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CORRELATION OF MAP UNITS
3-D OBLIQUE VIEW Table 1. Detailed characteristics of Gowanda quadrangle map units
SURFICIAL DEPOSITS The Longmont wrench fault zone (WFZ) trends east-northeast (as two main oblique-slip MINERAL RESOURCES, GROUNDWATER’ Dahrps, D.E., 2004, Relgtive and numeFic age data for Pleisto'cene glapial deposjts and . — —
faults) across the center of the Gowanda quadrangle, as mapped by Weimer (1996). The AND GEOLOGIC HAZARDS diamictons in and near Sinks Canyon, Wind River Range, Wyoming: Arctic, Antarctic, and Map Unit Grain Size Distribution Colors (per Munsell, 1991)
HUMAN- MASS-WASTING northern, main oblique-slip fault is near well HSR Weld #3—-A2 and is supported by offset as Alpine Research, v. 36, p. 59-77. Fine-grained fraction: mixture of clay, silt, and very fine to fine Dark-b fhue 10YR
MADE ALLUVIAL EOLIAN AND ALLUVIAL shown on cross section A-A’; the southern, main oblique-slip fault is between wells Borgmann o . Qai sand aricbrown ot e
DEPOSITS DEP?SITS DEP?SITS DE]TOSITS #U01-16J1 and Wandell #21-7 and is not supported by offset in the cross section. A subsidiary There are many aggregate (sand and gravel) pits in the St. Vrain Creek valley. They are located on Dechesne, Marieke, Raynolds, R.G., Barkmann, P.E., and Johnson, K.R., 2011, Notes on the Coarse-grained fraction: mixture of medium sand to cobbles Pinkish-gray of hue S5YR
T ‘ fault, near well Carma #21-35 and splaying from the northern main fault, also is not supported flood plains and low terraces in the portion of the valley exte'ndmg from the Gowanda quadre'm.gle Denver Basin Geologic Maps: Bedrock Geology, Structure, and Isopach Maps of the Upper Light olive-brown. olive-brown. and dark eravish-brown
- _ _ _ by offset in the cross section. Right-lateral oblique movement along these zones occurred western boupdary 1.10.1*theast to Colorado Hwy. 66 (see geologic map in Plgte 1)_- Colorado _DIYISIO_H Cretaceous to Paleogene Strata between Greeley and Colorado Springs, Colorado: Colorado Moderately sorted, finer-grained deposits ranging fromsilty clay fgh 2 5Y: and 1.’ ht vellowi h’b gu v h
during Cretaceous time and was intermittent from 110 to 65 Ma (Weimer, 1996), an interval of Reclamation, Mining, and Safety (DRMS) records (2018) show 11 active mining permits in this Geological Survey Open-File Report 11-01, 35 p. 1 il fine or fi d othue 2.5%; and hight yellowish-brown, yellowish-
. . . . . or clayey silt up to very fine or fine sand (most common type) .
that includes the beginning of the Laramide orogeny. Within the Gowanda quadrangle, area, and there are also many inactive permits issued for pits that presumably were active in the brown, brown, and grayish-brown of hue 10YR
Weimer's map (Weimer, 1996, Fig. 34) and his north-south cross section (Weimer, 1996, Fig. past. During summer 2018, mining activity was Pbsefved at five locgtlons. AH of the aggregate Dethier, D.P., Schildgen Taylor, Bierman, Paul, Caffee, Marc, 2001, Cosmogenic analysis of the Qa2 Poorly sorted coarser-grained deposits ranging fromvery fine
Qa, 35) show several vertical, east to northeast-trending normal faults associated with movement pits are mn alluvium three (unit Qas), whlch underlies alluvium two (unit Qa,) in the valley floor of Rocky Flats Alluvium near Boulder, Colorado: Geological Society of America Annual Meeting, sand to granules (less common type)
LD on the Longmont WFZ. Two of these faults, the ones near the ends of the line of section, are St. Vrain Creek. Annual aggregate prgductlon for Weld County for the years 2015, 2016, and 2017 2001, Boston, Massachusetts, Quaternary Geology/Geomorphology (Posters) I. Moderately to poorly sorted, coarser-grained deposits, ranging
supported by the offsets shown in cross section A-A’. Two other faults are indicated on cross was ~12.2 metric tons, ~14.4 metric tons, and ~15.0 metric tons, respectively (Weld County : :
unconformity . J . . ) : Assessor's Office, 2018a, pers. commun., 2018a) L . . fromsilt to granules, with rare pebbles (least common type)
e section A-A’ but were not mapped in Weimer (1996) and are not shown on the Plate 1 geologic > > PEIS. 2 . Google Earth, 2018, Historical image (St. Vrain Creek area in Gowanda quadrangle, Colorado), Ranees from clavey silt to silty clay. through silt to very fine
- Holocene map. These occur between wells Weld #27-2 and Victoria U#1-12J1, and between wells Miller ) . October 6, 2013. Qau & yey ycay, & vy Dark-gray of hues 2.5Y, 7.5Y, and 10YR
#24-17 and Miller #44-17J. Weimer's cross section shows displacements on normal faults of The northern end of the Boulder-Weld coal field extends from the Frederick quadrangle (adjacent sand, to very fine sand to fine sand :
Qau up to ~30 m, from the Niobrara Formation (Kn) upward through the Hygiene Sandstone to the south) into a very small area north of the Gowanda quadrangle southern boundary (Spencer, Higley, D.K., and Cox, D.O., 2005, Oil and gas exploration and development along the Front Sand .oflower interval (St. Vrain Creek): mediumto very coarse . o
Member of the Pierre Shale (Kph), with displacements decreasing upward to as little as 9 m in 1986). This portion of the 002.11 field occupies ~0.2 km2 and lies within T. 2 N., R. 67 W,, sec. 19, Range in the Denver Basin of Colorado, Nebraska, and Wyoming: Chap. B in Fishman, N.S., arkosic sand, poorly sorted, angular to subangular or angularto |Reddish or pinkish-gray of hue SYR
Qe the Middle Shale Member of the Pierre Shale (Kpm) (the interval above this unit is not N 1/2. The outline of the mined area is the same as that of the Saddleback Golf Course. Coal ed., Overview of studies related to energy resources, northern Front Range of Colorado, U.S. subrounded, with rare mica flakes up to 2 mm
presented). Cross section A-A' (west of Weimer's cross section) indicates displacements in the mining in seven coal beds in the lower part of the Laramie Formation (KI) was economically Geological ~ Survey  Professional Paper 1698, 170 p. [Also available at Gravel of lower interval (Varra Pit 115): granules to pebbles up to 4 . L . .
