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DESCRIPTION OF MAP UNITS

Eolian sediment (Lower to Middle Holocene) —  U nit Qe covers most of the
qu adrang le northwest of the S t. V rain Creek valley (see cross sections B-B' and C-C'),
and also occu rs in several small, discontinuous areas on the southeast of the valley. U nit
Qe is a thin mantle, so it is not associated with particular topog raphy and can be present
over a broad rang e of elevations and g eomorphic landforms (Madole, 2016). W ithin the
qu adrang le, unit Qe commonly overlies the Pierre S hale upper transition member (Kpt),
but also overlies the Fox Hills S andstone (Kfh) along  the north side of the S t. V rain
Creek valley north of Colorado Hig hway 66, and overlies the Laramie Formation (Kl) in
the south part of the qu adrang le.  V ertical Qe exposu res thicker than 1 m are rare. T he
thickest exposu re observed is 2.4 m hig h, on the south bank of a tributary to S t. V rain
Creek and in T. 3 N ., R. 67 W ., sec. 17, N E 1/4. Litholog ic log s from 12 water wells in
unit Qe indicate most Qe thickness valu es between 2.1 and 3.0 m, with three valu es from
1.2 to 1.8 m. T en g eotechnical log s in Qe place the bedrock contact beneath unit Qe as
between 2.1 and 7.0 m below g rou nd su rface.  O n the basis of litholog y and position in
the landscape, unit Qe correlates with units Qe or Ql in adjacent and nearby qu adrang les
(S oister, 1965; Colton and Anderson, 1977; Madole, 2016; Keller and others, 2017;
P alkovic and Morg an, 2017; and P alkovic and others, 2018).
U nit Qe is massive and fine g rained. At most locations g rain size rang es from clayey silty
sand or silty clayey sand to silty sand with minor clay. A g rain size analysis of a sample
of unit Qe collected in the north-central part of the qu adrang le yielded sand at 37%, silt at
34%, and clay at 29%. Moist Qe material is moderately to very plastic, depending  chiefly
upon its silt content; the dry material is moderately cohesive to very stiff and hard. Colors
of fresh unit Qe (i.e., lacking sig nificant secondary carbonate) are various browns that
fall evenly into hu es 2.5Y and 10Y R.
T here are few exposu res of unit Qe in the qu adrang le, so its contacts with other su rficial
deposits are rarely observed. In two trenches, however, ~1 m of unit Qe was observed to
directly underlie ~1 m of unit Qes. T he first trench was in T. 2 N ., R. 68 W ., sec. 11, S E
1/4; and the second was on the east qu adrang le bou ndary in T. 3 N ., R. 67 W ., sec. 34, S
1/2. In the second trench, a radiocarbon analysis (sample G 098CC14, 1.3 m below
g rou nd su rface) was performed on a sample of unit Qe immediately below its contact
with the overlying  unit Qes. T he sample yielded an ag e of 5,590-5,465 yr B.P.
(calibrated). A radiocarbon sample also was taken in Qes immediately above the contact.
It yielded an ag e of 2,867-2,760 yr B.P. (calibrated). S everal g eotechnical log s in T.2 N .,
R.68 W ., S ec. 14, N W  1/4 indicate silty sand overlying  sandy clay, and these materials
are likely to be unit Qes overlying  unit Qe. S econdary carbonate development in unit Qe
is variable, but commonly is S tag e I and II. U nit Qe is non-effervescent to moderately
effervescent (U .S . Department of Ag riculture, N atu ral Resou rces Conservation S ervice,
2018). U nit Qe is not a likely potential source of sand becau se it has a sig nificant clay
and silt fraction. T he unit may have collapsible (hydrocompactive) soils.

Colluvium and sheetwash deposits, undivided (Holocene to Upper Pleistocene) —
U nit Qcs forms a discontinuous apron on the lower slopes of the northwest side of the S t.
V rain Creek valley. T he deposit apparently overlies the Fox Hills S andstone (Kfh) and
unit Qau. T he few unit Qcs exposu res are less than 0.6 m hig h; they mostly are on the
upslope portions of unit Qcs areas, and thickness of the unit probably increases down
slope. N ear the west qu adrang le bou ndary, a thin wedg e of Qcs (not mapped) is observed
to underlie Qa2, su g g esting  that the two units locally may be interstratified both there and
near the northern qu adrang le bou ndary. O n the basis of litholog y and position in the
landscape, unit Qcs correlates with units Qcs, Qsw (sheetwash allu vium), or Qc
(collu vium) of adjacent and nearby qu adrang les (S oister, 1965; Colton and Anderson,
1977; Madole, 2016; P alkovic and Morg an, 2017; P alkovic and others, 2018; and Keller
and Morg an, 2018). U nit Qcs consists of eroded clay, silt, and sand, and bedrock
frag ments transported downslope from hig her elevations by g ravity or sheet flow. Matrix
is predominant, as mu ch as 90% of the deposit. T he color is lig ht brownish-g ray or lig ht
olive-brown.  T he larg e proportion of fines and small proportion of coarse sand and
g ravel in Qcs indicate that it is not a likely sand or g ravel resou rce. T he areas mapped as
Qcs may experience fu tu re collu vial or sheetwash deposition, and locally are su bject to
small debris flows.

