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DESCR IPTION OF MAP UNITS

A

A'

B

B' SUR FICIAL DEPOSITS
HUMAN-MADE DEPOSITS

ALLUVIAL DEPOSITS

Allu viu m  two (Holocene to Upper Pleistocene)—  U nit Q a2 underlies
terraces 6 to 26 ft (2 to 8 m) abov e th e th ree mainstem drainag es in th e
quadrang le. Natural exposures are rare. T erraces underlain by Q a2 are
continuous w ith  and correlativ e w ith  alluv ial sand and silt of unit Q ss in th e
Fort Lupton quadrang le adjacent to th e east (Soister, 1965). Most sediment of
unit Q a2is fine g rained, being  eith er clayey silt or silty clay, th e latter h av ing
some content of v ery fine sand. Coarser sediment of th e unit is silt to fine sand
w ith  trace medium to coarse sand, and fine to medium sand w ith minor coarse
and v ery coarse sand. W h ere exposed along  Little Dry Creek th e unit contains
a layer of g rav elly medium to v ery coarse sand w ith  abundant subrounded
g rav el up to coarse cobble size, including  blue-g ray quartzite, g ranitics, vein
quartz, and g neiss. T h e layer is 2.5 to 5 ft (0.8 to 1.5 m) th ick and is of
unknow n lateral extent. U nit Q a2sand can rang e from ang ular to rounded, and
g rav el content is commonly subrounded. Finer Q a2locally can contain th e
follow ing : rare ang ular Laramie Formation mudstone, siltstone, and coal
frag ments rang ing  from v ery coarse sand to small g ranules; rare rounded
g ranitics and oth er crystalline rocks from g ranule to coarse pebble size; and
rare rounded pebble-sized rip-up clasts of alluv ial sediment. Some exposures
along  Big  Dry Creek and Little Dry Creek contain distinct layers 1 to 3 ft (0.3
to 1 m) th ick; fine-g rained layers are laminated to th in-bedded. Carbonate
dev elopment of Q a2is v ariable, w ith  tw o-th irds of th e sampled locations being
nonefferv escent or v ery slig h tly efferv escent w ith  h ydroch loric acid (using  th e
efferv escence class assessment of NRCS, 2018), and th e remaining  th ird
strong ly efferv escent. U nit Q a2is less calcareous th an Q e, both  by v isual
observ ation and by efferv escence. U nit Q a2colors mostly are darker th an
th ose of Q e, Q es, and Q g 2. O ccurrences of fine-g rained Q a2are dark and v ery
dark g rayish -brow n and v ery dark-g ray (all h ue 2.5 Y);  dark-brow n (h ue 7.5
YR);  and and oth er v ariations of brow n (w ith in h ue 10YR). Coarser Q a2
mostly is lig h ter-colored th an th e finer material, w ith  mostly lig h ter v ariations
of brow n (h ues 7.5 YR and 10 YR). At sev eral stream cuts th e Q a2exposures
are 5 to 8 ft (1.5 to 2.4 m) in h eig h t. T h e few  w ater w ell log s in mapped Q a2
areas indicate th ickness from 13 to 27 ft (4.0 to 8.2 m). A radiocarbon analysis
from Q a2(sample location F245BC14, 5.7 ft [1.7 m] below  g round surface)
(T able 1) yielded an ag e of 4,450 +/- 30 C14 yr (late H olocene). In most of th e
Frederick quadrang le, unit Q a2is not a likely potential source of sand and
g rav el, because th e deposit h as a h ig h  clay and silt content and also because
g rav el-rich  layers are rare. Layers of coarse sand and g rav el w ith in unit Q a2
w ere observ ed at tw o locations along  Big  Dry Creek: immediately south  of
W eld County Road (CR) 6, and w h ere CR 15 crosses th e creek. T h e area
mapped as Q a2is prone to flooding  (see Plate 2 section on mineral resources,
g roundw ater, and g eolog ic h azards).
Gravel deposit two (Upper to Middle (?) Pleistocene)—  Exposures of unit
Q g 2exist as isolated remnants at a limited number of locations near th e th ree
mainstem drainag es w ith in th e quadrang le. In th e Erie quadrang le adjacent to
th e w est, th e unit is mapped as V erdos Alluv ium (Colton and Anderson, 1977),
and in th e Fort Lupton quadrang le adjacent to th e east it is mapped as Rocky
Flats Alluv ium (Soister, 1965). At its type section in th e Littleton quadrang le
