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DESCRIPTION OF MAP UNITS
INTRODUCTION
The surficial map units on this map are informal allostratigraphic units of the North American Stratigraphic
Code (North American Commission on Stratigraphic Nomenclature, 1983), whereas the bedrock units are
lithostratigraphic units. Therefore, subdivisions of time for stratigraphic units use the terms “late” and “early” for
surficial units, but use the terms “upper” and “lower” for bedrock units.
Surficial deposits shown on the map are estimated to be at least 1 m thick. Thin, discontinuous colluvial
deposits, residual material on bedrock, and some artificial fills were not mapped. Fractional map symbols (for
example, Qse/Qt30) are used where a thin veneer of a younger unit mantles identified older surficial deposits.
Many contacts of surficial deposits are approximate, and therefore, are shown as dashed contacts [for example;
the contact between undivided alluvium and colluvium ( Qac) and terrace alluvium 30 (Qt30) south of the
Colorado River]. North of the Colorado River, the contacts between undivided alluvium and colluvium ( Qac) and
alluvial deposits Qalc1 and Qalc2 are poorly exposed or gradational.
Age assignments for surficial deposits are based chiefly on stratigraphic relationships and the degree of
erosional modification of original surface morphology. In addition, age assignments for alluvial deposits (Qt30,
Qt60, Qt100, and Qt170) are based on the height of the deposit above the Colorado River. Age assignments
for terrace alluvium units are based chiefly on two regional rates of stream incision of about 0.14 m/ky (ky,
thousands of years) and 0.16 m/ky, and on a local rate of incision of about 0.15 m/ky. The first incision rate
(0.14 m/ky) is based on an average of three values for incision since deposition of the 640±4-ka (M.A. Lanphere,
U.S. Geological Survey, written commun., 2000) (ka, thousand years ago) Lava Creek B volcanic ash: (1) about
85 m along the Colorado River near the east end of Glenwood Canyon (Izett and Wilcox, 1982), (2) about 88 m
along the Roaring Fork River near Carbondale, Colorado (Piety, 1981), and (3) about 80–85 m along the White
River near Meeker, Colorado (J.W. Whitney, U.S. Geological Survey, oral commun., 1992; Whitney and others,
1983). The second incision rate (0.16 m/ky), possibly a minimum rate, is based on about 1,525 m of
downcutting by the Colorado River after eruption of 9.7±0.05-Ma (Ma, million years ago) basaltic rocks on
Grand Mesa (Marvin and others, 1966) about 30 km east of the map area. A local rate of stream incision of 0.15
m/ky is based on the presence of the Lava Creek B volcanic ash about 91 m above the drainage at a site on the
Harley Dome 7.5' quadrangle in Utah (lat 39°13.52', long 109°10.44') (Willis, 1994). This identification was
reconfirmed by major-element analyses by Andrei-Wocjicki (U.S. Geological Survey, written commun., 2000)
and by trace-element analyses by Jim Budahn (U.S. Geological Survey, written commun., 2000). Another ash
collected by Rex Cole (Mesa State College) and Paul Carrara 1.8 km east of the Utah border (lat 39°20.166',
long 109°01.770') on the Bar X 7.5' quadrangle could not be positively identified as Lava Creek B ash because of
alteration. This ash is also about 91 m above the local drainage.
Most of the surficial deposits are calcareous and contain variable amounts of primary and secondary
calcium carbonate; stages of secondary calcium carbonate morphology (referred to as stages I through III in this
report) are those of Gile and others (1966). Grain sizes (table 1) given for surficial deposits and bedrock are
based on field estimates and follow the modified Wentworth scale (American Geological Institute, 1982). In
descriptions of surficial map units, the term “clasts” refers to the fraction greater than 2 mm in diameter, whereas
the term “matrix” refers to the particles less than 2 mm in size. Dry matrix colors of the surficial deposits were
determined by comparison with Munsell Soil Color Charts (Munsell Color, 1973). Bedrock colors were
determined by comparison with the Geological Society of America Rock-Color Chart (Rock-Color Chart
Committee, 1951).
Table 1. Grain sizes in metric and English units (American Geological Institute, 1982)
Clay
Silt
Sand

less than 0.0004 mm
0.0004–0.062 mm
0.062–2 mm

less than 0.00016 in.
0.00016–0.0025 in.
0.0025–0.08 in.

Granule
Pebble
Cobble
Boulder

2–4 mm
4–64 mm
64–256 mm
greater than 256 mm

0.08–0.16 in.
0.16–2.5 in.
2.5–10 in.
greater than 10 in.

With the exception of the Mancos Shale, bedrock is limited to the southwestern and southern parts of the
map area, close to exposures of the same units in the adjacent Colorado National Monument 7.5' quadrangle;
therefore, descriptions are largely taken from those of Scott and others (2001). Sedimentary bedrock terms
follow the classifications of Folk (1974) for sandstones and conglomerates, Dunham (1962) for carbonate rocks,
and Picard (1971) for mudstones (we use “mudstone” in place of Picard’s term “mudrock”). Bedding thickness
terms follow those of Ingram (1954) and Potter and others (1980). Degree of sorting terms follow those of
Pettijohn and others (1973) and Folk (1974). Grain shape terms follow those of Powers (1953); sedimentary
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structure terms follow those of McKee and Weir (1953), Campbell (1967), Allen (1970), and Boggs (1995); and
fossil and trace fossil terms follow those of Ekdale and others (1984) and Pemberton and others (1992).
Metric units are used in this report; a conversion table is provided for those more familiar with English units
(table 2). A review of the divisions of geologic time used in this report is also provided (table 3).

Table 2. Factors for conversion of metric units to English units to two significant figures
Multiply

By

To obtain

centimeters (cm)
meters (m)
kilometers (km)
kilograms
kilograms per cubic meter (kg/m 3 )

0.39
3.3
0.62
2.2
0.062

inches (in)
feet (ft)
miles (mi)
pounds (lb)
pounds per cubic foot (lb/ft 3)

Table 3. Definitions of divisions of geologic time used in this report
EON

ERA

Period

Epoch/Age

Years

Holocene

0 to 10 thousand

1Pleistocene

10 thousand to 1.65 million
1.65 to 66 million

Late Cretaceous
Turonian
Cenomanian
Early Cretaceous
Albian
Aptian

66.4 to 97.5 million
88.5 to 91 million
91 to 97.5 million
97.5 to 144 million
97.5 to 113 million
113 to 119 million

Late Jurassic
Tithonian
Kimmeridgian
Oxfordian
Middle Jurassic
Callovian
Lower Jurassic
Toarcian
Pliensbachian
Sinemurian
Hettangian

144 to 163 million
144 to 152 million
152 to 156 million
156 to 163 million
163 to 187 million
163 to 169 million
187 to 208 million
187 to 193 million
193 to 198 million
198 to 204 million
204 to 208 million

Late Triassic

208 to 230 million

Quaternary
CENOZOIC
Tertiary
Cretaceous
PHANERO
ZOIC

Jurassic

MESOZOIC

Triassic
PROTEROZOIC

EARLY PROTEROZOIC

1,600 to 2,500 million

After Hansen (1991) except for the Pleistocene.
1 Subdivisions of Pleistocene time are informal and are as follows: late Pleistocene is 10–132 thousand
years, middle Pleistocene is 132–788 thousand years, and early Pleistocene is 788–1,650 thousand years
(Richmond and Fullerton, 1986). Subdivisions of the Cretaceous, Jurassic, and Triassic follow those of
Geological Society of America (1999).
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SURFICIAL UNITS
Artificial-fill deposits—Compacted and uncompacted material composed mostly of silt, sand, and rock fragments
placed beneath and adjacent to highways, railroads, airstrips, stock ponds, and earthen dams
af
Artificial fill (latest Holocene) —Compacted and uncompacted fill material composed mostly of
varying amounts of silt, sand, and rock fragments. Unit includes fills beneath Interstate
70 (I-70) and the Denver and Rio Grande Western Railroad. Besides the normal
aggregate sub-base, fill beneath I-70 consists of local additions of predominantly locally
(but outside the map area) derived materials consisting mostly of massive, silty sand
containing scattered pebble- and cobble-size angular clasts derived from Mesaverde
Group sandstone. Fill beneath the Denver and Rio Grande Western Railroad consists of
unstratified, well-sorted, pebble- and cobble-size, angular to subangular basaltic rocks.
The fill beneath the airstrips at Walker Field was not observed but must be substantial,
particularly where runways overlie the Mancos Shale ( Km). Poorly compacted fills may
be subject to settlement when loaded. Thickness ranges from about 1 to 5 m
Alluvial deposits —Silt, sand, and gravel in stream channels, floodplains, and terraces along the Colorado and
Gunnison Rivers and tributaries
Qalc1
Youngest alluvium deposited by the Colorado River (Holocene) —Alluvium underlying the
Colorado River channel and floodplain. The upper 1–2 m of the unit is commonly an
overbank deposit and consists of light-yellowish-brown (10YR 6/4), massive, silty fine
sand to medium sand that locally contains minor amounts of pebbles and cobbles in lenses
generally less than 20 cm thick. The lower part of the unit, which is poorly exposed,
consists of well-sorted, rounded and well-rounded, slightly bouldery pebble-cobble gravel
derived from a variety of igneous, metamorphic, and sedimentary rocks in a sandy
matrix. Along the Colorado River, upstream from the confluence with the Gunnison
River, clasts consist mainly of basaltic rocks, quartzite, pale-red micaceous sandstone
derived from the Maroon Formation, light- to medium-gray, fine-grained and mediumgrained porphyritic granitic rocks, and distinctive, very pale orange weathering, “oil
shale” clasts of the Green River Formation. Downstream from the confluence of the
Colorado and Gunnison Rivers, clasts consist of similar rock types with the addition of
intermediate-composition volcanic and hypabyssal rocks derived from the San Juan
Mountains to the southeast and the West Elk Mountains to the east. Exposures in gravel
pits (boundary of pits delineated by short dashed lines) locally display scour-and-fill
structures. Some clasts have thin (1–2 mm), white carbonate coats. Matrix in gravel part
of unit consists of very pale brown ( 10YR 7/4) sandy silt and silty sand. The map unit
includes low terraces along the floodplain. Along the Colorado River, the northern
boundary of the map unit was covered by a wedge of undivided alluvium and colluvium
(Qac) derived from the Book Cliffs, which are north of the Grand Junction quadrangle.
The boundary of unit Qalc1 north of the Colorado River is only approximately located
where the alluvial and colluvial wedge is thought to be less than 2 m thick, based on
analysis of well-log data (Schneider, 1975; Phillips, 1986). The map unit is subject to
periodic flooding, particularly during spring runoff from snow melt. The map unit is an
important gravel resource; based on the thickness of similar gravels on terraces bordering
the floodplain and on well-log data (Schneider, 1975; Phillips, 1986), the gravel in this
unit is generally 5–12 m thick
Qalg
Youngest alluvium deposited by the Gunnison River (Holocene)—Alluvium underlying the
Gunnison River channel and floodplain. The upper 1–2 m of the unit, commonly an
overbank deposit, consists of light-yellowish-brown (10YR 6/4), massive, silty fine sand
to medium sand. The lower part of the unit, which is poorly exposed, consists of well sorted, rounded and well-rounded pebble-cobble gravel derived from a variety of
igneous, metamorphic, and sedimentary rocks. Clasts consist mainly of intermediate composition volcanic rocks, basaltic rocks, quartzite, red sandstone, and gray fine-grained
and medium-grained granitic rocks in a sandy matrix. Alluvium deposited by the
Gunnison River ( Qalg) differs from younger alluvium deposited by the Colorado River
(Qalc1) by containing intermediate-composition volcanic clasts, by not containing clasts of
the Green River Formation and the micaceous sandstone of the Maroon Formation, and
by not containing boulder-size clasts. Some clasts have thin (1–2 mm), white carbonate
coats. Matrix in gravel part of unit consists of very pale brown (10YR 7/4) sandy silt and
silty sand. The map unit includes low terraces along the floodplain and is subject to
periodic flooding particularly during spring runoff from snow melt. The map unit is a
gravel resource; based on the thickness of similar gravels on terraces bordering the river,
the gravel in this unit is generally 5–10 m thick
Qa
Alluvium deposited by tributary streams (Holocene and late Pleistocene) —Alluvium
underlying stream channels, floodplains, and low terraces deposited by small tributary
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Qvf