. . . . i ; i i Reddish or pinkish-gray of hue 5YR, orange iron oxide
Niobrara Formation of 122 m and 61 m in the two faults that correspond to Weimer's faults; important in the Erederlck and Er'le qu'adrangles from the late 1800s to 1975, anq Spencer (1986) https://pubs.usgs.gov/pp/2005/1698/pdf/P1698.pdf.] cm; subrounded to rounded; granitic rocks, gneiss, quartzite, and lish-black . .
N - QUATERNARY - CENOZOIC these are near the ends of the line of section. Weimer's cross section shows smaller normal tabulates production from 20 mines in these quadrangles plus the small area in the Gowanda rare reddish-brown sandstone and purplish-black manganese oxide staining
faults extending upward at low angles from the vertical or nearly vertical faults, but these quadrangle. Fifteen of the mines were in coal bed No. 3, and one of the mines extended beneath International Union of Geological Sciences, International Commission on Stratigraphy, 2020, : : . : ;
fault t sh tion A-A'". Colton (1976) sh fault ing through th the location of the golf course. Coal bed No. 3 is 0.9 to 3.7 m thick. In the golf course area it lies International Ch: tratieraphic Chart. v 2020/01 Sand of upper interval (Varra Pit 115): medium to coarse sand with
aults are not shown on cross section A-A'. Colton shows a fault passing through the . : . ‘ . nternational Chronostratigraphic Chart, v , . . . . .
unconformity location of well HSR Foster Ridge #1-27A, which may be the same fault shown in cross 15 to 46 m below the ground surface. EEZ?EHS?EZ ?(I)ld gibt;izs’azzr};f;z:;:?; :;nfailtfgl:edifg i:n’l(t)l; ;lih;:i_lgx:v};zi‘ox ’ ly (;I;EWISh-brown, pale-brown,
section A-A', ~335 m southeast of that location. o ) ) ) Keller, S.M., Lindsay, K.O., and Morgan, M.L., 2017, Geologic map of the Berthoud Y granules, granules w 4
The Gowanda quadrangle lies in the western part of the Wattenberg Field, an active and prolific quadrangle, Larimer, Weld, and Boulder Counties, Colorado: Colorado Geological Survey pebbles
In the Frederick quadrangle (adjacent to the south), there are many high-angle, northeast- oil and gas producing area located @n.the southwest.portiorll of the Denver.Basin and mostly. in Open-File Report 17-03, scale 1:24,000. Gravel of upper interval (Varra Pit 115): matrixis poorly sorted,
unconformity trending faults of the Boulder-Weld fault zone displacing the Laramie Formation, Fox Hills Weld and Adams Counties. In area it is the largest single oil and gas field in the Denver Basin, Qa3 angular, mediumto very coarse sand with no secondary
7/// [~ Pleistocene Sandstone, and Pierre Shale upper transition member (Spencer, 1986). These are interpreted by and as of 2005 had the greatest concentration f’f oil and gas W‘?HS n the'basm (ngley and Cox, Keller, S.M., and Morgan, M.L., 2018, Geologic map of the Frederick quadrangle, Weld and carbonate; gravel ranges from granules to cobbles up to 8 cm, Reddish or pinkish-gray of hue 5YR
e 4/ Spencer (1986) as a northeast-trending zone of en echelon normal and reverse faults, but 2005). In recent years, unconventional drilling and hydrauhc fractunpg have 1ncr§ased the Boulder Counties, Colorado: Colorado Geological Survey Open-File Report 18-01, scale subrounded to rounded, consists of granitic rocks, vein quartz,
v reinterpreted by Kittleson (1992, 2009) as a zone of footwall ramps at the southeast end of a concentration of wells in the Wattenberg field even more, and oil and gas infrastructure is present 1:24,000. quartzite, and rare reddish-brown sandstone
/| laree. eravity-driven decollement zone extending from ~10 km east of Lonemont southwest to throughout the Gowanda quadrangle. As of 2013 the Wattenberg field was the fourth most . S o
2¢, 8 y ding - gl - ¢ ducti 1 field and ninth ducti 1 field in th E ] ) Gravel of upper interval (Asphalt Specialties pit): ~60% clasts and
Rocky Flats, about 3 km southwest of Superior, Colorado. The reinterpretation of this faulting productive oil tield and ninth most productive natural gas field mn the USs. (US. _knergy Keller, S.M., and Morgan, M.L., 2021, Geologic map of the Valley View School quadrangle, ~40% matrix; clasts mostly subrounded to rounded small pebbles
Qg; is explained in more detail in Keller and Morgan (2018). Spencer (1986) shows only one fault Information Adm1nlstrat10n, 2015). Pr0(.1uct10n is dominantly from the Niobrara Formation, but Weld County, Colorado: Colorado Geological Survey Open-File Report 21-02, scale 1:24,000. ) el i ’
that extends as far northeast as the Gowanda quadrangle. The fault extends only a short also from the Middle Member of the Pierre Shale, the Colorado Group, and the Dakota Group bu't cobbles up to 15 cmare pre.se.nt, clast types are granitic rocks, o . N .
- . - distance into the quadrangle and is a ramp fault upthrown to the northwest by ~15 m. It is (Colorado Oil and Gas Conservation Commission [COGCC], 2018). Kellogg, K.S., Shroba, R.R., Bryant, Bruce, and Premo, W.R., 2008, Geologic map of the vein quartz, and quartzite; @tnx1s poorly sorted mixture of P11.1k1sh-gray of.hue SYR, with staining from orange ron
possible that other faults of the Boulder-Weld fault zone are present in the southeast portion of . ) . ' ' . ' Denver West 30'<60’ quadrangle, north-central Colorado: U.S. Geological Survey Scientific angular to subangular medium sand to granules, composed of | oxide and purplish-black manganese oxide
the quadrangle, but stratigraphic tops for the shallower bedrock units are not included in the The lower portion of the Laramie Fonnathn contains two relatively Fhlck sandstone.umts; thgse Investigations Map SIM—3000, scale 1:100,000, 48 p. pamphlet. [Also available at ~50% quartz, ~30% feldspar and lithic fragments, and 20% opaque
available oil and gas well data for the area (Colorado Oil and Gas Conservation Commission sandstone units and the underlying Fox Hills Sandstone (Kfh) constitute the Laramie-Fox Hills https://doi.org/10.3133/sim3000.] minerals; biotite and muscovite flakes up to 2 mm locally present;
BEDROCK GEOLOGY [COGCC], 2018). Colton (1976) shows three northeast-trending faults in the Gowanda aquifer. The aquifer underlies much of the Denver Basin and can be up to 107 m thick, although no secondary carbonate.
quadrangle. One of these faults crosses the line of section of cross section A-A’; the fault is {EF water—yl(eildltr}llg thlczli)r(l)e?,s)s 1;;eldomfgreate; ﬂll?‘n 6t111 mQIt ;S generectllly ur.{[dez arte;lan cl(?ndltlon; Kittleson, Ken, 1992, Decollement faulting in the northwest portion of the Denver Basin: The Clast-supported arkosic gravel; matrix of angular mL sand to
included in the section but is not supported by observed offset. opper and others, - 1he aquifer underlies the Quaternary deposits (mostly colian san Mountain Geologist, v. 29, n. 2, p. 65-70. .
