposited under fluvial and
lagoonal conditions. The upper sandstone beds may have been
beach deposits laid down before the transgression of the Mancos
Sea. The marine deposits of tke overlying Mancos Shale are con-
formable upon the Dakota.

The following is a complete measured stratigraphic section of
the Dakota.

Kive section
[Location: SE4 sec. 8, T. 33)¢ N., R. 19 W. Measured by J. H. Irwin, F. N. Houser, and E. B. Ekren]

Cretaceous:
Mancos Shale (not measured):
Sandstone, yellow, soft, friable. )
Dakota Sandstone: T?}cﬂ)“s
Sandstone, pale-yellowish-gray, weathering tan, fine- to very fine
grained, sugary, well-sorted; composed of subrounded frosted
quartz and black accessory mineral grains; weak limonite ce-
ment; composed mainly of flat beds and some wedge-planar
crossbedded units, with concave low-angle small-scale cross-
beds; weathers knobby tc slabby; forms a ledge; contains
limonite stains; base sharp_. .. _________.. 4.5
Mudstone and impure coal, medium-gray to black, flat-bedded;
weathers hackly; forms an irregular slope; contains limonite
pockets; base sharp_ . o 4.0
Sandstone, pale-yellowish-gray, weathering tan, fine-grained,
sugary, well-sorted; composed of subrounded quartz; weakly
cemented (iron) ; unit is composed of flat, thin to thick beds and
wedge-planar crossbedded units with concave low-angle cross-
beds; weathers pitted and slabby; forms a ledge; contains rib
and furrow (cuspate) structures and secondary silica over-
growths; base sharp_._______________________ ... __.__. 8.0
Mudstone, dark-gray, flat-bedded; weathers fissile; contains
abundant carbonaceous material and some limonite; base
sharp; interval mostly covered___ _____________________.___ 5.5
Sandstone, gray, weathering light-gray (with abundant yellow
limonite staining), carbonaceous, fine-grained to very fine
grained, well-sorted; composed of subrounded to subangular
quartz; thick bedded; weathers massive and blocky; forms an
irregular ledge; contains pitted surface marks, abundant car-
bonized plant remains, and, at top of unit, a 3-ft bed of impure
coaly material and hackly weathering carbonaceous mudstone;
base sharp. . __ e 13.0
Mudstone, medium-gray to black to yellowish-gray, carbonaceous;
weathers hackly; forms a slope; contains limonite stains and
beds of impure coal; base sharp_ - _ - ______.________________ 11.0
Ironstone, dark-red, flat-bedded, cherty; weathers blocky to
knobby; forms an irregular ledge; contains abundant hematite
and limonite; base sharp.___ ... __________ 1.0
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Cretaceous—Continued

Dakota Sandstone—Continued TR
Mudstone. - - .. 15.5

Sandstone, light-yellowish-gray, weathering buff, medium-
grained, well-sorted; composed of rounded frosted quartz and
black accessory mineral grains; weakly cemented by limonite(?) ;
unit contains flat, thin beds and wedge-planar crossbedded units
with small-scale crossbeds; weathers smooth to blocky; forms
a ledge; contains concretionary masses of rounded medium-
grained sandstone firmly cemented with calcite; base grad-
ational _ _ e __ 28.0
Conglomerate, pale-yellowish-gray; matrix: fine-grained sand-
stone; composed of subrounded to subangular frosted quartz;
firm cement; pebbles: quartzite and red chert; unit contains
flat, thin beds and wedge-planar crossbedded units with low-
angle small-scale concave crossbeds; weathers smooth; forms a
ledge; unit is short channel or lens; thickness decreases to 6 in.
a short distance on either side of the point measured; coarser
material concentrated along the bounding surfaces of cross-
bedded sets; base irregular and gradational . . _______________ 40
Sandstone, pale-yellow, medium-grained, well-sorted, with sub-
rounded frosted quartz and quartz overgrowths; weakly ce-
mented (calcareous and limonitic); wedge- and tabular-planar
crossbedding with concave low-angle small-scale crossbeds;
weathers blocky to knobby; forms an irregular ledge; thick-
ness differs considerably laterally; base gradational . . _ _______ 7.0
Sandstone, gray to brownish-gray, weathering dark-brownish-
gray, medium-grained, fairly well to poorly sorted, with rounded
quartz, red, orange, and sparse green chert, firm cement (cal-
careous), flat bedding; weathers blocky ; forms an irregular ledge
contains calcite overgrowths; unit grades upward into overlying