(Scott, 1962) th e V erdos Alluv ium is deposited upon th e Lav a Creek “B” ash ,
w h ich  w as dated using 40Ar/39Ar to be 641.9 ka +/-  28 ka; th e g rav el post-
dates th e deposition of th e Lav a Creek “B” ash  and th erefore must be less th an
641 ka (M. Morg an personal commun., 2018).  Furth ermore, th e ag e of Rocky
Flats Alluv ium rang es from ~400 ka  to >2 Ma (Middle Pleistocene to
Gelasian) (Riih imaki and oth ers, 2006).  In th e present report, unit Q g 2is not
assig ned to eith er th e V erdos or Rocky Flats alluv iums. U nit Q g 2h as sev eral
ch aracteristics in common w ith  oth er g rav el units mapped in areas near th e
Frederick quadrang le: similarity in appearance, locations at h ig h er elev ations
along  th e sides of main stem drainag es, and association w ith  inv erted
topog raph y. Grav el units possibly related to Q g 2 are: unit Q g 2 of th e
Joh nstow n quadrang le (P alkov ic and Morg an, 2017) and Berth oud quadrang le
(Keller et al., 2017) ~10 miles (16 km) to th e north  and north w est,
respectiv ely; w ith unit Q g 2of th e Milliken quadrang le (P alkov ic and Morg an,
2018) ~10 miles (16 km) to th e north east; and w ith  unit Q ao and possibly unit
Q a5of th e Long mont quadrang le (Madole, 2016) adjacent to th e north w est.
Natural outcrops are poorly exposed and at sev eral places th e only indicator of
Q g 2is a h illtop h av ing  abundant pebbles and cobbles w ith w h ite carbonate
rinds. T h e best Q g 2 exposure on th e quadrang le is in a sh allow  trench ,
excav ated for th e purpose of th is map at sample location F080B, ~0.25 miles
(0.4 km) north  of W eld County Rd. 8 and midw ay betw een Rds. 15 and 17.
T h e interv al from 0 to 2.9 ft (0 to 0.9 m) below  g round surface in th is trench  is
a layer of clayey silt to fine sand w ith  trace larg er content of v ery coarse sand
plus g rav el up to fine cobble size. Color is v ery pale-brow n (h ue 10YR),
pebbles and cobbles h av e partial carbonate rinds, and th e matrix is moderately
coh esiv e. From 2.6 to 4.8 ft (0.8 to 1.5 m) th ere is a layer of silt to fine sand
w ith  Laramie Formation mudstone, carbonaceous sh ale, and coaly frag ments
up to fine pebble size, and abundant subrounded crystalline pebbles up to
coarse pebble size. Color is brow n and dark yellow ish -brow n (h ue 10YR) w ith
abundant reddish -brow n mottles up to 0.12 inch es (3 mm), pebbles h av e
partial carbonate rinds, and th e matrix is h ard and coh esiv e. W eath ered Fox
H ills Sandstone occurs at 4.9 ft (1.5 m). In th is trench  a Bk h orizon is present
from 0.9 to 4.8 ft (0.3 to 1.5 m) and contains w h ite carbonate nodules up to 0.6
inch es (15 mm) across.  At th ree Q g 2locations (tw o in sec. 10, T . 1 N., R. 67
W . and one in sec. 12, T . 1 N., R. 68 W .) th e deposit is matrix supported and
consists of clayey silt to fine sand, silt to v ery fine sand, and silt to medium
sand w ith  minor coarse sand. T h e g rav el fraction rang es from g ranules to
coarse cobbles, and contains subrounded and rounded clasts of g ranitics, v ein
quartz, blue-g ray quartzite, and rare dark-red sandstone (probably Fountain
Formation). Granule-sized purple-brow n Laramie Formation ironstone
frag ments are rare. Some pebbles and cobbles are partially coated w ith  w h ite
carbonate rinds. At four locations (tw o in sec. 7, T . 1 N, R. 67 W .; one in sec.
10, T . 1 N., R. 67 W .; and one in sec. 22, T . 1 N., R. 68 W .) unit Q g 2is a
poorly sorted sandy g rav el or g rav elly sand. T h e matrix is fine to v ery coarse
sand. T h e g rav el fraction is up to 5.9 inch es (15 cm), is subrounded to
rounded, and h as th e composition described abov e; some larg er clasts h av e
carbonate rinds. At tw o locations (sec. 12, T . 1 N, R. 68 W . and sec. 22, T . 1
N., R. 68 W .) th e upper part of unit Q g 2is rew orked and interming led w ith  Q e
clayey silt to fine sand.

