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DESCRIPTION OF MAP UNITS PLATE 1 OF 2
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] af Artificial fill (Uppermost Holocene) — Mostly fill material, refuse, and riprap Qe Eolian sediment (Middle Holocene to Upper Pleistocene) — Reddish-yellow to
:?O placed during construction of roads, railroads, buildings, dams and landfills. Fill yellow (7.5 YR 7/6 to 10 YR 7/6) (Globe, 2005), well-sorted silty quartz sand
material and refuse generally consists of unsorted clay, silt, sand, and rock with a trace amount of lithic fragments. Sand-sized fragments are generally very
fragments, while riprap commonly consists of boulder sized or larger rock fine to fine, but may range up to medium-grained sand. Quartz grains comprising
fragments. The average thickness of the unit is less than 6 m. Artificial fill may be unit Qe are generally subangular to subrounded. A sample from the Bracewell
subject to settlement, slumping, and erosion if not adequately compacted and(or) quadrangle collected in SE ¥4 SW % sec. 20, T. 5 N., R. 66 W. contained 78.3%
placed on steep slopes. Extensive areas of artificial fill exist locally in residential sand, 11.5% silt, and 10.2% clay. According to the USCS (Howard, 1986) this
and commercial developments in the Greeley area; however, these fill deposits are sample is a ‘silty sand’ (SM) and is nonplastic. In the nearby La Salle quadrangle
P y P p y p y q g
o\ usually less than 1.5 m thick and are difficult to delineate in some areas. (Palkovic and others, 2019), a sample from NW %4 SE % sec. 3, T.4 N., R. 65 W.
rl-!’-{E(F){I'Ir_IE S>INC _ contained 89.8% sand, 4.6% silt, and 5.6% clay. The unit is a ‘poorly graded sand
23-11850/ e with silt” (SP-SM) and is nonplastic (Howard, 1986). A third sample, collected at
— __— NE % SE % sec. 8, T. 3 N, R. 65 W (~ 1 km south of the La Salle quadrangle
ALLUVIAL DEPOSITS southern boundary, in the Milton Reservoir quadrangle; Palkovic and others,
_ . o ) ) 2019) contained 93.3 % sand, 1.6 % silt, and 5.1 % clay. It has a USCS
' "Qa; |  Alluvium one (Upper Holocene) — Pinkish-gray, pink, or reddish-yellow (7.5 classification of ‘poorly graded sand with silt’ (Howard, 1986). Despite the high
AN o - YR 7/. 2 and 7.5YR 7/3) .(Globe, 2095)3 moderately to .WCH sorteq, poorly sand content of these three samples, varying amounts of fines (silt and clay) may
 EXTR AETI ON N consolidated, very fine-grained sand with gravel. Grav.el-s1zed material ranges exist locally, especially in the eastern part of the Bracewell quadrangle. Unit Qe is
" OIL & GAS INC o from SI.lbangular to wel'l round'ed and domlpantly consists Of quartz, quartzite, poorly exposed in the southern part of the mapped area and in agricultural. areas
\_ 05-123-44307 granitoid rocks and schist. Unit Qa, underlies the Poudre River and loleylng north of the Cache la Poudre River. On the La Salle quadrangle (Palkovic and
';]em:;els 9'1(-15 m above the E}Ctll\ie channel. (I{ow;llymg Feffa;?sfi)f Qt?l i‘nd ade acc??t others, 2019), two bulk carbon-14 samples (LS035a and LS035b) were taken from
oodplain deposits are typically vegetated and consist chiefly of clay and silt. the same stratigraphic interval in NW % SE % sec. 33 T. 4 N, R. 66 W. Sample
Unit Qa, is typically confined by alluvium two (Qa,), with a few notable LS035b, taken 2.7 m below ground surface yielded a carbon-14 age of 9,523 to
exceptions:. a prominent bluff Qf Fox Hills Se}ndstone (Kfh) bounds Qa; lqcally on 9,431 cal yr BP (8440 + 30 14C yr BP) and sample LS035a, taken 2.75 m below
the south side of the Poudre RIV.CI', and alluvium t.hree (Qa3) bounds Qa,; in places ground surface, yiclded a 14C age of 10,691 to 10,488 cal yr BP (9,350 + 40 14C
north of the Cache la Poudre River, on the east s@e of the quadrangle. A sample yr BP). Previous authors (Kellogg and others, 2008; Muhs and others, 1996; Scott
Zr(;; NV;’ Va SdE 1/242:)3/0 315, T. 6}1\]-, R. ?_7 c\lN-SCO;ltfgflled 3;9-4 % grsVel, 540(4 Ssaélg,) and Lindvall, 1970) cite three episodes of windblown sand deposition in