unit; base sharp. - - .. 3.0
Mudstone (mostly covered), carbonaceous, dark-gray, flat, thinly
laminated; weathers fissile, forms a slope; base concealed. ____ - 40

Sandstone with rare short conglomeratic beds, white, weathering
light-gray, medium-grained, well-sorted, with subangular
quartz and rare black accessory mineral grains, weakly ce-
mented, wedge- and tabular-planar crossbedding with low-angle
small-scale crossbeds; weathers rounded to pitty to knobby;
forms an irregular ledge; contains abundant limonite at base:
flashes in sunlight owing to quartz overgrowths; base grad-
ational _ _ - 10. 0

Sandstone, light-gray, weathering pale-yellowish-gray, medium-
to fine-grained, well-sorted, with rounded frosted quartz and
rare black accessory mineral grains, firm calcareous(?) cement,
flat thin beds, rib and furrow structures; weathers blocky;
forms a ledge; contains abundant limonite spots and stains;
base sharp_. ... ____ ... 3.0

Mudstone, carbonaceous, dark-gray, flat-bedded; weathers fissile;
forms a slope; contains a 6-in. flaggy gray, beige-weathering
sandstone about 1 ft from base; composed of angular quartz
with abundant limonite and minor iron concretions; base sharp. 4. 5
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Cretaceous—Continued )
Dakota Sandstone—Continued T’Eﬁlgﬁm
Sandstone, very pale yellow, weathering light-grayish-yellow,
fine-grained, sugary, well-sorted, with subangular frosted
quartz, weak cement (calcareous); unit is composed of flat,
thick-bedded sets and wedge-planar crossbedded sets with low-
angle crossbeds; weathers smooth to blocky; forms a ledge;
desert varnish on resistant bedding surfaces; contains limonite
spots and streaks; quartz flashes in sunlight owing to quartz
overgrowths_ _ _ . _______ L _______ 6.0
Sandstone with short conglomeratic units, light-gray, coarse- to
medium-grained, poorly sorted; rounded to subrounded frosted
quartz, pebbles of quartzite, red chert, and clay, firm calcare-
ous(?) cement, wedge-planar crossbedding with concave, low- to
medium-angle medium-scale crossbeds; weathers blocky; forms
a ledge; contains limonite stains and some clayey material;
base gradational . _________ __________________________ 7.0
Conglomerate, mottled gray and red, weathering light-gray; ma-
trix: coarse-grained, with subrounded frosted quartz; pebbles:
quartzite, clay fragments, chert, and siliceous limestone(?);
weathers blocky; forms a ledge; contains a 2-in. sandstone bed
at the base, which is gray medium grained well sorted and con-
tains abundant carbon and limonite; base is sharp. .. _______ 1.0

Total Dakota Sandstone______________ __________________ 140
Base of section, top of Burro Canyon Formation

Much of the sandstone is crossbedded, particularly the basal parts.
Crossbedding is small scale and low angle. The upper part of the
Dakota contains more flat-bedded units and is thinner bedded than
the lower sandstone units. Ripple marks and pitting are common
on the sandstone surfaces, particularly in the upper parts.

A conspicuous feature is the hard dark-red ironstone beds. The
ironstone is generally about a foot thick, and, although it may be
anywhere in the Dakota, it is more common in the middle part. It
occurs within relatively thick mudstone units as well as within cap-
ping sandstone beds. The ironstone is generally well cemented with
limonite or hematite and weathers blocky or knobby, forming an
irregular ledge. In many places immediately west of the project
area, ironstone caps the uppermost sandstone bed of the Dakota.

