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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

HUMAN-MADE DEPOSITS

Artificial fill (Up p erm ost Holocene)—  Mostly fill m a teria l, refuse, a nd ripra p
pla ced during construction of roads, railroa ds, buildings, da m s a nd la ndfills. Fill
m a teria l a nd refuse genera lly consists of unsorted clay, silt, sa nd, a nd rock
fra gm ents, while riprap com m only consists of boulder sized or larger rock
fra gm ents. The avera ge thickness of the unit is less tha n 6 m . Artificia l fill m ay be
subject to settlem ent, slum ping, a nd erosion if not a dequa tely com pa cted and(or)
pla ced on steep slopes. Extensive areas of artificia l fill exist loca lly in residentia l
a nd com m ercia l developm ents in the Greeley area; however, these fill deposits are
usua lly less tha n 1.5 m  thick a nd are difficult to delinea te in som e area s.
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EOLIAN DEPOSITS

Eolian sedim ent (Middle Holocene to Up p er Pleistocene)—  R eddish-yellow to
yellow (7.5 Y R  7/6 to 10 Y R  7/6) (Globe, 2005), well-sorted silty quartz sa nd
with a trace a m ount of lithic fra gm ents. S a nd-sized fra gm ents are genera lly very
fine to fine, but m a y ra nge up to m edium -gra ined sa nd. Quartz gra ins com prising
unit Qe are genera lly suba ngular to subrounded. A sa m ple from  the Bra cewell
qua drangle collected in SE ¼ S W  ¼ sec. 20, T. 5 N., R . 66 W . conta ined 78.3%
sa nd, 11.5% silt, a nd 10.2% cla y. According to the USCS (Howard, 1986) this
sa m ple is a ‘silty sa nd’ (SM) and is nonpla stic. In the nearby La S a lle qua dra ngle
(Pa lkovic a nd others, 2019), a sa m ple from  NW  ¼ SE ¼ sec.  3, T. 4 N., R . 65 W .
conta ined 89.8% sa nd, 4.6% silt, and 5.6% cla y. The unit is a ‘poorly gra ded sand
with silt’ (SP-SM) and is nonplastic (Howard, 1986). A third sa m ple, collected at
NE ¼ SE ¼ sec. 8, T. 3 N., R . 65 W  (~ 1 km  south of the La S a lle qua dra ngle
southern boundary, in the Milton R eservoir qua dra ngle; Pa lkovic a nd others,
2019) conta ined 93.3 % sand, 1.6 % silt, and 5.1 % cla y. It has a USCS
cla ssifica tion of ‘poorly gra ded sa nd with silt’ (Howard, 1986). Despite the high
sa nd content of these three sa m ples, varying a m ounts of fines (silt a nd cla y) m a y
exist loca lly, especia lly in the eastern part of the Bra cewell qua dra ngle. Unit Qe is
poorly exposed in the southern part of the m a pped area and in a gricultura l area s
north of the Ca che la Poudre R iver. On the La S a lle qua dra ngle (Pa lkovic a nd
others, 2019), two bulk carbon-14 sa m ples (LS035a a nd LS035b) were ta ken from
the sa m e stratigra phic interva l in NW  ¼ SE ¼ sec. 33 T. 4 N., R . 66 W . S a m ple
LS 035b, ta ken 2.7 m  below ground surfa ce yielded a carbon-14 a ge of 9,523 to
9,431 ca l yr BP (8440 ± 30 14C yr BP) and sa m ple LS035a, ta ken 2.75 m  below
ground surfa ce, yielded a 14C a ge of 10,691 to 10,488 ca l yr BP (9,350 ± 40 14C
yr BP). Previous authors (Kellogg a nd others, 2008; Muhs and others, 1996; S cott
a nd Lindva ll, 1970) cite three episodes of windblown sa nd deposition in
northea stern Colora do; one from  27 to 11 ka, one between 11 and 4 ka, a nd one
from  1.5 ka to present.  In m a ny areas on the Bra cewell qua drangle, the unit m a y
be cut, filled or gra ded from  earthwork associa ted with residentia l, com m ercia l
a nd a gricultura l developm ent. R eworked eolia n sa nd loca lly exists as colluvia l or
sheetwa sh deposits in this unit, a nd are m a pped as Qe. Extensive eolia n dunes are
present north of the Ca che la Poudre R iver on lidar im a gery. S im ilar linear dune
form s m a y be present south of the Ca che la Poudre R iver, but are subdued a nd/or
m odified due to residentia l developm ent in the Greeley area. Throughout the
m a pped area, deposits of loess (windblown sedim ent tha t is >60% silt; Muhs a nd
others, 2014) m ay be loca lly present, a nd are largely identified on the presence of
silt a nd cla y in DW R  borehole logs surrounded by a vast expa nse of eolia n sa nd.
Previous authors (W orkm a n a nd others, 2018; Kellogg a nd others, 2008; Muhs
a nd others, 1999; Form a n a nd others, 1995) state two episodes of loess deposition
in northea stern Colora do from  20 to 14 ka and 13 to 10 ka. The exa ct boundaries
of the loess deposits are difficult to delinea te due chiefly to the residentia l a nd
a gricultura l developm ent in the area, a nd the subdued geom orphologic signa ture
of loess deposits on lidar im a gery. Additiona lly, sm a ll, unm a pped deposits of Qg 2
a nd colluvium /sheetwa sh m a y exist in unit Qe. Unit Qe m a y be subject to
defla tion and wind erosion in areas tha t are poorly vegeta ted a nd m a y be prone to
hydrocolla pse. Loca lly, the unit m ay be a source of industria l sa nd. In the southern
part of the Bracewell qua dra ngle, Qe ranges in thickness from  2-12 m , with a n
avera ge thickness of 7 m . In the northern part of the qua dra ngle, thickness ranges
from  3-18 m , with a n avera ge thickness of 10 m . Thicknesses in both parts of the
qua drangle were estim a ted from  interpreta tion of DW R  borehole da ta (Colora do
Division of W a ter R esources, 2019).