[Qes] with underlying eolian sediment [Qe]) in most of the area southeast of the St. Vrain Creek Qas i;ra;nules, no iffewes.cence;tsubrzun(ied to r}(:mded peb;) les :p Matrix brownish yellow of hue 10 YR.
s . . . 0 4 cm, granitics, vein quartz, and metamorphics, no carbonate
7 7 - Sonnenberg and Underwood (2013) studied 3D seismic data within an area ~67 km east- valley. The water wells in this area are of varied depths, with the shallow wells penetrating only Kittleson, Ken, 2009, The origin of the Boulder-Weld Fault Zone, east of Boulder, Colorado: rin dsm £ 1 P
K northeast of the Gowanda quadrangle, in Morgan County. The seismic sections indicate layer- ur}lt's .Qes and Qe, and the deeper wells screened in the Laramie-Fox H1.lls aqulfe.r (Colorado The Mountain Geologist, v. 46, n. 1, p. 37-49. ; - - -
bounded systems of minor normal, (apparently) randomly oriented faults in the Niobrara Division of Water Resources [DWR], 2018). The sands and gravels of contiguous units alluvium Sand matrix: poorly sorted mixture of mediumsand to granules,
Formation (Kn) and lower Pierre Shale (Kp). The faults dip at less than 45°, have vertical three (Qaz) and alluvium four (Qa,) Const.ltute a shallow aquifer in the St. Vrain Creek valley Lindsey, D.A., Langer, W.H., and Knepper, D.H., Jr., 2005, Stratigraphy, lithology, and modera.tely sortec? silt to very fine sand Wlﬂ_l some clay, or coarse Dark-brown of hue 10YR and light yellowish-brown of
i displacements of 6 to 27 m and horizontal lengths of generally less than 1,210 m, and form throughout the Gowanda quadrangle, as evidenced by the large number of water wells completed sedimentary features of Quaternary alluvial deposits of the South Platte River and some of its sand with some silt and clay; weakly cohesive, angular to hue 2.5Y
A polygonal networks in map view. They are interpreted to be the result of volume loss in the in these units. The. area northwest of thff valley is und.erlaln mostly .by the 1.1ppermost transfuop tributaries east of the Front Range, Colorado: U.S. Geological Survey Professional Paper 1705, subangular, rarely with visible secondary carbonate but usually
Niobrara Formation and lower Pierre Shale as formation fluid was expelled during member of the Pierre Shale (Kpt), which generally is a finer-grained unit than the Laramie 70 p. [Also available at https://doi.org/10.3133/pp1705.] strongly effervescent
% compaction. In the seismic sections of Sonnenberg and Underwood (2013) these polygonal Formation and Fox Hills Sandstone. There are relatively few water wells in this area. Gravel clasts: granules to small pebbles, or small pebbles to small
fault systems resemble the minor, positive flower structures in the Niobrara Formation, as Surf bsid 4 b | minine in the L . o I q Machette, M.N., 1985, Calcic soils of the southwestern United States: Geological Society of Qg cobbles, or granules to cobbles as large as 15 cn; clasts are
shown in Weimer's (1996, Fig. 35) cross section. urface subsidence caused by coal mining in the Laramie Formation is a well-documente America Special Paper 203, 21 p. iti ; i .
bl h eologic hazard in the Boulder-Weld coal field. According to a coal mine subsidence and land use granitic rocks, quartzite, vein quartz and tan, yellow-brown, and Dark-brown of hue 10YR and light yellowish-brown of
8008 : g : reddish-brown sandstone; mostly subrounded to rounded, less gty
" N During Pliocene time, major streams incised Paleogene and(or) Neogene formations and report prepar.ed for the COIPY?dO Geol.oglcal Survey by Myers and oth.ers (1975), the maximum Madole, R.F., 1991, Colorado Piedmont, in Wayne, W.J., ed., Quaternary Geology of the I lar t b’ d Z Pierre Shal ¢ ’ i hue 2.5Y
A Upper Cretaceous sedimentary rocks of the Colorado Piedmont, and no Paleogene and(or) posmble subsidence from mining ata smglle level is from 1.5 to 3 m, which alsq is the Ofth? range Northern Great Plains, Chap. 15 in Morrison, R.B., ed., Quaternary Nonglacial Geology - commonly angu/arto subrounded, Hietre Shale upper transition
= E?;iaceous - CRETACEOUS L MESOZOIC Neogene sediments remain in the Gowanda quadrangle. The Quaternary history of the of he.lght for the 1.1nder.gr0und mine workings. .Sub51dence greater than 4.6 m is d.ue to mining at Conterminous United States: Geological Society of America, The Geology of North America, v. memt?er (Kpt) siltstone and sandstone fragments at a few
Kph Vertical Exaggerati Gowanda quadrangle begins with deposition of unit Qg; during the Early or Middle multiple levels. It is estlmateq that 90% of sub51denc.e that could be observed was 1deqt1f1ed .(as of K-2, p. 456-462. locations
on 2.5X Pleistocene; the unit could be equivalent to the younger part of the Slocum Alluvium (Berry 1975, Fhe year that the subsidence study was published and also the year when mining in the Well-sorted very fine to fine sand, moderately sorted very fine to
and others, 2019). Later incision and lateral cutting of surrounding, finer-grained, less resistant Frederick and Gowagda quadrangles ceased), and that no.well-deﬁned, opsewable subsidence had Madole, R.F., 2016, Geologic map of the Longmont quadrangle, Boulder and Weld Counties, medium sand with trace coarser sand, moderately to well-sorted | Mostly dark to light yellowish-brown of hue 10YR, with
Kpl! alluvial deposits and Upper Cretaceous bedrock resulted in inversion of the topography, occurred as of 1975 in areas where overburden abpve mined coal beds 18 greater than 46 m. The Colorado: Colorado Geological Survey Open-File Report 16-05, scale 1:24,000. Qes fine to medium sand, fine to mediumsand with trace coarser sand, |subordinate dark-brown, grayish-brown, and light
e leaving isolated remnants of unit Qg, on some hills. Lindsey and others (2005) recognized the report presents a map (Plate 6) of the coal ﬁeld.WItI.l areas ranked as having severe, moderate, or or (rarely) poorly sorted very fine to coarse or very coarse sand; |brownish-gray of same hue
Kn presence of dissected alluvial deposits and terraces of Middle Pleistocene age that extend as low subsidence hazard. The small area of historic mining mn the Gowanda quadrangle beneath the Madole, R.F., VanSistine, D. P., and Michael, J.A., 2005, Distribution of late Quaternary wind- material larger than very coarse sand is rare
much as 5 km east of Fort Lupton, ~9 km southeast of the Gowanda quadrangle. Saddleback Golf Course is ranked as an area of severe subsidence hazard. deposited sand in eastern Colorado, U.S. Geological Survey Scientific Investigations Map 2875 . . .
