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GEOLOGIC HIS TORY

T he Kersey quadrangle is located approx im ately 80 km northeast of Denver and 40 km east of Fort Collins, Colorado. T he m ap area lies within the Colorado P iedm ont section of
the Great P lains physiographic province. In eastern Colorado, U pper Cretaceous rocks are the predom inant bedrock units and were deposited during the transgressive and
regressive stages of the W estern Interior Seaway (W IS). T he Laram ide orogeny began at around 70 Ma and corresponds with the final stages of the W IS in eastern Colorado
(W eim er, 1996). It was during this tim e that the sedim ents form ing the m ajor bedrock units, identified in oil and gas well logs within the m ap area were deposited: Carlile Shale,
Greenhorn Lim estone, and Codell Sandstone (collectively known as the Colorado Group, unit Kcgg), Niobrara Form ation (unit Kn), and P ierre Shale (unit Kp). H owever, bedrock
units are not exposed within the Kersey quadrangle because they are m antled by surficial deposits. As the Laram ide orogeny progressed, the Denver Basin was created with
steeply dipping bedrock on the western m argin, and dip angles decrease significantly toward the east.

U nits deposited during the Cretaceous and early Cenozoic are valuable reservoirs for groundwater and oil and gas resources within the Denver Basin. T he m apped area is located
within the W attenberg Field, a world-class oil and gas-producing area that is part of the larger Denver-Julesburg Basin. T he field has produced over 4 trillion cubic feet of gas and
210 m illion barrels of oil. Faulting and related structures have contributed to the trapping of hydrocarbons in the W attenberg Field (H igley and Cox, 2007; W eim er, 1996). T he
Johnstown (JW FZ) and Longm ont (LW FZ) wrench fault zones are associated with hydrocarbon production (W eim er, 1996). T he LW FZ, is m apped in the subsurface and traverses
near the southeast corner of the quadrangle. T he LW FZ is considered to be a norm al oblique left-lateral fault. Fault angles are unknown, but W eim er (1996) reports they are likely
either listric or nearly vertical, depending on their relation to bedrock. Offsets ranging from 6 to 30 m or more are indicated in oil and gas well logs and shown on cross section C-
C’. T he W attenberg Field also contains im portant groundwater resources.

During the P leistocene, stream s likely experienced significant aggradation during deglaciation when large volum es of m eltwater carried a considerable amount of sedim ent to the
plains east of the foothills (Church and Ryder, 1972). Between periods of aggradation, stream s eroded the underly ing sedim ent leaving behind gravelly terrace deposits. A water-
well log (well ID 2848-F) in the northern part of the m apped area indicates gravel as shallow as 1.2 m below ground surface. T he top of the gravel-capped surface at this location
is 77 m above the modern South P latte River channel. By virtue of its height above modern stream channels and its relationship with other alluvial deposits within the m apped
area, the gravel is likely to be the oldest gravel in the quadrangle. T his gravel is not exposed on the quadrangle and was only identified on water-well logs. Aggradation during the
Late P leistocene and Early H olocene is recorded by younger, inset terraces and their underly ing deposits: Q a3(Late P leistocene and Early H olocene) and unit Q a2(H olocene). T he
youngest alluvial unit is Q a1and it underlies modern channels and low (1 to 2 m high) terraces.

T wo paleovalleys, interpreted from high-resolution (1 m) hillshaded lidar im agery, ex tend from adjacent quadrangles to the west and east. T he aerial ex tent of these paleovalleys is
indicated by the hachured pattern on the geologic m ap. In the western part of the m apped area, Lone T ree Creek occupies one of these valleys. Lone T ree Creek has experienced at
least three m ajor episodes of aggradation and erosion. At least two older terrace levels m antled by unit Q e are evident on hillshaded lidar on the eastern side of the drainage, in
addition to H olocene alluvium  underly ing the modern channel. T he two terraces and modern channel are identified on cross section B-B’. Between the deposition of the lower
terrace and the establishm ent of the modern channel, eolian sedim ents were deposited over the terraces. Alluvium  associated with the Lone T ree Creek paleovalley is locally as
m uch as 10 m thick and at least 1 to 2 m of eolian sedim ent m antles the underly ing alluvium in most areas. Crow Creek, on the eastern side of the m apped area, is incised into a
paleovalley ex tending from the east. As m uch as 6 m of eolian sedim ent m antle the underly ing alluvium in this paleovalley. Alluvial packages are predom inantly 6 to 9 m thick,
and one DW R borehole indicates the alluvium m ay be as m uch as 12 m thick. T here is at least one higher level terrace, underlain by unit Q a2, along Crow Creek that is locally
m antled by a very thin layer (<1 m) of eolian sedim ents in places. T he modern channel of Crow Creek is underlain by unit Q a1.

