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data for the Fox Hills Sandstone-Pierre Shale contact. In the remainder of the cross section the Laramie Formation is extended downward to the limit indicated by coal seams recorded
in water-well geologic logs (Colorado Division of Water Resources, 2020). Below this depth the data are insufficient to show the positions of the Laramie Formation-Fox Hills Sandstone
contact and the Fox Hills Sandstone-Pierre Shale contact. Oil and gas well records in the Wattenberg field (Colorado Oil and Gas Conservation Commission, 2020) have little or no data
for the Laramie Formation, Fox Hills Sandstone, and the upper half of the Pierre Shale. 
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CORRELATION OF MAP UNITS 3-D OBLIQUE

Table 1. Detailed Characteristics of Quaternary Units in the Valley View School Quadrangle
Map Unit Grain Size Distribution Bedding Sorting Roundness Color (per Munsell Color, 

1991)
Sand 

Composition Gravel Composition Cohesion Secondary Carbonate Soils (from Crabb, 1980)

Q a

S ilty clay or clayey silt with 5-35% fine to medium sand and 
some larger sand (40% of samples); very fine (vfL) to 
medium sand (mU ) with minor fines and minor coarse to 
very coarse sand (40%); fine (fL) to very coarse sand (vcU ) 

with minor fines (20%)

0.3 to 0.7 m Poorly to 
moderately sorte d S ubrounde d to rounde d

O live-brown, dark olive-brown, 
grayish-brown  of M unsell hue 
2.5Y; brown, dark brown, dark 
grayish-brown, and very dark 
grayish-brown of hue 10Y R

Q uartz 75-80%, 
feldspar 15-20% , 
opaques 5%, trace 

mica
[N o gravel content] M oderately to 

very cohesive

Efferevescence absent to 
weak in most samples; 
carbonate nodules and 
filaments in only a few 

samples

Columbo clay loam, Dacono 
clay loam, N unn clay loam, 
Haverson loam, O tero fine 
sandy loam, O tero sandy loam, 
N unn loamy sand, Vona sandy 

loam, Valent sand

Q g1

M atrix-supporte d sandy gravel with matrix (75%) of very 
fine (vfL) to very coarse (vcU ) sand, and clasts from 

granules to 7 cm; medium (mU ) to very coarse (vcU ) sand 
with minor very fine and fine sand, and 5% clasts from 

granules to 2.5 cm; gravelly sand or sandy gravel with matrix 
(50%) mostly of fine (fL) to medium (mU ) sand, and minor 
very fine and coarse sand,  gravel is 75% granules and small 
pebbles, with some clasts up to 11 cm; medium (mL) to 
coarse (cL) sand with 5% gravel from granules to small 

pebbles

0.5 to 0.6 m Poorly sorte d

S and subangular to 
subrounde d, granules 
angular to subangular, 
pebbles and cobbles 
subrounde d to rounde d

Pinkish-gray of hue 5Y R ; pale 
yellow of M unsell hue 5Y; white, 
pinkish-gray, pale brown, and 

brown of hue 10Y R

Q uartz 60%,  
feldspar 35% feld, 
opaques 5%, no 

mica

Granitics, quartz, quartzite 
(including bluish-gray 
quartzite of Coal Cre ek 

Canyon),  gneiss, sandstone, 
chert, fine-grained 
me tamorphics

S andy layers 
weakly 
cohesive; 
carbonate-
cemente d 
sandy gravel, 
hard and 
resistant

S and has no visible 
carbonate and weak 

e fferevescence, sandy gravel 
locally carbonate-cemente d 
(stage II to III), and cobbles 
have prominent carbonate 
rinds up to 5 mm thick

Cascajo S eries

Q es

V ery fine (vfL) to coarse (cU ) or very coarse (vcU ) sand 
(25% of samples), fine (fL) to medium (mU ) sand with 

minor coarse to very coarse sand (25% of samples), and fine 
(fL) to coarse (cU ) sand with minor very coarse sand (50% 
of samples); fines content absent to very small; trace to very 
small content of mostly granitic or quartz granules to 
pebbles (mostly less than 1 cm) in ~50% of samples, and 

rare pebbles 2 to 4 cm in a few samples

S everal millime ters to several 
centime ters

Poorly sorte d in 
25% of samples, 
poorly to 

moderately sorte d 
in 30%, 

moderately sorte d 
in 30%, 

moderately to well 
sorte d in 15%

S ubangular to subrounde d in 
30% of samples, 
subrounde d in 10%, 

subrounde d to rounde d in 
50%, subrounde d to well 
rounde d in 10%

O live-brown and dark grayish-
brown of M unsell hue 2.5Y; 
brown, dark brown, grayish 

brown, dark grayish-brown, very 
pale brown, pale brown, pale 
yellowish-brown , dark yellowish-

brown of hue 10Y R

Q uartz 70-80%, 
feldspar 15-20% , 
opaques 5%, trace 
mica in a few 
samples

Granitics and quartz
V ery weakly 
cohesive to 
weakly 
cohesive

N o visible carbonate, no 
e fferevescence

O lney fine sandy loam, O tero 
sandy loam, Vona sandy loam, 
O lney loamy sand, Vona loamy 

sand, Valent sand

Q e

S ilty sandy clay or clayey sandy silt with 25-35% sand; 
very fine (vfU ) to coarse (cL) sand with minor very coarse 
sand and rare pebbles; fine (fL) to medium (mU ) sand with 
minor coarse (cL) to very coarse (vcL) sand and some fines; 

fines fraction 22% and 30% in two samples

[In Valley View S chool 
quadrangle, not well enough 
exposed to de te ct possible 
bedding; deposit is massive in 
other Colorado Piedmont 
quadrangles mapped by CGS 
(e.g., Keller and M organ, 

