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from the Colorado Oil and Gas Conservation Commission Interactive Map.
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CORRELATION OF MAP UNITS
3-D OBLIQUE VIEW Table 1. Detailed characteristics of Gowanda quadrangle map units

Map Unit Grain Size Distribution Colors (per Munsell, 1991)
Fine-gra ined fra ction: mixture of cla y, silt, and very fine to fine 
sa nd Dark-b rown of hue 10YR
C oa rse-gra ined fra ction: mixture of medium sa nd to cob b les P inkish-gra y of hue 5YR
Moderately sorted, finer-gra ined dep osits ranging from silty cla y 
or cla yey silt up to very fine or fine sa nd (most common typ e)

L ight olive-b rown, olive-b rown, and da rk gra yish-b rown 
of hue 2.5Y; and light yellowish-b rown, yellowish-
b rown, b rown, and gra yish-b rown of hue 10YR  

P oorly sorted coa rser-gra ined dep osits ranging from very fine 
sa nd to granules (less common typ e)
Moderately to p oorly sorted, coa rser-gra ined dep osits, ranging 
from silt to granules, with rare p eb b les (lea st common typ e)

Q a u R a nges from cla yey silt to silty cla y, through silt to very fine 
sa nd, to very fine sa nd to fine sa nd Dark-gra y of hues 2.5Y, 7.5Y, and 10YR  
Sa nd of lower interva l (St. Vra in C reek): medium to very coa rse 
arkosic sa nd, p oorly sorted, angula r to sub a ngula r or angula r to 
sub rounded, with rare mica fla kes up to 2 mm

R eddish or p inkish-gra y of hue 5YR

Gravel of lower interva l (Va rra P it 115): granules to p eb b les up to 4 
cm; sub rounded to rounded; granitic rocks, gneiss, qua rtzite, and 
rare reddish-b rown sa ndstone

R eddish or p inkish-gra y of hue 5YR , orange iron oxide 
and p urp lish-b la ck ma nganese oxide sta ining

Sa nd of up p er interva l (Va rra P it 115): medium to coa rse sa nd with 
rare granules and p eb b les, very fine to fine sa nd interb edded with 
medium sa nd to granules, and coa rse sa nd to granules with minor 
p eb b les

L ight yellowish-b rown, yellowish-b rown, p a le-b rown, 
and da rk-b rown of hue 10YR  

Gravel of up p er interva l (Va rra P it 115): matrix is p oorly sorted, 
angula r, medium to very coa rse sa nd with no seconda ry 
ca rb onate; gravel ranges from granules to cob b les up to 8 cm,  
sub rounded to rounded,  consists of granitic rocks, vein qua rtz, 
qua rtzite, and rare reddish-b rown sa ndstone

R eddish or p inkish-gra y of hue 5YR

Gravel of up p er interva l (Asp ha lt Sp ecia lties p it): ~60% cla sts and 
~40% matrix; cla sts mostly sub rounded to rounded sm a ll p eb b les, 
b ut cob b les up to 15 cm are p resent; cla st typ es are granitic rocks, 
vein qua rtz, and qua rtzite; matrix is p oorly sorted mixture of 
angula r to sub a ngula r medium sa nd to granules, comp osed of 
~50% qua rtz, ~30% feldsp a r and lithic fragments, and 20% op a que 
minera ls; b iotite and muscovite fla kes up to 2 mm  loca lly p resent; 
no seconda ry ca rb onate. 

P inkish-gra y of hue 5YR , with sta ining from orange iron 
oxide and p urp lish-b la ck ma nganese oxide

Q a 4
C la st-sup p orted arkosic gravel; matrix of angula r mL sa nd to 
granules, no effervescence; sub rounded to rounded p eb b les up 
to 4 cm, granitics, vein qua rtz, and meta morp hics, no ca rb onate 
rinds.

Matrix b rownish yellow of hue 10 YR .

Sa nd matrix:  p oorly sorted mixture of medium sa nd to granules, 
moderately sorted silt to very fine sa nd with some cla y, or coa rse 
sa nd with some silt and cla y; wea kly cohesive, angula r to 
sub a ngula r, rarely with visib le seconda ry ca rb onate b ut usua lly  
strongly effervescent 

Dark-b rown of hue 10YR  and light yellowish-b rown of 
hue 2.5Y 

Gravel cla sts: granules to sma ll p eb b les, or sma ll p eb b les to sma ll 
cob b les, or granules to cob b les a s la rge a s 15 cm; cla sts are 
granitic rocks, qua rtzite, vein qua rtz, and tan, yellow-b rown, and 
reddish-b rown sa ndstone; mostly sub rounded to rounded, less 
commonly angula r to sub rounded;  P ierre Sha le up p er transition 
mem b er (K p t) siltstone and sa ndstone fragments at a few 
locations 