Eolian sedim ents were episodically deposited along the Front Range throughout the P leistocene and H olocene, as indicated by radiocarbon ages and vary ing degrees of soil
developm ent. Major dune fields are present on both sides of the South P latte River and dune crests directions indicate prevailing winds are from the northwest and have been for
m uch of the H olocene (Aleinikoff and Muhs, 2006). Regional sand dunes and sand sheets are currently stable; however, local sand bodies m ay mobilize during high winds in areas
where vegetation is sparse or has been rem oved and broad areas could be destabilized in the future from hum an developm ent or changes in the local clim ate (Muhs and others,
1995). Eolian sedim ent m antles m uch of the Late P leistocene aged units in the m apped area indicating that eolian sedim ent within the m apped area is likely all H olocene in age.
Lone T ree and Crow creeks are underlain by unit Q a1and have eroded into eolian deposits. Many archaeological sites were identified within and near the m apped area (H aynes
and others, 1998; Meyer, 2019). Artifacts m ade by Clovis P aleoindians at these sites were found in eolian sedim ents that m antle terraces. T hese sedim ents yielded radiocarbon
ages ranging from approx im ately 9,500 to 11,500 yrs BP (H aynes and H aas, 1974).

REFERENCES
Aleinikoff, J.N., and Muhs, D.R., 2006, Isotopic evidence for South P latte River and bedrock sources for Eastern Colorado dune fields: Second International P lanetary Dunes
W orkshop, 2010.

Church, Michael, and Ryder, J.M., 1972, P araglacial sedim entation – A consideration of fluvial processes conditioned by glaciation: GSA Bulletin, v. 83, no. 10, p. 3059 – 3071.

FEMA, FEMA flood m ap service center: access in 04/2020 at https://msc.fem a.gov/portal/hom e
H aynes, D.K., and H aas, H ., 1974, Southern Methodist U niversity radiocarbon date list I: Radiocarbon 16, p. 368-380.

H aynes Jr, V .A., McFaul, Michael, Brunswig, R.H ., and H opkins, K.D., 1998, Kersey-Kuner terrace investigations at the Dent and Bernhardt sites, Colorado: Geoarchaeology, An
International Journal, v. 13, no. 2, p. 201-218.

H igley, D.K., and Cox, D.O., 2007, Oil and gas exploration and developm ent along the Front Range in the Denver Basin of Colorado, Nebraska, and W yom ing in P etroleum
system s and assessm ent of undiscovered oil and gas in the Denver Basin P rovince, Colorado, Kansas, Nebraska, South Dakota, and W ymoing: U .S. Geological Survey, Digital
Data Series, DDS-69-P., 45 p.

H unt, C.B., 1954, P leistocene and recent deposits in the Denver Area, Colorado: Geological Survey Bulletin 996-C.
Keller, S.M., Lindsey, K.O., and Morgan, M.L., 2017, Geologic m ap of the Berthoud quadrangle, Larim er, W eld, and Boulder counties, Colorado: Colorado Geological Survey,
OF-17-03, scale 1:24,000.

Keller, S.M., Lindsey, K.O., and Morgan, M.L., 2019, Geologic m ap of the Gowanda quadrangle, W eld County, Colorado: Colorado Geological Survey, OF-19-02, scale 1:24,000.

Kellogg, K.S., Shroba, R.R., Bryant, Bruce, and P rem o, W .R., 2008, Geologic m ap of the Denver W est 30’ x 60’ quadrangle, North-Central Colorado: U .S. Geological Survey,
Scientific Investigations Map 3000, scale 1:100,000.

Machette, M.N., 1985, Calcic soils of the southwestern U nited States: Geological Society of Am erica Special P aper no. 203, pp. 1-21.

