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DESCRIPTION OF MAP UNITS

Qal Alluvial deposits (Holocene)—Well-rounded boulder- to clay-size debris deposited in
stream valleys and alluvial fans

Alluvial, eolian, and lake deposits(Holocene)—Chiefly sand, silt, and clay on ridges near
the Colorado River and on Grand Mesa

Terrace and pediment gravel (Holocene and Pleistocene)—Gravel, sand, and silt; in-
cludes small areas of alluvial fans, talus, slope wash, and landslide deposits

Colluvium(Holocene and Pleistocene)—Boulder- to clay-size debris in talus deposits and
in deposits formed by landslide, slump, earthflow, mudflow, soil creep, and solifluc-
tion

Surficial deposits, undifferentiated (Holocene and Pleistocene)—Compiled from pho-
togeologic maps (see index map showing sources of geologic data)

Gravel (Pleistocene)

Younger gravel—Deposits of Pinedale(?) glaciation

Older gravel—Deposits of Bull Lake(?) and pre-Bull Lake(?) glaciations
Till (Pleistocene)
Younger till—Unsorted, unstratified deposits of Pinedale(?) glaciation

Older till—Unsorted, unstratified deposits of Bull Lake(?) and pre-Bull Lake(?) glaci-
ations

Basalt (Pliocene and (or) Miocene)—Caps much of Grand Mesa. About 787 ft (240 m)
thick

Uinta Formation (Eocene)— Sandstone, siltstone, and mudstone with thin units of lam-
inated dolomitic and calcareous mudstone. Maximum preserved thickness about
853 ft (260 m)

Green River Formation (Eocene)—Marlstone, oil shale, siltstone, mudstone, and sand-
stone with minor tuff and limestone. Locally fossiliferous. About 1,969 ft(600 m) thick;
thins southward

Wasatch Formation (Eocene and Paleocene)—Claystone, siltstone, and sandstone.
Locally contains sandstone with conglomerate, conglomeratic sandstone, and kao-
linitic zone where not separated from the Ohio Creek Member of the Hunter Canyon
orMesaverde Formations. Recent work hasindicated that the Ohio Creek Formation is
probably Late Cretaceous in age; as aresult, it has been reduced in rank to a member of
the Mesaverde Formation (Gaskill and Godwin, 1963; Johnson and May, 1980).
About 1,969 ft (600 m) thick; thins to the north

Mesaverde Group or Formation (Upper Cretaceous)—Gray to brown sandstone, silt-
stone, and shale; also contains coal Locally contains sandstone with conglomerate,
conglomeratic sandstone, and a kaolinitic zone in the Ohio Creek Member. Com-
mercially important coal beds in the lower part. Includes (in descending order) Hunter
Canyon Formation, Mount Garfield Formation, and Sego Sandstone, all of the Mesa-
verde Group (Gill and Hail, 1975), in the western part of the map area. Includes Ohio
Creek Member(Johnson and May, 1980), barren member, coal-bearing member, and
Rollins Sandstone Member, all of the Mesaverde Formation (Johnson, 1948), in the
eastern part of the map area. The Cozzette and Corcoran Members of the Mesaverde
Formation or the“Neslen facies” of the Price River Formation (Young, 1959), which is
equivalent to the Mount Garfield Formation (Erdmann, 1934), are mapped with the
Mesaverde Group in the western half of the map area and with the Mancos Shale in the
eastern half of the map area. Maximum thickness about 2,450 ft (747 m)

Mesaverde Group— Western part of map area
Hunter Canyon Formation—Buff and gray, medium- to coarse-grained, massive,
clift-forming sandstone and gray to greenish-gray shale. Locally contains Ohio Creek
Member at the top. Thickness about 375-1,400 ft (114427 m)

Ohio Creek Member— Lenticular sandstone, locally conglomeratic and kaolinitic
inthe upper part; siltstone; and mudstone. Characteristic white color to kaolinitic zone.
Locally separated from the overlying Wasatch Formation by an unconformity. Base of
the Ohio Creek is gradational
Mount Garfield Formation—Buff and gray, fine- to medium-grained sandstone and
gray shale. Upper part contains very little coal Lower part contains thick, persistent
coal beds within the Carbonera coal group in the far western part of the map area, the
Cameo coal zone directly above the Rollins Sandstone Member, and the Palisade coal
zone in the upper part of the Corcoran Member.