Qalc2

Qtgu

streams. North of the Colorado River, the unit consists of poorly stratified to wellstratified, poorly sorted to well-sorted, cobbly pebble gravel layers in a light-yellowish brown (10YR 6/4) fine sand and silty sand matrix. Clasts are commonly subrounded to
rounded, and consist of shale and sandstone fragments derived from the Mancos Shale
(Km) and the Mesaverde Group. In places it also consists of light-brownish-gray (2.5Y
6/2), massive sand and sandy silt that contains scattered pebble layers or lenses generally
less than 10 cm thick. South of the Colorado River, the map unit includes minor
undifferentiated colluvial deposits such as young fan-alluvium and debris-flow deposits
(Qfy) and sheetwash deposits. Locally, the map unit includes boulders as large as 2 m in
diameter. The map unit typically consists of interbedded sand, pebbly sand, and pebble
gravel, and ranges from thin-bedded (0.5–0.10 cm) clayey, silty sand to thick-bedded (>
1 m), poorly sorted, both clast- and matrix-supported, slightly bouldery, pebble and
cobble gravel with a sand matrix. Little or no secondary carbonate is present. Low-lying
areas of the map unit are prone to periodic flooding and debris-flow deposition from
summer thunderstorms. Maximum thickness of the map unit is about 5 m
Valley-fill deposit (Holocene and late Pleistocene) —Chiefly stream-terrace alluvium and
probably sandy debris-flow deposits, but also locally includes stony colluvium on valley
sides as well as minor deposits of eolian sand and sheetwash. The only exposure of the
map unit exists in the southwestern part of the map area within the Colorado National
Monument. In the adjacent Colorado National Monument 7.5' quadrangle, valley-fill
deposits can be subdivided into a thicker bedded (>30 cm), slightly calcareous upper part
and a thinner bedded (<30 cm), calcareous lower part (Scott and others, 2001). Both
parts are largely composed of sand and silt that contain small, discontinuous lenses of
gravel. Both parts locally contain several buried, weakly developed paleosols and
common small (<2 mm) charcoal fragments. Some of these paleosols are darker than the
rest of the map unit Qvf from the accumulation of organic matter, and contain abundant
charcoal, presumably from burnt woody vegetation. Charcoal not associated with
paleosols is concentrated at bedding breaks in the sediments, but charcoal also occurs
within beds. Charcoal 14C laboratory values range from 1,280±50 to 9,190±50 years
BP (before present, referenced at 1950) (Scott and others, 1999), and calibrated ages
(Stuiver and others, 1998) range from 1,180 to 10,360 years BP. The discovery in No
Thoroughfare Canyon of a mastodon tooth, which was probably eroded from the
undated lowest part of the map unit, is consistent with a late Pleistocene age for the
oldest part of the unit. The upper part of unit Qvf has beds that are typically 0.1–2 m
thick, is generally reddish brown (5YR 5/4) to yellowish red (5YR 5/8), and contains
minor charcoal fragments. The lower part typically has beds 5–50 cm thick, is yellow
(2.5Y 7/6) to reddish yellow (7.5YR 6/6), and locally light olive brown (2.5Y 5/4), has
iron oxide staining, and contains more charcoal fragments and fewer gravel lenses than
the upper part. The lower part is weakly indurated, due in part to secondary calcium
carbonate in a stage II Bk horizon. The gravel lenses in the lower part can be traced
only a few meters at most, are about 2–5 cm thick, and consist chiefly of small granules
and pebbles. Unit Qvf may be as much as 18 m thick in the map area
Oldest alluvium deposited by the Colorado River (Holocene and latest Pleistocene)—
Alluvium that underlies an area along the north side of the Colorado River west of Grand
Junction. This area is about 3–5 m above the river and is not considered to be part of
the active floodplain of the younger alluvium deposited by the Colorado River ( Qalc1).
The map unit is poorly exposed; locally, rounded and well-rounded pebble-cobble gravel
of Colorado River origin is exposed at surface or in shallow excavations. Clasts include
mainly basaltic rocks, light- to medium-gray fine-grained granitic rocks, fine-grained red
micaceous sandstone, quartzite, and very light gray and pinkish-gray coarse-grained
granitic rocks. Some clasts have a thin (1–2 mm), white carbonate coat. Gravel is
commonly overlain by 1–2 m of overbank deposit and possibly eolian materials consisting
of massive, light-yellowish-brown (10YR 6/4) silty fine sand and fine sand. Lower parts
of the map unit may be subject to flooding by infrequent large flood events. The map
unit is a gravel resource, and well-log data (Schneider, 1975; Phillips, 1986) indicate that
it is about 5 m thick
Terrace alluvium of the Gunnison River, undivided (late to middle Pleistocene)—Alluvium
deposited by the Gunninson River that underlies small terrace remnants between about
10 and 90 m above the river in the southeast part of the map area. The map unit
consists mainly of well-sorted, rounded to well-rounded pebble-cobble gravel with some
boulders. Clasts consist mainly of intermediate-composition volcanic rocks, basaltic rocks,
quartzite, and gray fine-grained and medium-grained granitic rocks in a sandy matrix.
The matrix of the gravel component of the map unit consists of very pale brown (10YR
7/4) sandy silt and silty sand. Gravels are commonly overlain by 1–2 m of massive, light
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Qt30