The Dakota weathers to form steep ledges and cliffs; the mhudstone
units form several slopes between the steep ledges of the sandstone
units. The bedding planes are generally conspicuous, particularly
where the unit crops out on gently sloping weathered surfaces in the
area surrounding the Ute Mountains. In the McElmo Canyon
area, the Dakota caps most of the mesas. Where the exposed Dakota
is relatively flat, it is covered with a thin mantle of windblown sand
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and soil with knobby sandstone occasionally cropping out in sheltered
places or in places cleared by sheet wash from desert rainstorms.

The basal contact of the Dakota with the Burro Canyon is one of
erosional disconformity. The relief on this erosional surface ranges
from a few inches to several feet in a distance of a few hundred feet.
Evidence.for the disconformity between the Dakota and the Burro
Canyon in western Colorado and eastern Utah is discussed by Carter
(1957). 1In the project area, the basal bed of the Dakota overlying
the erosional surface is conglomerate or sandstone that is in part
conglomeratic. The uppermost bed of the Burro Canyon at the
contact with the Dakota is commonly mudstone but may be sandstone.

The upper contact of the Dakota with the Mancos Shale is con-
formable, the lagoonal and beach deposits of the Dakota grading
into the marine Mancos. The basal Mancos beds commonly consist
of reworked Dakota Sandstone.

The thickness of the Dakota ranges from 100 to 160 feet and
averages about 135 feet. A thickness of 140 feet was measured in
sec. 8, T. 33% N., R. 19 W., and 110 feet was measured about 3%
miles west of “The Knees” (T. 34 N., R. 18 W.); 100 to 110 feet of
Dakota has been measured in McElmo Canyon. Dakota ranging
in thickness from 140 to 160 feet was penetrated by several wells
drilled in the west half of the reservation. However, it is commonly
difficult to distinguish the contact between the Burro Canyon For-
mation and the Dakota by examination of well cuttings. Commonly,
the two formations are logged as the Dakota Sandstone and Burro
Canyon Formation, undifferentiated, and the thickness of the two
formations ranges from 200 to 230 feet.

The age of the Dakota has not been definitely established because
of the lack of conclusive fossil evidence. It is not necessarily the
same age everywhere on the Colorado Plateaus, as it was deposited
near or at the shores of a transgressing sea. Brown (1950, p. 47)
considered it to be Late Cretaceous, on the basis of fossil plants.
Katich (1951, p. 2094) reported fossils that indicate an Early Creta-
ceous age for it in central Utah. Ekren and Houser (1965, p. 20)
assigned a Late Cretaceous age to it in the Ute Mountains area,
and this age is used in this report.

WATER SUPPLY

The Dakota is the main aquifer for stock water. Although it does
not yield large quantities of water to wells, most of the Dakota wells
are dependable for small quantities. All the wells tapping the Da-
kota are in the western half of the project area.
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Water in the Dakota is under artesian pressure everywhere except
in the outcrop, and, even there, water in the lower part of the for-
mation may be confined by impermeable beds within the unit. De-
pending on the stratigraphic position of confining beds, artesian pres-
sures may be different at different depths in the Dakota or the Dakota
and Burro Canyon sequence.

In some areas along the front of the western edge of Mesa Verde
(pl. 1), water in the Dakota is under sufficient pressure to flow at the
surface. Few wells have been drilled in this area because the Dakota
lies at depths greater than 900 feet; so, little information is available
to delineate exact areas where flowing wells are possible. A well
drilled to a depth of 1,346 feet near Chimney Rock flows less than 1
gpm and must be pumped to obtain stock supplies. Throughout
most of the project area west of Mesa Verde, artesian pressures cause
sufficient rise of water in wells to greatly decrease the pumping lifts.

