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Table 1. Age dates in the Berthoud quadrangle         
Radiocarbon dating (by Beta Analytic, Inc., Miami, Florida, August 2016)  Map unit Map Location Laboratory 

number 
Material Conventional 14C age (yr 

BP) 
 

Qa2 Berthoud 1 Beta-444184 Silt and sand 910±30  Qa2 Berthoud 2 Beta-444185 Silt and sand 2,930±30  Qa1 Berthoud 3 Beta-444186 Silt and sand 1,530±30        Optically stimulated luminescence (OSL) dating (by U.S. Geological Survey, Lakewood, Colorado,  
February 2017) 
Map unit Map Location Material Age (yr BP)   Qg2 SK4 Fine to very 

coarse sand 
32,730 ± 2,340 

  Qa3 Berthoud 4 Sand and 
gravel 

10,940 ± 660 
  Qg2 Berthoud 5 Sand and 

gravel 
35,950 ± 6,840 

        
Note: Strong Bt and Bk horizon development observed in Qg2 indicates an age of at least  
Middle Pleistocene, which is at variance with the above OSL dates for Qg2 samples.  
       

T his mapping  project was fu nded jointly by the Colorado Geolog ical S u rvey and the U .S. Geolog ical
S u rvey throu g h the N ational Cooperative Geolog ic Mapping  Prog ram under S T AT EMAP ag reement

G16AC00189.
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Contact —  Approximately located
Oblique-slip fault —  Dotted where concealed; U  = upthrown side, D = downthrown side; arrows show 
relative motion& U

D

Thrust fault —  Dotted where concealed; sawteeth on upper plate(( (( ((

Elevation of base of Niobrara Fm (feet above mean sea level) —  T his stru ctu re-contou red area presents
a dome stru ctu re recog nized when analyzing  CO GCC well data du ring  map compilation. In the adjacent (to
the west) Carter Lake R eservoir g eolog ic map there is a another dome, ~6 miles southwest of Berthou d
qu ad dome and adjacent to the Berthou d qu adrang le western bou ndary. T he base of the N iobrara was
stru ctu re-contou red for the Carter Lake R eservoir dome, and the same contact is contou red here for
consistency between the two maps.

220

Strike and dip of inclined bedding —  S howing  direction and ang le of dip in deg reeso15

Domea

DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

Fo r surficial dep o sits, grain size is taken fro m the The Udden–Wentwo rth grain-size scale for c lastic
sediments (Nicho ls, 2009) and c o lo r is taken fro m the Munsell So il Co lo r Charts (Munsell Co lo r, 1991).

HUMAN-MADE DEPOSITS

ALLUVIAL DEPOSITS

Artificial fill (uppermost Holocene) —  R iprap, fill, and refu se placed du ring  constru ction of roads,
railroads, bu ilding s, dams, and landfills. Generally consists of unsorted clay, silt, sand, and rock frag ments.
T he averag e thickness of the unit is less than 20 ft (6 m). Artificial fill may be su bject to settlement, slumping ,
and erosion if not adequ ately compacted. Most of the artificial fill bodies in the Berthou d qu ad are along
raised portions of Colorado H ig hway 287 and Larimer County R oads 15 and 17, and the material at these
locations is presumed to be eng ineered fill. At the earthen dams at Berthou d, H ummel, and Ish R eservoirs it is
not known if the earthen dams were eng ineered. W here fill is mapped as damming  several small ag ricultu ral
ponds in the southern part of the qu adrang le, the material appears to have been excavated from the pond
depressions and is presumed not to be eng ineered.