Dark-b rown of hue 10YR  and light yellowish-b rown of 
hue 2.5Y 

Q es

W ell-sorted very fine to fine sa nd, moderately sorted very fine to 
medium sa nd with tra ce coa rser sa nd, moderately to well-sorted 
fine to medium sa nd, fine to medium sa nd with tra ce coa rser sa nd, 
or (rarely)  p oorly sorted very fine to coa rse or very coa rse sa nd; 
materia l la rger than very coa rse sa nd is rare 

Mostly da rk to light yellowish-b rown of hue 10YR , with 
sub ordinate da rk-b rown, gra yish-b rown, and light 
b rownish-gra y of sa me hue

Q e
Mostly cla yey silt or silty cla y to silt with minor cla y; at a few 
locations there is very coa rse sa nd, sub rounded to rounded 
granitic granules and p eb b les, or angula r granules and sm a ll 
p eb b les of mudstone or siltstone 

Domina nt colors of hue 2.5Y are light olive-b rown and 
olive-b rown, and sub ordinate colors are light yellowish-
b rown, olive-yellow, and da rk gra yish-b rown; domina nt 
colors of hue 10YR  are light yellowish-b rown, yellowish-
b rown, and b rownish-yellow, and sub ordinate colors 
are p a le-b rown, dark yellowish-b rown, yellow, dark 
gra yish-b rown, and da rk-b rown; loca l mottling  is light 
olive-b rown and olive-yellow, light olive-b rown and 
gra yish-b rown, dark-gra y and light yellowish-b rown, or 
gra yish-b rown and light yellowish-b rown 

Matrix: cla yey silt to fine sa nd, or well-sorted, angula r very fine to 
fine sa nd; moderately to very cohesive, la cks seconda ry 
ca rb onate nodules b ut is moderately to strongly effervescent

L ight b rownish-gra y or light olive-b rown of hue 10YR  

Nea r  northern qua dra ngle b ounda ry,  flat angula r fragments of 
Fox Hills Sa ndstone (K fh) fine-gra ined sa ndstone up to 3 cm, 
angula r granules of sha le or siltstone, and rare, coa rse to very 
coa rse, rounded qua rtz gra ins; nea r  western b ounda ry, angula r 
cob b les and sm a ll b oulders of P ierre Sha le up p er transition 
mem b er (K p t) mudstone or siltstone, up to 0.5 m

