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CORRELATION OF MAP UNITS

3-D OBLIQUE

GEOLOGIC HISTORY AND STRUCTURE

The Milton Reservoir quadrangle is situated about 70 km northeast of Denver, Colorado and within the Front Range Urban Corridor. The quadrangle lies within
the northern part of the Colorado Piedmont, a physiographic province surrounded by the High Plains to the north and east and the Rocky Mountains to the west
(Fenneman, 1931; Leonard, 2002; Smith and others, 2016). The Colorado Piedmont largely lacks rocks and sediment of Paleogene and Neogene age, because of
fluvial erosion and geomorphic evolution in the South Platte River and Arkansas River drainage basins during the middle Pliocene (Madole, 1991). The result
from these processes is a region dominated by erosion that is topographically lower than the surrounding physiographic provinces. The elevation range within the
quadrangle is from 1440-1583 m (4723-5195 ft) above mean sea level. The low relief of the landscape is due to continued incision by the modern South Platte
River and its tributaries to the west, Box Elder Creek to the east, and the ancestral South Platte River (Beebe Draw) in the center of the quadrangle. The South
Platte River and its tributaries mostly flow to the northwest and northeast, Box Elder Creek flows to the north and northeast, and the gradient of Beebe Draw

GEOLOGIC MAP OF THE MILTON RESERVOIR QUADRANGLE, WELD COUNTY, COLORADO

CORRELATION OF MAP UNITS, 3-D OBLIQUE, GEOLOGIC HISTORY, MINERAL AND WATER RESOURCES, AND CROSS SECTIONS

The Laramie-Fox Hill aquifer includes two relatively thick sandstone units at the basal portion of the Laramie Formation, as well as the underlying Fox Hill
Sandstone. The aquifer occurs throughout the Denver Basin, including the Milton Reservoir quadrangle. Its thickness is as much as 107 m, but water is pumped
from zones that rarely are thicker than ~60 m. The aquifer underlies the surficial deposits throughout the quadrangle and is generally under artesian conditions
(Toppler and others, 2003). According to the Colorado Division of Water Resources (CO DWR, 2022), well depths for the Laramie-Fox Hill aquifer are typically
about 91 m in the quadrangle. Another bedrock aquifer in the southern part of the quadrangle is the Denver aquifer (also called the Arapahoe aquifer in some well
records), but only four of 445 water wells in the quadrangle use this aquifer (CO DWR, 2022). Surficial units such as the gravel deposits from the ancestral South
Platte River (unit Qg) and eolian deposits (unit Qes) can be local sources for groundwater. The maximum water well depth in the quadrangle is 256 m and wells
have an average production yield of 15 gallons per minute (gpm) (CO DWR, 2022).

The upper valley fill deposits of Beebe Draw (unit Qa) locally may contain swelling clays that can impact building foundations and infrastructure construction.
Near the quadrangle eastern boundary on WCR 30, a subsoil investigation for a single home built on unit Qa determined that clay at a depth about 2 m (6 feet)
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SURFICIAL DEPOSITS BEDROCK GEOLOGY trends down to the north. has a swelling expansion potential of 0.4% and at 7.8% at 3.4 m (High Plains Engineering, 2005). In the upland area, shale bedrock and weathered bedrock clay Scientific Investigations Map 1725, 49 p., scale 1:700,000 [Available at https:/pubs.er.usgs.gov/publication/sim2875/].
such as that of the Laramie Formation could also be a potential source of swelling clays (Church and Association. Inc., 2001). Units Qe and Qes with locally
HUMAN-MADE ~ALLUVIAL  EOLIAN Surficial deposits cover the bedrock throughout the quadrangle, and there are no natural bedrock exposures, although small areas of bedrock are mapped within abundant clay and silt, could also be a source of hydrocompactive (or collapsible) soils. When such types of soils are dry, the finer-sized particles (silt and clay) Madole, R.F., 1995, Spatial and temporal patterns of late Quaternary eolian deposition, eastern Colorado, U.S.A.: Quaternary Science Reviews, v. 14, p. 155-177.
DEPOSIlTS DEP?SITS DEP?SITS the Milton Reservoir quadrangle. As shown in the geologic map (Plate 1), the contact between the Upper Cretaceous Laramie Formation (on the north and east) ac‘;las. bln(Eng i}gfntil to soil gralnls and .1ncreiase the comgresillve S“ength of the sqll.tWh;:n thli ;otlls aiie wet or s?_turati).d, the l;“iﬁlrig aggnts hav'e f:}lluCh .lies.s ) ) ) )
| 1 ] I _ _ _ _ and the Upper Cretaceous-Paleocene Denver Formation (on the south and west) is buried beneath surficial deposits; the approximate contact shown on the map is 5: dlfcsgieail decr:lcf);lla asr; rr?:p E:)ncscll‘;: "01"12111); Icr:ger:cstigincZﬁpcztlllseatslett(lgz egrf tagisag?innreea(;rgz igunp(qurlfgc(:: ivit;nsirsscigtllelgeusﬁ;?t fll:;na eatov?(ia ds-ll))ae(;iillln st?usc(t)lllré: Madc;le,. IT-F-, 11 991, Colorado P1edn_10nt, m W.ayne’l W-_J -,led-’ Quate}rnary 83010%}’ of tlhe No;rthernhGreat P lains, Chap.15 of Morrison, R.B., ed., Quaternary
B from Dechesne and others (2011). The Denver Formation is a dark-gray shale with arkosic sandstone and locally calcareous sandstone. The Laramie Formation is . p Y : 0mpactio i ) 1© g g 'p g g nonglacial geology-conterminous United States: Geological Society of America, The geology of North America, v. K-2, p. 456-462.
hieflv shale and mi Py di ned sand dsil Soi 1965a. 1965b,. 1965 (White and Greenman, 2008). The sandier deposits of unit Qes may be subject to erosion (Empire Laboratories. Inc., 1985).