2021)]

Poorly to 
moderately sorte d

S ubangular to subrounde d, 
subrounde d to well rounde d

Brown, dark brown, dark 
grayish brown, and dark 
yellowish-brown of M unse ll 

hu e 10YR

Q uartz 75-85%, 
feldspar 10-20% , 
opaques 5%, no 

mica
[Granules and pebbles rare]

W e akly to 
moderately 
cohesive

N o visible carbonate, no 
e fferevescence

T he dalund loam, O lney fine 
sandy loam, Perry fine sandy 
loam, Vona sandy loam, Vona 

loamy sand

N ote: U nit Q a3 is not include d in this table because the unit is not exposed in the quadrangle.

Table 2: Optically stimulated luminescence (OSL) ages (Baylor University, Waco, Texas, March 23 and October 14, 2021)

Sample Number Laboratory 
Number

Map 
Unit

UTM 
Easting1

UTM 
Northing1

Depth Below Ground 
Surface (bgs) (m)

Date 
Collected Material Dated Aliquots2 Grain Size

([mu symbol]m)
Equivalent Dose 

(De) (Gy)3
Over-

dispersion (% )4 U (ppm)5 Th (ppm)5 K2O (% )5 H2O (% ) Cosmic Dose 
Rate (mGray/yr)6

Dose Rate 
(mGray/yr)

Central/Minimum 
Model SAR age (yr)7

V017CO SL1                              5036 Qg1 540180 4468190 1.1 9-De c-20 Qg1 12/16 250-355 >280 N A 1.76+/-0.01 7.35+/-0.01 3.81+/-0.01 15+/-5 0.187+/-0.019 3.51+/-0.17 >80,000
V017CO SL2                                  5037 Qg1 540180 4468190 2.0 9-De c-20 Qg1 8/18 250-355 >300 N A 1.77+/-0.01 8.83+/-0.01 3.68+/-0.01 15+/-5 0.136+/-0.014 3.30+/-0.16 >90,000

N e w the rmal transfe r O SL 
analysis of sample 
V017CO SL2

5037T T Qg1 540180 4468190 2.0 9-De c-20 Qg1 20/20 250-355 1179.20+/-53.22 17+/-3 1.77+/-0.01 8.83+/-0.01 3.68+/-0.01 15+/-5 3.68+/-0.01 3.3 341,080+/-22840

V132DO SL1                    BG5010 Qa 541721 4461774 2.1 21-O ct-20 Qa 36-40 100-150 15.36 +/- 0.70 16 +/- 2 2.92 +/- 0.01 18.30 +/- 0.01 2.96 +/- 0.01 10+/-2 0.22 +/- 0.02 4.21 +/- 0.09 3640 +/- 180
V132DO SL2                    BG5011 Qa 541721 4461774 0.4 21-O ct-20 Qa 38/40 100-150 3.30 +/- 0.16 20 +/- 2 2.89 +/- 0.01 8.87 +/- 0.01 3.31 +/- 0.01 10+/-2 0.30 +/- 0.03 3.96 +/- 0.09 825 +/- 45
V132DO SL3                   BG5012 Qes 541721 4461774 1.9 21-O ct-20 T op of Qe s right 

be low overlying Qa 36/40 100-150 12.06 +/- 1.08 30 +/- 4 1.95 +/- 0.01 5.85 +/- 0.01 3.72 +/- 0.01 10+/-2 0.22 +/- 0.02 3.80 +/- 0.08 3165 +/- 290
1 U T M  zone 13, 1983 N orth American Datum (N AD 83).
2 Aliquots me asure d, use d to de fine De population by Central or M inimum age mode ls (Galbraith and R obe rts, 2012)
3 Equivale nt dose calculate d on a pure quartz fraction with ultra-small aliquots with 20-80 grains/aliquot and analyze d unde r blue-light excitation (470 ± 20 nm) by Single Aliquot
R e ge ne ration (SAR ) protocols (M urray and W intle, 2003; W intle and M urray, 2006). Equivale nt dose (De) was calculate d by the Central or M inimal age mode ls (Galbraith and R obe rts, 2012).
4 O verdispersion value s re fle cts pre cision beyond instrum e ntal errors; value s of ≤ 20% (at 1 sigma limit) indicate low dispersion in e quivale nt dose value s and de fine a unimodal
distribution. Value s > 20% are associate d with mixe d e quivale nt dose signature re fle cting multiple grain populations or partial solar rese tting.
5 U , T h, R b and K conte nt analyze d by inductive ly-couple d plasma-mass spe ctrom e try by ALS Laboratorie s, R e no, N V; and include s dose contribution from R b. 
6 Include s also a cosmic dose rate calculate d from param e te rs in Prescott and Hutton (1994) and include s soft compone nts (Peng and F orman, 2019).
7 Syste matic and random errors calculate d in a quadrature at one standard deviation by the Luminesce nce Dating and Age Calculator (LDAC) at
https://www.baylor.e du/geoscie nce s/index.php?id=962356 (Peng and F orman, 2019). Datum ye ar is AD 2010.

