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Greenhorn Lim estone (Upper Cretaceous)—  Contains from top to bottom, Bridge
Cre ek Limestone M e mber, H artland S hale M e mbe r and Lincoln Limestone M e mber; the
H artland S hale and Lincoln Limestone me mbe rs are de scribe d within the Grane ros S hale.
M appe d as unit Kg on corss se ction A-A'.

Bridge Creek Lim estone Mem ber—  T he Bridge Cre ek Lime stone
M e mbe r is the most conspicuous compone nt of the Gre e nhorn Lime stone.
T he unit was deposite d at the very highe st stage of transgression of the
W estern Interior S e away onto the N orth American continent during the
Late Cre taceous. T he Bridge Cre ek Lime stone M e mbe r is characterize d by
alte rnating, 4 to 16 in (10 to 40 cm) thick, hard, de nse chalky limestone
be ds that are rhythmically inte rbe dde d with re ce ssive, 4 to 39 in (10 to 100
cm) thick marl be ds (Cobban and S cott, 1972; Elder and Kirkland, 1985;
Kauffman, 1985). T his oscillatory patte rn, re cognize d by Gilbe rt (1897)
during the e arliest geologic inve stigations of the Arkansas R iver region,
may be du e to patte rns of astronomical forcing. T he light colore d,
we athe re d, dense micritic lime stone laye rs comprise a package of about 60
layers de posite d with alternating softe r marls and marly shales in a
se qu e nce only 50 ft (15 m) thick. T he climatic and paleobiologic re cord
re corde d within these laye rs has be e n inve stigate d by many rese arche rs,
le ading to re cognition of the global standard Cenomanian-T uronian
boundary se ction in Pue blo (Kenne dy and others, 2005). T he conce pt of
worldwide O ce an Anoxic Events (O AE), and in particular O AE2 at 94 M a,
have be e n docume nte d in the Bridge Cre ek M e mber. Individual be ds of
this member have be e n care fully mappe d and corre late d ove r hundre ds of
mile s across Kansas, Colorado, and N e w M exico (H attin, 1975). M ultiple
isotopically date d be ntonite s and astronomical tuning of se dime nt patte rns
have allowe d very pre cise dating of the Gre e nhorn Lime stone middle
Cre tace ous se a leve l high stand (O AE2) and dating of the base of the
T uronian stage be tw e e n 94.3 and 93.7 M a (M e yers and othe rs, 2012). T he
Carlile S hale, Gre e nhorn Limestone, and Graneros S hale are include d in
unit Kcgg on cross se ction B-B’.

Kghb

Graneros Sh ale and sh ales in low er Greenhorn Lim estone, undivided
—  T he lower two me mbe rs of the Gre e nhorn Limestone, the H artland
S hale M e mber and the Lincoln Limestone M e mber, are mappe d along with
the Grane ros S hale, be cause they are of similar lithology. T he Lincoln
Lime stone M e mbe r is a marl unit with distinct calcare nite le dge-forming
be ds that are 28 to 46 ft (8.5 to 14 m) thick (Bass, 1926). T he H artland
S hale M e mber is dark-colore d laminate d organic-rich marl that forme d
mostly in a distal anoxic oce an bottom se tting. T he shale contains some
carbonate-rich intervals (marlstone, bioge nic calcare nites, and minor
lime stone). It is non-fossiliferous, contains a number of bentonites, and is
about 40 to 50 ft (12 to 15 m) thick. T he e ntire combine d Grane ros S hale
and lowe r Gre e nhorn Lime stone map unit is about 180 to 210 ft (55 to 64
m) thick. Are as underlain by the unit may be subje ct to hazards associate d
with expansive soils.

T he Ce nomanian Grane ros S hale and the overlying shale-rich me mbe rs of
the Gre e nhorn Limestone re cord the initial history of offshore marine
se dime ntary deposition during the incre asingly de e pe r wate r transgre ssion
le ading up to the high stand re pre se nte d by the Bridge Cre ek Limestone
M e mbe r.

T he Grane ros S hale is a me dium to dark gray clay to noncalcareous shale
with minor siltstone inte rbe ds, and a single, 6 to 12 in (15-30 cm) thick,
wide spre ad carbonate marker be d (T hatcher Limestone M e mber) that
se parates the non-fossilife rous lower shale member from the fossilife rous
uppe r shale member of the Grane ros S hale (Cobban and S cott, 1972;
Kauffman, 1985). T he shale s in unit range from laminate d and organic-rich
shale to more bioturbate d, oxyge nate d, low-organic shale s (Kau ffman,
1985). It contains bentonite s that have be e n isotopically date d at 96.1 to
95.5 M a (O bradovich, 1993; Cobban and othe rs, 2006). T he Grane ros
S hale, in total, is about 110 to 124 ft (34 to 38 m) thick. Ammonites
occurring above the lowe r barre n zone range from Conlinoceras
tarrentense, the lowe st U pper Cre taceous W este rn Inte rior ammonite zone,
up through Acanthoceras muldoonense, to A. amphibolum, bene ath the
capping "X" be ntonite. T he Carlile S hale, Gre e nhorn Lime stone, and
Graneros S hale are include d in unit Kcgg on cross se ction B-B’.

Dakota Group (Upper Cretaceous)—  T he Dakota Group re pre se nts the original
marginal marine and shore face sand-be ach de posits that mark the be ginning of de position
in the Cre taceous W este rn Inte rior S e away of N orth America. T he group is mainly
nonmarine sandstone and shale, including local carbonaceous shale and rare coal. O nly
the uppe rmost sandstone is marine, re cognize d mainly by be dding characteristics and
trace fossils; fe w typical marine fossils have be e n identifie d in the sandstone of the
Dakota Group. Combine d thickness of units of the Dakota Group is variable, and ranges
from 180 to 300 ft (55 to 91 m). T he membe rs of the Dakota Group are re presente d in
both cross se ctions as Kd. Are as be low slope s unde rlain by the unit may be subje ct to
rockfall. S ome members are a pote ntial source of R adon (Colorado Geological S urvey,
1991).

Dakota Group, upper sandstone (Muddy Sandstone-equivalent)—  T he
uppe r part of the Dakota Group is the most re sistant part of the shale
me mber. It forms a wide spre ad and continuous hogback on the we st side of
the De nver Basin and on the northern, western, and southern flanks of the
Canon City e mbayme nt. It also has be e n the most prolific conventional oil
and natural gas reservoir in Cre taceous se qu e nces of the R ocky M ountains
and adjoining Gre at Plains. O n the plains adjoining the mountains, it is
commonly an important aquife r. T he stratigraphic corre lation of sandstone
and shale se que nce s of the Dakota Group is obscure d by a varie ty of
stratigraphic name s and sparse biostratigraphic control. T he most de finitive
work on the sandstone of the Dakota Group in northern Colorado is that of
W aagé (1961). T he pe trole um ge ology and stratigraphy of the Dakota
Group in the De nver Basin is summarize d in a compre he nsive re port by
W e ime r (1996).

Plainview Sandstone and Lytle Sandstone, undivided—  T he lowe r part
of the Dakota Group compose d of the Plainvie w S andstone and Lytle
S andstone, and is very distinct from the upper part of the Dakota Group
(W aagé, 1953). T he Plainvie w is a 15 to 23 ft (4.6 to 7 m) thick, darker
brown, resistant fine-graine d sandstone locally expose d above the Lytle
S andstone. T he Lytle S andstone is a massive, poorly sorte d, white fine- to
me dium-graine d sandstone with discontinuous conglome ratic sandstone
le nses. Be twe e n S ixmile and Eightmile cre eks, the Lytle and Plainvie w
sandstones are thicker than sandstone bodie s in the upper part of the
Dakota Group. H ow ever, well data indicate the Lytle S andstone is similar
in thickne ss to sandstone in the uppe r part of the Dakota, where units are
48 to 140 ft (15 to 43 m) thick.

