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G E O LO G IC M AP OF T H E  M ILLIKE N  Q U ADR AN G LE , W E LD CO U N T Y , COLO R ADO
By M artin J. Palkov ic, Kassandra O. Lindsey, and M atth ew  L. M org an

2018

DESCRIPTIO N O F MAP UNITS
SURFICIAL DEPO SITS

HUMAN-MADE DEPO SITS

Eolian se d im e nt (m id d le Holoc e ne  and  Upper Ple istoc e ne)—  Lig h t-brow n
to yellow ish -brow n, w indblow n, micaceous clayey silt w ith  minimal sand
(commonly referred to as “loess”). S iev e analysis of a sample from th e
adjacent Joh nstow n quadrang le (S ample #4, Palkov ic and M org an, 2017)
contained 0% g rav el, 14% sand, and 86% fines (material passing  a #200
siev e). Atterberg  Limit determinations rev ealed a liquid limit of 27 and a
plastic limit of 22 (plasticity index = 5). According  to th e U nified S oils
Classification S ystem, th e soil is a silt w ith  low  plasticity (M L). Loess
commonly lacks topog raph ic relief and is not associated w ith  any landform
(M adole, 2016); h ow ev er, contacts w ere discernable on Lidar imag ery due to
th e landforms associated w ith  adjacent alluvial deposits. Late Pleistocene and
H olocene alluv ial units may contain rew orked Q e. O rg anic-rich  sediment
w ith in eolian sand ov erlying  unit Q a3(sample M i061) yielded a 14C ag e of
4627 to 4432 cal yr BP (4060 ± 30 14C yr BP). O S L analysis on a sample
from th e adjacent Joh nstow n quadrang le (S ample #5, Palkov ic and M org an,
2017) yielded an O S L ag e estimate of 22,150 ± 2720 yrs. R adiocarbon dating
in th e adjacent Joh nstow n quadrang le (S ample #4, Palkov ic and M org an,
2017) yielded a 14C ag e of 9255 to 9055 cal BP (8180 ± 30 14C yr BP). O n
th e basis of th ese ag es, w indblow n sediment in Joh nstow n is g enerally
correlativ e w ith  loess near Beech er Island, CO (M uh s and oth ers, 1999) and
Late Pleistocene dune sand of eastern Colorado (M uh s and oth ers, 1996). Parts
of th is unit h av e been excav ated and g raded and may contain artificial fill in
th e upper 5 ft (1.5 m). U nit Q e h as little economic v alue; h ow ev er, it is a
h ig h ly productiv e ag ricultural medium in W eld County. Unit Q e may be
subject to mig ration in areas th at are not sufficiently v eg etated. In th e adjacent
Berth oud quadrang le (Keller and oth ers, 2017), th e unit v aries betw een 8 and
15 ft (2.4 to 4.6 m) th ick.

Disturbe d  ground  (upperm ost Holoc e ne ) —  Areas w h ere mining
operations h av e remov ed much  of th e orig inal deposit and reclamation of th e
landscape h as not occurred.

Artific ial fill (upperm ost Holoc e ne ) — R iprap, fill, and refuse placed
during  construction of roads, railroads, building s, dams and landfills.
G enerally consists of clay, silt, sand, and rock frag ments. T h e av erag e
th ickness of th e unit is less th an 20 ft (6 m). Artificial fill may be subject to
settlement, slumping, and erosion if not adequately compacted. E xtensiv e
areas of artificial fill may exist in residential and commercial dev elopments
in th e M illiken area; h ow ev er, fill areas are usually less th an 5 ft (1.5 m)
th ick and difficult to delineate, th us th e underlying  g eolog y w as mapped in
dev eloped areas.