BEDROCK GEOLOGY

Qe

Laram ie Form ation (Up p er Cretaceous)—  Light-gray to yellowish-gray, well-
indurated quartz sa ndstone interbedded with dark-gray, fissile, fria ble, well-
la m ina ted sha le a nd lenticular sea m s of carbona ceous sha le a nd lignite. The
conta ct with the underlying Fox Hills S a ndstone is conform a ble, a nd the Lara m ie
Form a tion m a y loca lly interfinger with the Fox Hills S a ndstone. Exposure of the
Lara m ie is lim ited on the qua dra ngle, but m a y ra nge from  0-30 m  thick.

Kl

Fox Hills Sandstone (Up p er Cretaceous)—  Light-brown, brown, or golden-
brown, buff, fria ble, poorly to m oderately indurated, dom ina ntly m a ssive but
som etim es crossbedded, very fine- to fine-gra ined arenitic to subarkosic
sa ndstone. Fa cies com posed of dark-brown to dark-gray oblong, lenticular bodies
of hard, highly resista nt, silica-cem ented, fine-gra ined sa ndstone are present
throughout the unit, as well as loca lly thin pla nar-bedded/la m ina ted (bed thickness
~0.5-1 cm ) zones of sha le, especia lly to the east near the S ignature Bluff Natura l
Area (sec. 32, T. 6 N., R . 66 W .). These thin, pla nar bedded zones of sha le m a y be
Lara m ie Form ation, beca use the tra nsgressions a nd regressions of the W estern
Interior S ea wa y during Fox Hills tim e produced a “stepping chara cter” of the Fox
Hills shoreline, referred to as “shingle stratigra phy” (Dechesne a nd others, 2011).
Due to this “shingle stratigraphy”, the upper a nd lower conta cts of the Fox Hills
S a ndstone are gra da tiona l a nd ca n be difficult to determ ine in both outcrops a nd
well logs. Outcrops of the Fox Hills S a ndstone in Bra cewell are genera lly
a bunda nt a long the south side of the Ca che la Poudre R iver. Although com m on in
the Fox Hills S a ndstone elsewhere in northeastern Colorado (Pa lkovic a nd others,
2018), no Ophiom orpha burrows, ripple m arks, or bra chiopods were observed on
the Bracewell qua dra ngle. R ounded cla sts of crysta lline rocks com m only m a ntle
the Fox Hills outcrops in the m a p area, a nd likely represent a la g gravel from
a ncient a lluvium  deposited by the Ca che la Poudre R iver. Historica lly, the conta ct
between the Upper part of the Pierre S ha le, known as the Pierre Transition
Mem ber, a nd the Fox Hills S a ndstone is defined by Lovering a nd others (1932) as
being 75 m  below the base of the Lara m ie Form a tion, whereas S cott a nd Cobba n
(1965) state tha t the conta ct between the two units is unm a ppa ble in the area
between Denver a nd Lovela nd. Due to the difficulty of delinea ting the upper
transitiona l m em ber of the Pierre S ha le, this m em ber is included in the Fox Hills
in m a p view, as well as in cross section B-B. The unit is a pproxim a tely 90-150 m
thick.