MASS-WASTING AND ALLUVIAL DEPOSITS

Eolian sand (Upper Holocene) —  U nit Qes occu pies most of the qu adrang le southeast
of the S t. V rain Creek valley. In the Colorado Piedmont (inclu ding  the G owanda
qu adrang le) and G reat Plains, it is mapped as Late Qu aternary wind-deposited sand by
Madole and others (2005). O n the basis of litholog y and position in the landscape, it is
continuous with and correlative with eolian sand in adjacent and nearby qu adrang les
(S oister, 1965; Colton and Anderson, 1977; Keller and Morg an, 2018; P alkovic and
others, 2018).  U nit Qes is moderately well exposed to poorly exposed in road cuts,
excavations, and one railroad cut, but is easily identified even in shallow, hand-du g
sample holes. U nit Qes was observed to overlie unit Qel in two excavations; the better
exposed was in T. 3 N ., R. 67 W ., sec. 34, S  1/2 (radiocarbon sampling  locations
G 098BC14 and G 098CC14). T his stratig raphic relationship was observed also in some of
the g eotechnical log s and water well log s in the south-central and southeast parts of the
qu adrang le. T he g reatest vertical exposu re of unit Qes is 1.8 m in a railroad cut in T. 2
N ., R. 67 W ., sec. 6, N W  1/4. G eolog ic log s from 17 water wells that penetrate Qes
indicate that the unit is commonly 2.4 to 4.0 m thick, with three valu es from 6.1 to 7.0 m
and two at 1.5 m. T wo g eotechnical log s indicate valu es of 2.4 and 4.9 m.

U nit Qes is commonly a moderately to well-sorted fine to medium sand. Coarser sand
content and poor sorting  occu r locally in unit Qel and mig ht be attributable to proximity
to areas of allu vial sand. U nit Qes sand is ang ular to subang ular, or su bang ular to
su brounded. Qu artz content is approximately 65 to 70% with su bordinate feldspar,
opaqu e minerals, and mica. N either secondary carbonate nor effervescence was observed
when treated with dilute hydrochloric acid. T he sand is only weakly cohesive. T he color
is mostly dark to lig ht yellowish-brown. N o bedding  was seen in unit Qes in the
G owanda qu adrang le (althou g h bedding  was noted in the adjacent Frederick qu adrang le;
Keller and Morg an, 2018). T he deposit is distinctively coarser-g rained, cleaner (i.e., with
little clay and silt), and less cohesive than loess (unit Qel), and soils formed in unit Qes
have a less-developed A horizon than those formed in units Qel and Qa2.
Radiocarbon analysis sample G 098BC14 was collected at 1.2 m below g rou nd su rface,
from unit Qes sand in a trench at the east qu adrang le bou ndary in T. 3 N ., R. 67 W ., sec.
34, S  1/2. T he sample was taken at the base of unit Qes, at its contact with underlying
unit Qel, and yielded an ag e of 2,867-2,760 yr B.P. (calibrated), which is U pper
Holocene. A radiocarbon sample was also collected here from the top of Qel, a few
centimeters below the Qes/Qel contact.  U nit Qes locally is a shallow aquifer and also is
a potential sou rce of sand. U nit Qes may locally contain collapsible soils.

EOLIAN DEPOSITS

BEDROCK GEOLOGY

Qes

T3
N

T2
N T2N

T3N

R68W R67W

R68W R67W

W ithin the G owanda qu adrang le, the upper transition member of the P ierre S hale (Kpt) and the Fox
Hills S andstone (Kfh) are locally exposed in outcrops. T he Laramie Formation (Kl) is present in
outcrop and locally as residu u m composed of frag ments formed by the weathering  and erosion of
the unit. All of these exposu res are limited in areal extent; individu al exposu res do not exceed 0.2
km2. T he description of the Laramie Formation is from S pencer (1986), as the unit was observed in
the Frederick and Erie qu adrang les adjacent to the south and southeast, respectively. Field
descriptions of the Fox Hills S andstone are supplemented from the same sou rce. Field descriptions
of the upper transition member of the Pierre S hale are supplemented by the description from S cott
and Cobban (1965). Bedrock units older than this member are shown only in cross section A-A'. For
these older formations, map-unit descriptions of Pierre S hale members are modified from S cott and
Cobban (1965), and descriptions of other units are modified from the g eolog ic map of the Carter
Lake Reservoir qu adrang le, 23 km northwest of the map area, where these units are described in
outcrop (Braddock and others, 1988). T hickness values for the Laramie Formation and Fox Hills
S andstone are from S pencer (1986). T hicknesses for older units, except for the Dakota G roup (Kd),
are from cross section A-A', which is based upon oil and g as well data from the Colorado O il and
G as Conservation Commission (CO G CC). T hickness of the Dakota G roup is from cross sections A-
A' and B-B' (based on CO G CC data) in the g eologic map of the Berthou d qu adrang le (Keller and
others, 2017), adjacent to the northwest.

Qcs

Laramie Formation (Upper Cretaceous) —  T he lower 30 m of this unit is lig ht- to
medium-g ray qu artzose sandstone divisible into benches separated by clay, fire clay
(refractory clay), shale, or coal seams. T he upper 183 m is predominantly claystone,
shale, sandy shale, and lenticular beds of sandstone and lig nite. T otal thickness is ~213
m. Multiple coal beds are present in the lower part of the formation and can reach 3.7 m
in thickness. T he two areas of Laramie Formation along  the eastern qu adrang le bou ndary
appear to be residu u m of the unit and are characterized by abu ndant pu rple-brown
frag ments of Laramie Formation ironstone concretions. T he Laramie Formation underlies
su rficial deposits in the area southeast of the S t. V rain Creek valley, and its basal portion
is part of the Laramie-Fox Hills aquifer in the su bsu rface. T wo mapped areas along the
eastern qu adrang le boundary apparently are weathered Laramie Formation. T his material
is very resistant and inclu des frag ments of salmon-colored clinker and pu rple and orang e
ironstone, the latter possibly derived from concretions in the Laramie Formation. Historic
coal mining  in the unit has caused the g rou nd su rface to be prone to local su bsidence (see
P late 2 section on Mineral Resou rces, G rou ndwater, and G eologic Hazards).