Table 3: Grain size analyses for Valley View School quadrangle
Field Sample 
Number and 

Map Location
Laboratory 

Number Map Unit UTM 
Easting1

UTM 
Northing1

Depth Below 
Ground 

Surface (m)
Date 

Collected Material Analyzed Gravel 
(% ) Sand (% ) Silt (% ) Clay (% )

V030GS           25191336  Qe 539163 4466558 0.8 27-Aug-20
fine to me dium sand with trace 
coarse sand to granule s, some 

fine s
0.4 77.7 14.4 7.5

V035GS               25191336  Qe 536544 4465719 0.4 28-Aug-20 fine to me dium sand with 
significant fine s 0.0 69.8 17.5 12.7

V132BGS           25191336 Qes 541691 4461946 0.8 4-S e p-20  fU  to mU  w minor cs and vcs 0.0 94.4 2.6 3.0
1U T M  zone 13, 1983 N orth American Datum (N AD83).

GEOLOGIC HISTORY AND STRUCTURE
T he Valley V ie w S chool quadrangle lie s in the northern part of the Colorado Pie dmont where much of the topographic relie f is relatively low (98
m diffe re nce be tw e e n lowe st and highest points in the quadrangle). T he quadrangle has no natural exposures of be drock and only a fe w natural
exposures of surficial units. T he are a is cove re d mostly by Q uaternary de posits, and be drock residuum is pre sent ne ar the ground surface in are as
in the upland on the we st side of the quadrangle. F resh be drock is expose d only in a grave l pit in the northe ast corner of the quadrangle. N orth-
northwest- to south-southe ast-oriente d dune forms are promine nt in the southe rn part of the quadrangle and are du e to the pre valence of eolian sand
at the ground surface. T he pre sent-day landscape of the Colorado Pie dmont results from the downcu tting and ge omorphic evolution of the S outh
Platte R iver and Arkansas R ive r drainage basins mainly during late N eogene and Q uate rnary time. T his be gan with removal of Paleogene and
N eogene rocks and se dim ents that once covere d U ppe r Cre taceous strata in the basins (M adole, 1991). T he pre dominant Q uate rnary de posits in the
pie dmont, including those in the Valle y V ie w S chool quadrangle and surrounding are a, are fluvial se dim ents of the S outh Platte R iver and its
tribu taries, and eolian se dime nts de flate d from alluvium in the se stre am valleys and from upwind be drock exposures in the pie dmont (M adole,
1991; 2016). M ost of the e aste rn two-thirds of the Valle y V ie w S chool quadrangle is draine d by Box Elder Cre ek, a north-flowing minor tributary
of the S outh Platte R ive r. T he quadrangle ’s we st side is draine d by Be e be Draw, another north-flowing minor tribu tary of the S outh Platte R ive r,
and a small are a in the north is draine d dire ctly by the river. T he Box Elde r Cre ek valley has a maximum width of ~3 km within the quadrangle
and joins the S outh Platte R ive r valle y at the boundary be tw e e n the Valley V ie w S chool and Hardin quadrangles.

T he Valle y V ie w S chool quadrangle is in the ce ntral part of the Gre e le y Arch, a structural saddle separating the De nve r Basin to the south from the
Che yenne Basin to the north (Deche sne and others, 2011). Cross se ction A-A’ indicate s that be drock strata in the quadrangle are e sse ntially flat-
lying. T he Laramie F ormation is the uppe rmost and younge st be drock unit in the quadrangle. It is a coal-be aring formation compose d of se dim ents
de posite d in a low coastal-plain environment along the we stern margin of the W e stern Inte rior S e away during the Late Cre taceous (100-66 M a).
T he formation is the be drock imme diate ly unde rlying the Q uate rnary surficial de posits. T his is indicate d by coal se ams re corde d in the be drock
portions of wate r-well drille r’s logs within the quadrangle (Colorado Division of W ater R e source s, 2020). T he coal se ams are in the lowe st 60 to
90 m of the formation. In the north part of the Denver Basin, the F ox Hills S andstone lies bene ath the Laramie F ormation and ove rlies the Pie rre
S hale. In the Valle y V ie w S chool quadrangle this relationship is indicate d by the Laramie F ormation-F ox Hills S andstone contact de picte d at the
south e nd of cross se ction A-A’. In the re mainde r of the cross se ction, howe ve r, no oil and gas we ll data we re available to exte nd this contact
northward. Also, data for the F ox Hills S andstone-Pierre S hale contact we re not available, and there fore, the thickne ss of the F ox Hills S andstone
could not be shown in the cross se ction. S e dime nts of the F ox Hills F ormation we re de posite d in ne ar-shore and be ach environments as the
W estern Inte rior S e away re tre ate d to the e ast (Dechesne and others, 2011). T he U pper T ransition M e mber of the Pie rre S hale underlie s the F ox
Hills S andstone. S e dim ents of this membe r were de posite d in de e per marine environments of the se away. O il and gas we lls in the Valle y Vie w
S chool quadrangle have pene trate d unde rlying Cre taceous rocks down into those of the Dakota Group (cross se ction A-A').

T he Longmont wre nch fault zone trends west-southwe st to e ast-northe ast across the northe rn part of the Valley Vie w S chool quadrangle, as se e n in
a structure map of ce ntral Denve r Basin fault zone s in W e ime r (1996), and also in the ge ologic map of the prese nt report (Plate 1). Cross se ction
A-A’ shows the fault zone to have ~23 m of ve rtical displacem ent, downthrown to the south; this se nse of displace me nt accords with W e im er
(1996). R ight-late ral movem ent along this obliqu e-slip fault zone occurre d during Cre tace ous tim e and was intermitte nt from 110 to 65 M a
(W e ime r, 1996), an inte rval that include s the be ginning of the Laramide orogeny. Cross se ction A-A’ also interse cts five high-angle normal faults
pre se nte d in W e im er (1996). All five faults are shown on the cross se ction, but in cross se ction A-A’ vertical displacem ent could be me asure d only
at two, base d on the available oil and gas we ll data.

