
Target symbol signified data from a geotechnical boring from Soilogic (2007).
Circle symbol with the permit number posted above signifies data from a water well included in CO DWR (2023).
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Five-digit numbers shown above oil well symbol is the ECMC API well number (CO ECMC, 2023); the State and county prefix code is 05-123.
Circle well symbol with the permit number posted above signifies data from a water well included in CO DWR (2023).

-500 m

0 m

500 m

1000 m

1500 m

-2000 ft

-1000 ft

0 ft

1000 ft

2000 ft

3000 ft

4000 ft

5000 ft

-1000 m

CROSS SECTION A-A'
A
W

A'
E
ELEV IN
FEET

ELEV IN
METERS

VERTICAL EXAGGERATION = 2X

79
44

79
48

15
26

04

15
18

39
-A

26
82

4
05

-1
23

-2
99

76

12
55

63
-A

05
-1

23
-2

32
01

55
6-

W
C

B

05
-1

23
-2

73
88

05
-1

23
-1

23
16

38
3-

W
C

B

05
-1

23
-2

26
86

05
-1

23
-3

81
18

05
-1

23
-3

47
44

23
26

26

05
-1

23
-1

26
12

05
-1

23
-3

46
10

05
-1

23
-2

34
36

05
-1

23
-2

69
48

05
-1

23
-2

66
69

05
-1

23
-1

29
25

95
13

0-
A

05
-1

23
-2

35
93

05
-1

23
-3

30
76

05
-1

23
-1

21
76

05
-1

23
-2

67
41

C
R

O
S

S
 S

E
C

T
IO

N
 B

-B
'

Extent of synclines mapped by Weimer (1996) Extent of synclines mapped by Weimer (1996)

T
he

 S
lo

ug
h

Woods Lake

C
oa

lb
an

k 
C

re
ek

Qu

Kcgg

Kl

Kfh

Kp

Kn

Kcgg

Kp

Kn

Qu

ALLUVIAL
DEPOSITS

EOLIAN
DEPOSITS

HUMAN-
MADE

DEPOSITS

MESOZOIC

CENOZOIC

CRETACEOUSHolocene Late
Cretaceous

QUATERNARY

Pleistocene

BEDROCK UNITSSURFICIAL DEPOSITS

MASS-
WASTING
DEPOSITS

CENOZOIC
PALEOGENE?
NEOGENE?

Oligocene?
Miocene?

UNCOMFORMITY

af

Qa

Qcso

Qg2

Kl

Kcgg

Kn

Kp

Kfh

Qe

PENbh

Qcs

Qg

Qg1

CORRELATION OF MAP UNITS

N

VERTICAL EXAGGERATION = 10x

3-D OBLIQUE VIEW OF GEOLOGIC MAP

Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) was used for U-Pb analysis
1 N = Total number of analyses
2 n = Number of concordant analyses
3 Maximum Depositional Age (MDA) candidate; uncertainties reported at 95% confidence
4 Modes include value that has a high frequency in a given set of values

Field Sample
Number

Latitude Longitude Map
Unit

N 1 n 2 MDA Youngest
Date 3

MDA Youngest Population 3 Principal Mode 4 Mode 2 4 Mode 3 4 Mode 4 4

SV003DZ 40.62376017 -104.83112766 Kfh 118 112 70.8 ± 4.3 Ma 74.9 ± 1.7 Ma (n=3; MSWD=0.56) 1,680.4 Ma 99.3 Ma 108.4 Ma 441.1 Ma

SV021DZ 40.56330000 -104.84000000 Kfh 139 134 69.4 ± 3.4 Ma 73.3 ± 1.6 Ma (n=13; MSWD=0.93) 79.4 Ma 1,673.5 Ma 165 Ma 1,426.3 Ma

SV051DZ 40.61079414 -104.82792665 Kfh 135 125 63.7 ± 3.5 Ma 67.6 ± 2.1 Ma (n=5; MSWD=0.62) 84.5 Ma 1,703.9 Ma 604.3 Ma 1,105.5 Ma

