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GEOLOGIC HISTORY, GROUNDWATER RESOURCES, AND
MINERAL RESOURCES

The Bracewell quadrangle lies in the northern part of the Front Range urban corridor,
approximately 80 km northeast of metropolitan Denver and approximately 30 km southeast of
Fort Collins. The quadrangle is located within the Colorado Piedmont section of the Great Plains
physiographic province, an area in eastern Colorado where Neogene rocks were removed by
erosion. The Colorado Piedmont is bounded by the Front Range foothills to the west, the High
Plains to the east and north, and the Raton Basin to the south (Fenneman, 1931; Madole, 1991;
Leonard, 2002; Smith and others, 2016). Two regionally extensive unconformities may define the
onset of Piedmont deformation and uplift in eastern Colorado: a late Eocene unconformity
concurrent with the end of the Laramide orogeny, and an early Miocene unconformity that
separates the Ogallala Formation from older strata below (Leonard, 2002). In eastern Colorado,
Upper Cretaceous (100-66 Ma) marine sediments were deposited during transgressive and
regressive episodes of the Western Interior Seaway (WIS), a large epeiric sea that existed during
the Late Cretaceous. The beginning of the Laramide orogeny at ~70 Ma (Weimer, 1996) is
roughly contemporaneous with the final regression of the WIS in eastern Colorado. This final
regressive pulse of the WIS is responsible for the deposition of the Niobrara Formation, Pierre
Shale, Fox Hills Sandstone, and Laramie Formation. As the Laramide orogeny progressed,
sediments eroded off of the uplifting Rocky Mountains, filling the downwarped foreland basin to
the east with detrital sediment. This sedimentary basin, known as the Denver Basin, is a strongly
asymmetric structural basin, with steeply dipping strata along its western flank and gently dipping
strata along its eastern flank.

The Fox Hills Sandstone is the primary surface bedrock unit on the quadrangle, a golden-brown,
friable, fine- to medium-grained quartz sandstone which forms outcrops along the south side of
the Cache la Poudre River. Laramie Formation bedrock exists near the surface in sec. 34 and sec.
35, T. 6 N., R. 66 W, but is otherwise largely absent from the quadrangle. The Pierre Shale does
not outcrop in the Bracewell quadrangle, but is present within 5-10 m of the surface below the top
of the alluvial plain of the Cache la Poudre River, in secs. 30-35, T. 6 N., R. 66 W, and may be
present in adjacent sections as well. The Johnstown Wrench Fault Zone (JWFZ) (Weimer, 1996)
bisects the quadrangle in the subsurface (see cross section B-B’ and plate 1 map), and is delineated
from geophysical logs of oil and gas wells. The JWFZ is entirely covered by surficial deposits in
the Bracewell quadrangle, and there is uncertainty regarding which unit it terminates in due to
lack of data from shallow geophysical logging. The Fox Hills Sandstone is an important aquifer
along the Front Range, whereas sandstone members of the Pierre Shale, the Niobrara Formation,
and the Codell Sandstone member of the Carlile Shale are productive oil and gas reservoirs in the
Denver Basin.

In the southern part of the Bracewell quadrangle, Middle (781 ka-126 ka) to Late (126 ka-11 ka)
Pleistocene gravel (Qg,) mantles a few high areas in the quadrangle. This is an example of
topographic inversion, because these gravel clasts are more resistant to erosion than the
surrounding sedimentary rock, much of which is the easily erodible and friable Fox Hills
Sandstone (Madole, 1996). Unit Qg, is barely visible on lidar imagery, and the only evidence of
the unit in the landscape is the presence of gravel clasts exposed in a matrix of eolian sediment.

Eolian sediment blankets approximately 70 percent of the Bracewell quadrangle. Eolian sediment
in northeastern Colorado was largely deposited during the Late Pleistocene (126 ka-11.7 ka), but
less extensive deposition has continued through the Holocene (11.7 ka-present) (Palkovic and
others, 2019; Palkovic and others, 2018; Keller and others, 2017; Workman and others, 2018;
Madole 2016; Cole and Braddock, 2009; Kellogg and others, 2008; Madole, 2005; Muhs and
others, 1999; Muhs and others, 1996; Forman and others, 1995). Specifically, during the Pinedale
Glaciation, Madole (2016) posited that strong northwesterly winds were largely responsible for
the vast eolian deposition in the northern Front Range. This hypothesis is supported by the
northwest-southeast trending linear dune crests that are visible on lidar imagery in the expanse of
eolian sediment in Bracewell quadrangle north of the Cache la Poudre River. Linear dune crests
are, however, largely absent from lidar imagery of the eolian deposits on the south side of the
river. This is likely due to the abundant land-surface modification that has taken place in the
southeastern part of the quadrangle due chiefly to residential and commercial development in the
Greeley area. Today, eolian deposits cover most of the Middle and/or Upper Pleistocene alluvial
gravels in the area, only the highest (oldest) gravels are exposed in the map area.