2% silt, and 2.4% clay. The Unifie oi assification System (U northeastern Colorado; one from 27 to 11 ka, one between 11 and 4 ka, and one
o ™ (Howard, 1986) deszignation isa poorl}/ graded sand Wi.th .Sﬂt and gravel (SP-SM). from 1.5 ka to present. In many areas on the Bracewell quadrangle, the unit may
. \13 o Highlin Channel—bar deposits are present adJ.acgnt to and within the Cache la P qure be cut, filled or graded from earthwork associated with residential, commercial
T River, and are comeSed chiefly of pinkish-gray (7.5 YR 7/2) sandy gravel with and agricultural development. Reworked eolian sand locally exists as colluvial or
lenses of clay and silt. On the nearby Berthoud quadrangle (Keller and oth§rs, sheetwash deposits in this unit, and are mapped as Qe. Extensive eolian dunes are
( 2017), a bulk cgrbon-14 sample .taken frqm a depth of 1 m below a .~1~5 m-hlgh present north of the Cache la Poudre River on lidar imagery. Similar linear dune
leuman terrace of the Little Thompson River (a tributary of the South Platte River) yielded forms may be present south of the Cache la Poudre River, but are subdued and/or
GREA—(I—);VEESTERN ) Lake a 14C age of at least 1,525 to 1,350 cal yr BP (1,530 & 30 14C yr BP), indicating modified due to residential development in the Greeley area. Throughout the
COMPANY LLC the unit is at least Late Holocene in age where sampled. Unit Qa, is generally mapped area, deposits of loess (windblown sediment that is >60% silt; Muhs and
05-123-24706 co;relanve, gy virtue of l?elght dabOVi: streagl Illevel, soil charactelilstlﬁs, and others, 2014) may be locally present, and are largely identified on the presence of
radiometric dates on nearby quadrangles with the post-Piney Creek Alluvium silt and clay in DWR borehole logs surrounded by a vast expanse of eolian sand.
(Colton, 1978). In the Bracewell quadrangle, portions of unit Qa; have been Previous authors (Workman and others, 2018; Kellogg and others, 2008; Muhs
mined for construction aggregate and remaining channel bars and gravel-rich and others, 1999; Forman and others, 1995) state two episodes of loess deposition
facies may be sources Of aggregate resources. Locally, this' unit may h;.we bee?n cut in northeastern Colorado from 20 to 14 ka and 13 to 10 ka. The exact boundaries
or graded by earth-moving equipment, and may be overlain by artificial fill in the of the loess deposits are difficult to delineate due chiefly to the residential and
upper 1-2 m, especially in the eastern part of the quadrangle. Unit Qa, is generally agricultural development in the area, and the subdued geomorphologic signature
cf:]orrzlatlve Wlth[f;:e (Eg\?{r/il gg;)r;%eflcy Manetlgeglen;.Agencg (FEN{IA) maILPeﬂ of loess deposits on lidar imagery. Additionally, small, unmapped deposits of Qg »
oodway zone , » 18 pron¢ to 1looding, and may have a nig and colluvium/sheetwash may exist in unit Qe. Unit Qe may be subject to
seasonal or annual water table due to its proximity to modern streams and low deflation and wind erosion in areas that are poorly vegetated and may be prone to
helght above stream level. Unit Qa, s generally 0 to 3 m thick in the quadrangle, hydrocollapse. Locally, the unit may be a source of industrial sand. In the southern
35 lllnter{)retezicﬁlom (tihe ColoradofD1V1s10n of Water Reso)urces (DWR) borehole part of the Bracewell quadrangle, Qe ranges in thickness from 2-12 m, with an
rillers logs (Colorado Division of Water Resources, 2019). average thickness of 7 m. In the northern part of the quadrangle, thickness ranges
from 3-18 m, with an average thickness of 10 m. Thicknesses in both parts of the
Qa; Alluvium two (Upper Pleistocene) — Dark-brown (7.5 YR 3/2) (Globe, 2005), quadrangle were estimated from interpretation of DWR borehole data (Colorado
poorly to moderately sorted, moderately consolidated, weakly stratified, silty to Division of Water Resources, 2019).