Qt60c

Qt60g

yellowish-brown (10YR 6/4) clayey silt, silty fine sand, and fine sand containing scattered
pebbles and cobbles. The map unit is commonly 5–10 m thick
Terrace alluvium 30 of the Colorado River (middle Pleistocene)—Alluvium deposited by the
Colorado River along its south side underlies a prominent terrace about 24–37 m above
the river. The map unit consists mainly of well-sorted, rounded to well-rounded pebblecobble gravel with some boulders. Above the confluence with the Gunnison River, clasts
consist predominantly of basaltic rocks (29%), quartzite (25%), fine-grained granitic rocks
(15%), and fine-grained micaceous red sandstone (11%). Below the confluence with the
Gunnison River, gravel also contains andesitic and dacitic clasts. All clasts of the “oil
shale” of the Green River Formation in exposures are highly shattered and (or)
thoroughly weathered. The matrix consists of pale-brown (10YR 6/3) silty sand and
sand, forming about 5–10% of the map unit. Gravels are commonly overlain by 1–2 m
of massive, light-yellowish-brown (10YR 6/4) clayey silt, silty fine sand, and fine sand
containing scattered pebbles and cobbles. Unit Qt30 contains lenses of light-gray (10 YR
7/2), well-sorted, cross-bedded, coarse to medium sand that are 25–50 cm thick
containing thin (< 5 cm) pebble layers. In places, the upper 30 cm of gravel contains
abundant platy shale clasts derived from the Green River Formation. The map unit
underlies Orchard Mesa and much of The Redlands, south of the Colorado River. In The
Redlands area, probably some unmapped old alluvial-slope deposits ( Qaso) locally overlie
unit Qt30; extensive landscaping has made more detailed subdivisions impractical. On
Orchard Mesa, an alluvial and colluvial (Qac ) wedge composed of fine-grained sediment
was deposited northward from hills to the south to cover the southern boundary of this
unit (Schwochow, 1978). The southern boundary is only approximately located where
the alluvial and colluvial wedge is thought to be less than 2 m thick (Schwochow, 1978).
Based on the height of this map unit above the Colorado River, it is equivalent to unit
Qt2 in the adjacent Clifton quadrangle (Carrara, 2001) and is probably equivalent in part
to outwash of the Bull Lake glaciation, which is about 140–150 ka (Pierce and others,
1976). If so, the rate of incision during the past 150 ky was about 0.16–0.26 m/ky,
probably higher than the rate of 0.15 m/ky that was determined for the past 620 ky.
The map unit was actively mined for gravel during 1999 on the Clifton quadrangle to the
east, near the junction of C1/2 and 32 Roads, and at the northern end of 31 Road south
of the Colorado River (Carrara, 2001). The thickness of unit Qt30 is commonly 5–10 m
Terrace alluvium 60 of the Colorado River (middle Pleistocene)—Alluvium deposited by the
Colorado River that underlies terrace remnants about 64–67 m above the river south of
The Redlands area in the west-central part of the map area. The map unit consists of
abundant well-sorted, rounded to well-rounded pebble-cobble gravel and less common
boulders. Clasts consist predominantly of basaltic rocks, quartzite, fine-grained granitic
rocks, fine-grained micaceous red sandstone, and intermediate-composition volcanic
rocks such as andesitic and dacitic rocks. All “oil shale” clasts of the Green River
Formation are highly shattered and (or) thoroughly weathered. The matrix consists of
pale-brown (10YR 6/3) silty sand and sand, forming about 5–10% of the unit. Gravels
are commonly overlain by 1–2 m of massive, light-yellowish-brown (10YR 6/4) clayey
silt, silty fine sand, and fine sand containing scattered pebbles and cobbles. The map unit
contains lenses of light-gray (10 YR 7/2), well-sorted, cross-bedded, coarse to medium
sand 25–50 cm thick containing thin (<5 cm) pebble layers. Based on the height of this
unit above the Colorado River and a regional rate of stream incision of about 0.15 m/ky,
the terrace remnants of this unit may be about 425–445 ka. Unit Qt60c is commonly 5–
10 m thick
Terrace alluvium 60 of the Gunnison River (middle Pleistocene) —Alluvium deposited by the
Gunnison River that underlies terrace remnants about 55–64 m above the river south of
The Redlands area in the west-central part of the map area near Little Park Road and in
the southeast part of the map area. The map unit consists mainly of well-sorted,
rounded to well-rounded pebble-cobble gravel with some boulders. Clasts consist
predominantly of basaltic rocks, quartzite, fine-grained granitic rocks, fine-grained red
sandstone, and intermediate-composition volcanic rocks such as andesitic and dacitic
rocks. The matrix consists of pale-brown (10YR 6/3) silty sand and sand, forming about
5–10% of the map unit. Gravels are commonly overlain by 1–2 m of massive, light yellowish-brown (10YR 6/4) clayey silt, silty fine sand, and fine sand containing scattered
pebbles and cobbles. The map unit contains lenses of light-gray (10YR 7/2), well-sorted,
cross-bedded, coarse to medium sand that is 25–50 cm thick and contains thin (<5 cm)
pebble layers. There is no terrace alluvium upstream in the Clifton quadrangle that
occurs at heights equivalent to those of this map unit; in the Colorado National
Monument quadrangle downstream from this map area, terrace alluvium heights include
those at about 65 and 75 m above the river. Based on the height of this unit above the
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Colorado River and a regional rate of stream incision of about 0.15 m/ky, the terrace
remnants of this unit may be about 365–425 ka. The thickness of unit Qt60g commonly
is 5–10 m
Qtc/Qtg
Terrace alluvium of the Colorado River over terrace alluvium of the Gunnison River
(middle Pleistocene)—Remnant terrace alluvium of the Colorado River overlies the
terrace alluvium of the Gunnison River in at least two localities north of the Gunnison
River. The lowest (65–75 m above the river) is 1 km southeast of the AEC (DOE) Grand
Junction Compound just upstream from the junction of the Gunnison with the Colorado,
and the highest (90–105 m above the river) is 1.5 km northeast of Horse Point in the
southeastern part of the map area. Clasts described for terrace alluvium 60 of the
Gunnison River ( Qt60g) and for terrace alluvium 100 of the Colorado River (Qt100) are
similar to those found in this map unit. Based on the heights above the Gunnison River
and a regional rate of stream incision of about 0.15 m/ky, the lowest terrace remnant is
445–485 ka and the highest terrace is 600–700 ka. The map unit ranges from about 8
to 15 m thick
Qt100
Terrace alluvium 100 of the Colorado River (middle Pleistocene)—Alluvium deposited by the
Colorado River that underlies terrace remnants between about 80–100 m above the
river. The map unit consists mainly of well-sorted, rounded to well-rounded pebblecobble gravel containing less abundant boulders. Upstream from the junction with the
Gunnison River, clasts consist mainly of quartzite, basaltic rocks, intermediate-composition
volcanic rocks, fine-grained red micaceous sandstone, and fine-grained granitic rocks.
Downstream from the confluence of the Colorado and Gunnison Rivers, clasts consist of
similar clast rock types with the addition of intermediate-composition volcanic rocks
carried by the Gunnison River from the San Juan Mountains to the south. Many clasts
have thin (1–2 mm) carbonate coatings. All “oil shale” clasts of the Green River
Formation in exposures are highly shattered or thoroughly weathered. The matrix
consists of pale-brown (10YR 6/3) silty sand and sand, forming about 5–10% of the unit.
Locally, gravels are overlain by 1–2 m of massive, light-yellowish-brown (10YR 6/3) silty
fine sand and fine sand; at one terrace remnant located 0.4 km northwest of No
Thoroughfare Canyon, this fine-grained deposit is at least 3m thick. Several exposures
display stage III carbonate (Gile and others, 1966). The map unit contains lenses of light gray (10YR 7/2), well-sorted, cross-bedded, coarse to medium sand 25–50 cm thick. In
places, the upper 25 cm of gravel contains abundant platy shale clasts derived from the
Green River Formation. The map unit forms dissected and discontinuous terrace
remnants that can be traced across the map area. Based on the height of this unit above
the Colorado River and a regional rate of stream incision of about 0.15 m/ky, the
terrace remnants of this unit may range from about 645 to about 685 ky. This map unit
is equivalent to map unit Qt3 on adjacent Clifton quadrangle (Carrara, 2001). The map
unit has been mined for gravel in the past on the Clifton quadrangle (Carrara, 2001).
Unit Qt100 is commonly 3–6 m thick, and the maximum thickness is about 12 m
Qt170
Terrace alluvium 170 of the Colorado River (early Pleistocene)—Alluvium deposited by the
Colorado River that underlies several terrace remnants about 163–175 m above the
river. The map unit consists mainly of well-sorted, rounded and well-rounded pebblecobble gravel. Clasts consist mainly of quartzite, fine-grained micaceous red sandstone,
fine-grained granitic rocks (many of which are disintergrated to grus), and basaltic rocks.
Many clasts have thin carbonate coatings 1–3 mm thick. “Oil shale” clasts of the Green
River Formation were not found and may have been too weathered to be recognized.
The matrix consists of pale-brown (10YR 6/4 or 7/4) fine sand and silty fine sand,
forming about 5–10% of the unit. In places, the clasts exposed on the terrace surface
have rock varnish coatings. Locally, gravels are overlain by 1 m of light-brown (7.5YR
6/4), massive, silty fine sand and fine sand displaying stage III carbonate (Gile and others,
1966). In places, the map unit contains lenses of light-olive-gray (5Y 6/2), well-sorted,
cross-bedded, coarse to medium sand 10–30 cm thick. The map unit forms three
isolated terrace remnants west of the Gunnison River in the south-central part of the map
area. Based on the height of this unit above the modern rivers and a regional rate of
stream incision of about 0.15 m/ky, the terrace remnants of this unit may range from
about 1,085 to about 1,165 ka. The map unit is probably equivalent to map unit Qt4 on
the adjacent Clifton quadrangle (Carrara, 2001). The map unit has a maximum thickness
of about 10 m
Alluvial and colluvial deposits —Mostly silt, sand, and gravel in alluvial and colluvial slope deposits and old
dissected debris-flow deposits on pediment surfaces
Qfy
Young fan-alluvium and debris-flow deposits (Holocene) —Chiefly well sorted silty sand and
subordinate discontinuous lenses and layers of clast-supported gravel. Silty sand is
generally greater than 1 m thick, but is also locally present in beds as thin as 2 cm. Some
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Qac

