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&\/ SR N ‘ TN 40°22'30 CORRELATION OF MAP UNITS approximately 3.5 m, from a location about 10 m upstream from where the snail 20Th/U ages within analytical uncertainty of one another (Wp67-5 and Wp67-7, Bresser, and Truckton soils, characterized by argillic (Bt) horizon development in METHODS Gardner, M.E., 1967, Quaternary and engineering geology of the Orchard, Weldona, and Fort
) (O 600 shells were collected, gave an OSL age estimate of 9.1+0.9 ka (UNL-3503, 5 table 3; figure 1-1 in appendix). The error-weighted average value of these two sandy, mostly alluvial soil parent material (USDA Natural Resources The digital geologic map of the Masters quadrangle was completed using a combination of Morgan quadrangles, Morgan County, Colorado: Golden, Colorado School of Mines, Ph.D.
7\ ~ SURFICIAL DEPOSITS percent moisture, table 1). oldest.ages, 15.24.i0.06 ka, may most closely estimate the minimum age (?f tbe Cor}servation Service, 200'9a, 2QO9b). Field ipvestigati(?n revealed argillic field investigation, geochronologic research, and interpretation of the following: previous mapping dissertation, 283 p.
‘ P A N A latest Pleistocene to early Holocene age for basal alluvium is also deposit that contained the bone. However, because data for the specimen indicate horizon to be pa'rt of a buried soil developed in late Pleistocene st.ream and of nearby quadrangles by M.E. Gardner during the 1960s (Gardner, 1967); stereoscopic pairs of Harvey, M.D., Crews, S., Pitlick, J., and Blair, T., 1985, Field trip 5>—Holocene braided streams of
o 7 Huvial supported by an age of 11.68+0.36 cal ka B.P. (10.11+0.09 “C ka B.P,, a complex history of uranium uptake and subsequent leaching (see discussion in sheetflood alluvium and later covered by a veneer of younger eolian sand. National Aerial Photography Program (NAPP) color-infrared (1988, 1:40,000 scale) and historical eastern Colorado and sedimentological effects of Lawn Lake Dam failure, Rocky Mountain
R ¥ Artificial  Shoreline Acgl‘{ﬁ,i:{ld Eolian AA-11084A) obtained by Haynes and others (1998) for humic acids in charcoal ap.pe.:ndix), data for additior}al specimens are needed to better constrain the Therefore, as in unstipp.led areas, eolian sand G!eposits in light stippled areas black and white (1948, 1:39,230 scale; 1949, 1:16,620 scale) aerial photographs; National National Park, in Flores, R.M and Harvey, M.D., eds., Field guidebook to modern and ancient
4469 fill deposits Alluvial deposits ~ deposits  deposits from Kuner terrace alluvium (of Bryan and Ray, 1940) roughly 55 km west of minimum age of the deposit. probably are Holocene in age, but generally thin (<1 m), such that underlying Agriculture Imagery Program (NAIP) orthoimagery (U.S. Department of Agriculture (USDA) Farm fluvial systems in the United States: Third International Fluvial Sedimentology Conference,
Y 380 000 ~ 5 the map area. Timing of uppermost alluvium deposition and surface stabilization Broadway Alluvium is considered coeval with the Pinedale glaciation buried soil controls soil classification and series designation. In contrast, dark Service Agency Aerial Photography Field Office, 2009, 2011, 2013); topographic and digital Fort Collins, Colorado, p. 87-105.
\J FEET a Qsh Qaa Qat is constrained by a date from McFaul and others (1994) of 5.84+0.18 cal ka B.P. (Bryan and Ray, 1940; Hunt, 1954; Scott, 1960, 1975; Madole, 1991), which stippled parts of Qes are shown in county soil surveys as having mostly Vona elevation (DEM) data; digital soil survey data (USDA Natural Resources Conservation Service, Haynes, C.V., Jr., McFaul, Michael, Brunswig, R.H., and Hopkins, K.D., 1998, Kersey-Kuner
(5.12+0.08 '*C ka B.P., Beta—42564) for soil humate from a buried A horizon spanned from >31 ka to about 15-13 ka (Nelson and others, 1979; Madole, 1986; soils (north of river) and Osgood soils .(south of river), chara}cterlz.ed by A/Bt/Bk 2009a, 2009b); satellite imagery viewed with Google Earth; Federal Emergency Management terrace investigations at the Dent and Bernhardt sites, Colorado: Geoarchaeology, v. 13, no.2,
developed on Qa3 terrace alluvium about 1.3 km northeast of the former Masters Schildgen and others, 2002; Benson and others, 2004, 2007; Licciardi and Pierce, (stage I-1T+ carbon?te morphology) soil profiles developed mn eo!lan sand (U.S. Agency (1989) flood maps (1:19,200 approximate scale); and subsurface lithologic data from test p. 201-218.
Qa2 Qfc -~ Holocene Post Office site (south of river near western edge of quadrangle). Degree of 2008; Madole and others, 2010; Young and others, 2011). Fluvial sediment load Department ongrlcultur.e Natural Resources Conservation Service, 2009a, holes and water wells (Bjorklund and Brown, 1957; Colorado Division of Water Resources, 2013). Holliday, V.T., 1987, Geoarchaeology and late Quaternary geomorphology of the middle South
development of the buried soil indicates that the Qa3 surface may have been may have been greatest during and shortly after deglaciation (Church and Ryder, 2009b), development typical of late Pleistocene eolian sand deposits (Madole, Field mapping and research were carried out between 2011 and 2013. Digital mapping using Platte River, northeastern Colorado: Geoarchaeology, v. 2, no. 4, p. 317-329.
Qes stabilized for a few thousand years prior to being buried locally by a thin layer of 1972; Madole, 1991; Schildgen and others, 2002; Lindsey and others, 2005), a 19955 Muhs.and others, 1996; Madole and qthers, 2005). North of river dark . ArcMap software was done initially on NAIP orthoimagery taken in 2009 and later refined using Hunt, C.B., 1954, Pleistocene and Recent deposits in the Denver area Colorado: U.S. Geological
Qa3 eolian sediment (not shown on map) around 5.8 cal ka (McFaul and others, process that started either about 17 ka (Licciardi and others, 2004; Benson and SFIPPle also 1ncludles lesser areas of TGW 5911§, shal.low (<1 m) to bedrock soils imagery taken in 2011 and 2013; location and dimensions of the South Platte River and other water Survey Bulletin 996-C, p. 91-140. [Also available at
163 ] 5 < 1994). Stabilization of the Qa3 surface by mid-Holocene time is supported by others, 2005; Schaefer and others, 2006) or about 16—15 ka (Young and others, Sgnélalr)to Vona SOII;Z‘“ fiexielop;}i prlrria}rzlly m res1céuum forn.led grom. san;lgt(;gne bodies shown on this map are based on the 2013 imagery. http://pubs.er.usgs.gov/publication/b996C.]
( ? ; .S. Department o riculture Natural Resources Conservation Service, a, . . . . . .
prm degree of developmept of 5011.5 mapped on th? terrace s'urface by USDA Natural 2011), and largely was completed between about 15 and 13. ka (Benson anq gOO9b) pl;esumably of fhe upper transition member of Pierre Shale (Braddock The topographic base is somewhat out of date particularly with regard to locations of channel Kellogg, K.S., Shroba, R.R., Bryant, Bruce, and Premo, W.R., 2008, Geologic map of the Denver
Qbs Qba - QUATERNARY Resources Conservation Service (2009b). Estimated thickness 2-5 m octlhers, 200f7; Young and others, 2011; E‘nd referelrllces therein). Correspconldmgly, and Cole, 1978: Scott, 1978): the latter areas are inferred to have thin eolian sand banks of the South Platte River, low terrace scarps on the valley floor, shorelines along reservoirs, West 30'x60" quadrangle, north-central Colorado: U.S. Geological Survey Scientific
ovis artifacts present in upper part of terrace alluvium near Kersey, Colo. > > d > ; e e ot : ; s gati - . ;
Qbs Sidestream deposits of Broadway Alluvium (late Pleistocene)—Mapped as (roughly 26 kai’N st of the Il)\?lastle):rs vadrangle), combined with otli]er cover that may be late Pleistocene in age based on soil development and fmd dune crests in areas Wherc? center: PlVOt irrigation or other agrlcultural_practlces.have been Investigations Map SIM 3090, .scale' 1:100,000, 48 p. pamphlet. [Also available at
informal Bijou Flats tongue of Broadway Alluvium by Gardner (1967) and upper ghly 20 O q angle), ¢ o therefore are included in Qes dark stipple: locally may contain small outcrops of introduced. Therefore, geologic mapping of young fluvial features, shoreline deposits, and dune http://pubs.er.usgs.gov/publication/sim3000.]
Qlv | ) archaeological data, indicate that aggradation of Broadway Alluvium was still in ppic; y may p ; : : : i T . : :
> . . crests also is based on the NAIP imagery. Dunes outside of cultivated areas are mostly stabilized by Licciardi, J.M., Clark, P.U., Brook, E.J., Elmore, David, and Sharma, Pankaj, 2004, Variable
) member of Broadway Alluvium by Scott (1978). Overlies and presumably progress between about 13.3 and 12.9 cal ka (11.5-11 C ka) but completed and Pierre Shale (Kp). Holocene sand deposits too small to show separately present . . . o ’ > > ’ > e T ’ L > >
> Pleistocene interfingers with mainstream deposits of Broadway Alluvium (Qba) south of -1 : : " . locally within dark-stippled areas. sandsage prairie vegetation (Chapman and others, 2006), and dune form is no longer distinct in responses of western U.S. glaciers during the last deglaciation: Geology, v. 32, no. 1, p. 81-84.
