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T h e Bracew ell quadrangle lies in th e north ern part of th e Front Range urban corridor,
approxim ately 80 km  north east of m etropolitan Denver and approxim ately 30 km  south east of
Fort Collins. T h e quadrangle is located w ith in th e Colorado P iedm ont section of th e G reat P lains
ph ysiograph ic province, an area in eastern Colorado w h ere N eogene rocks w ere rem oved by
erosion. T h e Colorado P iedm ont is bounded by th e Front Range footh ills to th e w est, th e High
P lains to th e east and north , and th e Raton Basin to th e south  (Fennem an, 1931; Madole, 1991;
Leonard, 2002; S m ith  and oth ers, 2016). T w o regionally extensive unconform ities m ay define th e
onset of P iedm ont deform ation and uplift in eastern Colorado: a late Eocene unconform ity
concurrent w ith  th e end of th e Laram ide orogeny, and an early Miocene unconform ity th at
separates th e O gallala Form ation from  older strata below  (Leonard, 2002). In eastern Colorado,
U pper Cretaceous (100-66 Ma) m arine sedim ents w ere deposited during transgressive and
regressive episodes of th e W estern Interior S eaw ay (W IS ), a large epeiric sea th at ex isted during
th e Late Cretaceous. T h e beginning of th e Laram ide orogeny at ~70 Ma (W eim er, 1996) is
rough ly contem poraneous w ith  th e final regression of th e W IS  in eastern Colorado. T h is final
regressive pulse of th e W IS  is responsible for th e deposition of th e N iobrara Form ation, P ierre
S h ale, Fox Hills S andstone, and Laram ie Form ation. As th e Laram ide orogeny progressed,
sedim ents eroded off of th e uplifting Rocky Mountains, filling th e dow nw arped foreland basin to
th e east w ith  detrital sedim ent. T h is sedim entary basin, know n as th e Denver Basin, is a strongly
asym m etric structural basin, w ith  steeply dipping strata along its w estern flank and gently dipping
strata along its eastern flank.
T h e Fox Hills S andstone is th e prim ary surface bedrock unit on th e quadrangle, a golden-brow n,
friable, fine- to m edium -grained quartz sandstone w h ich  form s outcrops along th e south  side of
th e Cach e la P oudre River. Laram ie Form ation bedrock ex ists near th e surface in sec. 34 and sec.
35, T. 6 N ., R. 66 W , but is oth erw ise largely absent from  th e quadrangle. T h e P ierre S h ale does
not outcrop in th e Bracew ell quadrangle, but is present w ith in 5-10 m  of th e surface below  th e top
of th e alluvial plain of th e Cach e la P oudre River, in secs. 30-35, T. 6 N ., R. 66 W , and m ay be
present in adjacent sections as w ell. T h e Joh nstow n W rench  Fault Zone (JW FZ) (W eim er, 1996)
bisects th e quadrangle in th e subsurface (see cross section B-B’ and plate 1 m ap), and is delineated
from  geoph ysical logs of oil and gas w ells. T h e JW FZ is entirely covered by surficial deposits in
th e Bracew ell quadrangle, and th ere is uncertainty regarding w h ich  unit it term inates in due to
lack of data from  sh allow  geoph ysical logging. T h e Fox Hills S andstone is an im portant aquifer
along th e Front Range, w h ereas sandstone m em bers of th e P ierre S h ale, th e N iobrara Form ation,
and th e Codell S andstone m em ber of th e Carlile S h ale are productive oil and gas reservoirs in th e
Denver Basin.
In th e south ern part of th e Bracew ell quadrangle, Middle (781 ka-126 ka) to Late (126 ka-11 ka)
P leistocene gravel (Qg2) m antles a few  h igh  areas in th e quadrangle. T h is is an exam ple of
topograph ic inversion, because th ese gravel clasts are m ore resistant to erosion th an th e
surrounding sedim entary rock, m uch  of w h ich  is th e easily erodible and friable Fox Hills
S andstone (Madole, 1996). U nit Qg2is barely visible on lidar im agery, and th e only evidence of
th e unit in th e landscape is th e presence of gravel clasts exposed in a m atrix of eolian sedim ent.