Qpwf

Qaso

of the silty sand may have been deposited as eolian sand, but much of it is probably
reworked by water. Gravel layers are commonly 5–45 cm thick, and clasts range from
2-mm granules to boulders greater than 1 m in diameter near active stream channels.
These clasts are rounded to subrounded and moderately to poorly sorted, and were
derived largely from Mesozoic and Proterozoic units exposed in the highlands to the
southwest on the Uncompahgre Plateau. The gravel was probably deposited by streams
and locally by debris flows. Colors of the unit, where silty sand dominates, range from
yellowish red (5YR 5/8) to reddish yellow (5YR 6/6). A high gravel content lends a
gray color to the unit. There is little or no secondary carbonate on clasts and in the
matrix. The map unit forms several fans on younger alluvium deposited by the Colorado
River ( Qalc1) and alluvium deposited by the Gunnison River (Qalg). The base of the
map unit is as low as 1.5 m above the river. Exposed thickness of Qfy is about 1–5 m;
maximum thickness is about 12 m
Alluvium and colluvium, undivided (Holocene and late Pleistocene)—Predominantly a mix of
alluvium, sheetwash, and debris-flow deposits. Extensive agricultural, industrial, and
housing development in much of the map area has modified, covered, and obscured
contacts between this unit and adjacent units. North of the Colorado River, the map unit
consists of light-gray (10YR 7/2, 2.5Y 7/2) and light-olive-gray (5Y 6/2), massive, fine
sandy silt and clayey silt that forms a broad gentle slope with a gradient of about 6–7
m/km. Locally, the map unit contains scattered angular and subangular platey shale and
sandstone pebbles derived from the Mancos Shale (Km ) and the overlying Mesaverde
Group. The map unit also contains scattered sandstone boulders, as large as 1 m in
diameter, derived from the Mesaverde Group. South of the Colorado River, the map
unit consists of poorly exposed, very pale brown (10YR 7/3), and pale-brown (10YR
6/3), unstratified to poorly stratified, fine sand, silty fine sand, and clayey silt containing
scattered clasts. Clasts form 5–20% of the deposit, and are chiefly rounded to wellrounded pebbles and cobbles of Colorado River origin that have been reworked from
nearby terraces. Many clasts have thin carbonate coatings 2–5 mm thick. Locally, the
map unit contains pebble-cobble gravel lenses 1–1.5 m thick consisting of rounded to
well-rounded pebbles and cobbles of Colorado River origin. The matrix in the gravels
consists of light-yellowish-brown (10YR 6/4) sand and silty sand. In places, the presence
of desiccation cracks suggests that the map unit contains expansive clays that may cause
stability problems for roads and buildings. The thickness of the map unit, based on U.S.
Bureau of Reclamation well logs (Phillips, 1986), is about 3–5 m near the Colorado River
and as much as 20 m farther from the river
Pediment deposit of Walker Field (late? Pleistocene)—Predominantly debris-flow and alluvial
deposits from the Book Cliffs that underlie pediment surfaces (Whitney, 1981). The map
unit forms a thin discontinuous deposit overlying the pediment surfaces in the northern
part of the map area. Extensive agricultural, industrial, and housing development in the
map area has modified, covered, and obscured contacts between this unit and adjacent
units. The pediment surface is 5–15 m above surrounding areas. The map unit consists
of clast- to matrix-supported, unsorted to poorly sorted, unstratified to poorly stratified,
pebbly, cobble-boulder gravel. Clasts consist of angular to subrounded sandstone derived
from the Mesaverde Group. The matrix consists of a pale-brown (10YR 6/3) silty sand
and sand. The largest boulders are about 1 m in diameter. The map unit has a maximum
thickness of about 3 m
Old alluvial-slope deposit (late Pleistocene) —Chiefly layers and lenses of poorly sorted,
matrix- and clast-supported gravel and well-sorted silty sand. The gravel clasts range in
size from granules to boulders 1.5 m in diameter. These clasts are predominantly
metamorphic and igneous rocks derived from Precambrian rocks and less abundant
sandstone and limestone clasts derived from Mesozoic rocks to the south in the highlands
of the Uncompahgre Plateau. The matrix of the gravel is silty sand. Gravel has light- to
dark-gray colors from the clasts and a pink (5YR7/3–4) matrix. Gravelly zones may
exceed 6 m in thickness, and silty sand beds are 0.2–6 m thick. Most clasts are
subangular to subrounded, but some of the angularity appears to be related to
weathering after deposition. The gravel layers are massive to poorly bedded, and local
gravel forms discontinuous lenses in thick beds of silty sand. Zones of nonsorted to very
poorly sorted bouldery deposits suggest deposition as debris flows; some gravel deposits
are better sorted and were probably deposited by fluvial processes. In the upper 0.3 m
of the unit, secondary calcium carbonate in the matrix and on clasts has stage II
morphology; at a depth of 5–6 m, gravel is indurated by secondary calcium carbonate
that has strong stage III morphology. The silty sand layers are generally massive and
weakly bedded, and have colors that range from yellowish red (5YR5/8) to reddish
yellow (5YR6/6). Where bedding is more distinct, the beds of silty sand are 0.1–0.5 m
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thick, and massive silty sand is locally as thick as 6 m. The unit includes eolian sand and
silt that probably has been reworked by stream and sheetwash processes. Unit Qaso
locally overlies Colorado River gravel (Qt30) near the bluffs on the south side of the
Colorado River on the western side of the map area where it is exposed west of the
mouth of No Thoroughfare Canyon. Exposed thickness of unit Qaso is at least 10 m
Qlg
Local gravel deposits (middle Pleistocene) —Poorly sorted, subrounded, clast- and matrixsupported pebble and cobble gravels that locally contain boulders as long as 2 m. Unit
Qlg was deposited by streams tributary to the southern side of the Colorado River.
Clasts consist primarily of metamorphic and igneous Proterozoic rocks and secondarily of
sedimentary rocks eroded from the highlands in the Uncompahgre Plateau, which is
exposed in the adjacent Colorado National Monument quadrangle (Scott and others,
2001). Thin lenses of silty sand and scattered granules and pebbles are present locally in
unit Qlg . In the upper 2 m of the unit, secondary calcium carbonate coats clasts. The
matrix consists of yellowish-red (5YR5/6), pedogenic, calcium carbonate-rich (stage II)
silty sand and granules. Unit Qlg probably consists of remnants of stream-channel and
debris-flow deposits that accumulated below the mouths of canyons southwest of the
map area along the front of the Uncompahgre Plateau. Eroded remnants of the unit are
preserved on hilltops about 55–79 m above modern intermittent tributary streams.
Assuming an incision rate of about 0.15 m/ky for the Colorado River and its tributary
streams, unit Qlg was deposited between about 365 and 525 ka. Gravel locally fills
channels as deep as 1 m that are cut in the underlying bedrock. At four localities in the
western part of the map area, unit Qlg overlies two Colorado River gravels ( Qt60 and
Qt100). The degree of weathering of clasts, as indicated by the angularity of
Precambrian metamorphic and igneous clasts, is greater with age, and therefore is
greater with height above stream level. Biotite-rich schist is particularly susceptible to
both disaggregation and spheroidal weathering. Thin, unmapped veneers of Holocene
eolian sand mantle of most of unit Qlg. Thickness of unit Qlg is as much as 6 m
Qlg/Qt30
Local gravel deposits over terrace alluvium 30 of the Colorado River (middle Pleistocene)—
Unit present west of the junction of the Colorado and Gunnison Rivers
Eolian and colluvial deposits—Wind-deposited silty sand, which chiefly mantles level to gently sloping surfaces,
intertongues with colluvial deposits of silt, sand, and rock fragments and with sheet wash, which generally mantle
valley sides and hill slopes
Qse
Eolian sand and sheetwash deposits (Holocene and late Pleistocene) —Chiefly silty very fine
to fine sand that commonly contains scattered granules to cobbles from bedrock units
exposed upslope. Unit Qse accumulated on gentle to moderate slopes with gradients
between about 50 m/km and 100 m/km. On steeper slopes near upslope bedrock
outcrops, unit Qse is likely to contain significant amounts of colluvial clasts. Sheetwash
deposits in unit Qse contain discontinuous layers and lenses of poorly sorted clasts.
Colors of the unit range from yellowish red (5YR 5/8) to reddish yellow (5YR 6/6).
Where wind and sheetwash erosion have winnowed out sand and finer sediment, a lag of
granules, pebbles, and sparse cobbles covers the surface. Unit Qse is mainly found in
southwestern part of the map area along the flank of the Uncompahgre Plateau.
Maximum thickness of the map unit is about 5 m
Qse/Qt30
Eolian sand and sheetwash deposits over terrace alluvium 30 of the Colorado River
(Holocene to middle Pleistocene) —Unit present southwest of junction of Colorado and
Gunnison Rivers
Colluvial deposits —Silt, sand, and rock fragments on valley sides and hill slopes that were mobilized,
transported, and deposited by gravity
Qlsy
Younger landslide deposits (latest Holocene) —Unit consists of two small landslide deposits
along the south side of the Colorado River near the center of the map area, derived
from the Mancos Shale ( Km), which contains expansive clays and bentonite layers. The
map unit consists of unstratified, pale-brown (10YR 6/3) sandy silt, silt, clayey silt, and
silty clay. The map unit consists largely of rotational types of landslides as defined by
Varnes (1978). These landslides should be considered active. In the 1980’s, reactivation
of the eastern landslide resulted in severe damage and forced the abandonment of several
homes that were only a few years old at the time (Jochim and others, 1988). Small
landslides are likely to form elsewhere along the south bluff of the Colorado River.
Roads and structures are subject to landslide hazards, especially those that are close to
river bluffs where excess irrigation or lawn water has been applied or the river has
undercut the bluffs. Along active cut banks, the Colorado River probably removed
evidence of similar landslide deposits. Also in this map area, young landslides too small to
map have damaged a sewage treatment plant and an irrigation pump station near the
eastern part of The Redlands. The thickness of unit Qlsy is about 20 m
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Colluvium (Holocene and late Pleistocene)—Mostly clast supported pebble, cobble, and
boulder gravel containing a matrix of silty sand, minor clayey silt, and locally gravelly silt.
Lithologies and colors of colluvium reflect the bedrock and surficial units from which the
colluvium was derived. Unit Qc is commonly formed at the base of cliffs or steep hills.
The map unit locally includes sheetwash, debris-flow, and landslide deposits. Colluvium
derived from the Morrison Formation contains expansive clays. Clasts are angular to
subangular and are as large as 2 m in diameter. Secondary carbonate coatings on clasts
in the upper part of the unit are thin and have stage I morphology. Maximum thickness
is about 5 m
Older landslide deposits (Holocene to middle Pleistocene)—The map unit includes debrisslide, rock-slide, debris-slump, rock-slump, slump-earth-flow, earth-flow, debris-flow, and
complex landslide deposits as defined by Varnes (1978). The map unit consists of mainly
unsorted and unstratified rock debris characterized by hummocky topography. The sizes
and lithologies of the clasts and the grain-size distributions and colors of the matrices of
these deposits reflect those of the displaced bedrock units and surficial deposits. Many of
the landslides in the southwestern and southern parts of the map area formed on unstable
slopes that are underlain by the Brushy Basin Member of the Morrison Formation (Jmb)
that contains abundant smectitic expansive clays. These landslide deposits include debris
from the Brushy Basin Member of the Morrison Formation ( Jmb), the Burro Canyon
Formation (Kb), and the Dakota Formation (Kd). Some of these landslides lack distinctive
landforms such as crescentic headwall scarps and lobate toes, but still have hummocky
surfaces. Rejuvenated parts of these landslides may have crescentic headwall scarps.
However, no headwall scarp remains along the highest part of the large (2.5 km by 3.5
km) older landslide deposit exposed along the upper part of Little Park Road because all
stratigraphic material younger than the Brushy Basin Member has already slid downhill.
Where Little Park Road descends from the landslide deposits onto the yet-intact dipslope
of the Dakota and Burro Canyon Formations, numerous homes have been built. At the
base of the dipslope, several homes were built on Burro Canyon Formation that dips into
the hill, typical of incipient rotated landslide blocks, rather than parallel to the dip slope.
Extensive watering of lawns on the dip slope of Little Park Road may increase the
probability of activating a landslide and should be avoided. The older landslide deposits
between the Gunnison River and Horse Point south of the river have morphologies that
suggest that the oldest parts of the deposits are closest to the river and the youngest are
closest to Horse Point. The river appears to be eroding these deposits as they are
moved downward in a conveyor-belt fashion. Deposits derived from the Dakota and the
Burro Canyon Formations (Kd and Kb) contain blocks of rock as long as 6 m. Landslide
deposits are prone to continued movement or reactivation due to natural as well as
human-induced processes, such as excavations and irrigation. The exposed thickness of
the map unit is at least 65 m and may be as great as 85 m
BEDROCK UNITS

