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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

HUMAN-MADE DEPOSITS
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Artifical fill (uppermost Holocene) — Riprap, soil, and refuse placed during construction of roads, railroads, buildings, dams, and
landfills. Generally consists of unsorted silt, sand, clay, and rock fragments. The average thickness of the unit is less than 20 feet.
Artificial fill maybe subject to settlement, slumping, and erosion if not adequately compacted.

Disturbed and/or reclaimed ground (uppermost Holocene) — Waste rock, sediment, and fill materials where land has been
disturbed by gravel pit operations. Generally consists of unsorted silt, sand, clay, and rock fragments. The thickness of this unit may
range from disturbed near-surface bedrock to exceeding 10 feet. The fill material may be subject to settlement, slumping, and erosion
if not adequately compacted.

Gravel pit (uppermost Holocene) — Areas where mining operations have removed much of the original deposit but have not been
reclaimed.

ALLUVIAL DEPOSITS
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Alluvium one (upper Holocene) — Qa; deposits within the active stream channel of Box Elder Creek are white to light-gray,
moderately sorted, poorly compacted, fine to very coarse sand with very fine to medium pebbles. Within an unnamed tributary
channel in the western half of the mapped area, the Qa, deposits are finer grained, dark-brown, clayey to silty sand with rare fine to
medium sand and small pebbles. In the southern half of the quadrangle, the alluvium is light-gray to tan, moderately sorted, poorly
compacted, medium to very coarse sand with fine to very coarse sand and cobbles. The unit occasionally forms low-lying terraces
that are less than 3 feet above the active stream channel. The unit correlates with the post-Piney Creek alluvium described by Hunt
(1954) in the Denver area. Mapped extents of Qa; may have aggraded Qa, deposits of limited extent. The unit is subject to frequent
flooding and is a source of industrial sand. Exposed thickness of the unit locally exceeds 5 feet.

Alluvium two (Holocene to Upper Pleistocene?) — Qa, deposits within Box Elder Creek form terraces of weakly stratified, silty to
clayey sand with thin beds and lenses of sandy pebble gravel. The unit is brown, poorly to moderately sorted, moderately
consolidated alluvium in stream-terrace deposits approximately 6 to 12 feet higher than the modern floodplain. Clasts are
subrounded to well-rounded pebbles of granite and quartz. Humic material is found in the upper 1-2 feet of the unit and stringers of
calcium carbonate (Stage I) are common lower in the unit. Within an unnamed tributary channel in the west half of the mapped area,
the Qa, deposits are dark-brown to grayish-brown with significantly higher clay and silt content, and thinner layers of poorly sorted
fine to coarse sand. Multiple weak Bt soil horizons reflect the episodic aggradation of the unit. This tributary unit is typically incised
up to 15 feet by the Qa; stream levels. Sample Watkins-3 has an optically stimulated luminescence (OSL) age estimate of 2,410 +
200 yrs taken from quartz-rich alluvium 4 feet below the terrace surface and sample Watkins-2 has an OSL age estimate of 2,690 +
240 yrs taken from a depth of 6 feet below the terrace surface (S. Mahan, personal commun., 2016). Hunt (1954) reported a
radiocarbon age of 1,150 + 150 14C yr BP (800 AD) of charcoal from 18 inches below the surface of a terrace underlain by Piney
Creek Alluvium in the Commerce City quadrangle; Madole and others (2005) obtained an age of 1,110 = 70 14C yr BP (Beta
Analytic) from organic-rich sediment near the top of the Piney Creek Alluvium type locality of Hunt (1954); Berry and others (2015)
reported 14C ages of 11.90 = 0.28 cal ka BP and 11.95 + 0.24 cal ka BP taken near the base of the alluvium in the Masters quadrangle
near Fort Morgan, CO (Note: according to Madole (personal commun., 2016) Hunt’s age assignment to his type locality along Piney
Creek was based on archeological data (the presence of Plains Woodland artifacts); the site he radiometrically dated and ultimately
assigned an age to the Piney Creek Alluvium was based on the 14C age of charcoal at a Plains Woodland site >20 miles to the north-
northwest). These ages only indicate that Piney Creek Alluvium was deposited prior to the time that Plains Woodland people camped
at these two localities. The unit is likely correlative, by virtue of height, soil characteristics, and radiometric dates with the Piney
Creek Alluvium described by Hunt (1954) in the Denver area. The unit is subject to occasional flooding and is a potential source of
sand along Box Elder Creek. Maximum exposed thickness of the unit locally exceeds 15 feet.