EO LIAN DEPO SITS

dg

af Qe

ALLUVIAL DEPO SITS

Alluvium  one (upper Holoc e ne )—  Brow n sandy silt and silty clay w ith
lenses of coarse sand and pebble g rav el. G rav el rang es from subang ular to
w ell rounded and dominantly consists of quartzite, v ein quartz and
g ranitoids deriv ed from Precambrian ig neous and metamorph ic rocks
exposed in th e Front R ang e. T h e unit underlies th e S outh  Platte R iv er, th e
Big  T h ompson R iv er, and underlies low -lying  terraces 2-5 ft (0.6-1.5 m)
abov e th ese streams. S t. Vrain Creek is incised to bedrock in th e quadrang le;
h ow ev er, Q a1deposits occur adjacent to th e stream ch annel. Ch annel-bar
deposits exist adjacent to activ e streams, and are composed of g rav elly sand
w ith  lenses of fine-g rained sediment. G rav el in th e ch annel-bar deposits
consists of g ranitoids, g neiss, quartzite, and v ein quartz. On th e nearby
Berth oud quadrang le (Keller and oth ers, 2017), a sample taken from a depth
of 3 ft (1 m) below  a ~5 ft (~1.5 m) terrace of th e Little T h ompson R iv er
yielded a 14C ag e of 905 to 855 cal BP (910 ± 30 14C yr BP) indicating  th e
unit is late H olocene in ag e. U nit Q a1may be correlativ e w ith  th e post-Piney
Creek Alluv ium of Colton (1976) and U nits F1 and F4 of S ch w och ow
(1974). T h is unit w as subject to cutting  and/or g rading  and may contain
artificial fill in th e upper 5 ft (1.5 m). T h is unit may be subject to occasional
flooding  and a h ig h  w ater table due to its proximity to modern streams. U nit
Q a1is typically 2-5 ft (0.6-1.5 m) th ick.

Qa1

Alluvium  tw o (Holoc e ne )—  G ray to brow n, w eakly stratified, silty to
clayey sand w ith  beds and lenses of sandy pebble g rav el. Clasts are
subrounded to w ell rounded pebbles of quartzite, vein quartz, and g ranitoid
rocks deriv ed from th e Front R ang e. U nit Q a2 underlies stream terrace
deposits th at are approximately 5-15 ft (1.5-4.6 m) abov e th e floodplain.
O rg anic-rich  material is found in th e upper 1-2 ft (0.3-0.6 m) of th e unit and
string ers of calcium carbonate (S tag e I) are common low er in th e unit. In th e
nearby Berth oud quadrang le, Keller and oth ers (2017) reported tw o
radiocarbon ag es from unit Q a2; th e first sample yielded a 14C ag e of 1475
to 1465 cal BP (1530 ± 30 14C yr BP), and th e second yielded a 14C ag e of
2430 to 2350 cal BP (2390 ± 30 14C yr BP). S amples M i058 and M i063 in
unit Q a2yielded O ptically S timulated Luminescence (O S L) ag e estimates of
6,130 ± 470 yrs and 3,160 ± 270 yrs, respectiv ely. U nit Q a2 may be
correlativ e w ith  th e upper part of th e Piney Creek Alluvium (Colton, 1976).
Parts of th is unit h av e been cut and g raded and may contain artificial fill in
th e upper 5 ft (1.5 m). T h is unit may be subject to occasional flooding . U nit
Q a2is a potential source of commercial sand and w as activ ely mined on th e
quadrang le at th e time of th is publication. M aximum exposed th ickness of
th e unit locally exceeds 10 ft (3 m).

Qa2
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Table 2. O ptically Stim ulate d  Lum inesc e nc e  (O SL) age estim ates.

Fie ld  
Num ber

Map 
Unit

Material 
Date d

UTM 
Eastinga

UTM 
Northinga Latitud e Longitud e

Approx 
d e pth 
(m )

% Water 
c onte ntb

K 
(wt. %)c U (ppm )c Th (ppm )c

Total Dose 
(Gy/ka)d

Equivale nt 
Dose (Gy) ne Scatterf

O SL age 
(yrs) ± 1σg

M i058 Q a2
Clay and 
S ilt 519245 4465118 40.33638 -104.7734 2.44 1 (31) 4.50 ± 0.09 1.97 ± 0.1810.43 ± 0.49 5.61 ± 0.14 34 ± 2.5 18 (18) 30% 6,130 ± 470

M i063 Q a2 S and 519288 4465179 40.33694 -104.7729 2.44 0 (25) 3.88 ± 0.04 3.23 ± 0.21 17.9 ± 0.30 5.86 ± 0.08 18.5 ± 1.6 19 (20) 28% 3,160 ± 270