Km

Mancos Shale (Upper Cretaceous; Campanian to Cenomanian) —Chiefly a medium-darkgray, dark-gray, brownish-gray, and brownish-black fissile shale that weathers light gray.
The upper part of the Mancos is locally exposed in the northern part of the map
area. It is a massive and monotonous, fissile shale that contains expansive smectitic clays,
particularly in bentonite beds.
The lower part of the Mancos was mapped above the base of the nearly
continuous dark fissile shale that overlies the uppermost prominent set of thin sandstone
beds and carbonaceous interbeds of the Dakota Formation ( Kd). The lowermost Mancos
also contains sparse interbeds of thinly laminated, fissile-weathering, partly bioturbated,
calcareous and carbonaceous siltstone and sandy siltstone, which contain sparse interbeds
of sandstone. The sandstone typically forms beds <10 cm thick and is very fine to fine
grained, well sorted, and calcareous. The beds commonly exhibit ripple lamination,
including both oscillation and combined flow, and locally display hummocky cross
lamination. Several light-gray to yellowish-gray thin stringers and beds of volcanic ash
are altered to nearly pure highly expansive bentonite and are as much as 20 cm thick.
The lowermost Mancos is fossiliferous, but pelecypods and cephalopods are generally
only found in recent roadcuts or excavations where disaggregation due to rapid
weathering has not occurred. Marine trace fossil burrows are common. These lower
Mancos strata are equivalent to the Tununk Member of the Mancos Shale recognized in
Utah (Fouch and others, 1983; Cole, 1987).
The unit is prone to failure (landsliding and debris flows) where exposed on steep
slopes, such as along the bluffs along the south side of the Colorado River. The map unit
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may have moderate to high swelling potential due to the presence of expansive clays,
and it contains sulfate minerals (largely gypsum and thenardite) that are corrosive to
conventional concrete and metal pipes. Unimproved roads are virtually impassable when
wet.
The age of the Mancos Shale in the Grand Junction area has been assigned to the
Campanian to Cenomanian Ages (Young, 1959). The map unit reaches a thickness in
excess of 1,370 m in the western Colorado region (Cole and others, 1999; Cole and
Moore, 1994), but lack of exposures of the middle part of the Mancos does not permit a
precise estimate of the thickness of the map unit here
Dakota Formation (Upper and Lower? Cretaceous; Cenomanian and Albian?) —Consists of
about 20–50% sandstone, 40–60% mudstone, 5–20% conglomerate, and less than 5%
impure coal, similar to exposures in the adjacent Colorado National Monument
quadrangle (Scott and others, 2001). There are four parts in the map unit: from top to
bottom these are an interbedded sandstone and shale part, a sandstone part, a mudstone
part, and a conglomeratic part.
The interbedded sandstone and shale part is dominantly shale or shaley mudstone,
thin sandstone beds, and stringers of coal. This upper part is gradational with the
overlying Mancos Shale (Km ). Shale in the uppermost part of the Dakota is interbedded
with channel-form sandstones, is usually much less carbonaceous than elsewhere in the
unit, and consists of brownish-gray to greenish-gray, thinly laminated, fissile-weathering,
slightly carbonaceous, slightly calcareous siltstone and clayey siltstone, which are
bioturbated by roots and indistinct burrows.
The sandstone part also contains subordinate conglomerate, stringers of coal, and
minor mudstone. Sandstone is commonly light gray to pale yellowish orange, white, and
pinkish gray or very pale orange, forms thick to very thin beds, and is very fine to fine
grained, moderately to poorly sorted, bioturbated, locally argillaceous, and slightly
calcareous to noncalcareous. Thicker sandstone bodies (1–5 m) have channel-form
geometries and associated scour surfaces and lag gravels, which include blebs of
mudstone and clasts of chert, quartz, and rock fragments. Stratification consists of smallto medium-scale trough and tabular-tangential cross stratification, symmetric and
asymmetric ripple lamination, horizontal lamination, and contorted bedding.
The mudstone part is chiefly mudstone and subordinate impure coal. Mudstone
consists of brownish-gray to grayish-black, medium to thinly laminated (platy to fissile
weathering), carbonaceous to very carbonaceous, bioturbated, silty claystone and clayey
siltstone, containing thin beds and lenses of very fine to fine grained, quartz-cemented
sandstone and white altered volcanic ash. Fossil plant fragments are very common.
Impure coal seams and stringers, ranging in thickness from 5 to 40 cm, are present
within the carbonaceous mudstone.
Although the conglomeratic part is capped by sandstone, conglomerate
predominates. The conglomerate part contains clasts that range in size from fine sand to
pebbles and is typically light gray to white or pinkish gray, poor to moderately sorted,
slightly argillaceous, slightly calcareous to noncalcareous, and friable. Also,the
conglomerate part has medium to very thick beds and blocky and slabby weathering and
contains minor sandstone interbeds. Clasts are commonly graded and consist of
mudchips, chert, quartz, and rock fragments. Stratification in conglomerate is generally
indistinct, consisting of poorly defined low-angle scour surfaces.
In the map unit, bioturbation is common and includes fossil plant roots and
burrows. Burrows in the upper Dakota are marginal marine in origin, whereas those in
the lower Dakota are terrestrial. Sandstone and conglomerate intervals form prominent,
resistant ledges and ridges, whereas mudstone and interbedded sandstone and shale
intervals generally form slopes. The Dakota Formation forms the uppermost unit of the
prominent dipslope that dominates the area south of the Gunnison and Colorado Rivers
because the Mancos Shale (Km ) has largely been eroded as the Colorado River migrated
northward with time. The Dakota Formation rests disconformably(?) on the underlying
Burro Canyon Formation ( Kb). The base of the Dakota Formation was arbitrarily defined
during mapping as the base of the lowest carbonaceous mudstone above the Burro
Canyon Formation ( Kb). The lowest thick sandstone interval above the carbonaceous
mudstone of the Dakota Formation commonly has been bleached white in contrast to
light yellow and orange colors elsewhere. According to William A. Cobban (U.S.
Geological Survey, oral commun., 1999), the upper part of the Dakota contains
Cenomanian Age fauna near Delta, Colo., 60 km to the southeast of the map area, and
the lower Dakota is probably Albian Age near the map area.
A number of residential subdivisions in The Redlands area on the dipslope of the
Dakota Sandstone display evidence of unstable foundations. Cracked streets, unevenly
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closing garage doors, and slumping slopes in areas of heavily watered lawns are
commonly observed characteristics. Apparently the clay-rich layers in the Dakota
become unstable when saturated with water.
The total map unit thickness is estimated to be about 45–50 m (Cole and others,
1999)
Burro Canyon Formation (Lower Cretaceous; Albian and Aptian)—Consists of about 20–60%
sandstone, 40–80% mudstone, and 0–15% conglomerate. In most localities, the upper
part is dominated by mudstone and forms slopes, whereas the lower third to two-thirds
of the unit is dominated by sandstone and forms cliffs or steep hillsides.
Mudstone is typically medium to thinly laminated (platy to fissile weathering),
slightly bentonitic to nonbentonitic, slightly calcareous, and usually bioturbated (roots and
some burrows). Thin (less than 1 m thick) paleosol horizons that are composed of white
to light-gray, earthy carbonate nodules are locally interbedded with mudstone in the
upper Burro Canyon.
Laterally discontinuous sandstone occurs in channel-form bodies and is typically
white to yellowish gray, thick bedded to thinly laminated, blocky to flaggy weathering,
fine to medium grained, moderately sorted, and quartz cemented. Locally, the sandstone
includes large amounts of petrified wood. Sandstone sequences contain numerous
laterally and vertically amalgamated scour surfaces accentuated by thin lag gravels, which
include clasts of green mudstone, chert, quartz, petrified wood, and dinosaur bone.
Medium-scale trough and tabular-planar cross stratification is common in sandstone beds;
contorted bedding and bioturbation (roots and elongate vertical burrows) may also occur.
Mudstone consists of pale-red, pale-olive to yellowish-green siltstone, clayey siltstone and
silty claystone and ranges from thin interbeds within the channel-form sandstone bodies
to discrete sequences more than 10 m thick. Locally, conglomerate beds are as much as
3 m thick near the base of the map unit; they are commonly yellowish gray, moderately
sorted, well rounded, massive to poorly bedded, channel form, and discontinuous
laterally. The conglomerate clasts consist largely of chert and quartz pebbles but include
minor petrified wood and dinosaur bone.
The base of the Burro Canyon Formation rests on the K-1 (basal Cretaceous)
unconformity (Peterson, 1994; Peterson and Turner, 1998) above the Brushy Basin
Member of the Morrison Formation ( Jmb), but that unconformity was impractical to map
because it is defined by microfossils and a poorly exposed paleosol. Therefore, the base
of the Burro Canyon was arbitrarily defined as the lowest thick sandstone or
conglomerate bed above the mudstone of the Brushy Basin Member ( Jmb). As a result,
an undetermined interval of lowermost Burro Canyon mudstones above the
unconformity may have been included in the Brushy Basin (Aubrey, 1998). Because of
the discontinuous and lenticular character of the sandstone and conglomerate beds in the
Burro Canyon, the basal contact and the thickness of the rock unit differ from place to
place.
The Burro Canyon Formation is of Albian and Aptian Ages according to
palynological evidence (Craig, 1981). The thickness of the map unit is about 60 m at the
prominent point 0.6 km east of the west boundary and 2.5 km north of the southern
boundary of the map area; this is considerably thicker than the 30 m measured at Black
Ridge in the Colorado National Monument quadrangle (Cole and others, 1999)
Morrison Formation (Upper Jurassic) —Consists of three members from top to bottom: the