. South Platte River mostly east of the Weld County—Morgan County line the surface stabilized by about 1.5 cal ka (10 *C ka) at the latest (Holliday, . .. . . C many places due to degradation by hillslope processes and the grazing of livestock; dune crests (for Licciardi, J.M., and Pierce, K.L., 2008, Cosmogenic exposure-age chronologies of Pinedale and
Qai . . Y . 4 8 yiane. - 1987). The »°Th/U age of 11.0+1.1 ka (Wp67-1, table 3) for pedogenic carbonate Widespread deposition of eolian sand during the late Holocene is indicated : : T s : ’ ’ s ’ ! .
Consists mainly of sheetflood deposits thought to have been deposited primaril . 51mple parabOhC dunes and for individual dunes within Compound parabOhC dunes) were Ol‘lly Bull Lake glac1at10ns In greater Yellowstone and the Teton Range, USA: Quaternary Science
Y pos & P P Y coating the outer edge of bone fragment encased in uppermost Broadway by radiocarbon ages reported by Madole (1994, 1995) and Madole and others bl : . . ’
by large-magnitude floods along Bijou and Kiowa Creeks (Gardner, 1967; Scott : . . ' R mapped where clearly visible in the NAIP imagery and therefore were only mapped for a portion of Reviews, v. 27, no. 7-8, p. 814-831.
Y larg g g by o ) > > ’ Alluvium at site EF further supports surface stabilization and the onset of soil (2005) for buried soils that provide maximum-limiting ages for uppermost sand e ; . : . ’ ’ ? . ) )
1978, 1982; Berry and others, 2015), which join the river downstream of Masters bp [, the dunes within the dune fields. All field mapping and all imagery used for mapping predate the Lindsey, D.A., Langer, W.H., and Knepper, D.H., Jr., 2005, Stratigraphy, lithology, and sedimenta;
ag7 Qao ’ > DeITy an » £019), ] ! formation sometime prior to 11 ka. Estimated thickness 12 m to as much as 30 m deposits in adjacent or nearby quadrangles: 1.14+0.16 cal ka B.P. (1.23+0.08 '“C large-magnitude flood on the South Platte River that took place during mid-September, 2013 Y, DA ger, W.tL, and pper, L., I, > grapay, gy, and:s entary
) ) quadrangle. Distribution of deposits suggests that influx of large amounts of ka B.P,, Beta_70543) at Milliron Draw, Orchard 7.5’ quadrangle; 0.88+0.21 cal ’ : features of Quaternary alluvial deposits of the South Platte River and some of its tributaries
4467 sidestream alluvium during flood events deflected the South Platte River to the Qlv Louviers Alluvium (middle Pleistocene)—Unit shown in cross section only. Pebble ka B.P. (0.96:0.11 “C ka B.P., Beta-8 4’1821) at south edge of Orchard 7.5" Geologic mapping was aided by optically stimulated luminescence (OSL), radiocarbon (**C), east of the Front Range, Colorado: U.S. Geological Survey Professional Paper 1705, 70 p.
T.5 N T.5 N BEDROCK UNIT north side of its valley and may have episodically dammed the river for short to cobble gravel, sand, and finer grained alluvium filling deep paleochannels quad.ra'ngl'e near Bijou Creek: 0.64-0 11 cal ka B.P (0.68£0.08 C ka BP and uranium-series (**Th/U) age determinations (tables 1-3). Sediment samples for OSL dating [Also available at http://pubs.er.usgs.gov/publication/pp1705.]
A T —M perlicods tof tiine (lS;lottt, 19822. Adccumulat.ion tog thzelsidesgreamt }?lluvti}lm built up (Bgorkl(;md ];mi Broyvn, 11?157;. Coll(;rago Igivisi((;g 607f)WagerS Resczlirgc;:gS ZS()13); . Beta—70542) near Bijou Res e’rv oir, Weldona 7.5" quadrangle; and, 0.82 iO.i 6 cal Kelr)e prtocesseq ant(li1 an.alylzedlz.it th: Universi:y oté ;\IAe?{r)askat;Lgu(;l(\)/}n Lumings\():ve.nile Gzeoo(;:él)ronology Mad(;ie, R.F,il19826; LakelDeVLigl asrzd Pinedale glacial history, Front Range, Colorado: Quaternary
.4 N. .4 N. Upper } surface to a level that now stands approximately 21 m above the active inferred to be Louviers Alluvium by Gardner and Scott . Some o ka B.P 14 8 . , aboratory using the single aliquot regenerative metho urray and Wintle, . esearch, v. 25, no. 1, p. 43-54.
K| } CRETACEOUS . . . . . . ) . . a B.P. (0.89+0.10 "“C ka B.P., Beta—62192) in Greasewood Lake 7.5 ; X
p Cretaceous ﬂoodplam_ in Masters quadrangle'; terrace sur_face increases to maximum height these paleochannels locally may contain deposits of older alluvium. Unit buried quadrangle. Radiocarbon ages for soil carbonate rhizoliths collected from a Equlvalent dose (De) was measured ona Risg DA-20 TL/OSL reader and values were calculated Madole, R.F., 1991, Colorado Piedmont section, in Wayne, W.J., ed., Quaternary geology of the
of approximately 27 m above active floodplain several kilometers downstream, by deposits of Broadway Alluvium (Qba and Qbs). Terrace deposits on north quarry exposure north of Orchard are in good agreement, indicating a using the central age model of Galbraith and others (1999). Dose rates and age estimates were Northern Great Plains, chap. 15 of Morrison, R.B., ed., Quaternary nonglacial
near Bijou Creek confluence (Weldona 7.5" quadrangle). Deposits identified as side of South Platte River previously were mapped as Louviers Alluvium by maximum-limiting age for unpermost eolian sand of aboilt 1.44+0.13 cal ka B.P. calculated using both field moisture of the sample and a fixed estimate of 5 percent moisture (table geology—Conterminous U.S.: Boulder, Colo., Geological Society of America, The Geology of
DESCRIPTION OF MAP UNITS far downstream as Prewitt Reservoir (roughly 65 km east) and Atwood, Colorado Gardner (1967) in adjacent Orchard 7.5 quadrangle, but are mapped here as (156£0.07 1C ka B.P. CAMS. 8234, Muhs and others, 1996). Ages from 1). Moisture content of some of the samples (collected in November, 2011) was very low and North America, v. K-2, p. 456-462.
(roughly 80 km east) by Gardner (1967) and Scott (1978), respectively. mainstream deposits of Broadway Alluvium (Qba). Gardner (1967) similarly elsewhere in the region also support widespread deposition of eolian sand during unlikely to approximate an average condition; the fixed estimate of 5 percent (an intermediate value Madole, R.F., 1994, Stratigraphic evidence of desertification in the west-central Great Plains within
e [Calibrated radiocarbon ages are expressed as “cal ka B.P.,” which stands for calibrated thousand Alluvium light yellowish brown, light olive brown, pale yellow, or light recogmz.ed these deposits as late Pleistocene inage basefl on soil development the late Holocene (Clarke and Rendell, 2003, and references cited therein). within the range of yalues for samples collected in November, 2011 and Aprll—ng, 2012) may the past 1000 yr: Geology, v. 22, p. 483-486.
years before present (0 yr B.P. = 1950 A.D.). Uncertainties are given at the 95 percent (20) gray, poorly to well-sorted, moderately stratified, coarse to very fine sand and and fossil evidence, but mapped them as Louviers Alluvium because he inferred Eoli d deposits of probable middle Hol locall d better represent moisture history O.f the samp les for thg purpose of calculating estimated ages from Madole, R.F., 1995, Spatial and temporal patterns of late Quaternary eolian deposition, eastern
1466 confidence level. Calibrated ages are reported as the midpoint of the calibrated range. In cases silty sand in beds generally 20-60 cm thick. Sand beds commonly separated by the age of Louviers Alluvium to be only about 50-10.5 ka. mosﬂyouﬁei?;ng T:;Si{i)?ocgﬁe :anfi I<Illeipos€i:ts iﬁzefifeaf:a?rén?pci?e }Il{zzgfjjir’ the d-ose rates. R?dlocarbon ages, including those_ Obtamed,m our study (table 2) and previously Colorado, U.S.A.: Quaternary Science Reviews, v. 14, no. 2, p. 155-177.