. ? Dominant colors of hue 2.5Y are light olive-brown and
(scale 1:700,000). [Also available at https://pubs.usgs.gov/sim/2005/2875/.] ) ) . .
Kcag GEOLOGIC HISTORY AND STRUCTURE Five Quaternary alluvial units are associated with St. Vrain Creek in the Gowanda quadrangle. During the catastrophic September 2013 flood events along the Colorado Front Range, floodwater olive-brown, and subordinate colors are light yellowish-
From oldest to youngest they are units Qg; (possibly equivalent to Slocum Alluvium), unit Qa, of St. Vrain Creek inundated the low-lying parts of the creek valley. The flood covered much of Muhs, D.R., Aleinikoff, J.N., Stafford, T.W., Jr., Been, Josh, Mahan, S.A., Cowherd, S., 1999, . . o brown, olive-yellow, anq dark grayl'sh-brown; domma}nt
The Gowanda quadrangle lies in the northern part of the Colorado Piedmont. Like much of the piedmont the topography in The Gowanda quadrangle is on the northwest flank of the Denver Basin, approximately halfway between the basin axis and (possibly equivalent to Louviers Alluvium) Qas, (equivalent to Broadway Alluvium, Pinedale area mapped as Qa near Longmont (Madole, 2016), ~5 km' west and upstream from the Gowanda Late Quaternary loess in northeastern Colorado: Part T - Age and paleoclimatic significance: Mostly clayey silt or silty clay to silt with minor clay; at a few colors ofhue 10YR are light yellowish-brown, yellowish-
the quadrangle has low relief (76 m elevation difference between lowest and highest points), and natural exposures of the basin's western edge (Dechesne and others, 2011). The Laramie Formation (KI) is the youngest bedrock unit in the age)., Qa, (equivalent to Pinpy Creek Alluvium), and Qa, .(post-Piney Creek) (see cross q?et‘gr aggle(lwestem lt)out(lid.ar}é;oe}gd t}llletarea mhap P e(i as_Qaz mn thf Sowfandatclllanrangclle.};fhe.ext::l?t Geological Society of America Bulletin, v. 111, n. 12, p. 1861-1875. Qe locat'ic')ns there is very coarse sand, subrounded to rounded brown, and brownish-yellov.v, and subordinate colors
- - - bedrock and surficial units are rare except along stream banks. Quaternary deposits cover almost all the quadrangle and quadrangle and underlies the Quaternary cover in most of the area southeast of the St. Vrain Creek valley. The Laramie sections B-B' and C-C'). The isolated erosional remnants of unit Qg; are located in the upland ol the tood was captured in PROLOgraphs, INCluding Some faken trom e airand Showing the granitic granules and pebbles, or angular granules and small are pale-brown, dark yellowish-brown, yellow, dark
bedrock is exposed in only a few places. The present-day topography of the Colorado Piedmont results from the downcutting Formation is a coal-bearing unit that was deposited in a low coastal-plain environment, on the western margin of the Western along the southeast side of the St. Vrain Creek valley, ~24 m above stream level. In the effects of flooding in the quanda quadrangle (City of Longmont, 2018). Flooding effects can be Munsell Color, 1991, Munsell soil color charts, 1990 edition revised: Newburgh, NY, Macbeth pebbles of mudstone or siltstone grayish-brown, and dark-brown; local mottling is light
and geomorphic evolution of the South Platte River and Arkansas River drainage basins mainly during Pliocene time, Interior Seaway during the Late Cretaceous (100 to 66 Mya). The Fox Hills Sandstone (Kfh) lies beneath the Laramie Gowaqda quqdranglg, unit Qg, elevation is higher than othgr alluvial depqsit§ along the creek, ;e(:)elr; alio (t)lrll %Ogle (]iEarth 1(rlnagelry tt;:r October 6, 2213’ sho:tly afterrtthe flloo.df(Gi)ogluel Eaﬁh; Division of Kollmorgen Instruments Corp., 14 p. olive-brown and olive-yellow, light olive-brown and
beginning with removal of Paleogene and Neogene rocks and sediments that once covered the Upper Cretaceous strata in the Formation and underlies the Quaternary cover along the northwest side of St. Vrain Creek, in the northeast part of the and unit Qg, is thus interpreted as the oldest of the St. Vrain Creek deposits in the quadrangle there);)ve?e Veer ?ewvjz triéltl:?esrirﬁitewere;einvzﬁz sc;glleo fetllr:; aﬁzog (pé(c))l())e le}’Ea;l rthm2(r)?s8;u zllrz}‘ tl?e . . grayish-brown, dark-gray and light yellowish-brown, or
basins (Madole, 1991). The predominant Quaternary deposits of the piedmont, including the Gowanda quadrangle and quadrangle. This unit was deposited in near-shore and beach environments as the seaway retreated to the east (Dechesne and (see Description of Map Units). Qay area in tl}lle Gowanda quadranele is desip nated by the Fe deralg Emer e’nc M.ana ement Mye.rs, A.R., Hansen, J:B., Lindvall, R.A., Ivey, J.B., and Hynes, J.L, 197.5’ Coal mine grayish-brown and light yellowish-brown
surroundings, are fluvial sediments of the South Platte River and its tributaries, and eolian sediments derived from alluvium others, 2011). The upper transition member of the Pierre Shale (Kpt) underlies the Fox Hills Sandstone and the Quaternary ) . . N A 2 FEMA a dq thgt W 1‘yg i yh ¢ flood; % 00 Y 1 dg ' subsidence and land use in the Boulder-Weld coalfield, Boulder and Weld Counties, Colorado:
in these stream valleys and from upwind bedrock exposures in the piedmont (Madole, 1991, 2016). The Gowanda quadrangle cover in the northwest and north-central parts of the quadrangle. This unit was deposited in deeper marine environments of Each of units Qay, Qas, and Qa% constitutes a separate aggradatlol.lal (or .deposmonal) terrace. Aigenct}L( % alsl a 1loo Z(z?e. d ?i asa’ oﬂ? IlIllt.la ¢ an(t:e N K (t)l(l) tmﬂg ( . ;er 00 TE ain). Amuedo and Ivey for Colorado Geological Survey, Environmental Geology 9, 98 p. Matrix: clayey silt to fine sand, or well-sorted, angular very fine to