Rollins Sandstone Member— White, coarse-grained, massive, cliff-forming sand-
stone. Grades into nonmarine sandstone in the far western part of the map area.
Stratigraphically equivalent to the Trout Creek Member of the Iles Formation
(Collins, 1976)

Cozzette and Corcoran Members—Fine- to very fine grained sandstone, siltstone,
and shale; alsoincludes coal. Separated from the overlying Rollins Sandstone Member
by a tongue of Mancos Shale that thickens to the east. Cozzette and Corcoran are
marginal marine, laterally continuous sandstones that grade into continental facies in
the far western part of the map area. In the eastern half of the map area, where the
overlying tongue of Mancos Shale thickens, the Cozzette and Corcoran are mapped
with the marine Mancos Shale rather than with the predominantly nonmarine Mesa-
verde Formation (Ellis and Freeman, 1984). Locally there are minor coal beds in the
Cozzette Member. The Palisade coal zone is in the upper part of the Corcoran Mem-
ber. Cozzette and Corcoran Members are separated by a thin tongue of Mancos
Shale
Sego Sandstone—Buff and light-gray, fine-grained sandstone and gray shale. Upper
and lower parts are principally sandstone separated by the Anchor Mine Tongue of the
Mancos Shale. The Anchor coal zone is present locally in the far western part of the
map area at the top of the Anchor Mine Tongue. The eastern limit of the Sego
Sandstone determines the nomenclature change between Mesaverde Group (west)
and Mesaverde Formation (east). Maximum thickness about 300 ft (91 m). Thins
eastward

Mesaverde Formation—Eastern part of map area
Ohio Creek Member
Barren member— Sandstone, siltstone, mudstone, shale, and a few thin uneconomic
coal beds
Coal-bearing member— Sandstone interbedded with siltstone, mudstone, shale, and
coal. Cameo coal zone at base
Rollins Sandstone Member
Cozzette and Corcoran Members, undivided

Mancos Shale (Upper Cretaceous)—Mostly gray shale and minor sandstone. Inter-
tongues with the lower part of the Mesaverde Group or Formation. Marine in origin.
The Cozzette (¢z) and Corcoran (cn) Members of the Mesaverde are mapped within the
Mancos Shale in the eastern half of the map area. About 4,265 ft (1,300 m) thick

Cozzette Member—Dashed line indicates top of Cozzette; dotted where concealed

—_—CZz— —

— —cn——  Corcoran Member—Dashed line indicates top of Corcoran; dotted where concealed

————— Cozzette and Corcoran Members, undivided—Dotted where concealed
Dakota Sandstone and Burro Canyon Formation
Dakota Sandstone (Upper Cretaceous)—Light-gray to brown, resistant sandstone or
quartzite; minor shale; local thin coal beds; and minor chert-pebble conglomeratic
sandstone lenses at or near the base
Burro Canyon Formation (Lower Cretaceous)—Light-gray sandstone; conglomeratic,
chert-pebble sandstone; and light-bluish-gray to light-green claystone, shale, and
siltstone
Morrison Formation (Upper Jurassic)— Variegated fluvial-lacustrine claystone, mud-
stone, sandstone, and siltstone. Locally contains thin limestone beds, lenticular beds of
pebble conglomerate, and uranium and vanadium deposits. Includes Brushy Basin
Member and Salt Wash Member
- Entrada Sandstone (Middle Jurassic) and Chinle Formation (Upper Triassic), undi-
vided

Contact

—— L Fault—Ball and bar on downthrown side; dashed where approximately located, dotted
where concealed

——————— Lineament

Anticline—Showing axis and direction of plunge. Dashed where approximately located,;
dotted where concealed

Anticline at top of Cozzette Member
Syncline—Showing axis. Dashed where approximately located; dotted where concealed
Syncline at top of Cozzette Member

Monocline— Showing axis and direction of plunge; dashed where approximately located;
dotted where concealed

—4000— Structure contour—Dashed where inferred. Drawn on top of Cozzette Member of the
_— Mesaverde or Mount Garfield Formations. Contour interval 400 ft. Datum is mean
sea level
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INTRODUCTION

The map area is in the western part of the southern Piceance basin and an adjacent area south of the
basin in parts of Garfield and Mesa Counties, west-central Colorado. The area is in the northeast part of
the Colorado Plateau physiographic province. The southwest corner of the Grand Junction 30" x 60
quadrangle was omitted from this map, because it does not contain rocks that are associated with coal
deposits and the area is already well mapped (Lohman, 1963, 1965, and Cashion, 1973). The northeast
cornerofthe Delta30’ x60’ quadrangle has been included on this map to show the geology of rocks along
the entire margin of the Piceance basin.