Q a 3

Q a 2

Q a 1

Q cs

Q g1

The L ongm ont wrench fault zone (W FZ) trends ea st-northea st (as two m a in ob lique-slip
fa ults) a cross the center of the Gow anda qua drangle, as m a p p ed b y W eim er (1996). The
northern, m a in ob lique-slip fa ult is near well HSR  W eld #3–A2 and is sup p orted b y offset as
shown on cross section A-A’; the southern, m ain ob lique-slip fault is b etw een w ells Borgm ann
#U01-16J1 and W andell #21–7 and is not sup p orted b y offset in the cross section. A sub sidia ry
fa ult, near well C a rm a #21–35 and sp la ying from the northern m a in fault, also is not sup p orted
b y offset in the cross section.  R ight-lateral ob lique m ovem ent along these zones occurred
during C reta ceous tim e and w a s interm ittent from 110 to 65 Ma (W eim er, 1996), an interva l
that includes the b eginning of the L ara m ide orogeny. W ithin the Gow anda qua dra ngle,
W eim er's m a p (W eim er, 1996, Fig. 34) and his north-south cross section (W eim er, 1996, Fig.
35) show severa l vertica l, ea st to northea st-trending norm a l fa ults a ssociated with m ovem ent
on the L ongm ont W FZ. Two of these faults, the ones near the ends of the line of section, are
sup p orted b y the offsets shown in cross section A-A’. Two other faults are indicated on cross
section A-A’ b ut were not m a p p ed in W eim er (1996) and are not shown on the P late 1 geologic
m a p. These occur b etween w ells W eld #27-2 and Victoria U #1-12JI, and b etween wells Miller
#24-17 and Miller #44-17J.  W eim er's cross section shows disp la cem ents on norm a l faults of
up to ~30 m, from the Niob rara Form ation (K n) up w ard through the Hygiene Sandstone
Mem b er of the P ierre Sha le (K ph), with disp la cem ents decrea sing upw a rd to as little as 9 m in
the Middle Shale Mem b er of the P ierre Sha le (K p m ) (the interva l a b ove this unit is not
presented). C ross section A-A' (west of W eim er's cross section) indicates disp la cem ents in the
Niob rara Form ation of 122 m and 61 m in the two faults that correspond to W eim er's faults;
these are near the ends of the line of section. W eim er's cross section shows sm a ller norm al
fa ults extending up w a rd at low angles from the vertica l or nearly vertica l faults, b ut these
fa ults are not shown on cross section A-A'. C olton (1976) show s a fa ult p a ssing through the
location of well HSR  Foster R idge #1-27A, which m a y b e the sam e fa ult shown in cross
section A-A', ~335 m southeast of that location.
In the Frederick qua dra ngle (a dja cent to the south), there are m any high-angle, northeast-
trending faults of the Boulder-W eld fa ult zone disp la cing the L a ra m ie Form ation, Fox Hills
Sandstone, and P ierre Shale up p er transition m em b er (Sp encer, 1986). These are interpreted b y
Sp encer (1986) as a northea st-trending zone of en echelon norm a l and reverse faults, b ut
reinterpreted b y K ittleson (1992, 2009) as a zone of footw all ra m p s at the southeast end of a
la rge, gravity-driven decollem ent zone extending from ~10 km ea st of L ongm ont southw est to
R ocky Flats, a b out 3 km southwest of Sup erior, C olora do. The reinterpretation of this faulting
is exp lained in m ore detail in K eller and Morgan (2018). Sp encer (1986) shows only one fault
that extends a s far northea st as the Gow anda qua dra ngle. The fa ult extends only a short
distance into the qua drangle and is a ra m p fa ult upthrown to the northw est b y ~15 m. It is
possib le that other faults of the Boulder-W eld fa ult zone are present in the southeast portion of
the qua dra ngle, b ut stratigra phic top s for the shallow er b edrock units are not included in the
ava ila b le oil and gas well data for the area (C olora do O il and Gas C onservation C om m ission
[C O GC C ], 2018). C olton (1976) shows three northeast-trending faults in the Gow anda
qua drangle. O ne of these fa ults crosses the line of section of cross section A-A’; the fault is
included in the section b ut is not sup p orted b y ob served offset.
Sonnenb erg and U nderwood (2013) studied 3D seism ic data within an area ~67 km ea st-
northea st of the Gow anda qua dra ngle, in Morgan C ounty. The seism ic sections indicate la yer-
b ounded system s of m inor norm a l, (a p p a rently) random ly oriented fa ults in the Niob ra ra
Form ation (K n) and lower P ierre Sha le (K p). The faults dip at less than 45°, have vertica l
disp la cem ents of 6 to 27 m and horizonta l lengths of generally less than 1,210 m, and form
polygona l networks in m a p view. They are interpreted to b e the result of volum e loss in the
Niob rara Form ation and lower P ierre Sha le a s form ation fluid w a s exp elled during
com p a ction. In the seism ic sections of Sonnenb erg and U nderwood (2013) these polygona l
fa ult system s resem b le the m inor, positive flow er structures in the Niob ra ra Form ation, as