Kl

In the eastern face of the V arra Companies Pit 115, as observed in 2019, is a fresh
vertical exposu re of 10.4 m of upper unit Qa3. T he face consists of three g ravel layers
interbedded with three sand layers; this sequ ence is underlain by bluish-g ray Pierre
S hale upper transition member (Kpt) shale and is capped by a clayey layer. T he g ravel
and sand layers are 0.9 to 1.5 m thick and the clayey layer is 0.9 m thick. T he sands are
~65% qu artz with su bordinate feldspar and opaqu e minerals, moderately to poorly
sorted, ang ular to su bang ular, mostly non-micaceous, non-calcareous, and weakly
cohesive. Colors are yellowish-brown to dark-brown. T he g ravel layers are clast-
supported g ravel and matrix-supported sandy g ravel. Color is reddish to pinkish-g ray.
N o carbonate rinds were observed on the clasts, and cut-in-fill channels were observed
in the uppermost g ravel layer. T he capping  clayey layer, which possibly is an overbank
deposit, is black, hard, very cohesive, breaks into blocks, and has secondary carbonate
development in the form of rare white nodules less than 0.5 cm in size.
U nit Qa3at the Asphalt S pecialties N elson Mining  Resou rce pit, 1.7 km west of the
V arra Companies Pit 115 and at nearly the same elevation, is somewhat different than
that at Pit 115. A fresh exposu re in 2019 of 6.1 m of upper Qa3has 3.7 m of coarse
g ravel overlying  Pierre S hale upper transition member (Kpt) shale, with the g ravel layer
extending  from 2.4 to 6.1 m below g rou nd su rface. T he g ravel is overlain by a 0.9-m-
thick layer of silty clay or clayey silt, which is overlain by 1.5 m of sand. T he g ravel
layer is bedded at ~0.5 m, has some crossbedding , contains a layer having  contorted
bedding  (probably from soft-sedimentation deformation), and contains larg e rip-up
clasts of g ray very fine to fine sand. N o carbonate rinds were observed on the clasts.
O verall g ravel color is pinkish-g ray. T he overlying  silty clay or clayey silt resembles the
black clayey layer at the top of unit Qa3at the V arra Companies Pit 115; it is medium to
dark bluish-g ray and has columnar stru ctu re. T he lower contact of the unit cross-cuts the
bedding  of the underlying  g ravel layer, indicating  that the silty clay or clayey silt
probably is a channel filling. T he sand overlying  the clay layer is poorly sorted, consists
of medium sand to small pebbles, is reddish-brown of hu e 5Y R, and locally is
crossbedded.
Fou r samples were collected, from interbedded sand and g ravel mapped as unit Qa3, for
optically stimulated luminescence (O S L) dating . All samples were from sand layers in a
vertical exposu re on the east face of V arra Companies Pit 115 (Plate 1, map; and Plate 2,
T able 2). From lowest to hig hest in elevation the samples were G 067BlowerO S , G 067D,
G 067E, and G 067F, collected at depths of 11.6, 9.8, 7.9, and 3.6 m below g rou nd
su rface, respectively. T heir ag es are 151,360 ± 5,800, >56,305, 54,480 ± 5,540, and
42,285 ± 3,730 yr, respectively.   S ample G 067BlowerO S L was collected from the
lowest accessible sand layer and sample G 067F was collected from the uppermost sand
layer, underlying  the capping  clayey layer. T he upper three sand layers are appreciably
older than the ag e rang e for Broadway Allu vium, which is considered coeval with
P inedale glaciation. Pinedale time is considered to >31 ka to about 15 to 13 ka (as
summarized in Berry and others, 2019). Broadway allu vium ag e is considered to be 30
to 12 ka (Kellog g  and others, 2008); and Colorado G eolog ical S u rvey O S L ag es for unit
Qa3(equivalent to Broadway Allu vium) are ~11 ka in the Berthou d qu adrang le (Keller
and others, 2017), ~12 ka in the Long mont qu adrang le (Madole, 2016), and ~13 ka in
the Milliken qu adrang le (P alkovic and others, 2018). T he ag es of the upper three sand
layers in Pit 115 are mu ch young er than the rang e for Lou viers Allu vium (120 to 170 ka;
Kellog g  and others, 2008, and references cited therein). If the Pit 115 O S L ag es closely
date the times of deposition of the sediments, then the uppermost sand layer (42,285 ±
3,730 yr) may have been deposited du ring  an early advance of Pinedale ice between
about 47 and 34 ka (T hompson and others, 2015; S tu rchio and others, 1994). T he middle
sand layer (54,480 ± 5,540 yr) and possibly the lower sand layer (>56,305 yr) are of
Early W isconsin ag e, a period of time for which there are no known allu vial deposits
mapped in the Colorado Piedmont at and near Denver (Kellog g  and others, 2008) or
farther north on the western marg in of the Colorado Piedmont (Cole and Braddock,
2009; W orkman and others, 2018). T he latter two ag es are equivocal and should be
interpreted with caution, in part, becau se there are no corresponding  glacial deposits of
Early W isconsin ag e identified in the Front Rang e to which the middle and lower dated
deposits can be attributed. In T able 2 these two dated deposits are assig ned to unit Qa3,
but are qu eried becau se they could have collected from an underlying  deposit that
predates unit Qa3. T he ag e (~151 ky) of the lowest sand layer in Pit 115 is within the ag e
rang e for Lou viers Allu vium (Kellog g  and others, 2008, and references cited therein). In
the northeast part of the qu adrang le, a sample for radiocarbon analysis was collected
from a debris flow (?) overlying  unit Qa3(sample location G 319C14). T he sample
yielded an ag e of 1,344-1,270 yr B.P. (calibrated). In the S t. V rain Creek valley within
the G owanda qu adrang le, unit Qa3is a shallow aquifer and an important sand and g ravel
resou rce.