The Cache la Poudre River bisects the quadrangle from west to east, and flows into the South
Platte River east of Bracewell, in the adjacent Greeley quadrangle (Keller and Morgan, 2020).
After widespread eolian deposition, the Cache la Poudre River and its tributaries incised and
deposited alluvium (Qa;, Qa,, and Qa;) from the Late Pleistocene to present (Palkovic and others,
2019; Palkovic and others, 2018; Keller and others, 2017; Workman and others, 2018; Cole and
Braddock, 2009; Kellogg and others, 2008; Madole, 1986, 1991; Holliday, 1987; Nelson and
others, 1979; Madole and Shroba, 1978). Clasts of crystalline rock, present in greatest abundance
in unit Qaz;, were transported to the area by powerful streams, primarily during interglacial
periods. Clasts from unit Qa; have been mined chiefly for construction aggregate in Bracewell
quadrangle and the adjacent Greeley quadrangle (Keller and Morgan, 2020). This mining activity
is represented on the map by human-made ponds, disturbed ground (dg) and artificial fill (af)
adjacent to the Cache la Poudre River. In the Bracewell quadrangle, Qa, commonly overlies Qa;,
and aggregate mining operations such as Martin Marietta’s Parsons Quarry have excavated
through Qa, to extract gravel of Qas. Static water levels from Colorado Division of Water
Resources (DWR) boreholes (at the time of drilling) in units Qa;-Qa; range from 2 to 10 m below
ground surface, with an average depth of 3 m below ground surface (Colorado Division of Water
Resources, 2019). Units Qa;, Qa, and to a lesser degree, Qas, are hydraulically connected to the
Cache La Poudre River, influencing the static water level in those units. In unit Qe, groundwater
may be much deeper below the ground surface. Static water levels from DWR boreholes (at the
time of drilling) in unit Qe range from 2 to 117 m below ground surface, although water is
commonly found within 7 m below the ground surface (average of all non-outlier static water
level values in unit Qe; Division of Water Resources, 2019). Additionally, the Fox Hills Sandstone
serves as an important drinking water aquifer in the area, while the upper part of the Pierre Shale
is an important source of non-potable water for industrial applications.
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Table 1. Optically Stimulated Luminescence (OSL) age estimates.
Approximate Central/ Central/
Depth (m Minimum Over- Cosmic Minimum
Field Lab Grain size UTM UTM below ground Age Model diSperSiOﬂ Dose rate Dose Rate Model SAR
. b . b . f f f f
Number Number" Map Unit  (um) Easting’ Northing” Latitude Longitude  surface) Aliquots® D, (Gy)* (%)" U (ppm) Th (ppm) K (%)  (mGray/yr) (mGray/yr) age (yr)®
BW064a BG4852 Qa3 150-250 514424 4478017 40.4526  -104.8298 2.0 35/36 89.16 + 7.11 32+4  228+0.01 9.09+0.01 2.15+£0.01 0.221 +£0.022 3.16 £0.10 = 28,225 + 2350
BW064b BG4853 Qa3 255-355 514424 4478017  40.4526  -104.8298 3.2 37/44 141.30 + 5.88 21+3  1.50+0.01 4.85+0.01 3.20+0.01 0.194+0.019 3.58£0.10 39,600 + 1940
2Analyses performed by Baylor University Geology Department
®North American Datum(NAD) 1983, zone 13N
Aliquots measured, used, and that defines lowest most D,
dEquivalent 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 protocols (SAR; Murray and Wintle, 2003; Wintle and Murray, 2006). Equivalent dose (D,) was calculated by the Finite Mixture
Model (Galbraith and Green, 1990) and the four parmeter Minimum Age Model (Galbraith and Roberts, 2012).
*Overdispersion values reflects precision beyond instrumental errors; values of <25% (at 1 sigma limit) indicate low dispersion in equivalent dose values and defines a unimodal distribution. Values > 25% are associated with mixed equivalent dose signature reflecting multiple grain populations or partial solar resetting.
U, Th, Rb and K content 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.
¢Cosmic dose rate calculated from parameters in Prescott and Hutton (1994) and includes soft components. Systematic and random errors calculated in a quadrature at one standard deviation by the Luminescence Dating and Age Calculator (LDAC) at
https://www.baylor.edw/geosciences/index.php?id=962356 (Peng and Forman, 2019). Datum year is AD 2010.
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