clayey very fine-grained sand. Unit Qa, is bounded by a bluff composed of the
Fox Hills Sandstone (Kfh), eolian sediment (Qe), and the Laramie Formation (K1) BEDROCK GEOLOGY
on the south side of the river, whereas the unit is bounded by alluvium three (Qa;)
on the north side of the river. Unit Qa, underlies stream-terrace deposits that are . . . .
approximately 1-5 m above the modern stream level of the Cache la Poudre River. KI Laramie Formation (Upper .Cretaceous) — Light-gray to ye1'10w1sh'-gray, weil-
A soil profile approximately 2 m in height formed in unit Qa, was described near 1nd1%rated qﬁaftz sanc}stope 11nterbedded fWIth dark-gray, hﬁTSﬂe’ fri?bl‘?’ wehl-
SW Y4 NW % sec. 32, T. 6 N., R. 66 W. The soil is overlain by 0-0.3 m fill and amlnated. shale and enticular seams o carbopaceous shale and lignite. T ¢
consisted of the following soil horizons from top to bottom (Birkeland, 1999): contact.wnh the underlymg Fox H111§ Sandstone is conformable, and the Laramie
~0.3-0.6 m salt-enriched Bz horizon, dark-brown (7.5 YR 3/1) clay to very fine- FormaFlo.n may locally interfinger with the Fox Hills Sandstone. E).(posure of the
grained sand that has a moderate amount of silt and clay; 0.6-1.3 m C horizon, Laramie is limited on the quadrangle, but may range from 0-30 m thick.
gi;lék—;rzown (7.5 YR 3/2) clayey silt and sand; 1.3-2 m C horizon, dark-brown (7.5 Kfh Fox Hills Sandstone (Upper Cretaceous) — Light-brown, brown, or golden-
) clayey silt and sand with orange streaks. Humic organic material is . . ; -
. . 5 . brown, buff, friable, poorly to moderately indurated, dominantly massive but
common in the Bz horizon and stage I stringers of calcium carbonate (Machette, . . .. .
. . . sometimes crossbedded, very fine- to fine-grained arenitic to subarkosic
1985) are locally present in the lower part of the soil (A. Steinhart and M. Moore, . . .
. . . . sandstone. Facies composed of dark-brown to dark-gray oblong, lenticular bodies
////// Natural Resources Conservation Service, written commun., 2019). Two optically . . .. .
. ) of hard, highly resistant, silica-cemented, fine-grained sandstone are present
i stimulated luminescence (OSL) analyses from the nearby La Salle quadrangle . . . ;
~ Permit . . . throughout the unit, as well as locally thin planar-bedded/laminated (bed thickness
e L. (Palkovic and others, 2019) were taken from unit Qa, near NW Y4 sec. 35, T. 5 N., . .