During Pliocene time in the Colorado Pie dmont, major stre ams incise d rocks and se dim ents of N eoge ne and Pale ogene age as we ll as U pper
Cre tace ous se dime ntary rocks; no rocks or se dim ents of Pale ogene or N e oge ne age likely re main in the Valle y Vie w S chool quadrangle. T he
incision pre sumably resulte d in the deve lopme nt of the S outh Platte R iver and its major and minor tribu tarie s. (S ome of these tribu tarie s, howe ver,
espe cially minor one s, may have forme d later during the Q uate rnary.) T he stre am ne twork within and ne ar the Valle y V ie w S chool quadrangle
includes the junction in the Gre eley quadrangle of the S outh Platte R iver and its major tributary the Cache la Poudre R iver. Burie d paleovalleys, at
pre se nt the site s of minor stre ams, are tributarie s to the Cache la Poudre R ive r valle y in the Gre eley quadrangle and to the S outh Platte R ive r
valle y in the Kerse y, Barnesville, and Valley V ie w S chool quadrangles.
T he Q uate rnary history of the Valley V ie w S chool quadrangle and e nvirons be gins with de position of Early and M iddle Ple istocene stre am and
alluvial-fan grave ls, term e d “old alluvium” by Lindse y and others (2005). T he se de posits include the N ussbaum Alluvium, spanning the Plioce ne
and Early Ple istocene(?), and (from olde r to younger) the R ocky F lats, Ve rdos, and S locum alluviums. F rom Early to M iddle Ple istocene time
the re w ere periods of incision as well as pe riods of alluvial deposition, and, probably, eolian de position. T he incision and lateral cutting of
surrounding, fine-graine d, less-resistant alluvial de posits and be drock le ft isolate d remnants of the olde r, more resistant “old alluviums” at higher
elevations. Lindse y and others (2005) re cognize occurrences of disse cte d alluvial fans and terrace grave ls of M iddle Pleistoce ne age exte nding as
far as 5 km e ast of F ort Lupton (~35 km southwest of the Valley Vie w S chool quadrangle). T he se de posits include the R ocky F lats and Ve rdos
alluviums. T he R ocky F lats Alluvium is not mappe d in the Gre ele y or Valle y Vie w S chool quadrangle s, and range s in estimate d age from ~400 ky
to 2 M y (M iddle to Early Ple istocene; R iihimaki and othe rs, 2006). Verdos Alluvium is mappe d in the Gre e ley quadrangle by Colton (1976) and
by Keller and M organ (2020) and is te rme d unit Qg2 in Colorado Geological S urvey (CGS) publications. Its estimate d age ranges from be tw e e n
410 and 475 ky to ~631 ky (se e unit Q g2 se ction in Description of M ap U nits se ction, Gre eley quadrangle, in Keller and M organ, 2020). As
summarize d in Berry and othe rs (2019), the maximum age for the Ve rdos Alluvium is constraine d by the underlying Lava Cre ek B ash, erupte d
from the Y e llowstone Plate au volcanic field at ~631 ka (M atthe ws and others, 2015, cite d in Berry and othe rs, 2019). T he ash is pre se nt in Ve rdos
Alluvium at sites along the S outh Platte R iver northe ast of F ort M organ; although at many sites the ash is likely to be re worke d. T he ash is pre se nt
within and at the top of Ve rdos Alluvium as we ll as at the base. T he age assignme nts of these Early and M iddle Pleistoce ne Colorado Pie dmont
alluvial deposits are base d chie fly upon the following: he ight above present stre am leve l ne ar the e ast side of the F ront R ange hogback belt;
te ntative corre lation with marine oxygen isotope stage s; and assumption of a nonline ar rate of stre am incision since the de position of the Lava
Cre ek B tephra at ~631 ka. T he above age estimate of the V erdos Alluvium is base d chie fly on its stratigraphic re lationship with Lava Cre ek B
te phra but also on soil carbonate morphology in the gre ate r Denver are a (Kellogg and othe rs, 2008); the re are also younger age estimate s for this
alluvium. T he only mappe d unit of “old alluvium” in the Valle y V ie w S chool quadrangle is unit Qg1 (also calle d S locum Alluvium), the age of
which in the quadrangle is ~341 ky (T able 2). U nit Qg1 deposits occupy inverte d topography in the northe ast corne r of the quadrangle. U nit Qg1
probably corre late s with the inte rme diate alluvium (unit Qai) in the M asters quadrangle, thought to corre late with S locum Alluvium (Berry and
others, 2015a).