U nit Q g 2colors are mostly pale- and very pale-brow n, lig h t yellow ish -brow n,
yellow ish -brow n, dark yellow ish -brow n, brow n, g rayish -brow n (all h ue
10Y R); less common are w h ite (h ue 10YR), lig h t-g ray (h ue 2.5Y), and brig h t-
w h ite (not in Munsell colors). A Bk h orizon is locally w ell dev eloped, w ith
w h ite carbonate nodules and filaments and (less commonly) perv asiv e w h ite
carbonate.  In th e rare excav ations and road cuts in Q g 2th e v ertical exposure is
5 to 8 ft (1.5 to 2.4 m) th ick.  At th e Q g 2exposure on th e east quadrang le
boundary and 0.25 miles (0.4 km) south  of W eld County Rd. 16, th ickness
may be as g reat as 16 ft (5 m). T h is unit reportedly h as been excav ated for
g rav el at an occurrence along  th e east boundary of th e quadrang le, but th is
location w as inaccessible w h ile mapping . T h e O SL ag e of unit Q g 2, sampled
betw een 4.4 and 4.8 ft (1.3 and 1.5 m) below  g round surface and at th e base of
th e unit, is 29,940 +/- 3,380 yr (T able 1). T h is O SL ag e is late Pleistocene, but
tw o features of unit Q g 2indicate th at it may be as old as middle Pleistocene: 1)
its w ell-dev eloped Bk h orizon at th e ag e-date sample location (F080BO SL);
and 2) th e inv erted topog raph y at th e unit's v arious exposures, most notably
along  th e w est and east boundaries of th e quadrang le, but also in a line
running  along  h ig h er elev ations north w est of Little Dry Creek.

Artificial fill (upperm ost Holocene) — Riprap, fill, and refuse placed during
construction of roads, railroads, building s, dams, and landfills. Generally
consists of unsorted 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.

Allu viu m  one (u pper Holocene)—  U nit Q a1occupies activ e ch annels of Big
Dry Creek, Little Dry Creek, and an unnamed north -flow ing  tributary to Saint
V rain Creek, and underlies terraces th at are less th an 3 ft (1 m) abov e th e
ch annel and up to 200 ft (60 m) w ide. T h e finer-g rained fraction of unit Q a1
sediment rang es from silty clay to clayey silt w ith  fine sand, and contains trace
rounded g ranitic and v ein quartz pebbles. Colors are brow n (h ue 7.5YR), and
v ery dark-g ray and v ery dark g rayish -brow n (h ue 10YR); blue-black mottling
is locally present (all colors are per Munsell Color, 1991). T h e finer-g rained
fraction of unit Q a1is noncalcareous to w eakly calcareous. P oint bars in th e
activ e ch annels are uncommon and consist of medium to coarse sand w ith  rare
quartz g ranules, and coarse to v ery coarse sand w ith  minor g rav el up to v ery
coarse pebble size. T h e sand is subrounded to rounded and is ~70% quartz
along  w ith  feldspar, opaques, and trace biotite. Grav el clasts consist of
subrounded to rounded g ranitics, v ein quartz, and blue-g ray quartzite. T h e
ov erall colors of Q a1bars are pale-brow n and lig h t brow nish -g ray (h ue 10YR),
and th e sediment is loose and noncalcareous. W ith in th e quadrang le, th is unit
is likely not a potential source of sand or g rav el, because of th e paucity and
small size of point bars w ith in th e ch annels. T h e area mapped as Q a1is prone
to flooding  (see Plate 2 section on mineral resources, g roundw ater, and
g eolog ic h azards).
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COLORADO

