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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

HUMAN-MADE DEPOSITS

Artificial fill (Upper Holocene) —  M ostly riprap, fill material, and , loc ally,
refuse plac ed  d uring c onstruc tion of road s, railroad s, build ings, d ams, and
land fills. Includ es waste piles composed  of exc avated  sed iment ad jac ent to sand
or gravel pits. T he fill d eposits generally c onsist of unsorted  clay, silt, sand , and
roc k fragments. T ypic ally, the unit is less than 6 m thick. S ome d eposits of
artificial fill are not mapped  bec ause they are too small to show at map sc ale.
Artificial fill may be subject to settlement, slumping, and  erosion if not
ad equately compac ted  and  (or) if plac ed  on unstable slopes.

af

ALLUVIAL DEPOSITS

For more d etailed  information on grain size, sorting, c olor, sec ond ary c alcium c arbonate, and
other c harac teristic s of surficial map units see T able 1; general c haracteristic s are presented  in the
text d esc ribing the map units. For d etails on geologic hazard s (e.g., flood  potential) of map units,
see the Plate 2 section on M ineral R esourc es, Ground water R esourc es, and  Geologic H azard s. For
optic ally stimulated  luminesc enc e (OS L ) ages of select map units see T able 2, and  for results of
grain-size analyses of selec t units see T able 3. S ubd ivision of the Q uaternary follows the
International Chronostratigraphic Chart, v 2020/01 (International Commission on S tratigraphy,
International U nion of Geologic al S cienc es, 2020). Particle-size d esignation is ac c ord ing to the
U d d en-W entworth grain-size sc ale (see N ic hols, 2009), but (in T able 1) mod ified  suc h that eac h
sand -size c ategory is d ivid ed into a coarser (U ) and  a finer (L ) sub-c ategory with the aid  of a sand
grain-size c ard  (U S  GeoS upply, Inc orporated , 2020). For example, very coarse (vc) sand  is
divid ed  into the c ategories vc U  (very c oarse – c oarser) and  vc L  (very c oarse – finer).

In T able 1 the c olors are d esignated  with the aid  of M unsell soil color c harts (M unsell Color,
1991). Desc ription of soil-c arbonate morphology is after M ac hette (1985), and  the type of
effervesc enc e of sed iment or soil observed when treated  with d ilute hyd roc hloric acid is ac c ord ing
to U .S . Department of Agric ulture (2018).

Alluvium, undivided (Upper Holocene) —  U nit Q a c overs the flat valley floor
of Box E ld er Creek, a north-flowing minor tributary of the S outh Platte R iver.
In its physic al properties and  position in the land sc ape, unit Q a c orrelates with
the unit Q a of Beebe Draw in the L a S alle quad rangle (Palkovic and  others,
2019), ad jac ent to the west. Beebe Draw also is a north-flowing tributary of the
river. T here are three known exposures of unit Q a in the Valley View S c hool
quad rangle and  one in the H ard in quad rangle (Palkovic and  others, 2021b)
ad jac ent to the east. One of the Valley View S c hool quad rangle exposures is in
the bank of Box E ld er Creek, where the c hannel has been routed  to run ad jac ent
to the south sid e of W eld  County R oad  (W CR ) 48, 0.2 km east of W CR  57. T he
other two Valley View S c hool quad rangle exposures are in the north and  south
end s of a sand pit loc ated  at Box E ld er Creek and  ~0.6 km east of the terminus
of W CR  44. T he H ard in quad rangle exposure is 0.4 km east of the Valley View
S c hool quad rangle’s east bound ary and  on the east sid e of W CR  61, ~0.4 km
north of W CR  50. U nit Q a is not sufficiently incised to form terrac es along the
Box E ld er Creek valley. W ithin the c reek c hannel there are some fine-grained
d eposits of alluvium younger than unit Q a. T hese probably are correlative with
alluvium one (Q a1) of the Greeley quad rangle (Keller and  M organ, 2020) and
other northern Colorad o Pied mont quad rangles, but are not extensive enough to
be shown at map sc ale.

T he W CR  48 exposure of unit Q a is 1.8 m thic k and  has the following
c haracteristic s (from ground  surfac e d ownward ): 0.9 m of pale-brown, very well
sorted  very fine sand  with minor silt; 0.3 m of d ark-brown, poorly sorted  very
fine to med ium sand  with minor silt and  c lay; and  0.6 m (exposed  – ac tual
thickness is greater) of grayish-brown, mod erately sorted  fine to med ium sand
with trac e c oarse sand . In the sand pit east of W CR  44 there are unit Q a
exposures in the south and north end s of the pit. At the south end of the pit, in
the east fac e, unit Q a overlies ~2.5 m of exposed  unit Q es (on the geologic map,
see sample loc ations V132DOS L 1, V132OS L D2, and  V132DOS L 3). T he unit
Q a exposure is ~1.8 m high and  has the following c harac teristic s (from ground
surfac e d ownward ): 0.6 m of d ark-gray, very cohesive c layey silt with a
subord inate amount of fine to very c oarse sand , no sec ond ary c alcium
c arbonate; 0.4 m of d ark grayish-brown, very c ohesive, resistant silty clay or
c layey silt with a subord inate amount of fine to very coarse sand, abund ant
sec ond ary c alcium c arbonate nod ules and  filaments; 0.8 m of grayish-brown,
very c ohesive, resistant c layey silt or silty c lay, abund ant sec ond ary c alcium
c arbonate nod ules 2 to 3 cm in diameter. From the southern sand -pit exposure
unit Q a c an be trac ed  northward  for ~200 m to the northern sand -pit exposure, a
cut bank consisting of 1.3 m of massive, very cohesive, med ium d ark-gray silty
clay or c layey silt with abund ant white c alcium c arbonate nod ules up to 10 mm.
T he H ard in quad rangle exposure is a fresh cut-bank along Box E ld er Creek. It is
1.9 m high and  is d esc ribed  as follows (from ground  surfac e d ownward ): 0.4 m
of artificial fill; 0.3 m of brownish-gray, very cohesive clayey silt to very fine
sand , minor med ium sand ; 0.3 m of d ark grayish-brown, mod erately c ohesive
sand y clayey silt, with minor very fine sand  and  c oarse sand ; 0.7 m of light
grayish-brown, weakly c ohesive very fine to med ium sand , with minor c oarse
sand  to granules at base; and  0.2 m (exposed ) grayish-brown fine to coarse sand
with fragments of c arbonac eous c lay.