Alluvium three (Upper Pleistocene) — Dark-brown to grayish-brown, poorly sorted, moderately compacted, poorly to moderately
stratified silt, sand, and pebbly gravel in stream-terrace deposits approximately 10-20 feet higher than the modern floodplain. Clasts
are subrounded to well rounded and the dominant sediment is silty to clayey sand with sporadic lenses of pebbly sand. The unit is
generally correlative, by virtue of height and soil characteristics with the Broadway Alluvium described by Hunt (1954) in the Denver
area. This unit was mapped as Louviers Alluvium in the 1:250,000-scale map of the Denver quadrangle (Bryant and others, 1981).
The unit is a potential source of sand and gravel. Maximum exposed thickness of the unit locally exceeds 20 feet.

Alluvial deposits, undivided (Holocene to Upper Pleistocene) — Gray-brown to tan-brown, poorly sorted, stiff to hard, sandy to
silty clay in valley heads and swales in the upper parts of drainages and in main trunk tributary streams where differentiation of
specific alluvial units was not possible due to poor exposure. Contains <5% of fine gravel and pebbles. The unit includes undivided
sheetwash and muddy alluvium deposited by runoff in rills and gullies. The unit may contain reworked eolian sand and loess. Unit
typically has a dark brown-gray Bt soil horizon and granule-sized calcic nodules and stringers. Maximum exposed thickness of the
unit locally exceeds 7 feet.

Sheetwash alluvium (Holocene to Upper Pleistocene) — Gray-brown to gray-tan, stiff to hard, weakly stratified, poorly sorted silty
to sandy clay with scattered granule to gravel rock fragments and pebbles. Unit thinly mantles low-relief moderate slopes where
bedrock is shallow and consists chiefly of local materials transported by sheet flow. Unit may include runoff sediments from rills and
minor gullies and reworked sandy loess and bedrock residuum. Fine mica flakes and dark-brown ferruginous concretion fragments
are common where unit is derived from the Denver Formation. Unit is generally 5 to 10 feet thick but may include zones of Denver
Formation residuum near surface.

Alluvial-fan deposits (Holocene to Upper Pleistocene) — Tan to pale-brown, poorly sorted, unconsolidated, clayey to silty sand
and gravel, deposited as coalesced alluvial fans at the mouths of hillside swales and ephemeral streams. They have a fan-like shape
and contain reworked well-rounded pebbles derived from local surficial and bedrock deposits; however, sand and gravel are the
major constituents where derived from the Dawson Arkose. The unit may be prone to flooding and sediment-laden debris flows.
Deposit locally exceeds 12 feet in thickness.

High-level gravel deposits (lower Pleistocene to Pliocene?) — Greenish-gray to reddish-brown, poorly sorted, pebble, cobble and
boulder gravel with a fine to coarse sand matrix. Clasts are subrounded to well rounded. Matrix typically consists of feldspar and
quartz sand likely derived from the Dawson Arkose or pre-existing outcrops of Castle Rock Conglomerate. Clast types within the
gravel are predominantly pink granite, gneiss, white vein quartz, white and blue-gray quartzite, red sandstone, petrified wood, chert,
intermediate volcanics, and rare welded tuff. The typical soil profile consists of a 6-inch thick A horizon, 8-inch thick B horizon and
a 3-foot thick K horizon (Stage IV-V). The clast types and position in the landscape on interfluves which grade southward up to the
base of the Castle Rock Conglomerate near Elizabeth, suggest the unit may be reworked from disaggregated Castle Rock
Conglomerate outcrops. Soister (1972) mapped this unit as Castle Rock Conglomerate (?) on the adjacent Strasburg NW quadrangle
and reported “brontothere” bone and teeth fragments of early Oligocene age. Top of the unit is 200 to 250 feet higher than mainstem
creeks. The unit is approximately 15 feet thick where exposed in inactive gravel pits and forms a stable building surface, but
excavations may be prone to slumping. The unit was mined in the past and is considered a source of sand and gravel.