M i120 Q a3
S and and 
G rav el 514341 4460129 40.29154 -104.8313 1.68 3 (22) 3.61 ± 0.05 1.63 ± 0.22 8.42 ± 0.31 4.63 ± 0.10 61.2 ± 3.6 39 (40) 44% 13,220 ± 830h

M i134 Kfh S and 511097 4456051 40.25485 -104.8695 3.05 0 (23) 3.90 ± 0.09 3.09 ± 0.28 19.6 ± 0.93 6.01 ± 0.19 327 ± 18 24 (24) 25% 54,410 ± 3,460i

M i230 Q g1
S and and 
G rav el 513946 4461964 40.30806 -104.8359 1.22 2 (21) 2.56 ± 0.04 1.93 ± 0.19 6.13 ± 0.34 3.66 ± 0.14 206 ± 10 22 (24) 18% 56,310 ± 3,460

M i231 Q g1
S and and 
G rav el 513946 4461964 40.30806 -104.8359 0.61 2 (23) 2.32 ± 0.05 2.17 ± 0.24 7.25 ± 0.42 3.57 ± 0.12 86 ± 5.5 26 (30) 32% 24,120 ± 1,760

aN orth  American Datum (N AD) 1983, zone 13N
bField moisture, w ith  figures in parenth eses indicating th e complete sample saturation %.  Ages calculated using 25% of th e saturated moisture (i.e. 0 (25) = 25 * 0.25 = 6).
cAnalyses obtained using h ig h -resolution g amma spectrometry (h ig h  purity G e detector).
dIncludes cosmic doses and attenuation w ith  depth  calculated using th e meth ods of Prescott and H utton (1994).  Cosmic doses w ere about 0.20-0.29 G y/ka.
eN umber of replicated equiv alent dose (DE) estimates used to calculate th e total.  Figures in parenth eses indicate total number of measurements included in calculating
th e represented DE and ag e using th e central ag e model (CAM ) except M i120 w h ich  used th e minimum ag e model (M AM ); analyzed via single aliquot reg eneration on quartz grains.
fDefined as "ov er-dispersion" of th e DE v alues. O btained by th e "R " factor prog ram. Values >30% are considered to be poorly bleach ed or mixed sediments.
gDose rate and ag e for fine-grained 250-180 micron sized quartz.  E xponential + linear fit used on DE, errors to one sigma.
h M inimum ag e model reported due to th e h ig h  scatter v alue. T h e central ag e model is 29,370 ± 2,210 years.
iE rroneous ag e, likely dates residuum on top of th e Fox H ills S andstone.

232Th/238U AR ± 
2σb

230Th/ 238U 
AR ± 2σb

234U/ 238U 
ARb

230Th/ 232Th
ARb

M i230-1 5.977 0.065 0.004 ± 0.00004 0.572 ± 0.0041.123 ± 0.003 160.144 76.1 ± 0.831 1.153 ± 0.004
M i230-2 3.530 0.048 0.005 ± 0.00007 1.045 ± 0.0061.12 ± 0.009 231.627 256 ± 11 1.25 ± 0.012
M i230-3 4.297 0.022 0.002 ± 0.00005 0.492 ± 0.0041.17 ± 0.005 295.751 58.4 ± 0.713 1.202 ± 0.006
M i230-4 7.727 0.028 0.0012 ± 0.000030.359 ± 0.0031.144 ± 0.004 300.976 40.6 ± 0.447 1.163 ± 0.004
M i230-5 4.424 0.013 0.0001 ± 0.000030.395 ± 0.0021.177 ± 0.004 398.638 44.1 ± 0.334 1.202 ± 0.004

Table 3. U-Th c onc e ntrations, U-series isotope c om positions, calculate d  230Th/U ages and initial 234U/238U activity ratios for subsam ples 
of Mi230a. 

bM easured activ ity ratio (AR ) corrected for mass fractionation, spike contributions, procedural blank and normalized relativ e to an atomic ratio 
v alue for N IS T  S R M  4321B U-isotope standard of 234U/238U = 0.0000530

Sam ple 
Nam e

U 
c onc e ntration, 
in µg/g

Th 
c onc e ntration, 
in µg/g

Measure d  activity ratios 230Th/U Age ± 
2σ
(ka)

Initial 234U/238U 
AR ± 2σc

aS ee T able 2 for M i230 location.