SV085CDZ 40.60803964 -104.87263852 PENbh 138 134 67.8 ± 2.9 Ma 71.3 ± 1.5 Ma (n=6; MSWD=0.77) 93.4 Ma 1,735.9 Ma 157.2 Ma 1,116.6 Ma

Table 3:  Detrital Zircon (DZ) ages (Isotope Geology Laboratory at Boise State University)

a Aliquots measured, used and that define lowest most De.
b De-Equivalent dose calculated on a pure quartz fraction with ultra-small aliquots with 20-80 grains/aliquot and analyzed under blue-light excitation (470 ± 20 nm) by Single Aliquot. Regeneration (SAR) protocols (Murray and Wintle, 2003; Wintle and Murray, 2006).

  Equivalent dose (De) was calculated by the Finite Mixture Model (Galbraith and Green, 1990) and the four parameter Minimum Age Model (Galbraith and Roberts, 2012). Prefix “TT-“ means the use of Thermal Transfer teachniques as outlined in Forman et al. (2022).
c Overdispersion values reflects precision beyond instrumental errors; values of ≤ 20% (at 1 sigma limit) indicate low dispersion in equivalent dose values and defines a unimodal distribution. Values > 20% are associated with mixed equivalent dose signature reflecting multiple grain populations or partial solar resetting.
dU, Th, and K content reported in parts per million (ppm) analyzed by inductively-coupled plasma-mass spectrometry by ALS Laboratories, Reno, NV; and includes dose contribution from Rb and an assumed moisture content of 10 ± 3% for the burial period.
e Includes also a cosmic dose rate calculated from parameters in Prescott and Hutton (1994) and includes soft components.
f SAR-Systematic and random errors calculated in a quadrature at one standard deviation by the Luminescence Dating and Age Calculator (LDAC) (Liang and Forman, 2019) at https://www.baylor.edu/geosciences/index.php?id=962356. Datum year is AD 2010.

Field Sample
Number

Laboratory
Number

Latitude Longitude Map
Unit

Depth Below Ground
Surface (bgs) (m)

Date
Collected

Material Dated Aliquotsa Grain Size
(µm)

Equivalent
Dose (De) (Gy)b

Overdispersion
(%)c

U (ppm)d Th (ppm)d K2O (%)d H2O (%)d Cosmic Dose
Rate (mGray/yr)e

Dose Rate
(mGray/yr)

SAR-OSL age
(yr)f

SV085A3.4OSL 5883 40.60802251 -104.87242762 Qg1? ~1.1 11/9/2023 Pale yellow gravely very
fine to coarse sand

32/35 150-250 33.22 ± 0.52 28 ± 4 1.78 ± 0.01 4.67 ± 0.01 4.66 ± 0.01 10 ± 2 0.246± 0.025 4.32 ± 0.10 7,685 ± 210

SV085B2.5OSL 5885 40.60801919 -104.87257951 Qg1? ~0.76 11/9/2023 Yellowish brown fine to
medium sand

10/10 32-100 >850 22 ± 6 2.50 ± 0.01 7.29 ± 0.01 1.98 ± 0.01 10 ± 2 0.261 ± 0.026 2.79 ± 0.06 >304,660

SV085B3.5OSL 5886 40.60801919 -104.87257951 Qg1? ~1.1 11/7/2023 Yellowish brown gravely
fine sand

13/16 100-250 277.44 ± 28.94 28 ± 7 2.75 ± 0.01 5.81 ± 0.01 3.48 ± 0.01 10 ± 2 0.250 ± 0.025 3.76 ± 0.09 73,810 ± 7820

SV086AOSL 5936 40.60737527 -104.8742965 Qe ~1.1 5/9/2024 Yellowish brown silt to
medium sand