SURFICIAL DEPOSITS
For details on g rain size, color, and other characteristics of map units, see T able 1. For
details on g eolog ic hazards (e.g., flood potential) of map units, see Plate 2 section on
Mineral Resou rces, G rou ndwater, and G eolog ic Hazards. For radiocarbon and optically
stimulated luminescence (O S L) ag es of map units, and for g rain-size analyses, see T able
2. S u bdivision of the Qu aternary follows the International Chronostratig raphic Chart, v
2020/01 (International Commission on S tratig raphy, International U nion of G eolog ical
S ciences, 2020). P article size desig nation is according to the U dden-W entworth g rain
size scale (in N ichols, 2009), modified su ch that each sand categ ory is divided into
upper (larg er - U ) and lower (smaller - L); for example, very coarse (vc) sand is divided
into vcU  and vcL. Colors are desig nated according  to the Munsell soil color charts
(Munsell Color, 1991). Description of soil-carbonate morpholog y is after Machette
(1985).

Alluvium four (Upper Pleistocene) —  T he Qa4terrace is locally mantled by unit Qes,
as shown on cross sections B-B' and C-C'; from water well data, the underlying  Qa4
allu vium is interpreted to be 8.2 to 24.4 m thick (Colorado DW R, 2018). T he Qa4terrace
lies along  the southeast side of the S t. V rain Creek valley from T. 3 N ., R. 67 W ., sec. 33
southwest to the unnamed tributary to S t. V rain Creek, and the top of the Qa4terrace is
~15 m hig her than the top of the Qa3terrace. As indicated in nine water-well log s, unit
Qa4consists of stratified sand, g ravel, and clay; it is not exposed at the su rface in the
G owanda qu adrangle except at the bottom of V arra Companies' Pit 115. A little over half
of the deposit consists of interbedded sand, sand and g ravel, and clayey sand; interbed
thickness valu es rang e from 3.0 to 10.1 m and averag e 7.0 m. O ne-third of the deposit is
g ravel; g ravel layer thickness valu es rang e from 1.2 to 3.1 m and averag e 4.9 m. T he
remaining  part of the deposit is clay or clayey silt; thickness valu es rang e from 0.6 to 4.9
m and averag e 2.1 m. In the G owanda qu adrang le the unit Qa4terrace is in the same
position relative to unit Qa3as is, in the G reeley qu adrang le, the remnant Qa4terrace on
the south side of the Cache la P ou dre River (Keller and Morg an, 2021). T he terrace
remnant in the G reeley qu adrang le is mapped as Lou viers Allu vium by Colton (1976).
In both qu adrangles the top of unit Qa4is ~15 m above the top of unit Qa3. In the
Lindsay and others (2005) cross section G -G ’, presenting  allu vium in the Cache la
P ou dre River valley, the top of the Lou viers(?) (unit Qa4) terrace is ~11 m above the top
of the Broadway terrace (unit Qa3). T herefore, in the G owanda qu adrang le the terrace of
unit Qa4(overlain by Qes) is considered to be equivalent to the Lou viers Allu vium
terrace remnant in the G reeley qu adrang le. S ample G 067B (base of Pit 115) yielded an
optically stimulated luminescence (O S L) ag e of 151,360 ± 5,800 yr, which is within the
ag e rang e of 120-170 ky given for Lou viers Allu vium in Kellog g  and others (2008).
Althou g h, per water-well evidence, there is sand and g ravel in the G owanda qu adrang le
Qa4deposits, within the qu adrang le there are no active or inactive ag g reg ate pits in the
unit. S everal pits excavated in the unit Qa3valley floor extend only as far south as the
toe of the unit Qa4terrace, su g g esting that unit Qa4may not be as suitable an ag g reg ate
resou rce as unit Qa3.