is drained by St. Vrain Creek and its tributaries. St. Vrain Creek is a tributary of the South Platte River and flows northeast the seaway. Oil and gas wells in the Gowanda quadrangle have penetrated underlying Cretaceous formations down to the Aggradation events "record brief ﬁeversals of long-term tectonically induced downcutting Ress(;’rvoier a]rgzz:R:s;\;gﬁn;Eg ];i/elm?onngle{lgelrlzfoire Eor:tﬁrgezf (;’;I,Osrt SVraailn C(;Zveliniz dez‘ivnat:én;ss . ‘ ) - ] fine sand; moderately to very cohesive, lacks secondary Light brownish-gray or light olive-brown of hue 10YR
out of the mapped area to join the river at ~2.5 km north of the quadrangle's northeastern corner. The St. Vrain Creek valley Dakota Group (cross section A-A'), but none of these formations are exposed in the quadrangle. The few bedrock outcrops in because they raise active c.hannels (_BUU, 1.990)- The three St. Vralq Creek terraces have iy annua,l o sze (Weld Count 2018b’) . , g NlC_h01$, Gary, 2009, .Sedlmentology and Stratigraphy, Second Edition: John Wiley & Sons Ltd., carbonate nodules but is moderately to strongly effervescent
is ~2 km wide and divides the quadrangle approximately in half. Near the southwestern corner of the quadrangle a small the quadrangle are insufficiently exposed to yield attitude measurements. The geologic maps of Colton (1976) and Dechesne resulted from cha.n.ges in climate, dprlng which th? increased stream fh.scharge and bed loa.d 0 ¥ ) Chichester, United Kingdom, 419 p. N th d le bound flat lar fra ts of
portion of the alluvial plain is within the Boulder Creek valley. The confluence of Boulder Creek and St. Vrain Creek lies and others (2011) indicate that the local strike is approximately N45E. On the basis of cross section A-A' (line of section is caus§d Fhe deposition of new alluv1urp. At some tlme.after the deposition of each terrace, it . . . . . . . . ear northem quadrangle boundary, flat angular fragments o
south of Colorado Hwy. 119, ~0.8 km west of the western quadrangle boundary. perpendicular to strike), the bedrock units dip very gently to the southeast (~5.3 m/km). was incised and subsequently filled with younger alluvium of a lower terrace. The terraces are Eolian sand (Qes) and eolian sediment (Qe) locally may be susceptible to collapse, owing to Palkovic, M.J., and Morgan, M.L., 2017, Geologic map of the Johnstown quadrangle, Larimer Qcs FoxHills Sandstone (Kth) fine-grained sandstone up to 3 cm,
recognizable in the field, on lidar imagery, and on the 7.5-minute topographic map. The unit hyd'rocompa.ctlon. Qeotechnlcal engmeers r§fer to the.:se deposits as cpllap51bl‘e soils. The ﬁn'e- and Weld Counties, Colorado: Colorado Geological Survey Open-File Report 17-02, scale angular granules of shale or siltstone, and rare, coarse to very
Qa4 terrace (covered with unit Qes) is the highest and is present only on the south side of the gra1ged par.tlcles (silt aqd especially clay) in the eolian sand and sedqnent give these deposits 1:24,000. coarse, rounded quartz grains; near western boundary, angular
St. Vrain Creek valley about 9 to 18 m above the creek. Unit Qas deposits mostly are not relatively high compressive strength and s:hear strepgth gnder dry cond.mons. However, whep wet cobbles and small boulders of Pierre Shale upper transition
A A’ exposed (except in Varra Companies’ Pit 115), because they are covered by eolian sand of unit or saturated and gnder load, the ﬁne-g.ramed particles in thesg deppsﬁs can be d1sp1aceq into a Palkovic, M.J., Lindsey, K.O., and Morgan, M.L., 2018, Geologic map of the Milliken member (Kpt) mudstone or siltstone, up to 0.5 m
SE Qes, but alluvium beneath unit Qes is indicated by water well lithologic logs. Several denser configuration such that the void space between particles is reduced. Compaction and quadrangle, Weld County, Colorado: Colorado Geological Survey Open-File Report 18-02, scale ’
NW ELEV IN prominent meander cuts in the unit Qay terrace are floored with unit Qaz deposits. The unit associ.ated. decrease in volume can cause settlement at anq near the ground §urface, potentially 1:24,000.
ELEVIN ' Colorado Qaj terrace is prominent along the southeast side of the St. Vrain Creek valley and is present to resulting in damage to any overlying structures and (or) infrastructure (White and Greenman,
FEET 1-25 St. Vrain Creek CROSS SECTION A-A Highway 119 METERS o . 2008) . . .
Elkhorn a llmlted exten‘F on the northwest side. In the northeast corner Qf .the quadrangle the terrace : Palkovic, M.J., and Morganz M.L., 2021, Geolo.glc map of the Hardin quadrangle, Weld County,
Frederickson HSR Foster Ridge Waterfront ~ Waterfront St. Acacius Carma HSR Weld Weld Victoria U UPRC Borgmann ‘ Wandell Wandell Wandell E Kugel Miller Miller Miller Company c0n51st§ of a widespread upper sgrface and a !ower surface Of,hmlted areal' extenj[,.the.latter Colorado: Colorado Geological Survey Open-File Report 21-04, scale 1:24,000.
#1F-28H-A368 #127A #24-27 #1-34 #5-35 #21-35 #3-2A #27-2 #1-1241 #1-OM  #U01-16J] #21-7 #32-7 Unit1  Kugel #41-18 #42-18 #1-17 #2417 #4417 B#2 occupying several meander cuts in Qay deposits. Based upon its ages and its position in the REFERENCES Table 2. Ages and orain size analyses in the Gowanda quadransle
#} %y %y landscape relative to other alluvial units, unit Qa; was deposited after units Qa4 and before unit Pierce, K.L., Muhs, D.R., Fosberg, M.A., Mahan, S.A., Rosenbaum, J.G., Licciardi, J.M., and A8 g ¥ ™ g
Qa,. Aleinikoff, J.N., and Muhs, D.R., 2010, Isotopic evidence for South Platte River and bedrock Pavich, M.J., 2011, A loess-paleosol record of climate and glacial history over the past two . . . . . .