31/35 100-500 44.70 ± 1.74 21 ± 3 3.22± 0.01 11.80 ± 0.01 2.28 ± 0.01 10 ± 2 0.249± 0.025 3.25 ± 0.07 13,755 ± 685

SV086OSL 5884 40.60740727 -104.87429654 Qe ~1.6 11/7/2023 Yellowish brown very
fine to medium sand

34/35 100-250 45.84 ± 1.88 24 ± 3 3.27 ± 0.01 10.60 ± 0.01 2.32 ± 0.01 10 ± 2 0.235 ± 0.024 3.30 ± 0.07 13,860 ± 645

Table 2:  Optically stimulated luminescence (OSL) ages (Baylor University, Waco, Texas)

1 Relative difference between 13C/12C ratio of carbon extracted from sample and that of Vienna Pee Dee Belemnite (VPDB) international standard.
2 Conventional radiocarbon age, based on 5,568-year half-life; 0 yr B.P. = 1950 A.D.
3 Calibrated range at 95.5% probability, using method of Ramsey (2009) and IntCAL13 data set (Reimer and others, 2013).

*Sample was analyzed by ICA Inc.

**Result is conventional age.

Field Sample
Number

Laboratory
Number

Latitude Longitude Map
Unit

Depth Below Ground
Surface (bgs) (m)

Date
Collected

Material Dated delta13C
(0/00)1

Measured
Radiocarbon Age

(radiocarbon  B.P.)2

Calibrated Age
(cal B.P.)3

SV018C14 Beta - 694560 40.51000000 -104.85400000 Qa ~1.7 11/9/2023 Brown sandy silty
clay/clayey silt

-20.4 1,090 ± 30 1,170 ± 30

SV019CC14 Beta - 694558 40.56160000 -104.84000000 Qe ~0.9 9/19/2023 Brown very fine to
coarse sand

-17.3 7,310 ± 30 7,440 ± 30

SV032C14 Beta - 694561 40.50996000 -104.77900000 Qe ~2.1 2/8/2024 Brown very fine to
medium sand

-21.7 8,720 ± 30 8,870 ± 30

SV104C14* 14C-10031 40.61634200 -104.83200000 Qcs ~1.5 9/23/2024 Brown very fine to
medium sand

NA NA 500 ± 30**

Table 1:  Accelerated mass spectrometry (AMS) radiocarbon ages (Beta Analytic, Inc., Miami, Florida)
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both fines and calcium carbonate present in units Qg2, Qcs, Qcso, the deposits are not considered suitable sources for concrete aggregate and may only be
suitable for fill material (Schwochow and others, 1974).

Uranium was discovered in Weld County in 1969, primarily in the Fox Hills Sandstone and Laramie Formation (units Kfh and Kl, respectively) (Reade, 1978).
Most of the historical uranium mining occurred in the Grover and the Briggsdale areas, located about 89 km to the northeast of the Severance quadrangle. In the
past, the uranium ore was low grade (varies from 150,000 to 1,000,000 lbs U3O8) and were commercially significant in the 1970s because of high demand from
the nuclear industry (Reade, 1978). There are no active or historic uranium mines in the Severance quadrangle, although areas with potential for yielding uranium
are present (Shelton and Rogers, 1975). North of the Severance quadrangle is a proposed exploration project called the Centennial Project with conceptual
designs to extract in-situ uranium. The original owner of the project, Powertech (USA) Inc., controlled about 9,615 acres of fee mineral ownership and 7,262
acres of surface ownership (SRK Consulting, 2010). The project extends from the Colorado/Wyoming border (about 42 km) to the northern boundary of the
Severance quadrangle. In the project area, the uranium ore occurs in the Fox Hills Sandstone (unit Kfh) as rolling front deposits in the form of small pods to
elongated lobes. Ore mineralogy is mainly uraninite, coffinite, and carnotite with some vanadium (SRK Consulting, 2010). As of 2023, enCore Energy Corp.
owns the Centennial Project and there is no update on production within the project area ( https://miningdataonline.com/property/1230/profile.aspx?pid=1230 ).

