
B B B B B BB B B B B

500 m

1000 ft

2000 ft

3000 ft

5000 ft

4000 ft

-500 m

1500 m

1000 m

-1000 ft

-2000 ft

Sea levelSea level

NO VERTICAL EXAGGERATION

B'
SE
ELEV IN
FEET

B
NW

ELEV IN
METERS

CROS S  S ECTION B-B'

13 114
UPV

18-9
WATKINS

18-6
LIGGETT

21-14
CERVI-USX

CC
12-34 EXCO-

WATKINS
1M FRENCH

LAKE
4-63-36

18-1
LIGGETT

18-4 C
WATKINS

18-23
SATER CC

18-3 C
WATKINS

17-13 
GUTTERSEN
USX CC

Kp

Klf

KnKn Kn

Kp
Kp

Klf Klf
Quaternary units, undivided Quaternary units, undivided Quaternary units, undivided

4250 ft

4750 ft

4500 ft

1300 m

1450 m

1400 m

1350 m

15x VERTICAL EXAGGERATION

A'
NE
ELEV IN
FEET

A
SW

ELEV IN
METERS

CROS S  S ECTION A-A'

So
uth

 Pl
att

e R
ive

r

" " " " " " " " " " " "
Permit
50924

Permit
287383

Permit
153039

Permit
286776

Permit
315212

Permit
162290

Permit
120214

Permit
157908

Permit
49104-MH

Permit
54525-MH

Permit
50382-MH

Permit
49101-MH

Klf

Qe

QesQa3

Qg1

Qa1

Qes

Qes

Qes

Klf

Klf Klf

Qa2?

COLOR ADO GEOLOGICAL SUR VEY
COLOR ADO SCHOOL OF MINES
GOLDEN, COLOR ADO

GEOLOGIC MAP OF T HE HAR DIN QUADR ANGLE, W ELD COUNT Y , COLOR ADO
COR R ELAT ION OF MAP UNIT S , 3-D OBLIQUE, GEOLOGIC HIS T OR Y , GR OUNDW AT ER  AND MINER AL R ESOUR CES, AND CR OS S  SECT IONS

OPEN-FILE R EPOR T  21-04
PLAT E 2 OF 2

DOI: https://doi.org/10.58783/cgs.of2104.huat5291

GEOLOGIC MAP OF T HE HAR DIN QUADR ANGLE, W ELD COUNT Y , COLOR ADO
COR R ELAT ION OF MAP UNIT S , 3-D OBLIQUE, GEOLOGIC HIS T OR Y , GR OUNDW AT ER  AND MINER AL R ESOUR CES, AND CR OS S  SECT IONS

Martin  J. Pa lkovic a n d Matthew L. Morga n
2021

EOLIAN
DEPOSIT S

HUMAN-
MADE
DEPOSIT S

ALLUVIAL
DEPOSIT S

Holocen e

Pleistocen e

CENOZ OIC

MESOZ OICLate
Creta ceous CR ETACEOUS

QUAT ER NAR Y

Kp

Qes

Klf

af

Qa2

Qa3

Kn

Qa1

unconformity

S URFICIAL DEPOS ITS

BEDROCK UNITS

Qg1

Qa

unconformity

?

CORRELATION OF MAP UNITS

N

VERTICAL EXAGGERATION = 5X

3-D OBLIQUE
GEOLOGIC HIS TORY, GROUNDWATER RES OURCES , 

AND MINERAL RES OURCES

REFERENCES
Birkela n d, P.W ., 1999, S oils a n d geom orphology, third edition : New Y ork, Oxford Un iversity Press, 430 p.
Cole, J.C., a n d Bra ddock, W .A., 2009, Geologic m a p of the Estes Park 30’ x 60’ qua dra n gle, north-cen tra l Colorado: U.S.
Geologica l S urvey S cien tific In vestigation s Ma p 3039, 1 sheet, sca le 1:100,000, pa m phlet, 56 p., https://pubs.usgs.gov/sim /3039/

Colorado Division  of W ater R esources, 2021, W ell Perm it S earch, a ccessed Feb 2021 at UR L:https://
dwr.state.co.us/Tools/W ellPerm its