W ithin the Valle y Vie w S chool quadrangle, Q uate rnary alluvial map units were de posite d by the S outh Platte R iver, and its minor tributary Box
Elde r Cre ek, or we re de posite d as olde r alluvial fans. F rom olde st to younge st the y are units Qg1 (grave l deposit one, also calle d S locum
Alluvium), Qa3(alluvium thre e, also calle d Broadway Alluvium), and Qa (alluvium, undivide d). T he positions of the se units in the landscape and
re lative to e ach othe r are shown in cross se ctions B-B’, C-C’, and D-D’. As mentione d e arlier, unit Qg1 is an alluvial de posit much olde r than units
Q a and Q a3, but be cause of the alignment of its erosional remnants along the south side of the S outh Platte R ive r valley, it may, like unit Qa3, have
be e n de posite d by an ancestral S outh Platte R ive r. Along the river unit Qa3was incise d and the n partially fille d with Qa2alluvium. U nit Qa2the n
was partially incise d, with the incision the n partially fille d by de position of unit Qa1, as pre se nte d in the Gre ele y quadrangle geologic map (Kelle r
and M organ, 2020). In the Box Elder Cre ek valle y unit Qa3was not incise d but was simply cove re d by unit Qa (which is probably coeval with unit
Q a2of the S outh Platte R iver valley). T he unit Q a floodplain is incise d by a narrow channel, but the channe l does not contain mappable bodie s of
unit Qa1(alluvium one - mode rn alluvium). T he Box Elder Cre ek valle y (and similar, burie d north- or south-trending tribu tary valleys in the
Gre e le y, Kerse y, and La S alle quadrangles) lacks a terrace analogous to the te rrace that de velope d from the incision of unit Qa3in the S outh Platte
R iver valley. During the Late Holocene incision of unit Qa3in the S outh Platte R ive r valley, it is probable that river discharge originate d mainly
from stre ams that he ad in the F ront R ange. T ributary valle ys, whose catchme nt are as were in the pie dmont, apparently did not have comparable
discharge sufficie nt to cause comparable incision. T his base d on the absence of Qa3te rrace s in the se tribu tary valleys.

In the Valle y Vie w S chool quadrangle, unit Qa 3is not expose d and thus was not sample d for optically stimulate d lumine scence (O S L) dating.
O ptically stimulate d luminescence age estimate s for unit Q a3in othe r Colorado Pie dmont quadrangle s mappe d by the CGS are as follows: ~12 ky,
~12 ky, ~13 ky, and ~13 ky in the Longmont quadrangle (M adole, 2016); ~11 ky in the Berthoud quadrangle (Kelle r and othe rs, 2017); ~13 ky in
the M illike n quadrangle (Palkovic and othe rs, 2018); ~49 ky and ~70 ky in the Gre e le y quadrangle (Keller and M organ, 2020); ~42.3 ky, ~54.5 ky,
and >56 ky in the Gowanda quadrangle (Keller and othe rs, 2019); and ~28 ky and ~40 ky in the Brace w ell quadrangle (Palkovic and M organ,
2020). U nit Q a3ages in the Longmont, Berthoud, Johnstown, and M illiken quadrangle s are at the younger end of the age range for Broadway
Alluvium (12 to 30 ky; se e Kellogg and others, 2008) for alluvial deposits in the Colorado Pie dmont ne ar Golden and M orrison. T his 12-30 ky age
range corre lates with the tim e of Pine dale glaciation in the R ocky M ountains. T he unit Qa3ages in the Gre eley, Gowanda, Brace w e ll, and Kersey
quadrangle s, howeve r, are marke dly olde r (with a single exce ption - ~28 ky in Brace w ell). T hey partially fall within Early W isconsin tim e, during
which inte rval Kellogg and others (2008) prese nt that there are no known de posits in the Colorado Pie dmont ne ar Golde n and M orrison. T he
de posits are too young to be Louvie rs Alluvium (designate d as Qa4in CGS publications), the age of which is ~120 to ~170 ky (Kellogg and othe rs,
2008), and which is associate d with Bull Lake glaciation. U nit Qa4forms re mnants along valley walls, as well as underlying unit Qa3along the
valle ys of the S outh Platte R ive r and major tribu taries (Lindsay and others, 2005). At pre sent, the apparently pre-Pine dale age and post-Bull Lake
age alluviums of the Gre e ley, Gowanda, Brace w ell, and Kersey quadrangles continu e to be designate d as unit Qa3although the ir ages are not ye t
explaine d. A more de taile d discussion of this olde r se t of O S L ages is in the unit Q a3se ction of the Description of M ap U nits for the Gre e ley
quadrangle (Kelle r and M organ, 2021).

In Late Ple istoce ne tim e, following the de position of unit Qa4(Louvie rs Alluvium), an episode of stre am incision remove d most of unit Qa4from
the S outh Platte R iver valle y and its major tribu taries. T he incision was followe d by a Late Ple istocene aggradational pe riod (coeval with Pine dale
glaciation) during which unit Qa3 accumulate d in the valle ys of the S outh Platte R ive r and Box Elder Cre ek (in the Valley V ie w S chool
quadrangle). U nit Q a3se dime nts exte nde d we st be yond the pre sent west valley wall of Box Elde r Cre ek. In the S outh Platte R iver valley, a se cond
e pisode of Late Ple istocene incision occurre d, possibly exte nding into the Early Holoce ne. T his se cond episode re move d some of the uppe rmost
part of the unit Qa3valle y fill but le ft de posits of unit Q a3be ne ath the surface s of fill-cut terrace s. T he Kerse y te rrace, portions of which are in the
northwest and northe ast corne rs of the Valle y V ie w S chool quadrangle, is an example of such a unit Qa 3te rrace. T he se cond episode of incision
appare ntly did not affe ct unit Qa3in the Box Elde r Cre ek Valle y be cause no terrace s we re cut the re. F ollowing the latte r incision e pisode, unit Q a2
aggrade d in the S outh Platte R ive r valley during Late Holocene tim e, and unit Qa aggrade d in the Box Elde r Cre ek valle y. In the S outh Platte
R iver valle y, a third incision e pisode, in Late Holocene tim e, cre ate d te rraces of unit Qa2and a valley floor unde rlain by modern alluvial unit Qa1.
T hese fe ature s are mappe d along the river in the adjace nt La S alle, Gre e le y, and Kerse y quadrangle s (Palkovic and othe rs, 2019; Kelle r and
M organ, 2020; Lindsey and othe rs, 2020). In the Box Elde r Cre ek valle y the third incision cut a narrow channel in the unit Qa valle y floor, and the
channe l now is occupie d by unit Qa1(too small to show at map scale).