The geologic maps of the Carbondale 30’ x 60’ quadrangle (Ellis and Freeman, 1984) and the
Paonia and Gunnison area (Ellis and others, 1987) show the eastern part of the southern Piceance basin.
This map completes the geologic picture of the southern part of the basin.

The eastern half of this map was compiled by Gabaldo in 1979. Ellis revised parts of the previously
compiled eastern half of the map with updated geologic mapping and drill-hole data. Ellis also compiled
the western part of the map from previous geologic mapping and, in addition, did field reconnaissance
mapping using aerial photographs having preliminary mapping by William B. Cashion.

STRUCTURE

The Piceance basin is a Late Cretaceous to early Tertiary structural basin defined by a series of
Laramide uplifts. The long axis of the basin trends northwest-southeast, and the basin is asymmetrical
along the northeast-southwest axis, probably as a result of the White River uplift. The southern edge of the
basin terminates at the Book Cliffs escarpment, formed by resistant sandstone beds of the Mesaverde
Group that stand as cliffs above the flat-lying Mancos Shale. It is along the edge of the basin that the
economically important coal beds of the Mesaverde crop out and are mined.

The Piceance basin is not highly deformed. Shallow anticlines and synclines and high-angle normal
faults predominate in the area. Anticlines and synclines in the map area reflect deformation caused by
several episodes of uplift from Jurassic to Holocene in age. The major structures are the Garmesa
anticline, Hunter Canyon anticline, De Beque anticline, and the Montrose syncline.

Grand Mesa has the highest altitude in the map area, about 10,650 ft(3,246 m). The lowest altitude
isabout4,600 ft(1,400 m) and occurs along tributaries of the Colorado Riverin the far western part of the
map area. Grand Mesa is capped by basalt flows that are very resistant to erosion, whereas the Colorado
River cuts through the easily eroded Mancos Shale.

The structure contours show the top of the laterally continuous Cozzette Member of the Mount Gar-
field or Mesaverde Formations. The same structural datum was used east of the map area in the adjacent
geologic map by Ellis and Freeman (1984). The Rollins Sandstone Member of the Mesaverde Formation
and the Dakota Sandstone are also laterally continuous and have been used by some authors in con-
structing structure contours in this area (Cashion, 1973; Granica and Johnson, 1980; and Johnson,
1983). However, there are problems with using each of these three units as structural data in this area.
The marine sandstones of the Rollins and Cozzette Members lose their distinctive character, merge, and
grade into continental sandstones in the far western part of the Grand Junction 30’ x 60’ quadrangle. The
Dakota Sandstone is not a good datum for studies relating to coal in the map area, because it is not
stratigraphically near the coal-bearing interval, and it is not penetrated by some of the drill holes in the
map area.

In the eastern part of the Piceance basin, the Cozzette Member is separated from the Rollins
Sandstone Member by a thick tongue of Mancos Shale. This shale tongue has a distinctive geophysical log
signature. The tongue of Mancos Shale pinches out west of long 108°30’ W. in the Grand Junction
30" x 60’ quadrangle. Structure contours on this map continue only as far west as the Cozzette could be
correlated with certainty.
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STRATIGRAPHY

Stratigraphic units in the map area range in age from Triassic to Quaternary. Nomenclature for
Upper Cretaceous rocks is complicated, and nomenclature for principal stratigraphic units differs
depending on geographic location. Authors have brought names from stratigraphically equivalent rock
units in adjacent areas into the Grand Junction-Delta area. The complex relationship between inter-
tonguing marine and nonmarine rocks, because of changing environments during the transgression and
regression of the Cretaceous intercontinental seaway, makes the establishment of only one set of names
overawide area almostimpossible. Miscorrelations of major sandstone units and coal beds and zones are
common. A generalized stratigraphic cross section through the map area, showing a simplified version of
the nomenclature and stratigraphic relationships of the coal and rocks in the area, is included. More
detailed nomenclature, as used by various authors for Upper Cretaceous rocks in and around the map
area, is shown in Ellis and Kelso (1987).

The Mancos Shale and the Mesaverde Group or Formation intertongue extensively. Tongues of
Mancos separate the lower and upper parts of the Sego Sandstone, the Sego Sandstone and the Cor-
coran Member, the Corcoran and Cozzette Members, and the Cozzette Member and Rollins Sandstone
Member. These shale tongues are thick to the east but thin and eventually pinch out in the westernmost
part of the map, with the exception of the Anchor Mine Tongue of the Mancos Shale between the upper
and lower parts of the Sego, which thins but does not pinch out.