Gravel deposits (Holocene to Upper Pleistocene) — Yellowish-brown to reddish-brown, poorly sorted, pebble, cobble, and boulder
gravel with a fine to coarse sand matrix. Clasts are subrounded to well rounded. Matrix typically consists of feldspar and quartz sand
likely derived from the local bedrock. Clast types within the gravel are predominantly pink granite, white vein quartz, red and gray-
blue quartzite, with lesser amounts of red and buff-colored sandstone, and chert. Sandstone concretions up to 10 inches in length also
occur. Top of the unit is 25 to 50 feet higher than active streams. The unit is 10 to 15 feet in thickness. The deposit forms a stable
building surface, but excavations may be prone to slumping. The unit is a potential source of sand and gravel.

EOLIAN AND ALLUVIAL DEPOSITS
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Eolian sand (upper Holocene) — Tan to light-brown, loose to slightly compacted, fine to coarse sand deposited by wind. Locally,
may contain very coarse to granule-sized grains of quartz and feldspar. Subdued parabolic dune forms are visible on hillshaded Lidar
images of the northeast part of the quadrangle with their long axes (and thus prevailing winds) oriented in a NW-SE direction. Where
exposed, the soil profile generally consists of a 3-inch thick weakly developed A horizon over an 8-inch thick Cox horizon; sparse
calcic nodules and stringers occur in the lower parts of the soil profile suggestive of an incipient Bk horizon. Shallow playas and
interdunal ground depressions are common (see unit Qp descripton). The unit may by thinly mantled by pockets of tan, sandy loess.
Some low-relief wind-scoured ridgelines contain powdery carbonate suggesting either erosion down to a Bk horizon or reworking
from older Pleistocene eolian or alluvial units. Sample Watkins-4 has an OSL age estimate of 1,520 £ 120 yrs (S. Mahan, personal
commun., 2016) taken from a depth of 2 feet below the dune surface above a buried soil horizon. Unvegetated or disturbed sand is
prone to wind scour and wind-rippled drifting; excavations may be prone to slumping. The unit is a source of industrial sand and
local borrow pits are common. Thickness is generally 4 to 20 feet.

Sand deposits (Holocene) — Reddish-brown to light orange-brown, moderately compacted, moderately sorted, fine to very coarse
sand deposited primarily by wind. Grain composition is mainly quartz and feldspar. Includes areas reworked as sheetflow.
Typically, this unit is faintly stratified and non-cohesive; dune forms are not present. The lower, older parts of the unit are weakly
cemented by calcium carbonate and can hold a face where recently excavated. The unit is likely deposited as sand sheets by winds
capable of moving granules and small pebbles; quartz is a major constituent. Qs deposits are moderately compacted, easily
excavated and they can hold surface water. The unit is a potential source of industrial sand. Thickness may locally exceed 30 feet.

Alluvial and eolian deposits, undivided (Holocene to Upper Pleistocene) — Light-brown to reddish-brown, poorly sorted silt, fine
to very coarse sand, and scattered granules that locally includes pebbles. This unit typically mantles upland surfaces and includes
some material that is windblown silt and fine sand. These wind-deposited materials are reworked and interlayered with alluvial and
sheetwash (Qsw) layers and laminae of coarse sand and pebbles. Thin gravel-rich lenses are also present. Sample Watkins-5 has an
OSL age estimate of 11,540 + 490 yrs taken from sandy alluvium exposed along a road cut, 6 feet below the surface (S. Mahan,
personal commun., 2016). Maximum exposed thickness of the unit locally exceeds 30 feet.

MASS-WASTING DEPOSITS
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Soil-slip deposits (upper Holocene) — Areas where the surface soil has detached and migrated downhill, exposing bedrock within
the detachment zone. The slip surfaces are typically parallel to the slope and less than 3 feet below the surface. These features
commonly form where water seeps are exiting the slope causing the soil to become saturated and flow under gravity. Areas mapped
as soil slips are prone to future movement if saturated by runoff or precipitation. Thickness of soil-slip deposits is typically less than 5
feet.

Colluvium and sheetwash deposits, undivided (Holocene to Upper Pleistocene) — Colluvium consists of fragments of high-level
gravels and cemented bedrock that have been transported downslope primarily by gravity. The deposits are gray to tan to yellowish-
brown, poorly sorted, clast-supported, pebble to boulder gravel in a sandy matrix to matrix-supported, gravelly, clayey, sandy silt.
Colluvium contains rounded to subrounded clasts and is weakly stratified. Sheetwash alluvium (Qsw) is described above.