QUADRANGLE LOCATION

Loess (m iddle (?) Holocene to Upper Pleistocene)—  U nit Q e cov ers most
of th e south ern th ree-quarters of th e quadrang le. O n th e basis of deposit type
and position in th e landscape, it is continuous w ith  and equiv alent to Q e
(eolian sediment) of th e Long mont quadrang le adjacent to th e north w est
(Madole, 2016) and Q l of th e Fort Lupton quadrang le (Soister, 1965), and is
termed loess in both  th ese quadrang les. Also using  th e abov e criteria, unit Q e
is continuous w ith  and equiv alent to both  th e Q e (eolium) and Q el (loess) of
th e Erie quadrangle (Colton and Anderson, 1977), but th e distinction betw een
eolium and loess w as not apparent in th e Frederick quadrang le. U nit Q e is
massiv e and fine g rained, rang ing  from clayey silt or silty clay, th roug h  silt to
very fine sand, to clayey silt to fine sand. Locally th e deposit contains rare to
abundant ang ular frag ments (fine to medium pebble size) of Laramie
Formation mudstone or siltstone and coal or lig nite, and frag ments of orang e
and purple-brow n Laramie Formation ironstone layers. It also contains rare
ang ular to rounded crystalline clasts up to medium pebble size, w ith  a few  as
larg e as coarse pebble size. T h ese are possibly deriv ed from local occurrences
of Q g 2. At a few  locations th ere are crystalline pebbles h av ing  w h ite partial-
carbonate rinds, and th ese pebbles presumably are deriv ed from underlying
unit Q g 2. Carbonate dev elopment in unit Q e rang es from no carbonate (rare),
th roug h  secondary accumulation consisting  of w h ite carbonate nodules and
filaments (common), to Bk h orizons dev eloped to Stag e II of Mach ette (1985)
(at a few  exposures). In th e Bk h orizon th ere are nodules up to 2 inch es (5 cm)
across, w ith  many coalesced nodules, and th e deposit is moderately cemented.
T h e best-exposed Q e soil profile w as at a v ery larg e h ousing  dev elopment
excav ation north w est of I-25 and Colorado H w y. 7. T h ere th e A h orizon
extends to 2.5 ft (0.8 m) below  g round surface, a prismatic-w eath ering  Bt
h orizon extends from 2.5 to 3.5 ft (0.8 to 1.1 m), a Bk h orizon w ith abundant
carbonate nodules extends from 3.5 ft to 7.0 ft (1.1 to 2.1 m) , and fresh er B
h orizon w ith  less carbonate underlies th e Bk. T h e Bk h orizon is distinctiv ely
lig h ter-colored th an B-h orizon material abov e and below .  Colors of relativ ely
fresh  Q e (i.e., lacking  sig nificant carbonate accumulation) dominantly are
yellow ish -brow n, dark yellow ish -brow n, brow n, dark-brow n, and dark and
v ery dark g rayish -brow n (all h ue 10YR). Lig h t oliv e-brow n, oliv e-brow n, and
dark oliv e-brow n colors (all h ue 2.5Y) also occur but are rare.  T h e Bk h orizon
ch aracteristically is very pale-brow n, pale-brow n, lig h t yellow ish -brow n, and
(rarely) yellow ish -brow n (all h ue 10YR). Natural exposures of unit Q e in th e
Frederick quadrang le are rare. Its th ickness in g eotech nical log s rang es from 3
to 23 ft (0.9 to 7 m) but mostly is 7 to 16 ft (2.1 to 4.9 m), and th ickness in
w ater w ell log s rang es mostly from 3 to 60 ft (0.9 to 18.3 m). U nit Q e is not
associated w ith  particular topog raph ic features and is present ov er a broad
rang e of elev ations (Madole, 2016).