shown in W eim er's (1996, Fig. 35) cross section.
During P liocene tim e, m a jor strea m s incised P a leogene and(or) Neogene form ations and
U p p er C reta ceous sedim entary rocks of the C olora do P iedm ont, and no P a leogene and(or)
Neogene sedim ents rem a in in the Gow anda qua dra ngle. The Q uaternary history of the
Gow anda qua dra ngle b egins with deposition of unit Q g1 during the E a rly or Middle
P leistocene; the unit could b e equivalent to the younger p a rt of the Slocum Alluvium (Berry
and others, 2019). L ater incision and latera l cutting of surrounding, finer-grained, less resistant
alluvial deposits and U p p er C reta ceous b edrock resulted in inversion of the topogra p hy,
leaving isolated rem nants of unit Q g1on som e hills. L indsey and others (2005) recognized the
presence of dissected a lluvia l deposits and terra ces of Middle P leistocene age that extend a s
m uch a s 5 km ea st of Fort L upton, ~9 km southea st of the Gow anda qua drangle.
Five Q uaternary alluvial units are a ssociated with St. Vrain C reek in the Gow anda qua dra ngle.
From oldest to youngest they are units Q g1(possib ly equiva lent to Slocum Alluvium), unit Q a 4
(possib ly equiva lent to L ouviers Alluvium) Q a 3, (equiva lent to Broa dw a y Alluvium, P ineda le
age), Q a 2(equiva lent to P iney C reek Alluvium), and Q a 1(post-P iney C reek) (see cross
sections B-B' and C -C '). The isolated erosional rem nants of unit Q g1are located in the up la nd
a long the southea st side of the St. Vra in C reek valley, ~24 m a b ove strea m level. In the
Gow anda qua dra ngle, unit Q g1elevation is higher than other a lluvia l deposits along the creek,
and unit Q g1is thus interpreted a s the oldest of the St. Vra in C reek deposits in the qua dra ngle
(see Description of Ma p U nits).
E a ch of units Q a 4, Q a 3, and Q a 2constitutes a sep a rate aggra dationa l (or depositional) terra ce.
Aggra dation events "record b rief reversa ls of long-term tectonica lly induced downcutting
b eca use they raise active channels" (Bull, 1990). The three St. Vra in C reek terraces have
resulted from changes in clim ate, during which the increa sed strea m discharge and b ed loa d
ca used the deposition of new a lluvium. At som e tim e a fter the deposition of ea ch terra ce, it
w a s incised and sub sequently filled with younger alluvium of a lower terra ce. The terraces are
recogniza b le in the field, on lidar im agery, and on the 7.5-m inute topogra phic m a p. The unit
Q a 4terra ce (covered with unit Q es) is the highest and is present only on the south side of the
St. Vra in C reek va lley a b out 9 to 18 m a b ove the creek. U nit Q a 4dep osits m ostly are not
exposed (except in Varra C om p a nies’ P it 115), b eca use they are covered b y eolian sand of unit
Q es, b ut alluvium b eneath unit Q es is indicated b y w ater well lithologic logs. Severa l
prom inent m eander cuts in the unit Q a 4terra ce are floored with unit Q a 3dep osits.   The unit
Q a 3terra ce is prom inent along the southea st side of the St. Vra in C reek va lley and is present to
a lim ited extent on the northwest side. In the northea st corner of the qua drangle the terra ce
consists of a widesprea d up p er surfa ce and a lower surfa ce of lim ited area l extent, the latter
occup ying severa l m ea nder cuts in Q a 4dep osits. Based upon its ages and its position in the
landsca p e relative to other a lluvia l units, unit Q a 3w a s deposited a fter units Q a 4and b efore unit
Q a 2.
The m ost recent aggra dation in the m ajor dra inages of the C olora do P iedm ont occurred during
the L ate Holocene, depositing unit Q a 2(equiva lent to P iney C reek Alluvium) in wide valley
floors. Incision of the unit Q a 2va lley floors followed, and then deposition of unit Q a 1a long
lower and narrower strea m  courses. In one of the m ea nder cuts in the lower level of the unit
Q a 3terra ce, unit Q a 3sa nd is overlain b y a thin layer (0.2 m) of Q a 2sedim ent, possib ly
representing a short-lived Q a 2aggradation event at a slightly higher elevation (0.5 m) than the
m a in unit Q a 2terra ce. A ra dioca rb on age for unit Q a 2in its m a in terra ce is 1,344-1,270 yr B.P.,
and the age of the higher unit Q a 2in the lower level of the Q a 3terra ce is 1,336-1,256 14C  yr
B.P. (ca lib rated) (Ta b le 2); the ages are nearly the sam e and b oth are L ate Holocene.
Muhs and others (1999) describ e two p eriods of loess deposition in eastern C olora do: a L ate
P leistocene p eriod sp anning ca. 20,000 to 12,000 ra dioca rb on yr B.P., during the tim e of
culm ination and retreat of P ineda le glaciation in the Front R a nge; and an E a rly Holocene
ep isode sp a nning ca. 11,000 to 9,000 ra dioca rb on yr B.P. The latter p eriod includes the loess at