In the areas of outcrop of the Dakota along the Utah State line,
sufficient water is difficult to obtain, as canyons dissect and at least
partly drain the formation. Several small seeps discharge from it in
this area. A test well (B-3) in sec. 10, T. 34 N., R. 20 W, yields
approximately 1 gpm from the Dakota. This area is structurally
higher than the area to the south and southwest, and water in the
Dakota is moving by gravity flow toward the structurally lower areas.

The quantity of water available from wells in the Dakota differs—
depending upon the hydrologic characteristics of the sandstone, the
thickness of saturated material, construction of the well, and the
amount of formation penetrated. A properly developed well com-
pletely penetrating the unit could yield 20 gpm, but yields of wells
generally range from 2 to 15 gpm.. In a few areas, where the yield is
only 2 or 3 gpm, the sandstone is very fine grained and firmly ce-
mented. In other areas it is coarser grained, the cementation is less
firm, and larger yields are available. Most of the wells are equipped
with wind-driven pumps capable of yielding 4 or 5 gpm, and this
yield is adequate for stock needs.

The depth of wells tapping the Dakota ranges from approximately
200 feet in the western part of the project area to more than a thou-
sand feet in the eastern part (pl. 2). The depth of most wells is
between 500 and 700 feet.

Water from some wells tapping the Dakota is not suitable for do-
mestic use because thin coal beds common throughout the formation
may darken the water. A strong sulfur odor also makes the water
from some wells objectionable for domestic use.
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MANCOS SHALE
GENERAL CHARACTER

The Mancos Shale was named by Cross (1899) for exposures along
the Mancos Valley near Mancos, Colo. At the type locality he
estimated a thickness of 1,200 feet. The Mancos is 1,900 to 1,955
feet thick in the project area.

The Mancos Shale is exposed extensively in the western half of
the reservation (pl. 1). It forms gently rolling hills and low ridges
throughout the southwestern part. Where the overlying, more re-
sistant Point Lookout Sandstone is present in the cliffs along the west
edge of Mesa Verde, the Mancos forms a steep dissected slope below
the caprock.

The Mancos conformably overlies the Dakota Sandstone, and, in
many places, reworked Dakota sand was deposited at the base of
the Mancos. This transition from beach deposition of the Dakota
to marine deposition of the Mancos left deposits of yellow-gray poorly
cemented clayey sandstone with indistinct bedding at the base of
the Mancos. These deposits are about 35 feet thick. Gryphaea
has been identified from this unit by W. A. Cobban (written commun.,
1956). Houser and Ekren (1959a, p. 150) reported that this weakly
consolidated sandstone is absent in and west of the Ute Mountains.

The Mancos Shale consists almost entirely of gray to dark-gray
mudstone, but there are many thin sandy limestone lenses and lime-
stone concretions throughout the unit. The following section meas-
ured south of the Ute Mountains describes the lower part of the

formation.
Mound section
[Location: Secs. 24 and 25, T. 3314 N., R. 19 W., Montezuma County, Colo. On north side of “The
Mound.” Measured by E. B. Ekren, F. N. Houser, and J. H. Irwin]
Thickness
Top of local exposure: (feet)
Pediment gravels. . ________ ______ o _____ 27
Cretaceous Mancos Shale (incomplete):
Mudstone, pale-yellow-gray, fissile, thin-bedded; weathers hackly;
forms a regular slope; base gradational _________________________ 18
Sandstone, very light gray, weathering buff, very coarse to coarse-
grained, poorly sorted; composed of subrounded clear and frosted
quartz and abundant glauconite and rounded grains of quartzite(?)
and chert(?); medium to thin beds; small-scale low-angle crossbed-
ding; weathers slabby; forms an irregular ledge; interbedded with
fissile dark-gray mudstone; contains shark teeth; base sharp...___ 9
Limestone and mudstone, interbedded. Mudstone is dark gray ; fissile
bedding. Limestone is pale yellow gray, finely crystalline, very
fossiliferous; contains pelecypods: Inoceramus perplexus Whitfield
and Ostrea luqubris Conrad; skate tooth, Ptychodus whipplei Marcou;
thin-bedded (0 to 2 in. thick, average, 14 in.). Six feet above base
of unit is fine-grained limy sandstone lens (6 in. thick) with frosted
quartz, abundant black accessory mineral grains, and clayey mate-
rial; weathers rounded to blocky; forms a ledge; base of saudstone
lens sharp; unit forms an irregular cliff; base gradational . _.___.__ 42
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Cretaceous Mancos Shale (incomplete)—Continued T’}}i’,‘}j“‘