Eolian se dime nt (unit Q e) in the Valley Vie w S chool quadrangle is not sufficie ntly expose d to ide ntify site s for sampling for radiocarbon age
de te rminations. U nit Q e was de posite d during Early and M iddle Holoce ne time, base d upon the radiocarbon age of ~9 ky for unit Q e in the
Gre e le y quadrangle (Keller and M organ, 2020), ~9 ky for unit Q e in the Johnstown quadrangle (Palkovic and M organ, 2017), ~4 ky and ~5 yr for
unit Q e l (e quivale nt to unit Q e) in the F re derick quadrangle (Keller and othe rs, 2018), and ~5 ky in the Gowanda quadrangle (Kelle r and others,
2019). T he age s at ~9 ky fall within an e arly Holoce ne episode of e aste rn Colorado loe ss deposition that spanne d ca. 11 to 9 ka (M uhs and othe rs
1999). U nit Q e lacks sufficie nt silt to be te rme d loe ss or sandy loess, but it may be coe val at le ast in part with the loe ss de position and may have
de rive d its high sand conte nt from unit Qa3alluvium expose d along the S outh Platte R iver.

F rom Late Ple istocene to Late Holoce ne time, eolian sand (unit Q e s) was deposite d ove r much of the northe astern plains of Colorado and ne arly as
far we st as Boulde r (M adole and others, 2005). T he Late Ple istocene eolian sand de posits we re more exte nsive than those of the M iddle Holoce ne
and Late Holocene (M adole and others, 2005). U nit Q e s pre se ntly occupie s approximately half the surface of the Valley Vie w S chool quadrangle,
and it is not known whe the r its cove rage was at one tim e more exte nsive. U nit Q es occupie s most of the quadrangle’s highe r ground, mostly
ove rlying olde r eolian se dime nt (unit Q e) or Laramie F ormation be drock (cross se ctions B-B’, C-C’, and D-D’).

W ithin the Valle y Vie w S chool quadrangle the re are se ve n inactive construction permits and one active permit for sites excavating borrow
mate rial for construction (Colorado Division of R e clamation and M ine S afe ty [DR M S ] AU GER  interactive map, 2021). All the sites are in the
northwest quarte r of the quadrangle, and only two are large e nough to be disce rne d on the lidar image and plotte d on the ge ologic map. M ost
pits we re excavate d in the e olian sand of unit Q e s. Elsewhe re in the quadrangle, and notably in the are a e ast of Box Elder Cre ek, there are 23
sand borrow pits in unit Q e s and one grave l pit in unit Qg1. All are plotte d on the ge ologic map and several pits (all inactive) were visite d for
the pre se nt mapping proje ct. T he grave l pit is the site of O S L samples V017CO S L1 and V017CO S L2. N one of these 24 site s are poste d on the
DR M S  AU GER  interactive map as having e ither active or inactive pe rmits. T here are no active or inactive aggre gate workings in the small
are as of unit Qa3te rrace within the quadrangle. T he se are as are mappe d by S chwochow and others (1974) as older stre am terrace de posits
containing fine aggre gate s of coarse grave lly sands to fine sands. In the Gre eley quadrangle, diagonally adjace nt to the northwe st of the Valle y
Vie w S chool quadrangle, aggre gate is produce d from unit Q a3in the S outh Platte R ive r valle y. F or the ye ars 2020 and 2021 the annual
aggre gate production in W e ld County was ~14.7 million and 15.2 million me tric tons, respe ctively (W eld County Assessor's O ffice, oral
commun., 2021).

T he Valley V ie w S chool quadrangle lies in the northe rn part of the W atte nbe rg fie ld, an active and prolific oil and gas producing are a locate d
mostly in W eld and Adams counties. O il and gas infrastructure is pre se nt throughout the quadrangle. As of 2021 the W atte nbe rg fie ld was the
fourth-largest oil field and ninth-largest natural gas fie ld in the U .S . (U .S . Energy Information Administration, 2021). As of summe r 2020, the
Valley V ie w S chool quadrangle was still an active are a for oil and gas production. Production in the W atte nbe rg fie ld is principally from the
N iobrara F ormation but also from the M iddle M e mber of the Pierre S hale, the Colorado Group, and the Dakota Group. In 2020, the field
produce d ~137 million barrels of oil and ~1.1 trillion M CF  (thousand cubic ft) of natural gas (Colorado O il and Gas Conse rvation
Commission, 2021).

A historic coal-producing are a within the Valle y V ie w S chool quadrangle is situate d on the Gre eley Arch be tw e e n the De nve r Basin and
Che yenne Basin. T his historic are a is outside the coal fie lds identifie d in R oberts (2005) but is include d in one of coal-mine map compilations
of T urne y and M urray-W illiams (1983, Plate 12). T he ir map has nine historic unde rground mine s, all in the southwe st quarte r of the
quadrangle. T he mines we re worke d in coal se ams of the lowe r 60 to 90 m of the Laramie F ormation. M ine ope rations mostly spanne d the
pe riod be tw e e n 1931 and 1945, se am thickne sse s range d from 0.8 to 1.4 m, se am depths range d from 24 to 40 m, and total production was
~100,000 me tric tons (T urney and M urray-W illiams, 1983). Existing Laramie F ormation coal resource s in the Valle y V ie w S chool quadrangle
probably have little e conomic pote ntial. In contrast, coal mining in the Boulde r-W eld coal fie ld, adjace nt to and south of the Gre e le y Arch, had
more than 160 historic mines that ope rate d in se ams more num erous and thicker than se ams in the Valle y Vie w S chool quadrangle. T he
Boulder-W e ld coal fie ld ce ase d production in 1979 (S pencer, 1986). S urface subsidence cause d by underground coal mining in the Laramie
F ormation is a well-docum ente d geologic hazard in the north part of the De nver Basin (M ye rs and othe rs, 1975). T he historic mines in the
southwe st quarte r of the Valle y V ie w S chool quadrangle are in agricultural land. T here fore, surface subside nce du e to historic coal mining is
not now expe cte d to be an important pote ntial geologic hazard within the quadrangle but could be a hazard if deve lopment should e ncroach on
this agricultural land.