T he above exposures are the most important sourc es for d esc ribing unit Q a, but
they are supplemented  by many shallow sampling holes in this unit. T hese were
d ug with a d rain spad e, and  some were begun at the base of road c uts and  thus
reac hed  as d eep as 1.3 m below undisturbed  ground  surfac e. In 40 perc ent of
sample holes, unit Q a is silty clay or clayey silt with a fraction (5 to 35 perc ent)
of fine to medium sand  and  some c oarser sand . In another 40 perc ent, the
material is very fine to med ium sand  with minor fines (combined  silt and  clay
c ontent) and  minor c oarse to very coarse sand. In 20 perc ent, the sed iment is
fine to very c oarse sand  with minor fines. In general, unit Q a is poorly to
mod erately sorted  and  mod erately to very cohesive. Colors mostly are grayish-
brown, d ark grayish-brown, d ark olive-brown, brown, and  d ark-brown.
S ec ond ary c alcium c arbonate is not prominent: in half the sample holes the
alluvium has no visible c alcium c arbonate and  no reaction to d ilute hyd roc hloric
acid ; in the other half there is weak effervesc enc e, and  there are a few loc ations
where c alcium c arbonate filaments or nod ules are visible.

Charac terization of unit Q a is assisted  by lithologic d esc riptions in water-well
d riller’s logs (Colorad o Division of W ater R esourc es [DW R ], 2020). In the
water wells used  for the Q uaternary c ross sec tions (Plate 2), the alluvium is
d esc ribed as c lay, clay with streaks of sand , fine sand  and  c lay, and  fine to
medium sand . In the Box E ld er Creek valley, the water-well d riller’s logs used
for the east end s of the Q uaternary c ross sections ind ic ate that unit Q a thickness
ranges between 2.4 and  4.9 m, that the unit is und erlain by interbed d ed  sand ,
gravel, and  clay layers of old er alluvium consid ered  to be alluvium three (unit
Q a3), and  that the bed roc k und erlies unit Q a3at d epths of as muc h as 26 m. In
this minor tributary to the S outh Platte R iver, unit Q a c overs unit Q a3. U nit Q a
d oes not oc c upy an incised  flood  plain flanked  by unit Q a3terrac es, as d oes unit
Q a2(c oeval with unit Q a) in the valleys of the S outh Platte R iver and  major
tributaries suc h as the Cac he la Poud re R iver.

In the Valley View S c hool quad rangle, unit Q a is rarely well enough exposed
for reliable rad ioc arbon sampling. T wo of the rad ioc arbon ages used  for unit Q a
in the present report are from samples taken from the c ut bank of Box E ld er
Creek in the H ard in quad rangle, ad jac ent to the east. T he samples were taken
from sed iment near the top and  near the bottom of the cut bank. T he sampling
loc ation is ~1.1 km east of the Valley View S c hool quad rangle’s east bound ary.
Details for the samples are given in Palkovic and  M organ (2021b). T he sample
ages are 1,813-1,616 cal yr BP for sample V028C14-1, in clayey silt to very fine
sand  0.4 m below ground  surfac e, near the top of the cut bank; and  2,799-2,740
cal yr BP for sample V 028C14-2, in fine to med ium sand  1.4 m below ground
surfac e, near the bottom of the c ut bank. W ithin the Valley View S c hool
quad rangle samples of unit Q a were c ollec ted  for OS L  age d etermination at a
sand -pit exposure, in the east pit fac e where unit Q a overlies unit Q es. T he
sampling loc ation is shown on Plate 1. S ample V132DOS L 2 was c ollec ted  in
unit Q a at 0.4 m below ground  surfac e, from the highest of the three layers of
unit Q a exposed  there; the sample yield ed  an OS L  age estimate of 825 +/- 45 yr.
S ample V132DOS L 1 was c ollec ted  at 2.1 m below ground  surfac e, from the
lowest of the layers; the sample yield ed  an OS L  age estimate of 3,640 +/- 180
yrs. S ample V132DOS L 3 was collected from unit Q es immed iately below the
c ontact with unit Q a. It yield ed  an OS L  age estimate of 3,165 +/- 290 yrs, a
younger value than the above age for the overlying unit Q a. T he younger end  of
the age range for unit Q es (using the error band ) would be 3,455 yr. T his is very
close to 3,460 yr, whic h would  be the old er end  of the age range for OS L  sample
V132DOS L 1 in overlying unit Q a near the Q a/Q es c ontac t. T herefore, the
c ontact may have an age of ~3,460 yr, and  the OS L  ages c an be interpreted  as
ind ic ating that the overlying unit Q a is not muc h younger than the und erlying
unit Q es. All the above ages are L ate H oloc ene. T he unit Q a OS L  ages in the
sand -pit fac e in the Valley View S c hool quad rangle are approximately
equivalent to the unit Q a rad ioc arbon ages in the Box E ld er Creek cut bank in
the H ard in quad rangle.