5000 Kl L — 1500 . . . ) . sources for eastern Colorado dune fields: Lul:1ar and Planetary Institute Second International glacial-interglacial cycles (~150 ka), southern Jackson Hole, Wyoming: Quaternary Research, v. Radiocarbon dating (by BetaFAI;(all;'nc, Inc., Mialll)“’ F:logdf’ December 2018, using AMS - accelerated mass spectrometry)
o —] Kfh K | The most recent aggradatlgp in th; major dra.mages of th.e Colorado Pledmont ogcurrpd during Planetary Dunes Workshop, Alamosa, Colorado, May 18-21, 2010, Program and abstract volume, 76, p. 119-141. ‘ ield Sample epth Below Date Laboratory ' Calibrated C14
— ] | the Late Holocene, depositing unit Qa, (equivalent to Piney Creek Alluvium) in wide valley p. 1-2. Map Unit Number and Map | Ground Surface Collected Number Material Age (yr BP)
4000 — 1250 floors. Incision of the unit Qa, valley floors followed, and then deposition of unit Qa; along Riihimaki, C.A., Anderson, R.S., Safran, E.B., Dethier, D.P., Finkel, R.C., and Bierman, P.R., Location (ft)
1 L \I F 1 L J l\ 1 L \I r lower and narrower stream courses. Ir} one of thf: meander cuts in the lower l'evel of the ynit Berry, M.E., Slate, J.L., Paces, J.B., Hanson, P.R., and Brandt, T.R., 2015a, Geologic map of the 2006, Longevity and progressive abandonment of the Rocky Flats surface, Front Range, Disseminated fine organic matter
— 1000 Qa; terrace, unit Qa.3 sand is overlan.l by a thin layfer (0.2 ’m) of Qazisedlment, possibly Masters 7.5' quadrangle, Weld and Morgan Counties, Colorado: U.S. Geological Survey Scientific Colorado: Geomorphology, v. 78, p. 265-278. Qa2 GO92AC14 1.7 24-Sep-18 | Beta-512266 | in sand interbedded with clayey | 1344 - 1270
3000 — Kpt/Kpu Kpt/Kpu KotKpu representing a short-lived Q.az aggradation event at a §l1ghtly hlgher ele\(atlon (0.5 m) than the Investigations Map 3344, 10 p. appendix, 1 sheet, 1:24,000. [Also available at o silt
Kpt/Kpu KptKpu | main unit Qa, terracq A radlc?carbop age for unit Qa, in its main terrace is 1,344-1,270 yr B.P., https:/pubs.usgs.gov/sim/3344/sim3344 map.pdf.] Schwochow, S.D., Shroba, R.R., and chkleln, P.C., 1974, Sand, gravel, and. quarry.aggregate Disseminated fine organic matter
50 and the age of the higher unit Qa, in the lower level of the Qa; terrace is 1,336-1,256 14C yr resources, Colorado Front Range Counties: Colorado Geological Survey Special Publication 5A, . . .
B.P. (calibrated) (Table 2): th Iv th d both are Late Hol ) Plate 1 Qes G098BC14 39 14-Aug-18 | Beta-512267 in fine to medium sand with 2867 - 2760
2000 P (calibrated) (Table 2); the ages are nearly the same and both are Late Holocene. Berry, M.E., Slate, J.L., Hanson, P.R., and Brandt, T.R., 2015b, Geologic map of the Orchard 7.5’ ate 1. minor clay
Kplr — 500 ) . L quadrangle, Morgan County, Colorado, U.S. Geological Survey Special Investigations Map 3331, i . ) . ) Di inated fin :
Kplr Kplr Kpl Muhs and others (1999) describe two periods of loess deposition in eastern Colorado: a Late scale 1:24,000. Scott, G.R., and Cobban, W.A., 1965, Geologic and biostratigraphic map of the Pierre Shale Qe G098SCCl4 43 14-Aug-18 Beta-512268 1ssemlnat'e f e organic matter 5590 - 5465 cal
1000 — Kpm Kpl Pleistocene period spanning ca. 20,000 to 12,000 radiocarbon yr B.P., during the time of between Jarre Creek and Loveland, Colorado: U.S. Geological Survey Miscellaneous Geological in silty clay
Koh Kpm [ Kpm Kpm 250 culmination and retreat of Pinedale glaciation in the Front Range; and an Early Holocene Berry, M.E., Slate, J.L., and Taylor, E.M., 2019, Pleistocene and Holocene landscape development Investigations Map 1-439, scale 1:48,000. [Also available at https://doi.org/10.3133/i439.] Possibly debris flow at Disseminated fine organic matter
Xl Kph Kph Kpm episode spanning ca. 11,000 to 9,000 radi.ocarbop yr B.P. The latter period includes the loess at of the South Platte River corridor, northeastern Colorado: U.S. Geological Survey Scientific ) _ ) top of Qa3 upper G319C14 1.6 16-Nov-18 | Beta-512269 | in very fine to very coarse sand | 1344 -1270
Sea level Kph | —Sea level Beecher Island near Wray, Colorado.. Eolian sediment (unit .sz) mantles. much of the Gowgnda Investigations Report 2019-5020, 22 p. Smster,. PE., 1965, Geologlf: map of the Platteville quadrangle, Weld County, Colorado: uU.S. terrace with gravel
quadrangle northwest of the St. Vrain Creek valley, where it is underlain mostly by the Pierre [Also available at Geological Survey Geologic Quadrangle Map GQ-399, scale 1:24,000. [Also available at ]
Shale upper transition member (Kpt) and locally by the Fox H111§ Sandstqne (Kth). Unlt.Qe is https://pubs.er.usgs.gov/search?q=Pleistocene+and+Holocene-+landscape+development+ https://doi.org/10.3133/gq399.] Possibly older Qa2 on G320C14 22 16-Nov-18 | Beta-512270 Dlssemnateq fine organic matter 1336 - 1256
1000 -250 only locally exposed squtheast of t.he. Vglley because it is oyerlam by eolian sand of unit Qes oft+the+South+Platte+River+ corridor%2C-+northeastern+Colorado.] Qa3 lower terrace in clayey silt to very fine sand
throughout much of this area. This is indicated by geologic logs of water wells (Colorado Sonnenberg, S.A., and Underwood, D.F., 2013, Polygonal fault systems - A new structural style
500 Divisiop of Water Resourges [DWRJ, 2018). Southeast gf the valley, eolian sediment is Birkeland, P.W., Miller, D.C., Patterson, P.E., Price, A.B., and Shroba, R.R., 1996, Soil- for the Niobrara Formation and Pierre Shale, Denver Basin, Colorado: The Mountain Geologist,
2000 underlain mostly by Laramie Formation (KI). Three potential sources for the loess of Muhs geomorphic relationships near Rocky Flats, Boulder and Golden, with a stop at the pre-Fountain v.50,N. 1, p. 127-142. Optically stimulated luminescence (OSL) dating (by U.S. Geological Survey, Lakewood, Colorado , April 2019)
Kn Kn K and others (1999), and presumably for eolian sediment of the present report, are: silt from Formation paleosol of Wahlstrom (1948): Colorado Geological Survey Special Publication 44 ) ) ) . Field Sample Number | Depth Below Ground .