4456 where calibration produced more than one age range_with a prlolb_ability of 5 percent or more, ages th%n 1-5 Imn) mats of orgz.mic debris and clay, or pgckgts (5—IQ cm thick) of . The Louviers Alluvium is considered coeval with the Bull Lake glaciation (ER), approximately 1 m below the surface, a I'ni ddle Holocene sand deposit I()éltlzllll\s,gfi Ii%;setizrl;[leeci f;319n3 Fh}i;;:;zzrtt:;z, :;Eze;scaélgtir;;?i rus:;ﬁ) ;1:; Irrlltgjilsl; ciztz;sztsanil eCr/;lIg(Ii]3t)7.0 Madole, R.F., Honke, J.S., and Langdon, P.G., 2010, Evidence from the Front Range, Colorado,
- S are basc?d on the mean of the ranges weighted by their probabilities and are presented without thinly laminated dark-grayish brown or black organic-rich clay interbedded with (Scott, 1975; Madole, 1991). Timing of Bull Lake glaciation is less well covered by  thin veneer of late Holocene sand has an OSL age estimate of N ; N > ;| . i , p | g¢ % y indicates that Pinedale glaciation began before 31,000 yr ago [abs.]: Geological Society of
= R uncertainties. layers of pale yellow or light-gray silt and fine sand. Contains abundant detrital constrained than that of Pinedale, but ages that have been obtained for Bull Lake 7740.8 ka (UNL-3468. 5 t moisture. table 1). At Milliron D Orchard other datmg met .0<.is. Uranium-series age analyses were dope at the US. Geological Survey America Abstracts with programs, v. 42, no. 5, p. 363
'z, Qb S . . . . s . . o I foni : : : . 7208 ka ( A » S percent moisture, table 1). 1iron Draw, Urchar Denver radiogenic isotope laboratory using procedures outlined in “USGS-DRIL-01, RO P T e )
al< a 0 Soil-horizon designations and other descriptive soil terminology used in this report follow criteria lignite thought to be mostly eroded from Upper Cretaceous Laramie Formation deposits suggest the glaciation spanned from about 190 to <130 ka (see 7.5" quadrangle, the age of a buried sand deposit is constrained by ages on buried Uranium-Thorium Disequilibrium Studies” bl Madole, R.F., VanSistine, D.P., and Michael, J.A., 2005, Distribution of late Quaternary wind-deposited
= g © outlined in Soil Survey Division Staff (1993), Birkeland (1999), and Schoeneberger and others (see discussion below). Graded beds that fine upward from poorly sorted coarse discussions in Madole, 1991; Schildgen and others, 2002; Pierce, 2003; Sharp soils that provide a maximum-limiting age of about 6.33£0.16 cal ka B.P. h ral'l/l/um- s n l/Seql.ll 1 r/IuII?/U ;uG;eSDS(fegil ReOatU ies.pdf). Suppl | details ab sand in eastern Colorado: U.S. Geological Survey Scientific Investigations Map 2875, scale
=lo Q (2012). Most colors are field dry colors and based on Munsell soil color charts (Munsell Color, sand and granules to mostly fine sand are common. Also common are sand beds and others, 2003; Kellogg and others, 2008; Licciardi and Pierce, 2008). Fluvial 5.5140.09 “C ka B.P.. Beta—72203) and e limiti £ ab ttp://esp.cr.usgs.gov/projects/ut o= — ,C — _Series.p f) upp ementa. etails about 1:700.000. 49 hlet. [Al ilable at http://pub /publication/sim2875
s % . : . . . . . ’ . . . . . . S . . a B.P., Beta ) and a minimum-limiting age of about the samples analyzed and results obtained are provided in the appendix to the geologic map (J.B. 700,000, 49 p. pamphlet. [Also available at http://pubs.er.usgs.gov/publication/sim J
. < 1975). The term “consistence” is the resistance to crushing of soil or surficial material in the hand, that are cross-stratified, finely laminated, crudely stratified, or massive. Sand sediment load may have been greatest during and shortly after deglaciation 1.14+0.16 cal ka B.P. (1.23+0.08 '“C ka B.P., Beta—70543) for the deposit . . McFaul. Michael. Traugh. K.L.. Smith. G.D.. Doering. Willi d Zier. C.J.. 1994
5 . . L o . rains mostly subaneular: lesser amounts subrounded. Coarse sand erains and Church and Ryder. 1972: Madole. 1991: Schild d others. 2002: Lind . : RS : L D cp Paces, 2*Th/U ages supporting geologic map of the Masters 7.5’ quadrangle, Weld and Morgan cFaul, Michael, Traugh, K.L., Smith, G.D., Doering, William, and Zier, C.J., >
9 as described by Soil Survey Division Staff (1993). In descriptions of clast lithology, the term g y gular; . g (Church and Ryder, ; Madole, ; Schildgen and others, ; Lindsey (Madole, 1995; Madole and others, 2005). Radiocarbon ages for soil carbonate Counties, Colorado, http:/pubs.usgs.gov/sim/3344/sim3344 appendix_1.pdf). The *Th/U Geoarchaeologic analysis of South Platte River terraces—Kersey, Colorado: Geoarchaeology,
ir ° “granite” refers to phaneritic igneous or meta-igneous rock types that are felsic to intermediate in granules of quartz and feldspar common. Few scattered fine pebbles of tuff, and others, 2005); therefore, some of the youngest alluvium may post-date the hizoliths collected fi h of Orchard > » NUP-//PUDS. USES. £OY -app —bab)- -
N - iti shale, and granitic rock types. Soft to hard dry consistence. Iron oxide nodules Bull Lake glaciation by a few thousand years. Thickness is uncertain because e s “ c?c_te 1O & Fuarty exposute north of Orchard suggest 2 analyses provide constraints on the minimum ages of deposits from which samples were collected V- 9, 00. 5, p. 345-374.
20 . composition] ’ lini ) t locall dicalarly i d. lav | ’ . gl buried by d Y ) ) h h Platte Ri d minimum-limiting age for buried eolian sand of about 3.90+0.20 cal ka B.P. (table 3); the oldest 2°Th/U ages are interpreted as being closest temporally to the minimum age of Muhs, D.R., 1985, Age and paleoclimatic significance of Holocene sand dunes in northeastern
20 I;las§esflorfpore 1n11;gs lpresen ocally, par ﬁ:u alr y 1nS sar;h};l: Etlty l:yers.bl " l];lnlt 1s m(():ft y1 urie | I}Iygurfgerd e}:;\(l)s;)ts akong t eiout i atte 1Vler corridor (3.60+0.07 “C ka B.P., CAMS—-6378, Muhs and others, 1996) at that site. the depositional event Colorado: Annals of the Association of American Geographers, v. 75, no. 4, p. 566—582.
SURFICIAL DEPOSITS ypically forms vertical exposures, especially along South Platte River blu etween Greeley and the Colorado—Nebraska State Line (for example, see Enisodes of eolian sand deposition during the middle Holocene are also ’ . : ’ ’
(Berry and others, 2015). Contact with mainstream alluvium typically sharp, Colton, 1978; Scott, 1978), but subsurface lithologic data from test holes and d(I))cumente d at other sites VI:fithin the regiin (Clarke and Rendell, 2003, and ACKNOWLEDGMENTS Mubhs, D.R., StaffoFd, T.W,, Cow.he.:rd, S.D., Mahan, S.A., Kihl, Rolf, Maat, P.B., Bush, C.A., and
Artificial fill most notably marked by difference in color and coherence. Soil profile water wells (Bjorklund and Brown, 1957; Colorado Division of Water Resources, references cited therein) > > I(\}Iehrlng, illerlmlfer, 1?36, Orig13n of tlhzeglalt: ;)uaternary dune fields of northeastern Colorado:
e . characterized by thin argillic B horizon with moderate prismatic structure, and 2013) indicate that in buried paleochannels, unit could be up to 30 m thick in . ’ ) ) This project was supported by the U.S. Geological Survey’s National Cooperative Geologic eomorphology, v. 17, no. -3, p. 129-149. . .
Elj Artificial ﬁll_ (latest. Holocene)—Ipcludes abutme_nts _where roadway crosses South Bk horizon with stage II filamentous carbonate morphology. Soil profile buried Masters quadrangle and up to 45 m thick in adjacent Orchard quadrangle Sand deposits of probable late Pleistocene age (marked by dark stipple) are Mapping P The National A iati fG i Teachers (NAGT)-U.S. Geological Munsell Color, 1975, Munsell Soil Color Charts: Baltimore, Maryland, Kollmorgen Corporation,
1 d track of railroad ficial 1 d banks. and d q g p ly q g . . apping Program. The National Association of Geoscience Teachers ( )-U.S. Geologica o
Platte River, raised track of railroad, some artificial levees and banks, and dam by younger eolian sand in many places extensive in the Masters quadrangle as well as regionally (Muhs and others, S C rative Summer Field Trainine Proeram also provided ct through a student Macbeth Division.
embankments at bmpire and Riverside Reservoirs. Artificial fllis present along OSL and "“C i indi late Plei for Qbs. A dated Gl Intermediate alluvium (middle Pleistocene)—Mostly covered by eolian sand but 1996; Madole and others, 2005). At site ER a deposit of late Pleistocene sand has SE;V;L 12?51:1 awt:eth:nk t}fe m:n laidowierso\%/}?o ?asc?ilflv fanizﬁiicess ?: %he?rs ?o eert We Murray, A.S., and Wintle, A.G., 2000, Luminescence dating of quartz using an improved
most canals and ditches but only mapped locally. Chiefly consists of gravel, ‘ an age estl.mates in 1cate.: a late ; eistocene age, or Qbs. A date exposed locally along Empire intake canal and in small gravel pit near Empire an OSL age estimate of 26.4+2.5 ka at approximately 0.7 m depth (UNL-3467, 5 e L . i ‘dy e o tgd o Yy & B . Tavt pUé)Gsy.f single-aliquot regenerative-dose protocol: Radiation Measurements, v. 32, no. 1, p. 57-73.
| sand, silt, and rock and concrete fragments section at the mouth of Kiowa Creek (site KC, in Orchard 7.5’ quadrangle) i i i i ercent moisture, table 1). This age is in good agreement with radiocarbon ages aiso thank the many other mdividuals who contributed fo the project. Bmily M. 1ay or ( ) or . .