Brushy Basin Member, the Salt Wash Member, and the Tidwell Member. The Morrison
Formation is about 170 m thick at the point 0.6 km east of the west boundary and 2.5
km north of the southern boundary of the map area, but individual members do not have
laterally consistent thicknesses. Contacts between the Morrison Formation members
were located at horizons that could be readily followed on aerial photographs and easily
located in the field rather than horizons defined by micropaleontological or 40Ar/ 39Ar
isotopic dating evidence
Brushy Basin Member (Tithonian and Kimmeridgian)—Consists of mudstone (85–95%),
sandstone (5–15%), and sparse limestone.
About 75% of the mudstone consists of variegated grayish-yellow-green, greenishgray, yellowish-gray, brownish-gray, grayish-red, greenish-yellow, and grayish-orange pink, medium to thinly laminated (platy to fissile weathering), mottled, bioturbated (?),
earthy, bentonitic, slightly calcareous, clay-rich siltstone, mudstone, and silty mudstone.
The silty mudstone contains thin interbeds of very fine grained, well-sorted, bioturbated
sandstone and gray, nodular, finely crystalline limestone (possible soil nodules?). Nodular
barite and dinosaur bone are present. Bentonitic mudstone expands and dries to form a
popcorn-like weathered appearance. The remaining 25% of the mudstone that is not
conspicuously bentonitic consists of variegated pale-olive, reddish-brown, greenish-gray,
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grayish-yellow-green, yellowish-gray, yellowish-orange, and grayish-red, thickly to thinly
laminated (flaggy to fissile weathering), partly bioturbated, slightly calcareous to
noncalcareous, siltstone, sandy siltstone, and silty mudstone. The silty mudstone also
contains thin interbeds of very fine grained sandstone.
Sandstone sequences are most common in the lowermost and uppermost Brushy
Basin Member. They typically form channels and range in thickness from less than 1 m
to more than 4 m. Sandstone is typically greenish yellow to dusky yellow green and
greenish gray, medium bedded to thickly laminated, slabby to flaggy weathering, very
fine to coarse grained, poorly to moderately sorted, slightly calcareous to noncalcareous,
locally bioturbated by burrows and roots, and contorted by soft-sediment deformation.
The thicker channel sequences usually have small-scale trough cross stratification and
scour surfaces accentuated by pebble-size mudchips and chert and quartz granules,
whereas thinner sandstone beds are commonly bioturbated.
Limestone is light gray, thinly to medium bedded and similar to the limestone in
the underlying Salt Wash and Tidwell Members.
Because of its susceptibility to mass wasting, particularly landsliding, the Brushy
Basin Member is relatively poorly exposed. Where exposed, it forms slopes. The
Brushy Basin Member of the Morrison Formation rests disconformably above the Salt
Wash Member (unnamed unconformity; R.G. Young, oral commun., Grand Junction,
Colo., 1999). The contact between the two members was defined as the top of the
highest thick sandstone of the Salt Wash below the mudstones of the Brushy Basin.
Single-crystal, 40Ar/39Ar ages of feldspars from the Brushy Basin Member indicate that
the age of the member is probably Tithonian and Kimmeridgian (Kowallis and others,
1991; Kowallis and others, 1998). The Brushy Basin Member is about 95 m thick at the
prominent point 0.6 km east of the west boundary and 2.5 km north of the southern
boundary of the map area near Little Park Road (Cole and others, 1999)
Salt Wash Member (Kimmeridgian)—Consists of sandstone (30–80%), mudstone (20–70%),
and sparse limestone.
Sandstone is very pale orange, yellowish gray, and light gray, fine to medium
grained, moderately sorted, slightly calcareous, and friable; it typically forms channel form beds that range from 1 to 5 m thick, are very thinly to very thickly bedded, and are
slabby to blocky weathering. Thicker sand bodies commonly exhibit small- to large-scale
trough, tabular-tangential, and sigmoidal cross bedding, as well as scour surfaces
accentuated by granule- to pebble-size lag gravels composed of red and green
mudstone, quartz, and chert. Elongate, narrow burrows are common near the tops of
the thicker sand bodies.
Mudstone intervals consist of pale-brown to greenish-yellow, grayish-red, and
yellowish-gray, silty claystone, siltstone, sandy siltstone, and mudstone. Mudstone forms
0.1- to 1-m-thick interbeds between sandstone channels, but can also form sequences as
thick as 15 m where sandstone channels are poorly developed. These mudstone bodies
are commonly thickly to thinly laminated, flaggy to fissile weathering, slightly calcareous,
slightly bentonitic, and commonly bioturbated by insect burrows and plant roots. Well cemented, mottled mudstone intervals weather to form nodules. Thicker mudstone
sequences commonly have thin interbeds and lenses of very fine to fine-grained, well sorted sandstone.
Minor limestone is similar to limestone in the underlying Tidwell Member; it is
typically light gray to light olive gray, slightly sandy to silty, mottled, bioturbated, finely
crystalline and is slightly fossiliferous containing ostracodes and charophytes. It has the
mud-supported fabrics of carbonate mudstone and wackestone. Limestone beds are
laterally discontinuous, are less than 0.3 m thick, and form nodules within mudstone.
The Salt Wash Member is a cliff- and ledge-forming unit in contrast to the slopeforming Brushy Basin and Tidwell Members of the Morrison Formation. The base of the
Salt Wash Member was defined during mapping as the top of the uppermost major
limestone bed of the Tidwell Member ( Jmt) below the thick sandstone beds of the Salt
Wash Member. The Salt Wash Member exhibits considerable lateral variation in thickness
and lithology within the quadrangle. Exposures are limited to the southwestern part of
the map area. As the overlying Brushy Basin Member (Jmb ) was assigned to the
Tithonian and Kimmeridgian Ages (Kowallis and others, 1991; Kowallis and others, 1998)
and the underlying Tidwell Member ( Jmt) was assigned to the Kimmeridgian and latest
Oxfordian Ages (Kowallis and others, 1998), the Salt Wash is restricted to the
Kimmeridgian. On the west side of the map area, the map unit is about 50 m thick but
thins to only a few meters thick and may be locally absent south of the prominent point
near Little Park Road. Farther to the southeast, the map unit thickens to as much as 30
m
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Tidwell Member (Kimmeridgian to latest Oxfordian)—Consists of laterally variable
proportions of interbedded mudstone (50–70%), sandstone (10–40%), and limestone (5 –
20%) (Cole and others, 1999).
Mudstone typically consists of grayish-red to grayish-yellow-green sequences of
siltstone, sandy siltstone, silty claystone, and mudstone, ranging in thickness from a few
centimeters to more than 4 m. These sequences are commonly very thin bedded to
thinly laminated, slabby to fissile weathering, mottled, bioturbated by roots and burrows,
and slightly calcareous to very calcareous. Calcareous mudstone intervals weather to
form nodules.
Sandstone is light gray to light greenish gray, very thinly bedded to very thickly
bedded, slabby to blocky weathering, fine to medium grained, moderately to well sorted,
calcareous, and locally bioturbated by roots and burrows. Sedimentary structures in
sandstone include horizontal lamination, discontinuous wispy bedding-parallel lamination,
wavy bedding-parallel hummocky lamination, small- to medium-scale trough and tabulartangential cross stratification, and asymmetric current and symmetric wave ripple
stratification. Sandstone beds range in thickness from less than 1 cm to about 2 m and
exhibit both tabular and channel-form cross-sectional geometries. The lowermost
sandstone bed that defines the base of the Tidwell is informally called “A” bed (Pipiringos
and O’Sullivan, 1978), rests on the J-5 unconformity, (Peterson, 1994), and is continuous
throughout the quadrangle. The “A” bed, which is approximately 1 m thick, has a basal
lag composed of medium-grained sand to granule composed of chert and lithic grains;
similar granule lenses also occur within this bed.
Limestone is typically light gray to light olive gray, dense, hard, slightly sandy or
silty, very fine to finely crystalline, and resistant to weathering forming slabby to blocky
exposures. Most limestone is mottled and bioturbated by burrows, although stromatolitic
lamination produced by algal (cyanobacteria?) growth and oncoids is locally present.
Fossils are sparse and consist of ostracodes, charophytes, and very small gastropods.
Petrographically, the Tidwell limestones are classified as carbonate mudstone and
packstone (Dunham, 1962). Limestone beds range in thickness from several centimeters
to about 1 m and are most abundant in the upper half of the Tidwell. Between two and
seven limestone beds are present.
Within the Tidwell Member, the lithologic character of mudstone, sandstone, and
limestone significantly changes laterally. This slope-forming unit rests on the Wanakah
Formation (Jw), which is below the J-5 unconformity (Peterson, 1994), whereas the
upper contact with the overlying Salt Wash Member of the Morrison Formation is
transitional. For mapping purposes, the upper contact of the Tidwell Member was
placed at the base of the thick sandstone intervals of the Salt Wash Member. These
sandstone intervals are discontinuous and lenticular, and therefore this contact and
thicknesses of adjacent units are irregular. Anderson and Lucas (1998) considered the
strata below the Salt Wash Member southwest of the map area to be the Summerville
Formation because of the presence of thin, parallel-bedded gypsiferous strata typical of
the Summerville Formation there. The lack of this distinctive lithology in the map unit
indicates that the Tidwell Member of the Morrison Formation nomenclature should be
retained in the map area. Also, most of the Summerville is truncated beneath the J-5
unconformity (O’Sullivan 1991). O’Sullivan (1992) indicated that the Tidwell is
Kimmeridgian Age, but subsequent 40Ar/ 39Ar sanidine dating suggest that the Tidwell is
Kimmeridgian to latest Oxfordian (Kowallis and others, 1998). The Tidwell Member
ranges from about 30 to 45 m thick where exposed in the southwestern part of the map
area
Wanakah Formation (Middle Jurassic; Callovian) —Consists of interstratified mudstone (70–