Kcag = T n Kn Kn |—-750 floodplains of retreating alpine glaciers in the Front Range to the west; volcaniclastic silt from (CD-ROM), 13 p. Spencer, F.D., 1986, Coal geology and coal, oil, and gas resources of the Erie and Frederick Map Unit and Map Location Surface (ft) Date Collected Material Age (yr BP)
€99 Ke Kcgg Kcgg the Oligocene White River Group to the north; and silt and clay from the Pierre Shale exposed quadrangles, Boulder and Weld Counties, Colorado: U.S. Geological Survey Bulletin 1619, 58 Very fine to fine sand
-3000 —| No subsurface No subsurface I west of the d le (Muh d oth i i i . . . . . i . i .
I quadrangle (Muhs and others, 1999). Paleowind directions probably were from the Birkeland. P.W.. Shroba. R.R.. Burns. S.F.. Price. A.B.. and Tonkin. P.J.. 2003. Integratine soils p- [Also available at https://doi.org/10.3133/b1619.] G067BlowerOSL; Varra . . .
data I ] Al|lT Al T data 1 Al T No subsurface data Kd ] | Kd |—-1000 northwest, west, and southwest (Muhs and others, 1999). The single Gowanda quadrangle and geomorphology in mountains—An example from the Front Range ng p floradO' Qas Pit 115 38 24-Sep-18 interbedded with medium | 151,360 + 5,800
LONGMONT WRENCH NO VERTICAL EXAGGERATION radiocarbon age for unit Qe is 5,590-5,465 yr B.P. (calibrated) (Table 2). This age is younger ’, ) Sturchio, N.C., Pierce, K.L., Murrell, M.T., and Sorey, M.L., 1994, Uranium-series ages of sand to granules
SURFICIAL DEPOSITS NOT SHOWN FAULT ZONE € > »700 yI B.L ) : €€ 18 young Geomorphology, v. 55, p. 329-344. 1o, IN.L., tierce, KL, > Vi1, an Y, ML, ’ 86
The KitvKI contact is taken f o two data boins: the b the K dod in the of and | Elkhorm G 5o than the loess at Beecher Island (9,250 to 11,090 radiocarbon yr B.P.) (Muhs and others, travertines and timing of the last glaciation in the northern Yellowstone area, Wyoming-
e contact Is taken from only two data points: tne base O e recoraed In the oll anda gas we orn Company , S : H : . . . _
and the approximate position of the contact as shown in Colton (1976). Geology below the Kfh is based upon oil and gas well data }9909)(’) bu(;[. Wlth;n the ];lg; rangle f(()ir the d]?\;g{)lellkLciess a<t1 BlgI.leH Hlu’ I.\lleb%‘aska (1’49(.) to Braddock, W.A., Nutalaya, P., and Colton, R.B., 1988, Geologic map of the Carter Lake Reservoir Montana: Quaternary Research, v. 41, p. 265-277. Optically stimulated lumines cence (OSL) dating (by Baylor University, Waco, Texas, January 2020)
from the Colorado Oil and Gas Conservation Commission Interactive Map. 0,070 radiocarbon yr B.P.). Colorado an cbraska loess eposits are similar in composition, quadrangle, Boulder and Larimer Counties, Colorado: U.S. Geological Survey Geologic ) ) ) ) Field Sample Number Depth Below Ground
and to some extent the two may share sediment sources (Muhs and others, 1999). Taken Quadrangle Map GQ-1628, scale 1:24,000. Szabo, Barney, 1980, Results and assessment of uranium series dating of vertebrate fossils from Map Unit P ) Date Collected Material Age (yr BP)
together, the radiocarbon ages for eolian sediment in the Gowanda, Frederick, and Johnstown ’ ’ Quaternary alluvium in Colorado: Arctic and Alpine Research, v. 11, n. 1, p. 95-100. and Map Location Surface (ft)
quadrangles range from ~4,000 to.~9,000 yr B.P. (Kefller. and Morgan, 2018; Palkovic .and Bull, W.B., 1990, Stream-terrace genesis: implications for soil development: Geomorphology, v. 3, o . Coarse tq very coarse sand (cLto
Morgan, 2017), suggesting, neglecting possible contamination by younger carbon from animal p. 351-367. Thompson, R.A., Shroba, R.R., Machette, M.N., Fridrich, C.J., Brandt, T.R., and Cosca, M.A., Qa3 GO67D, Varra Pit 115 32 31-May-19 vcU) with trace small granules, >56,305 (?)
activity and (or) plant growth, that the second depositional episode of Muhs and others (1999) 2015, Geologic map of the Alamosa 30' x 60' quadrangle, south-central Colorado: U.S. moderately sorted
extended into the Middle Holocene. Only one Qe radiocarbon sample (yielding a Middle Citv of Lonemont. 2018. 2013 flood photos of St. Vrain Creek vallev: on Flickr. accessed from Geological Survey Scientific Investigations Map 3342, 23 p., scale 1:100,000. [Also available at . .
Holocene date) was analyzed in the Gowanda quadrangle, and this age is from the top of the Cit§ of Longgmont website: P Y ’ http://dx.doi.org/10.3133/sim3342.] Qa3 GO67E, Varra Pit 115 26 31-May-19  |Mediumsand (mL to mU), well sorted | 54,480 +/- 5,540 (?)