chiefly shale and minor amounts of fine- to medium-grained sandstone, and siltstone (Soister 3 ’ ©)- Marder, E., Gallin, S.F., and Pazzaglia, F.J., 2023, Late Cenozoic deformation in the U.S. southern Colorado Front Range revealed by river profile analysis and
) ) ) ) ) o . The Federal Emergency Management Agency (FEMA) does not have any designated flood boundaries delineated within the Milton Reservoir quadrangle (see fluvial terraces: Geological Society of America Bulletin, v. 136, n. %, p. 1067-1085.
| paleocene | PALEOGENE | CENOZOIC The Milton Reservoir quadrangle lies midway along the western edge of the Denver Basin (Dechesne and others, 2011). The Denver Basin is a symmetrical, FEMA at https://msc.fema.gov/ for more information about flood hazard designation and hazard zone maps). However, 100-year floodplains have been mapped
oval-shaped, structural basin that extends from north of Pueblo to Greeley and from the Front Range into southwest Nebraska and southeast Wyoming. The along the western and northwestern edge of Milton Reservoir and Platte Valley Canal (Arix. Inc., 1984). Muhs, D.R., Aleinikoff, I.N., Stafford , T.W., Jr., Been, J., Mahan, S.A., and Cowherd, S., 1999, Late Quaternary loess in northeastern Colorado, Part I - Age and
formation of the Denver Basin began about 300 million years ago during the uplift of the Ancestral Rocky Mountains. During the Late Cretaceous (100-66 paleoclimatic significance: Geological Society of America Bulletin, v. 111, n. 12, p. 1861-1875.
million years ago), the Western Interior Seaway (WIS) covered an extensive area that includes the area of the present-day Denver Basin and deposited a thick Seismic risk within and near the Milton Reservoir quadrangle appears to be low. Using the U.S. Geological Survey Online Earthquake Catalogue (https://
Qes| | Holocene - — _ package of Upper Cretaceous marine shale and carbonate sediments. On the western margins of the seaway, the Laramie Formation was deposited on low coastal earthquake.usgs.gov/earthquakes/search/), from 1960 to 2023, there have been no earthquakes greater than magnitude 1 on the Richter scale. Munsell Color, 1991, Munsell soil color charts, 1990 edition revised: Newburgh, NY, Macbeth Division of Kollmorgan Instruments Corp.
KI plains. About 70 million years ago, the modern Rocky Mountains began to uplift during the Laramide Orogeny. At the same time, the WIS was retreating to the
east and south. Murray, A.S., and Wintle, A.G., 2003, The single aliquot regenerative dose protocol: potential for improvements in reliability: Radiation Measurements, v. 37, p.
- REFERENCES 377-381.
Qe Sediment eroded from uplifted Precambrian, Paleozoic, and Mesozoic rocks exposed in the mountains of the Front Range was transported eastward by Paleogene . ) . . ) . . .
leofluvial drai , d d ited in the D Basin. formi hat i Kn the D F tion. Thereafter. other Pal d Nichols, G., 2009, Sedimentology and stratigraphy (second edition): Wiley-Blackwell, Chichester (United Kingdom), 419 p.
| Upper | CRETACEOUS L MESOZOIC paleotluvial drainage systems and were deposited 1n the Denver Basin, forming what 1s now known as the Lenver rormation. therealter, other raleogene an Amuedo and Ivey, 1975, Coal mine subsidence and land use in the Boulder-Weld coalfield, Boulder and Weld Counties, Colorado: Colorado Geological Survey
— QUATERNARY  — CENOZOIC Kn Cretaceous Neogene units were also deposited. Environmental Geology 9 [available at https://coloradogeologicalsurvey.org/publications/coal-mine-subsidence-land-use-boulder-weld-colorado/]. Odom, W.E., Ruleman, C.A., Sterne, E., O’Keefe, M., and Morgan, M., 2024, Cosmogenic Al-26/Be-10 isochron burial date for the Nussbaum Gravel at Baculite
) ) ) ) ) o . . L . o i Mesa, CO: U.S. Geological Survey data release. [Available at https://www.usgs.gov/data/cosmogenic-al-26be-10-isochron-burial-data-nussbaum-gravel-baculite-
- Kego By early-middle Pliocene time this pattern changed from aggradation to incision due to an increase in precipitation, and tectonic uplifts in the Rocky Mountains Arix, Inc., 1984, Beebe Draw Farms, Arix project no. 83255.00: Colorado State Archives, Document ID WE-84-0013. mesa-co/].
o) - (Duller, and others, 2012; Marder and others, 2023) that continued during the Quaternary. One of the results of this pattern change was the extensive removal of
S Kd _Iéov:er the Paleogene and Neogene rocks in the Colorado Piedmont, leaving mostly Paleocene and Cretaceous rocks exposed. Since the beginning of the Pleistocene, the Bryan, K., and Ray, L.L., 1940, Geologic antiquity of Lindenmeier site in Colorado: Smithsonian Misc. Colln., v. 99, p. 65-86. O’Keeffe, M.K., 2024, Colorado mineral and energy industry activities 2022-2023: Colorado Geological Survey Information Series 86, 32 p. [Available at
2 A _J hretaceous | _ Colorado Piedmont region has undergone cyclic geomorphic responses to climate variations related to multiple glaciation periods. The results from the cyclic _ _ . ) . o https://coloradogeologicalsurvey.org/publications/colorado-mineral-energy-industry-activities-2023/].
s patterns are alternate stages of erosional scouring and deposition of coarse-grained sediments (examples are in Bryan and Ray, 1940; Hunt, 1954; Scott, 1963; Cappa, J.A., and TerBest, H., 2002, Evaluation of.mlneral and mineral fuel poten‘gal of Weld County, State M1n§ral Lands admlnlsjcere.d by the Co}oradq State
s Lindsey and others, 2005). Land Board: Colorado Geological Survey Open-File Report 02-23, p. 11-12 [Available at https://coloradogeologicalsurvey.org/publications/evaluation-mineral- O’Keeffe, M.K., and Berry, K.A., 2021, Colorado mineral and energy industry activities 2019-2020: Colorado Geological Survey Information Series 83, 36 p.