Kgg

Kdu

Kdl

Lykins Form ation (Lower Triassic to Upper Perm ian)—  T he Lykins
F ormation is compose d of distinct orange-re d siltstones, sandstones, and
shales, interbe dde d with thin layers of gray to white, dolomitic lime stones
and gypsum. T he unit is be st expose d at the base of the ridge on the e ast side
of Colorado R oad 132 (se c. 11. T . 18 S ., R . 69 W .) whe re it is approximate ly
120 ft (37 m) thick. T he formation thins to the w est and is not expose d along
S ixmile Cre ek in se c. 16, T . 18 S ., R . 69 W .  R e ce nt work sugge sts that the
lowe r part of the Lykins F ormation was de posite d during the Early to M iddle
Permian, and its uppermost strata we re likely de posite d during the Early to
M iddle T riassic (H agadorn and othe rs, 2016). T he se authors also note the
pre se nce of a significant e rosional unconformity that has re move d the
T riassic rocks of the Lykins F ormation in ce ntral and south-central
Colorado. In the F lorence quadrangle, the de positional e nvironme nt is
ge nerally inte rpre te d as one of changing conditions be tw e e n shallow marine,
intertidal, supratidal, and terre strial e nvironme nts. T he M orrison F ormation,
R alston Cre ek F ormation, and Lykins F ormation are include d in unit Jrc on
cross se ction A-A’. Are as be low slopes underlain by the unit may be subje ct
to rockfall.

^Pl

Morrison Form ation (Upper Jurassic)—  T he M orrison F ormation
consists of thinly laye re d claystone s, siltstone s, fine-graine d sandstones, and
fre shwate r limestones. T he siltstone s are primarily gray to gre e nish-gray, to
maroon, thinly be dde d, fissile, and loose ly consolidate d se dim ents that form
slope s. T he sandstone s are gray to tan, very fine graine d, and ce me nte d with
calcium carbonate. T he lime stone s are gray, very fine graine d, thinly be dde d,
and more highly cem ente d than the clastic rocks. T he M orrison F ormation
clastic se qu e nce was forme d in a continental environment dominate d by
me andering stre am channels, overbank are as be tw e e n stre am channels, and
mudflats. Lime stone accumulate d in lacustrine e nvironme nts. T he unit is 300
ft (91 m) thick in the southe rn part of the ne arby M t. Pittsburg quadrangle
(O rr, 1976; M organ and others, 2006). T he M orrison F ormation, R alston
Cre ek F ormation, and Lykins F ormation are include d in unit Jrc on cross
se ction A-A’.

Ralston Creek Form ation (Upper Jurassic)—  T he R alston Cre ek
F ormation is compose d of thinly be dde d white gypsife rous siltstone layers
with gypsife rous ve ins and nodule s at its base. T his contrasts sharply with
the orange-re d laye rs of the Lykins F ormation below the disconformable
contact. T he gypsum is locally jointe d with silts and muds filling the joints,
sugge stive of de ssication. T he R alston Cre ek grades upwards to a white to
light gray gypsiferous sandstone ne ar its top. T he R alston Cre ek is
approximately 50 to 60 ft (15 to 18 m) thick in the northw est part of the
quadrangle and is conformable with the ove rlying M orrison F ormation.
Landslides locally initiate from the siltstones and gypsum of the R alston
Cre ek F ormation upon we tting (M organ and others, 2006). T he M orrison
F ormation, R alston Cre ek F ormation, and Lykins F ormation are include d in
unit Jrc on cross se ction A-A’.

Jrc

Jm

Frem ont Form ation (Upper Ordovician)—  T he F re mont F ormation doe s
not crop out in the map are a and is shownonly on the cross se ction. T he
formation was ide ntifie d in cuttings from the Delhi-T aylor S tate 1 well
(F igure 1, Plate 2) in se c. 16, T .18 S., R . 69 W . whe re it has an estimate d
thickness of 85 ft (26 m). In outcrops in other are as of the Canon City
embayme nt, the formation consists of a pink to re d, fine graine d, massive,
de nse dolomite to dolomitic lime stone, which locally contains coarse to
me dium, well-rounde d quartz sand grains. T he absence of this formation
along the mountain front is probably a result of considerable post-F re mont
and pre-F ountain erosion. T he resulting disconformity likely accounts for the
abse nce of rocks of S ilurian, Devonian, and M ississippian age. T he lithology
and fauna of the F re mont F ormation suggest a high e nergy environment of
de position in a warm, shallow se a (S we e t, 1954).

Of

Harding Form ation (Middle Ordovician)—  T he H arding F ormation is
expose d in the same ge ne ral are as as the underlying M anitou Limestone in
the northw est portion of the quadrangle. T he formation consists of a well
rounde d to subrounde d, fine- to very fine-graine d quartz sandstone.
Expose d we athe re d surfaces are light re d to pink and fresh surface s are white
to tan. T he H arding is we ll sorte d, mode rately ce me nte d, and is about 100 ft
(30 m) thick base d on the Delhi-T aylor S tate 1 (se c. 16, T . 18 S ., R . 69 W .)
well log (F igure 1). T he e rosional contact with the underlying M anitou
Lime stone was not obse rve d in outcrops in this quadrangle. T he formation is
similar in lithology to equivalent rocks observe d in othe r are as ne ar Canon
City whe re it has be e n interpre te d to be the result of de position in a stable,
shallow-she lf, marine e nvironme nt (Gerhard, 1967). T he H arding S andstone
and M anitou Lime stone are include d in unit O mh on both cross se ctions
(Plate2).

Manitou Lim estone (Lower Ordovician)—  T he M anitou Lime stone is
expose d discontinuously in the northwe st part of the mappe d are a ne ar
Colorado R oad 67 ente ring Phantom Canyon. T he formation was obse rve d
only as rock fragme nts ne ar the fault in the basem ent rocks on the we st side
of the road; howeve r, limite d outcrops occur e ast of the road as blocky, fine-
graine d, pink to maroon, dolomite to dolomitic lime stone. Although not
visible in this quadrangle, the unconformable contact with the unde rlying
Prote rozoic crystalline rocks is expose d as a planar erosional surface in the
M t. Pittsburg quadrangle to the northe ast of the map are a (M organ and
others, 2006). N um erous exposures of the basal M anitou Lime stone in the
M t. Pittsburg quadrangle contain siltstone s and claystones below the main
pink carbonates, which sugge st low-e nergy reworking in intertidal and/or
supratidal environments during the advance of shallow se as as the unit was
de posite d. T he e stimate d thickne ss of the M anitou Limestone in the F lore nce
quadrangle is less than 40 ft (12 m) base d on the Delhi-T aylor S tate 1 well
log locate d in se c. 16, T . 18 S., R . 69 W . (F igure 1). T he H arding S andstone
and M anitou Lime stone we re mappe d toge the r on both cross se ctions (Plate
2).

Mig m atitic gneiss  (Paleoproterozoic) — R e sistant, foliate d, me dium to
coarse-graine d, gray to pink, biotite-potassium feldspar gne iss and
migmatite. Gneiss is expose d in a fe w outcrops in the extre me northweste rn
part of the quadrangle.
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MAP SYMBOLS

Disturbed ground

! Sam ple locations

Fossil location (Scott, 1970)

Æ W ell locations

F
Anticline —  Identity and existe nce ce rtain, dashe d where approximate ly 
locate d, dotte d where conce ale d

M
Syncline —  Identity and existe nce ce rtain, dashe d where approximate ly 
locate d, dotte d where conce ale d

Fault —  Dashe d where approximate ly locate d; U  = upthrown side, 
D = downthrown side

D
U

Strike and dip of inclined bedding —  S howing dire ction and angle of 
dip in de gre es

Strike and dip of inclined bedding —  S howing dire ction and angle of 
dip in de gre es (from Be ach, 1983)

Strike and dip of inclined bedding —  S howing dire ction and angle of 
dip in de gre es (from De F ord, 1929)

Strike and dip of inclined bedding —  S howing dire ction and angle of 
dip in de gre es (from W e iner, 1980)