T he correlation of map units c hart (CM U) for the Valley View S c hool
quad rangle is presented  in Plate 2. Contacts between unit Q a and units Q e and
Q a3are not exposed  in the quad rangle. Based  upon relative ages of the geologic
units, however, unit Q a possibly is loc ally incised  into unit Q e (eolian sed iment)
(see c ross sec tions B-B’, C-C’, and  D-D’).

On the basis of water-well d riller’s logs, unit Q a is shown in c ross sec tions as
overlying unit Q a3. Areas mapped  as Q a may be prone to flood ing (see M ineral
R esourc es, Ground water R esourc es, and  Geologic H azard s in Plate 2).

Qa

Alluvium three (Upper Pleistocene) —  U nit Q a3(also mapped  as Broad way
Alluvium by other researc hers in the region) is mapped  in loc alized  areas of the
S outh Platte R iver valley near the northwest and  northeast c orners of the
quad rangle. M ost of unit Q a3in the quad rangle, however, is inferred  from
subsurfac e water-well d riller’s logs (Colorad o DW R , 2020). U nit Q a3is present
in the Box E ld er Creek valley, where it und erlies unit Q a and  overlies L aramie
Formation bed roc k. U nit Q a3in this tributary valley is not incised  as it is in the
S outh Platte R iver valley. U nit Q a3is not exposed  in the quad rangle, but its
subsurfac e extent is d epicted  in the c ross sec tions (Plate 2). In the northwest
c orner of the quad rangle, water-well d riller’s logs indic ate unit Q a3thickness as
9 m and  d epth to bed roc k as 12 m. In c ross sections B-B’, C-C’, and  D-D’ unit
Q a3oc c upies a paleovalley c oincid ent with but wid er than the present Box E ld er
Creek valley. U nit Q a3thickness ranges from 11 to 26 m and  d epth to bed roc k is
between 14 and  31 m. U nit Q a3thickness d ec reases westward  away from the
valley axis to the (very subd ued ) valley wall. In c ross section C-C’ unit Q a3
extend s west ~0.25 km from the west wall of the present valley, and  west of the

present valley wall it d ec reases from 13 m to 4 m in thickness. In c ross section
B-B’, west of the hill c apped  with unit Q g1, a bod y of unit Q a3oc c upies a
possible reentrant of the S outh Platte R iver valley, or a possible paleovalley that
c ould  have been a tributary to the S outh Platte R iver valley. In this area the unit
Q a3thickness is from 3 m up to more than 8 m. U nit Q a3also is found  in the
valley of Beebe Draw (see west end s of c ross sections B-B’ and  C-C’).
In the Colorad o Pied mont north of Denver, unit Q a3 is areally and
volumetric ally the largest alluvium in the S outh Platte R iver valley and  its major
tributary valleys. T his is evid enc ed  by c ross sec tions in L ind sey and  others
(2005); by Colorad o Geologic al S urvey mapping in the L a S alle quad rangle
ad joining the Valley View S c hool quad rangle on the west (Palkovic and  others,
2019), Greeley quad rangle d iagonally ad joining on the northwest (Keller and
M organ, 2020), Kersey quad rangle ad joining on the north (L ind say and others,
2020); and  geologic maps of the M asters quad rangle (Berry and  others, 2015a)
and  Orc hard  quad rangle (Berry and  others, 2015b), 19 to 38 km east along the
S outh Platte R iver from the Valley View S c hool quad rangle. In the northeast
c orner of the Valley View S c hool quad rangle the area mapped  as unit Q a3
und erlies the Kersey terrac e of Bryan and  R ay (1940), whic h flanks the south
sid e of the S outh Platte R iver valley. From west to east the terrac e extend s
ac ross parts of the L a S alle, Greeley, Kersey, Valley View S c hool, Barnesville,
and  H ard in quad rangles. T he terrac e is bound ed  to the north by the valley floor
c omposed  of unit Q a1and  by a d isc ontinuous incised  terrac e of unit Q a2. T he
top of the unit Q a2terrac e is ~3 m below the top of the Q a3terrac e (Kersey
terrac e).