496-WCB = ™ o R. 66 W. The first sample viclded an OSL ace ostimate of 3.040 + 200 vears ~0.5-1 cm) zones of shale, especially to the east near the Signature Bluff Natural
T6NB66W R g : ) piey 8¢ €8 ! Y Area (sec. 32, T. 6 N., R. 66 W.). These thin, planar bedded zones of shale may be
7 e = (Central Age Model), whereas the second sample yielded an OSL age estimate of L o F tion. b the tr . d . f the West
3,020 £ 260 years (Central Age Model). In the nearby Berthoud quadrangle, aramie FOrmation, because e Tansgressions a‘r‘l Fegressions o ,s ¢ wesiern
. Interior Seaway during Fox Hills time produced a “stepping character” of the Fox
Keller and others (2017) reported two carbon-14 ages from unit Qa, that range Hills shoreli ferred t “shinele strati hy” (Dech d others, 2011)
from 1,350 to 2,490 cal yr BP (1,530 = 30 to 2,390 = 30 14C yr BP). Unit Qa, is Do o fhis i ol St the e D e s Foos HLlle
generally correlative, by virtue of height above stream level and radiometric dates, ue to this “siing e stratigraplly , \he Upper and fowet contacts of the Fox HIHs
/| / \ with the upper part of the Piney Creek Alluvium described by Hunt (1954) in the Sandstone are gradational and can be difficult to determine in both outcrops and
S #’ 0\ 0N . well logs. Outcrops of the Fox Hills Sandstone in Bracewell are generally
" /Permit-531 Piedmont along the Front Range of Colorado. In the Bracewell quadrangle, many . . .
I \ active and reclaimed quarries are present within this map unit. Unit Qa, locally abundant glong the south side of th? Cache la Poudre River. Although common n
' overlies alluvium three (Qas), which is the main target for aggregate resources. In the Fox Hills Sandstone elsewhere n northeastern Colora}do (Palkovic and others,
. . . . . . 2018), no Ophiomorpha burrows, ripple marks, or brachiopods were observed on
map view, it may appear that unit Qa, is the target of quarrying operations; .
h . . . ; . . the Bracewell quadrangle. Rounded clasts of crystalline rocks commonly mantle
owever, the underlying unit Qaj is typically processed in quarry operations on . . .

. . . the Fox Hills outcrops in the map area, and likely represent a lag gravel from
the Bracewell quadrangle. In the western end of the unit extent, specifically in ent alluvium d ited by the Cache la Poudre River. Historicallv. th tact
secs. 34-36, T. 6 N., R. 67 W, alluvial sheetwash and/or colluvium may be present ancient aluvium depostted by te L-ache fa roudre BIver. Historically, the conrac
. . . . : . . between the Upper part of the Pierre Shale, known as the Pierre Transition
in unit Qa, in the small gullies adjacent to the Fox Hills sandstone. Portions of the Member, and the Fox Hills Sandstone is defined by Lovering and others (1932) as
unit lie within FEMA mapped floodway zone AE (FEMA, 2020). Unit Qa, ranges . ) X . y Lovenng
fr . . . . . being 75 m below the base of the Laramie Formation, whereas Scott and Cobban

om 7 to 13 m thick, with an average thickness of 9 m. Unit Qa, is generally o .
. . . (1965) state that the contact between the two units is unmappable in the area
thicker in the eastern part of the quadrangle on the basis of DWR borehole data . . .
(Colorado Division of Water Resources, 2019) between Denver and Loveland. Due to the difficulty of delineating the upper
’ ' transitional member of the Pierre Shale, this member is included in the Fox Hills
] in map view, as well as in cross section B-B. The unit is approximately 90-150 m
QA Alluvium three (Middle and Upper Pleistocene) — Pinkish-gray (7.5 YR 6/2) thick.
s (Globe, 2005), poorly sorted, poorly consolidated, medium sand to gravel, with a
matrix of fine- to rpedlum-gramed sand. Umj[ Qa; underlies terraces approximate K Pierre Shale (Upper Cretaceous) — Regionally extensive unit of marine strata
~E740°25 10-21 m ablove adjacent streams, and oceupies a broaq, ﬂatf subdued terrace on L present in much of eastern Colorado. The unit is primarily composed of dark-gray
INC | thi nortg (s;iie ofliche C?lcl(lle la dPoudre. Rn./er. fClastls 1H(; unltc(%ai ?re ggnerlal(liy shale and siltstone, with as many as six sandstone members that are well defined
> > . ] R < PE subrounded to well rounded, and range in size from 1-10 cm. Clas es include . . . :
5;133/—13/517 \ &= o/ 5 ranitoid rocks (dominantly granite gand ranodiorite), gneiss sch'ztp artzite on geophysical borehole logs. The Pierre Shale is conformably underlain by the
N AN D ~\ N\ N\ P~ 10— g d tto1 ttz. U 'tl Q Y gb dl dt %h ! thlb > &n tlQ, ! d ’t qu 121 > Smoky Hill Shale Member of the Niobrara Formation and is conformably overlain
‘ \ ‘ and vein quartz. Unit Qa; is bordered to the south by unit Qa,, and to a lesser b . . .