Kfh

Pierre Shale (Up p er Cretaceous)—  R egiona lly extensive unit of m arine strata
present in m uch of eastern Colora do. The unit is prim arily com posed of dark-gray
sha le and siltstone, with as m a ny as six sa ndstone m em bers that are well defined
on geophysica l borehole logs. The Pierre S ha le is conform a bly underla in by the
S m oky Hill S ha le Mem ber of the Niobrara Form a tion a nd is conform a bly overla in
by the Fox Hills S a ndstone (S cott a nd Cobba n, 1965). S hown in cross section
only. Tota l thickness is approxim a tely 1,800-2,100 m .

Kp

Niob rara Form ation (Up p er Cretaceous)—  Unit consists chiefly of sha le,
m arl, cha lk a nd lim estone. S hown in cross section only. Approxim a tely 60-100 m
thick.

Kn

Colorado Group  – Carlile Shale, Greenhorn Lim estone, Graneros Shale, and
Mowry Shale, undivided (Up p er Cretaceous)—  Unit consists chiefly of sha le,
lim estone, m arl a nd cha lk. S hown in cross section only. Approxim a tely 120-140
m  thick.

Kcgg

MAP SYMBOLS
Contact —  Approxim a tely loca ted

Ob liq ue-slip  fault, right-lateral offset, of Weim er (1996) —  Existence 
questiona ble, location concea led; ba ll a nd bar on downthrown side (where sense 
of displa cem ent is known)

Inclined b edding —  S howing strike and dip7
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Alignm ent of cross sectionA A'

Disturb ed ground (up p erm ost Holocene)—  Areas where m ining operations
ha ve rem oved m uch of the origina l deposit a nd recla m a tion of the la ndsca pe
ha s not occurred.