4464 ielded OSL age estimates (5 percent moisture) of 12.0+1.1 ka (UNL-3462) at Reservoir. Yellowish or light reddish brown, poorly to moderately sorted, weakly P ’ ) 1S ag & & g accessing and compiling test hole and water well locations and subsurface lithologic data for use in Nadler, C.T., and Schumm, S.A., 1981, Metamorphosis of South Platte and Arkansas Rivers,
Yy, . . y . g p T , to moderately stratified, moderately cemented, sandy pebble and cobble gravel, Muhs and others (1996) obtained for soil carbonate nodules from an underlying ) ; .. . ) eastern Colorado: Physical Geography. v. 2. no. 2. n. 95-115
g4 Shoreline deposits approximately 1.7 m depth, 16.8+1.7 ka (UNL-3466) at approximately 2.6 m cbbly sand. sand. and silty sand in inferred terrace remnant approximately 24 m buried soil at a site roughly 2 km north of site ER that provide ArcMap; Sarah R. Survis (NAGT Intern) for assisting with field work; Shannon A. Mahan (USGS) : Phy graphy, v. 2, no. 2, p. .
\ 7 S . . _ depth, and 15.2+1.5 ka (UNL-3463) at approximately 3.6 m depth (table 1). pebbly sand, sand, and si'ty + approa Y . limit for the sand of 31 21£0.23 cal ka B.P. (2 171 for her loan of a portable gamma spectrometer to measure OSL dose rates in the field; and Jeffrey Nelson, A.R., Millington, A.C., Andrews, J.T., and Nichols, Harvey, 1979, Radiocarbon-dated
2N // g o Well ! Y Qsh Shoreline deposits (latest Holocene)—Mostly pale brown, brown, or yellowish These age estimates are in good agreement with a “C age of 14.53+0.56 cal ka above a.ctlve floodplain. Pejbbles and c9bbles mostly quartz1te, gneiss, gra.m.lte, maximum-limiting ages for the sand of 31.21+0.23 cal ka B.P. (27.30+0.17 “C S. Pigati (USGS) for helpful discussions of radiocarbon dating methods and samples, identification upper Pleistocene glacial sequence, Fraser Valley, Colorado Front Range: Geology, v. 7, no. §,
Windmill s 7/ 4419y 52 |- brown, moderately to well sorted, fine to medium grained sand reworked from . . T egmatite, and sandstone; includes bluish-gray quartzite that probably originated ka B.P., CAMS-11339), 31.36+0.48 cal ka B.P. (27.42+0.30 “C ka B.P., . . .. . S .
) y g peg gray q p y orig
447/ / ( I o Q ’ ’ B.P. (Aeon—1064, table 2) we obtained for probable Succinea snail shells . . . 1 of probable Succinea snail shells, and submission of our radiocarbon samples for analysis. Daniel p. 410-414.
77 . Qa2 ! P « eolian sand deposits by shoreline processes at Riverside and Empire Reservoirs. ’ : : . from outcrops in Coal Creck Canyon (Lindsey and others, 2005). Diameter of CAMS-16612), and 30.58+0.51 cal ka B.P. (26.41+0.24 "Cka B.P, ; : ~ ~ - ot e Gillesn
4 Gaging Sta &fj,~/»%; Qaa < ’ ’ ) o - collected at a depth of approximately 3.7 m from a section of Qbs exposed in the . . . . . R. Muhs (USGS) and Ralph R. Shroba (USGS) provided thorough reviews that greatly improved Pierce, K.L., 2003, Pleistocene glaciations of the Rocky Mountains, in Gillespie, A.R., Porter, S.C.,
) 4416 /S T Deposits post-date reservoir construction. Periodically inundated when water : . ' . largest clasts commonly 10-11 cm but ranges up to 21 cm. Clasts subrounded to CAMS-16604). Eolian sand deposition during the late Pleistocene likely was e L . . .
A & S . . ' : y South Platte River bluff about 4.8 km downstream of Kiowa Creek (site H-R, in . . . . . . . . > . . this Scientific Investigations Map. Leonid A. Neymark (USGS) and Wayne R. Premo (USGS) and Atwater, B.F., eds., The Quaternary Period in the United States, volume 1: Developments
/ 3 levels in reservoirs are high. Estimated thickness less than 2 m Orchard 7.5’ quadranel ion H of Gard 1967). Th 1 - well rounded. Yellowish-red and reddish-yellow iron oxide stains common to intermittent, and may have resulted in late Pleistocene deposits of various ages rovided comprehensive technical reviews of the appendix on 2°Th/U ages in Quaternary Sciences, Amsterdam, Elsevier, p. 63—76
L rehard 7.>" quadrangle, at section H of Gardner, ) © ages also are il abundant on clasts and in matrix. Clay-rich argillic B horizon present locally but within the quadrangle; some may be as young as 12 or 13 ka (Madole and others, b P : : PP . . ;e ' : ’ o ’
’ Alluvial d i good agreement with OSL age estimates (5 percent moisture) for a section . . (http://pubs.usgs.gov/sim/3344/sim3344 appendix_1.pdf). Reimer, P.J., Bard, Edouard, Bayliss, Alex, Beck, J.W., Blackwell, P.G., Ramsey, C.B., Buck, C.E.
uvial deposits d in the north cutbank of Bijou Creek (site BC, in Weldona 7.5’ poorly preserved. Pedogenic carbonate horizon has stage ITII morphology; coats 2005). - - CI; ’H . I,Ed d il L F . dri h’ Mi h’ | é ; PNE G "ld 7T P I:I flid ’ ?
exposed in the north cutbank of Bijou Creek (site BC, in Weldona 7. . . . ) ) . . . eng, Hai, Edwards, R.L., Friedrich, Michael, Grootes, P.M., Guilderson, T.P., Haflidason,
Qaa Active channel and floodplain alluvium (late Holocene)—Equivalent in part to quadrangle about 13.5 km upstream of the river confluence): 12.4+1.1 ka (rinds) of f:alcmm. carbonate on clasts commonly. thin. ) Main source of eolian sand is Sf)mh Platte River for sands in t}}e Fort REFERENCES CITED Haflidi, Hajdas, Irka, Hatté, Christine, Heaton, T.J., Hoffmann, D.L., Hogg, A.G., Hughen,
4463 post-Piney Creek alluvium of Scott (1963). Very pale brown, light brownish (UNL-3498) sampled at approximately 1.1 m depth; and 14.6+1.2 ka Uranium-series age analyses were done on innermost calcium carbonate Morgap dune ﬁffld, made up qfa series of dune fields south of the river, and ) K.A., Kaiser, K.F., Kromer, Bernd, Manning, S.W., Niu, Mu, Reimer, R.W., Richards, D.A.,
o gray, light yellowish brown, or light pinkish brown. Mostly fine to coarse sand, (UNL-3499) sampled at approximately 1.9 m depth (table 1). rinds subsampled from multiple clasts, which were.collecte(.i at appro.ximatel}{ Laramie Formation for sands. in the Greeley dune field, located north of t.he.rlver Aleinikoff, J.N., and Muhs, D.R., 2010, Isotopic evidence for South Platte River and bedrock Scott, E.M., Southon, J.R., Staff, R.A., Turney, C.S.M., and van der Plicht, Johannes, 2013,
| pebbly sand, silty sand, and sandy pebble and minor small cobble gravel, Organic material collected from a thin (25 mm) interbed of organic debris 100-120 cm depth below the ground surface from intermediate alluvium (Qai) (Muhs and others, 1996; Aleinikoff and Muhs, 2010). Trends of dunes within the sources for eastern Colorado dune fields [abs.], in Second International Planetary Dunes IntCall3 and Marine13 radiocarbon age calibration curves, 0-50,000 years cal B.P.:
wp interstratified with thin (<1-5 cm) layers or lenses of very pale brown silt and del & ¢ imately 2.5 m denth. iust above OSL sediment & ) cropping out beneath eolian sand along the Empire Intake Canal (site EIC). The quadrangle (averaging about N. 34° W. south of river and about N. 27° W. north Workshop—Planetary Analogs—Integrating Models, Remote Sensing, and Field Data, May Radiocarbon, v. 55, no. 4, p. 1869-1887.