In th e excav ation north w est of I-25 and Colorado H w y. 7, Q e ov erlies both
Laramie Formation and Fox H ills Sandstone. Sev eral detach ed, deformed, and
partially disag g reg ated blocks and tong ues of Laramie Formation, up to 3 ft
(0.9) th ick and 10 ft (3.0 m) long , are incorporated in th e low er part of unit Q e.
Q e material is found both  abov e and below  th e larg er Laramie Formation
frag ments and completely surrounds th e smaller frag ments. T h e disturbed
Laramie Formation is perv aded w ith  w h ite carbonate-rich  zones sev eral inch es
th ick, and th ese both  follow  and cut across th e Laramie Formation bedding
planes. T h ere also are irreg ular masses of carbonate-rich  material, up to 1.5 ft
(0.5 m) in diameter, in th e Q e and disturbed Laramie Formation. T h e
disturbance may be due to mass w asting . T h e Fox H ills Sandstone h as Q e-
filled indentations up to 3 ft (0.9 m) deep and 6 ft (1.8 m) w ide, w h ere Q e
contains ang ular Laramie Formation clasts.  A lobe of Q e, of unexplained
orig in, is ~1.5 ft (~0.5 m) w ide and extends ~3 ft (~1 m) dow nw ard into
w eath ered Fox H ills Sandstone; its contact w ith  th e surrounding  sandstone is
smooth  and sh arp. An undisturbed Bk h orizon ov erlies th e disturbed zone,
indicating  th at th e zone is not anth ropog enic. A radiocarbon analysis from Q e
(sample location F183EZ6C14, at th e base of th e unit) (T able 1) yielded an
ag e of 4,950 +/- 30 C14 yr (late H olocene). A radiocarbon analysis from Q e
(sample location F140AC14, 3.5 ft [1.1 m] below  g round surface) (T able 1)
yielded an ag e of 4,420 +/- 30 C14 yr (late H olocene). U nit Q e ov erlies
Laramie Formation th roug h out much  of th e quadrang le. Exceptions are a few
localized areas along  th e w estern quadrang le boundary, w est-central portion,
and south east corner, w h ere Q e ov erlies Fox H ills Sandstone; and sev eral
locations w h ere Q e ov erlies Q g 2. Geotech nical log s and one excav ation near
Firestone indicate Q es ov erlying  Q e. Loess can be prone to h ydrocompaction.
U nit Q e is not a likely potential source of sand because it h as a sig nificant clay
and silt fraction. T h e area mapped as Q e may locally contain collapsible soils
(see P late 2 section on mineral resources, g roundw ater, and g eolog ic h azards).

Collu viu m  and sh eetwash  deposits, u ndivided (Holocene to Upper
Pleistocene)—  U nit Q cs occurs as discontinuous narrow  bands along  th e
dissected south  slopes of Big  Dry Creek, Little Dry Creek, and an unnamed
tributary to St. V rain Creek. T h e topog raph ic position of Q cs is th e same as
unit Q c of th e Erie quadrang le adjacent to th e w est (Colton and Anderson,
1977). U nit Q cs matrix sediment rang es from clayey silt and v ery fine sand, to
fine sand w ith  minor medium to v ery coarse sand, and th e g rav el fraction is 5
to 20% of th e deposit. U nit Q cs g rav el contains many ang ular frag ments of
fine-g rained sandstone, mudstone, and purple-orang e ironstone layers, all
presumably deriv ed from th e Laramie Formation, and clasts rang e in size from
g ranules to v ery coarse pebbles. O th er g rav el consists of rounded g ranitic and
v ein quartz up to coarse pebble size. Colors are pale-brow n, lig h t and dark
yellow ish -brow n, dark-brow n, g rayish -brow n (all of h ue 10YR). U nit Q cs is
v ery calcareous and at some locations contains w h ite carbonate nodules from
0.04 to 0.12 inch es (1 to 3 mm) in diameter. V ertical exposures of Q cs in th e
Frederick quadrang le are from 2.5 to 4 ft (0.8 to 1.2 m), but th ickness in th e
Erie quadrangle is estimated to be as g reat as 25 ft (7.6 m) (Colton and
Anderson, 1977). U nit Q cs is not a potential source of sand or g rav el.