16

16

16

16

Horizontal bedding

Strike and dip of foliation —  S howing dire ction and angle of dip in 
de gre e s
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Fountain Form ation (Lower Perm ian and Pennsylvanian)—  T he
F ountain F ormation  is primarily a dark-re d to re d to pink, fine- to coarse-
graine d, arkosic sandstone and pe bble conglome rate. Clasts are subangular
to rounde d and consist of quartz as we ll as coarse-graine d intrusive igneous
and me tamorphic rocks. Cross be dding and grade d be dding are common.
Locally, the formation contains be ds of dark re d to re d to re ddish-brown,
thinly be dde d shale s and mudstone s. T he de positional environment for the
arkosic sandstones and conglome rates was one of fluvial channels, overbank
are as, and alluvial fans, source d by synte ctonic and post-orogenic se dime nts
de rive d from the Ance stral R ocky M ountain uplift. T hickness is at le ast
3,450 ft (1,052 m) base d on data obtaine d from the Delhi-T aylor S tate 1 well
log locate d in se c. 16, T . 18 S., R . 69 W . (F igure 1).
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DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS
HUMAN-MADE DEPOSITS

ALLUVIAL DEPOSITS

Artificial fill (upperm ost Holocene)—  Artificial fill includes riprap, fill,
and re fuse place d during construction of roads, railroads, buildings, dams,
and landfills. T he unit ge nerally consists of clay, silt, sand, and rock
fragme nts. T he ave rage thickne ss of the unit is less than 10 ft (3 m).
Artificial fill may be subje ct to se ttlem ent, slumping, and erosion if not
ade quate ly compacte d or emplace d on ste e p slope s. Extensive are as of
artificial fill may exist in reside ntial and comme rcial deve lopments in the
map are a; how ever, fill deposits are usually less than 5 ft (1.5 m ) thick and
difficult to de line ate, thus the unde rlying geology was not mappe d in
de velope d are as. F ill materials can vary in particle size from sand, silt, and
clay to boulde rs and may locally include re fuse of many types including
house hold and industrial waste.

Gravels of Eig h tm ile and Sixm ile creeks—  Poorly sorte d, clast supporte d grave l
de posite d by tribu tary stre ams of the Arkansas R iver. De posits along Eightmile Cre ek
and S ixmile Cre ek are re d in color, compare d to other gravel de posits in the mappe d are a.
T he re d color of the unit is likely du e to re d sandstone be ds found a fe w mile s upstre am
in the northe rnmost part of the map are a. Clasts are more angular than gravel in other
de posits on the map. Clast lithologies consist of approximate ly 10% vein quartz, 30%
sandstones, 30% granitic clasts, and 30% me tamorphic rocks. Clasts range in size from
le ss than 6 in (15 cm) to approximately 2 ft (0.6 m) in diam e te r. Localize d landslides of
limite d exte nt may occur at the contact be tw e e n the gravel and the unde rlying Pierre
S hale.

Alluvium , undivided (Upper Holocene)—  Gre e nish-brown, brown, and
tan, clay, silt, and sand, ranging from 3 ft to 20 ft (1 m to 6 m) thick. Grave ls
may occur locally within the uppe r re ache s of Brush H ollow Cre ek. T his unit
occurs in minor, intermitte nt drainages in the mappe d are a. Along Brush
H ollow Cre ek, the unit is mappe d at 5 ft (1.5 m) above the active channe l
ne ar the conflu e nce with the Arkansas R ive r. Closer to Brush H ollow
R e se rvoir the top of the unit is as much as 20 ft (6 m) above the active
channe l. T he unit gene rally consists of erode d mate rials from be drock in the
uppe r re ache s of the drainages and is typically compose d of silty and claye y
sand. T he unit may be subje ct to flooding and is not a pote ntial source of
sand and grave l.
Alluvium  one (Upper Holocene)—  T an to light-brown and re ddish-brown,
claye y to silty sand and grave l. Grave ls te nd to be subangular to subrounde d.
S ands are usually fine to me dium graine d, with minor coarse grains and are
poorly to moderate ly sorte d. T he unit is approximate ly 3 ft (1 m) thick and
unde rlies active stre am channe ls. W ithin the S ixmile Cre ek drainage,
te rrace s are approximate ly 5 ft (1.5 m) above the active stre am channe l.
Deposits in the drainage consist of sand and silt and minor amounts of
pe bble s. T he unit mappe d within Eightmile Cre ek drainage te nds to have
higher amounts of grave l. H ere clasts can be as much as 1 ft (0.3 m) in
diame te r. As much as 10% of clasts are se dime ntary rocks, mostly re d
sandstones. W ithin the Arkansas R ive r drainage, de posits range from silty
sand to poorly sorte d sandy gravel. T he unit is subje ct to flooding and is not
a pote ntial source of sand and grave l.

Alluvium  two (Holocene)—  U nit underlies terrace s within the S ixmile and
Eightmile cre ek drainages. W ithin Eightmile Cre ek the unit is tan to re ddish-
brown and light-brown to re ddish-brown. T he unit is silty to claye y me dium
sand that contains scatte re d clasts as much as 3 inches (8 cm) in diame te r.
T e rrace s are approximate ly 5 ft (1.5 m) above the active channe l. A sample
colle cte d at location KL C 1 (Be ta Analytic S ample #474336) in silty sand at
the base of the roughly 5 ft (1.5 m) thick exposure yielde d radiocarbon age s
of 960 ± 30 14C yr BP. W ithin S ixmile Cre ek the unit is light tan. T he unit
consists of poorly sorte d, silty, fine to coarse sand and se condary carbonate
is prese nt in the matrix. T e rraces along S ixmile Cre ek are as much as 20 ft (6
m) above the active channel. A sample colle cte d at location KL C 2 (Be ta
Analytic S ample #492439) in sand at the base of the roughly 20 ft (6 m)
thick exposure yie lde d a radiocarbon age of 8,260 ± 30 14C yr BP.

M organ and others (2006) reporte d an age of 1,170 ± 40 14C yr BP and
M adole (1989) reporte d an age of 1,150 ± 60 14C yr BP for units Qa1and
Qa2, respe ctive ly, in the M ount Pittsburg quadrangle (adjacent quadrangle to
the N E). O lder age s re porte d by Berry and others (2015) include 11.90 ±
0.28 cal ka BP and 11.95 ± 0.24 cal ka BP, which were colle cte d ne ar the
base of alluvium in the M aste rs quadrangle, northe ast of Denve r. T he unit is
likely correlative with, by virtu e of he ight and radiome tric age, the Pine y
Cre ek Alluvium (H unt, 1954; M adole and others, 2005; Berry and othe rs,
2015; Keller and othe rs, 2017). T he unit is subje ct to flooding and is a
pote ntial source of sand and grave l.

Qau

Qa1

Qa2
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Arkansas River gravel two (Upper Pleistocene (?)  to upper Middle
Pleistocene)—  T an to gray grave l compose d of alte rnating laye rs of clast-
supporte d grave l and sandy silt. Continuous carbonate rinds are present on
the bottom of many of the gravel clasts; carbonate is present in the matrix,
but only we akly binds the matrix. Deposits are more wide spre ad on the
north side of the drainage. M uch of the unit has be e n reworke d or re move d
through quarrying. U nit thickne ss could be as much as 30 ft (9 m) but the
unit is approximate ly 10 ft (3 m) thick in most places. T he terrace surface
is approximate ly 130 to 150 ft (40 to 46 m) above the active stre am
channe l. S ample KL 4, colle cte d in gravelly se dime nts ne ar the base of the
unit just above the contact with be drock, yielde d an O S L age of 17,450 ±
1640 BP (ce ntral age). T he unit is mappe d as S locum Alluvium (lowe r
U ppe r Ple istocene) by S cott (1985). N ume rous ages have be e n re corde d
for this unit. In the adjace nt Canon City quadrangle (we st of this map),
S zabo (1980) re ports a U ranium-serie s age of 190,000 ± 50,000 ye ars from
a Bison (Gigantobison) latifrons (H arlan) horncore. S cott and Lindvall
(1970) report a S angamon age (what is now considere d Late Ple istocene)
for the de posit base d on ge omorphic evidence. S chultz and F rankforter
(1946) assigne d it an age of Kansan or older, M iller (1968) assigne d it late
W isconsin (which is approximate ly correlative to the age date s from this
study), and Skinner and Kaisen (1947) ide ntifie d it as M iddle Pleistoce ne.
T his unit is a source for sand and grave l.