The Laramie-Fox Hills aquifer is a bedrock aquifer in the Denver Basin. It consists of two relatively thick sandstone units in the basal portion of the Laramie
Formation (unit Kl) and the underlying Fox Hills Sandstone (unit Kfh) (Topper and others, 2003). The aquifer is as much as 107 m thick, but the water pumped
zones are rarely thicker than approximately 60 m and is generally under artesian pressure (Topper and others, 2003). The aquifer exists primarily in the eastern
part of the Severance quadrangle. Unit Kl is absent in the central section of the quadrangle and both units Kl and Kfh are absent in the western part. While the
Pierre Shale (unit Kp) is generally a confining layer, the upper sandy transition member can yield small quantities of groundwater (Hershey and Schneider, 1964;
Briscoe, 1972). This part of the Pierre Shale has historically been known as the “Upper Pierre Aquifer” (Kirkham and others, 1980). Sand and gravel deposits in
units Qg2, Qg, Qa, Qcs, and sand-rich Qe may be local groundwater sources. According to CO DWR (2023), the maximum well depth in the Severance
quadrangle is 259 m (850 ft) and the average well production is about 93 liters per minute (24.5 gallons per minute).

The Pierre Shale and Laramie Formation (units Kp and Kl, respectively) are known to contain swelling clays that can impact building and infrastructure if not
properly treated and mitigated (Hart, 1974). Surficial units derived from these formations, such as units Qa, Qe, Qcs, and Qcso, may also produce hazards related
to swelling soils. In addition to swelling, these units may also be hydrocompactive (collapsible) (White and Greenman, 2008). When these types of soil are dry,
the finer-sized particles (clay and silt) act as binding agents which increases the compressive strength of the soil. When soil is wet, fine particles can be packed
into a denser configuration such that void space in the soil is decreased. This compaction can cause settlement at the ground surface with resultant damage to
structures (White and Greenman, 2008).

Units Qcs and Qcso may be susceptible to debris flows where they occur on valley slopes within The Slough and Coalbank Creek.

In the Severance quadrangle, areas underlain by unit Qa may be prone to flooding, especially within the bottom of The Slough, Coalbank Creek, and the western
portion of the “Eaton” paleovalley. According to the Federal Emergency Management Agency (FEMA), these valleys are designated as 100-year floodplains
(FEMA, 2023).

In June 2014, an earthquake near Greeley was caused by an apparent oil wastewater injection with a moment-magnitude (Mw) of 3.2 and Modified Mercalli
intensity of IV. This earthquake was strong enough to be felt throughout the Front Range (Yeck and others, 2016). From 1960 to 2023, there was only one
recorded earthquake around the Severance quadrangle area with a magnitude of 2.6 in 2016 south of the town of Eaton (USGS Online Earthquake Catalogue,
2023).

The Severance quadrangle is located in the western part of the Denver Basin and Weld County. The quadrangle contains the following mineral resources: oil and
gas, coal, uranium, and sand and gravel. The Severance quadrangle lies in the northwest margin of the Wattenberg oil field which is a productive oil and gas field
that is mostly in Weld and Adams Counties. The Wattenberg Field is the fourth largest oil field in the United States and ninth largest gas field based on proved
reserves (EIA, 2021). According to O’Keeffe (2025), Weld County has an estimated total production value of over $12 billion in oil and gas production and
produced over 133 million oil barrels in 2023. Oil and gas infrastructure is dominant in the central and southern portions of the quadrangle. The Niobrara
Formation (unit Kn) is the principal production horizon in the Wattenberg Field. Other formations with production horizons include the Shannon/Hygiene
Sandstone (middle member of the Pierre Shale (unit Kp)), the Codell Sandstone (upper part of the Colorado Group (unit Kcgg)), the Muddy (or J sandstone)
(within the Dakota Group), and the D sandstone (Dakota Group) (Fishman, 2005). Three oilfields that produced primarily from the Permian Lyons Sandstone are
located within and around the Severance quadrangle: New Windsor, Black Hollow, and Pierce. In these oilfields, oil is trapped by a combination of oil-producing
bedrock units and local anticlines (Clark and Rold, 1961; Higley and Cox, 2007). Oil and natural gas cumulative production from these fields were 10.8 million
barrels and 0.330 million cubic feet of gas in Black Hollow and 11.5 million barrels in Pierce (Higely and Cox, 2007). Cretaceous formations also serve as
important source rocks for oil in these fields: the Black Hollow field produces oil from the Niobrara Formation (unit Kn) and Codell Sandstone (unit Kcgg); the
New Windsor field produced oil from the Terry, Hygiene/Shannon members of unit Kp, and Codell Sandstone (unit Kcgg) (Higely and Cox, 2007).