Ac c ord ing to M ad ole (2016), unit Q a3alluvium consists of vertic al sequenc es of
superposed , longitud inal bars of sand  and  gravel d eposited by braid ed  streams.
T hese sequenc es loc ally contain finer-grained  layers that probably are overbank
d eposits. In the water-well d riller’s logs (Colorad o DW R , 2020) used  to
c onstruc t c ross sections B-B’, C-C’, and  D-D’, unit Q a3c onsists of interbed d ed
c lay, sand , and  gravelly sand /sand y gravel layers in approximately equal
proportions. Gravel layers typic ally are present toward  the bottom of the unit
and  c layey layers toward  the top. In the Greeley quad rangle (Keller and  M organ,
2020) layers of unit Q a3in the valleys of the S outh Platte R iver and  Cac he la
Poud re R iver are typic ally c omposed  of: 1) gravelly sand  and  sand y gravel
(prepond erant); 2) very fine to very c oarse sand  with little or no gravel
(subord inate); and  3) clayey silt or silty clay with minor gravel, possibly
overbank d eposits (rare). Gravel-pit fac es in the Greeley quad rangle expose the
following: interbed d ed  sand  and gravel layers, as well as gravel-filled  c hannels
inset in und erlying sand  and  gravel layers; c rossbed d ing in gravel layers; and
large (as muc h as 0.2 m thick and  1.5 m long) rip-up fragments of sand  layers
c ontained  in gravel layers (Keller and  M organ, 2020). Also in the Greeley
quad rangle, three south-trending tributary paleovalleys join the Cac he la Poud re
R iver valley on the north sid e, and  in their shape and  size (as seen on hillshad ed
lid ar imagery) and  subsurfac e d imensions they resemble the paleovalley of Box
E ld er Creek in the Valley View S c hool quad rangle. Based  on a Greeley
quad rangle c ross sec tion through Q uaternary units, unit Q a3sed iments in the
tributary S and  Creek paleovalley are continuous and  c oeval with unit Q a3
sed iments in the Cac he la Poud re R iver valley (Keller and  M organ, 2020). By
analogy it is probable that unit Q a3in the Box E ld er Creek paleovalley is
c ontinuous and c oeval with unit Q a3in the S outh Platte R iver valley.
T here are no unit Q a3exposures in the quad rangle and  thus no samples c ould  be
obtained  for laboratory age d etermination. Deposits of unit Q a3have been d ated
by the CGS  in several nearby quad rangles, suc h as the Greeley and  Gowand a
quad rangles (Keller and  M organ, 2020; Keller and  others, 2019), and have been
assigned  to the L ate Pleistoc ene. In the Valley View S c hool quad rangle, unit Q a3
loc ally is overlain by E arly to M id d le H oloc ene eolian sed iment (unit Q e), L ate
H oloc ene eolian sand  (unit Q es), and  L ate H oloc ene alluvium (und ivid ed  unit
Q a) (see c ross sec tions B-B’, C-C’, and  D-D’). Coal seams rec ord ed  in water-
well d riller’s logs ind ic ate that the sand stone bed roc k beneath unit Q a3is the
lower part of the L aramie Formation. In the Box E ld er Creek valley unit Q a3is
an important shallow alluvial aquifer and  its sand  and  gravel layers are possible
sourc es of aggregate resourc es.

Qa3

Gravel one (Middle Pleistocene) —  U nit Q g1c aps two hills in the northeast
c orner of the quad rangle. T he hills are examples of inverted topography in that
the c apping gravel is more resistant than the und erlying bed roc k. U nit Q g1
c haracteristic s are d esc ribed  mostly from a shallow trenc h (part of this mapping
projec t) exc avated  at ground  surfac e near the center of the northernmost hill.
T he trenc h inc lud es OS L  sampling loc ations V017COS L 1 and V017COS L 2, as
shown on the Plate 1 geologic map. Other unit Q g1d ata from the hill are from
an inactive former gravel pit ad jac ent to the north of and  several meters lower in
elevation than the trenc h, from gravel exhumed  at a prairie d og town southwest
of the trenc h, and from a road  cut on W CR  57. T he mapped  areal extent of the
unit is inferred  based  upon land forms visible in the lid ar image for the
quad rangle, the d eposit thickness as estimated using loc al topography, and  the
N ational R esourc e Conservation S ervic e (N R CS ) soils map of the quad rangle
(Crabb, 1980). At the hill, the thickness of unit Q g1is ~5 m. Approximately 1 m
of the base of the unit is exposed  in the ad jac ent former gravel pit and  overlies
L aramie Formation sand stone. T he trenc h was d ug entirely in unit Q g1and  the
exposed  trenc h fac e was 2.2 m high; the bottom of the fac e was ~3 m above the
L aramie Formation.
In the sampling trenc h, unit Q g1 c onsisted  of the following material (from
ground  surfac e d ownward ): 0.4 m of weakly c ohesive, poorly sorted  gravelly
sand , clasts up to 6 cm, brown, some sec ond ary c alcium c arbonate; 0.5 m of
mod erately c ohesive sand y gravel, clasts up to 7 cm with c alcium c arbonate
rind s c oating the bottoms of many clasts, white, matrix loc ally c emented  by
c alcium c arbonate; 0.6 m of weakly cohesive, poorly sorted  med ium to very
c oarse sand  with minor gravel, some sec ond ary c alcium c arbonate; 0.6 m of
strongly c ohesive, poorly sorted  gravelly sand  or sand y gravel, clasts up to 11
cm with c alcium c arbonate rind s, pinkish-gray, matrix loc ally cemented  by
c alcium c arbonate; and  0.1 m of weakly cohesive, well sorted  med ium to coarse
sand  with no fines or gravel, pinkish-gray, no sec ond ary c alcium c arbonate. In
the gravel pit exposure, unit Q g1is a poorly sorted , strongly cohesive gravelly
sand  with c lasts up to 17 cm, pale-yellow, and  with abund ant sec ond ary c alcium
c arbonate (S tage II) both as matrix and  nod ules.