MASS-WASTING DEPOSITS

Qcs

Eolian sand (upper Holocene to Upper Pleistocene)—  U nit Q es occurs
mainly as an east-w est-oriented body cov ering  much  of th e north  quarter of
th e quadrang le. In th e Colorado P iedmont (including  th e Frederick
quadrang le) and Great Plains it is mapped as late Q uaternary w ind-deposited
sand (Madole, 2005). U nit Q es is correlativ e (based upon deposit type and
position in th e landscape) w ith  unit Q es (eolian sand) of th e Fort Lupton
quadrang le (Soister, 1965), and probably is equiv alent to unit Q es (eolian
sand) of th e Erie quadrang le (Colton and Anderson, 1977). U nit Q es is
exposed in some road cuts and excav ations and also can be correlated w ith
sand interv als in g eotech nical and w ater w ell log s. U nit Q es is distinctly
coarser-g rained, cleaner (h av ing  little clay and silt), and less coh esiv e th an Q e.
It consists of fine to medium sand w ith  little clay and silt, and locally contains
<5%  coarse to v ery coarse sand, and rare g rav el up to fine pebbles. T w o
locations (sec. 20, T . 2 N, R. 67 W . and sec. 25, T . 2 N., R. 68 W .) consist
only of fine sand. U nit Q es is ~75% quartz w ith  subordinate feldspar, opaque
minerals, and rare biotite and muscov ite, and is predominantly subang ular to
subrounded. Grav el content consists of ang ular Laramie Formation mudstone
or siltstone g ranules and rounded g ranitic clasts up to medium pebble size.
Bedding  is observ ed at tw o excav ations (sec. 22, T . 2 N., R. 68 W . and sec. 25,
T . 2 N., R. 68 W .), w ith  layers betw een 1 and 4 ft (0.3 and 1.2 m) th ick. U nit
Q es is noncalcareous at most locations, and colors are dominated by
yellow ish -brow n, dark yellow ish -brow n, and brow n (all h ue 10YR). At most
locations Q es sediment is loose to w eakly coh esiv e. T h e A h orizon dev eloped
on unit Q es is markedly less dev eloped th an th at of Q e and Q a2. As much  as 4
ft (1.2 m) of unit Q es is exposed at sev eral excav ations and road cuts, and 11
g eotech nical log s adjacent to th e w est and east of Firestone indicate th at Q es
th ickness rang es from 5 to 17 ft (1.5 to 5.2 m). U nit Q es is observ ed to ov erlie
Q e at tw o excav ations, and fiv e g eotech nical log s near Firestone also indicate
th is relationsh ip (i.e. sand correlativ e w ith  Q es ov erlying  sandy clay
correlativ e w ith  Q e). In th e same area, six different g eotech nical log s sh ow
sand correlativ e w ith  unit Q es as directly ov erlying  Laramie Formation,  w ith
no interv ening  sandy clay/Q e. A radiocarbon analysis from Q es sand just w est
of Firestone (sample location F249C14, 3.6 ft [1.1 m] below  g round surface)
(T able 1) yielded an ag e of 2,710 +/- 30 C14 yr (late H olocene). A radiocarbon
analysis from Q es sand just east of Firestone (sample location F157AC14, 3 ft
[0.9 m] below  g round surface) (T able 1) yielded an ag e of 7,540 +/- 30 C14 yr
(middle H olocene). T h is unit is a potential source of sand. T h e area mapped as
Q es may locally contain collapsible soils (see Plate 2 section on mineral
resources, g roundw ater, and g eolog ic h azards).

EOLIAN DEPOSITS
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BEDR OCK GEOLOGY
Bedrock units (except for Laramie Formation) are shown only in cross sections A-A' and B-
B'. Descriptions of the Laramie Formation and Fox Hills Sandstone are taken from
Spencer (1986), descriptions of the Pierre Shale are adapted from Scott and Cobban
(1965), and descriptions of older units are adapted from the geologic map of the Carter
Lake Reservoir quadrangle, 20 miles (66 km) to the northwest, where these units are
described in outcrop (Braddock and others, 1988). Thickness values for Laramie
Formation and Fox Hills Sandstone are from Spencer (1986). Thicknesses for older units
(except for Dakota Group) are from cross sections A-A' and B-B', which are based upon oil
and gas well data from the Colorado Oil and Gas Conservation Commission (COGCC).
Thickness of Dakota Group is from the geologic map of the Berthoud quadrangle (Keller
and others, 2017), 10 miles (16 km) to the northwest.