The Laramie Formation (unit Kl), which underlies the central and eastern portion of the quadrangle, is an important coal source in the Denver Basin. The quality
of coal in the Laramie Formation ranges from lignite to subbituminous (Cappa and TerBest, 2002). Coal from the Laramie Formation north of Greeley was
limited because the coal deposits are relatively thin and discontinuous (Kirkham and Ladwig, 1979; Roberts, 2007). The average heat of combustion of coal
mined north of Greeley ranges from 7,200 to 8,000 British thermal units per pound (Btu/lb) (Kirkham, 1978; Kirkham and Ladwig, 1979).There are no historical
coal mines reported in the Severance quadrangle; however, Shelton and Rogers (1975) stated that the eastern part of the quadrangle has limited potential for coal
development. Coal productive areas continue to the east of the mapped area in the Eaton area (6 km east of the quadrangle).

Units Qa, Qg2, Qcs, and Qcso are potential sources of local sand and gravel. There are no active industrial gravel quarries in the Severance quadrangle. A single
historic quarry is shown in Coalbank Creek excavated into unit Qcs (1960 USGS topographic map and Schwochow and others, 1974). Due to the high content of

MINERAL RESOURCES, GROUNDWATER, AND GEOLOGIC HAZARDS

The Severance quadrangle is located about 100 km (62 mi) northeast of Denver and within the Front Range Urban Corridor. The quadrangle lies within the
northern part of the Colorado Piedmont, a physiographic province bounded by the Rocky Mountains to the west and High Plains to the north and east (Fenneman,
1931; Leonard, 2002; Smith and others, 2016). Fluvial erosion and geomorphic evolution of the ancestral South Platte River and its tributaries during the
Pliocene have removed most of the Paleogene and Neogene rocks in the northern Colorado Piedmont (Madole, 1991). The result is a scoured region that is
topographically lower than the surrounding physiographic provinces. The elevation range within the Severance quadrangle is about 1447-1615 m (4749-5297 ft)
with a total relief of 167 m (548 ft). South of the quadrangle, incision along the Cache la Poudre River and its three tributaries: The Slough, Coalbank Creek
valleys, and the “Eaton” paleovalley (named coined from Robson and others (2000a)) contribute to the relatively low relief in the area. These three tributaries
were possibly part of an ancient tributary system to the Cache al Poudre River that flowed roughly north to south in the quadrangle. These streams had a higher
competence and formed wide stream valleys. Over time, the stream competence decreased, resulting in paleovalleys with low flowing underfit streams (Robson
and others, 2000a).