. . . ; y the Fox Hills Sandstone (Scott and Cobban, 1965). Shown in cross section
extent by unit Qa,. It is bordered to the north by eolian sediment (Qe). The Iv. Total thickness i imatelv 1.800-2.100
northern contact is defined by the occurrence of NW-SE trending linear sand Omy. fotal THCKNEss 15 approximately & S
dunes of unit Qe that are visible on lidar imagery. Eight DWR boreholes were . . . . .
=% used to determine the approximate extent of unit Qas in the shallow subsurface Kn Nloll)ra; alka;ini?tmn (Upglfr Cr.etaceous) N Umlt cznmsts .chlefily 6(;)f 1%12)2116’
,_AMES and suggests that unit Qa; locally underlies unit Qa,, especially on the north side mh?rk’ chalk and fimestone. Shown in cross section only. Approximately 60-100 m
‘:23_11\4 of the Poudre River near secs. 25 and 36 of T. 6 N., R. 67 W., and secs. 31-33 of thick.
N T. 6 N., R. 67 W. Two OSL samples were collected on Bracewell from SW 1/4
sec. 30, T. 6 N., R. 66 W (Plate 2, Table 1). BW064a, collected 2 m below ground Kcag Colorado Group — Carlile Shale, Greenhorn Limestone, Graneros Shale, and
surface, yielded an OSL age estimate of 28,225 + 2350 years (Central/Minimum Mowry Shale, undivided (Upper Cretaceous) — Unit consists chiefly of shale,
Model SAR age), while BW064b, collected 3.2 m below ground surface, yielded limestone, marl and chalk. Shown in cross section only. Approximately 120-140
an OSL age estimate of 39,600 £ 1940 years (Central/Minimum Model SAR m thick.
age). In the adjacent Milliken quadrangle, which borders the Bracewell
quadrangle to the south, sample Mil20 in unit Qa; yielded an OSL age estimate MAP SYMBOLS
of 13,220 + 30 years. These ages roughly correspond to the 30-12 ka date range
for the Broadway Alluvium commonly provided by previous authors (Workman .
and others, 2018; Kellogg and others, 2008; Madole, 1986, 1991; Holliday, 1987; Contact — Approximately located
Nelson and others, 1979; Madole and Shroba, 1978). Stage I to stage II . . . . )
(Machette, 1985) pedogenic carbonate is common in the soil profile and locally —_ Oblique-slip fault, right-lateral offset, of Weimer (1996) — Existence
forms discontinuous rinds on gravel clasts. Locally, finer grained sand is seeepeee? ques.tlonable, logatlon concealed; ball and bar on downthrown side (where sense
cemented onto the underside of gravel clasts due to abundant secondary carbonate : of displacement is known)
accumulation. Unit Qa; is generally correlative, by virtue of height above stream L . . ) ] )
level, soil characteristics, and radiometric dates with the Broadway Alluvium 7 Inclined bedding — Showing strike and dip
(Colton, 1978) and units T3 and T4 of Schwochow and others (1974). Unit Qa;
has been quarried extensively on the quadrangle and remaining Qa; deposits may EXTRACTION OIL &
be a source of aggregate resources. In active quarry areas, some operations may o I o
have excavated through overlying Qa, material to extract the underlying Qas, Oil and gas well (Well name shown on map)
which is generally a more desirable deposit for aggregate resources. Unit Qa; %}
locally contains valley side sheetwash alluvium, especially in sec. 23, T. 6 N., R.