__-' 5 | Pleistocene fuel-potential-weld-cslb/]. [Available at https://coloradogeologicalsurvey.org/publications/colorado-mineral-energy-industry-activities-2020/].
- =
<0 Unit Qg; and Qg, are coarse-grained, fluvial gravel units that were deposited by high-energy streams flowing eastward from the mountains, most likely during . . . . . . ) .
oo 5% Carroll, C.J., 2006, Coal fields and resources of Colorado: Colorado Geological Survey Map Series 43 [Available at https://coloradogeologicalsurvey.org/ >
Qs interglacial periods during the Early and Middle Pleistocene although unit Qg4 may have been part of a broad thick alluvial fan deposit that extended from the publications/coal-resource-maps-colorado /l]l' & uvey Viap A P geologicalsuvey.org ? Ktieffe, MK, M(E:rglel m, (Il\/IIé, Ifeuer’l z‘M" Hf(irkley, KSL’ ani7K§ger. gh:):]’ ./2/01% Rdeconr;a15§ arice of pote/ntlill.sa?d S(/)ur(t:es t'ml Colgrado forhh}(lldrali.hc
LY Front Range to the northeast near Sterling (Scott, 1982). Colton and Fitch (1974) mapped these gravel units at Riley Mound and north of the Milton Reservoir-La fizg tugﬁg /; esource: L-olorado Licological Survey Resource Series &/, 56 p. Litips:/eoloradogeologicalsurvey.org/publications/potential-sand-sources-ydrautics
,._-;@ - Salle quadrangle boundary. Colton (1978) mapped the general area again that included the area of Riley Mound. During the field work for the present map, unit Church and Associates, Inc., 2001, Engineering geology report for replat lot 13, Weisner subdivision - first filing, part of the S ¥ of section 7, township 2 north,
'.'-; D Qg; was also observed a'f a borrow pit near the _WCR %2 and.WCR ?’7 Junction and about 4 km no%’th by the Milton Reservoir-La Salle quadrapgle boundary; j‘he range 65 west of the 6th p.m. Weld County, Colorado: Colorado State Archives, Document ID WE-02-0014. Palkovic, M.J., Lindsey, K.L., and Morgan, M.L., 2019, Geologic map of the La Salle quadrangle, Weld County, Colorado: Colorado Geological Survey Open-
Qg4 q materlal haS been eXtenSlVely Weathered and leed with eOllan Sedlments and altered by pedogenlc processes. Gravel was alsO ObserVed at Rlley Mound durlng Flle Report 19_03’ Scale 124,000 [Avaﬂable at https://COloradogeologicalsuwey_Org/publications/geologic_map_la_Salle_quadrangle_Weld_colorado/]'
LR this investigation, but it has been obscured by recent grading activities. On the basis of elevation above modern streams, Colton (1978) mapped the gravel unit at Colorado Geological Survey (CGS), 2001, RockTalk v. 4, no. 4, October 2001- Ground subsidence and settlement hazards [Available at https:/
— - - - Riley Mound and at the WCR 32 and WCR 37 junction borrow pit as Rocky Flats Alluvium (100 m above modern streams). Previously, Rocky Flats Alluvium coloradogeologicalsurvey.org/publications/rocktalk-ground-subsidence-hazard/]. Palkovic, M.J., Lindsey, K.L., and Morgan, M.L., 2018, Geologic map of the Milliken quadrangle, Weld County, Colorado: Colorado Geological Survey Open-
(unit Qg3) has an estimated age of ~400 ka to 2 Ma from (Riihimaki and others, 2006). In contrast, Soister (1965b) mapped Riley Mound at Pre-Rocky Flats o L ) ) ) ) . File Report 18-02, scale 1:24,000 [Available at https://coloradogeologicalsurvey.org/publications/geologic-map-milliken-quadrangle-weld-colorado/].
Alluvium (unit Qg4) which may be as old as the Pliocene (Scott, 1982). However, recent age dating on the Nussbaum Alluvium (possible correlation with unit Colorado DlV.ISIOII. of Water Resources (CO DWR), 2022, Driller’s logs incorporated with water-well permits [Available at https://dwr.colorado.gov/services/ . . . - .
Qg4) indicates that its burial age is about 1.1 Ma (Odom and others, 2024), indicating that unit Qg, is possibly younger than the Pliocene and unit Qg; is younger data-information/gis/]. Palkovic, M.J., and Morgan, M.L., 2017, Geologic map of the Johnstown quadrangle, Weld and Larimer Counties, Colorado: Colorado Geological Survey Open-
than 1.1 Ma File Report 17-02. Scale 1:24,000 [Available at https://coloradogeologicalsurvey.org/publications/geologic-map-johnstown-quadrangle-larimer-weld-colorado/].