Mudstone, dark-gray to black, weathering dark-gray, very thinly
laminated; weathers hackly; forms a regular slope; contains carbo-
naceous material and limestone concretions similar to those described
below; base gradational . _____________________________________ 62

Limestone concretionary zone in shale unit; concretions are dark gray,
weather tan to buff and are rounded to blocky; unit forms a ledge;

3- to 6-in. zone at base contains crystalline cone-in-cone structures;
limestone not composing this crystalline structure is partly fossilif-
erous (Lingula-like pelecypods); some of upper surfaces of the lime-
stone are rounded and nodular; contains vugs of calcite crystals;
basal 3- to 6-in. zone contains some banding; base sharp__________ 2

Mudstone, dark-gray to black, weathering dark-gray._._._____________ 33

Limestone concretionary zone in shale unit; concretions are dark gray,
weather brown, are 1 to 5 ft in diameter, are bounded by 4- to
6-in. zone of radiating crystalline structures, like cone-in-cone_____

Mudstone, gray to dark-gray, fissile bedding, calcareous(?); forms a
regular slope; contains fossils and in places abundant gypsum; base
gradational; interval is mostly covered_ ________________________ 266

Limestone, dense, gray, weathering light-gray to white, slightly sandy,
flat, thin-bedded, discontinuous and lenticular; intertongues with
mudstone above and below; weathers to flat cobbles; forms a thick
ledge; has conchoidal fracture__ . __ .. _________________ 33

Mudstone, gray, silty; contains a few black accessory mineral grains;
weathers hackly; forms a regular slope; contains zone, about 1 ft
thick, 2 to 3 ft below top of unit, that is full of shells of Gryphaea
newberryt Stanton_ _ _ __ _ o ____ 40

Sandstone; same as units described below except includes a 1- to 2-ft
thick sandstone bed, 14 ft below top of unit, that is yellow, limo-
nite stained, medium grained, with subrounded quartz, rare green
accessory mineral grains, firm cement (calcareous); more resistant
than remainder of unit; weathers to rounded ledge or to pebbly soil.

Base of unit is gradational ______________________________.___._ 20

Sandstone; same as unit deseribed below except gray and contains no
limonite and is firmly cemented (calcareous) in a zone 4 ft
from base __ - _ _ o e 10

Sandstone, yellow-gray, fine-grained, with subangular frosted quartz,
abundant green accessory mineral grains; poorly cemented (calcare-
ous and ferruginous); indistinet bedding; weathers to soil; forms
irregular slope; base sharp_______________________________..__. 7

[ ]

Total of incomplete Manecos Shale_ . _________________________ 544

Dakota Sandstone (incomplete):

Sandstone, pale-yellow-gray, weathering yellow-gray, medium- to
fine-grained, well-sorted, with subrounded frosted quartz, common
black and red accessory minerals; firmly cemented (calcareous);
thick beds; wedge-planar low-angle small-scale crossbedding; forms
rounded ledge; contains abundant calecareous material; limonite
stains, streaks, and spots; and a 2-in. thick coal bed about 10 ft be-
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tains to the New Mexico State line, a sandstone sequence occurs
progressively higher above the Juana Lopez southward. In the
Mancos River area, the sequence is about 50 feet above the Juana
Lopez. The sequence is probably equivalent to the coarse-grained
sandstone units of Dane. Dane (1960, p. 53) concluded that ‘“‘beds
of the Inoceramus deformis zone cut down unconformably northward
and that 300 feet or more of beds present south of the San Juan River
are missing just south of Ute Mountains about 30 miles to the north.”