80%), sandstone and silty sandstone (5–15%), impure limestone (0–5%), and traces of
volcanic ash and gypsum.
Mudstone consists of reddish-brown, grayish-red-purple, yellowish-brown, paleolive, and greenish-gray siltstone, sandy siltstone, and mudstone. The greenish-gray
mudstone occurs chiefly in the upper half of the unit. Mudstone intervals are medium to
thinly laminated and are platy, fissile and nodular weathering, mottled, bioturbated by
burrows and roots, slightly calcareous, and nonbentonitic. Sandstone forms very thin to
thin, slabby weathering interbeds and discontinuous lenses in the mudstone sequence and
is typically light brown to light gray, very fine to fine grained, moderately to well sorted,
silty, bioturbated, and calcareous.
The sandstone displays discontinuous horizontal lamination and asymmetric ripple
lamination, and the limestone forms gray to grayish-red and light-gray, sandy to silty,
bioturbated, discontinuous nodules that are commonly less than 5 cm in diameter.
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Radiometric analysis of the formation shows a large positive gamma-ray anomaly,
which is associated with several light-grayish-green, volcanic ash laminae less than 1 cm
thick, approximately 5 m above the base of the unit (Cole and others, 1999). This
interval and adjacent layers contain expansive clay that is associated with damaged road
surfaces. The Wanakah is a slope-forming unit.
The Wanakah is truncated by the J-5 unconformity (Pipiringos and O’Sullivan,
1978), which shows minimal erosional relief throughout the quadrangle. Beneath this
unconformity, the upper several meters of the Wanakah have numerous well-developed
root traces. The base of the Wanakah Formation is defined at the base of the red
mudstone that rests on the very pale orange to very light gray sandstone beds of the
upper informal “board beds” unit of the Entrada Formation. The Wanakah Formation
was previously called the Summerville Formation in Colorado National Monument
(Lohman, 1963, 1981). Although stratigraphic correlations by O’Sullivan (1980, 1992)
suggest that the Summerville does not exist in western Colorado, more recent work of
Anderson and Lucas (1998) proposed that the name Summerville Formation is
appropriate for strata below the Salt Wash Member south and west of the map area.
Whether the Summerville Formation as defined by Anderson and Lucas includes the
Wanakah is unclear, but in the map area the term Wanakah is retained. The base of the
Wanakah Formation is readily recognized in the field or on aerial photographs because of
the distinctive red color of the lower part of the map unit. The Wanakah is assigned to
the Callovian Age (O’Sullivan, 1992; Peterson, 1994). The map unit is 10 m thick where
exposed in the southwestern part of the map area
Entrada Formation (Middle Jurassic; Callovian)—Consists of two parts, an upper informal unit
locally called the “board beds” and the lower Slick Rock Member
“Board beds” unit—Consists of interbedded sandstone (60–70%) and mudstone (30–40%).
Sandstone is very pale orange to very light gray, white, and pinkish gray, thin to thick
bedded, slabby to blocky weathering, very fine to fine grained, moderately to well
sorted, intensely mottled by bioturbation, and calcareous. Internal stratification is rare
and consists of discontinuous, wispy horizontal lamination and small-scale sets of tabulartangential cross lamination of grain flow and wind ripple. Mudstone consists of reddishbrown to grayish-red, thickly to thinly laminated, flaggy to fissile weathering, siltstone
and sandy siltstone, which is typically bioturbated. The base of the unit is defined at the
top of the orange-pink, cross-bedded Slick Rock Member ( Jes) of the Entrada.
The prominent white cap of the “board beds” unit above the Slick Rock Member
differs significantly from the Moab Member of the Entrada Sandstone that is present
southwest of the map area. Therefore, the stratigraphic nomenclature of Lohman
(1963, 1981) for this unit is not retained in this report, and an informal name “board
beds” unit is accepted here following O’Sullivan and Pipiringos (1983) until further
stratigraphic studies are performed. The thickness of the “board beds” unit ranges from
about 10 to 15 m where exposed in the southwestern part of the map area
Slick Rock Member—Consists almost entirely (99%) of sandstone, which is orange pink to
pale reddish orange, very thinly to very thickly bedded, slabby to blocky weathering,
very fine to fine grained, moderately to well sorted, commonly mottled by bioturbation,
calcareous, and weakly cemented. Stratification, where present, consists of small- to
large-scale sets of trough, tabular-tangential, tabular-planar, and wedge-planar cross
stratification, as well as discontinuous, wispy horizontal lamination. Cross-strata sets are
mainly composed of wind-ripple lamination; grain-flow lamination is rare. Bioturbation
increases upward and is commonly associated with first-order bounding surfaces. The
member commonly forms a conspicuous rounded bench or cliff and rests on the reddishorange, thinly bedded sandstone of the Kayenta Formation. The Slick Rock Member of
the Entrada Formation rests on the J-2 unconformity (Pipiringos and O’Sullivan, 1978;
O’Sullivan and Pipiringos, 1983); erosional relief on the J-2 unconformity is as much as 3
m. The Slick Rock Member is Callovian Age (Peterson, 1988a). The thickness of the
Slick Rock Member is about 30 m in the southwestern part of the map area
Kayenta Formation (Lower Jurassic; Pliensbachian and Sinemurian) —Consists of sandstone
(80–90%), conglomerate (0–10%), and mudstone (0–10%).
Sandstone is present throughout the Kayenta, whereas conglomerate and
mudstone are found mainly in the upper half. Sandstone is typically reddish orange,
grayish orange pink, light greenish gray, or white, fine to medium grained, moderately
to well sorted, and cemented by a mixture of carbonate and quartz; it forms thin to very
thin beds and slabby beds. Sandstone sequences in the Kayenta contain numerous
amalgamated scour surfaces that commonly have lag gravels consisting of mudstone
clasts.
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Conglomerate forms channel-form sequences composed of granule- to cobble-size
clasts of reddish-orange mudstone in a matrix of medium-grained, moderately sorted,
light-greenish-gray sandstone; clasts are typically graded.
Mudstone consists of reddish-brown to grayish-red, thinly laminated, fissile
weathering, moderately to well-sorted siltstone and sandy siltstone; mudstone may be
locally bioturbated.
Stratification is well developed in the Kayenta Formation and consists of small- to
medium-scale sets of low-angle, even-parallel lamination, tabular-tangential cross
stratification, and trough cross stratification; streaming and parting lineations are also
common. The Kayenta commonly forms resistant ledges above the cliff-forming
Wingate Sandstone (Jwg ), but also forms cliffs in several areas. The base of the Kayenta
is marked by the sharp break from small- to medium-scale cross beds of siliceously
cemented sandstone and mudstone to the more massive, large-scale sets of cross
stratification of the sandstone of the Wingate Formation. The Kayenta was tentatively
assigned to Pliensbachian and Sinemurian Ages by Peterson and Pipiringos (1979), then
restricted by Peterson (1988b) to Pliensbachian and Sinemurian Ages, and most recently
further restricted by Peterson (1994) to Pliensbachian. The Kayenta Formation is about
25 m thick in exposures in the southwestern part of the map area
Wingate Sandstone (Lower Jurassic; Pliensbachian to Hettangian)—Consists of about 95%
sandstone and about 5% mudstone.
The sandstone is typically orange pink to reddish orange, thin to very thickly
bedded, slabby to blocky weathering, very fine to fine grained, moderately to well
sorted, calcareous, well stratified, and partly mottled and bioturbated by roots and
burrows. Stratification, when present, consists of small- to very large scale sets of even parallel horizontal lamination, discontinuous even-parallel lamination, tabular-tangential
cross stratification, tabular-planar cross stratification, wedge-planar cross stratification, and
trough cross stratification. Wind-ripple lamination dominates the horizontal stratification
sets, whereas wind-ripple lamination and grain-flow lamination characterize most largescale sets of cross stratification.
Mudstone is interbedded with siltstone and sandy siltstone, which are typically light
brown to light reddish brown and reddish brown, thickly to thinly laminated, flaggy to
fissile weathering, and generally mottled and bioturbated by roots(?). Stratification in
mudstone is rare, usually consisting of discontinuous horizontal lamination, wispy
lamination, and sparse current-ripple lamination.
The Wingate Sandstone is the major cliff-forming unit in Colorado National
Monument in the southwestern part of the map area. The Wingate has been assigned to
the Hettangian Age based on dinosaur fossils (Padian, 1989), but more recently to
Pliensbachian to Hettangian Ages by Peterson (1994). The thickness of the map unit is
about 100 m
Chinle Formation (Upper Triassic) —Shown in cross section only. Consists of interbedded
reddish-brown to reddish-orange and grayish-purple mudstone, sandstone, sandy
conglomerate, and limestone. The map unit is about 30 m thick in the Colorado National
Monument quadrangle (Cole and others, 1999)
Meta-igneous gneiss and migmatic meta-sedimentary rocks, undivided (Early Proterozoic)—
Shown in cross section only. For more detailed description see Scott and others (2001)
tures are superimposed on the large regional monocline. The largest and most laterally persistent struc
ture forms an asymmetric graben at its southeastern
part but forms a 60-m-wide, southwest-dipping
monocline at its northwestern end. The southeastern
part consists of a 60-m-wide fault block of Burro
Canyon Formation that dips southwest at greater
than 50° and is bounded by normal faults that sepa
rate the panel from the regional monocline that has
more gentle dips to the northeast. Both the faulted
block and the monocline create down-to-the-south west stratigraphic offsets of about 20 m and 15 m,
respectively. Probably, these structures have been
formed by a blind, northeast-dipping high-angle reverse fault that dies out toward the northwest
(section A–A'). Another narrower southwest-dipping
monocline deforms the overall monocline 2 km