ALLUVIAL DEPOSITS

Alluvium  one (Up p er Holocene)—  Pinkish-gray, pink, or reddish-yellow (7.5
Y R  7/2 and 7.5Y R  7/3) (Globe, 2005), m oderately to well sorted, poorly
consolidated, very fine-gra ined sa nd with gravel. Gravel-sized m a teria l ra nges
from  suba ngular to well rounded a nd dom ina ntly consists of quartz, quartzite,
gra nitoid rocks a nd schist. Unit Qa1underlies the Poudre R iver a nd low-lying
terra ces 0-1.5 m  a bove the a ctive cha nnel. Low-lying terra ces of Qa 1a nd a dja cent
floodpla in deposits are typica lly vegeta ted a nd consist chiefly of clay a nd silt.
Unit Qa1 is typica lly confined by a lluvium  two (Qa2), with a few nota ble
exceptions: a prom inent bluff of Fox Hills S a ndstone (Kfh) bounds Qa 1loca lly on
the south side of the Poudre R iver, a nd a lluvium  three (Qa 3) bounds Qa 1in pla ces
north of the Ca che la Poudre R iver, on the east side of the qua drangle. A sa m ple
from  NW  ¼ SE ¼ sec. 35, T. 6 N., R . 67 W . conta ined 39.4 % gravel, 54% sa nd,
4.2% silt, a nd 2.4% cla y. The Unified Soil Cla ssifica tion S ystem  (USCS )
(Howard, 1986) designa tion is a poorly gra ded sa nd with silt a nd gravel (SP-SM).
Channel-bar deposits are present a dja cent to a nd within the Ca che la Poudre
R iver, a nd are com posed chiefly of pinkish-gray (7.5 Y R  7/2) sa ndy gravel with
lenses of cla y and silt. On the nearby Berthoud qua dra ngle (Keller a nd others,
2017), a bulk carbon-14 sa m ple ta ken from  a depth of 1 m  below a ~1.5 m -high
terra ce of the Little Thom pson R iver (a tributary of the South Pla tte R iver) yielded
a 14C age of at lea st 1,525 to 1,350 ca l yr BP (1,530 ± 30 14C yr BP), indica ting
the unit is at lea st Late Holocene in a ge where sa m pled. Unit Qa 1is genera lly
correla tive, by virtue of height a bove strea m  level, soil chara cteristics, a nd
ra diom etric da tes on nearby qua drangles with the post-Piney Creek Alluvium
(Colton, 1978). In the Bra cewell qua dra ngle, portions of unit Qa 1 ha ve been
m ined for construction aggregate a nd rem a ining cha nnel bars a nd gravel-rich
fa cies m a y be sources of aggrega te resources. Loca lly, this unit m a y have been cut
or gra ded by earth-m oving equipm ent, a nd m a y be overla in by artificia l fill in the
upper 1-2 m , especia lly in the eastern part of the qua dra ngle. Unit Qa 1is genera lly
correla tive with the Federa l Em ergency Ma na gem ent Agency (FEMA) m a pped
floodway zone AE (FEMA, 2020), is prone to flooding, a nd m a y have a high
sea sona l or annua l wa ter ta ble due to its proxim ity to m odern strea m s a nd low
height a bove strea m  level. Unit Qa1is genera lly 0 to 3 m  thick in the qua dra ngle,
as interpreted from  the Colora do Division of W a ter R esources (DW R ) borehole
drillers logs (Colora do Division of W ater R esources, 2019).

Alluvium  two (Up p er Pleistocene)—  Dark-brown (7.5 Y R  3/2) (Globe, 2005),
poorly to m oderately sorted, m oderately consolida ted, wea kly stratified, silty to
cla yey very fine-gra ined sa nd. Unit Qa 2is bounded by a bluff com posed of the
Fox Hills S a ndstone (Kfh), eolia n sedim ent (Qe), and the Lara m ie Form a tion (Kl)
on the south side of the river, whereas the unit is bounded by a lluvium  three (Qa 3)
on the north side of the river. Unit Qa 2underlies strea m -terra ce deposits tha t are
a pproxim a tely 1-5 m  a bove the m odern strea m  level of the Cache la Poudre R iver.
A soil profile a pproxim a tely 2 m  in height form ed in unit Qa 2wa s described near
S W  ¼ NW  ¼ sec. 32, T. 6 N., R . 66 W . The soil is overla in by 0-0.3 m  fill a nd
consisted of the following soil horizons from  top to bottom  (Birkela nd, 1999):
~0.3-0.6 m  sa lt-enriched Bz horizon, dark-brown (7.5 Y R  3/1) cla y to very fine-
gra ined sa nd tha t has a m oderate a m ount of silt a nd cla y; 0.6-1.3 m  C horizon,
dark-brown (7.5 Y R  3/2) cla yey silt a nd sa nd; 1.3-2 m  C horizon, dark-brown (7.5
Y R  3/2) clayey silt a nd sa nd with orange strea ks. Hum ic orga nic m ateria l is
com m on in the Bz horizon a nd sta ge I stringers of ca lcium  carbona te (Ma chette,
1985) are loca lly present in the lower part of the soil (A. S teinhart a nd M. Moore,
Natura l R esources Conservation S ervice, written com m un., 2019). Two optica lly
stim ula ted lum inescence (OSL) ana lyses from  the nearby La S a lle qua dra ngle
(Pa lkovic a nd others, 2019) were ta ken from  unit Qa2near NW  ¼ sec. 35, T. 5 N.,
R . 66 W . The first sa m ple yielded a n OSL age estim a te of 3,040 ± 200 years
(Centra l Age Model), whereas the second sa m ple yielded a n OSL age estim a te of
3,020 ± 260 years (Centra l Age Model). In the nearby Berthoud qua dra ngle,
Keller a nd others (2017) reported two carbon-14 a ges from  unit Qa 2tha t ra nge
from  1,350 to 2,490 ca l yr BP (1,530 ± 30 to 2,390 ± 30 14C yr BP). Unit Qa 2is
genera lly correla tive, by virtue of height a bove strea m  level a nd radiom etric da tes,
with the upper part of the Piney Creek Alluvium  described by Hunt (1954) in the
Piedm ont a long the Front R a nge of Colora do. In the Bra cewell qua dra ngle, m a ny
a ctive a nd recla im ed quarries are present within this m a p unit. Unit Qa2loca lly
overlies a lluvium  three (Qa3), which is the m a in target for a ggrega te resources. In
m a p view, it m ay appear tha t unit Qa 2 is the target of quarrying operations;
however, the underlying unit Qa 3is typica lly processed in quarry operations on
the Bracewell qua dra ngle. In the western end of the unit extent, specifica lly in
secs. 34-36, T. 6 N., R . 67 W , a lluvia l sheetwa sh and/or colluvium  m a y be present
in unit Qa 2in the sm a ll gullies a dja cent to the Fox Hills sa ndstone. Portions of the
unit lie within FEMA m a pped floodway zone AE (FEMA, 2020). Unit Qa 2ra nges
from  7 to 13 m  thick, with a n avera ge thickness of 9 m . Unit Qa 2is genera lly
thicker in the eastern part of the qua dra ngle on the basis of DW R  borehole data
(Colora do Division of W ater R esources, 2019).