Colluvium and sheetwash deposits may grade into and interfinger with sheetwash (Qsw), alluviums one and two (Qa;, Qa,) and
alluvial and eolian desposits (Qae). Maximum thickness of this unit is approximately 15 feet. Areas mapped as colluvium and
sheetwash are susceptible to future colluvial and sheetwash deposition and locally, are subject to small hyperconcentrated flows.
These deposits may be sources of aggregate.

POND DEPOSITS
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Pond deposits (Holocene) — Dark-brown to dark-tan, slightly to moderately compacted, poorly sorted, clayey to silty, very fine to
medium sand with fine organic material. Unit forms in seasonal ponds within playa and interdunal depressions that occur in recent
dune sand deposits (Qes). Deposit is extremely soft when wet and can impede agriculture equipment; crop planting generally avoids
the larger ponds where moisture contents remain elevated year round.
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BEDROCK GEOLOGY

Dawson Arkose (Paleocene to Eocene) — White and tan, thick to massive, crossbedded arkoses, pebbly arkoses, and arkosic
pebble-cobble conglomerates. Contains beds of white and tan fine- to medium-grained feldspathic crossbedded friable sandstone that
is poorly sorted, has interstitial clay, and is commonly thin or medium bedded. The unit also contains sparse interbeds of thin-bedded
gray and grayish-green claystone and sandy claystone or dark-brown, organic-rich siltstone to coarse sandstone. The interbeds
contain fossilized plant fragments. Three- to 6-foot thick zones of pebble-cobble conglomerate consist of rounded to subrounded
clasts of granite and milky quartz with lesser amounts of gneiss, red sandstone, grayish-blue quartzite, intermediate volcanic rocks,
and rare pebbles of blue-green amazonite. Some of these conglomeratic zones are highly oxidized and contain ferruginous lenses of
cemented grains and manganese concretions. Thickness of the Dawson Arkose may reach 1000 feet in the Monument area near
Colorado Springs; however, the exposed thickness in the Watkins quadrangle is approximately 240 feet. The unit is prone to swelling
when wet. Residuum is commonly developed on the surface of the Dawson Arkose; residuum was not mapped due to poor exposures
and variations in thickness. The Dawson Arkose is described in detail by Thorson (2011).

Within the Watkins quadrangle, the Dawson Arkose is separated from the underlying Denver Formation by a distinct zone of gray to
pink to green clays up to 30 feet thick, interpreted to represent a paleosurface of soil formation which also approximates the
Paleocene—Eocene boundary (Raynolds, 2002; Thorson and Madole, 2002; Thorson, 2003). The distinctly different weathered
colors and clay-rich content between the coarser grained Dawson Arkose and the finer grained Denver Formation make this zone
recognizable. This zone also contains abundant root casts, has a distinct mottled and banded character, and has economic use as
brick-making clay.

Bryant and others (1981) described one crystal tuff location within the adjacent Strasburg NW quadrangle; the most reliable date as
determined from biotite yielded a late Paleocene-early Eocene age of 56.5 +/- 1.9 Ma.

Denver Formation (Paleocene) — The Denver Formation consists of tan, brown, and olive-gray crossbedded arkosic sandstone and
greenish-gray to light-gray, occasionally silty to sandy claystone. The sandstones are poorly sorted, micaceous, and contain abundant
clay. They can be thin or medium bedded with ripple cross laminations. Fine to very coarse grained zones below the paleosol contain
discontinuous, poorly sorted pebbly conglomeritic lenses of pink granite and vein quartz that are commonly less than one-foot thick
and typically weather out of deteriorated outcrops. Also present are ferruginous, olive-brown ovoid sandstone concretions (up to 4
feet in dia.); smaller dark brown ferruginous concretions are also common. Claystone is typically stained yellow-orange to orange-
brown. The claystone is easily moldable (plastic) and is known to be expansive. Exposed thickness of the Denver Formation in the
mapped area is about 200 feet.

A pollen sample identified as Momipites leffingwelli (J. O’Keefe, Morehead State Univ., personal commun., 2016) was collected
from organic-rich shale at UTM location N532,306.752 E4,396,494.276 m and is likely indicative of pollen zone P3 (Paleocene).

MAP SYMBOLS

Contact — Approximately located

A——A' Alignment of cross section
.Watkins-2 Numerical age date sample — Showing sample number
3
— Strike and dip of inclined bedding — Showing direction and angle of dip
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