Dechesn e, M., R a yn olds, R .G., Barkm a n n , P.E., a n d John son, K .R ., 2011, Notes on the Den ver Basin  Geologic Maps: Bedrock
Geology, S tructure, a n d Isopa ch Ma ps of the Upper Creta ceous to Pa leogen e S trata between Greeley a n d Colorado S prin gs,
Colorado: Colora do Geologica l S urvey Open  File R eport 11-01, https://coloradogeologica lsurvey.org/publication s/geologic-m a p-
stratigraphy-n otes-den ver-basin -colora do/
Epis, R .C., a n d Cha pin , C.E., 1975, Geom orphic a n d tecton ic im plication s of the post-Lara m ide late Eocen e erosion surfa ce in the
S outhern  R ocky Moun ta in s,in Curtis, B.F., ed., Cen ozoic History of the southern  R ocky Moun ta in s: Geologica l Society of Am erica
Mem oir 144, p. 45-73.

Federa l Em ergen cy Ma n a gem en t Agen cy (FEMA), 2020, Nation a l Flood Hazard Layer (NFHL), a ccessed Ja n uary 2020 at UR L
https://www.fem a.gov/n ation a l-flood-ha zard-la yer-n fhl.

Fen n em a n , N.M., 1931, Physiogra phy of western  Un ited S ta tes: New Y ork, McGraw -Hill Book Co, 534 p.

Form a n , S.L., Oglesby, R ., Markgra f, V., a n d S ta fford, T., 1995, Pa leoclim a tic sign ifica n ce of la te Quatern ary eolia n  deposition  on
the Piedm on t a n d High Pla in s, cen tra l Un ited S tates: Globa l a n d Pla n etary Cha n ge, v. 11, p. 35-55.
Globe, 2005, T he Globe Profession a l S oil Color Book: A Pocket Guide for the Iden tifica tion of Soil Colors. Visua l Color S ystem s,
41 p.

Howard, A.K ., 1986, Soil Classification  Ha n dbook: Un ified S oil Classifica tion  S ystem . Burea u of R ecla m a tion , Geotechn ica l
Bra n ch, Division  of R esearch a n d La boratory S ervices, Den ver, Colorado, 2n d edition , 106 p.

Hun t, C.B., 1954, Pleistocen e a n d R ecen t Deposits in  the Den ver Area, Colorado: U.S . Geologica l S urvey Bulletin  996-C, p. 91-
140.

K eller, S.M., Lin dsey, K .O., a n d Morga n , M.L., 2017, Geologic Map of the Berthoud qua dra n gle, Larim er, W eld, a n d Boulder
Coun ties, Colorado: Colorado Geologica l S urvey Open -File R eport 17-03, sca le 1:24,000, https://colora dogeologica lsurvey.org/
publication s/geologic-m a p-berthoud-qua dra n gle-boulder-larim er-weld-colora do/.

K ellogg, K .S., S hroba, R .R ., Brya n t, B., a n d Prem o, W .R ., 2008, Geologic m a p of the Den ver W est 30’ x 60’ qua dra n gle, north-
cen tra l Colorado: U.S. Geologica l S urvey S cien tific In vestigation s Ma p 3000, 1:100,000 sca le, https://pubs.usgs.gov/sim /3000/.

Leon ard, E.M., 2002, Geom orphic a n d tecton ic forcin g of la te Cen ozoic warpin g of the Colorado Piedm on t: Geology v. 30, no. 7, p.
595-598.

Lin dsey, K .O., a n d Pa lkovic, M.J., 2021, Geologic Ma p of the Barn esville Qua dra n gle, W eld Coun ty, Colorado: Colorado
Geologica l S urvey Open -File R eport 21-01, sca le 1:24,000.
Machette, M.N., 1985, Calcic Soils of the Southwestern  Un ited S tatesin S oils a n d Quatern ary Geology of the Southwestern  Un ited
S ta tes, in  D.L. W eide a n d M.L. Fa ber, eds. Geologica l S ociety of Am erica S pecia l Paper v. 203, p. 1-21.

Madole, R .F., a n d S hroba, R .R ., 1979, T ill sequen ce a n d soil developm en t in  the North S t. Vrain  dra in a ge basin , east slope, Fron t
R a n ge, Colorado,in Ethridge, F.G., ed., Field guide n orthern  Fron t R a n ge a n d n orthwest Den ver Basin , Colora do:  Geologica l
S ociety of Am erica, R ocky Moun ta in  S ection  An n ua l Meetin g, 32n d, Fort Collin s, p. 124-178.