Beecher Island near W ra y, C olora do. E olian sedim ent (unit Q e) m antles m uch of the Gow anda
qua drangle northwest of the St. Vra in C reek valley, where it is underla in m ostly b y the P ierre
Sha le up p er transition m em b er (K pt) and loca lly b y the Fox Hills Sandstone (K fh). U nit Q e is
only loca lly exposed southea st of the va lley b eca use it is overla in b y eolian sand of unit Q es
throughout m uch of this area. This is indicated b y geologic logs of w ater wells (C olora do
Division of W ater R esources [DW R ], 2018).  Southea st of the va lley, eolian sedim ent is
underla in m ostly b y L a ra m ie Form ation (K l). Three potential sources for the loess of Muhs
and others (1999), and presum a b ly for eolian sedim ent of the present report, are: silt from
floodp lains of retreating alp ine gla ciers in the Front R ange to the west; volca nicla stic silt from
the O ligocene W hite R iver Group to the north; and silt and cla y from the P ierre Sha le exposed
w est of the qua drangle (Muhs and others, 1999). P a leowind directions prob a b ly w ere from the
northw est, west, and southw est (Muhs and others, 1999). The single Gow anda qua drangle
ra dioca rb on age for unit Q e is 5,590-5,465 yr B.P. (ca lib rated) (Ta b le 2). This age is younger
than the loess at Beecher Island (9,250 to 11,090 radioca rb on yr B.P.) (Muhs and others,
1999), b ut within the age range for the Bignell L oess at Bignell Hill, Neb ra ska (1,400 to
10,070 radioca rb on yr B.P.). C olora do and Neb ra ska loess deposits are sim ilar in com position,
and to som e extent the two m ay share sedim ent sources (Muhs and others, 1999). Taken
together, the ra dioca rb on ages for eolian sedim ent in the Gow anda, Frederick, and J ohnstown
qua drangles range from ~4,000 to ~9,000 yr B.P. (K eller and Morgan, 2018; P a lkovic and
Morgan, 2017), suggesting, neglecting possib le conta m ination b y younger carb on from anim a l
a ctivity and (or) plant growth, that the second depositiona l episode of Muhs and others (1999)
extended into the Middle Holocene. O nly one Q e radioca rb on sa m p le (yielding a Middle
Holocene date) w a s ana lyzed in the Gow anda qua drangle, and this age is from the top of the
unit. It is possib le that older, L ate P leistocene eolian sedim ent is present at greater depth. O n
the b a sis of Q e, Q es, and Q a 3ra diom etric ages, and b eca use in the Gow anda qua dra ngle unit
Q es is ob served to overlie unit Q e, deposition of unit Q e occurred a fter deposition of unit Q a 3
and b efore deposition of unit Q es.
From L ate P leistocene to L ate Holocene tim e, eolian sand of unit Q es w as deposited over
m uch of the ea stern pla ins of C olora do, with the L ate P leistocene sand deposits b eing m ore
extensive (Madole and others, 2005). U nit Q es covers m ost of the Gow anda qua drangle
southea st of the St. Vra in C reek va lley. The extent of unit Q es in the present m a p genera lly
agrees with the extent m a p p ed b y Ma dole and others (2005). Exceptions are an area m a p p ed a s
unit Q a 3instea d of Ma dole and others (2005) Q es in the northeast p a rt of the qua dra ngle, and
an area m a p p ed as unit Q a 2instea d of unit Q es in the southwest p a rt. E olian sand originated
m a inly from strea m channels and flood plains. In northea stern and ea st-centra l C olora do the
sedim ent w a s transported b y northwest preva iling winds (Madole and others, 2005). U nit Q es
in the Gow anda qua dra ngle m a y have b een deflated from  the St. Vra in C reek va lley; neither
Ma dole and others (2005) nor the present m a p show any unit Q es deposits northwest of the
va lley. Aleinikoff and Muhs (2010) dem onstrated that the L ara m ie Form ation (K l) w a s the
m a jor source for eolian sand in the Greeley dune field to the ea st. It is possib le that the
L ara m ie Form ation also could have contrib uted to unit Q es sedim ent in the Gow anda
qua drangle. Most unit Q es in the qua dra ngle w as deposited upon unit Q e (eolian sedim ent).
U nit Q es directly a b ove the Q es/Q e conta ct ha s an age of 2,867-2,760 yr B.P. (Ta b le 2), in
accord with the Ma dole and others (2005) L ate Holocene sub division within the eolian sand (4
to 0 ka). U nit Q e a few centim eters b elow the conta ct ha s an age of 5,590-5,465 yr B.P. (Ta b le
2). The tim e ga p of ~2,700 yr m ay have b een a period when the unit Q e surfa ce w a s eroding or
sta b le, prior to deposition of unit Q es. Based upon Q e, Q es, and Q a 2ages, and a lso upon unit
Q es ob served overlying unit Q e, deposition of unit Q es occurred a fter deposition of unit Q e
and b efore deposition of unit Q a 2.
From L ate(?) P leistocene through Holocene tim e, colluvium and sheetw a sh of unit Q cs were
deposited b y m a ss w asting and overland flow, along the north side of the St. Vra in C reek
va lley in the northea st p art of the qua dra ngle.