Eolian sedim ent blankets approxim ately 70 percent of th e Bracew ell quadrangle. Eolian sedim ent
in north eastern Colorado w as largely deposited during th e Late P leistocene (126 ka-11.7 ka), but
less extensive deposition h as continued th rough  th e Holocene (11.7 ka-present) (P alkovic and
oth ers, 2019; P alkovic and oth ers, 2018; Keller and oth ers, 2017; W orkm an and oth ers, 2018;
Madole 2016; Cole and Braddock, 2009; Kellogg and oth ers, 2008; Madole, 2005; Muh s and
oth ers, 1999; Muh s and oth ers, 1996; Form an and oth ers, 1995). S pecifically, during th e P inedale
G laciation, Madole (2016) posited th at strong north w esterly w inds w ere largely responsible for
th e vast eolian deposition in th e north ern Front Range. T h is h ypoth esis is supported by th e
north w est-south east trending linear dune crests th at are visible on lidar im agery in th e expanse of
eolian sedim ent in Bracew ell quadrangle north  of th e Cach e la P oudre River. Linear dune crests
are, h ow ever, largely absent from  lidar im agery of th e eolian deposits on th e south  side of th e
river. T h is is likely due to th e abundant land-surface m odification th at h as taken place in th e
south eastern part of th e quadrangle due ch iefly to residential and com m ercial developm ent in th e
G reeley area. T oday, eolian deposits cover m ost of th e Middle and/or U pper P leistocene alluvial
gravels in th e area, only th e h igh est (oldest) gravels are exposed in th e m ap area.
T h e Cach e la P oudre River bisects th e quadrangle from  w est to east, and flow s into th e S outh
P latte River east of Bracew ell, in th e adjacent G reeley quadrangle (Keller and Morgan, 2020).
After w idespread eolian deposition, th e Cach e la P oudre River and its tributaries incised and
deposited alluvium  (Qa1, Qa2, and Qa3) from  th e Late P leistocene to present (P alkovic and oth ers,
2019; P alkovic and oth ers, 2018; Keller and oth ers, 2017; W orkm an and oth ers, 2018; Cole and
Braddock, 2009; Kellogg and oth ers, 2008; Madole, 1986, 1991; Holliday, 1987; N elson and
oth ers, 1979; Madole and S h roba, 1978). Clasts of crystalline rock, present in greatest abundance
in unit Qa3, w ere transported to th e area by pow erful stream s, prim arily during interglacial
periods. Clasts from  unit Qa3h ave been m ined ch iefly for construction aggregate in Bracew ell
quadrangle and th e adjacent G reeley quadrangle (Keller and Morgan, 2020). T h is m ining activity
is represented on th e m ap by h um an-m ade ponds, disturbed ground (dg) and artificial fill (af)
adjacent to th e Cach e la P oudre River. In th e Bracew ell quadrangle, Qa2com m only overlies Qa3,
and aggregate m ining operations such  as Martin Marietta’s P arsons Quarry h ave excavated
th rough  Qa2 to extract gravel of Qa3. S tatic w ater levels from  Colorado Division of W ater
Resources (DW R) boreh oles (at th e tim e of drilling) in units Qa1-Qa3range from  2 to 10 m  below
ground surface, w ith  an average depth  of 3 m  below  ground surface (Colorado Division of W ater
Resources, 2019). U nits Qa1, Qa2and to a lesser degree, Qa3, are h ydraulically connected to th e
Cach e La P oudre River, influencing th e static w ater level in th ose units. In unit Qe, groundw ater
m ay be m uch  deeper below  th e ground surface. S tatic w ater levels from  DW R boreh oles (at th e
tim e of drilling) in unit Qe range from  2 to 117 m  below  ground surface, alth ough  w ater is
com m only found w ith in 7 m  below  th e ground surface (average of all non-outlier static w ater
level values in unit Qe; Division of W ater Resources, 2019). Additionally, th e Fox Hills S andstone
serves as an im portant drinking w ater aquifer in th e area, w h ile th e upper part of th e P ierre S h ale
is an im portant source of non-potable w ater for industrial applications.
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Table 1. O ptically S tim ulated Lum inescence (O S L) age estim ates.

Field 
Number

Lab 
Numbera Map Unit

Grain size 
(µm)

UTM 
Eastingb

UTM 
Northingb Latitude Longitude

Approximate 
Depth (m 

below ground 
surface) Aliquotsc

Central/
Minimum 

Age Model 
De (Gy)d

Over-
dispersion 

(%)e U (ppm)f Th (ppm)f K (%)f

Cosmic 
Dose rate 
(mGray/yr)

Dose Rate 
(mGray/yr)f

Central/
Minimum 

Model SAR 
age (yr)g

BW064a BG4852 Qa3 150-250 514424 4478017 40.4526 -104.8298 2.0 35/36 89.16 ± 7.11 32 ± 4 2.28 ± 0.019.09 ± 0.01 2.15 ± 0.010.221 ± 0.0223.16 ± 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 ± 0.014.85 ± 0.01 3.20 ± 0.010.194 ± 0.0193.58 ± 0.10 39,600 ± 1940
aAnalyses perform ed by Baylor U niversity G eology Departm ent
bN orth  Am erican Datum (N AD) 1983, zone 13N
cAliquots m easured, used, and th at defines low est m ost De

fU , T h , Rb and K content analyzed by inductively-coupled plasm a-m ass spectrom etry by ALS Laboratories, Reno, N V ; and includes dose contribution from  Rb and an assum ed m oisture content of 10 ± 3% for th e burial period.
eO verdispersion values reflects precision beyond instrum ental errors; values of ≤ 25% (at 1 sigm a lim it) indicate low  dispersion in equivalent dose values and defines a unim odal distribution. V alues > 25% are associated w ith  m ix ed equivalent dose signature reflecting m ultiple grain populations or partial solar resetting.

gCosm ic dose rate calculated from  param eters in P rescott and Hutton (1994) and includes soft com ponents. S ystem atic and random  errors calculated in a quadrature at one standard deviation by th e Lum inescence Dating and Age Calculator (LDAC) at
 h ttps://w w w .baylor.edu/geosciences/index.ph p?id=962356 (P eng and Form an, 2019). Datum  year is AD 2010.

dEquivalent dose calculated on a pure quartz fraction w ith  ultra-sm all aliquots w ith  20-80 grains/aliquot and analyzed under blue-ligh t ex citation (470 ± 20 nm ) by single Aliquot Regeneration protocols (SAR; Murray and W intle, 2003; W intle and Murray, 2006). Equivalent dose (De) w as calculated by th e Finite Mix ture 
Model (G albraith  and G reen, 1990) and th e four parm eter Minim um  Age Model (G albraith  and Roberts, 2012).
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