In the Valley View S c hool quad rangle, the highest surfac e of unit Q g1is ~40 m
above the S outh Platte R iver, whic h is ~4 km to the northeast. In the M asters
quad rangle (Berry and  others, 2015a), ~28 km southeast of the Valley View
S c hool quad rangle, three exposures of unit Q ai (intermed iate alluvium) are in a
rough line ~2 km long and  parallel to the S outh Platte R iver; the river lies 2.5
km to the north, and  the tops of the exposures are ~28 m above the river. U nit
Q ai of the M asters quad rangle and  unit Q g1 in the Valley View S c hool
quad rangle both have pervasive sec ond ary c alcium c arbonate in the matrix and
c arbonate rind s on clasts. T he gravel remnants in the above two quad rangles are
at a similar d istanc e southwest of the S outh Platte R iver. Based  on uranium-
series d ating, Berry and  others (2015a) d etermined  the best unit Q ai minimum
age estimate as somewhat old er than 382 ka. T hey c orrelate the unit with old er
d eposits of S loc um Alluvium, per the age range of 320-390 ky for this unit as
given in Kellogg and  others (2008).

U nit Q g1trenc h sample V017COS L 1, from sand y gravel 1.1 m below ground
surfac e, yield ed  an age of >80,000 yr from conventional OS L  analysis; unit Q g1
trenc h sample V017COS L 2, from sand y gravel 2.0 m below ground  surfac e,
yield ed an age of >90,000 from c onventional OS L  analysis (T able 2).
Consid ering the ad vanc ed  sec ond ary c arbonate ac c umulation in the gravel, and
relatively high elevation of the d eposit, these ages were unexpected ly young. A
sec ond analysis of unit Q g1 trenc h sample V 017COS L 2 yield ed  an age of
341,080+/-22,840 yr from thermal transfer OS L  (T T -OS L ) analysis (T able 2).
T his age is not greatly younger than the 382 ka age for unit Q ai and  also falls
within the S loc um Alluvium age range. T herefore, unit Q g1in the Valley View
S c hool probably is equivalent to unit Q ai in the M asters quad rangle and also
c orrelative with S loc um Alluvium as mapped  elsewhere in the Colorad o
Pied mont.

Eolian sand (Upper Holocene) —  U nit Q es c overs approximately half the total
area and  muc h of the upland  in the Valley View S c hool quad rangle. It lies
within an eolian sand  area named  the “S outh Platte d eposit” by M ad ole and
others (2005). T his sand  bod y is one of several extensive, eastern Colorad o
eolian sand  d eposits mapped  and  d esc ribed  in that public ation. In the field , unit
Q es is rec ognized  in road  cuts and  in sample holes that penetrate below its thin
(generally less than 20 cm thick) and  poorly d eveloped  soil A horizon (for
d efinitions of soil horizons see Birkeland , 1999). U nit Q es eolian sand  is
distinguishable from unit Q e eolian sed iment bec ause the former c onsists of
c oarser, well-sorted  sand  with only a small amount (less than 6%) of fines (silt
and  clay), whereas the latter c onsists of finer, less-sorted  sand  loc ally c ontaining
a large amount (22 to 30%) of fines. M ore evid enc e supporting this d istinction is
presented by Keller and  M organ (2020). M apping of unit Q es in the Valley
View S c hool quad rangle is supported  by the following d ata sourc es: road  c uts,
exc avations, many shallow sample holes, 121 water-well d riller’s logs
(Colorad o DW R , 2020), the extent of eolian sand  as mapped  by M ad ole and
others (2005), the d istinc tive northwest-to-southeast-oriented  d une topography
of unit Q es as rec ognized  in the lid ar image for the quad rangle, and  the N R CS
soils map of the quad rangle (Crabb, 1980). W ithin the S outh Platte sand  d eposit
(M ad ole and  others, 2005), on the west sid e of the Valley View S c hool
quad rangle, there is a group of seven “wind ows” or gaps in the eolian sand
c over; these areas are roughly 1 to 3 km in diameter. W ater-well d riller’s logs,
sample holes, and  the N R CS  soils map for the quad rangle ind ic ate that these
areas mostly c onsist of L aramie Formation (see geologic map). Also, west of the
Box E ld er Creek valley there are some areas includ ed  in the eolian sand  c over
by M ad ole and  others (2005) but whic h are d esignated  as unit Q e on the present
map. T his distinc tion is based  on water-well d riller’s logs, sample holes, and  the
soils map. (It should  be noted  that M ad ole and  others (2005) is a small-sc ale
rec onnaissanc e map c overing a very large area.) In the northern third  and  mid d le
third  of the quad rangle, represented by c ross sec tions B-B‘ and  C-C’
respectively, water-well d riller’s logs in the c ross sections ind ic ate unit Q es
thickness to be in the range of 4 to 8 m. In the southern third , c ross section D-D’
d epicts the thickness as mostly 4 to 10 m. All three c ross sec tions show unit Q es
to be thic ker c loser to hilltops and  thinner on hillslopes and  in valleys. On the
basis of lithology and  position in the land sc ape, unit Q es c orrelates with eolian
sand  mapped  by the CGS  in other Colorad o Pied mont 7.5’ quad rangles, suc h as
Fred eric k (Keller and  M organ, 2018), L a S alle (Palkovic and  others, 2019), and
Greeley (Keller and  M organ, 2020). In the Valley View S c hool quad rangle there
are no exposures of unit Q es in c ontact with und erlying d eposits. On the basis of
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water-well d riller’s logs (Colorad o DW R , 2020), unit Q es loc ally overlies
L aramie Formation bed roc k, alluvium of unit Q a3, and  eolian sed iment of unit
Q e (see c ross sec tions B-B’, C-C’, and  D-D’). In the Fred erick quad rangle, 42
km to the southwest of the map area, unit Q es was observed overlying unit Q e in
a shallow trenc h and  also in nearby geotec hnic al boreholes (Keller and  M organ,
2018).
U nit Q es is composed  of poorly sorted  very fine to coarse or very c oarse sand ,
mod erately sorted  fine to med ium sand  with minor c oarse to very coarse sand ,
and  poorly sorted  fine to coarse sand with minor very coarse sand . Fines are
minimal at all loc ations and  rare granules and  small pebbles are present at one-
third  of the sample loc ations. At loc ation V132BGS  (see geologic map) one
sample was taken from unit Q es for grain size analysis. T he material is
c omposed  of 94.4% sand , 2.6% silt, and  3.0% clay (T able 3), whic h is in
ac c ord anc e with the low content of fines (4 to 9%) reported  for eolian sand  by
M ad ole and  others (2005). T he sand is non-c ohesive to weakly c ohesive, lacks
visible sec ond ary c arbonate, and  has no reac tion to d ilute hyd roc hloric acid .
Colors are brown, yellowish brown, grayish brown, and  pale brown. U nit Q es is
best observed in the east and  west fac es of a sand pit loc ated  at Box E ld er Creek
and  ~0.6 km east of the terminus of W CR  44 (loc ation of grain size sample
V132BGS , above), and in a smaller sand pit loc ated  ~0.5 km to the north. T he
d eposits exposed in these pits are planar bed d ed  at a sc ale of several millimeters
to several centimeters, loc ally c ross-bed d ed , and  have stoss-sid e d une bed s with
a northward  apparent d ip of ~20 d egrees. At the sand  pit, OS L  sample
V132DOS L 3 was c ollec ted  at 1.9 m below ground  surfac e, at the top of unit Q es
and  within a few cm below the contact with overlying unit Q a. T his sample
yield ed an age of 3,165+/-290 yr, whic h is L ate H oloc ene and  ac c ord s with the
M ad ole and  others (2005) L ate H oloc ene age group for Q es (the youngest of
three Q es age groups presented  in that public ation). U nit Q es sand has been
extracted (possibly for borrow material) from small exc avations east of the Box
E ld er Creek Valley. T here is abund ant, relatively clean eolian sand  remaining at
these sites and  elsewhere in the quad rangle. T he area mapped  as unit Q es loc ally
may contain c ollapsible soils.