Gravel deposit one (Middle Pleistocene (?)) —  U nit Qg 1 constitutes a northeast-
trending string  of isolated remnants that underlie hills in the upland along  the southeast
side of the S t. V rain Creek valley. Also, there are three isolated exposu res on the
northwest valley wall near the western qu adrang le bou ndary. T he eroded top of unit Qg 1
is 15.2 to 21.3 m above the creek and 12.2 to 18.3 m above the upper su rface of the unit
Qa3terrace (the latter corresponds to the Broadway terrace su rface along  the S outh
P latte River). Individu al outcrops of unit Qg 1are poorly exposed, and at all but one
location the only indicators of the deposit are hilltops having  abu ndant pebbles and
cobbles with white carbonate rinds on clasts.
T he best exposu re of unit Qg 1is in a small abandoned pit ~1.2 km west of Firestone.
T his deposit was estimated in the field to be ~75% matrix and ~25% clasts (g ravelly
sand); a g rain-size analysis of the material yielded 57% g ravel, 38% sand, 3% silt, and
2% clay (sandy g ravel). Carbonate rinds are common on the clasts and locally are as
mu ch as 2 mm thick. T he matrix contains many frag ments possibly from ironstone
concretions in the Laramie Formation (Kl), and some frag ments have been incorporated
with carbonate rinds. W ithin the qu adrangle, no water wells penetrate the unit (Colorado
DW R, 2018) and therefore its thickness is not known; its exposed thickness is ~2.4 m in
the pit discussed above. At that location unit Qg 1has been a limited sou rce of sand and
g ravel in the past, but the pau city and limited extent of unit Qg 1elsewhere in the map
area redu ces the potential of this unit as a commercial sou rce of sand and g ravel.
In the easternmost part of the G owanda qu adrang le, unit Qg 1 may correlate with
deposits on a hill mapped as S locum Allu vium (Qs) in the Platteville qu adrang le
(S oister, 1965); this occu rrence is ~0.4 km to the east of the G owanda qu adrang le. Also,
several occu rrences of unit Qg 1in the G owanda qu adrang le were mapped as S locum
Allu vium by Colton (1976). In the Colorado Piedmont, young er portions of the S locum
Allu vium may have been deposited between about 300 and 220 ka, and older deposits of
the unit may have accu mulated between 390 and 320 ka (Madole, 1991). In the Masters
qu adrang le, ~40 km east of the G owanda qu adrang le, Berry and others (2015) mapped
an intermediate allu vium (unit Qai) that they correlate with the older S locum Allu vium
of Kellog g  and others (2008). U ranium-series ag es for unit Qai indicate a best ag e of
somewhat older than 382 ka. In the adjacent Platteville qu adrang le, close to the
southeast corner of the G owanda qu adrang le, S oister (1965) mapped fou r small hills as
Rocky Flats Allu vium (Qrf), and these hills are topog raphically hig her than unit Qg 1in
the G owanda qu adrang le. S oister’s unit Qrf apparently does not extend westward into
the G owanda qu adrang le.
W ithout a numerical ag e for unit Qg 1specific to the qu adrang le, it is not known with
certainty that the deposit is correlative with S locum Allu vium but based upon the
mapping  of Colton (1976) su ch correlation is probable.  Also, the G owanda qu adrang le
occu rrences of unit Qg 1resemble the following : 1) remnants of unit Qai, thou g ht to
correlate with the older S locum Allu vium of Kellog g  and others (2008), on the south
side of the S outh Platte River valley in the Masters and O rchard qu adrang les (Berry and
others, 2015a, 2015b); 2) unit Qg 1(proposed as S locum Allu vium) in the northeast
corner of the V alley V iew S chool qu adrang le (Keller and Morg an 2021); and 3) a
putative remnant of unit Qg 1(proposed as S locum Allu vium) near the S outh Platte River
in the Hardin qu adrang le (P alkovic and Morg an, 2021).

Fox Hills Sandstone (Upper Cretaceous) —  G reenish-bu ff, fine- to coarse-g rained,
crossbedded qu artzose sandstone in its lower part, g rading  upward to a lig ht-yellow and
white, massive, fine- to medium-g rained sandstone (S pencer, 1986). O utcrops
described du ring  the mapping  consist of interbedded very fine-g rained to fine-g rained
sandstone, which is well sorted, ang ular to su bang ular, weakly calcareous, and well
indu rated. Bedding  thickness rang es from laminated, to 1 to 3 cm, to 20 to 60 cm.
Colors of weathered sandstone are very pale-brown and yellowish-brown of hu e 10Y R.
T hickness is 46 to 91 m (S pencer, 1986).

Kfh

Upper transition member and upper shale member —  T hese two members are
combined in cross section A-A' becau se they are not disting uished in the CO G CC
data used to prepare the cross section. T he separate Kpt desig nation, however, is
used on the g eolog ic map becau se this member is known to directly underlie the
Fox Hills S andstone. Both members are recog nized in outcrop ~24 km to the
southwest of the G owanda qu adrang le (S cott and Cobban, 1965). In g eneral, the
unit consists of friable sandstone and soft shaly sandstone containing  thin-bedded
sandy shale and larg e calcareous sandstone concretions (S cott and Cobban, 1965);
the limited outcrops observed du ring  mapping  of the qu adrang le consist of
mu dstone or shale, and sandstone. Locally the mu dstone or shale is either massive
or laminated, appears blocky in weathered exposu res, and is weakly effervescent.
Colors are lig ht olive-brown and dark g rayish-brown of hu e 2.5Y and lig ht-g ray
of hu e 10Y R. Concretions eroded from a cut bank in this member were observed
in S t. V rain Creek west of I-25, and their dimensions were up to 1 m in diameter
and 0.4 m thick. T he sandstone is either silty to very fine g rained or very fine to
fine g rained, well sorted, not calcareous, and bedded at a scale of millimeters to
centimeters. Colors are lig ht-g ray and very dark-g ray of hu e 2.5Y, lig ht olive-g ray
of hu e 5Y, and lig ht olive-brown of hu e 10Y R. T he underlying  upper shale
member is a g ray, friable, concretionary silty shale (S cott and Cobban, 1965).
Combined thickness of the two members is 1,037 to 1,235 m.