' ’ Colton, R.B., 1978, Geologic map of the Boulder—Fort Collins—Greeley area, Front Range Urban Corridor, Colorado: U.S. Geological Survey Miscellaneous
Investigations Map 1-855-G, scale 1:100,000 [Available at https://pubs.er.usgs.gov/publication/i855G/]. ; ibuti i ing: _ i iations:
Due to the gravelly and coarse-grained nature of unit Qg; and Qgy, they have a higher resistance to erosion than the surrounding finer-grained sediment and g P [ pp g0V ] Efj;?%;ﬁe;:ﬁig;ﬁgn; J2'§” 1i994;,_ (Slg(s)mw ray contributions to dose rates for luminescence and ESR dating: Large depth sand long-term time variations:
rf:lativ.ely soft bedrock. Later erosioq of the surrqunding sediments and bedrock left these gravel units as isolated remnants along low hilltops such as the Colton, R.B., and Fitch, H.R., 1974, Map showing potential sources of gravel and crushed-rock aggregate, in the Boulder—Fort Collins—Greeley area, Front V2P '
ridgeline on the western side of the Milton Reservoir quadrangle. Range Urban Corridor, Colorado: U.S. Geological Survey Miscellaneous Investigations Map 1-855-D, scale 1:100,000 [Available at https://pubs.er.usgs.gov/ Ramsey, C.B., 2009, Bayesian analysis of radiocarbon dates: Radiocarbon, v. 51, p. 337-360.
publication/i855D/].
According to Lindsey and others (2005), in about Early Pleistocene time the South Platte River generally followed its present course. Then in about the Middle . . . . _ . Raynolds, R.G., Cretaceous stratigraphy of Colorado: Colorado Geological Survey Map Series 54 [Available from at https://coloradogeologicalsurvey.org/
Pleistocene time, the river shifted to the east and flowed in what is now called Beebe Draw. To the southeast of the quadrangle boundary, the ancestral Box Elder Crabb, J.A., 1980, Soil survey of Weld County, Colorado, southern part: U.S. Department of Agriculture, U.S. Soil Conservation Service, Washington, DC, 135 publications/cretaceous-stratigraphy-colorado/].
Creek was a tributary to the South Platte River. During its flow through Beebe Draw, fluvial gravel was deposited on the valley floor (unit Qg). Later, the South p-, 35 maps, scale 1:24,000.
Platte River shifted westward, back to its modern course, during the Late Pleistocene (Lindsey and others, 2005). The cause of this shift may have been stream ) ' ) Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Ramsey, C.B., Buck, C.E., Cheng, H., Edwards, R.L., Friedrich, M., Grootes, P.M., Guilderson,
piracy by a tributary stream of the ancestral Cache La Poudre River (Smith and others, 1964) or possibly due in part to neotectonics (Shawe and others, 2008). Dechesne, M., Raynolds, R.G., Barkmann, P.E., and Johnson, K.R., 2011, Notes on the Denver Basin geologic maps: Bedrock geology, structure, and isopach T.P., Haflidason, H., Hajdas, L., Hatte, C., Heaton, T.J., Hoffmann, D.L., Hogg, A.G., Hughen, K.A., Kaiser, K.F., Kromer, B., Manning, S.W., Niu, M., Reimer,
maps of the Upper Creta(':eous to Paleocene ‘Stra.lta between 'Greeley anq Colorado Springs: Colottado Geological Survey Open File Report 11-01, 35 p. [Available R.W., Richards, D.A., Scott, E.M., Southon, J.R., Staff, R.A., Turney, C.S.M., and Van der Plicht, J., 2013, IntCall3 and Marinel3 radiocarbon age calibration
A CROSS SECTION A-A' g After the piracy of the ancestral South Platte River, the ancestral Box Elder Creek continued to flow through Beebe Draw until it also was pirated to its present at https://coloradogeologicalsurvey.org/publications/geologic-map-stratigraphy-notes-denver-basin-colorado/]. curves, 0-50,000 years cal B.P.: Radiocarbon, v. 55, no. 4, p.1869-1887.
w E course by a trlbuta'ry‘ to the. north of HudsF) n Afte.r the aband'onment, Small me? ndering trlbuta.ry trunk streams deposited §ed1ment that covered the ﬂo'o¥ of Empire Laboratories Inc., 1985, Report of a geologic investigation for a portion of Beebe Draw Farms Weld County, Colorado. Project no. 142C-85: Colorado Riihimaki, C.A., Anderson, R.S., Safran, E.B., Dethier, D.P., Finkel, R.C., and Bierman, P.R., 2006, Longevity and progressive abandonment of the Rocky Flats
Beebe Draw containing unit Qg and burying it with fine-grained alluvium during the late Pleistocene and Holocene (Smith and others, 1964). In addition, State Archives. Document ID WE-84-0013 .
ELEV . . . . . . . > : surface, Front Range, Colorado: Geomorphology, v. 78, p. 265-278.
IN METERS ELEV IN sheetwash and mass-wasting processes on the surrounding valley sides may also have also contributed sediment into Beebe Draw. In this map, the younger
FEET alluvium is designated as unit Qa. The Beebe Draw paleovalley has been previously mapped and developed for water wells (Smith and others, 1964; Hillier and Duller, R.A., Whittaker, A.C., Swinehart, J.B., Armitage, J.J., Sinclair, H.D., Blair, Andrea, and Allen, P.A., 2012, Abrupt landscape change post-6 Ma on the Robson, S.G., Heiny, J.S., and Arnold, L.R., 2000, Geohydrology of the shallow aquifers in the Fort Lupton-Gilcrest area, Colorado: U.S. Geological Survey
Schneider, 1979; Robson, 1996; Robson and others, 2000). In the La Salle quadrangle to the north, Colton (1978) designated the Beebe Draw gravel as Slocum central Great Plains, USA: Geology, v. 40. no. 10, p. 871-874. Hydrologic Atlas 746-C [Available at https://pubs.er.usgs.gov/publication/ha746C/].
Alluvium based on its stream level elevation (30-40 m above modern streams). In field work for the present map, an excellent exposure of the valley-fill
sequence was observed at the Steve Sharp Crane and Rigging borrow pit and samples were collected for age determinations (See Plate 1 Description of Map Fenneman, N.M., 1931, Physiography of western United States: New York, McGraw-Hill Book Co, 534 p. Robson, S.G., 1996, Geohydrology of the shallow aquifers in the Denver metropolitan area, Colorado: U.S. Geological Survey Hydrologic Investigations Atlas
Units and Tables 1 and 2). HA-736, scale 1:50,000 [Available at https://pubs.er.usgs.gov/publication/ha736/].