Madole, R.F., 1991, Colorado P iedmont Section in W ayne, W .J., ed., Q uaternary geology of the northern Great P lains, Chapter 15 of Morrison, R.B., ed., Q uaternary nonglacial
geology – Conterm inous U nited States: Geological Survey of Am erica, T he Geology of North Am erica, v. K-2, p. 456-462.

Madole, R.F., 2016, Geologic m ap of the Longm ont quadrangle, Boulder and W eld counties, Colorado: Colorado Geological Survey, OF-16-05, scale 1:24,000.

Madole, R.F., V anSistine, D.P., and Michael, J.A., 2005, Distribution of Late Q uaternary wind-deposited sand in eastern Colorado: U .S. Geological Survey, Scientific
Investigations Map 2875, scale 1:700,000.

Meyer, K.A., 2019, T he Fox site (5W L8848) – a Clovis occupation on the Kersey T errace, northern Colorado: Colorado State U niversity, Fort Collins, CO.

Muhs, D.R., Cattle, S.R., Crouvi, Onn, Rousseau, Denis-Didier., Sun, Jim in, Zárate, M.A., 2014, Loess records,in, Knippertz, P eter, Stuut, Jan-Berend, eds., Mineral dust – A key
player in the Earth system: Springer P ublishing, pp. 411-441.
Muhs, D.R., Stafford, T .W ., Cowherd, S.D., Mahan, S.A., Kihl, Rolf, Maat, P.B., Bush, C.A., and Nehring, Jennifer, 1995, Origin of Q uaternary dune fields of northeastern
Colorado: Geomorphology, v. 17, p. 129-149.

Munsell Color, 1991, Munsell soil color charts, 1990 edition revised: Newburgh, NY, Macbeth Division of Kollmorgen Instrum ents Corp., 14 p.

Schweinsberg, A.D., Briner, J.P., Licciardi, J.M., Shroba, R.R., and Leonard, E.M., 2020, Cosmogenic 10Be exposure dating of Bull Lake and P inedale moraine sequences in the
U pper Arkansas River valley, Colorado Rocky Mountains, U .S.A.: Q uaternary Research, p. 1–15,

Scott, G.R., 1960, Subdivision of the Q uaternary alluvium east of the Front Range near Denver, Colorado: Geological Society of Am erica Bulletin v. 71, p. 1541-1544.

W eim er, R.J., 1996, Guide to the petroleum geology and Laram ide orogeny, Denver Basin and Front Range, Colorado: Colorado Geological Survey Bulletin 51, 127 p.

" " " "

4850 ft

4800 ft

4750 ft

4700 ft

4650 ft

4600 ft

4550 ft

1400 m

1475 m

1450 m

1425 m

paleovalley

B
W

ELEV IN
METERS

B'
E
ELEV IN
FEET

VERTICAL EXAGGERATION 20X

938-R 2848-F2849-F 22168-F

Kp

Qe

Qg?

Qg?

Qg?

Qa1

Kp

Qe

Kp

Qe

? ? ?

B B B B B B B B B B B B B B

Sea level

500 m

3000 ft

2000 ft

1000 ft

5000 ft

4000 ft

Sea level

1500 m

1000 m

2000 m

-1000 ft

-2000 ft

-3000 ft

-500 m

ELEV IN
FEET

S
C'

ELEV IN
METERS

C
N

NO VERTICAL EXAGGERATION

FOOS 14
-2

SITZMAN 3-1

ANNIE B3-1
0

DEWEY 22
-28

MCKEE 12
-21

GULLE
Y 17

-13

CHEWY B 23
-23

TREBOR B11-
13

SUGHROUE 41
-33

PETRIKIN A 34
-13

PETRIKIN A 34
-12

WELLS
 TRUST 14

-21

STARMAN-USX A 17
-23

MILE
 HIGH SHEEP 8-3

2

LO
NG

MO
NT

 W
RE

NC
H

FA
UL

T Z
ON

E

Kp

Kcgg
Kn

Kp

Kcgg
Kn

Kp

Kcgg
Kn

Klf Klf Klf

GEOLOGIC MAP OF T H E KERSEY Q U ADRANGLE, W ELD COU NT Y, COLORADO
CORRELAT ION OF MAP U NIT S, 3-D OBLIQ U E, GEOLOGIC H IST ORY, AND CROSS SECT IONS