Qa2

Alluvium  three (Middle and Up p er Pleistocene)—  Pinkish-gray (7.5 Y R  6/2)
(Globe, 2005), poorly sorted, poorly consolidated, m edium  sa nd to gravel, with a
m a trix of fine- to m edium -gra ined sa nd. Unit Qa3underlies terra ces a pproxim a te
10-21 m  a bove a dja cent strea m s, and occupies a broa d, fla t, subdued terra ce on
the north side of the Ca che la Poudre R iver. Cla sts in unit Qa 3are genera lly
subrounded to well rounded, a nd ra nge in size from  1-10 cm . Cla st types include
gra nitoid rocks (dom ina ntly granite a nd granodiorite), gneiss, schist, quartzite,
and vein quartz. Unit Qa 3is bordered to the south by unit Qa2, and to a lesser
extent by unit Qa 1. It is bordered to the north by eolia n sedim ent (Qe). The
northern conta ct is defined by the occurrence of NW -SE trending linear sa nd
dunes of unit Qe tha t are visible on lidar im a gery. Eight DW R  boreholes were
used to determ ine the a pproxim a te extent of unit Qa3in the sha llow subsurfa ce
a nd suggests that unit Qa3loca lly underlies unit Qa2, especia lly on the north side
of the Poudre R iver near secs. 25 and 36 of T. 6 N., R . 67 W ., and secs. 31-33 of
T. 6 N., R . 67 W . Two OSL sa m ples were collected on Bra cewell from  S W  1/4
sec. 30, T. 6 N., R . 66 W  (Pla te 2, Ta ble 1). BW 064a, collected 2 m  below ground
surfa ce, yielded an OSL a ge estim a te of 28,225 ± 2350 years (Centra l/Minim um
Model S AR  a ge), while BW 064b, collected 3.2 m  below ground surfa ce, yielded
a n OSL age estim a te of 39,600 ± 1940 years (Centra l/Minim um  Model S AR
a ge). In the a dja cent Milliken qua dra ngle, which borders the Bra cewell
qua drangle to the south, sa m ple Mi120 in unit Qa3yielded a n OSL a ge estim a te
of 13,220 ± 30 years. These a ges roughly correspond to the 30-12 ka da te ra nge
for the Broa dwa y Alluvium  com m only provided by previous authors (W orkm a n
a nd others, 2018; Kellogg a nd others, 2008; Ma dole, 1986, 1991; Hollida y, 1987;
Nelson a nd others, 1979; Madole a nd S hroba, 1978). S ta ge I to sta ge II
(Machette, 1985) pedogenic carbonate is com m on in the soil profile a nd loca lly
form s discontinuous rinds on gravel clasts. Loca lly, finer gra ined sa nd is
cem ented onto the underside of gravel clasts due to a bunda nt secondary carbonate
a ccum ula tion. Unit Qa3is genera lly correla tive, by virtue of height a bove strea m
level, soil chara cteristics, and ra diom etric da tes with the Broa dwa y Alluvium
(Colton, 1978) and units T3 and T4 of S chwochow and others (1974). Unit Qa 3
ha s been quarried extensively on the qua dra ngle a nd rem a ining Qa3deposits m ay
be a source of a ggrega te resources. In active quarry areas, som e operations m a y
ha ve exca va ted through overlying Qa 2m a teria l to extra ct the underlying Qa3,
which is genera lly a m ore desira ble deposit for a ggregate resources. Unit Qa3
loca lly conta ins va lley side sheetwa sh a lluvium , especia lly in sec. 23, T. 6 N., R .
67 W . Eight boreholes registered with Colora do DW R  tha t term ina te in unit Qa 3
indica te tha t the thickness of the unit ra nges from  5-13 m  in the qua dra ngle, with
a n avera ge thickness of 9 m  (Colorado Division of W a ter R esources, 2019).