Qga2

Arkansas River gravel three (lower Middle Pleistocene)—  Gray-brown
to tan, clast supporte d sandy grave l. T he only deposit of the unit in the
mappe d are a is in S. ½, se c. 9, T . 19 S ., R . 69 W ., ne ar the we stern
boundary of the quadrangle. T he unit is as much as 15 ft (4.5 m) thick. T he
surface of the unit is approximate ly 180 ft (55 m) above the active channel.
T he base of the northern part of the unit is cem ente d by se condary calcium
carbonate, pote ntially from groundwate r. N o cem entation was obse rve d in
the southern part of the sam e unit. Clasts have carbonate rinds a fe w mm
thick and bre ak apart e asily when hit with a rock hamme r. T he unit is
mappe d as Ve rdos Alluvium (lowe r M iddle Ple istoce ne) by S cott (1985).
T he unit is a source of sand and gravel for concre te aggre gate, but could be
use d for fill mate rial.

Hardscrabble Creek gravel one (Upper Pleistocene(?))—  Deposits are
mixe d with Arkansas R iver gravel ne ar the conflu e nce of the two drainages
mappe d. De posits are 5 to 8 ft thick (1.5 to 2.5 m). M uch of the unit has
be e n remove d du e to quarrying. T he te rrace surface occurs approximately
90 ft (27 m) above the active H ardscrabble Cre ek. T he unit is mappe d as
Louvie rs Alluvium (U ppe r Ple istocene) by S cott (1985). S zabo (1970)
colle cte d bone fragme nts and reports U ranium-series ages ranging from
86,000 ± 6,000 to 129,000 ± 10,000. T he unit is a source of sand and
gravel.

Hardscrabble Creek gravel two (Upper Pleistocene (?) to upper
Middle Pleistocene)—  De posits are mixe d with Arkansas R ive r grave l
ne ar the conflu e nce of the two drainages. Clasts can be up to and locally
exce e d 1 ft (0.3 m) in diame te r. T he unit commonly caps isolate d hills
along H ardscrabble Cre ek. H ere the unit is underlain by the erodible Pie rre
S hale (Kp) and acts as a shie ld to we athering, cre ating inverte d topography.
Along H ardscrabble Cre ek, the unit is approximate ly 6.5 ft (2 m) thick and
the te rrace surface occurs 120 to 130 ft (37 to 40 m) above the active
stre am channe l. S ome parts of the unit have be e n remove d due to
quarrying. U nit Qgh2also includes grave ls from Coal Cre ek. Along Coal
Cre ek, the unit is a poorly sorte d, clast-supporte d gravel. Clasts range in
size from 3 to 18 in (8 to 46 cm) and locally exce e d 18 in (46 cm) in
expose d diame te r. T he de posit is as much as 12 ft (3.7 m) thick. T he
surface of the unit along Coal Cre ek is approximate ly 60 to 70 ft (18 to 21
m) above the active stre am channe l. T he unit is mappe d as S locum
Alluvium (lower U pper Ple istocene) by S cott (1985). T his unit is a source
of sand and gravel.

Hardscrabble Creek gravel three (low er Middle Pleistocene)—  T he
unit caps isolate d hills of Pie rre S hale. T he basal 4 ft (1.2 m) of the de posit
expose d in se c. 19, T . 19 S., R . 68 W . and se c. 24, T . 19 S., R . 69 W . is
ce me nte d by calcium carbonate. M uch of the unit has be e n remove d due to
quarrying. T he unit is as much as 12 ft (3.7 m) thick. T he surface of the
unit occurs about 160 ft (49 m) above active stre am channe l. T he unit is
mappe d as Ve rdos Alluvium (lowe r M iddle Ple istoce ne) by S cott (1985).
T he unit is a source of sand and gravel.

Gravel of Hardscrabble Creek—  Poorly sorte d, clast-supporte d gravel de posite d by
stre ams. Deposits are light tan-grey and consist of poorly sorte d grave l with a silty sand
matrix. Clast composition consists of: 40% granitic rocks, 15% tan and re d sandstone,
25% mafic intrusive and porphyritic, intrusive igneous rocks, and 20% vein quartz and
me tamorphic rocks, likely de rive d from the W e t M ountains locate d south of the
quadrangle. Clasts are subrounde d to round and range in size from 3 to 12 inche s (8 cm
to 31 cm) in expose d diam e te r. Clasts locally exce e d 12 in (31 cm). Exposure s of
H ardscrabble Cre ek grave l deposits are sparse in the mappe d are a. Landslide s of limite d
exte nt occur locally at the contact be tw e e n the grave l and the underlying Pie rre S hale.

EOLIAN DEPOSITS

Qga3

Qgh1

Qgh2

Qgh3

Arkansas River gravel one (Upper Pleistocene(?))—  N e ar the
conflu e nce of Eightmile Cre ek and the Arkansas R ive r, grave l deposits
have a coarse sand matrix and are re dder compare d to the usual tan, light
brown, and gray color of the de posit e lse whe re along the river. T his is du e
to the contribu tion of re d clasts and se dime nts from Eightmile Cre ek. T he
unit is as much as 30 ft (9 m) thick ne ar the conflu e nce of the Arkansas
R iver and Eightmile Cre ek. N e ar H ighway 115, the unit is 10 to 15 ft (3 to
4.5 m) thick. T he surface of the unit is 85 to 100 ft (26 to 30 m) above the
active channe l of the Arkansas R iver. Deposits are more pre vale nt on the
north side of the drainage. T he unit is mappe d as Louvie rs Alluvium
(U ppe r Pleistoce ne) by S cott (1985). S zabo (1970) colle cte d bone
fragme nts and re ports U ranium-series age ranging from 86,000 ± 6,000 to
129,000 ± 10,000. T he unit is a source of sand and grave l.

Qga1

Eolian sand (Holocene)—  Light-tan, silt and very fine to me dium sand
de posite d pre dominantly by wind. Disperse d pe bbles locally mantle the
surface of the de posit. S ome exposure s contain se condary calcium carbonate
accumulation within 5 ft (1.5 m) of the surface. Eolian de posits
pre dominantly blanke t the gravel de posits of Eightmile Cre ek and ne arby
surrounding are as. T hey can be as thick as 8 ft (2.4 m). S cott (1985) mappe d
an are a of the quadrangle as eolian sand and assigne d it an age of Late
Ple istocene to Early H oloce ne on the basis of calcium carbonate
accumulation. S ample KL 2 (Be ta Analytic S ample #477468) taken from a
natural exposure at a depth of 5 ft (1.5 m) be low ground surface yie lde d an
age of 2080 ± 30 14C yr BP. T his unit may be a pote ntial source of industrial
sand.

MASS-W ASTING AND ALLUVIAL FAN DEPOSTIS

Sheetwash deposits (Holocene (?))—  T an to brown, fine-graine d silty sand
with disperse d coarse sand to pe bble-size d rock fragme nts. M ost de posits are
mappe d along the north side of the hogbacks in the northe ast part of the
quadrangle. De posits are forme d by she e t flow, whe n se dim ent is mobilize d
and re worke d downhill during he avy pre cipitation events. In ge neral, the
unit is poorly expose d. U nit locally exce e ds 3 ft (1 m) in thickne ss.

Landslide deposits (Holocene to Pleistocene)—  U nsorte d, mass-wasting
de posits that contain angular to subrounde d clasts derive d from local
be drock and surficial units. Landslide s in the mappe d are a are pre dominantly
rotational failures. H e adscarps are not well de fine d in the northe rn part of
the mappe d are a and de posits can locally exce e d 50 ft (15 m) thick.
Landslide de posits along the Arkansas R iver form ne ar the contact be tw e e n
the alluvial grave l and Pie rre S hale. Landslide de posits at the se locations are
about 20 to 30 ft (6 to 9 m) thick. M aterials in these landslide de posits
consist chie fly of Pierre S hale fragm ents and gravel clasts. H e adscarps are
e asy to ide ntify using 1-m resolution lidar imagery. M appe d landslide
de posits may be subje ct to re activation if disturbe d by stre am avulsion or
human activity.