Kassandra O. Lindsey and Martin J. P alkovic
2020

CROS S  S ECTION A-A'

CROS S  S ECTION B-B'

CROS S  S ECTION C-C'

Field  
Num ber

Laboratory 
Num ber Map un it Material UTM 

Eastin g a
UTM 

Northin g a Latitud e Lon gitud e
Depth Below 
Groun d  
S urface (m )

Aliquots Equivalen t Dose 
(De) (Gy)c

Over d ispersion  
(%)d U (ppm )e Th (ppm )e K2O (%)e H20 (%) Cosm ic d ose rate (m Gray/yr)f

Dose Rate 
(m Gray/yr) 

S AR-OS L age 
(yr)g

KY 1 Q a? Alluvium 535046 4473403 40.411 -104.587 25.3 30/35 309.26 ± 12.99 20 ± 3 1.72 ± 0.01 8.94 ± 0.01 3.91 ± 0.01 10 ± 2 0.04 ± 0.004 3.56 ± 0.09 86,980 ± 4090
KY 2 Q a? Alluvium 535046 4473403 40.411 -104.587 21 28/35 272.17 ± 13.36 22 ± 3 2.04 ± 0.01 7.58 ± 0.01 3.70 ± 0.01 10 ± 2 0.05 ± 0.005 3.65 ± 0.09 75,540 ± 4020
KY 3 Q a3 Alluvium 535046 4473403 40.411 -104.587 16.5 37/46 54.26 ± 5.24 26 ± 3 1.52 ± 0.01 6.64 ± 0.01 4.71 ± 0.01 10 ± 2 0.06 ± 0.006 4.01 ± 0.10 13,510 ± 1375

 
Table 2. Carbon-14 analysis for Q uaternary depsoits in the Kersey quadrangle.
Radiocarbon dating by Beta Analytic, Inc., Miam i, Florida

Field  
Num ber

Laboratory 
Num ber Map un it Material UTM 

Eastin ga
UTM 

Northin ga Latitud e Lon gitud e
Depth Below 
Groun d  
S urface (m )

Con ven tion al 
14C age (yr BP) δ13C(‰) 14C age (14C yr 

BP)b
Calibrated  Age 
(cal yr BP)c

KY 4 Beta - 562631 Q a2 Alluvium 542106 4475342 40.427649-104.50361 2 3560 ± 30 -18.4 1980 - 1868 3929 - 3817
KY 5 Beta - 562632 Q a2 Alluvium 542106 4475342 40.427649-104.50361 0.9 1740 ± 30 -14.7 236 - 385 1714 - 1565

aNorth American Datum (NAD) 1983, zone 13N
bConventional radiocarbon age, normalized to -25‰ , based on 5,568 year half life; uncertainty ± 1 σ
cCalibrated age calculated using INT CAL13 (Reimer and others, 2013); 0 yr B.P. = 1950 A.D.

bAliquots measured, used to define De population by Central or Minimum age models (Galbraith and Roberst, 2012)

aNorth American Datum (NAD) 1983, zone 13N

dOverdispersion values reflects precision beyond instrumental errors; values of ≤ 20% (at 1 sigma lim it) indicate low dispersion in equivalent dose values and defines a unimodal distribution. V alues > 20% are associated with mixed equivalent dose signature reflecting multiple grain populations or partial solar resetting.
eU , T h, Rb and K content analyzed by inductively-coupled plasma-mass spectrometry by ALS Laboratories, Reno, NV ; and includes dose contribution from Rb.
fIncludes also a cosmic dose rate calculated from parameters in P rescott and H utton (1994) and includes soft components.
gSystematic and random errors calculated in a quadrature at one standard deviation by the Luminescence Dating and Age Calculator (LDAC) at https://www.baylor.edu/geosciences/index.php?id=962356. Datum year is AD 2010.

Table 1. OSL analysis for Q uaternary deposits in the Kersey quadrangle.

cEquivalent 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 W intle, 2003; W intle and Murray, 2006). Equivalent dose (De) was calculated by Central or Minimum age models (Galbraith and Roberts, 2012)