The Severance quadrangle lies along the western part of the Greeley Arch, a structural saddle that separates the Cheyenne Basin to the north and Denver Basin to
the south (Dechesne and others, 2011). The Denver Basin is an asymmetrical, oval-shaped, structural basin extending as far east as southwest Nebraska and
southeast Wyoming to the north reaching of Pueblo, Colorado (Tweto, 1975). Though none are present at the ground surface in the mapped area, the oldest
bedrock units underlying the Denver Basin are Pennsylvanian in age (300 Ma) and were deposited during the uplift of the Ancestral Rocky Mountains. The three
oldest units mapped in this quadrangle were deposited when the Western Interior Seaway covered the Denver Basin area 100-60 Ma). During this time, the Pierre
Shale (unit Kp) was deposited in an offshore marine environment. The Western Interior Seaway began regressing to the east when the Laramide Orogeny
initiated the modern Rocky Mountain uplift about 70 Ma. Sediments deposited in regressing seas and near-shore environments now comprise of the Fox Hills
Sandstone (unit Kfh) and Laramie Formation (unit Kl). Most of the bedrock dips gently to the east at around 4°.

Compression during the Laramide Orogeny formed the Windsor Wrench Fault Zone and associated synclines and anticlines (Stone, 1969; Stone, 1985; Weimer,
1996). The anticlines trapped valuable oil resources (Stone, 1985; Weimer, 1996; Higely and Cox, 2007). The Windsor Wrench Fault Zone is a right-lateral,
oblique-slip fault zone that strikes from near Boulder northeastward, through the Severance quadrangle, and continues northeastward towards Briggsdale (about
36 km east of the quadrangle). Although the fault zone and oil fields are not shown in Cross Section A (Plate 2), around the Windsor Wrench Fault Zone are three
oil fields that extracted oil from the Permian Lyons Sandstone in the Severance quadrangle: New Windsor, Black Hollow, and Pierce. These oil fields were
developed within anticlines in Paleozoic rocks (Higely and Cox, 2007). The Black Hollow oil field developed in the north-central portion of the quadrangle.
Faults within the Pierce and Black Hollow fields have minor vertical separation of less than 30 m (Stone, 1985). Structural elements on this map are taken from
Weimer (1996) who used subsurface data for those interpretations. Cross Section A (Plate 2) intersects two synclines, which were previously mapped by Weimer
(1996). The east-vergent, westernmost fold is asymmetrical and more easily recognized than the broad easternmost fold.

During the Paleogene and Neogene, sediment eroded from the uplifting Rocky Mountains was deposited to the east, within the newly formed Denver Basin
lowland. By the Lower-Middle Pliocene, the dominating processes switched from aggradation to erosion owing to increased precipitation and broad uplifts in the
Rocky Mountains (Duller and others, 2012; Marder and others, 2023). Erosion mostly removed the Paleogene and Neogene rocks in the western portion of the
Denver Basin, leaving only Cretaceous rocks exposed; however, there are isolated outcrops of Cenozoic units preserved throughout the Colorado Piedmont.

 The “Conglomeratic Sandstone of Black Hollow Reservoir” is the youngest mapped bedrock unit in the Severance quadrangle (unit PENbh). This unit is exposed
on the eastern shores of Black Hollow Reservoir. Initially, this unit was correlated to a lithologically similar unit in the proximal Timnath and Milliken
quadrangles, 12 and 35 km away, respectfully (Palkovic and others, 2018; Perman and others, 2025). However, results from detrital zircon analyses suggest unit
PENbh may be significantly older than these other units and therefore may not be correlative. Alternatively, additional analyses may be needed to confirm the
accuracy of the detrital zircon results to represent the age of deposition of unit PENbh. Considering this unexpected result, several possible regional correlations
are presented below.