SYE i ic-ri i - and clay at approximasely .5 m depth, Just above sediment sample analyses produced reliable results (see discussion in appendix of river) are consistent with regional average trends reported for the dune fields 18-21, 2010: Alamosa, Colo., Lunar and Planetary Institute, abstract no. 2006. P . : : :
> dark grayish brown, organic-rich clayey silt and clay. Poorly to well-sorted, and UNL-3466, yielded a “C age estimate of 43.90+5.69 cal ka B.P. (Aeon-950 yses p . ) . PP ’ 0 & & . . o ’ ’ ’ y ’ Riihimaki, C.A., Anderson, R.S., Safran, E.B., Dethier, D.P., Finkel, R.C., and Bierman, P.R., 2006,
¥ weakly to moderately stratified. Sand beds commonly cross-stratified. Filled able 2) wh’i ch is likely an infinite age (J.S. Pigati. U.S. Geological Surve ’ http://pubs.usgs.gov/sim/3344/sim3344_appendix_1.pdf), and oldest **Th/U b}f Muhs (1985) apd Muhs and others (1996).; corqus:d Wlth dune d1str1butlop Benson, Larry, Madole, Richard, Kubik, Peter, and McDonald, Richard, 2007, Surface-exposure Longevity and progressive abandonment of the Rocky Flats surface, Front Range, Colorado:
5 N burrows common. Clasts mostly granite, gneiss, pegmatite, quartz, feldspar, and (USGS), oral communy 2012). Gar dier ('19' 67)g als,o d.at.e dor aiic ma teriai/ from ages that primarily cluster in two groups (figure 1-7 in appendix); one cluster w¥th respect to primary sand source, dune orientation indicates sand—transpgrtmg ages of Front Range moraines that may have formed during the Younger Dryas, 8.2 cal ka, and Geomorphology, v. 78, p. 265-278. ’ ’
S sandstone; most clasts subrounded to rounded. Also contains minor amounts of Qbs th a’t ielded an an.c’) nal ou.sl old date. Pollen analvsis ofghi s dated sample made up of four subsamples from two separate clasts (Wp95-Al-2, w%nds that formed the dunes primarily came from the northwest, as do dominant Little Ice Age events: Quaternary Science Reviews, v. 26, no. 11-12, p. 1638-1649. Schacfer. JM.. D entor; G H’ Barrell. DJA.. Tvy-Ochs. Susan. Kubik. PW.. Anderson. B.G... Phillins
lignite fragments thought to be eroded mostly from Upper Cretaceous Laramie indicatedz lant assemblage of iate Cretaceous age lzadin Gardner (196% to Wp95-A2-1, Wp95-Bl, and Wp95-B2, table 3) has an error-weighted-mean age winds at present (Muhs and others, 1996; Madole and others, 2005). Currently, Benson, Larry, Madole, Richard, Landis, Gary, and Gosse, John, 2005, New data for late FM., Lowell, T.V, and Schitichter '(ihr'i’stzi 2006, Near-synchronous interhemispheric >
3 Formation cropping out along tributaries south of the map area (Braddock and interoret thepsarn leas li fite from the Laramic Fc%rr’nation & hich crons out of 334+9 ka; the other cluster, made up of two subsamples from separate clasts dunes are mostly stabilized by vegetation. Thickness up to 20 m in compound Pleistocene alpine glaciation from southwestern Colorado: Quaternary Science Reviews, v. 24, termination of the last elacial maximum in mid-latitudes: S}:ilence v.312. no 57719) 15101513
I\ x5 Cole, 1978). Locally, grains stained with reddish yellow iron oxide and black tpret p ¢ 85 U8 W pS ou (Wp95-B3 and Wp95-E1, table 3) has an error-weighted-mean age of 382+16 parabolic dunes both north and south of river, but thins to less than half a meter locally no. 1=2. 1. 4965 ) ste : : > V. 214, 1O P17 :
s I~ i . ’ . . along Kiowa and Bijou Crecks south of the map area. We suspect our sample ka. Therefore. the data indicate with a high d £ confid that the alluvial ) o P o o . ) ) Schildgen, Taylor, Dethier, D.P., Bierman, Paul, and Caffee, Marc, 2002, 2°Al and '°Be dating of
4462 2 PlLATE £ El manganese oxide at water level. Uppermost 25-50 cm of sediment on floodplain (Aeon—950) also contained lignite from the Laramie Formation. Probable lignite a. | Tierelors, the data mcicate Wit a ugh degree O confidence that Hie a“uvia BEDROCK UNIT Benson, Larry, Madole, Richard, Phillips, William, Landis, Gary, Thomas, Terry, and Kubik, Peter, late Pleistocene and Holocene fill terraces—A record of fluvial deposition and incision.
= = A //*\\// 5o typically light grayish brown, crudely stratiﬁed,.p oorly sorted sandy. silt, Sﬂty. debris is common to abundant in other exposures of Qbs along Bijou Creek and cla.sts were deposlltec.i prior to 334 ka; baseq on the two oldest ages, the best 2004, The probable importance of snow and sediment shiclding on cosmogenic ages of Colorado Front Range: Earth Surface Processes and Landforms, v. 27, no. 7, p. 773—78,7.
Qaa Xt S - sand, and granule- to fine-pebbly sand. Less active parts of floodplain have thin, he South Platte River bluff. as al dby S 1978) f d estimate for the minimum age of the deposit is somewhat older than 382 ka. Kp Pierre Shale (Upper Cretaceous)—Unit shown in cross section only. Underlies north-central Colorado Pinedale and pre-Pinedale moraines: Quaternary Science Reviews, v. . : . ; o
S : . . . the South Platte River bluff, as also noted by Scott ( ) for areas downstream. Schoeneberger, P.J., Wysocki, D.A., Benham, E.C., and Soil Survey Staff, 2012, Field book for
weakly developed surface soil (A/C profile). Estimated thickness 3-5 m . . . These results support correlating intermediate alluvium at site EIC with older uaternary deposits in map area (Biorklund and Brown. 1957: Colorado B B reet £, cxl, .A., beiham, &L, 5 >
Y Estimated thickness up to 6 m in Masters quadrangle, 6-10 m where exposed deposits of Slocum Alluvium, which have a proposed age range of 320-390 ka Q. ernary cep P (Bj . T 23, no. 1-2, p. 193-206. describing and sampling soils, version 3.0: U.S. Department of Agriculture Natural Resources
S T l(Gaging Sta Qal Young alluvium 1 (late Holocene)—Equivalent in part to post-Piney Creek alluvium along river bluff in Orchard quadrangle, and possibly as much as 18 m near the (Kellogg and others, 2008) "l:hickness is poorly constrained but may be 13-18 m Division of Water Resour({es, 2013). Wher&? unit crops out in nearby quadrangles Berry, M.E., Slate, J L., and Hapson, PR., 2013, Indlcaf[lons of rapid geomorphlc response of the.: Conservation Service, National Soil Survey Center, Lincoln, Nebr., accessed February 4,
- Qat / ! of Scott (1963). Forms low terrace approximately 1.5 m above active floodplain. southern border of Orchard quadrangle around Bijou and Kiowa Creeks ’ ’ com_pose.d ofuppe.r transition me_mbefr of Pierre Shale: dark-gray calcareous South Platte River system in eastern Colorado during the late Pleistocene—Holocene transition 2014, at http://www.nrcs.usda.gov/Internet/FSE DOCUMENTS/nres142p2_ 052523 .pdf.
= / g Sta & Surface occasionally flooded. Alluvium very pale brown, light brownish gray, (Gardner, 1967) Qao Old alluvium (early Pleistocene)—Mostly covered by eolian sand but exposed in ISnarzlne Sllt}{') s(lllale 1(111terbeddf:d w1thl.11ght-gra)i shaly sandstone and sandy Slll:.ﬂi [abs.]: Geological Society of America Abstracts with Programs, v. 45, no. 7, p.190. Scott, G.R., 1960, Subdivision of the Quaternary alluvium east of the Front Rang; near Denver,
e~ g —" light yellowish brown, or light pinkish brown, fine to coarse sand, pebbly sand, Qba Mainstream deposits of Broadway Alluvium (late Pleistocene)—Mapped as gravel pit near south edge of quadrangle. Light reddish or yellowish brown, Can St(?e cds an co%cretlogar}t/ 1mestone ‘aye;s uﬁ toa met::r 012 m((;re I 1CK. Berry, M.E,, Slate, J.L., Hanson, PR., and Brandt, TR., 2015, Geologic map of the Orchard 7.5’ Colorado: Geological Society of America Bulletin, v. 71, no. 10, p. 1541-1543.
= 7 4439 | and sandy pebble and minor small cobble gravel. Interstratified with thin (<1-5 Broad Alluyium by Gardner (1967) and 1 ber of Broad moderately to well-cemented, poorly to moderately sorted, sandy pebble and oncretions common. L'pper LICtaccous marine fossiis sparse to abundant. quadrangle, Morgan County, Colorado: U.S. Geological Survey Scientific Investigations Map Scott, G.R., 1963, Quaternary geology and geomorphic history of the Kassler quadrangle,
] (7 ( " cm) layers or lenses of very pale brown silt and dark grayish brown, organic-rich roacdway Atuvium by Lardner anc fower member of broadway cobble gravel, pebbly sand, sand, and silty sand in inferred terrace remnant Thickness of formation close to 1,800 m in map area (Gardner, 1967; Scott, 1978) 3331, 1 sheet, 1:24,000, http://dx.doi.org/10.3133/sim3331. Colorado. chap. A of Geol £ the Kassl dranele. Jeff d Douglas Counti
/ ) ! Y ray ’ Alluvium by Scott (1978). Forms terrace approximately 12—15 m above active . | Ve fl lai Kl ) fied: . . ) L olorado, chap. A of Geology of the Kassler quadrangle, Jefterson and Douglas Counties,
4 \u\ > T T ~ / U < clay. Poorly to Well-sorted, Weakly to moderately stratified. Sand beds s . approximately 60 m above active OOdp ain. Wea y to moderate y strati led’ Blrkeland, P.W., 1999, Soils and geomorphOIOgy (3d ed) New YOI'k, Oxford UanerSlty Press, 430 p. Colorado: U.S. Geological Survey Professional Paper 421. 70 p. [Also available at
611 aps aage e e o 3 = , ~ / I | : . ; floodplain; terrace surface largely covered by eolian sand (Qes) but well d bed ) tratified. Pebbl bbi dmi 1 bould EXPLANATION OF MAP SYMBOLS ) ’ ; ) : g Survey p ,70p
T ,*\ e h W@ﬂ;\(g\ - 'Zfﬁﬂ D 21 +4438 2| 3 I \\ < . commonly cross.-stratlﬁf:d. Loose tp shght_ly hard dry consistence. Logally, exposed in Green City Flats area. Underlies and interpreted to interfinger with sand beds commonly cross-stratified. Febbles, cobbles and minor small boulders B1rkelanq, P.W, Miller, D.C., Patterson, P.E., Price, A.B., and Shroba, R'R'T 1996, Soil-geomorphic http://pubs.er.usgs.gov/publication/pp421A.]