Alluvium thre e (unit Qa3) and the Laramie-F ox Hills aquife r are the important aquife rs in the Valle y V ie w S chool quadrangle, and ove r 300
water-we ll permits have be e n issue d in this are a. U nit Qa3consists of inte rbe dde d laye rs of sand, gravel, and clay. In the Colorado Pie dmont,
the alluvium is found along the valleys of the S outh Platte R iver and its major tribu tarie s, as we ll as in minor tribu tary paleovalleys (burie d
valle ys) to the se stre ams (e.g., Box Elde r Cre ek valle y). T he basal part of the Laramie F ormation contains two relatively thick sandstone units;
the se sandstone s and the unde rlying F ox Hills S andstone constitu te the Laramie-F ox Hills aquife r. T he aquife r underlie s much of the De nve r
Basin and exte nds north on to the Gre e le y Arch, including the are a of the Valle y V ie w S chool quadrangle. T he aquife r is as much as 107 m
thick although its water-yielding thickne ss is seldom gre ate r than 61 m, and it is ge ne rally unde r arte sian conditions (T oppe r and othe rs, 2003).
It unde rlies the Q uate rnary de posits of the quadrangle and appe ars to be of less local importance than the shallow aquife r of unit Q a3.  W ate r
wells are re latively densely space d in unit Qa3in the Box Elde r Cre ek valley and in unit Qa3in the small are as of the S outh Platte R iver valle y
impinging on the quadrangle (Colorado Division of W ater R esources [DW R ] W ell Permit R e se arch V ie w e r, 2020). W ate r wells are sparse r in
the uplands, where more we lls terminate in the Laramie F ormation than in unit Q e s and unit Qa3. In the 58 wate r-well driller’s logs use d to
assemble cross se ctions B-B’, C-C’, and D-D’, water wells in the Box Elde r Cre ek valle y range from 16 to 31 m de e p. Laramie F ormation
wells in upland are as range from 25 to 134 m de e p and are de e pe r in the south part of the quadrangle, whe re the topography rise s toward the
south. W e lls in upland bodies of unit Q es and unit Qa3range from 4 to 18 m de e p.

During the catastrophic S e pte mber 2013 regional flood events along the Colorado F ront R ange, there we re some fatalities, large-scale damage
to prope rty and infrastructure, and some adverse environmental e ffe cts. F lood wate rs of the S outh Platte R ive r cove re d much of the are a
mappe d as alluvium one (unit Q a1) and alluvium two (unit Qa2) in the southe ast corne r of the Gre e le y quadrangle (Kelle r and M organ, 2020),
diagonally adjace nt on the northw est to the Valle y V ie w S chool quadrangle. Along the south side of the S outh Platte R ive r valle y the
floodwaters did not ove rtop the Qa3te rrace (Kerse y terrace) and thus did not exte nd as far south as Colorado S tate Highway 34 and the
community of Kersey, both of which are along the northe rn boundary of the Valley Vie w S chool quadrangle (T own of Kerse y Clerk, oral
commun., 2021). During the 2013 flood, Box Elder Cre ek locally ran bank-full but did not inundate its valley (local reside nts P. S ate r and G.
Booth, oral commun., 2021). Curre ntly the portion of Box Elder Cre ek valle y lying within the quadrangle is designate d as a 100-yr flood plain,
and the two are as of unit Q a3te rrace within the quadrangle are not de signate d as flood hazard zones (W e ld County Property Portal, 2021).

Eolian se dim ent (unit Q e) and eolian sand (unit Q es) locally may be susce ptible to collapse whe n under load and we t or saturate d, owing to
hydrocompaction. S oil e ngine e rs re fe r to these de posits as collapsible soils. T he fine-graine d fractions (silt and espe cially clay) of the se
de posits give them relatively high compre ssive strength and she ar strength unde r dry conditions. W hen we t or saturate d and unde r load,
howe ver, the fine-graine d particle s in the se de posits can be displace d into a de nser configuration such that the void space be tw e e n particle s is
re duce d. Compaction and associate d de cre ase in volum e can cause se ttlem ent at and ne ar the ground surface, pote ntially resulting in damage to
any ove rlying structure s and (or) infrastructure (W hite and Gre e nman, 2008).