Dakota Group: South Platte Formation and Lytle Formation (undivided) (Lower
Cretaceous) —  U nit consists of g ray to lig ht-brown, well sorted, fine- to medium-
g rained sandstone; dark-g ray carbonaceous shale; g ray to lig ht-brown, fine-g rained
sandstone; and g ray to lig ht-brown, coarse-g rained, cong lomeratic sandstone.
T hickness is 91 to 137 m.

Larimer and Rocky Ridge Sandstone Members and intervening unnamed
shale units, undivided —  T he Larimer and Rocky Ridg e S andstone Members are
well indu rated, lig ht-g ray to lig ht-brown, medium-g rained sandstones,
predominantly composed of qu artz and minor feldspar and biotite. T hickness is 37
to 49 m.

Middle shale member —  T his unit consists of hig hly friable, g reenish-g ray
claystone, and sandy siltstone containing  thin bentonite beds. T hickness is 122 to
137 m.

Hygiene Sandstone Member, undivided —  T he upper part of this unit is a well-
indu rated, lig ht-g ray, fine- to medium-g rained sandstone composed mostly of
qu artz, minor feldspar, and minor opaqu e minerals. T he middle portion of the unit
is medium-g ray siltstone; the lower part is a friable, g ray concretionary sandstone.
T hickness is 122 to 137 m.

Lower shale member —  T his unit consists of dark olive-g ray shale, and sandy
shale containing  limestone and ironstone concretions; bentonite beds are common
in the lower part of the unit. T hickness is 655 to 792 m.

Niobrara Formation, undivided (Upper Cretaceous) —  U nit is very fissile, dark-
g ray shale containing  thin (5 m) micritic limestone layers. It is an important oil and g as
resou rce in the qu adrang le (see Plate 2 section on Mineral Resou rces, G rou ndwater,
and G eolog ic Hazards). T hickness is 61 to 76 m.

Colorado Group - Carlile Shale, Greenhorn Limestone, Graneros Shale, and
Mowry Shale (undivided) (Upper Cretaceous) —  U nit consists of olive-g ray silty
claystone and sandy claystone; dark-g ray limestone and olive-g ray, calcareous, silty
claystone and siltstone; dark-g ray to g rayish-black siltstone and claystone; and
siliceous shale. T hickness is 79 to 131 m.

Pierre Shale (Upper Cretaceous) —  Marine strata composed of dark-g ray shale, siltstone, and
fine-g rained sandstone. Bentonite beds, rich in weathered volcanic ash, are common in its lower
part and calcareous concretions are common throu g hou t. T he various members of the P ierre S hale
contain index fossil ammonite species (S cott and Cobban, 1965).
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MAP SYMBOLS

Sample locations for age dates

Alignment of cross sectionA A'

Ramp fault of Kittleson (1992, 2009) extended from location 
mapped by Spencer (1986)  —  Existence certain, location inferred, 
location concealed; rectang les on upthrown side

Contact —  Approximately located

:! :! High-angle fault of Weimer (1996)  —  Existence certain, location 
concealed; ball and bar on downthrown side (where sense of 
displacement is known)

Oil and gas wellsB

Water well"
Soil boring for geotechnical investigation

Gravel pit

:! :! High-angle fault of Colton (1976) —  Existence certain, location 
concealed, ball and bar on downthrown side (where sense of 
displacement is known)

Strike-slip fault (in cross section) —  A, away from observer; 
T, toward observerA  T

Grain size sample!

Carbon-14#

Optically stimulated luminescence (OSL)"

Sand area

Oblique-slip fault, right-lateral offset, of Weimer (1996) —  
Existence certain, location concealed; ball and bar on downthrown
side (where sense of displacement is known)

:
!
:
!

Gravel pit —  Exposed g ravel faces, waste piles of g ravel and overbu rden, and 
(rarely) exposed bedrock
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HUMAN-MADE DEPOSITS

Artificial fill (Upper Holocene) —  Mostly riprap, fill, and refu se placed du ring
constru ction of roads, railroads, building s, dams, and landfills. G enerally consists of
unsorted clay, silt, sand, and rock frag ments. T he typical thickness of the unit is less than
6 m. S ome artificial fill featu res, such as the barriers between S t. V rain Creek and g ravel
pits, are not mapped becau se they are too limited in areal extent to show at map scale.
Artificial fill may be su bject to settlement, slumping , and erosion if not adequ ately
compacted and (or) if it is placed on unstable slopes.

af

ALLUVIAL DEPOSITS

Alluvium one (Upper Holocene) —  U nit Qa1deposits occu py active channels of S t.
V rain Creek and three unnamed tributaries. T wo of these tributaries drain the northern
qu arter of the qu adrang le and join the creek in the northeast qu arter; one joins the creek
in the southwest qu arter. In the lower reaches of the first two tributaries, unit Qa1
channels are bou nded by cut-in-fill terraces of allu vium of tributaries to S t. V rain Creek
(Qau), loess (Qel), and Fox Hills S andstone (Kfh). In the S t. V rain Creek valley and in
the tributary in the southwest qu arter, the unit Qa1active channel is almost everywhere
confined on both sides by the banks of the Qa2cut-in-fill terrace, the su rface of which is
1.5 to 1.8 m above the active stream level. O n the north side of S t. V rain Creek and 0.8
km west of I-25 the creek channel is bounded by the upper transition member of the
P ierre S hale (Kpt). In T. 3 N ., R. 67 W ., sec. 16 the creek channel is bounded by
collu vium and sheetwash deposits (unit Qcs). In S t. V rain Creek the fine-g rained
fraction of unit Qa1is present mostly on the channel bottom and consists of a dark-
brown, of hu e 10Y R, mixtu re of clay, silt, and very fine to fine sand. T he coarse-g rained
fraction occu rs in point bars in the channel. T he bars are as hig h as 0.6 m above the
active stream level and are composed of a loose, poorly sorted, clast-supported mixtu re
of medium sand to cobbles. T he sand is poorly sorted and ang ular to su bang ular; it
consists of ~65% qu artz with sig nificant feldspar and minor mica and opaqu e minerals.
T he g ravel is subrou nded to rounded and is dominated by g ranitic clasts with
su bordinate vein qu artz, qu artzite, g neiss, and sandstone. T he overall color of the bars is
pinkish-g ray of hu e 5Y R. T hickness of the unit is not known becau se its presumed
contact with underlying  unit Qa3could not be observed. W ithin the qu adrang le, unit Qa1
is likely not a potential sou rce of sand and g ravel, becau se of the pau city and small areal
extent of g ravelly point bars. U nit Qa1is prone to flooding .