= Fishman, N.S., 2005, Overview of studies related to energy resources, northern Front Range, Colorado, p. 1-8, in Fishman, N.S. ed., Ch. A: Energy resource
N . . % Eolian deposits (units Qes and Qe) cover about 84% of the quadrangle. Locally, these units broadly cover much of the Colorado Piedmont and eastern plains. The studies, northern Front Range, Colorado: U.S. Geological Survey Professional Paper 1698, 162 p. [Available at https://pubs.usgs.gov/pp/2005/1698/]. SCg'{F, GII{]/, 11397255], Paleovalley and geologic map of northeastern Colorado: U. S. Geological Survey, Map 1-1378 [Available at https:/pubs.er.usgs.gov/
(T L L o . . . . . . . . . . . . . publication/i .
g § 'gr % § g § § § g “8) § g §§ § § @ o":o :,‘% S § E g % § & % g % § Ilzlralél rsr(l)iltllrcril()fnth:thWIm:bloirlchll st?n:li 18 311;1V1u;1m0fr'1:hefrsi);1‘il}11 PlsattethR;\{etrt alllfi lti trlzutaraes,rwﬁg Z mlni(;r ;ourlci:enbeulﬁ dzgviﬂ g(;m Slllm c;utrllldmg ‘tgcrd;oik. Forman, S.L., Tew-Todd, V., Mayhack, C., Marin, L., Wiest, L.A., and Money, G., 2022 Late Quaternary acolian environments, luminescence chronology and
3 & 3 3 3 e & & 2 S = N s RRI R S = Q 3 R 5 & p & 2 3 P NI caominatilly HOrLIwest Wincs transportec ssdimeiits ot e South 17atte RIver vatey Toot and deposited Souatl sand anc S oughout Ho quattange. climate change for the Monahans dune field, Winkler County, West Texas, USA: Aeolian Research, v. 58, 100828. Scott, G.R., 1963, Quaternary geology and geomorphic history of the Kassler quadrangle, Colorado: U.S. Geological Survey Professional Paper 421-A, 74 p.
&> &> &> &> & & & & SO & & & @S> 0 &> & &> o O 5> O &5 & & & &5 o Locally, deposits of units Qe and Qes may have a much higher fines content (silt and clay) owing, perhaps, to the erosion of the underlying or nearby bedrock [Available at https://pubs.cr.usgs.gov/publication/ppd21 A/]
5 Formati ately 68 than 10 meters fhick based and alluvial units (r.ich'in silt and clay) by eoliap intermixing. Compared to the southem pe.lrt of th? quadrangle, t.he eolian deposit§ of the Milt9n Reservoir Forman, S.L., and Maat, P., 1990, Stratigraphic evidence for late Quaternary dune activity near Hudson on the Piedmont of northern Colorado: Geology, v. 18, p. . T
ol :;\::vi; :;Tn?alt(i):naspt%zﬁga n?aYp ?rz; Da:CheSTl: ::ﬁj oltf] ersa(szeo11). quadrangle are sandier in the northern part, espemally.around the Beebe Draw farms subd1v151or%. Units Qe and Qes in and near the Milton Re'servmr area are of 745-748. Shawe, D.R., Steven, T.A., and Knepper. Jr., D.H., 2008, Possible young faulting in the piedmont of north-central Colorado: The Mountain Geologist, v. 45, no.
Not shown on cross section. EXTENT OF PALEOVALLEY OF THE ANCESTRAL SOUTH PLATTE RIVER Holocene age, but are known to be as old as late Pleistocene in other places in the Colorado Piedmont (Madole and others, 2005). Late Pleistocene dunes are 1, p. 1-79.
| ‘ more extensive than those of late Holocene age due to major eolian deposition by dominantly northwest winds during the Pinedale Glaciation (Madole and Galbraith, R.F., and Roberts, R.G., 2012, Statistical aspects of equivalent dose and error calculation and display in OSL dating: An overview and some
others, 2005; Madole, 2016). recommendations: Quaternary Geochronology, v. 11, p. 1-27. Schwochow, S.D., Shroba, R.R., and Wicklein, P.C., 1974, Sand, gravel, and quarry aggregate resources, Colorado Front Range counties: Colorado Geological
1500m F—F [ | Sy E— Qu 5000 ft Survey Special Publication 5-A, 48 p. [Available at https://coloradogeologicalsurvey.org/publications/sand-gravel-quarry-aggregate-colorado-front-range/].
—\\ Galbraith, R.F., and Green, P.F., 1990, Estimating the component ages in a finite mixture: International Journal of Radiation Applications and Instrumentation, v.
] 17, p. 197-206. i i i i i ifer -
I Kl MINERAL RESOURCES, GROUNDWATER RESOURCES, AND GEOLOGIC HAZARDS p Smlth, J..J ., Layzell, A..L.., Lukc?ns, WEF., Morgan, M.L., Keller, S.M., Martin, R.A.3 anq Fox, ]?.L:, 2016, Getting to the bottom of the High Plamg aquifer - New
insights into the depositional history, stratigraphy, and paleoecology of the Cenozoic High Plains in Keller, S.M., and Morgan, M.L., eds., Unfolding the geology
Kfh Hansen, W.R., and Crosby, E.J., 1982, Environmental geology of the Front Range urban corridor and vicinity, Colorado: U.S. Geological Survey Professional of the West; Geological Society of America Field Guide 44, p. 93-124.
P 1230, 99 p. [Available at https://pubs.er.usgs.gov/publication/pp1230/].
The Milton Reservoir quadrangle is located in the western part of the Denver Basin and the southern part of Weld County. The quadrangle contains oil and gas, apet > 99 p- [Available at hitps://pubs.cr.usgs.gov/publication/pp 1 ) : . ) ) .