Fan deposits (Holocene (?))—  Light-tan to dark-brown, poorly sorte d fan-
shape d de posits compose d chie fly of sand and gravel de posite d at the base of
ste e p stre am channe ls. T he unit is poorly expose d. M uch of the unit is
de posite d at and ne ar the base of the hogbacks in the northe rn part of the
mappe d are a and along Eightmile Cre ek. De posits along the hogbacks are
ge nerally finer graine d and smalle r in are al exte nt than those mappe d along
Eightmile Cre ek. Deposits on the north side of the hogbacks can be up to 10
ft (3 m) thick where as de bris fans on the south side can be up to 20 ft (6 m)
thick. Along Eightmile Cre ek deposits consist of mud de rive d from the
Pie rre S hale and alluvial grave l from adjacent gravel deposits. Deposits
along Eightmile Cre ek range from 5 to 10 ft (1.5 to 3 m) thick, but can be as
much as 20 ft (6 m) thick. T ypically the y are poorly sorte d and poorly
stratifie d. Locally, de posits consist of we ll stratifie d laye rs of sand and
gravel. F an de posits may be locally prone to de bris flows or se dime nt-lade n
floods. T his unit is not a source of sand or grave l.

Qe

Qsw
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Alluvial m udflow-and-fan valley-fill deposits (Holocene (?))—  Gray-
gre e n, claye y deposits, commonly source d from Pierre S hale. T he unit is
compose d of light-tan, silty clay de posits where source d from the N iobrara
F ormation. Exposure s are sparse, deposits are typically homoge neous,
possibly du e to lack of coarse se dime nt grains in the Pie rre S hale. Grave l
clasts are locally pre se nt when source d from alluvial grave l de posits. Valley-
fill and fan deposits are typically source d from arroyos where high-discharge
flood eve nts mobilize unconsolidate d materials and se dim ent. S e dime nt
accumulate s at the mouths of arroyos. De posits range in thickness from 5 to
10 ft (1.5 to 3 m). U nit may be prone to hydrocompaction and may contain
swelling clay mine rals.

Qamf

Pierre Sh ale (Upper Cretaceous)—  T he Pierre S hale on the F lorence quadrangle is
about 4000 ft (1219 m) thick; it is 3919 ft (1195 m) in S cott and Cobban (1975, F igure
1). T his valu e is less than the 5200 ft (1585 m) thickness re porte d in the Pue blo and
Colorado S prings are a (S cott and Cobban, 1986). T he Pierre S hale was de posite d in the
axis of the W e ste rn Interior S e away foreland basin during the Late Cre tace ous from
about 83 M a to 69 M a. T he individual subunits of the Pierre S hale in the F lorence Basin
vary in thickness by biostratigraphic zones when compare d to Pierre S hale in the Pue blo-
Colorado S prings are a. H owe ver, most of the Pie rre S hale biostratigraphic and
lithostratigraphic units from Pue blo-Colorado S prings are a can be correlate d into the
F lore nce Basin. T he principal stratigraphic diffe re nce is in the timing of de positional
environme nts, le ading up to the F ox H ills S andstone as the final re gressional shore face
sand de posits in the Pue blo-Colorado S prings are a. In the F lorence Basin, the e nd
Cre tace ous re gressional sandstone is corre late d with the T rinidad S andstone to the south.

T he subunits of the Pie rre S hale are mappe d as four distinct map units, which is less than
those of S cott and Cobban (1975, F igure 1). T he uppe rmost part of the uppe r transition
me mber and its contact with the ove rlying T rinidad S andstone is not expose d within the
quadrangle. T he unit thickne ss was me asure d 1 to 2 mile s to the west, along the road
le ading into the East Canon City Corre ctional Complex in se c. 31, T . 18 S., R . 69 W . by
S cott and Cobban (1975). T hey mappe d the following subunits of the Pie rre S hale, from
basal contact of the Pie rre S hale with the unde rlying U pper Chalk unit of the S moky H ill
S hale M e mber of the N iobrara F ormation in asce nding orde r: lowe r transition member,
Apache Cre ek S andstone M e mbe r, S haron S prings M e mber, R usty zone of Gilbe rt
(1897), T e pe e Butte zone of Gilbe rt (1897), cone-in-cone zone of Lavington (1933), and
the upper transition me mbe r (the thickest uppermost Pierre S hale unit). T he se units are
correlate d to the interpre te d high-resolution bore hole ge ophysical log 4.25 miles
southwe st of the mappe d are a (F igure 1). Lithologic and biostratigraphic characte ristics
of the four map units of the Pie rre are de scribe d be low. Are as underlain by the Pierre
S hale may be subje ct to hazards associate d with expansive soils.

BEDROCK GEOLOGY

Niobrara Form ation (Upper Cretaceous)—  In the F lorence Basin, the N iobrara
F ormation comprises the only wide spre ad thick calcare ous shale and lime stone de posits
of the Cre tace ous W e stern Interior S e away. In comparison, the calcareous de posits in the
unde rlying Carlile S hale and Gre enhorn F ormation are relatively thin (170 ft [52 m]).
Despite close proximity to the principal re fe re nce se ction of the N iobrara F ormation in
Pue blo, Colorado (S cott and Cobban, 1964), the N iobrara in the F lorence Basin is
significantly thinne r, about 500 ft (152 m) thick base d upon outcrop and subsurface well
log data. T he diffe re nce in thickne ss (740 ft [226 m] compare d to ≤500 ft [152 m]) is due
to thicker deposits of the middle shale and upper chalky shale in the Pue blo are a. All of
the N iobrara F ormation subunits re porte d by S cott and Cobban (1964) are present in the
F lore nce Basin, but the terminology for the calcareous shales has be e n re vise d (De an and
Arthur, 1998) to use the term marl inste ad of calcareous shale; the S moky H ill S hale
M e mbe r (S cott and Cobban, 1964) is there fore here in re fe rre d to as the S moky H ill M arl
M e mbe r of N iobrara F ormation which consists of inte rbe dde d marls and chalks
(pre dominantly chalky marls and marly chalks). T he F ort H ays Lime stone M e mber is
re sistant and typically forms hogbacks in the mappe d are a. All of the N iobrara units are
mappe d as one unit on cross se ction B-B’. S ome membe rs are a pote ntial source of
R adon (Colorado Geological S urve y, 1991).

Upper transition m em ber—  T he upper transition me mbe r is about 1101
to 1128 ft (336 to 344 m) thick, and is e ntirelyBaculites eliasi in age (72.5
± 0.3 M a). T he e stimate d age of the overlying B. baculus ammonite zone
(71.8 M a) and underlying B. jenseni zone (72.9 M a) indicate the uppe r
transition zone s was de posite d in about 550 ka. Local estimate d rates of
accommodation (2,000 ft/M y) are du e to rapid, localize d subsidence in the
F lore nce Basin. T he overlying subunits of the Pierre S hale in the De nve r
Basin and southward in the Colorado S prings-Pue blo are a are not re corde d
in the F lorence Basin. Inste ad the y are represente d by the Cre tace ous
be ach shore face T rinidad S andstone and ove rlying nonmarine fluvial
se dime nts and coal be ds in the Ve rmejo F ormation (not in the mappe d
are a). T he se dim entary facie s of the uppe r transition me mbe r of the Pierre
S hale consists entire ly of distal sandy shale. T he unit grades upward into
shaly sand that is overlain by ne arshore sand be ds of the T rinidad
S andstone (not in the mappe d are a).

Middle unit, undivided—  M arine shale consisting of the cone-in-cone
zone of Lavington (1933), the T e pe e Butte zone of Gilbe rt (1897) and the
R usty zone of Gilbe rt (1897) as illustrate d in the me asure d se ction (F igure
1). U nit thickne ss is about 2,460 ft (750 m) thick in the F lore nce Basin.