af

Alluvium one (upper Holocene) —  T his unit consists of fine to medium sand, su bordinate amou nts of
mediu m to coarse sand, and pebble to cobble g ravel, underlying  a low terrace and adjacent channel deposits
along  the Little T hompson R iver and its tributaries Dry Creek and Big  H ollow. In the active channel of the
Little T hompson R iver, some reaches contain or are covered with poorly sorted mediu m to very coarse sand
and minor amounts of g ranitic g ranules and pebbles, and other reaches contain or are covered with clay, silt,
and fine sand. In some reaches the sand is coarser and more ang ular and micaceou s, and contains as mu ch as
10% biotite and muscovite (<0.2 inches, < 4 mm). Channel bar deposits consist of mediu m to very coarse
sand, and 10 to 20% g ravel rang ing  from g ranules to cobbles (<6 inches, < 15 cm). T he g ravel is a mixtu re of
mostly g ranitic and other crystalline rocks but also inclu des su bordinate amou nts of limestone and sandstone.
T he color of finer-g rained deposits is dark-reddish-brown, and the coarse sand and g ravel is pinkish-g ray and
pale red. Qa1terrace deposits consist chiefly of fine to mediu m sand but locally can inclu de clayey silt to very
fine sand. T he sand fraction is moderately sorted, ang ular to su bang ular, and usu ally micaceou s.  Muscovite is
the principal mica and constitutes up to 3% of the deposit, and flakes are as larg e as 1 mm. Granules and
small pebbles (<0.2 inches, <5 mm) are present locally but constitute <5% of the deposit. T he pebbles and
g ranules consist mainly of ang ular to rou nded g ranitic rocks and qu artz, and su bordinate ang ular Pierre S hale
(Kp) mu dstone frag ments and rou nded limestone and sandstone clasts. O verall, the colors of Qa1sediments
inclu de brown, dark brown, and dark-reddish-brown, and less common olive and lig ht olive-brown; sand and
g ravel bars in the stream beds are pinkish-g ray. In the incised exposu res secondary carbonate development is
locally present. Exposed unit thickness was estimated from a 1-m resolution dig ital elevation model (DEM)
and rang es from 9 to 15 ft (3 to 5 m). A radiocarbon analysis from Qa1allu vium (sample location Berthou d 3,
3 ft [1 m] below g round su rface) (T able 1) indicates that the upper 3 ft (1 m) of Qa1was deposited after 1,530
+/- 14C yr (late H olocene) (Beta Analytic sample #444186).  In the Berthou d qu adrang le the S eptember 2013
flooding  events cau sed the Little T hompson R iver to inu ndate the area mapped as Qa2and to damag e property
and infrastru ctu re.  T he following  estimates are based upon observed discharg es at the Little T hompson R iver
within the Berthou d qu adrang le du ring  the 2013 F ront R ang e flood. At S outh County Line R oad (Larimer
County/W eld County line) the estimated recu rrence interval for a 2013-mag nitu de flood is 50 to 100 years,
and downstream at Interstate 25 the estimated recu rrence interval is 100 years (Colorado Department of
T ransportation, 2015). In a 2010 map of flood zones in Colorado, the portion of the Little T hompson R iver
flood plain (area mapped as Qa2) within the Berthou d qu adrang le and west of the Larimer/W eld County line
is a 0.2% annu al chance zone (500-year flood zone) and the portion east of the cou nty line is a 1% annu al
chance zone (100-year flood zone) (Colorado W ater Conservation Board, 2013). In the Big  T hompson R iver,
to which the Little T hompson R iver is a tribu tary, the 2013 event is considered a 100-year flood (Yochu m,
2015). Bars in active channels of Q a1are small but are nonetheless potential sou rces of sand and g ravel.

Qa1

EOLIAN DEPOSITS

Alluvium three (Upper Pleistocene to lower Holocene) —  Generally, the deposit rang es from fine to coarse
sand and minor silt and g ravel, to fine sand to pebble g ravel and minor silt and clay, to clast-supported
su bang ular g ravel up to 15 cm (6 inches) having  a matrix of silt to g ranules. T he unit is fou nd in few small
areas at hig her elevations along  Little T hompson R iver, at a tribu tary to Dry Creek, and at Big  H ollow. T he
deposit is mostly 20 to 40 ft (6 to 12 m) above present-day stream level. Colors are dark-yellowish-brown,
pinkish-g ray, pale yellow, and lig ht-brownish-g ray. Local exposu res vary in content from fine to medium sand
and trace coarse sand and minor g ranules, to fine sand and pebble g ravel, to fine to coarse sand and minor
g ravel, to very fine to very coarse sand and g ravel, to clast-supported g ranule and pebble g ravel. T he sand is
ang ular to su brou nded, locally micaceou s (some mica flakes are 0.05 inches, 1 mm), and locally poorly
sorted. T he g ravel fraction consists of ang ular to su brounded qu artz, g ranitic rocks, and sedimentary rocks;
clasts are as larg e as 6 inches (15 cm) in diameter. S edimentary clasts inclu de flat, ang ular frag ments of fine-
g rained sandstone, micritic limestone, and Kp siltstone; sedimentary clasts locally predominate over qu artz
and g ranitic clasts. At one location (Berthou d Gun Clu b) rinds of g rayish-white secondary carbonate are
abu ndant on pebbles and cobbles, althou g h the sand and g ranule matrix is poorly cemented. Exposed Qa3
thickness can be up to 10 ft (3 m). T he optically stimulated luminescence (O S L) ag e from Qa3(sample
location Berthou d 4, 15 ft [4.6 m] below g rou nd su rface) is 10,940 +/- 660 yr (S. Mahan, personal commu n.,
2017) (T able 1). At two locations Qa3is overlain by Qe. Q a3may correlate with Q a3of the Johnstown
qu adrang le (Palkovic and Morg an, 2017).  It may also correlate with a Qa3location 1.8 miles (3 km) west of
the Long mont qu adrang le, where Q a3yielded radiocarbon ag es of 10,690+/-100 yr and 10,260+/-70 yr
(Madole, 2016). S mall slope failu res are possible where the Qa3has steep slopes, but landslides have not been
mapped in the qu adrang le and risk of slope failure for this unit is considered low. T his unit is a potential