Eolian sediment (Lower Holocene to Upper Pleistocene) —  E olian sed iment
of unit Q e c overs approximately one-third  of the upland  area west of the Box
E ld er Creek valley. T his d eposit oc c upies muc h of the north part of the Valley
View S c hool quad rangle and  extend s northward  into the Kersey quad rangle.
L ess-extensive d eposits are present in the c enter and  south of the quad rangle.
M apping of unit Q e in the Valley View S c hool quad rangle is supported  by
observations in road  c uts, sample holes, grain-size analysis, water-well d riller’s
logs (Colorad o DW R , 2020), and  the N R CS  soils map for the quad rangle
(Crabb, 1980). At present, unit Q e oc c upies muc h less of the quad rangle’s
ground  surfac e than d oes the eolian sand  of unit Q es. Cross sec tions B-B’, C-C’,
and  D-D’ ind ic ate, however, that unit Q e formerly was aerally extensive, and
that at higher elevations it has been covered  by the younger eolian sand  of unit
Q es. T hus, most of unit Q e is now present on hillslopes rather than on hilltops.
Per M ad ole (2016), however, unit Q e is not associated  with particular land forms
and  c an be present over a broad  range of elevations. On the basis of its position
in the land sc ape, lithologic c harac teristic s, and  sec ond ary c alcium c arbonate
d evelopment, unit Q e is similar to unit Q e in the L ongmont quad rangle (M ad ole,
2016), M illiken (Palkovic and others, 2018), Greeley (Keller and  M organ,
2020), and  other Colorad o Pied mont quad rangles mapped  by the CGS . In the
northern third  and  mid d le third  of the Valley View S c hool quad rangle, as
represented  by c ross sections B-B‘ and C-C’ respec tively, water-well d riller’s
logs indic ate that unit Q e thickness is typic ally 2 to 7 m. In the southwest corner
of the quad rangle, the west end  of c ross sec tion D-D’, unit Q e has a thickness
range of 9 to 14 m. U nit Q e loc ally may c ontain small unmapped  bod ies of unit
Q es.

U nit Q e is composed  of poorly sorted , very fine sand  to c oarse sand , loc ally
with a d ominant fines frac tion, and  poorly to mod erately sorted  fine to med ium
sand  with minor c oarse to very c oarse sand , also loc ally with a d ominant fines
fraction. At a few loc ations the d eposit contains rare to minor granules and  small
pebbles. T he fines frac tion is usually sufficient to impart mod erate c ohesion,
although c ohesion loc ally c an be either weak or strong. U nit Q e is massive in
the two road  cuts where it is exposed  (the d eposit also is massive in exc avations
in other pied mont quad rangles mapped  by the CGS ). Colors are brown, grayish-
brown, d ark grayish-brown, and  d ark yellowish-brown. U nlike in other
quad rangles mapped  by the CGS , unit Q e sampled  in the Valley View S c hool
quad rangle has no visible sec ond ary c alcium c arbonate and  no reac tion to d ilute
hyd roc hloric acid . T his may be bec ause road  cuts and  sample holes d id not
penetrate d eep enough to enc ounter sec ond ary c alcium c arbonate (e.g., in a soil
Bk horizon). T wo sed iment samples were taken from unit Q e for grain-size
analysis; the loc ations are V 030GS  and  V 035GS  on the geologic map. T heir
respective sand frac tions are 77.7 and  69.8%, silt fractions 14.4 and  17.5%, and
c lay frac tions 7.5 and  12.7% (T able 3). T he total fines in the two samples were
21.9 and  30.2%, respec tively, whic h is in ac c ord  with total fines being mostly
between 21 and 55% in 19 geotec hnic al grain size analyses of unit Q e in the
Greeley quad rangle, ad jac ent d iagonally to the northwest (Keller and M organ,
2020). T he unit Q e silt fraction in the Valley View S c hool and  Greeley
quad rangles is too small for the material to be c onsid ered  sand y loess.