Qa1

Alluvium two (Upper Holocene) —  U nit Qa2occu pies the flood plains of S t. V rain
Creek and also the unnamed north-flowing  tributary in the southwest qu arter of the
qu adrang le, as shown on cross sections B-B' and C-C'. T he unit is well exposed along
several reaches of the creek. It underlies the lowest terrace in the valley, with the terrace
su rface being  1.5 to 1.8 m above the active stream channel. T he unit Qa2su rface appears
to be a cut-in-fill terrace. At locations throu g hou t the valley, a thickness of 0.6 to 1.5 m
of unit Qa2is observed to overlie 0.6 to 0.9 m of a g ravel layer of allu vium three (unit
Qa3). U nit Qa2 also may locally overlie unit Qa3in the unnamed tributary in the
southwest qu arter of the qu adrang le, where two g eotechnical log s indicate a layer of
clayey sand overlies a layer of sand and g ravelly sand. T his stratig raphic relationship
also is observed in the Long mont qu adrang le adjacent to the west, as supported by
radiocarbon ag e data (Madole, 2016). U nit Qa2probably is overlain by collu vium and
sheetwash deposits (Qcs) on the north side of the S t. V rain Creek valley near the north
qu adrang le boundary. O n the basis of deposit type and the terrace position on the
landscape, unit Qa2correlates with Qa2and Qal of adjacent and nearby qu adrang les
(S oister, 1965; Madole, 2016; P alkovic and Morg an, 2017; and Keller and Morg an,
2017).
U nit Qa2is stratified with bed thicknesses rang ing  from 0.1 to 0.9 m. P article sizes of
the beds are of three g eneral types (see T able 1), but overall the sediments rang e in g rain
size from silty clay to g ranule g ravel. Colors are lig ht- to dark-brown. U nit Qa2sand is
~60% qu artz with su bordinate feldspar and opaqu e minerals and trace mica, and mostly
is ang ular to su bang ular or ang ular to su brou nded. O n the east side of S t. V rain Creek
near the north qu adrang le bou ndary, unit Qa2contains scattered small pebbles, pebble-
rich zones, a small-pebble interbed, and a discontinuous zone, several centimeters thick,
containing  charcoal g ranules. U nit Qa2colors are darker in the finer-g rained layers and
lig hter in coarser-g rained layers. U nit Qa2colors g enerally are darker than those of loess
(unit Qel), eolian sand (unit Qes), and unit Qa3. Cohesion of Qa2materials is g reater in
the finer-g rained layers, with coarser-g rained layers being  weakly cohesive to loose. N o
secondary carbonate was observed, and most of the unit Qa2 materials are non-
calcareous or weakly calcareous. A radiocarbon analysis of unit Qa2was performed for
material at the base of the unit, immediately overlying  unit Qa3g ravel (sample location
G 092AC14, 0.5 m below g rou nd su rface). It yielded an ag e of 1,344-1,270 yr B.P.
(calibrated). Another radiocarbon analysis was performed for a thin (0.2 m) layer of
possible unit Qa2 overlying  the lower level of the Qa3 terrace (sample location
G 320C14, 0.7 m below g rou nd su rface). It yielded an ag e of 1,336-1,256 yr B.P.
(calibrated). An optically stimulated luminescence (O S L) analysis was performed for
material at the base of the unit, immediately overlying  unit Qa3g ravel (sample location
G 179A, 1.0 m below g rou nd su rface). It yielded an ag e of 1,975 +/- 140 yr B.P. W ithin
the qu adrang le, unit Qa2is not a likely potential sou rce of sand becau se sand layers are
thin and are interbedded with clayey and silty layers. T he area mapped as Qa2is prone to
flooding .