Qa3

Alluvium , undivided (Holocene and Up p er Pleistocene)—   Pa le-brown or
beige of hue 10 Y R  (Globe, 2005), wea kly stratified, m oderately to loosely
consolidated, silty to cla yey sa nd with thin beds a nd lenses of sa ndy pebble
gravel. The deposit occurs a long a n ephem era l strea m  that bisects unit Qe in the
southern ha lf of the qua drangle. Unit Qa is used where the identifica tion of the
specific a lluvia l units was not possible due to poor exposure or la ck of a ccess.
Ma pping of unit Qa in Bracewell largely relies on DW R  borehole da ta a nd lidar
im a gery. Unit Qa is a pproxim a tely 4 m  thick on the basis of the interpreta tion of a
single DW R  borehole in the unit, located in sec. 4, T. 5 N., R . 66 W  (Colora do
Division of W a ter R esources, 2019).

Qa

Qa1

Qg2 Gravel dep osit two (Middle Pleistocene)—  Pink (7.5 Y R  8/3) (Globe, 2005),
poorly sorted, poorly consolida ted, m a trix-supported gravel with a silty sa nd
m a trix tha t underlies a ba ndoned a lluvia l terra ces 20-90 m  a bove m odern strea m s.
Cla sts m a y be suba ngular but are genera lly subrounded, a nd predom ina ntly
com posed of granitoid rocks, quartzite, vein quartz a nd schist. Thin,
discontinuous, sta ge I to sta ge II ca lcium  carbona te rinds coat som e gravel cla sts.
This unit is loca lly overla in by unit Qe. In som e area s, the only evidence of unit
Qg2m a y be gravel in a m a trix that otherwise a ppears to be eolia n. Additiona lly,
the downslope edges of Qg2deposits loca lly conta in gravelly colluvium  derived
from  the origina l Qg2deposit, a nd are m a pped as Qg2. In the southea stern part of
the Bra cewell qua dra ngle, a northwest-southeast trending line of unit Qg2exists,
and continues into the a dja cent Greeley qua dra ngle (Keller a nd Morgan, 2020). In
areas with poor exposure or la ck of a ccess, m a pping of this unit largely relied
upon the interpreta tion of DW R  borehole logs, lidar im a gery, a nd geologic
m a pping at 1:100,000 sca le (Colton, 1978). Unit Qg2is correla tive, based on its
height a bove strea m  level, with the V erdos Alluvium  (Colton, 1978). Unit Qg 2is a
potentia l source of sand a nd gravel. One DW R  borehole exists in unit Qg2in the
qua drangle, which indica tes a thickness of 4 m  (Colora do Division of W ater
R esources, 2019). However, the thickness of unit Qg2typica lly ra nges from  3 to
15 m  in the Greeley area (Keller a nd Morga n, 2020; Pa lkovic a nd others, 2019;
Pa lkovic a nd others, 2018).