On the basis of water-well d riller’s logs (Colorad o DW R , 2020), unit Q e
overlies L aramie Formation bed roc k and  the alluvium of unit Q a3; it loc ally
und erlies the eolian sand  of unit Q es (see c ross sec tions B-B’, C-C’, and  D-D’).
Along the west sid e of the Box E ld er Creek valley, unit Q e is interpreted  to be
incised  by a stream that d eposited alluvium of unit Q a. In the Fred erick
quad rangle, 42 km to the southwest, unit Q e was observed  und erlying unit Q es
in a shallow trenc h and  also in nearby geotec hnic al boreholes (Keller and
M organ, 2018).

In the Valley View S c hool quad rangle, unit Q e is not sufficiently exposed  to
c ollect suitable samples for rad ioc arbon analysis. R ad ioc arbon ages for unit Q e
are ~9 ky and  ~21 ky in the Johnstown quad rangle (Palkovic and  M organ,
2017), ~4 ky and  ~5 ky in Fred eric k (Keller and  M organ, 2018), ~5 ky in
Gowand a (Keller and  others, 2021), and  ~9 ky in Greeley (Keller and M organ,
2020). W ith one exc eption (~21 ky age in the Johnstown quad ) these ages are
H oloc ene. W ithin the Valley View S c hool quad rangle, unit Q e is not a likely
potential sourc e of c lean sand  bec ause of its relatively high c ontent of fines. T he
area mapped  as unit Q e loc ally may c ontain c ollapsible soils.

Qe

BEDROCK GEOLOGY
W ithin the Valley View S c hool quad rangle, the only bed roc k unit mapped  at the ground surfac e is
the L aramie Formation, and  its exposure is mostly limited  to resid uum formed  in plac e by
weathering of the formation. Bed roc k units beneath the L aramie Formation are shown in c ross
sec tion A-A’ (Plate 2). Desc riptions of the L aramie Formation and  Fox Hills Formation are from
S penc er (1986), who investigated these units in d etail in the Fred erick and  E rie quad rangles, ~46
km southwest of the Valley View S c hool quad rangle. Desc riptions of Pierre S hale members are
ad apted  from S c ott and Cobban (1965), supplemented  by d esc riptions by Brad d oc k and  others
(1988). Desc riptions of old er units are ad apted  from d esc riptions in the geologic map of the Carter
L ake R eservoir quad rangle, 53 km to the west, where these units are d esc ribed  in outc rop
(Brad d oc k and  others, 1988). T hickness values for the L aramie Formation and  Fox Hills
S and stone are from S penc er (1986). T hic kness values for old er bed roc k units are from c ross
sec tion A-A', whic h was prepared  with the aid  of oil and  gas well logs from the Colorad o Oil and
Gas Conservation Commission (COGCC) (2020).

Laramie Formation (Upper Cretaceous) —  T he L aramie Formation is mostly
overlain by resid uum d eveloped  mainly from the weathering of sand stone, and
most of this resid uum is on the upland  in the west sid e of the quad rangle. T here
is one fresh exposure of L aramie Formation sand stone, in the northeast c orner of
the quad rangle and  in a gravel pit ad jac ent to the north of OS L  sample loc ations
V 017COS L 1 and  V017COS L 2. Also, fragments of sand stone with small (<6 cm
in diameter) zones of c arbonac eous material were found beneath eolian sand  of
unit Q es, at the base of a shallow trenc h loc ated  near the quad rangle’s west
bound ary and  near where the Gilmore Ditc h c rosses W CR  48. L aramie
Formation resid uum is mapped  from sample holes, water-well d riller’s logs
(Colorad o DW R , 2020), the N R CS  soils map of the quad rangle (Crabb, 1980),
and  areas of non-d eposition of the S outh Platte eolian sand  area mapped  by
M ad ole and  others (2005). At the gravel pit mentioned  above, the L aramie
Formation exposure is ~1 m high and  c onsists of well-sorted, very fine-grained
to fine-grained  sand stone with trac e med ium sand  and  minor fines. T he
sand stone is weakly to mod erately c ohesive and  pale-yellow, and  has planar and
flexed  bed d ing at a sc ale of millimeters to 2 cm. It is overlain by 0.5 m of unit
Q g1gravelly sand . In the E rie and  Fred erick quad rangles, ~50 km southwest of
the map area, the lower 60 to 90 m of the L aramie Formation consists of light-
to med ium-gray quartzose sand stone layers separated  by clay, fire c lay
(refrac tory clay), shale, or coal seams. T he upper 123 to 153 m c onsists of
claystone, shale, sand y shale, and  lentic ular bed s of sand stone and  lignite. T otal
thickness is 213 m. M ultiple coal bed s are present in the lower part of the
formation and are as muc h as 3.7 m thick (S penc er, 1986). Coal seams reported
in water-well d riller’s logs in the Valley View S c hool quad rangle ind ic ate that
the lower part of the L aramie Formation und erlies the Q uaternary d eposits in the
quad rangle. At the south end of c ross section A-A’ (Plate 2), limited  d ata for the
L aramie Formation ind ic ate that the oil and  gas wells penetrate as muc h as 76 m
of the unit (COGCC, 2020). Data used  in Q uaternary c ross sections B-B’, C-C’,
and  D-D’ (Plate 2) ind ic ate that water wells penetrate up to 79 m of the
formation (Colorad o DW R , 2020).
Fox Hills Sandstone (Upper Cretaceous) —  Greenish-tan, fine- to c oarse-
grained  quartzose sand stone; c ross bed d ed  in the lower part, grad ing upward  to
a light-yellow and  white, massive, fine- to med ium-grained  sand stone.
T hic kness is 46 to 91 m. T he c ontact of the Fox H ills S and stone with the
und erlying Pierre S hale is not d epicted  on c ross section A-A’ bec ause d ata for
this c ontac t are not inc lud ed  in the oil and  gas well logs used  for the c ross
sec tion.
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Pierre Shale (Upper Cretaceous) —  M arine strata composed  of d ark-gray shale, siltstone, and
fine-grained sand stone. Bentonite bed s, ric h in weathered  volc anic ash, are c ommon in its lower
part and  c alc areous c onc retions are c ommon throughout. T he various members of the Pierre S hale
c ontain ind ex fossil ammonite species (S c ott and  Cobban, 1965).