GEOLOGIC HISTORY AND STRUCTURE

There are m any aggregate (sand and gravel) pits in the St. Vrain C reek valley. They are located on
flood pla ins and low terra ces in the portion of the va lley extending from the Gow anda qua dra ngle
western b oundary northea st to C olora do Hwy. 66 (see geologic m a p in P late 1). C olora do Division
of R ecla m ation, Mining, and Sa fety (DR MS) records (2018) show 11 active m ining perm its in this
area, and there are a lso m any ina ctive p erm its issued for pits that presum a b ly were active in the
p a st. During sum m er 2018, m ining a ctivity w a s ob served at five locations. All of the aggregate
pits are in alluvium three (unit Q a 3), which underlies a lluvium two (unit Q a 2) in the valley floor of
St. Vra in C reek. Annua l aggregate production for W eld C ounty for the years 2015, 2016, and 2017
w a s ~12.2 m etric tons, ~14.4 m etric tons, and ~15.0 m etric tons, resp ectively (W eld C ounty
Assessor's O ffice, 2018a, pers. com m un., 2018a).

The northern end of the Boulder-W eld coa l field extends from the Frederick qua dra ngle (a dja cent
to the south) into a very sm a ll area north of the Gow anda qua dra ngle southern b oundary (Sp encer,
1986). This portion of the coal field occup ies ~0.2 km2 and lies within T. 2 N., R . 67 W ., sec. 19,
N 1/2. The outline of the m ined area is the sa m e a s that of the Sa ddleb a ck Golf C ourse. C oa l
m ining in seven coa l b eds in the lower p a rt of the L a ra m ie Form ation (K l) w a s econom ica lly
im portant in the Frederick and E rie qua dra ngles from the late 1800s to 1975, and Sp encer (1986)
ta b ulates production from 20 m ines in these qua dra ngles plus the sm all area in the Gow anda
qua drangle. Fifteen of the m ines were in coa l b ed No. 3, and one of the m ines extended b eneath
the location of the golf course. C oa l b ed No. 3 is 0.9 to 3.7 m thick. In the golf course area it lies
15 to 46 m b elow the ground surfa ce.
The Gow anda qua drangle lies in the w estern p a rt of the W attenb erg Field, an active and prolific
oil and gas producing area located in the southwest portion of the Denver Basin and m ostly in
W eld and Adam s C ounties. In area it is the largest single oil and gas field in the Denver Basin,
and a s of 2005 had the greatest concentration of oil and gas wells in the b a sin (Higley and C ox,
2005). In recent years, unconventiona l drilling and hydraulic fra cturing have increa sed the
concentration of wells in the W attenb erg field even m ore, and oil and gas infra structure is present
throughout the Gow anda qua dra ngle. As of 2013 the W attenb erg field w a s the fourth m ost
productive oil field and ninth m ost productive natura l gas field in the U.S. (U.S. E nergy
Inform ation Adm inistration, 2015). P roduction is dom inantly from the Niob ra ra Form ation, b ut
also from the Middle Mem b er of the P ierre Sha le, the C olora do Group, and the Dakota Group
(C olora do O il and Gas C onservation C om m ission [C O GC C ], 2018).