CROSS SECTION B-B' R ECTI el unit. It is possible that older, Late Pleistocene eolian sediment is present at greater depth. On https://www.flickr.com/photos/lonemontcolorado/sets/7215763 7445637684/, ' Medium to coarse sand (mU to cU),
CROSS SECTION C-C the basis of Qe, Qes, and Qa; radiometric ages, and because in the Gowanda quadrangle unit P P g Topper, Ralf, Spray, K.L., Bellis, W.H., Hamilton, J.L., and Barkmann, P.E., 2003, Ground Qa3 GO67F, Varra Pit 115 15 31-May-19 moderately so rt(e d v 42,285 +/- 3,730 (7)
B B’ C St Vrain Croek 125 C’ Qes is observed tlo. overlie gnit Qe, deposition of unit Qe occurred after deposition of unit Qas Cole, J.C., and Braddock, W.A., 2009, Geologic map of the Estes Park 30’ x 60’ quadrangle, Water Atlas of Colorado, Colorado Geological Survey Special Publication 53, 210 p. Mediumto very coarse sand (mU to
NW St Vrain Creek SE NW LA e i SE and before deposition of unit Qes. north-central Colorado: U.S. Geological Survey Scientific Investigations Map 3039, scale . ) . . Qaz GI79A, St. Vrain Creek 33-40 31-May-19 ith ~25% lup to 8 1,975 +/- 140
ELEV IN ' ELEV IN ELEV IN | ELEV IN 1:100.000. U.S. Department of Agriculture, Natural Resources Conservation Service, 2018, Assessing vel) wi o gravelup o 6 cm
FEET METERS FEET Geotech METERS From Late Pleistocene to Late Holocene time, eolian sand of unit Qes was deposited over carbonates in the field with a dilute hydrochloric acid solution: Soil Survey Technical Note 5, 7
Geotech Geotech DWR Varra DWR WE-05-0009 much of the eastern plains of Colorado, with the Late Pleistocene sand deposits being more Colorado Division of Reclamation. Minin p- USDA-NRCS web site:
) . ) : > W ) g, and Safety, 2018, Reports and Data, GIS Data, Auger > o )
WE-05-0023 WE-96-0006 permit Companies permit Geotech TB-15 Geotech ~ Geotech ~ DWR DWR DWR Geotech extensive (Madole and others, 2005). Unit Qes covers most of the Gowanda quadrangle : . e : i — https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/ref/?cid=nrcs142p2 053572. Udden-Wentworth grain size distribution, derived from ASTM grain size analysis by Terracon, Wheat Ridge, Colorado (November 2018)
o o © ™< O 166299 Pit 115 11262-F WE-05-0049 WE-99-0024 WE-87-11 permit permit permit WE-04-0008 ) ) ) (permit map): https://gis.colorado.gov/dnrviewer/Index.html?viewer=drms
pu N m mm@ ecast face v © o o .o 2601059 9058664 0064272 o © 00w southeast of the St. Vrain Creek valley. The extent of unit Qes in the present map generally
[ [= T Il ; ’i\'{\r/n"\i’t P e oo s m @ F_DE agrees wi.th the extent mapped by Madole and other.s (2005). Exceptions are an area mapped as Colorado Department of Natural Resources, Division of Water Resources (DWR), 2018, Drillers' U.S. Energy Information Administration, 2015, Top 100 U.S. oil and gas fields: Washington, Field Sample Number and Depth Below Ground | Classification based on Grain Size Distribution
4900 < @ &S (@) x @) F F F F |F 46437-MH unit Qa; instead of Mgdole apd others (2095) Qe.s in the northeast part of the quadranglg, and logs incorporated with water well permits: DC, u.s. ' Department of . Energy, 17 p. [Also available at Map Unit Map Location Date Collected Surface (m) grain size distribution (%)
fa Y Y Sa O fa 3 W Wa e O O O &N an area mapped as unit Qa, instead of unit Qes in the southwest part. Eolian sand originated https://gis.colorado.gov/dnrviewer/Index.html?viewer=dwrwellpermit. https://www.eia.gov/naturalgas/crudeoilreserves/top 1 00/pdf/top 100.pdf.] Gravel Sand Silt Clay
mainly from stream channels and flood plains. In northeastern and east-central Colorado the Qe 256GS 28-0ct-18 12 Sandy gravel 57 13 3 5
§ed1ment was transported by northwest prevailing winds (Madole and.others, 2005). Unlt. Qes Colorado Oil and Gas Conservation Commission (COGCC), 2018, Geologic unit contacts Weimer, R.J., 1996, Guide to the petrolel}m geology and L.aramlde orogeny, Denver Basin and ol 2958 OIS 2~1 Clayey sit t fine sand oo - ~ 5
in the Gowanda quadrangle may have been deflated from the? St. Vrain C.reek valley; neither incorporated with oil and gas well data: cogccmap.state.co.us/cogee gis online/  and Front Range, Colorado: Colorado Geological Survey Bulletin 51, 133 p. d :
Madole anq pthers (2005) nor the present map show any unit Qe§ dep0s1ts.northwest of the cogee.state.co.us/datad. html#/production. . .
valley. Aleinikoff and Muhs (2010) demonstrated that the Laramie Formation (KI) was the Weld County (Colorado), 2018, FEMA January 2016 flood plain mapping update for Weld
major source for. eolian sand in the Greeley dune field .to the east: It is possible that the Colton, R.B., 1976, Geologic map of the Boulder-Fort Collins-Greeley area, Colorado: U.S. County: Weld County web site, Planning and Zoning, Floodplain Management:
Laramie Formation also could have contributed to unit Qes sediment in the Gowanda Geological Survey Geologic Investigations Series 1-855-G, scale 1:100,000. [Also available at https://www.co.weld.co.us/maps/propertyportal/.
In this cross section and in C-C', "Geotech” signifies data from a geotechnical boring or group of borings. VERTICAL EXAGGERATION 15X VERTICAL EXAGGERATION 15X quadrangle. Most unit Qes in the quadrangle was deposited upon unit Qe (eolian sediment). https://doi.org/10.3133/i855G.] ’ ’
Beneath is posted the CGS unique identifying number for the boring(s), followed by the boring number(s). Unit Qes directly above the Qes/Qe contact has an age of 2,867-2,760 yr B.P. (Table 2), in White, J.L., and Greenman, C., 2008, Collapsible soils in Colorado, Colorado Geological Survey
accord with 'the Madole and.others (2005) Late Holocene subdivision within the eolian sand (4 Colton, R.B., and Anderson, L.W., 1977, Preliminary geologic map of the Erie quadrangle, Engineering Geology 14, 108 p.
to 0 ka). .Un1t Qe a few centimeters below the cont.act has an age O,f 5,590-5,465 yr B.P. (Table Boulder, Weld, and Adams Counties, Colorado: U.S. Geological Survey Miscellaneous Field ]
2). The t1me gap of ~2,.700 yr may have been a period when the unit Qe surface was eroding or Studies Map MF-882, scale 1:24,000. [Also available at https://doi.org/10.3133/mf882.] Workman, J.B., Cole, J.C., Shroba, R.R., Ke}logg, K.S., and Premo, W.R., 2018, Geologic map
stable, prior to deposition of unit Qes. Based upon Qe, Qes, and Qa, ages, and also upon unit of the Fort Collins 30'x60' quadrangle, Larimer and Jackson Counties, Colorado, and Albany
Qes observed overlying unit Qe, deposition of unit Qes occurred after deposition of unit Qe and Laramie Counties, Wyoming: U.S. Geological Survey Scientific Investigations Map 3399,
GEOLOGIC MAP OF THE GO VVANDA QUADRANGLE, \W ELD COUNTY, COLORADO and before deposition of unit Qa,. pamphlet 83 p. [Also available at scale 1:100,000, https://doi.org/10.3133/sim3399.]
CORRELATION OF MAP UNITS, 3-D OBLIQUE VIEW, GEOLOGIC HISTORY, AND CROSS SECTIONS From L) Plfsoeen trough Holocene ime,colaium and sheeevash of nit Qs wer
? ’ ’ deposited by mass wasting and overland flow, along the north side of the St. Vrain Creek %
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valley in the northeast part of the quadrangle.

COLORADO GEOLOGICAL SURVEY
COLORADO SCHOOL OF MINES