T he cone-in-cone zone of Lavington (1933) is a noncalcare ous marine
dark-gray clay-rich to silty shale, about 600 ft (183 m) thick with a fe w
promine nt zones of cone-in-cone concre tions (F igure 1, Plate 2), iron-rich
concre tions, and iron-staine d lime stone concre tions. T he cone-in-cone
zone contains the W este rn Inte rior S e away ammonite zone s ranging from
the middle of the Didymoceras cheyennense zone, all of the B. compressus,
B. reesidei, B. jenseni zones, and the lowe st part of the B. eliasi zone. T he
zones range in age from about 74 to 73 M a and re cord the pe ak of the
Be arpaw T ransgre ssion. Bentonite s (at le ast 14) are common in the lower
to middle part of the cone-in-cone zone.

T he T e pe e Butte zone of Gilbe rt (1897) is about 1050 ft (320 m) thick in
the F lore nce quadrangle, which is interpre te d from well logs to be over
50% thicker than that portraye d by S cott and Cobban (1975). It is
re nowne d for the circular lime stone masses that make up the core of the
wide spre ad "T e pe e Butte s" landforms in the Pierre S hale on the plains e ast
of Colorado S prings and Pue blo. T he T e pe e Butte zone is a calcareous
shale, olive gray to me dium gray, distinctly lighte r than the adjoining
zones. It has regions of higher ele ctrical resistivity that probably
correspond to zone s of highe r calcite conte nts. T he limestone concre tions
of the T e pe e Butte s are conside re d to have forme d as submarine me thane
se e ps. It is uncle ar why S cott and Cobban (1975) de picte d a thicker R usty
zone than T e pe e Butte zone in the map are a, 1168 ft (356 m) and 777 ft
(237 m), respe ctively. In the adjoining Pue blo-Colorado S prings are a, the
R usty zone is approximately one- third of the thickness of the T e pe e zone.
In both are as, the bases of the subunit start in the B. scotti ammonite zone,
and limestone concre tions exte nd up to 1050 ft (320 m) be low the top of
the T e pe e zone (S cott and Cobban, 1986). Ammonite biostratigraphy of the
T e pe e zone be gins in the lowerB. scotti zone, exte nds upward through the
ammonites of the Didymoceras nebracense, D. stevensoni, Exiteloceras
jenneyi zones, and e nds in the middle of the thin (42 ft [13 m])D.
cheyennense zone. T he zone s repre se nt about 1.5 M y of time from 76 to
74.5 M a. Bentonite s are e spe cially common in the upper 300 ft (91 m) of
the T e pe e zone.

T he lowe st Pierre S hale unit of the middle Pie rre is the R usty zone of
Gilbert (1897), a noncalcareous shale about 780 ft (238 m) thick. T he
R usty zone is a dark gray fissile shale, gene rally low in ele ctrical
re sistivity, with common re ddish-brown ironstone concre tions, sparse
lime stone concre tions, and relative ly fe w bentonite be ds. T he zone
contains sparse ammonites from the Baculites perplexus and B.
gregoryensis zones, and exte nds up into the lowe rB. scotti zone, and has
some time s be e n informally re fe rre d to as the "barren zone". S e dim ents of
the R usty zone we re de posite d ove r 3 million-ye ar inte rval of tim e, from
about 79 to 76 M a.

Kpm

Kptu

Lower unit, undivided—  T he undivide d lowe r unit consists of the
Apache Cre ek S andstone M e mbe r and the lowe r transition member. T he
latte r grades into the calcareous marls of the unde rlying N iobrara
F ormation. T he Apache Cre ek S andstone M e mber (S cott and Cobban,
1963) is a dark gray, thin-be dde d unit about 90 ft (27 m) thick in the
F lore nce Basin where it is about as half as thick as in the Pue blo-T rinidad
are a. It is a quartz-rich sandy shale, with thin sandstone lentils, and is the
te mporal and lithological equivalent of the M esaverde F ormation at and
ne ar its type se ctions in southwe st Colorado, whe re it is over 800 ft (244
m) thick in the S an Juan Basin.

T he underlying lower transition me mber re pre se nts a lithologic gradation
from the chalks and marls of the subjace nt N iobrara F ormation to the
carbonate-poor clastic se dim ents of the overlying Pierre S hale. T he
me mber is about 225 to 300 ft (69 to 91 m) thick in the F lore nce Basin.
T he lowe st be ds include me te r-thick chalk and intertonguing shale be ds;
S cott and Cobban (1964 and 1975) place d the basal contact of the me mbe r
at the distinctive, resistant upper chalk be d of the S moky H ill of the
N iobrara F ormation. T here fore the entire gradational transition is include d
in the Pie rre S hale. It is slightly fossilife rous, with only scatte re d
spe cim ens of the lowest Baculite s sp. (smooth). T he lowe r unit of the
Pie rre S hale units range in age from about 83 to 81.5 M a.

Sharon Springs Mem ber—  R elative ly thin (60 ft [18m]), organic-rich,
distinctive stratigraphic unit of the lowe r part of the Pie rre S hale. T he unit
consists of dark-gray silty shale, with abundant surface selenite gypsum
crystals that re fle ct its high sulphur conte nt. In the subsurface, it has a
characte ristic gamma-ray signature re fle cting its high uranium conte nt. T he
me mber contains phosphate nodule s and has a high me tal conte nt. T he
S haron S prings M e mbe r is considere d a major source rock for the
pe trole um produce d from fractures in the Pie rre S hale in the F lore nce oil
fie ld. T his fie ld is Colorado's first oil producer dating back to 1860
(Kupfe r, 2000), and the olde st continuously producing ope rating oil fie ld in
the country that has produce d over 16 million barrels of oil. T he S haron
S prings M e mbe r is one of the most distinctive marker units of the
Cre tace ous W e stern Interior S e away, exte nding from the type are a in
weste rn Kansas (Gill and others, 1972) through the Dakotas, M ontana,
W yoming, to weste rn Colorado. H ow ever, the basal package of multiple
be ntonite laye rs (the Ardmore "bentonite") is not pre se nt in the F lorence
Basin suggesting it was eithe r not de posite d or was remove d by erosion.
T he baculite ammonite zone s Baculites obtusus, B. maclearni, and B.
asperiformis, all occur in this thin unit, which was de posite d from about
81.3 to 80 million ye ars ago. T he unit is a pote ntial source of R adon
(Colorado Geological S urvey, 1991).

Kpss

Kpl

Juana Lopez Mem ber—  T he Juana Lope z M e mber of the Carlile S hale
is typically 24 to 48 in (60 to 120 cm) thick but can be as much as 7 ft (2
m) thick, locally. It is compose d of resistant carbonate-rich bioclastic
sandstone that supports the hogbacks and mesas that are cappe d by the F ort
H ays Limestone. T he member we athers to a distinct maroon to re ddish
brown color owing to its complex de positional and diage ne tic history
(Lewis, 2013). It contains abundant molluscan fragm ents of inoceramid
and oyste rs, and has a biostratigraphic age of late T uronian base d on the
ammonite Scaphites whitfieldi and Inoceramus perplexus, which indicates
that the member is about 90.5 to 92 M a (Cobban and othe rs, 2006). T he
Carlile S hale, Graneros S hale, and Gre enhorn Lime stone are include d in
unit Kcgg in cross se ction B-B’. Are as below slope s underlain by the unit
may be subje ct to rockfall.