The lower portion of the L a ra m ie Form ation contains two relatively thick sandstone units; these
sa ndstone units and the underlying Fox Hills Sandstone (K fh) constitute the L a ra m ie-Fox Hills
a quifer. The a quifer underlies m uch of the Denver Basin and can b e up to 107 m thick, although
its w ater-yielding thickness is seldom  greater than 61 m. It is genera lly under artesian conditions
(Top p er and others, 2003). The a quifer underlies the Q uaternary deposits (m ostly eolian sand
[Q es] with underlying eolian sedim ent [Q e]) in m ost of the area southea st of the St. Vra in C reek
va lley. The w ater wells in this area are of varied depths, with the sha llow wells p enetrating only
units Q es and Q e, and the deep er wells screened in the L a ra m ie-Fox Hills a quifer (C olora do
Division of W ater R esources [DW R ], 2018). The sands and gravels of contiguous units a lluvium
three (Q a 3) and a lluvium four (Q a 4) constitute a sha llow a quifer in the St. Vra in C reek va lley
throughout the Gow anda qua drangle, as evidenced b y the large num b er of w ater wells com p leted
in these units. The area northwest of the va lley is underla in m ostly b y the up p erm ost transition
m em b er of the P ierre Sha le (K pt), which genera lly is a finer-grained unit than the L ara m ie
Form ation and Fox Hills Sandstone. There are relatively few w ater w ells in this area.
Surfa ce sub sidence caused b y coa l m ining in the L ara m ie Form ation is a w ell-docum ented
geologic ha za rd in the Boulder-W eld coal field. According to a coal m ine sub sidence and land use
report prep a red for the C olora do Geologica l Survey b y Myers and others (1975), the m axim um
possib le sub sidence from  m ining at a single level is from 1.5 to 3 m, which a lso is the of the range
of height  for the underground m ine workings. Sub sidence greater than 4.6 m is due to m ining at
m ultip le levels. It is estim ated that 90% of sub sidence that could b e ob served w a s identified (as of
1975, the year that the sub sidence study w a s pub lished and also the year when m ining in the
Frederick and Gow anda qua dra ngles cea sed), and that no well-defined, ob serva b le sub sidence ha d
occurred a s of 1975 in area s where overb urden a b ove m ined coa l b eds is greater than 46 m. The
report presents a m a p (P late 6) of the coa l field with area s ranked a s having severe, m oderate, or
low sub sidence ha za rd. The sm a ll area of historic m ining in the Gow anda qua drangle b eneath the
Sa ddleb a ck Golf C ourse is ranked a s an area of severe sub sidence haza rd.
During the catastrophic Septem b er 2013 flood events along the C olora do Front R a nge, floodw ater
of St. Vra in C reek inundated the low-lying p a rts of the creek valley. The flood covered m uch of
area m a p p ed a s Q a near L ongm ont (Madole, 2016), ~5 km west and up strea m from  the Gow anda
qua drangle western b oundary; and the area m a p p ed a s Q a 2in the Gow anda qua dra ngle. The extent
of the flood w as ca ptured in 2013 photogra p hs, including som e taken from the air and showing the
effects of flooding in the Gow anda qua drangle (C ity of L ongm ont, 2018). Flooding effects can b e
seen a lso on Google E a rth im agery for O ctob er 6, 2013, shortly a fter the flood (Google E arth,
2018). In the Gow anda qua dra ngle there w a s som e da m age to prop erty and infra structure, b ut
there were very few structures that were in the p ath of the flood (Google E a rth, 2018). All of the
Q a 2 area in the Gow anda qua dra ngle is designated b y the Federa l E m ergency Managem ent
Agency (FEMA) as a flood zone that ha s a 1% annua l chance of flooding (100-yr flood pla in).
Also, the area of alluvium, undivided (Q au) in the strea m networks that flow into New Thom a s
R eservoir, Bass R eservoir, and Diam ond R eservoir, northwest of St. Vrain C reek, is designated a s
1% annua l chance flood zone (W eld C ounty, 2018b).
E olian sand (Q es) and eolian sedim ent (Q e) locally m a y b e susceptib le to colla p se, owing to
hydrocom p a ction. Geotechnica l engineers refer to these deposits a s colla p sib le soils. The fine-
grained p articles (silt and esp ecia lly cla y) in the eolian sand and sedim ent give these deposits
relatively high com pressive strength and shear strength under dry conditions. However, when wet
or saturated and under loa d, the fine-grained p a rticles in these deposits can b e disp la ced into a
denser configuration such that the void sp a ce b etween p a rticles is reduced. C om p a ction and
a ssociated decrea se in volum e can cause settlem ent at and near the ground surfa ce, potentia lly
resulting in dam age to any overlying structures and (or) infra structure (W hite and Greenm a n,
2008).
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The Gow anda qua dra ngle lies in the northern p a rt of the C olora do P iedm ont. L ike m uch of the piedm ont the topogra p hy in
the qua dra ngle has low relief (76 m elevation difference b etw een low est and highest points), and natural exposures of
b edrock and surficia l units are rare except a long strea m b a nks. Q uaternary deposits cover alm ost all the qua dra ngle and
b edrock is exposed in only a few p la ces. The present-da y topogra phy of the C olora do P iedm ont results from the downcutting
and geom orphic evolution of the South P latte R iver and Arkansas R iver dra inage b a sins m a inly during P liocene tim e,
b eginning with rem ova l of P a leogene and Neogene rocks and sedim ents that once covered the U p p er C reta ceous strata in the
b a sins (Madole, 1991). The predom inant Q uaternary deposits of the piedm ont, including the Gow anda qua dra ngle and
surroundings, are fluvia l sedim ents of the South P latte R iver and its trib utaries, and eolian sedim ents derived from  a lluvium
in these strea m va lleys and from  upw ind b edrock exposures in the piedm ont (Madole, 1991, 2016). The Gow anda qua dra ngle
is dra ined b y St. Vra in C reek and its trib utaries. St. Vrain C reek is a trib utary of the South P latte R iver and flows northea st
out of the m a p p ed area to join the river at ~2.5 km north of the qua dra ngle's northea stern corner. The St. Vra in C reek valley
is ~2 km wide and divides the qua dra ngle a p p roxim ately in half. Near the southwestern corner of the qua drangle a sm a ll
portion of the a lluvia l p la in is within the Boulder C reek va lley. The confluence of Boulder C reek and St. Vra in C reek lies
south of C olora do Hwy. 119, ~0.8 km west of the western qua dra ngle b oundary.