Gravel two (Middle (?) to Upper Pleistocene) —  T his poorly sorted sand and g ravel was fou nd at widely
separated upland locations: T win Mounds, the T own of Berthou d, and west of Ish R eservoir. T he deposit is
mostly 60 to 70 ft (18 to 21 m) above present-day stream level. T he unit is a mixtu re of clayey silt to very fine
sand and g ranule to cobble g ravel. Gravel makes up ~25% of the deposit and includes clasts as larg e as 6
inches (15 cm) in diameter. T he silt and sand fraction is micaceou s and weakly to strong ly calcareou s; the
sand is ang ular to su brounded. At T win Mounds the soil profile inclu des a Bt horizon that has well-developed
prismatic stru ctu res. At all the exposu res, g rayish-white carbonate rinds on clasts and  well-developed Bk
horizons are present. Carbonate development is at about S tag e III+ as described by Machette (1985). W ell
developed Bt and Bk soil horizons indicate an older soil, about Middle Pleistocene in ag e. At T win Mounds,
where the exposu re is ~6 ft (~2 m) thick, the orientation of carbonate rinds indicates rotation of clasts from
orig inal horizontal positions, su g g esting  reworking  of the deposits. T he T win Mounds exposure  inclu des a
basal, clast-supported  pebble and cobble g ravel ~3 ft ( ~1 m) thick that overlies Kp. T he clasts are lig ht-
g rayish-brown sandstone, qu artz, g ranitic rocks, and minor Kp mu dstone. At the T own of Berthou d, the
g ravel fraction consists of reddish fine-g rained sandstone, lig ht-g ray micritic limestone, and minor olive-
brown Kp mu dstone. W est of Ish R eservoir, the g ravel fraction is qu artz, g neiss, and dark-g ray crystalline
rock. Most of g ravel at all localities is su bang ular to su brou nded, containing some ang ular clasts. Q g 2is
overlain by Q e at all three localities. At the T own of Berthou d, where the exposed thickness is ~6 ft (~2m), the
lower part of the unit is moderately biotu rbated. Larg e, pale-brown, infilled  bu rrows (krotovina) up to  3 ft (1
m) wide are fou nd within the white deposit. T he O S L ag e from sample S K4, collected from 5 ft (1.5 m) below
g rou nd su rface at the T own of Berthou d, is 32,730 ± 2,340 yr. T he O S L ag e of sample Berthou d 5, collected
from 4 ft (1.2 m) below g rou nd su rface at T win Mounds, is 35,950 ± 6,840 yr (S. Mahan, personal commu n.,
2017) (T able 1). Both ag es are late Pleistocene. T he strong  Bt and Bk horizon development seen at these two
locations, however, indicates a relative ag e of at least middle Pleistocene. T he apparent discrepancies in the
O S L ag e dates versus the soil profile development at the T own of Berthou d could be cau sed by sampling
within a biotu rbated zone, despite careful sampling  efforts. T he discrepancy at T win Mounds could be caused
by the reworking  of the g ravel deposit by debris flows or other g ravitational and allu vial processes (cau sing
rotation of carbonate-coated clasts), or by erosion. U nit Q g 2 is likely correlative with unit Q g 2 of the
Johnstown qu adrangle (Palkovic and Morg an, 2017) and also may be correlative with unit Qao and possibly
Qa5of the Long mont qu adrang le, adjacent to the south (Madole, 2016). T he unit may be may be prone to
slumping  where underlain by shale bedrock, especially on the perimeter of the deposit. Q g 2was mined for
sand and g ravel in the Johnstown qu adrang le, and may be a potential sou rce of g ravel in the Berthou d
qu adrang le.