Uppermost transition member and upper shale member, undivided —
T hese two members are c ombined  in c ross section A-A' bec ause they are
not d istinguished  in the oil and  gas well d ata used  to prepare the c ross
sec tion. Both members are observed  in outc rop ~45 km southwest of the
Valley View S c hool quad rangle (S c ott and Cobban, 1965). In general, the
members c onsist of friable sand stone and  soft shaly sand stone c ontaining
thin-bed d ed  sand y shale and  c alc areous sand stone c onc retions. Combined
thickness of the two members is ~1,060 m.

Kpt/Kpu

Larimer and Rocky Ridge Sandstone Members and intervening shale,
undivided —  T he L arimer and  R oc ky R id ge S and stone M embers are
well-ind urated , light-gray to light-brown, med ium-grained  sand stones,
c omposed  mostly of quartz with minor feld spar and  biotite. Combined
thickness is ~46 m.

Kplr

Middle shale member —  T his unit consists of highly friable, greenish-
gray claystone and  sand y siltstone, and  c ontains bentonite bed s. T hic kness
is ~120 to ~220 m.

Kpm

Hygiene Sandstone member, undivided —  T he upper part of the unit is
well-ind urated , light-gray, fine- to med ium-grained  sand stone c omposed
mostly of quartz, minor feld spar, and  minor opaque minerals. T he mid d le
part of the unit is med ium-gray siltstone; the lower part is a friable, gray
c onc retionary sand stone. T hic kness is ~185 to ~200 m.

Kph

Dakota Group: South Platte Formation and Lytle Formation (undivided)
(Lower Cretaceous) —  U nit c onsists of gray to light-brown, well-sorted , fine-
to med ium-grained  sand stone; d ark-gray c arbonac eous shale; gray to light-
brown, fine-grained  sand stone; and  gray to light-brown, c oarse-grained ,
c onglomeratic sand stone. Combined  thic kness is ~155 m. A maximum of 36 m
of this unit was penetrated in the two oil and  gas wells used to prepare c ross
sec tion A-A’.

Niobrara Formation, undivided (Upper Cretaceous) —  Very fissile, d ark-
gray shale c ontaining thin (5 m) mic ritic limestone layers. U nit is an important
oil and  gas sourc e in the quad rangle and  in muc h of the Denver Basin (see Plate
2 and  sec tion on M ineral R esourc es, Ground water R esourc es, and  Geologic
H azard s). T hic kness is ~60 to ~90 m.

Kn

Lower shale member —  Dark olive-gray shale and  sand y shale
c ontaining limestone and  ironstone conc retions; bentonite bed s are
c ommon in the lower part of the unit. T hickness is ~470 to ~540 m.

Kpl

Colorado Group - Carlile Shale, Greenhorn Limestone, Graneros Shale,
and Mowry Shale (undivided) (Upper Cretaceous) —  Olive-gray silty
claystone and sand y claystone; d ark-gray limestone and  olive-gray, c alc areous,
silty claystone and  siltstone; d ark-gray to grayish-blac k siltstone and  claystone
and  silic eous shale. Combined  thickness is ~140 m.

Kcgg

Kd

MAP SYMBOLS

Optically stimulated luminescence (OSL) sample site"

Grain-size analysis sample site!

Soil boring for geotechnical investigation

Water well"
Oil and gas wellsB

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

Longmont wrench fault zone —  E xistenc e certain, loc ation c onc ealed ; ball and 
bar on d ownthrown sid e&

Normal fault of Weimer (1996) —  E xistenc e certain, loc ation c onc ealed ,
where known, sense of displac ement ind ic ated  by ball and  bar on d ownthrown
sid e

Contact —  Approximately loc ated

Eolian blowout

Gravel pit —  S and  or gravel pit - exposed  sand  or gravel fac es

Alignment of cross sectionA A'

Dune crest