Table 1. Rad iocarbon dates.

Fie ld  
Num ber

Laboratory 
Num ber

Material 
Date d

UTM 
Eastinga

UTM 
Northinga Latitud e Longitud e

Approxim ate 
d e pth (m ) δ13C (‰ )

14C age 
(14C yr BP)b

Calibrate d 
age 

(cal yr BP)c

M i061
Beta-
477465

O rg anic 
S ediment 513168 4463266 40.31982 -104.84501 0.762 -18 4,060 ± 30 4627 - 4432 

aN orth American Datum (N AD) 1983, zone 13N
bConv entional radiocarbon ag e, normalized to -25‰, based on 5,568 year h alf-life; uncertainty ± 1 σ
cCalibrated ag e calculated using IN T CAL13 (R eimer et al., 2013); 0 yr B.P. = 1950 A.D.

Alluvium  thre e (Upper Ple istoc e ne )—  Lig h t-brow n to yellow ish -brow n,
poorly sorted, fine to coarse sand w ith  lenses of pebble g rav el and lenses of
silt to v ery fine sand. U nit Q a3underlies terraces approximately 35 to 70 ft
(11 to 21 m) abov e streams. Clasts in unit Q a3 are subrounded to w ell
rounded and are dominantly composed of quartzite, v ein quartz and
ph aneritic, felsic ig neous rocks. T h e matrix predominantly consists of silt
and clay. S ample M i120 in unit Q a3yielded an O S L ag e estimate of 13,220
± 830 yrs. U nit Q a3may be correlativ e w ith  th e Broadw ay Alluvium of
Colton (1976) and U nits T 3 and T 4 of S ch w och ow  (1974). T h e unit is a
potential source of sand and g rav el. A boreh ole reg istered w ith  th e Colorado
Div ision of W ater R esources located in N W ¼ S E ¼ sec. 7, T . 4 N ., R . 66 W .,
located on a terrace betw een th e S outh Platte R iv er and th e Big T h ompson
R iv er encountered Fox H ills S andstone at a deoth  of 32 ft (9.75 m).
Construction excav ations located at S W ¼ S W ¼ sec. 12, T . 4 N ., R . 67 W .
encountered unit Q a3to a depth  of 5 ft (1.5 m), indicating  th e unit may be
betw een 5-32 ft (1.5-9.75 m) th ick. Deposits of eolian sand less th an 5 ft
(1.5 m) th ick may ov erlie areas mapped as Q a3(M adole, 2005); h ow ev er,
th ey are not mapped separately due to local v ariations in th ickness and
disturbance from h uman activ ities. Parts of th is unit h av e been excav ated
and g raded and may contain artificial fill in th e upper 5 ft (1.5 m), especially
in residential areas.

Qa3

Alluvium , und ivid e d  (Holoc e ne  to Upper Ple istoc e ne )—   Deposited in
v alley h eads and sw ales in th e upper parts of tributary drainag es w h ere
differentiation of specific alluv ial units w as not possible due to poor
exposure or lack of access. Deposit is g enerally g ray to brow n, w eakly
stratified, moderately consolidated, silty and clayey sand w ith  th in beds and
lenses of sandy pebble g rav el. T h e exposed th ickness of th e unit locally
exceeds 5 ft (1.5 m). U nit is subject to occasional flooding .