Gravel A | “@ra«ﬂﬂ\ , [ H ~ = \‘ @ee y, 7 ) H \_ 4,430 grains stained with reddish yellow iron oxide and black manganese oxide. Some sidestream Broadway Alluvium (Qbs) from Kiowa and Bijou Creeks south of (up to _30 cm 41ameter? generally .rounded to well rognded. C135t§ mostly ) relatlonshlps near chky Flats, Boulder and Golden, Colorado area, with a stop at the Scott, G.R., 1975, Cenozoic surfaces and deposits in the southern Rocky Mountains, in Curtis, B.F.,
S [ TN N/ "\ ‘ 7Y ‘ I —— of the finer-grained beds show signs of soft sediment deformation. Filled South Platte River mostly east of the Weld Countv—Morean County line. Unit quartzite, gneiss, granite, pegmatite, and sandstone; includes bluish-gray Contact—Dashed where approximately located pre-Fountain Formation paleosol of Wahlstrom (1948): Colorado Geological Survey ed., Cenozoic history of the southern Rocky Mountains: Geological Society of America
*so / = L \ “ g I = burrows common. Clasts mostly granite, gneiss, quartz, feldspar, pegmatite v yYore v e quartzite that probably originated from outcrops in Coal Creck Canyon (Lindsey Open-File Report 96-4, Field Trip 27, accessed September 25, 2014 at o
\ 7" | Qa3 ‘J 7% ‘ | = : ’ > g ’ T crops out poorly due to cohesionless nature of the sediment when dry. High ) . . . . > T ’ ’ Memoir 144, p. 227-248.
: ’ AN N s o= chert, and sandstone; most clasts subrounded to rounded. Locally contains minor potassium feldspar content gives unit a distinctive pinkish hue, particularly in and (?thers, 200?)' Den?,e accumulations of red, yellowish-red, and . Dune Crests—Only crests clearly visible on National Agriculture Imagery Program http://store.coloradogeologicalsurvey.org/. Scott, G.R., 1978, Map showing geology, structure, and oil and gas fields in the Sterling 1°x2°
’ : BN X~ 3 > A= : H @ = amounts of lignite fragments. Uppermost sediment packet in alluvial sequence exposures along South Platte River bluff in Orchard and Wel dc’) na quadrangles reddlslh-yellow iron oxide and lesserl amognéZOfbleiCk manganese OX“ie (NAIP) orthoimagery are shown Birkeland, P.W., Shroba, R.R., Burns, S.F., Price, A.B., and Tonkin, P.J., 2003, Integrating soils and :luadrz;ngle ’Colorado Nebraska an’d KansaS',U S. Geological Survey Miscellaneous
\\, ‘\\ - ' /; 5 g - N WW\J 23 G ically light grayish brown or pale bI‘OWIl, crudel Stratiﬁed, oorly sorted ’ prevalent in matrix, on grains, and along be ing planes. Secon ary silica may . . . . eomorpholoev in mountains—An example from the Front Ranee of Colorado: . S S ’ . PR .
o Well { = R AN 0 2 ‘ Qfc 0 = Z};lrjld si}it filtygsaid o ranulg- e saz‘nd o lenfes ofysilt o Alluvium pink, pinkish gray, or light reddish brown, moderately well- to also be present based on the strength of cementation. Calcium carbonate Qes Areas where eolian sand Qes probably is Holocene in age but generally thin é p . 2y o s 324 g : Investigations Series Map If10,92’ §cale 1:250,000. [Also available at
17230 ) L~ / e Vo ¢ 17°30 darkygrayish brown élay S%urface soil typi(I:)ally goorly drained A/C profile poorly sorted, fine to coarse sand, pebbly sand, silty sand, and sandy granule to accumulations common along fractures and as thin coats on clasts. Biorkl eo(rin(irr‘)l ° oi};;v. ’ rI;Oi: 1 9’ 5p7. G 71 ' d 4 fihe South http://pubs.er.usgs.gov/ publlcatlon/ll.O92 -] ]
—== . o/ Qba 24474 Estimated thickness 3—5 m ' pebble gravel. Commonly cross-stratified. Locally has interbeds of pinkish gray Gardner (1967. p. 57) i d deposit as Rockv Flats Alluvi hich ‘| Areas where eolian sand Qes may be late Pleistocene in age jorklund, L.J., and Brown, R.F., 1957, Geology and ground-water resources of the lower Sout Scott, G.R., 1982, Paleovalley and geologic map of northeastern Colorado: U.S. Geological Survey
3 @ 4468 N to very pale brown silt or laminations of dark grayish brown clay. Sand grains has an ertilililt(e da é%f at)lézzet:rffjﬁi 6 Iffaf)?]l;iils(el;f d}elln da;:hersu\igl;;’) V(;’r :{) out e ..,.1 \P)\l/atte I;lverIVagley b?g\gzer;?lardlr;(lfoloraq;),l;':llnd Paxton Nebraska: U.S. Geological Survey Miscellaneous Investigations Series Map I-1378, scale 1:250,000. [Also available at
§ 3 (A — // 7 ‘ Qa2 Young alluvium 2 (late Holocene)—Equivalent in part to post-Piney Creek alluvium mostly subrounded. Gravel typically rounded to subrounded clasts of granite, 1.5 Ma (Dethier afd others. 200 1') to .about 2 Ma (Birkeland and (’) thers. 2003: I - 7: Intermittent wetlands and ponds—Low-lying areas prone to wetness and ponding httat'e/r/_ li)pp y Faper | i)l' tP- [/ 5012;\’73; able at http://pubs.er.usgs.gov/publication/i1378.]
wg Z N 60 of Scott (1963). Forms low terrace approximately 3 m above active floodplain. gneiss, pegmatite, feldspar, quartz, chert, and sandstone. Largest clasts ﬁiihimaki and others. 200 6" see discussion in Kelloge and others. 2 008,) > T within eolian sand deposits (Qes). Includes areas that in some years have P://pubs.Crusgs.gov/publication WSP . ] ) o Sharp, W.D., Ludwig, K.R., Chadwick, O.A., Amundson, Ronald, and Glaser, L.L., 2003, Dating
e Surface occasionally flooded in some places and rarely flooded in others. commonly 3-5 cm diameter, but cobbles and small boulders (up to about 32 cm althoush vouneer a és havé also been proposed (Ri;gllgimaki and o,thers 2’ 006: relatively large ponds, but that appear to lack standing water in 2013 NAIP Braddock, W.A., and COlej J.C., 1978, Prel}mmary geologic map of the Greeley 1°x2° quadrangle, fluvial terraces by 2°Th/U on pedogenic carbonate, Wind River Basin, Wyoming: Quaternary
g3 Alluvium very pale brown, light brownish gray, light yellowish brown, or light in diameter) present locally. Accumulations of reddish-yellow to yellowish-red Diihnf%) rtl}ll an dgothe%s 2012). A fossil tgotlI: (Stegomastodon elegans) from a site orthoimagery Colorado and Wyoming: U.S. Geological Survey Open-File Report 78-532, 11 p., I sheet, Research, v. 59, no. 2, p. 139-150.
a pinkish brown, fine to coarse sand, pebbly sand, and sandy pebble and minor iron oxide and black manganese oxide common as coats on grains, masses in downstream of Fort 1\;Ior an .(NW‘A SWY. sec 7g T5N.R.5 SgW) collected W Includ . d . deh Is of South Platte Ri i 1'259’000' [Also available at http:/ p}lbs.er..usfgs.gov/ pub?lcatlon/(.)fr7§53 2 ] Soil Survey Division Staff, 1993, Soil survey manual: Soil Conservation Service, U.S. Department
small cobble gravel. Interstratified with thin (<1-5 cm) layers or lenses of very matrix, and linings that accentuate bedding. Surface soil profile typically has from a deposit also a rogximatel 60 m a’bove. t};e ;mtivg ﬂc;o g lain’ and manped ater — nfl u ES water 11(11 p0111. 2S:1 r(;:g(e)rvmlr > 33 ¢ ;mg.e s Oh outh Platte 1ver(\1m. ¢ Bryan, K,lrk’ ar}d Ray, L.L., 1940, Geologlc antiquity of the Lindenmeier site in Colorado: of Agriculture Handbook 18, 437 p.