Kcj

Carlile Shale, unidivided —  T he Carlile S hale is regionally
approximately 180 to 190 ft (55 to 58 m) thick, and bounde d above by the
Carlile-N iobrara unconformity. T he F airport Chalky S hale M e mbe r is the
basal member of this unit. It is a light-gray to yellowish-orange marl with
de cre asing calcium carbonate conte nt from the base. T he F airport Chalky
S hale M e mbe r is about 60 to 100 ft (18 to 30 m) thick. F ossils in the unit
are those of the Collignoniceras woollgari zone of middle T uronian age
(~92 M a). It is overlain by the noncalcareous Blue H ill S hale M e mbe r,
which is 50 to 100 ft (15 to 30 m) thick. T he contact is sharp, and may be a
local disconformity. T he lowe r Blue H ill S hale M e mbe r forms ste e p
slope s. T he unit grade s upward from black clay-rich or blue-gray shale to
me dium olive-gray silty sandy shale with fine-graine d sandstone inte rbe ds.
T he unit ge ts sandier as it grade s upward into the Code ll S andstone. T he
lowe r shale contains sube qual amounts of illite and less abundant mixe d
layers of illite/sme ctite, up to 30 percent quartz and feldspar, and less than
10% calcite (S cott, 1969). T he upper part of the Blue H ill S hale M e mbe r
contains conspicuous round se ptarian lime stone concre tions, 8 in (20 cm)
to 4 to 6 ft (1.2 to 1.8 m) in expose d diame te r (Pratt and othe rs, 1985).
Bentonite be ds are more common in the F airport M e mber and less
common in the Blue H ill S hale M e mbe r. Are as underlain by the unit may
be subje ct to hazards associate d with expansive soils.

T he Codell S andstone M e mbe r is a re gionally exte nsive sandstone that
forms blu ff outcrops above the Blue H ill S hale M e mber. T he Code ll is
typically about 30 ft (9 m) thick, but locally can be as much as 56 ft (17 m)
thick. It contains yellow-gray to light-gray to yellowish-brown, cross-
stratifie d to massive, platy to massive, bioturbate d sandstone be ds (S cott,
1969). T he Code ll S andstone and Blue H ill S hale members are in the
Prionocyclus hyatti ammonite zone, middle T uronian in age. T he F airport
and Blue H ill M e mbe rs are rare ly expose d and the Code ll S andstone
M e mbe r occurs in fe w discre te locations; the re fore the y are all mappe d as
undivide d Carlile S hale. T he Carlile S hale, Gre enhorn Lime stone, and
Graneros S hale are include d in unit Kcgg on cross se ction B-B’.

Kc

Sm oky Hill Marl Mem ber, upper ch alk—  Chalk be ds about 7 to 10 ft (2
to 3 m) thick, along the we stern boundaries of the De nve r and F lore nce
Basins as we ll as throughout the De nver Basin in the subsurface.
W e athe re d outcrops of the upper chalk and some chalk be ds in the low er
part of the lowe r transition member of the Pie rre S hale typically are a light
orange color. T he upper chalk is commonly re fe rre d to as the "A" chalk in
the De nve r Basin, and is a major bioge nic gas reservoir in Yuma County,
Colorado and northwe st Kansas. T he only age-diagnostic fossil in the
S moky H ill upper chalk is Haresiceras natronense, north of Boulder,
Colorado. T his fossil is e arly Campanian in age (S cott and Cobban, 1964).
T he S moky H ill M arl M e mber, uppe r chalk is include d in unit Ksmuc on
cross se ction A-A’.

Ksuc

Sm oky Hill Marl Mem ber, upper m arl and chalk—  T he upper marl and
chalk unit of the S moky H ill is a revise d nam e for the thick uppe r chalky
shale me mbe r of the S cott and Cobban (1964), which varies from 200 to
260 ft (61 to 79 m) thick in the F lorence Basin. T his unit has multiple
alte rnating chalk-rich zone s and marls, the patte rn of which has not be e n
consiste ntly corre late d, pe rhaps du e to synde positional te ctonism and
submarine erosion. Lithologies range from packages of laminate d marls to
chalk be ds, that form local patte rns in outcrop se ction but are difficult to
correlate from basin to basin. T he y include the wide spre ad kerogen-rich
(high total organic carbon) source rocks that produce prolific
unconve ntional oil-be aring units in the De nver Basin. T he ammonite
Haresiceras placentiforme is indicative of middle to upper S antonian age
for the upper marl and chalk, possibly exte nding into the lowe st
Campanian (S cott and Cobban, 1964). T he S moky H ill M arl M e mber,
uppe r marl and chalk includes unit Ksuc on cross se ction A-A’.

Ksmuc

Sm oky Hill Marl Mem ber, m iddle chalk—  T he middle chalk is a gray,
chalk-rich hogback-forming unit about 20 to 50 ft (6 to 15 m) thick, and
occurs about 200 ft (61 m) stratigraphically above the top of the F ort H ays
Lime stone M e mbe r. Characte ristic fossils include the inoce ramid
Cordiceramus bueltenensis and the ammonite Clioscaphites choteauensis,
with Clioscaphites vermiformis occurring just be ne ath in the upper part of
the middle marl. T he se fossils are all indicative of a middle S antonian age
(W alaszczyk and Cobban, 2007) of about 85 M a. T he S moky H ill M arl
M e mbe r, middle chalk includes units Ksmm, Kslc, Kslm, and Knf on cross
se ction A-A’.

Ksmc

Sm oky Hill Marl Mem ber, m iddle m arl —  M arl inte rval about 50 to 100
ft (15 to 30 m) thick, much less than S cott and Cobban (1964) re porte d
(283 ft [86 m]) for the middle shale unit of the S moky H ill S hale.
Laminate d, hard platy organic-rich light to me dium olive-gray to
ye llowish-gray marl that locally contains pyrite. T he unit lacks thick chalk
layers, is bounde d below by the distinct lowe r chalk me mber, and is
ove rlain by the middle chalk horizon. In the low er part of the middle marl
ne ar Pue blo is the lower occurrence of Cladoceramus undulatoplicatus, the
index spe cies for the base of the S antonian stage (86.3 M a; S ageman and
others, 2014), and slightly higher is the ammonite Clioscaphites
saxitonianus (S cott and Cobban, 1964; W alaszczyk and Cobban, 2007).
T he S moky H ill M arl M e mbe r, middle marl is include d in unit Ksmc on
cross se ction A-A’.

Ksmm

Sm oky Hill Marl Mem ber, lower chalk—  T he wide spre ad lowe r chalk
interval of the S moky H ill corre sponds to the Lowe r Limestone unit of
S cott and Cobban (1964). T he lowe r marl unit is a subtle cliff forming unit
compose d of be ds that has a characte ristic light and dark banding. At a
distance these look like interbe dde d 0.5 to 1 m thick chalk and marl be ds.
O n closer examination the unit consist of packages of light chalky
laminate d be ds alternating with laminate d darker marl be ds about 40 to 60
ft (12 to 18 m) thick, but the promine nt bande d interval is in the lowe r 30
to 40 ft (9 to 12 m) of the unit. Inoceramid fossils (Magadiceramus
crenulatus) and sparse ammonite s indicate an upper Coniacian age for the
lowe r chalk; else whe re in the W e stern Interior S e away this inoce ramid is
associate d with ammonite s of the Scaphites depressus zone, about 87 to 86
M a in age. T he S moky H ill M arl M e mber, low er chalk is include d in unit
Ksmc on cross se ction A-A’.

Kslc

Sm oky Hill Marl Mem ber, lower m arl and lower m arl and lim estone
—  T he lowe r marl unit of the S moky H ill is re de fine d as a moderate ly thin
bu t prominent inte rval just below the lowe r chalk unit. T he unit is a
me dium yellowish to dark gray, laminate d chalky marl and marl that is 8 to
18 ft (2.4 to 5.5 m) thick in the F lorence Basin, and possibly as thin as 2 to
5 ft (0.6 to 1.5 m) thick, regionally. T he unit is prominent in subsurface
logs be cause of its very high gamma-ray activity, due to its elevate d
uranium conte nt. T he base of this unit is also the base of a kerogen-rich
marl that exte nd upward throughout the upper S moky H ill marl and into
the low er transition me mber of the Pie rre S hale.

Bene ath the lowe r marl is the lower marl and lime stone unit. T his unit
comprise s the base of the lowe r shale unit toge the r with shale and
lime stone unit of S cott and Cobban (1964). T he unit is about 40 to 50 ft
(12 to 15 m) thick. S ome of the chalk-rich be ds are limestone base d upon
de nsity, and the marls and limestone are distinctly lowe r in gamma-ray
activity (owing to low total organic carbon) than all of the ove rlying
S moky H ill M arl M e mbe rs. T he lowest 10 ft (3 m) of the low er marl and
lime stone unit is ofte n mine d toge ther with the F ort H ays Limestone
M e mbe r at the Lafarge H olcim quarry in Portland, Colorado to make
Portland cem ent. T he inoce ramid zonesVolviceramus involutus ove rlain
by Magadiceramus subquadratus indicate s that the lower marl and
lime stone is middle Coniacian to uppe r Coniacian in age (89 to 88 M a),
though some intervals of time are missing in disconformities. T he S moky
H ill M arl M e mbe r, lowe r marl and lime stone is include d in unit Ksmc on
cross se ction A-A’.