4000 ft 1. and sand and eravel resources. The quadranele lies within the center of the Wattenbere oil and eas field. which covers most of Weld County and is one of . ) _ . _ o ) _ . Smith, R.O., Schneider, P.A., Jr., and Petri, L.R., 1964, Ground-water resources of the South Platte River basin, western Adams and southwest Weld Counties
coal, an d g ' -1heq g wit : e W g gas lield, whic ) Y i High Plains Engineering, 2005, Subsurface investigation and foundation recommendations: Colorado State Archives, Document ID WE-06-0003. Colorado: Geological Survey Water-Supply Paper 1658, 132 p. [Available at https:/pubs.cr.usgs.gov/publication/wsp1658/].
the most productive and active fields in Colorado. The principal production horizon in the Wattenberg field is the Niobrara Formation, but other horizons include ’
the middle member of the Pierre Shale (Hygiene “Shannon™ Sandstone Member), the Codell Sandstone Member of the Niobrara Formation, and the Dakota Hillier, D.E., and Schneider, P.A. Jr., 1979, Well yields and chemical quality of water from water-table aquifers in the Boulder-Fort Collins-Greeley area, Front Soister, P.E., 1965a, Geologic map of the Fort Lupton quadrangle, Weld and Adams Counties, Colorado: U.S. Geological Survey Geologic Quadrangle Map
Group (Muddy (“J”) Sandstone and “D” Sandstone) (Fisherman, 2005). For many years, Weld County has been the single largest producer of oil and natural gas Range urban corridor, Colorado: U.S. Geological Survey Miscellaneous Investigation Series Map I-855-J, scale 1:100,000 [Available at https://pubs.usgs.gov/ GQ-397, scale 1:24,000 [Available at https://pubs.er.usgs.gov/publication/gq397/].
1000 m in Colorado (O’Keeffe, 2024). publication/i855J/].
3000 ft ] ] ) o o ) ) . ] Soister, P.E., 1965b, Geologic map of the Hudson quadrangle, Weld and Adams Counties, Colorado: U.S. Geological Survey Geologic Quadrangle Map GQ-398,
The Denver Basin contains two units with coal deposits: the Upper Cretaceous Laramie Formation and the Paleocene and Upper Cretaceous Denver Formation. Horizon Construction Service, 2000, Geotechnical investigation report of Beebe Draw Farms and Equestrian Center, filing 2, located in sections 4, 5, 8, 9, 10, scale 1:24,000 [Available at https://pubs.er.usgs.gov/publication/gq398/].
Coal quality in the Laramie Formation ranges from lignite to subbituminous while the Denver Formation coals are lignite (Cappa and TerBest, 2002). About 30 and 17, township 3 north, range 65 west of the 6th principal meridian, Weld County, Colorado, for Beebe Draw Farms Metropolitan District, 11409 West 17th
km southwest of the Milton Reservoir quadrangle is the Boulder-Weld coal field which was productive from 1863 to 1979. All the coal there was mined from the Place, Lakewood, Colorado 80215: Colorado State Archives, Document ID WE-00-0049. Soister, P.E., 119?3% Geologic map of the Platteville quadrangle, Weld County, Colorado: U.S. Geological Survey Geologic Quadrangle Map GQ-399, scale
; ; s Stor ; ; ; 1:24,000 [Available at https://pubs.er.usgs.gov/publication/gq399/].
Laramie Formation (Ca;‘)‘p a and.TerB'e':s.t, 2002). There are three h.1stor1c.coa1 mines shown on the P}ate ! geologlc map that. are in the northern part of the Hunt, C.B., 1954, Pleistocene and recent deposits in the Denver area, Colorado: U.S. Geological Survey Bulletin 996-G, p. 91-140 [Available at https://
quadrangle. One named “Platteville A" is by the western boundary in section 14 of the USGS 1951 Milton Reservoir topographic map and has been mapped by b Ioublication/b996C/ . . . .
the Colorado Geological S Carroll. 2006). This mi ; on £ 1939 to 1940 and produced 202 t coal (T dM Willi pubs.cr.usgs.gov/publication 1. Topper, R., Spray, K.L., Bellis, W.H., Hamilton, J.L., and Barkmann, P.E., 2003, Ground Water Atlas of Colorado: Colorado Geological Survey Special
2000 ft gical Survey (Carroll, ). This mine was in operation from to and produce tons of coal (Turney and Murray-Williams, 0 . : .
. « . - . . . . . . Publication 53, 210 p. [Available at https://coloradogeologicalsurvey.org/water/colorado-groundwater-atlas/].
1983). The second mine 1abeled Plattfevﬂle (Old) ) location is not kngwn for certain buF is near the intersection of WCR 39 and WCR .32' (SeCtlf’nS 17,18, 19, and International Union of Geological Sciences, 2022, International Commission on Stratigraphy, version 2022/10 [Available at https://stratigraphy.org/chart/].
500 m 20 on the USGS 1951 Milton Reservoir topographic map). A third mine southeast of Milton Reservoir named the “3 Link Coal Mine” is in section 14 on the 1951 Turney, J.E., and Murray-Williams, L., 1983, Colorado Front Range inactive coal mine data and subsidence information, Weld County, Plate 12 of 12: Colorado
USGS topographic map. This mine is only shown on the 1902 USGS 1:125,000-scale topographic map of the area that includes Greeley and Fort Lupton. Field Keller, S.M., and Marr, A.E., 2023, Geologic map of the Valley View School quadrangle, Weld County, Colorado: Colorado Geological Survey Open-File Report Geological Survey unpublished map prepared in 1983, scale 1:50,000.
verification was limited due to access restrictions from landowners and precise mine locations could not be determined from aerial photography or lidar imagery. 21-02, scale 1:24,000 [Available at https://coloradogeologicalsurvey.org/publications/geologic-map-valley-view-school-quadrangle-weld-colorado/].