Madole, R .F., 1986, La ke Devlin  a n d Pin eda le gla cia l history, Fron t R a n ge, Colorado: Quatern ary R esearch, v. 25, p. 43‒54.

Madole, R .F., 1991, Colorado Piedm on t S ection ,in in  W a yn e, W .J., ed., Quatern ary geology of the n orthern  Grea t Pla in s, Cha pter
15in in  Morrison, R .B., ed., Quatern ary n on gla cia l geology – Con term in ous Un ited S tates: Geologica l Society of Am erica, T he
Geology of North Am erica, v. K -2, p. 456-462.
Madole, R .F., 2005, Distribution  of Late Quatern ary win d-deposited sa n d in  eastern  Colorado: U.S. Geologica l S urvey S cien tific
In vestiga tions Ma p 2875, 1 sheet, 1 report, https://pubs.er.usgs.gov/publica tion /sim 2875.

Madole, R .F., 2016, Geologic m a p of the Lon gm on t qua dra n gle, Boulder a n d W eld Coun ties, Colorado: Colora do Geologica l
S urvey Open -File R eport 15-16, sca le 1:24,000, https://colora dogeologica lsurvey.org/2017/811-of-16-05-geologic-m a p-lon gm on t-
qua dra n gle-boulder-weld-colora do/.

Muhs, D.R ., S ta fford, T.W ., Cowherd, S .D., Maha n , S.A., K ihl, R olf, Ma at, P.B., Bush, C.A., a n d Nehrin g, J., 1996, Origin  of late
Quatern ary dun e fields of northeastern  Colorado: Geom orphology, v. 17, p. 129-149.
Muhs, D.R ., Alein ikoff J.N., S ta fford, T.W ., Jr., K ihl, R olf, Been , J., Ma ha n , S.A., a n d Cowherd, S.D., 1999, Late Quatern ary loess
in  n ortheastern  Colora do – Part I, Age a n d pa leoclim a tic sign ifica n ce: Geologica l Society of Am erica Bulletin , v. 111, p. 1861-1875.

Muhs, D.R ., Cattle, S.R ., Crouvi, O., R ousseau, D-D., S un , J., a n d Z ara te, M.A., 2014, Loess R ecords,in in  K n ippertz, P., S tuut, J-
B.W .,eds., Min era l Dust. S prin ger Netherla n ds, Dordrecht, p. 411-441.

Nelson, A.R ., Millin gton, A.C., An drews, J.T., a n d Nichols, H., 1979, R a diocarbon -dated upper Pleistocen e gla cia l sequen ce, Fraser
Va lley, Colora do Fron t R a n ge: Geology, v.7, p. 410‒414.

Palkovic, M.J., Lin dsey, K .O., a n d Morga n , M.L., 2018, Geologic Map of the Milliken  qua dra n gle, W eld Coun ty, Colora do:
Colorado Geologica l S urvey Open -File R eport 18-03, sca le 1:24,000, https://coloradogeologica lsurvey.org/publica tions/geologic-
m a p-m illiken -qua dra n gle-weld-colora do/.
Palkovic, M.J., Lin dsey, K .O., a n d Morga n , M.L., 2019, Geologic Map of the La S a lle qua dra n gle, W eld Coun ty, Colora do:
Colorado Geologica l S urvey Open -File R eport 19-03, sca le 1:24,000, https://coloradogeologica lsurvey.org/publica tions/geologic-
m a p-la-sa lle-qua dra n gle-weld-colorado/.

Palkovic, M.J., 2020, Geologic Ma p of the Bracewell Qua dra n gle, W eld Coun ty, Colora do: Colora do Geologica l S urvey Open -File
R eport 20-03, sca le 1:24,000, https://coloradogeologica lsurvey.org/publication s/geologic-m a p-bra cewell-qua dra n gle-weld-
colora do/.