Laram ie Form ation (Upper Cretaceou s)—  T h e low er 100 ft (30 m) of th is
unit is lig h t- to medium-g ray quartzose sandstone div isible into bench es
separated by clay, fire clay (refractory clay), sh ale, or coal seams. T h e upper
600 ft (183 m) is predominantly claystone, sh ale, sandy sh ale, and lenticular
beds of sandstone and lig nite. T h ickness is ~700 ft (213 m). Coal beds in th e
low er part of th e formation are desig nated Nos. 1 th roug h  7 from low est to
h ig h est, and th eir maximum th icknesses are from 2 to 12 ft (0.6 to 3.7 m). T h e
Laramie Formation underlies th e surficial units th roug h out th e quadrang le, and
its basal portion is part of th e Laramie-Fox H ills aquifer. H istoric coal mining
in th e formation h as caused th e g round surface to be prone to local subsidence
(see P late 2 section on mineral resources, g roundw ater, and g eolog ic h azards).
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Fox Hills Sandstone (Upper Cretaceou s)—  T h is unit is a g reenish -buff,
fine- to coarse-g rained, cross-bedded quartzose sandstone in low er part,
g rading  upw ard to lig h t-yellow  and w h ite, massiv e fine- to medium-g rained
sandstone. T h ickness is 150 to 300 ft (46 to 91 m).
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Upperm ost transition m em b er and upper sh ale m em b er —  T h ese members
are combined h ere because th ey are not disting uish ed in th e CO GCC data used
for cross sections A-A' and B-B'. T h ey are recog nized in outcrop ~8 miles to th e
w est of th e Frederick quadrang le (Scott and Cobban, 1965). T h e uppermost
transition member consists of friable sandstone and soft sh aly sandstone
containing  th in-bedded sandy sh ale and larg e calcareous sandstone concretions.
T h e underlying  upper sh ale member is a g ray, friable, concretionary silty sh ale.
T h ickness is 3,400 to 4,050 ft (1,037 to 1,235 m).

Kpt/Kpu

Dakota Grou p: Sou th  Platte Form ation and Lytle Form ation (undivided)
(Lower Cretaceou s)—  U nit consists of g ray to lig h t-brow n, w ell-sorted, fine- to
medium-g rained sandstone; dark-g ray carbonaceous sh ale; g ray to lig h t-brow n,
fine-g rained sandstone; and g ray to lig h t-brow n, coarse-g rained, cong lomeratic
sandstone. T h ickness is 300 to 400 ft (91 to 137 m).
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Map Unit
Field Sam ple 
Nu m ber and Map 
Location

Date 
Collected

Laboratory 
Nu m ber Material Conventional 

C14 Age (yr BP)

Q el F140AC14 25-Aug-17 Beta - 474333 Fine to medium sand; 
bulk carbon 4420 +/- 30

Q es F157AC14 30-Aug-17 Beta - 474334 Fine to coarse sand; 
bulk carbon 7540 +/- 30

Q el F183EZ6C14 4-Sep-17 Beta - 474335 Fine to medium sand; 
bulk carbon 4950 +/- 30

Q a2 F245BC14 17-O ct-17 Beta - 477466 Clayey silt to fine 
sand; bulk carbon 4450 +/- 30

Q es F249C14 17-O ct-17 Beta - 477467 Fine to medium sand; 
bulk carbon 2710 +/- 30

Tab le 1. Age dates in th e Frederick qu adrang le

R adiocarb on dating (by Beta Analytic, Inc., Miam i, Florida, Octob er and Novem ber 2017)

Map Unit
Field Sam ple 
Nu m ber and Map 
Location

Date 
Collected Material Age (yr BP)

Q g2 F080BO SL 13-O ct-17 Grav elly silt to fine 
sand 29,940 +/- 3,380

Optically stim u lated lu m inescence (OSL) dating (b y U.S. Geological Su rvey, Denver,
Colorado , March  2018)

Note: U nit Q g 2 Bk h orizon dev elopment, and inv erted topog raph y at Q g 2 exposures, indicate 
an ag e possibly as old as middle Pleistocene, w h ich  is at v ariance w ith  th e O SL date of late 
Pleistocene.
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Larim er and R ocky R idge Sandstone Mem bers and intervening u nnam ed
sh ale units, undivided—  T h e Larimer and Rocky Ridg e Sandstone Members
are w ell-indurated, lig h t-g ray to lig h t-brow n, medium-g rained sandstones,
predominantly composed of quartz and minor feldspar and biotite. T h ickness is
50 to 200 ft (15 to 61 m).