Qa

Grave l d e posit one (Mid d le Ple istoc e ne )—  G ray to lig h t-brow n, poorly
sorted, matrix-supported g rav el w ith  a silty matrix th at mantles pediment
surfaces 20-90 ft (6-27 m) abov e modern streams. Clasts are subrounded to
rounded, and dominantly composed of quartzite, v ein quartz, and sch ist. In
th e Q g 1deposit underlying  a terrace betw een th e Big T h ompson and th e
S outh  Platte in T . 4 N ., R . 67 W ., eolian sediment (unit Q e) may cov er and
interfing er w ith  Q g 1. T h e soil profile of th is unit, exposed in S E ¼ sec.13, T .
4 N ., R . 67 W ., consists of a 6-12 inch  (15-30 cm) A h orizon underlain by a
4-5 ft (1.2-1.5 m) Bk h orizon (S tag e II of M ach ette (1985)). Approximately
one th ird of analyzed clasts contain carbonate rinds. Carbonate accumulation
is predominantly on th e undersides of clasts but also in 6-12 inch  (15-30.5
cm) th ick zones w ith in th e Bk h orizon. T h e lack of a Bt (clay-rich ) h orizon
abov e th e Bk sug g ests th at th e deposit h as eith er underg one episodes of
instability w h ere th e B h orizons w ere remov ed/disturbed or th e deposit is not
of sig nificant ag e resulting in th e accumulation of clays.  S amples M i230 (4
ft/1.2 m below  g round surface) and M i231 (2 ft/0.6 m below  g round surface)
in unit Q g 1yielded O S L ag e estimates of 56,310 ± 3,460 yrs and 24,120 ±
1,760 yrs.230T h /U ag es w ere also calculated on carbonate rinds of clasts in
unit Q g 1(T able 3), yielding  ag es rang ing  from 256 to 40 ka. U nit Q g 1may
be correlativ e w ith  th e S locum Alluvium of Colton (1976) and U nit U2 of
S ch och ow  (1974). T h is unit w as quarried for ag g reg ate on th e quadrang le
and is considered a source of sand and g rav el. E stimated th ickness is 10 to
90 ft (3 to 27 m) (M adole, 1991).

Qg1

Grave l d e posit tw o (Mid d le(?) Ple istoc e ne)—  G ray to lig h t-brow n, poorly
sorted, matrix-supported g rav el w ith  a sandy-silty matrix th at is found 100 to
250 ft (30-76 m) abov e modern streams. Clasts are ang ular to w ell rounded,
and are dominantly composed of quartzite, vein quartz, g ranitoids and sch ist,
and approximately one th ird to one h alf of surv eyed clasts contain carbonate
rinds on th e undersides of clasts. E olian sediment may cov er and interfing er
w ith  Q g 2. U nit Q g 2may be correlativ e w ith  th e Verdos Alluv ium of Colton
(1976). T h is unit is a potential source of sand and g rav el. T h e th ickness of
unit Q g 2typically rang es from 10-40 ft (3-12 m).

Qg2

Alluvial-fan d e posits (Holoc e ne  to Upper Ple istoc e ne )—  T an to
yellow ish -brow n, poorly sorted, clayey to silty sand and g rav el, deposited as
indiv idual or coalesced alluvial fans at th e mouth s of h illside sw ales and
eph emeral streams. Unit Q f h as a fan-like sh ape and may contain rew orked
w ell-rounded pebbles deriv ed from local surficial and bedrock deposits. T h e
unit may be prone to flooding  and sediment-laden mud floods. T h e unit is a
potential source of sand and g rav el. Deposits locally exceed 8 ft (~2m) in
th ickness.