STRUCTURE AND TECTONICS
The structural geology of the Grand Junc
tion quadrangle is deceptively simple. A large re 
gional monocline dips northeast throughout the map
area to form the northeastern flank of the Uncom 
pahgre Plateau. Laramide compression probably
formed the monoclinal structure (Hunt, 1956;
Lohman, 1965; Stone, 1977; Miller and others,
1992; Davis, 1999), although no direct evidence has
been found to determine the age of deformation of
the Uncompahgre uplift (Scott and others, 2001).
Dips in this monocline range from 9° to 15° in Juras 
sic strata in the southwestern part of the map area to
about 4° in Mancos Shale in the northeastern part of
Grand Valley. Between Horse Point and the Gunni 
son River, two narrow, northwest-trending struc
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Table 4. Map units susceptible to geologic hazards in the Grand Junction quadrangle.
Mass Wasting 1
Qlso
Qlsy
Km
Kd
Jmb

Gullying
Qa
Qac
Km

Piping 2
Qa
Qac
Qse

Expansive Soils
Qac
Qc
Qlso
Km
Kb
Jmb
Jw
Qlsy

Flooding
Qalc1
Qalc2
Qalg
Qa

1 Includes earth flows, earth slumps, debris flows, debris slumps, rock-block slides, trans 
lational slides, rockfalls, and complex landslides.
2 Defined as erosion by percolating water resulting in the formation of tunnels (pipes)
through which fine-grained material is removed.

area, the most recent landslide began during the
winter of 2000 and was still active during writing;
the landslide has destroyed a house above the south
bank of the Colorado River (Scott and others, 2001).
Also, young landslides too small to map have dam aged a sewage treatment plant and an irrigation
pump station in the map area.
Many of the older landslide deposits ( Qlso) in
the southwestern part of the map area formed on
unstable slopes that are underlain by the Brushy Basin
Member of the Morrison Formation ( Jmb). The
Brushy Basin Member of the Morrison Formation
contains abundant expansive clays that have a high
shrink-swell potential. These expansive clays reduce
the shear strength of the Brushy Basin Member
(Jmb) so that landslides commonly displace the
Brushy Basin Member and overlying Burro Canyon
(Kb) and Dakota Formations (Kd). Some of these
landslides lack distinctive landforms such as crescentic
headwall scarps and lobate toes, but they do have
hummocky surfaces. Rejuvenated parts of these
landslides may have crescentic headwall scarps. Deposits derived from the Dakota Formation ( Kd) and
the Burro Canyon Formation ( Kb) contain blocks of
rock as long as 6 m. A particularly large landslide
complex along the upper part of Little Park Road
extends over an area of 2.5 km by 3.5 km. This
landslide was mapped as the Jacobs Ladder fault
complex by Lohman (1963). An older landslide deposit between the Gunnison River and Horse Point
has morphologies that suggest that the oldest parts
of the deposits are closest to the river and the
youngest are closest to Horse Point. The river ap
pears to be eroding these deposits as they slide
downhill in a conveyor-belt fashion. Landslide de posits may be prone to continued movement or re activation due to natural as well as human-induced
processes. Excavations and other disturbances on
either preexisting landslides or gentle dipslopes un 
derlain by the Mancos–Dakota–Burro Canyon–Morri 
son sequence of strata may cause sliding such as that
in The Redlands area and the residential areas along
Little Park Road. At the base of Little Park Road, a
small incipient landslide deposit is characterized by
southern and southwestern dips rather than northeastern dips parallel to the dipslope.

northeast of Horse Point and probably also overlies a
concealed northeast-dipping high-angle reverse fault.
The faulted panel structure has a geometry similar to
that of the Glade Park fault mapped in the Glade
Park 7.5' quadrangle (southwest of the map area)
where it crosses the Little Park Road (Scott and
others, 2001). For a more thorough discussion of
the more regional aspects of the structures and tec 
tonism of the area read the “Structure and Tecton
ics” part of the text for the map of the Colorado
National Monument and adjacent areas (Scott and
others, 2001).
GEOLOGIC HAZARDS
Various geologic hazards exist in the Grand
Junction quadrangle, including landslides, erosional
processes such as gullying and piping, expansive
soils, and flooding. These hazards are commonly
associated with specific geologic units (table 4).
LANDSLIDES
As used in this report, landslide is a general
term that includes a wide variety of mass movement
landforms and processes involving the slow to rapid
downslope transport of surficial materials and
bedrock blocks by gravity. This definition includes
various types of flows, slumps, slides, topples, and
combinations thereof.
Active landsliding (younger landslide deposits,
Qlsy ) is found along the bluffs on the south bank of
the Colorado River and has caused damage to roads
and structures in the area. Many of these landslide
deposits, which consist primarily of small rotational
landslides and topples, are too small to show at the
scale of this map. Also, many younger landslide
deposits are removed by erosion of river banks soon
after they form. Two small landslide deposits de rived from the Mancos Shale (Km ) are shown near
the center of the map, along the south side of the
Colorado River. Reactivation of the eastern of the
two landslides in the 1980’s resulted in severe dam age and forced the abandonment of several new
homes (Jochim and others, 1988). On the eastern
side of the adjoining Colorado National Monument
quadrangle, 0.2 km west of the border of the map
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units. Damage to homes and roads is evident in
places. Smectitic clays are alteration products of
volcanic ash; therefore, these clays retain the higher
radioactivity of the volcanic ash. Cole and others
(1999) used a portable gamma-ray spectrometer to
detect higher concentrations of gamma-ray produc 
ing radioactive elements in those parts of the strata
that have the highest concentrations of expansive
clays and, therefore, are the most conducive to
landsliding. Surficial deposits that contain debris from
the Brushy Basin Member are particularly susceptible
to shrinking, swelling, and hydrocompaction, which
makes them an unstable base for roads or founda
tions of buildings.

GULLYING
Gullying is the process in which erosion of soil
or easily eroded rock by running water forms dis
tinct, narrow channels. Usually these channels carry
water only during and immediately after heavy rains.
In the Grand Junction quadrangle, units Qa, Qac ,
and Km are prone to gullying (table 4). Over time,
the process of gullying can lead to the formation of
deep channels that can disrupt roads and irrigation
systems, clog downstream areas with excess sedi 
ment, and ruin the environmental quality and aes 
thetic attraction of areas.
PIPING

FLOODING
Piping is the process whereby erosion by per 
colating water results in the formation of tunnels
(pipes) through which fine-grained material is removed. In the Grand Junction quadrangle, those ar
eas underlain by units Qa and Qac are prone to pip
ing in some areas (table 4). Piping can lead to the
formation of large cavities that may be prone to col 
lapse, thereby endangering roads, irrigation systems,
power lines, and structures. In addition, eolian and
sheetwash deposits (Qse ) are probably susceptible to
piping and possibly to hydrocompaction.

Most of the town of Grand Junction is rela 
tively safe from flood hazard from the Colorado
River. However, several areas are within the
boundaries of the 100-year flood (U.S. Corps of
Engineers, 1973). An area along the northern side
of the Colorado River north of Watson Island State
Park lies within the boundaries of the 100-year flood.
Riverside Park and adjoining areas are also within the
limits of the 100-year flood, as is the community of
Rosevale and much of the area in the vicinity of
Connecticut Lake. As urbanization of the Grand
Valley continues, care should be taken to avoid those
areas south of town mapped as Qalc1 as these areas
are prone to periodic flooding. Low-lying areas
within map unit Qalc2 may also be subject to Col 
orado River floods of large magnitude.
In addition, low-lying areas within map unit
Qa are prone to flash floods or debris flows caused
by intense thunderstorms in their headward regions.
The resulting flash floods present a serious geologic
hazard to structures and roads that are close to the
flood-prone intermittent streams where these
streams exit through narrow canyons, such as onto
The Redlands area where boulders more than 2 m in
diameter have been moved during historic and pre historic flash floods.

EXPANSIVE SOILS AND BEDROCK
Soils or bedrock that tend to shrink or swell
due to changes in moisture content are commonly
known as expansive soils or bedrock. Expansive soils
are common in those areas underlain by sedimentary
rock containing clay minerals or in surficial deposits
derived from those bedrocks. The potential volume
change of a given soil or bedrock depends on the
type and amount of clay minerals it contains. Due to
differential expansion, concrete foundations, floors,
and walls may develop cracks, doors may not close,
and buildings may tilt slightly. It has been estimated
that as many as 60 percent of homes built on
swelling clays will undergo minor damage whereas
10 percent may suffer significant damage (Jones and
Holtz, 1973). In semiarid areas such as the Grand
Junction quadrangle, soils containing swelling clays
will commonly have a characteristic “popcorn” tex
ture when dry.
The Mancos Shale ( Km) or alluvium and collu 
vium ( Qac) derived from the Mancos Shale are
known to contain varying amounts of swelling clays.
These areas may have moderate to high swelling po
tential and, in addition, may contain sulfate minerals,
such as thenardite, which are corrosive to conven
tional concrete and metal pipes. Because of its high
clay content, the surface of the Mancos Shale be comes sticky and very slippery when wet making
unimproved roads virtually impassable.
The Brushy Basin Member of the Morrison
Formation (Jmb ) contains abundant, expansive clays.
Watering of lawns in The Redlands area has been
sufficient to locally activate movement of expansive
soils and clays on and in the Brushy Basin Member of
the Morrison as well as in some of the overlying map

GEOLOGIC RESOURCES
The Grand Junction quadrangle contains abun
dant sand and gravel resources. Many of the gravel
pits are indicated on the map and are mainly located
in map unit Qalc1. These deposits consist chiefly of
well-sorted, rounded and well-rounded pebble-cob
ble gravel. Along the Colorado River, upstream
from the confluence with the Gunnison River, clasts
consist largely of basaltic rocks, quartzite, micaceous
red sandstone, gray fine- to medium-grained granitic
rocks, and “oil shale” of the Green River Formation.
Downstream from the confluence of the Colorado
and Gunnison Rivers clasts consist of similar rock
types with the addition of intermediate-composition
volcanic rocks derived from the San Juan Mountains
to the south. The gravel matrix generally consists of
pale-brown (10YR 6/3) silty sand and sand. The
gravels are commonly overlain by 1–2 m of overbank and possibly eolian materials consisting of
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massive, light-yellowish-brown (10YR 6/4) silty fine
sand and fine sand. The gravels also contain about
5–10 percent “oil shale” clasts, derived from
exposures of the Green River Formation along the
flanks of Grand Mesa to the east, which have low
bearing strength. Hence, these gravels are suitable
for road base, but may be unsuitable as an aggregate
for concrete and asphalt. A bentonite quarry has
been excavated in the Brushy Basin Member of the
Morrison Formation ( Jmb) in the southwest part of
the map area near Little Park Road. An important
geologic resource of Grand Junction and Grand
Valley is the intrinsic beauty of the rocks exposed in
the margin of the Uncompahgre Plateau, which
attracts many visitors to Colorado National
Monument and surrounding Bureau of Land
Management lands.
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