The Mancos is of Late Cretaceous age, according to Pike (1947,
p. 20-24) ; the upper part is of early Montana age, and the lower part
is of Colorado age. The reader is referred to Pike’s paper for a dis-
cussion of age relations of the Mancos and other Upper Cretaceous
deposits.

WATER SUPPLY

The Mancos is relatively impermeable and is not a major aquifer.
The limestone interval of Greenhorn age in the Mancos locally vields
small amounts of highly mineralized water to wells in the vicinity of
the Ute Mountains. Here, in wells penetrating this limestone to tap
the Dakota Sandstone, it is necessary to case off water of poor quality
from this unit.

The Mancos serves as a thick confining layer over the Dakota, and
hence, water in the Dakota is under artesian pressure.

MESAVERDE GROUP

The “Mesaverde group” was named by Holmes (1877, p. 244)
from exposures at Mesa Verde, Colo. A large part of the reservation
lies on the broad dissected mesa (pl. 1) for which this group of rocks
is named.

Holmes divided the group into three units—the “Lower Escarpment
sandstone,” the “Middle Coal Group” and the “Upper Escarpment
sandstone.” Collier (1919, p. 296) renamed these three divisions, in
ascending order: the Point Lookout Sandstone, for Point Lookout
on the north rim of Mesa Verde; the Menefee Formation, for expo-
sures on Menefee Mountain near Mancos; and the Cliff House Sand-
stone, for the ruins of cliff houses in Mesa Verde National Park.
These formational names are in use today.

The Mesaverde Group has been studied by Wanek (1959) and Hayes
and Zapp (1955) ; so, a detailed discussion is not included in this report.
The group was deposited during Late Cretaceous time, as shallow
seas advanced and retreated. The large-scale intertonguing of the
marine and continental deposits resulted from the oscillation of the

shoreline.
POINT LOOKOUT SANDSTONE

The Point Lookout Sandstone is the basal formation of the Mesa-
verde Group. It is exposed in the steep sides and canyons of Mesa
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Verde, where it forms a cliff above the steep slopes of the Mancos
Shale. Several isolated patches of sandstone, which are considered
to be Point Lookout, crop out high in the Ute Mountains. One of the
larger exposures is on Hermano Peak, known as “The Knees” (pl. 1).

The Point Lookout in the Mesa Verde area was divided informally
into two members by Wanek (1959, p. 685) ; Zapp (1949); and Barnes,
Baltz, and Hayes (1954). The lower member is composed of inter-
bedded - yellowish-gray (5Y 8/1) thin sandstone and medium-gray
(N6) sandy mudstone. This member is transitional into the under-
lying Mancos Shale. The intertonguing and gradational relations
between the lower part of the Point Lookout and the Mancos are
well displayed in the cliff face of Mesa Verde just east of Highway 666
and in the canyon walls carved by the Mancos River, where it emerges
through the mesa (fig. 10).! The contact between these units is
placed arbitrarily at the base of the lowest sandstone bed. The
lower member also intertongues with the overlying upper massive
sandstone member.

According to Wanek (1959, p. 685), the thickness of the lower
member (informally called the sandstone and shale member) ranges
from 80 to 125 feet in the Mesa Verde area. In adjacent areas, the
lower member is as thick as 250 feet (Zapp, 1949; Barnes and others,
1954).

The upper sandstone member of the Point Lookout is massive
yellowish-gray (5Y 8/1) to white sandstone. It is composed of fine- to

1 Due to a printing error, the cutcrop of Point Lookout along the Mancos River is shown in the wrong
color in the northeastern part of plate 1. However, the areas are properly labelle<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>