Kslm

Fort Hays Lim estone Mem ber—  T he F ort H ays Lime stone M e mbe r is
wide spre ad in the mappe d are a and consists of hard, indurate d limestone
be ds, interspe rse d with thinne r marl be ds. It is 36 ft (11 m) thick at the
Lafarge H olcim quarry where it consists of about 70 be ds in total. T we nty
of the se are gray hard lime stone be ds from 10 to 30 in (25 to 75 cm) thick,
interspe rse d with thinne r (<20 cm) marl and lime stone be ds (S cott and
Cobban, 1964). T he mixture of ne arly pure limestone be ds and
interspe rse d marls provide s excelle nt mate rial for making Portland ce me nt.
T he Lafarge H olcim kiln produces about 3 million tons pe r ye ar. T he F ort
H ays is a conspicuous unit atop a hogback-forming le dge, particularly in
the northern half of the F lorence quadrangle, where it flanks Brush H ollow
R e se rvoir. T he unit has prominent re gional disconformitie s within it and at
its upper boundary. Bene ath the F ort H ays is the Carlile-N iobrara regional
unconformity, the largest in the U pper Cre taceous of the W e stern Inte rior
Basin of N orth America. T he F ort H ays Limestone M e mber is include d in
unit Ksmc on cross se ction A-A’.

Knf

Carlile Shale (Upper Cretaceous)—  T he Carlile S hale in the F lorence quadrangle is
comprise d of four distinct units, from bottom to top (Pratt and othe rs, 1985): the F airport
Chalky S hale M e mber, the Blue H ill S hale M e mber, the Code ll S andstone M e mbe r, and
the overlying Juana Lopez M e mbe r (de scribe d se parate ly below). M appe d as unit Kc on
cross se ction A-A'.

Eig h tm ile and Sixm ile creeks gravel two (Upper Pleistocene (?) to
upper Middle Pleistocene)—  Deposits along Eightmile Cre ek consist of
alte rnating layers of very coarse sand and silt, and poorly sorte d gravel.
Carbonate rinds on clasts are about 0.04 in (1 mm) thick and are more
continuous than those on clasts in unit Qge 1. Clasts bre ak apart more e asily
when struck with a rock hamme r compare d to those in Qge 1. R ip-up clasts
of Pierre S hale are found within the basal part of the de posit. Imbricate d
clasts, ne ar the conflu e nce with the Arkansas R ive r indicate transport from
north to south toward the Arkansas R ive r. T he unit is roughly 40 ft (12 m)
thick along Eightmile Cre ek and thins to less than 3 ft (1 m) thick along
the w estern e dge of the unit. T he uppe r part of the unit is approximately 95
ft (29 m) above the active channel ne ar the conflu e nce with the Arkansas
R iver. T he basal 4 to 6 ft (1.2 to 1.8 m) is strongly cem ente d by se condary
calcium carbonate in the part of the unit mappe d in the W . ½, se c. 21, T . 18
S., R . 69 W . T he se condary carbonate is likely pre cipitate d by
groundwate r. S ample KL 6 analysis of de trital zircon indicate s the zircons
are of Cre tace ous age. T his sugge sts a prove nance (se dim ent source) 1 to 2
mile s north of the sample location. S ample KL 3, take n ne ar the base of the
unit in a coarse sand be d, yie lde d an O S L age of 18,950 ± 1310 BP (ce ntral
age). T he unit is mappe d as S locum Alluvium (lowe r U ppe r Ple istocene)
by S cott (1985). T his unit is a source of sand and grave l.

Eig h tm ile and Sixm ile creeks gravel three (lower Middle Pleistocene)
—  R e ddish-brown, clast supporte d sandy gravel. T he clasts bre ak apart
e asily when struck with a rock hammer and carbonate rinds are 0.07 to
0.11 in (2 to 3 mm) thick. T here are two de positional episodes mappe d by
S cott (1985) for this unit that are not mappe d se parate ly he re. T he surface
of the upper de posits is 130 to 140 ft (40 to 43 m) above the active channe l
and is underlain by less than 4 ft (1.2 m) of gravel. T he surface of the
lowe r de posits is approximately 90 to 130 ft (30 to 40 m) above the active
stre am channe l and is 30 to 40 ft (9 to 12 m) be low the surface of the uppe r
gravel. T hickne ss of the lowe r terrace gravel is 5 to 15 ft (1.5 to 4.5 m).
T he low er gravel-cappe d surface is more wide spre ad than the uppe r
gravel-cappe d surface. N ormally, te rrace s would be de posite d such that the
oldest te rrace is locate d the furthest from the mode rn drainage and the
stre am would incise into the olde r terrace s (younge r te rraces would be
inse t into olde r te rraces). In the case of Eightmile Cre ek, the lowe r grave l
surface (younge r) is mappe d on the e ast side of the uppe r surface (older),
while the active channe l (youngest) curre ntly occupies a valle y to the we st
of the uppe r surface (olde r). In other words, the younge r te rrace is not inse t
into the older terrace on the same side as the mode rn channe l. T his
sugge sts that Eightmile Cre ek may have avulse d or shifte d to its curre nt
location some time be tw e e n the de position of Qge 3and Qge 2. T he unit is
mappe d as Ve rdos Alluvium (lowe r M iddle Ple istoce ne) by S cott (1985).
T his unit is a source of sand and grave l.

Eig h tm ile and Sixm ile creeks gravel one (Upper Pleistocene(?))—
R e ddish-brown, clast supporte d sandy gravel. Discontinuous rinds
compose d of se condary carbonate coat many of the clasts. Commonly,
rinds are less than 0.04 in (1 mm) thick. Along Eightmile Cre ek, the
surface of the unit is approximately 90 ft (27 m) above active channe ls at
the ir conflu e nce with the Arkansas R iver and de cre ases upstre am to
roughly 30 ft (9 m) above the active channel. T he unit is as much as 30 ft
(9 m) thick ne ar the Arkansas R iver and de cre ase s in thickness upstre am to
roughly 10 ft (3 m) thick. S ample KL 1, which was take n ne ar the base of
the unit in gravel, yie lde d an O S L age of 3,460 ± 590 BP (ce ntral age) or
1,200 ± 200 BP (minimum age). H owe ver, this age is inconsiste nt with
other age s of similar de posits ne arby. An age colle cte d from Qa2 from
S ixmile Cre ek yielde d an age of 8260 ± 30 14C yr BP. T he soil profile is
le ss de ve lope d compare d to unit Qge 1. Additionally, the carbonate rinds on
the clasts in unit Qge 1are consiste nt with an older age than the O S L age
from sample KL 1. T he unit is mappe d as Louviers Alluvium (U ppe r
Ple istocene) by S cott (1985). S zabo (1970) colle cte d bone fragme nts from
the Parker are a and Chatfield Dam site.  U ranium-serie s ages range from
86,000 ± 6,000 to 129,000 ± 10,000. T his unit is a source of sand and
gravel.

Arkansas River Gravel —  Poorly sorte d, clast supporte d grave l deposite d by the
Arkansas R iver. De posits are typically light tan-gray in color. Clasts consist of 30%
gne iss and quartzite, 30% granite, and 5% sandstone and other se dime ntary rocks.
R e maining clast type s are pre dominantly porphyritic and pe gmatitic igne ous rocks.
Clasts are subrounde d to round. Clasts range in size from 3 to 12 inche s (8 to 31 cm) in
expose d diam e te r. Clasts locally may exce e d 12 inche s (31 cm). Localize d landslide s of
limite d exte nt occur at the contact be tw e e n the gravel and the unde rlying Pierre S hale.

Qge3

Qge1

Qge2