In the eastern part of the map area, the contact between the Mancos and the Mesaverde was placed
below the Rollins Sandstone Member to remain consistent with the Carbondale 30’ x 60’ quadrangle to
the east (Ellis and Freeman, 1984). This contact marks the point at which the rocks above are pre-
dominantly nonmarine, and the rocks below are predominantly marine. The placement of the contact
resulted in the Corcoran and Cozzette Members of the Mesaverde Formation being mapped with the
Mancos Shale. Toward the center of the map, the placement of the Mancos-Mesaverde contact, as an
indicator of marine versus nonmarine rocks, is no longer valid because the tongues of the Mancos have
thinned considerably. Because of these facies changes and because available geologic maps to the west
map the Cozzette and Corcoran Members in the Mesaverde, the Mancos-Mesaverde contact was shifted
at long 108°30" W. to the base of the lowest cliff-forming sandstone in the Mesaverde Group.

The Ohio Creek Member is another unit that requires some clarification. The Ohio Creek was pre-
viously thought to be Tertiary (Paleocene) in age and was referred to as either the Ohio Creek Con-
glomerate or the Ohio Creek Formation. It was commonly mapped separately or with the Tertiary
(Paleocene to Eocene) Wasatch Formation. Recent work indicates that the Ohio Creek is actually Late
Cretaceous (Campanian to Maestrichtian) in age and is locally separated from the Paleocene part of the
Wasatch Formation by an unconformity (Johnson and May, 1980). The Ohio Creek has been redefined
as a member of the Hunter Canyon or Mesaverde Formations. In most areas of the map, other workers
mapped the Ohio Creek as a separate unit, and we have remapped it as the upper unit in the Mesaverde.
Inthe western part of the map area, there were a few areas where the Ohio Creek was mapped in the lower
part of the Wasatch (Cashion, 1973). In these areas, the Ohio Creek was not remapped.

COAL

Economic coal beds and zones are found in the lower part of the Upper Cretaceous Mesaverde
Group (Formation). The coal beds are generally found above major sandstone units. Coal ranges in rank
from high-volatile C bituminous to subbituminous A. Major coal beds are discontinuous and have not
been correlated basin-wide.

The coal was deposited in swamp environments behind beach sands along the shore of the intercon-
tinental seaway. In some areas acid leached from the coal beds, bleaching the underlying sandstone
white. These white sandstone beds, such as the Rollins, are obvious in outcrop and indicate the presence
of coal beds.

The thickest coal beds are above the Rollins or Trout Creek Sandstone Member or their equivalent.
Coal beds are also locally found above or within the Sego Sandstone and the Corcoran and Cozzette
Members.

Coalin the map area occurs in two coal fields. The Book Cliffs coal field extends about50 mi(31 km)
from the Colorado- Utah border eastward to the Colorado River. Original in-place coal resources for the
Book Cliffs coal field, to a depth of 6,000 ft (1,829 m), are about 7.2 billion short tons (Hornbaker and
others, 1976). The Grand Mesa coal field extends about 50 mi (31 km) from the Colorado River in the
west to the southern flank of Grand Mesa. Original in-place coal resources for the Grand Mesa coal field,
to a depth of 6,000 ft (1,829 m), are about 8.6 billion short tons (Hornbaker and others, 1976). Several
underground coal mines in the map area are currently operational

Coal zonesin the area have been identified by several authors. Various authors’ correlations of these
coal zones, and major sandstone beds associated with the coal zones, often do not agree. The generalized
stratigraphic cross section shows some of the nomenclature used by various authors in the map area. In
ascending order the coal zones are: the Anchor coalzone, located above the Anchor Mine Tongue of the
Mancos Shale (Erdmann, 1934) or above the upper part of the Sego Sandstone (Young, 1983); the
Palisade coal zone, located above or in the upper part of the Corcoran Member(Young, 1983), above the
upper part of the Sego Sandstone (Erdmann, 1934), or above the Rollins Sandstone Member (Lee,
1912); the Cameo coal zone, located above the Rollins Sandstone Member(Erdmann, 1934, and Young,
1983); and the Carbonera coal zone, located about 60 ft(18 m) above the base of the Cameo coal zone in
the western part of the map area (Erdmann, 1934) or within the Cozzette Member (Young, 1983). The
generalized stratigraphic cross section shows what we think are the stratigraphic relationships between
the coal zones and the major sandstone beds in the map area. Extensive field investigations, including
many measured sections and closely spaced drill- hole data, are needed to verify stratigraphic and coal
correlations in this area.
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