67 W. Eight boreholes registered with Colorado DWR that terminate in unit Qa; Bormae Water well (Division of Water Resources permit number
indicate that the thickness of the unit ranges from 5-13 m in the quadrangle, with shown on map)
an average thickness of 9 m (Colorado Division of Water Resources, 2019). ©
A A’ Alignment of cross section
Qa Alluvium, undivided (Holocene and Upper Pleistocene) — Pale-brown or —_—
beige of hue 10 YR (Globe, 2005), weakly stratified, moderately to loosely
consolidated, silty to clayey sand with thin beds and lenses of sandy pebble Disturbed ground (uppermost Holocene) — Areas where mining operations
3 Z gravel. The deposit occurs along an ephemeral stream that bisects unit Qe in the @ have removed much of the original deposit and reclamation of the landscape
“4704. Be ENER G\)Y Ne——~ /) _é southern half of the quadrangle. Unit Qa is used where the identification of the has not occurred.
O < 05-123-10686 \\ / IS specific alluvial units was not possible due to poor exposure or lack of access.
o N S 3 Mapping of unit Qa in Bracewell largely relies on DWR borehole data and lidar
= imagery. Unit Qa is approximately 4 m thick on the basis of the interpretation of a
N/ single DWR borehole in the unit, located in sec. 4, T. 5 N., R. 66 W (Colorado
E‘ Division of Water Resources, 2019).
40°22'30" I 40°22'30"
524000m £ : Q‘ézo Gravel deposit two (Middle Pleistocene) — Pink (7.5 YR 8/3) (Globe, 2005),
104°52'30" ' 104°47'30" 104°45' N L0

e poorly sorted, poorly consolidated, matrix-supported gravel with a silty sand
matrix that underlies abandoned alluvial terraces 20-90 m above modern streams.
Clasts may be subangular but are generally subrounded, and predominantly
composed of granitoid rocks, quartzite, vein quartz and schist. Thin,
discontinuous, stage I to stage II calcium carbonate rinds coat some gravel clasts.
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Geology mapped in 2019
GIS and cartography by Pangaea Geospatial, LLC.
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This map is not a legal document. Boundaries may be 1000 500 0 METERS 1000 2000 This unit is locally overlain by unit Qe. In some areas, the only evidence of unit
generalized for this map scale. Private lands within government . . . . . .
reservations may not be shown. Obtain permission before ) 05 0 . Qg, may be gravel in a matrix that otherwise appears to be eolian. Additionally,
entering private lands. —— COLORADO the downslope edges of Qg, deposits locally contain gravelly colluvium derived
Initial styling of this Map Document was provided by the US from the original Qg, deposit, and are mapped as ng.'ln the southegstern par.t of
Geological Survey. The edited content in this document are 1000 500 0 1000 2000 3000 4000 5000 6000 2000 8000 9000 10000 QUADRANGLE LOCATION the Bracewell quadrangle, a northwest-southeast trending line of unit Qg, exists,
neither done by nor endorsed by the USGS. R — and continues into the adjacent Greeley quadrangle (Keller and Morgan, 2020). In
ROAAS. ... vveoeeoeeeeeeeeeeeeeeeeeeees 2006-2012, TomTom areas with poor exposure or lack of access, mapping of this unit largely relied
NAIMIES. vttt ettt ettt et et et e e e e ernenenans GNIS, 2013 upon the interpretation of DWR borehole logs’ lidar imagery, and geo]ogjc
Hydrography............... National Hydrography Dataset, 2011 CONTOUR INTERVAL 10 FEET Timnath |Severance| Eaton . ) : . d .
Contours......oovviiiiiiini, National Elevation Dataset, 1998 an'lpglngb at 1'100’0010 sclale _(}Cljolllton’ 1(?78)'11Un%t ngclsl correlgat;ve, ba.sed On. its
Ezgﬂgal_r;isci-éur.\;t.e.);.éi/.s.t.é;lfensus’ IBWC, 1BC, USGS, '1337/\2-58}12 This mapping project was funded jointly by the Colorado Geological Survey and the U.S. Geological Survey eight above stream level, with the Verdos Alluvium (Colton, 1978). Unit Qg is a

potential source of sand and gravel. One DWR borehole exists in unit Qg, in the
quadrangle, which indicates a thickness of 4 m (Colorado Division of Water
Resources, 2019). However, the thickness of unit Qg, typically ranges from 3 to
15 m in the Greeley area (Keller and Morgan, 2020; Palkovic and others, 2019;
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