Fan deposits (lower(?) to middle Holocene) —  Allu vial fan-shaped bodies of dark-reddish-brown (Munsell
5Y R ) silt to very coarse su brounded sand, minor clay and trace mica, and a g ravel fraction (~10% of the
deposit) of ang ular to su bang ular g ranules. T he material is weakly calcareou s and weakly cohesive. It is
present on slopes along  the Little T hompson R iver and its tributaries, and along  the Big  T hompson R iver, and
has an estimated thickness of 1 to 30 ft (0.3 to 9 m). Q f fans g enerally orig inate on slopes underlain by Kp
and mantled by Qe. R elief is low on Q f areas and therefore the risk of slope failu re is also low, thou g h fans
can be hydrocompactive and are susceptible to sheet-flood events. T he unit is not a g ood sou rce of sand and
g ravel.

Eolian sediment (Upper Pleistocene to middle (?) Holocene) —  Generally, the unit is yellowish-brown
(Munsell 10Y R ) and olive-brown (Munsell 2.5Y) clayey silt, silt to fine sand, and clayey silt to mediu m sand
containing  minor coarse sand. T his material is described as loess in the Long mont qu adrang le adjacent to the
south (Madole, 2016). U nit Qe locally mig ht be slig htly reworked and containing  minor coarse sand to
pebbles, and locally has hig h clay content du e to derivation from areas of Kp upwind from the map area
(Madole, 2016).  T he dominant Qe material is clayey silt, locally containing minor very fine sand and rarely
containing  mediu m to very coarse sand. It locally contains ang ular to su bang ular g ranitic and qu artz g ranules
and pebbles (<2.4 inches, <6 cm), rare ang ular Kp mu dstone frag ments (<0.4 inches, <1 cm), and rare micritic
limestone pebbles. S econdary carbonate development is common and some localities have g ranule-sized
carbonate nodules. U nit Qe is not associated with particular topog raphic featu res and is present over a broad
rang e of elevations (Madole, 2016). N atu ral exposures are rare, and thus the deposit is mapped from road
cu ts, bu ilding  sites, g eotechnical and water well log s, shallow sampling  (part of this mapping  effort), cou nty
soils maps, and Lidar imag ing . You ng er (H olocene) Qe deposits are dominant, but there are some older (late
Pleistocene) exposu res having  soil profiles defined by well developed A, Bt, and Bk horizons. Carbonate
development in Qe varies from secondary accumulation consisting of nodules, to Bk horizons developed to
S tag e III (Machette, 1985). S oil development in young er Qe (H olocene) deposits is usu ally weak or not
discernable, but carbonate nodules are present locally. Qe is observed to overlie Qa3, Q g 2, and Kp.
Geotechnical log s indicate Q e thickness as g enerally from 7 to 16 ft (2 to 5 m). Loess can be prone to
hydrocompaction. S and content of the unit is low and it is not a potential sou rce of indu strial sand.