pale brown silt and dark grayish brown, organic-rich clay. Poorly to well-sorted, thin argillic B horizon with weak to moderate prismatic structure, and a thin Bk as Rock %lats Alluv?fm by Sc oti/ (1978, 1982), supports an eaIr,l Pleistoc egf ace enoug ltlo © glappe lf t L VY sea dea' ater' © IFS ¢ ane (11n Posmﬁn an ) size Smithsonian Miscellaneous Collections, v. 99, no. 2, 76 p. Stuiver, Minze, and Reimer, P.J., 1993, Extended “C database and revised CALIB radiocarbon
weakly to moderately stratified. Sand beds commonly cross-stratified. Loose to horizon with stage II carbonate morphology. for the d}; osit (Scott 1982}; Thickness poorly co nl:gai ned but nil av be as mu chg s;asona Y in annua }lla ozatlorzloaln 3 Ngt};nsml? o" ponas ?\? AIr}l)\{er y anneli Chapman, S.S., Griffith, G.E., Omernik, J.M., Price, A.B., Freeouf, Jerry, and Schrupp, D.L., 2006, calibration program: Radiocarbon, v. 35, no. 1, p. 215-230.
slightly hard dry consistence. Locally, grains stained with reddish yellow iron At a site roughly 1.4 km east of Masters, Colo. (on north side of river near as 9 m (ScI:)ott 1978) ’ ' poorty Y S (;\g?lon td 12801(1)1;11);1 re base Ortl | fort tonpa%e%. d lm(ailgseryt;:la en Ecoregions of Colorado (color poster with map, descriptive text, summary tables, and Taylor, B.N., and Thompson, Ambler, eds., 2008, The International System of Units (SI): U.S.
oxide and black manganese oxide. Some beds show signs of soft sediment western edee of quadranele). unit includes 7(; em of crumbly clay. pinkish silt ’ m an ' shows a greater volume of water mn both ponds and Sou photographs): Reston, Virginia, U.S. Geological Survey (map scale 1:1,200,000), accessed De . . .
, : , . . partment of Commerce National Institute of Standards and Technology (NIST) Special
uigl — deformation. Filled burrows common. Clasts mostly granite, gneiss, quartz, platy silty f%me sz?n d burrgow)e d sandy silt with gray and yell g/wis}? gr;e en color Alluvial and colluvial deposits Platte River relative to 2013 imagery April 21, 2010, at http://www.epa.gov/wed/pages/ecoregions/co_eco.htm. Publication 330 (2008 ed.), 96 p.
\‘ feldspar, pegmatite, chert, and sandstone; most clasts subrounded to rounded. banding, over white silt with common shell fragments and small articulated clam ) ) ) ® R Optically stimulated luminescence (OSL) sample location—With site name that Church, Michael, and Ryder, J.M., 1972, Paraglacial sedimentation—A consideration of fluvial U.S. Department of Agriculture (USDA) Farm Service Agency Aerial Photography Field Office
Locall i i flienite fi U di & . 8 . Qfc Fan alluvium and hillslope colluvium (Holocene)—Mapped mostly along south . ditioned by glaciation: Geological Society of America Bulleti 83 P & gency graphy >
ocally contains minor amount.s of lignite ragments. ppermost sediment shells. Hard dry consistence. Interpreted as quiet water deposits that may have o of South Platte R. il o ez 2 links to sample field number (see table 1) processes conditioned by glaciation: Geological Society of America Bulletin, v. 83, p. 2009, USDA-FSA—APFO NAIP MrSID mosaic: U.S. Department of Agriculture Farm
packet in alluvial sequence typically light grayish brown or pale brown, crudely been deposited at a time when the river was temporarily dammed by sidestream side of Sout .att_e DIV, WhETe AITIS1ope proeesses are actively degrading river 3059-3072. Service Agency Aerial Photography Field Office [Geospatial Data Gateway, Morgan County,
; P . . . . . bluff. Includes individual and coalescing alluvial fans at mouths of headward- B Uranium-Thorium (3*Th/U) sample location—With site name that links to sample : : : ! . o ’
stratified, poorly sorted sandy silt, silty sand, and granule to fine pebbly sand flood deposits (Qbs). Underlying sands brightly stained reddish yellow, . . . P P Clarke, M.L., and Rendell, H.M., 2003, Late Holocene dune accretion and episodes of persistent Colo., Ortho Imagery, 2009 National Agriculture Imagery Program mosaic], accessed March
with lenses of silt and dark grayish brown clay. Surface soil in Masters yellowish red, or dark red due to iron oxide accumulation. erod}fl}g dgulllesland coilluw];lll;; man:iles 0(;1 510(11365- Vlel’y Palzbro‘g’n, C?d?)i field number (see table 3) drought in the Great Plains of northeastern Colorado: Quaternary Science Reviews, v. 22, no. 4, 2011, at http://datagateway.nres.usda.gov/GDGOrder.aspx.
- uadrangle variable, ranging from A/C profiles to profiles with weakl ~ ~ N . stratitied, poorly sorted pebbly sand, and moderately sorted sand with silt lenses 10-13, p. 1051-1058. . . . .
3 q g ging p profil y An OS.L age estlmate (5 percent moisture) qf 9.4£1.0 kg (UNL .3504, table and medium- to coarse-grained sand stringers. Most clasts <3 cm diameter and INTRODUCTION } ) . ) U.S. Department of Agriculture (USDA) Farm Service Agency Aerial Photography Field Office,
S developed textural B horizons (U.S. Department of Agriculture Natural 1) was obtained for mainstream Broadway Alluvium where it underlies Qbs at a : ) I Cohen, K.M., Finney, S.C., Gibbard, P.L. and Fan, J.X., 2013; updated, The ICS International 2011. USDA_FSA_APFO NAIP MrSID mosaic: U.S. Department of Aericulture Farm
s Resources Conservation Service, 2009a, 2009b). Estimated thickness 3—5 m locality about 0.8 km upstream of Kiowa Creek confluence (site TK-R, in subangular_ to subrounded. Many clasts potassium feldsp ar in composition. . . . . Chronostratigraphic Chart: Episodes, v. 36, no. 3, p. 199-204, accessed February 25, 2015 at S y A Aerial Phot hy Field Offi . G : f 1 Data Gat . M C
NS Orchard 7.5' ) drangle). Thi timate is anomalous] o an d’ Surface soil weakly developed A/C profile. Estimated thickness up to 3 m The Masters 7.5" quadrangle is located along the South Platte River corridor on the semiarid http://swww.stratigraphy.org/ICSchart/ChronostratChart2014-10.pdf. ervice Agency Aerial Photography Field Ottice [Geospatial Data Gal eway, Morgan ounty,
. & Qa3 Young alluvium 3 (Holocene and latest Pleistocene?)—Piney Creek Alluvium of stractiara l;icacll;lainiois?sient \iiﬁea%s . ez (e)b:;n: p fa}ofl(ii/f}:/rly C:E %abs (see ) ) plains of eastern Colorado and contains surficial deposits that record alluvial, eolian, and hillslope Colora d0. Divisi(.)n of Water F.{esources 2013. Well permit in fonnati(;n' éolora do Division of Water Colo., Ortho Imagery, 2011 National Agriculture Imagery Program mosaic], accessed January
aasg [ S: Gardner (1967) and Scott (1978). Forms terrace 3-6 m above active floodplain; discu%si(l))n abO\}//e) and therefore is not%onsidered a realistic Zsti%nate for age of Folian deposits processes that have operated in concert with environmental changes from the Pleistocene to the Resources Laserfiche WebLink \x;ell loéationspand subsurface lit};ologic data accessed % 2014, at htp: fdatagateway mes. usda gov GDGOrder aspx
58] § & Gardner (1967) and McFaul and others (1994) considered this terrace correlative the sediment. Another OSL age estimate for mainstream Broadway Alluvium Qes Eolian sand (Holocene and late Pleistocene)—Forms simple and compound present. The South Platte River, originating high in the Colorado Front Range, has played a major December 2013 at hitp://dwrweblink.state.co.us/dwrweblink/ U.S. Department of Agriculture (USDA) Farm Serv'lce Agency Aerial Photogr{lphy Field Office,
o to Kuner terrace of Bryan and Ray (1940). Alluvium pale yellow, light yellowish : . . ; ; : role in shaping the surficial geology of the quadrangle, which is situated downstream of where the ) : T . ’ 2013, USDA-FSA-APFO NAIP MrSID mosaic: U.S. Department of Agriculture Farm
BN (8.0+0.7 ka, UNL-3502, 5 percent moisture, table 1), collected downstream in parabolic dunes and low-relief sand sheets. Pale brown, brown, or yellowish Col RB. 1 1 f the Boulder-F 11 1 F R b . : . :
brown, light olive brown, or grayish brown. Poorly to well-sorted, weakly to A 2P N ’ . . o last of the major headwater tributaries (St. Vrain, Big Thompson, and Cache la Poudre) join the olton, R.B., 1978, Geologic map of the Boulder-Fort Collins-Greeley area, Front Range Urban Service Agency Aerial Photography Field Office [Geospatial Data Gateway, Morgan County,
18 . > OF BTaY! 0Ty ; 7 the Weldona 7.5" quadrangle (near section AK of Gardner, 1967) also is brown, moderately to well-sorted, mostly fine to medium grained sand. Locally . / o ( . > P18 psot, . -)J Corridor, Colorado: U.S. Geological Survey Miscellaneous Investigations Map I-855-G, scale i i i
moderately stratified, fine sand, silt, clayey silt, pebbly sand, sandy pebble ’ . . . . o . contains minor amounts of coarse to very coarse sand and a few scattered river. Recurrent glaciation (and deglaciation) of basin headwaters has affected river discharge and ’ T g y Is investig P ’ Colo., Ortho Imagery, 2013 National Agriculture Imagery Program mosaic], accessed January
L. . anomalously young and stratigraphically inconsistent with ages obtained for the Ty s . ; . . . . 1:100,000. [Also available at http://pubs.er.usgs.gov/publication/i855G.] 3.2014. at http://datacateway.nrcs.usda.cov/GDGOrder.aspx.