Detrital zircon ages from the Timnath and Milliken sites yielded 27.5 ± 1.4 Ma and 28 Ma, respectively. These results suggest that relic Cenozoic deposits in the
Timnath and Milliken quadrangles may be correlative with, or were deposited coevally with, the Ogallala Formation at its western extent, where deposition
possibly began in the Oligocene or early Miocene (Smith and others, 2016; Morgan and others, 2023; Morgan and O’Keeffe, 2023; Kainz and others, 2023). In
contrast, detrital zircon results from unit PENbh at Black Hollow Reservoir indicate a significantly older age: the youngest population is 71.3 ± 1.5 Ma (n = 6;
MSWD = 0.77), with the youngest single grain dated at 67.8 ± 2.9 Ma. Because unit PENbh contains no zircons younger than 28 Ma, it may predate the Ogallala
Formation and instead correlate with the Arikaree Formation, White River Formation, or older deposits. A second possibility, though more speculative, is that
unit PENbh is not correlative with similar deposits elsewhere in the region but instead represents sedimentation by north-trending river systems during Rocky
Mountain uplift in the latest Cretaceous, as described by Dechesne and others (2011). A third possibility is that the apparent age difference reflects a sampling
limitation at Black Hollow Reservoir, where younger zircons (~28 Ma) were simply not encountered in the analyzed population.

Surficial deposits mantle most of the bedrock throughout the quadrangle. Since the beginning of the Pleistocene, the Colorado Piedmont has undergone cyclic
geomorphic responses to glacial and interglacial climatic conditions. The geomorphic response is alternating episodes of erosional scouring and aggradation of
relatively coarse-grained sediments throughout the Colorado Piedmont (Bryan and Ray, 1940; Hunt, 1954; Scott, 1963). The surficial deposits mapped in the
Severance quadrangle are Holocene and Upper Pleistocene eolian silt/clay and sand (unit Qe), alluvium and mass-wasting deposits (units Qa, Qcs, Qcso), and
older Middle Pleistocene gravel deposits (units Qg2, Qg1 and Qg).

Units Qg2, Qg1 and Qg are coarse-grained, fluvial gravel units that were deposited by eastward flowing, high-energy streams during late glacial and (or)
interglacial periods during the Middle Pleistocene. These units are mapped mainly in the highlands between The Slough and Coalbank Creek valleys in the
northwest portion of the quadrangle and also make up the alluvium deposited within the “Eaton” paleovalley on the eastern side of the quadrangle. Unit Qg2

forms high ridges in the northern part of the quadrangle and is generally poorly preserved, has Stage III-IV carbonate development, and has been extensively
mantled by eolian deposits. Based on elevation (60 to 75 m) above modern streams (i.e. Cache la Poudre River), Colton (1978) mapped areas as unit Qg2 as
Verdos Alluvium (~675-410 ka) within the Severance quadrangle. Unit Qg1 was only observed on the eastern shores of Black Hollow reservoir. Optically
stimulated luminescence dating, along with soil development, indicates an age broadly correlative with the Slocum Alluvium (~300–220 ka) and similar deposits
identified near Valley View School quadrangle (Keller and Marr, 2023). The coarse, gravelly character has made these units relatively resistant to erosion,
resulting in the inverted topography seen today, where Qg2 mantles uplands.

Since the middle Pleistocene, the Cache la Poudre River has flowed near its modern course (Workman and others, 2018). Tributary valleys such as The Slough,
Coalbank Creek, and the “Eaton” paleovalley once carried greater discharge and sediment load than today, as indicated by their large valleys and thick sand and
gravel deposits. During the Holocene, these streams shifted to lower-energy regimes, depositing alluvium (unit Qa) and localized colluvial and sheetwash
deposits (units Qcs and Qcso) along valley margins. Radiocarbon dating indicates that these deposits formed within the last several thousand years, with some as
recent as the last millennium.

Eolian deposits (Qe) are the dominant surficial unit in the Severance quadrangle, derived primarily from stream-valley alluvium and local bedrock sources (Muhs
and others, 1996; 1999). These deposits accumulated mainly during the Late Pleistocene, particularly under strong northwest winds associated with the Pinedale
glaciation (Madole and others, 2005) and continued into the Holocene. Radiocarbon and OSL dating confirm that much of the eolian activity occurred between
about 14,000 and 7,500 years ago. At Black Hollow Reservoir, Qe also fills sand wedges and related features in the Pierre Shale, likely formed under periglacial
conditions.
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