Qa2

Alluvium of tributaries to St. Vrain Creek, undivided (Holocene to Upper
Pleistocene) —  U nit Qau occu pies the valley floors of the two unnamed southeast-
flowing  tributaries to S t. V rain Creek, both of which are in the northern part of the
qu adrang le. It locally overlies both upper transition member of the Pierre S hale (Kpt)
and Fox Hills S andstone (Kfh), but mostly overlies the unit Qel (loess) deposits that
cover the adjacent valley sides. U nit Qau may be interbedded with unit Qel along  the
valley walls, assuming  that the tributaries were flowing  du ring  the Qel deposition in
Late Pleistocene throu g h Holocene time. Eroded unit Qel material contributes to the unit
(Madole, 2016).  In the upper reaches of the tributaries, unit Qau forms cut-in-fill
terraces less than 0.9 m in heig ht, but the terrace heig ht increases to 1.8 m where the
streams approach S t. V rain Creek, their local base level (Madole, 2016). T his is the
maximum exposed thickness of unit Qau in the qu adrang le. Madole (2016), describing
unit Qau in the Long mont qu adrang le adjacent to the west, states that twice du ring
Holocene time conditions in the reg ion favored valley widening  and allu viation. T his
resulted in formation of valley fill that su bsequ ently was incised. U nit Qau also forms
small g ently sloping fans where the tributaries enter S t. V rain Creek. O n the basis of
deposit type and position in the landscape, unit Qau is equivalent to Qau of adjacent and
nearby qu adrang les (Madole, 2016; P alkovic and Morg an, 2017). G rain size of unit Qau
rang es from clayey silt to fine sand; locally the deposit contains ang ular g ranules of
P ierre S hale upper transition member (Kpt) mu dstone. Color is mostly dark-g ray,
commonly with bluish-black and rust-colored mottles. W here moist or wet the material
is plastic, and where dry it rang es from weakly cohesive to very cohesive. S econdary
carbonate development in the form of carbonate nodules was present at only one of the
six locations where unit Qau was described.  At the remaining  locations, however, the
unit was weakly to strong ly calcareous. P art of the area mapped as Qau is prone to
flooding . Becau se of its clay and silt content the unit is likely not a potential sou rce of
sand. T he observed thickness of the unit rang es from less than 0.9 m to 1.8 m.

Qau

Alluvium three (Upper Pleistocene) —  U nit Qa3underlies unit Qa2in the S t. V rain
Creek valley, as shown on cross sections B-B' and C-C'. T he unit forms a prominent,
widespread cut-in-fill terrace occu pying  most of the valley's southeast side and a portion
of its northwest side. T he terrace has two su rfaces discernible on lidar imag ery: the
hig her su rface is the predominant part of the featu re and the lower su rface occu rs only
on the southeast side of the valley in the northeast corner of the qu adrangle (in T. 3 N .,
R. 67 W ., secs. 9, 10, and 15, and T. 3 N ., R 68 W ., sec. 36, N E 1/4). V ertical exposures
of unit Qa3are 0.3 to 1.5 m thick along  S t. V rain Creek and are up to ~10 m thick in
g ravel pits.  Along  the eastern qu adrang le bou ndary, the upper su rface of the Qa3terrace
is a broad flat upland dividing  S t. V rain Creek to the west from the S outh Platte River to
the east. T he upper su rface is continuous with the Broadway terrace of the S outh Platte
River as presented in cross section J-J' of Lindsey and others (2005), and thus unit Qa3
may correlate with Broadway Allu vium by virtu e of heig ht above stream level. O n lidar
imag ery the upper su rface of unit Qa3is traceable southwestward along  the southeast
side of the valley to as far as the unnamed tributary near I-25. T his su rface also forms a
thin band along  part of the northeast valley wall from T. 3 N ., R 67 W ., sec. 29 to as far
southwest as I-25. T he upper su rface of unit Qa3is ~3.0 m above the lower su rface and
~6.1 m above the Qa2terrace. T he Qa3terrace lower su rface lies approximately 1.5 to
3.0 m above the Qa2terrace. T he lower su rface is at the base of several prominent
meander cuts into unit Qa3; the cuts presumably were made by lateral erosion operating
du ring  a period stream incision. U nit Qa3overlies the Pierre S hale upper transition
member (Kpt) at V arra Companies Pit 115. T he g reatest observed Qa3thickness was
10.4 m, at the east face of this pit. U nit Qa3is continuous with and equivalent to unit Qa3
of the Long mont qu adrang le adjacent to the west (Madole, 2016) and Johnstown
qu adrang le adjacent to the north (P alkovic and Morg an, 2017). U nit Qa3 is also
continuous with river g ravel (Qrg ) and allu vial sand and silt (Qss) in the Platteville
qu adrang le adjacent to the east. T hese Platteville map units may be partly equivalent to
Broadway or Lou viers Allu viums (S oister, 1965).
S eventeen litholog ic log s of water wells in the S t. V rain Creek valley, in the area
southwest of T. 3 N ., R. 67 W ., sec. 31, indicate that depth to bedrock (unit Qa3plus unit
Qa2thickness) rang es from 3.0 to 9.2 m (Colorado Department of N atu ral Resou rces,
Division of W ater Resou rces [DW R], 2018). Five g eotechnical log s in the same area
have bedrock depth valu es that rang e from 4.6 to 7.0 m. T o the northeast and
downstream, between T. 3 N ., R 67 W ., sec. 31 and the place name of G owanda, six
water well log s that penetrate the upper su rface of the Qa3terrace indicate bedrock
depths between 5.8 and 14.3 m. N ear the eastern qu adrangle bou ndary, the depth-to-
bedrock valu es in three water wells that penetrate the upper su rface of the terrace rang e
from 13.7 to 17.1 m. T he water well data g enerally indicate that the bedrock floor of the
S t. V rain Creek valley decreases in elevation in the downstream direction (northeast).
T he lower part of unit Qa3, exposed locally along  S t. V rain Creek, consists chiefly of
poorly sorted g ravelly sand and sandy g ravel, with the g ravel-size fraction making  up to
50% of the sediment. T he overall color is reddish or pinkish-g ray. T he sand fraction
locally is only weakly calcareous. T he deposit is weakly to moderately cohesive.
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