Surface subsidence caused by coal mining in the Laramie Formation is a well-documented geological hazard, especially within the Boulder-Weld coal field U.S. Department of Agriculture, Natural Resources Conservation Service, 2018, Assessing carbonates in the field with a dilute hydrochloric acid solution: Soil
1000 ft (Amuedo and Ivey, 1975; CGS, 2001). Keller, S.M., 2023, Eolian fine-grained sediment in the northern Colorado Piedmont: Geological Society of America Abstracts with Programs, v. 55, no. 55. Survey Technical Note 5, 7 p.
The Laramie and Denver formations coals are a potential source of coalbed methane in the Denver Basin (Wray and Koenig, 2001). However, factors such as Kellogg, K.S., Shroba, RR., Bryant, Bruce, and Premo, W'I'{" 2008, Geologic map Of_ the Denver West 30" x 60" quadrangle, north-central Colorado: U.S. White, J.L., and Greenman, C., 2008, Collapsible soils in Colorado: Colorado Geological Survey Engineering Geology 14, 108 p. [Available at https://
water quality and rights, groundwater resource protection, economics, and the decline of coalbed methane due to the increase of unconventional natural gas Geological Survey Scientific Investigations Map 3000, scale 1:100,000 [ Available at https://pubs.er.usgs.gov/publication/sim3000/]. coloradogeologicalsurvey.org/2018/28848-collapsible-soils/].
roduction (horizon drilling and hydraulic fracturing) presently work against making this resource economically feasible (Wray and Koenig, 2001; O’Keeffe and . . . . .
I];e 2021() g 4 &P Y = S Y (Wray g Kirkham, R.M., and Ladwig, L.R., 1979, Coal resources of the Denver and Cheyenne Basins, Colorado: Colorado Geological Survey Resource Series RS-5, 76 Wintle, A.G., and Murray, A.S., 2006, A review of quartz optically stimulated luminescence characteristics and their relevance in single-aliquot regeneration
Sea Level Sea Level Ty ) p- [Available at https://coloradogeologicalsurvey.org/publications/coal-resources-denver-cheyenne-basins-colorado/]. dating protocols: Radiation Measurements, v. 41, p. 369-391.
Units Qfé’ Qgs, and Qgy 'are potentlal‘sources of sand and gravel. Hf)wever, there are ng ache or hlStOI‘l.C gravel quames in these units within the Milton Kocurek, G., 1981, Significance of interdune deposits and bounding surfaces in acolian dune sands: Sedimentology, v. 28, p. 753-780. Wray, L.L., and Koenig, N.V., 2001, The coalbed methane potential in the Upper Cretaceous to Early Tertiary Laramie and Denver Formations, Denver Basin,
Reservoir quadrangle. Unit Qg has a thick overburdfen of valley fill sediment (un.lt Qa),' making it not econom1cally feamble (SChWOChOW' and others, 1974). Also, Colorado: Colorado Geological Survey Open-File Report 01-17, 88 p. [Available at https://coloradogeologicalsurvey.org/publications/coalbed-methane-potential-
units Qgz and Qg are extensively weathered, contain large amounts of pedogenic calcium carbonate, and are of limited areal extent. Units Qg, Qgs, and Qg4 can Leonard, E.M., 2002, Geomorphic and tectonic forcing of the Cenozoic warping of the Colorado Piedmont: Geology, v. 30, no. 7, p. 595-598. cretaceous-tertiary-laramie-formations-denver-basin-colorado/].
be used as a local source for borrow material. The borrow pit by the WCR 32 and WCR 37 junction used unit Qg; sediment for the construction of WCR 32.
1000 1t Steve Sharp Crane and Rigging’s borrow pit sourced unit Qg and overlaying unit Qa for aggregate to make cement for its facility. Liang, P., and Forman, S.L., 2019, LDAC: An Excel-based program for luminescence equivalent dose and burial age calculations: Ancient TL, v. 37, p. 21-40.
-500 m
— -2000 ft Table 1: Radiocarbon ages for the Milton Reservoir quadrangle
Kn
Field Sample Number Laboratory . . . Depth Below Ground . 13 1 Radiocarbon Age Calibrated Age
| —] | . Date Collected .
| I — | Kcgg and Map Location Number Map Unit | UTM Northing | UTM Easting Surface (bgs) (m) Material Analyzed delta™C (0/00) (radiocarbon B.P.)? (cal B.P.)
Kd | MRO037BC14 Beta - 639252 Qa 40.159098 -104.6777560 1.1 7/26/2022 fine-medium sand -19.2 8,460 + 30 8,560 + 30
-3000 ft
Five-digit numbers shown above oil well symbol is the ECMC API well number: the State and county prefix code is 05-123, VERTICAL EXAGGERATION = 2X MRO037CC14 Beta - 639253 Qa 40.158834 -104.6778450 1.8 7/26/2022 silty clay or clayey silt with fine sand -20.7 13,810+ 4 13,880 + 40
Circle well symbol with the permit number posted above signifies data from a water well included in CO DWR (2022).
MRO052C14 Beta - 639251 Qes 40.247708 -104.6598560 2.0 8/18/2022 fine-coarse sand, slight organics -22.8 360 =30 400 + 30
! Relative difference between *C/'*C ratio of carbon extracted from sample and that of Vienna Pee Dee Belemnite (VPDB) international standard.
? Conventional radiocarbon age, based on 5,568-year half-life; 0 yr B.P. = 1950 A.D.
? Calibrated range at 95.5% probability, using method of Ramsey (2009) and IntCAL13 data set (Reimer and others, 2013).