Alluvium two (middle to upper Holocene) —  T he deposit is a dark-yellowish-brown to dark-g rayish-brown
mixtu re of silt and sand and minor g ranules and pebbles. It underlies terraces 10-20 ft (3-6 m) above the
modern streams and most of the valley floors of the Little T hompson R iver and its tribu taries, and also the Big
T hompson R iver at and beyond the north qu adrang le bou ndary. T he finer Qa2deposits are clayey silt or silty
clay containing  a trace of g ravel to no g ravel, and are locally micaceous (some flakes are 0.05 inches, <1
mm). S econdary calcium carbonate is present at most locations. T he coarser Qa2deposits rang e from silt to
mediu m sand and have minor clay content. T he sand is ang ular to su bang ular and locally very micaceou s, and
contains as mu ch 10% mica (<0.1 inch, <2 mm). T he deposit is usu ally moderately sorted but can have trace
to minor, su brou nded coarse sand and qu artz g ranules. S econdary calcium carbonate is present at a few
locations, and at one exposu re the deposit contains abu ndant, white, g ranule-sized carbonate nodules. T he
coarsest Qa2deposits are fou nd in the Little T hompson R iver upstream from the conflu ence with Dry Creek,
and consist of fine to very coarse sand and minor g ravel. Qa2correlates with the allu vium mapped as Q al
(H olocene allu viu m) in Dry Creek and the Little T hompson R iver, in the adjacent (to the west) Carter Lake
R eservoir qu adrang le (Braddock and others, 1988), and with unit Q a2(Allu viu m two) of the adjacent (to the
east) Johnstown qu adrang le (Palkovic and Morg an, 2017). R adiocarbon ag es of Q a2 (sample locations
Berthou d 1 and Berthou d 2, 1.5 and 5 ft [0.4 and 1.5 m] below g rou nd su rface, respectively) are 910 +/- 30
14C yr (late H olocene) (Beta Analytic sample #444184) and 2,930 +/- 30 C14 yr (late H olocene) (Beta
Analytic sample #444185), respectively (T able 1). Qa2 also may correlate with Qa of the Long mont
qu adrang le (adjacent to the south), which has radiocarbon ag es of 3835+/-60 yr and 4420+/-10 yr, and with
Piney Creek Allu viu m at a locality in the Commerce City qu adrang le approximately 30 miles (50 km) to the
south, where the Piney Creek Allu viu m has an ag e of 1190 +/- 28 C14 yr (Madole and others, 2005). Qa2
thickness was estimated from a 1-m Lidar-derived DEM and rang es from 10 to 15 ft (3 to 5 m). T his unit is
likely not a sou rce of sand and g ravel.

Qa2

Qg2

Qa3

Qf

Qe

BEDROCK GEOLOGY

Uppermost transition member —  T his unit consists of friable g ray and lig ht-g rayish-brown claystone,
siltstone, and soft shaly sandstone containing  thin beds of sandy shale having  larg e calcareous
concretions. It is exposed in dissected valley walls in the southeastern part of the qu adrang le. U nit Kpt
contains the index fossil ammonite Sphenodisc us (Co ahuilites)(S cott and Cobban, 1965). T hickness is
approximately 2000 ft (610 m).

Pierre Shale (Upper Cretaceous) —  T his unit consists of marine strata of dark-g ray shale, siltstone, and
fine-g rained sandstone. Bentonite beds are common in the lower part of the unit and calcareou s concretions
are common throu g hou t. T he following  descriptions of the Kp and other bedrock units are adapted from the
descriptions of the adjacent (to the west) Carter Lake R eservoir qu adrang le by Braddock and others (1988),
and from a g eolog ic and biostratig raphic map of the Kp by S cott and Cobban (1965). T he latter map also was
used to assist delineation of Kp members on the present map. T he bentonite content of the Kpm and Kpl
members makes these units prone to having  expansive (swelling ) soils, a well-known stru ctu ral eng ineering
problem along  the Colorado Piedmont. Expansive soils may increase to 1.5 times their orig inal volume when
satu rated (Colorado Geolog ical S u rvey, 2017). T he U .S. Geolog ical S u rvey Mineral R esou rces O n-Line
S patial Data system (U S MIN ) cites only one mineral resou rce in the qu adrang le. It is in the Kp, is desig nated
as "unknown, refractory clay" and the U S MIN  entry inclu des no other information. T his location does not
appear on the Colorado Division of R eclamation and Mine S afety (DR MS ) map showing permitted, active,
and inactive mines, nor are there any other DR MS locations mapped in the Berthou d qu adrang le.

Kpt

Upper shale member —  T his unit is a g ray, friable, concretionary silty shale. It is exposed in dissected
valley walls in southwest part of qu adrang le. Kpu is mapped by S cott and Cobban (1965) over mu ch of
Berthou d qu adrang le, but is mostly masked by Qe. T he unit contains index fossil ammonitesBac ulites
c lino lo batus, Bac ulites grandis, Bac ulites bac ulus, Bac ulites eliasi, and Bac ulites jenseni(S cott and
Cobban, 1965). T hickness is approximately 2800 ft (853 m).

Unnamed sandstone in Kpu —  T his unit is a moderately indu rated, su bang ular to su brou nded, well-
sorted, lig ht-g reenish-g ray, fine- to mediu m-g rained qu artzose sandstone. Bedding  varies in thickness
between 1 and 3 inches (2.5 and 8 cm). Estimated thickness is 40 ft (12 m).