Qf

Colluvium  and she etwash d e posits, und ivid e d  (Holoc e ne  to Upper
Ple istoc e ne )—  Colluvium consists of frag ments of h ig h -lev el g rav els and
bedrock th at h av e been transported dow nslope primarily by g rav ity. T h e
deposits are g ray to tan to yellow ish -brow n, poorly sorted, clast-supported,
pebble to boulder g rav el in a sandy matrix, to matrix-supported, g rav elly,
clayey, sandy silt. Colluv ium contains rounded to subrounded clasts and is
w eakly stratified. S h eetw ash  deposits are g ray-brow n to g ray-tan, poorly
sorted, silty to sandy clay w ith  scattered g rav el-sized rock frag ments. U nit
th inly mantles (<10 ft/3 m) low  relief, moderate slopes w h ere bedrock is
sh allow  and consists ch iefly of local materials transported by sh eet flow .
U nit may include sediments from rills and minor g ullies, rew orked
w indblow n sediment, and bedrock residuum. U nit is g enerally 5-10 ft (1.5-3
m) th ick but may include zones of bedrock residuum near surface.
Colluvium and sh eetw ash  deposits may g rade into, and interfing er w ith ,
alluviums one, tw o, and th ree (Q a1, Q a2, and Q a3) and eolian deposits (Q e).
Areas mapped as colluvium and sh eetw ash  are susceptible to future colluv ial
and sh eetw ash  deposition and locally are subject to small debris flow s.
T h ese deposits may be sources of ag g reg ate. M aximum th ickness of th is unit
is approximately 15 ft (4.5 m).
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BEDRO CK GEO LO GY
Conglom erate of Wild cat Mound (Mioc e ne ? to O ligoc e ne )—   Lig h t-g ray
to g ray, matrix-supported conglomerate w ith  a medium to coarse sand matrix.
Bedding  rang es from massiv e to cross stratified and calcareous cement is
present th roug h out. Clast composition consists of g ranite, g ranodiorite,
quartzite, vein quartz, g neiss and lesser amounts of sch ist. Clasts are
subrounded to w ell rounded and poorly sorted, rang ing  in size from 10-100
mm.  Clasts occasionally h av e carbonate rinds on th eir undersides.  M atrix
composition dominantly consists of quartz g rains w ith  lesser amounts of
potassium feldspar, plag ioclase feldspar and lith ic frag ments. T h e sole
exposure of th is unit on th e quadrang le is at W ildcat M ound (S ½ sec. 23 and
N ½ sec. 26, T . 4 N ., R . 67 W .) in th e south w est portion of th e quadrang le.
U ranium-Lead (U-Pb) g eoch ronolog y of a detrital zircon sample (n=58) at
W ildcat M ound indicates th e unit h as a maximum depositional ag e of 28 M a
(Fig. 1) (M . S ch mitz, Boise S tate U niv ersity, w ritten communication, 2017).

OgMiC

Laram ie Form ation (Upper Cretac e ous)—  Lig h t-g ray to yellow ish -g ray,
w ell-indurated quartz sandstone interbedded w ith  dark g ray, fissile, friable,
w ell-laminated sh ale and lenticular seams of carbonaceous sh ale and lig nite.
Poor exposures exist in th e M illiken quadrang le, but th e unit w as observ ed on
a h illside in N E ¼ S W ¼ sec. 33, T . 5 N ., R . 66 W . and w ith in a pipeline
excav ation located in N E ¼ N E ¼ sec. 25, T . 5 N ., R . 67 W . T h e contact w ith
th e underlying  Fox H ills S andstone (Kfh) is conformable, and unit Kl may
locally interfing er w ith  unit Kfh.

Kl

Fox Hills Sandstone (Upper Cretac e ous)—  Lig h t-brow n to brow n, buff,
friable, massiv e, v ery fine to fine arenitic to subarkosic sandstone to sh aly
sandstone. O utcrops may be cov ered in sandy residuum. A facies of dark-
brow n to dark-g ray, th inly bedded, h ig h ly competent, silica-cemented, fine-
g rained arenitic sandstone commonly ov erlies th e more friable, massiv e facies,
forming h oodoos and prev enting  erosion of th e more friable facies. R ipple
marks and brach iopods are abundant at W ildcat M ound (S ½ sec. 23, T . 4 N .,
R . 67 W .), w h ile abundant and w ell-preserv ed Ophiomorpha burrow s w ere
observ ed in W ½ N W ¼ sec. 26, T . 4 N ., R . 67 W . T h e lig h t-brow n, massiv ely
bedded facies may contain interbedded sh ales, especially farth er east tow ards
th e contact w ith  th e ov erlying  Laramie Formation (Kl). O utcrop exposures are
abundant along  th e north side of th e S outh  Platte R iv er and th e north side of
th e Big T h ompson R iv er upstream of th eir confluence. W ell-rounded
crystalline g rav el clasts commonly litter outcrops of th e Fox H ills S andstone
adjacent to th e S outh Platte R iv er.  T h e upper and low er contacts of th e Fox
H ills S andstone are g radational and parts of th e unit are interpreted to be
stacked or "sh ing led" as th e Cretaceous Interior S eaw ay retreated eastw ard
(Dech esne and oth ers, 2011). T h e Fox H ills S andstone may locally interfing er
w ith  th e U pper T ransition M ember of th e Pierre S h ale (Kpt) in sec. 34-35, T . 5
N .,  R . 67 W . and th e Laramie Formation (Kl) near sec. 23-24, T . 4 N ., R . 67
W . H istorically, th e contact betw een th e U pper T ransition M ember of th e
Pierre S h ale and th e Fox H ills S andstone is arbitrarily defined by Lov ering
and oth ers (1932) as being  250 ft (76 m) below  th e base of th e Laramie
Formation, w h ile S cott and Cobban (1965) note th at th e contact betw een th e
tw o is unmappable betw een Denv er and Lov eland. T h e unit is approximately
300-500 ft (92-152 m) th ick.