Table 2: Optically stimulated luminescence (OSL) ages for the Milton Reservoir quadrangle (Baylor University, Waco, Texas)
B Field Sample Nul.nber Laboratory Map Unit | UTM Northing UTM Easting Depth Below Ground Date Collected Material Analyzed Aliquots® | Grain Size (um) | Equivalent Dose (De)(Gy)" | Overdispersion (%)° U (ppm)! Th (ppm)* K;0 (%)° H,0 (%)! Cosmic Dose R:ite Dose Rate SAR-OSL age (yr)
' , and Map Location Number Surface (bgs) (m) (mGray/yr) (mGray/yr)
W CROSS SECTION B-B B
E
ELEV OSL-MRAM-1 TT-5398 Qg 40.158995 -104.6773299 4.0 8/4/2022 medium sand to granules/ 10/10 100-150 467.90 + 16.11 2343 2.00+0.01 | 7.92+0.01 | 3.66+0.01 15+3 0.180+0.018 3.66£0.11 127,730 + 5730
IN METERS ELEVIN
FEET small pebble gravel
g’ OSL-MRAM-1b TT-5466 Qg 40.159058 -104.6772490 3.7 11/22/2022 medium sand to granules/ 16/16 100-150 467.90 + 16.11 2343 2.12+0.01 | 7.53+0.01 | 3.19+0.01 15+3 0.192+0.019 3.27+0.01 130,700 + 8530
T < " < " < E < small pebble gravel
& E 3 < ~n o - o TR o S 8 o o
g IS 3 228 2 g S5 g g 82 88 88 5
] 5 oz ) 8Ly z Q 95 X © Q2 aN 29 = OSL-MRAM-2 TT-5400 Qg 40.158995 -104.6773299 1.4 8/4/2022 granule to small pebble 8/10 32-150 527.22 +42.61 21+6 3.52+0.01 | 630+£0.01 | 3.86=0.01 5+£2 0.236 = 0.024 4.56=0.11 115,580 + 9430
@) @) (€] O @O0 6 @) OO0 O O O O OO @ @) gravel
| 51001t OSL-MRAM-2b TT-5467 Qg 40.159058 -104.6772490 2.8 11/22/2022 granule to small pebble 11/12 355-500 619.84 +50.38 26+ 6 2.09+0.01 | 4.73£0.01 | 4.72+0.01 15+3 0.204 £ 0.020 3.90+0.13 159,100 + 13,790
1550 m gravel
Extent of paleovalley of the ancestral South Platte River | 5050 ft
| OSL-MRAM-3 5395 Qes 40.241357 -104.6503730 3.0 8/18/2022 fine-course sand 41/50 150-250 21.76 £ 0.54 15+£2 1.47+£0.01 | 7.83+£0.01 | 3.79+0.01 15+3 0.201 £ 0.020 3.58+£0.11 6,395+ 310
- |
15256 m —5000 ft
OSL-MRAM-4 5396 Qes 40.241360 -104.6503700 2.2 8/18/2022 fine-medium sand 34/35 150-250 19.25+0.71 2143 1.65+£0.01 | 9.07+0.01 | 3.88+0.01 10+£3 0.217 £0.022 3.96+0.13 4,845 +£235
‘li‘ — 4950 ft
1500 m ‘|‘-E OSL-MRAM-5 5464 Qes 40.212398 -104.6592520 0.4 11/15/2022 fine-medium sand 38/46 150-250 25.17+1.46 53+8 1.55+£0.01 | 9.03+£0.01 | 3.61+0.01 5+£2 0.246 = 0.025 3.97+0.10 6,320 =390
’ ‘ 4900 ft
OSL-MRAM-6 5465 Qes 40.243247 -104.6683280 2.0 11/15/2022 fine-medium sand 32/35 355-500 12.09 + 0.40 365 1.60+£0.01 | 9.26+0.01 | 3.49+0.01 5+£2 0.224 £0.024 3.64+£0.09 3,305+ 135
1475 m —4850 ft
Madole (1995) N/A Qes approx. 40.2000 | approx. -104.7300 N/A N/A quartz grains from N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 3,230 = 250
4800 f parabolic dune
1450 m 4750 ft * Aliquots measured, used and that define lowest most equivalent dose (De) population by Central Age or Minimum Age Model (Galbraith and Roberts, 2012).
® Equivalent dose calculated on a pure quartz fraction with ultra-small aliquots with 20-80 grains/aliquot and analyzed under blue-light excitation (470 + 20 nm) by Single Aliquot. Regeneration (SAR) protocols (Murray and Wintle, 2003; Wintle and Murray, 2006). Equivalent dose (De)
4700 ft was calculated by the Finite Mixture Model (Galbraith and Green, 1990) and the four parameter Minimum Age Model (Galbraith and Roberts, 2012). Prefix “TT-“ means the use of Thermal Transfer teachniques as outlined in Forman and others (2022)
1425 m ¢ Overdispersion values reflect precision beyond instrumental errors; values of < 20% (at 1 sigma limit) indicate low dispersion in equivalent dose values and defines a unimodal distribution. Values > 20% are associated with mixed equivalent dose signature reflecting multiple grain populations or partial solar resetting.

4650 ft 4U, Th, and K content analyzed by inductively-coupled plasma-mass spectrometry by ALS Laboratories, Reno, NV; and includes dose contribution from Rb and an assumed moisture content of 10 = 3% for the burial period.

¢ Includes also a cosmic dose rate calculated from parameters in Prescott and Hutton (1994) and includes soft components.

4600 ft " Systematic and random errors calculated in a quadrature at one standard deviation by the Luminescence Dating and Age Calculator (LDAC) (Liang and Forman, 2019) at https://www.baylor.edu/geosciences/index.php?id=962356. Datum year is AD 2010.

VERTICAL EXAGGERATION = 15X

& Target symbol signified data from a geotechnical boring from Church
and Association, Inc. (2001). Circle symbol with the permit number

. X ; " Age estimate may be incorrect. It's underlying unit (OSL-MRAM-1b) has a younger date.
posted above signifies data from a water well included in CO DWR (2022).
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