Larimer, Richard, and Rocky Ridge Sandstone Members and intervening unnamed shale units
(undivided) —  T he Larimer and R ocky R idg e S andstone Members are well-indu rated, lig ht-g ray to
lig ht-brown, mediu m-g rained sandstones, predominantly composed of qu artz and minor feldspar and
biotite. T he units are exposed  in a ridg e that is trending  northward from W elch R eservoir (northwestern
part of the qu adrang le), and the units also are present along  Dry Creek and a tribu tary to Dry Creek
(southwestern part of the qu adrang le). T he unit contains the index fossil ammonite Bac ulites reesidei
(S cott and Cobban, 1965).T hickness is approximately 260 ft (79 m).

Middle shale member —  T his unit consists of hig hly friable, g reenish-g ray claystone, and sandy
siltstone that contains thin bentonite beds. It is partially exposed between W elch and R yan Gulch
R eservoirs in the northwestern part of the qu adrang le. T he unit contains the index fossil ammonites
Bac ulites c uneatus, Bac ulites c o mpressus, Didymo ceras cheyennense, Exitelo ceras jenneyi, Didymo ceras
stevenso ni, and Didymo c eras nebrascense(S cott and Cobban, 1965).T hickness is approximately 715 ft
(218 m).

Kpm

Kplr

Kpus

Kpu

Hygiene Sandstone Member, undivided —  T he upper part of this unit is a well-indu rated, lig ht-g ray,
fine- to mediu m-g rained sandstone composed mostly of qu artz, minor feldspar, and minor opaqu e
minerals. T he middle portion of the unit is mediu m-g ray siltstone; the lower part is friable g ray
concretionary sandstone. T he unit is exposed in a ridg e that trends northward from Lonetree R eservoir. It
contains the index fossil ammonites Baculites scotti and Baculites g reg oryensis (S cott and Cobban,
1965).  T hickness is approximately 760 ft (232 m).

The fo llo wing units are sho wn o nly in cro ss sec tio ns (A-A' and B-B'). Descrip tio ns are adap ted fro m Braddo c k and o thers
(1988).

Kph

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. It is
exposed along  the northern side of R yan Gulch R eservoir. T he unit contains the index fossil ammonites
Bac ulites perp lexus, Bac ulites asperifo rmis, Bac ulites mc learni, and Bac ulites o btuses (S cott and
Cobban, 1965). T hickness is approximately 1900 ft (579 m).

Siltstone —  T his unit consists of sandy siltstone and layers of soft sandstone, equ ivalent to the lower
portion of Kph.

In the no rthwest c o rner o f the q uadrangle, Kph is subdivided as fo llo ws per Sc o tt and Co bban (1965):
Upper part —  T his unit consists of the upper and middle portions of Kph as described above.

Lyons Sandstone (Permian) — O rang e to pink to pinkish-g ray, fine- to mediu m-g rained, well-sorted
qu artzose sandstone. T hickness is approximately 50 ft (15 m).

Niobrara Formation, undivided (Upper Cretaceous) —  Very fissile, dark-g ray shale that overlies and
underlies thin (5 m, 15 ft) micritic limestone layers. T hickness is approximately 315 ft (96 m).

Colorado Group - Carlile Shale, Greenhorn Limestone, Graneros Shale, and Mowry Shale (undivided)
(Upper Cretaceous) —  T he unit 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 siliceou s shale. T hickness is 410 to 500 ft (125 to 152 m).

Dakota Group: South Platte Formation and Lytle Formation (undivided) (Lower Cretaceous) —  T his
unit consists of g ray to lig ht-brown, well-sorted, fine- to mediu m-g rained sandstone; dark-g ray carbonaceou s
shale; g ray to lig ht-brown, fine-g rained sandstone; and g ray to lig ht-brown, coarse-g rained, cong lomeratic
sandstone. Estimated thickness is 300 to 450 ft (91 to 137 m) based on oil and g as well log s within the
Berthou d qu adrang le.
Morrison (Upper Jurassic), Sundance (Middle Jurassic), Jelm (Upper Triassic), and Lykins (Lower
Triassic and Upper Permian), undivided —  T his unit consists of g reen, red, yellow, and white claystone
and siltstone, g ray micritic limestone, and g ray, fine- to mediu m-g rained sandstone; fine-g rained, g ray to
white sandstone and pink, orang e-pink, and reddish-brown, fine- to mediu m-g rained sandstone, and reddish-
brown calcareou s sandstone; and red and reddish-brown siltstone and fine-g rained sandstone containing  thin
carbonate beds. Estimated thickness is approximately 900 ft (274 m), based on oil and g as well log s within
the Berthou d qu adrang le.
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