S chwochow, S.D., S hroba, R .R ., a n d W icklein , P.C., 1974, Atlas of sa n d, gra vel, a n d quarry a ggrega te resources, Colorado Fron t
R a n ge Coun ties:  Colorado Geologica l S urvey S pecia l Publication  5-B, 217 p.
S cott, G.R ., a n d Lin dva ll, R .M., 1970, Geology of n ew occurren ces of Pleistocen e bison a n d peccaries in  Colora do: U.S. Geologica l
S urvey Profession a l Pa per 700-B, p. B141-B149.

S m ith, J.J., Layzell, A.L., Luken s, W .E., Morga n , M.L., K eller, S.M., Martin, R .A., a n d Fox, D.L., 2016, Gettin g to the bottom  of
the High Pla in s aquifer – New in sights in to the deposition a l history, stratigraphy, a n d pa leoecology of the Cen ozoic High Pla in sin
in  K eller, S.M., a n d Morga n , M.L., eds., Un foldin g the geology of the W est; Geologica l Society of Am erica Field Guide 44, p. 93-
124, doi:10.1130/2016.0044(04).

W eim er, R .J., 1996, Guide to the petroleum  geology a n d Lara m ide orogen y, Den ver Basin  a n d Fron t R a n ge, Colora do: Colora do
Geologica l S urvey Bulletin  51, 127 p.
W orkm a n , J.B., Cole, J.C., S hroba, R .R ., K ellogg, K .S., a n d Prem o, W .R ., 2018, Geologic m a p of the Fort Collin s 30' × 60'
qua dra n gle, Larim er a n d Ja ckson Coun ties, Colora do, a n d Alba n y a n d Lara m ie Coun ties, W yom in g: U.S. Geologica l S urvey

T he Hardin  qua dra n gle lies in  n ortheastern  Colora do, a pproxim a tely 76 km  n ortheast of m etropolita n  Den ver a n d a pproxim ately 22
km  southeast of Greeley. T he qua dra n gle is located within  the Colorado Piedm on t section  of the Great Pla in s physiogra phic
provin ce, a n  area in  eastern Colora do where Neogen e rocks were rem oved by erosion. T he Colora do Piedm on t is boun ded by the
Fron t R a n ge foothills to the west, the High Pla in s to the east a n d n orth, a n d the R aton Basin  to the south (Fen n em a n , 1931; Ma dole,
1991; Leon ard, 2002; S m ith a n d others, 2016). Two region a lly exten sive un con form ities m a y defin e the onset of Piedm on t
deform a tion  a n d uplift in  eastern  Colora do: a late Eocen e un con form ity con curren t with the en d of the Lara m ide orogen y, a n d a n
early Miocen e un con form ity tha t separates the Oga lla la Form a tion  from  older strata below (Epis a n d Cha pin , 1975, Leon ard, 2002).
In eastern  Colora do, Late Creta ceous (100-66 Ma) m arin e sedim en ts were deposited durin g tra n sgressive a n d regressive episodes of
the W estern In terior S ea wa y (W IS ), a large epeiric sea tha t existed durin g the Late Creta ceous. T he begin n in g of the Lara m ide
orogen y a t ~70 Ma (W eim er, 1996) is roughly con tem pora n eous with the fin a l regression of the W IS in eastern  Colora do. T his fin a l
regressive pulse of the W IS is responsible for the deposition  of the Niobrara Form a tion , Pierre S ha le, Fox Hills S a n dston e, a n d
Lara m ie Form ation . T hese bedrock un its com m on ly un derlie un con solidated sedim en tary m ateria l east of Greeley. As the Lara m ide
orogen y progressed, sedim en ts eroded off of the upliftin g R ocky Moun ta in s, fillin g the down warped forela n d basin  from  west to
east with detrita l sedim en t. T his sedim en tary basin , kn own  as the Den ver Basin , is a stron gly asym m etric structura l basin , with
steeply dippin g strata a lon g its western  fla n k a n d gen tly dippin g strata a lon g its eastern fla n k (W eim er, 1996, Dechesn e a n d others,
2011).