The Gow anda qua dra ngle is on the northw est flank of the Denver Basin, a p p roxim ately ha lfw a y b etween the b a sin axis and
the b a sin's western edge (Dechesne and others, 2011). The L ara m ie Form ation (K l) is the youngest b edrock unit in the
qua drangle and underlies the Q uaternary cover in m ost of the area southea st of the St. Vra in C reek va lley. The L a ra m ie
Form ation is a coa l-b ea ring unit that w a s deposited in a low coastal-p la in environm ent, on the western m argin of the W estern
Interior Sea w a y during the L ate C reta ceous (100 to 66 Mya). The Fox Hills Sandstone (K fh) lies b eneath the L a ra m ie
Form ation and underlies the Q uaternary cover along the northw est side of St. Vra in C reek, in the northea st p a rt of the
qua drangle. This unit w as deposited in near-shore and b ea ch environm ents as the sea w ay retreated to the ea st (Dechesne and
others, 2011). The up p er transition m em b er of the P ierre Sha le (K pt) underlies the Fox Hills Sandstone and the Q uaternary
cover in the northwest and north-central p a rts of the qua drangle. This unit w a s deposited in deep er m arine environm ents of
the sea w a y. O il and gas wells in the Gow anda qua dra ngle have p enetrated underlying C retaceous form ations down to the
Dakota Group (cross section A-A'), b ut none of these form ations are exposed in the qua drangle. The few b edrock outcrop s in
the qua dra ngle are insufficiently exposed to yield attitude m ea surem ents. The geologic m a p s of C olton (1976) and Dechesne
and others (2011) indicate that the loca l strike is a p p roxim ately N45E. O n the b a sis of cross section A-A' (line of section is
perp endicular to strike), the b edrock units dip very gently to the southea st (~5.3 m/km).

Table 2. Ages and grain size analyses in the Gowanda quadrangle

Radiocarbon dating (by Beta Analytic, Inc., Miami, Florida, December 2018, using AMS - accelerated mass spectrometry)

Map Unit
Field Sample 

Number and Map 
Location

Depth Below 
Ground Surface 

(ft)
Date 

Collected
Laboratory 

Number Material Calibrated C14 
Age (yr BP)

Q a 2 G092AC 14 1.7 24-Sep-18 Beta-512266
Disseminated fine organic matter 
in sand interb edded with cla yey 

silt
1344 - 1270

Q es G098BC 14 3.9 14-Aug-18 Beta-512267
Disseminated fine organic matter 
in fine to medium sand with 

minor cla y
2867 - 2760

Q e G098C C 14 4.3 14-Aug-18 Beta-512268 Disseminated fine organic matter in silty cla y 5590 - 5465 ca l
P ossib ly deb ris flow at 
top of Q a 3 up p er 

terra ce
G319C 14 1.6 16-Nov-18 Beta-512269

Disseminated fine organic matter 
in very fine to very coarse sa nd 

with gravel
1344 - 1270

Possib ly older Q a 2 on 
Q a 3 lower terra ce G320C 14 2.2 16-Nov-18 Beta-512270 Disseminated fine organic matter in cla yey silt to very fine sand 1336 - 1256

Optically stimulated luminescence (OSL) dating (by U.S. Geological Survey, Lakewood, Colorado , April 2019)
Map Unit Field Sample Number 

and Map Location
Depth Below Ground 

Surface (ft) Date Collected Material Age (yr BP)

Q a 3 G067BlowerO SL; Varra 
P it 115 38 24-Sep-18

Very fine to fine sand 
interb edded with medium 
sand to granules

151,360 ± 5,800

Optically stimulated luminescence (OSL) dating (by Baylor University, Waco, Texas, January 2020)
Map Unit Field Sample Number 

and Map Location
Depth Below Ground 

Surface (ft) Date Collected Material Age (yr BP) 

Q a 3 G067D, Varra P it 115 32 31-May-19
C oa rse to very coarse sand  (cL to 
vcU) with tra ce sma ll granules, 

moderately sorted  
>56,305 (?)

Q a 3 G067E, Varra P it 115 26 31-May-19 Medium sand (mL to mU), well sorted 54,480 +/- 5,540 (?)

Q a 3 G067F, Varra P it 115 15 31-May-19 Medium to coarse sand (mU to cU), 
moderately sorted 42,285 +/- 3,730 (?)

Q a 2 G179A, St. Vra in C reek 3.3-4.0 31-May-19 Medium to very coarse sand (mU to 
vcU) with ~25% gravel up to 8 cm 1,975 +/- 140

Udden-Wentworth grain size distribution, derived from ASTM grain size analysis by Terracon, Wheat Ridge, Colorado (November 2018)

Map Unit
Field Sample Number and 

Map Location Date Collected
Depth Below Ground 

Surface (m)
Classification based on 
grain size distribution

Gravel Sand Silt Clay
Q g2 G256GS 28-O ct-18 1.2 Sandy gravel 57 38 3 2
Q el G295GS 28-O ct-18 2.1 C la yey silt to fine sand 0.0 37 34 29

Grain Size Distribution
(% )

Vertical Exaggeration 2.5X

N