Middle Sh ale Mem ber —  T h is unit consists of h ig h ly friable, g reenish -g ray
claystone, and sandy siltstone containing  th in bentonite beds. T h ickness is 400
to 450 ft (122 to 137 m). (For oil and g as information on th is and underlying
units, see Plate 2 section on mineral resources, g roundw ater, and g eolog ic
h azards.)

Hygiene Sandstone Mem b er, undivided—  T h e upper part of th is unit is a
w ell-indurated, lig h t-g ray, fine- to medium-g rained sandstone composed mostly
of quartz, minor feldspar, and minor opaque minerals. T h e middle portion of th e
unit is medium-g ray siltstone; th e low er part is a friable g ray concretionary
sandstone. T h ickness is 300 to 470 ft (91 to 143 m).

Lower Sh ale Mem ber —  T h is unit consists of dark-oliv e-g ray sh ale, and sandy
sh ale containing  limestone and ironstone concretions; bentonite beds are
common in th e low er part of th e unit. T h ickness is 2,150 to 2,350 ft (655 to 716
m).
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Niob rara Form ation, u ndivided (Upper Cretaceou s)—  U nit is v ery fissile, dark-
g ray sh ale containing  th in (15 ft, 5 m) micritic limestone layers. T h ickness is 200 to
300 ft (61 to 91 m).
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Colorado Grou p - Carlile Sh ale, Greenh orn Lim estone, Graneros Sh ale, and
Mowry Sh ale (undivided) (Upper Cretaceou s)—  U nit consists of oliv e-g ray silty
claystone and sandy claystone; dark-g ray limestone and oliv e-g ray, calcareous, silty
claystone and siltstone; dark-g ray to g rayish -black siltstone and claystone; and
siliceous sh ale. T h ickness is 250 to 400 ft (76 to 137 m).

Kcgg

Kpl

Kplr

Kpm

MAP SYMBOLS

Pierre Sh ale (Upper Cretaceou s)—  T h is unit consists of marine strata of dark-g ray sh ale,
siltstone, and fine-g rained sandstone. Bentonite beds are common in th e low er part of th e
unit and calcareous concretions are common th roug h out. T h e v arious members of th e P ierre
Sh ale contain index fossil ammonite species (Scott and Cobban, 1965).

Sam ple locations for age dates

Optically stim u lated lu m inescence (OSL)"

Carb on-14#

Alignm ent of cross sectionA A'

Oil and gas wellsB

Contact —  Approximately located

R am p fau lt of Kittleson (1992, 2009) at location m apped by Spencer 
(1986)  —  Existence certain, location accurate; rectangles on upth row n side
R am p fau lt of Kittleson (1992, 2009) at location m apped by Spencer 
(1986)  —  Existence certain, location accurate, location concealed; rectang les 
on upth row n side
R am p fau lt of Kittleson (1992, 2009) at location m apped by Spencer 
(1986)  —  Existence certain, location inferred, location concealed; rectang les 
on upth row n side
Hig h -ang le fau lt of Weim er (1996)  —  Existence certain, sense of 
displacement unknow n, location concealed

:! :! Hig h -ang le fau lt of Weim er (1996)  —  Existence certain, location concealed; 
ball and bar on dow nth row n side

Ob liqu e-slip fau lt, rig h t-lateral offset, of Weim er (1996) —  Existence 
certain, location concealed; ball and bar on dow nth row n side:! :!$
Anticline —  Identity and existence certain, location concealed (exposed at 
time of mapping , now  cov ered w ith  artificial fill)F

Strike and dip of inclined bedding —  Sh ow ing  direction and angle of dip in 
deg reeso7

Strike-slip fau lt (in cross section) —  A, aw ay from observ er; T , tow ard 
observ erA  T