During June 2014 in the Gre eley quadrangle (adjace nt on the northw est to the Valle y V ie w S chool quadrangle), the re was an appare nt
waste wate r inje ction-induce d e arthquake of moment-magnitude (M w) 3.2 and M odifie d M ercalli inte nsity IV, gre at enough to be fe lt
throughout the F ront R ange (Ye ck and othe rs, 2016). T he e pice nter for the e arthquake was in a historically ase ismic part of Colorado, ~4 km
northe ast of the e ast end of the City of Gre e le y and W e ld County M unicipal airport, and ~2.5 km northe ast of a high-rate oilfie ld inje ction we ll.
T he w ell was be ing use d for waste wate r disposal into the Pe nnsylvanian-Permian F ountain F ormation overlying the Pre cambrian crystalline
base me nt rocks. T he monthly rate of oilfield waste wate r inje ction in W e ld County had incre ase d significantly over the period of 2010 to 2014.
S uspe cting that the ne arby inje ction we ll had cause d the e arthquake, the Colorado O il and Gas Conservation Commission temporarily halte d
inje ction activity, and the U nive rsity of Colorado, with support from other agencie s, rapidly installe d a local seismic monitoring ne twork. T he
bottom of the well was ce me nte d to preve nt hydraulic communication be tw e e n the inje ction zone and the basem ent rocks, and inje ction then
was resume d at a lowe r rate. During the following 16 months (through about O ctobe r 2015) there we re no e arthquakes gre ate r than M w 1.5
associate d with the inje ction well (Ye ck and others, 2016). During the pe riod from O ctober 2015 through F e bruary 2020 the re we re 21
earthquake s in the Gre eley quadrangle. Half of the e arthquake s range d from local R ichter magnitude (M l) 1 to 1.9 and half range d from 2.1 to
3 M l (U .S . Geological S urvey O nline Earthquake Catalog, F e bruary 2020, cite d in Keller and M organ, 2020). (Local R ichter magnitude and
mome nt-magnitude are ne arly e quivalent for small e arthquakes.) T he local seismicity is belie ve d to be induce d by continuing inje ction-we ll
ope rations, although the cause of the se e arthquake s is still a subje ct of de bate. T he center of the Valley V ie w S chool quadrangle lies ~20 km
southe ast of the June 2014 e arthquake e pice nter in the Gre eley quadrangle. F or the pe riod from the be ginning of June 2014 through the e nd of
M arch 2021 the re was no re corde d se ismic activity in the Valley V ie w S chool quadrangle (U .S. Geological S urve y O nline Earthquake Catalog,
M arch 2021).
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Eolian se dim ent (unit Q e) in the Valley Vie w S chool quadrangle is not sufficie ntly expose d to ide ntify site s for sampling for radiocarbon age
de te rminations. U nit Q e was deposite d during Early and M iddle Holocene time, base d upon the radiocarbon age of ~9 ky for unit Q e in the
Gre e le y quadrangle (Keller and M organ, 2020), ~9 ky for unit Q e in the Johnstown quadrangle (Palkovic and M organ, 2017), ~4 ky and ~5 yr
for unit Q e l (e quivalent to unit Q e) in the F re de rick quadrangle (Keller and others, 2018), and ~5 ky in the Gowanda quadrangle (Kelle r and
others, 2019). T he ages at ~9 ky fall within an e arly Holocene episode of e astern Colorado loe ss de position that spanne d ca. 11 to 9 ka (M uhs
and othe rs 1999). U nit Q e lacks sufficie nt silt to be te rme d loe ss or sandy loess, but it may be coeval at le ast in part with the loe ss de position
and may have derive d its high sand conte nt from unit Qa3alluvium expose d along the S outh Platte R iver.

F rom Late Pleistoce ne to Late Holocene tim e, eolian sand (unit Q e s) was de posite d over much of the northe aste rn plains of Colorado and
ne arly as far we st as Boulder (M adole and othe rs, 2005). T he Late Ple istocene eolian sand de posits were more exte nsive than those of the
M iddle Holoce ne and Late Holocene (M adole and othe rs, 2005). U nit Q e s pre se ntly occupie s approximate ly half the surface of the Valle y
Vie w S chool quadrangle, and it is not known whe the r its coverage was at one time more exte nsive. U nit Q e s occupie s most of the quadrangle’s
higher ground, mostly overlying older eolian se dim ent (unit Q e) or Laramie F ormation be drock (cross se ctions B-B’, C-C’, and D-D’).

Eolian sand originate d mainly from se dime nt in stre am channe ls and flood plains. In northe aste rn and e ast-central Colorado the se dim ent was
transporte d by northwest prevailing winds (M adole and othe rs, 2005). In the Valle y V ie w S chool quadrangle, the S outh Platte R ive r valley and
Cache la Poudre R ive r valle y, north and northwest of the quadrangle, may have contribute d some se dim ent to unit Q e s. Ale inikoff and M uhs
(2010) de monstrate d that the Laramie F ormation north of the City of Gre e ley was the major source for eolian sand in an are a the y nam e d the
Gre e le y dune fie ld, e ast of the city and partly within the Kerse y and Barne sville quadrangle s. Because of its exposure within the Valley V ie w
S chool quadrangle, it is possible that the Laramie F ormation sandstone locally contribu te d se dime nt to bodies of unit Q es. O S L sample
V 132DO S L3 (se e ge ologic map, Plate 1) was colle cte d in a sand pit at Box Elde r Cre ek, at the top of a unit Q e s exposure whe re the de posit is
ove rlain by unit Qa. T he sample yie lde d an age of 3,165 +/- 290 yr. T he radiocarbon age of unit Q es in the City of Gre eley is 850 yr (Keller
and M organ, 2020). Both the above ages are in accord with M adole's Late Holoce ne age group for eolian sand (0 to 4 ky), of thre e e olian sand
age groups pre se nte d in M adole and othe rs (2005). O ther re ce ntly re porte d date s for unit Q es in the ne arby Colorado Pie dmont quadrangles are
~3 ky and ~8 ky in the F re derick quadrangle (Kelle r and others, 2018) and ~3 ky in the Gowanda quadrangle (Keller and othe rs, 2019). T he
locations of the sample s colle cte d for these age s are ~30 km southwest of Gre e ley.