Bedrock is not exposed in the Hardin  qua dra n gle. In the cen tra l part of the qua dra n gle (E ½  sec. 9 a n d W  ½  sec. 10, T. 4 N, R . 63
W ), Middle (781 ka-126 ka) to Late (126 ka-11 ka) Pleistocen e gra vel (Qg1) m a n tles a high area. T his is a n  exa m ple of topographic
in version  beca use these gra vel clasts are m ore resista n t to erosion tha n  the surroun din g sedim en tary m ateria l. T ypica lly, the on ly
eviden ce of a Qg1deposit in  the la n dsca pe is the presen ce of gra vel clasts exposed in  a m atrix of eolia n  sedim en t.

Eolia n  sa n d bla n kets approxim ately 78 percen t of the qua dra n gle. Eolia n  sa n d in  n ortheastern  Colora do was largely deposited durin g
the Late Pleistocen e, but less exten sive deposition has con tin ued periodica lly durin g the Holocen e (11.7 ka-presen t) (Form a n  a n d
others, 1995; Muhs a n d others, 1996; Muhs a n d others, 1999; Ma dole, 2005; K ellogg a n d others, 2008; Cole a n d Bra ddock, 2009;
Madole, 2016; K eller a n d others, 2017; W orkm a n  a n d others, 2018; Pa lkovic a n d others, 2018; Palkovic a n d others, 2019).
S pecifica lly, durin g the Pin eda le gla ciation , Madole (2016) posited that stron g n orthwesterly win ds were largely responsible for the
vast eolia n  deposition  in the n orthern  Fron t R a n ge. T his hypothesis is supported by a bun da n t n orthwest-southeast tren din g lin ear
dun e crests south of the South Platte R iver in  the Hardin  qua dra n gle. Addition a lly, m a n y eolia n  deflation  (blowout) features a n d
dun e crests are visible on lidar im a gery n orth a n d south of the South Platte R iver, a n d are shown  on the geologic m a p. Toda y, eolia n
deposits cover m ost of the Middle a n d Upper Pleistocen e a lluvia l gravels in  the Greeley area, with on ly the highest (oldest) gra vels
are exposed in  the m a p area.

T he South Pla tte R iver bisects the n orthern  part of the Hardin  qua dra n gle from  west to east. After widesprea d eolia n  deposition
occurred, the South Platte R iver a n d its tributaries in cised a n d deposited a lluvium  (Qa1, Qa2a n d Qa3) from  the Late Pleistocen e to
presen t (Ma dole a n d S hroba, 1979; Nelson a n d others, 1979; Ma dole, 1986; Ma dole 1991; K ellogg a n d others, 2008; Cole a n d
Bra ddock, 2009; K eller a n d others, 2017; Pa lkovic a n d others, 2018; W orkm a n  a n d others, 2018; Palkovic a n d others, 2019). Un its
Qa 1a n d Qa 2are hydra ulica lly con n ected to the South Pla tte R iver, in fluen cin g the static wa ter level in  those un its. In un it Qe,
groun dwater m a y be m uch deeper below the groun d surfa ce. S ta tic wa ter levels from  DW R  boreholes (at the tim e of drillin g) in un it
Qe ra n ge from  6 to 40 m  below groun d surfa ce, with a m ea n  water level of 23 m  below groun d surfa ce for wells spudded in  eolia n
sedim en t south of the South Pla tte R iver surfa ce (Division of W a ter R esources, 2019). On the qua dra n gle, un it Qe is a n  exten sive
source of sa n d, correlative with un it E3 of S chwochow a n d others (1974).

Tab le 1. R a diocarbon Dates.

Field Numb er
Lab oratory 
Numb er Map Unit Material Dated LatitudeLongitude

Approximate 
Depth  (m) δ13C(‰)

14C age
(14C yr BP)b

Calib rated 
Age 

(cal yr BP)c

V028C14-1 Beta-574016 Qa Orga n ic S edim en t 40.355 -104.486 0.8 -20.7 1780 ± 30 1813 - 1616
V028C14-2 Beta-574017 Qa Orga n ic S edim en t 40.266 -104.487 1.8 -21.1 2650 ± 30 2799 - 2740

aNorth Am erica n Datum  (NAD) 1983, zon e 13N
bConven tion a l ra diocarbon a ge, norm a lized to -25‰ , based on 5,568 year ha lf life; un certa in ty ± 1 σ
cCa librated a ge ca lcula ted usin g INT CAL13 (R eim er et a l., 2013); 0 yr B.P. = 1950 A.D.