Kfh

Pierre Shale (Upper Cretac e ous)—  T h e Pierre S h ale is a reg ionally
extensiv e unit of marine strata found ov er much  of eastern Colorado, and is
larg ely considered to be Campanian to M aastrich tian in ag e (S cott and
Cobban, 1965). T h e Pierre S h ale is primarily composed of dark-g ray sh ale and
siltstone, w ith  as many as six sandstone members th at are w ell defined on
g eoph ysical log s. T h e Pierre S h ale is underlain by th e S moky H ill S h ale
M ember of th e calcareous N iobrara Formation and is ov erlain by th e clastic
Fox H ills S andstone (S cott and Cobban, 1965). W eath ered Pierre S h ale near
th e surface may be subject to sw elling or h eav ing . T otal th ickness is
approximately 6,500 ft (1981 m).

Kp

Upper Transition Me m ber (Upper Cretac e ous)—  Composed of lig h t-
brow n to brow n, friable sandstone to sh aly sandstone th at is moderately
indurated, and w ell laminated to bedded. T h e unit is poorly exposed ov er
much  of th e quadrang le and its extent is limited to a small area in th e
north w estern part of th e quadrang le. T h e contact is conformable and
g radational w ith  th e ov erlying  Fox H ills S andstone, and th e unit may
interfing er w ith  th e Fox H ills S andstone in sec. 24 T . 4 N ., R . 67 W . T h e
unit is approximately 20-380 ft (6-125 m) th ick in th e mapped area.

Kpt

Upper Shale (Upper Cretac e ous)—  S h ow n in cross section only.
Approximately 3,200 ft (975 m) th ick.Kpu

Larim er, Ric hard and Roc ky Rid ge Sand stone Me m bers and
interve ning unnam e d  shale units (Upper Cretac e ous)—  S h ow n in cross
section only. Commonly referred to as th e Parkman S andstone member in
th e subsurface. Approximately 250-360 ft (76-110 m) th ick.

Mid d le Shale Me m ber (Upper Cretac e ous)—  S h ow n in cross section
only. Contains th e S ussex S andstone member. Approximately 370-500 ft
(113-152 m) th ick.

Hygie ne Sand stone Me m ber (Upper Cretac e ous)—  S h ow n in cross
section only. Commonly referred to as th e S h annon S andstone M ember in
th e subsurface. Approximately 390-420 ft (119-128 m) th ick.

Low er Shale Me m ber (Upper Cretac e ous)—  S h ow n in cross section
only. Approximately 2,100-2,200 ft (640-670 m) th ick.

Kplr

Kpm

Kph

Niobrara Form ation (Upper Cretac e ous)—  S h ow n in cross section
only. Approximately 315-360 ft (96-109 m) th ick.

Colorad o Group – Carlile Shale, Gre e nhorn Lim estone, Graneros
Shale, and Mowry Shale (und ivid e d ) (Upper Cretac e ous)—  S h ow n in
cross section only. Approximately 400-450 ft (122-137 m) th ick.

Kpl

Kn

Kcgg

c230T h /U  ag es, initial234U/238U activ ity ratios (AR s), and associated errors are calculated using  isotope ratios corrected for an assumed T h -
bearing  detrital component h av ing  an atomic T h /U of 4 w ith  th e follow ing  activ ity ratios and 2σ errors:232T h /238U = 1.276 ± 0.64;234U/238U =
1.0 ± 0.1; and 230T h /238U = 1.0 ± 0.25.