gravel, and silt with coarse sand lenses and granule to fine pebble stringers. Soft overlying deposit (Qa3), and therefore also not considered a realistic estimate subangular to subrounded, granules and fine pebbles of mostly granitic and sediment supply far downstream, influencing deposition of alluvium and terrace formation in the ) k i ) ) ) ) p g Y g P
to slightly hard dry consistence. Clasts mostly granite, gneiss, quartz, feldspar, Reasgnsgfor E)he anomalo’usl oune OSL age estimates are unknown. but coul;i gneissic rock types. Loose’ to slightly hard dry consistence. Sand deposits of Masters quadrangle. Kiowa and Bijou Creeks are unglaciated tributaries originating in the Colorado Dethier, D.P., Schildgen, Tgylor, Bierman, Paul, and Caffee, Marc, 2001, Cosmogenic analys1s of U.S. Department of Agriculture (USDA) Natural Resources Conservation Service, 2009a, Soil
pegmatite, chert, and sandstone; most clasts subrounded. Locally, weakly be due to a number of factorys }ellsso fiate q wigth sampling and dating 0; exposure more than one age commonly separated by buried soils. Locally may include Piedmont east of the Front Range and joining the South Platte River just downstream of the the Rocky Fllats Alluvium near Boulder, Colorado [abs.]: Geological Society of America survey geographic (SSURGO) database er Morggn County, Colo.: U.S. Department of
developed buried soil separates deposits within alluvial sequence. Soil Survey of sediment to sunlicht by burrowine animals. Results of 2 dose rocovery fest sheetwash deposits of reworked eolian sand, and marsh or pond deposits in Masters quadrangle. They have played a major role by periodically delivering large volumes of Abstracts. ‘f"lth Programs, v. 33, no. 6, p. A312-A313. . Agriculture Natural Resources Conservation Service, co087, accessed January 27, 2011, at
(USDA Natural Resources Conservation Service, 2009b) shows surface soil as orformed on UNL i, 5 OI however. gmle out most svstematic oroblems rv}:/ith interdune and other low-lying wetland arcas. Deposits of Qes may be more sediment to the river during flood events, which could have temporarily dammed the river. Dihnforth, Miriam, Anderson, R.S., Ward, D.J., and Blum, Alex, 2012, Unsteady late Pleistocene http://websoilsurvey.nrcs.usda.gov/.
typically having thin argillic B horizon and weakly developed Bk horizon with i)uminescence behavior of the sediments. Y P extensive than mapped due to the difficulty in distinguishing thin eolian sand Along the reach of river in the Masters quadrangle, the river has incised into Upper H.ICISIt%n 0§ strearlns fP gundglg .thel iolorad(})l Froillt 7R z;nogleogr;) rr;(r)neas(;lr§rlr1(§> ritgz(g%eltf;;gozgién U.S. Department of Agriculture (USDA) Natural Resources Conservation Service, 2009, Soil
Can stage I-11 carbonate morphology. Uranium-series age analyses were done on a fragment of horn-core bone cover from sandy terrace alluvium in a region that has been farmed and Cretaceous Pierre Shale, which, although buried by alluvial deposits here, is locally exposed sttu “Be: Journal of Geophysical Research, v. 117, » £0 P, AOLIE : survey geographic .(SSURGO) database for Weld County, Colora‘do, Southern Part: U.S.
o T. 4 N. Radiocarbon (**C) and optically stimulated luminescence (OSL) age (possibly bison) and a thin coating of pedogenic carbonate on the outer edge of the cultivated for more than a century. downstream along the South Platte River bluff near the Bijou Creek confluence, in some of the Federal Emergency Management Agency (FEMA), 1989, Flood insurance rate map, Morgan Department of Agriculture Natural Resources Conservation Service, co618, accessed January
T3 NJ T 3N estimates from a section exposed in a stream cut along a small unnamed bone, which was encased in fine-grained sediment from the uppermost meter of Unstippled parts of Qes are shown in county soil surveys as having mostly larger draws, and along Wildcat Creek (Scott, 1978). Eolian sand deposits of the Greeley (north of County, Colorado (unincorporated areas): Federal Emergency Management Agency National 27,2011, at‘ http://websoﬂsurve.y.nrcs.usda.gov/. . o
349 QOQ tributary in Weldona 7.5" quadrangle (site AK, near section AK of Gardner, mainstream Broadway Alluvium at site EF. Results indicate that the best estimate Valent, Dwyer, and Valentine soils, characterized by weakly developed A/C or river) and Fort Morgan (south of river) dune fields cover much of the quadrangle and record past Fllood Insurance Program, accessed August 17, 2013, at https://msc.fema.gov/. . . Walker, J.D., Geissman, J._W.’ Bowrmg’ SA., ?nd Ba.bcock, L.E., compilers, 2012, Geologic Time
FEET 1967) indicate that basal alluvium was deposited in latest Pleistocene or early for minimum age of burial of the bone fragment is between 11 and 15 ka (table AJAC /DC soil p’roﬁles (USDA Natu’ral Resources Conservation Service, 2009a, episodes of sand mobilization during times of prolonged drought (Muhs and others, 1996). With the Galbrz}lth, R.F, Robf.:rts, R.G., Laslett, G.M., quhlda, H., and Olley, ].M., 1999, Opqcal dating of Scale v. 4.0.: Geological Society of Arr?er{ca, .(101: 10.1130/2012.CTS004R3C. '
Holocene (tables 1 and 2; Berry and others, 2013). Probable Succinea snail 3; see discussion in appendix; 2009b), typical of relatively young (late and middle Holocene) colian sand onset of irrigation and damming during historical times, the South Platte River has changed from a single and multiple grains of quartz from Jinmium rock shelter, northern Australia, Part I, Young, N.E., Briner, J.P., Leonard, E.M., Licciardi, J.M., and Lee, Keenan, 2011, Assessing
shells collected at depths of approximately 4.7 m and approximately 3.6 m http://pubs.usgs.gov/sim/3344/sim3344_appendix_1.pdf). The oldest ages are for deposit; (Madole, 1995; Muhs and others, 1996; Madole and others, 2005). Light broad, shallow, and sandy braided river with highly seasonal discharge to a much narrower, deeper experimental design and statistical models: Archacometry, v. 41, no. 2, p. 339-364. climatic and nonclimatic forcing of Pinedale glaciation and deglaciation in the western United
yielded '*C ages of 11.90+0.28 cal ka B.P. (Aeon-994, table 2) and 11.95+0.24 two subsamples from the fragment interior that produced apparent closed-system stippled parts of Qes are shown in county soil surveys as having mostly Bijou, river with braided-meandering transition morphology and more uniform discharge (Nadler and States: Geology, v. 39, no. 2, p. 171-174.
cal ka B.P. (Aeon—995, table 2), respectively. Sediment collected at a depth of Schumm, 1981; Harvey and others, 1985).
4456 4030,&;”472'3”" 1050 1040730 1040000 10875230 10545°00° 1088750 Table 1. Optically stimulated luminescence (OSL) age estimates, with equivalent dose (D,) and dose rate data. Table 2. Radiocarbon sample information, "C ages, and calibrated ages.
1456000m-N [UNL Lab, University of Nebraska—Lincoln Luminescence Geochronology Laboratory; UTM, Universal Transverse Mercator; Approx., approximate; m, meter; U, Uranium; ppm, parts per million; Th, Thorium; [UTM, Universal Transverse Mercator; 6'°C, delta Carbon-13; %o, per mil; '*C ka B.P., Carbon-14 thousand years before present; cal ka B.P., calibrated
POINT OF ROCKS GREASEWOOD SUNKEN LAKE JUDSON NS pEACE VLLEY DEAD HORSE K, O, Potassium oxide; wt.%, weight percent; Gy, gray'; Std. err., standard error; n, number; H,O, water; ka, thousand years; o, sigma] thousand years before present; P, probability; Approx., approximate; m, meter]
LAKE SPRINGS
40°15’ - : : : = Approx In situ In situ ield b ' ial Approx. 15 14 .
104°15 1 2350000 FEET 5 566 (OMAR) R.61 W. R.60 W. ® INTERIOR—G€OUOGICAL SURVEY. WASHINGTON. B. € 1990 11 100 Field UNL lab 7.5' UTM UTM denth ’ Th K,0 D (Gy) Aliquots HO field Doserate  OSLage HOest Doserate  OSLage Fie Laboratory 1.5 UT_M UTM Materia depth 81C C age Calibrated age ps
S e Ta00em g AUEL/30 Jackson number  number  quad  Fasting’ Northing® () (GPm) (opm) (WL%) I Sdem’ (W ‘oop | (Gykay katl of oyt (Gykay  kal ol number  number  quad  Easting! Northing' dated my (¢ (“CkaBP)  (calkaB.P)'
Base from U.S. Geological Survey Masters Quadrangle, 1951; photoinspected 1975. ¥ SCALE 1:24 000 The geology was mapped by M.E. Berry from 2011-2013. J.L. Slate Reservoir . — ’ —
Polyconic projection. 1927 North American Datum (NAD 27) 1 2 0 1 MILE assisted with the OSL and "“C sampling, description, and stratigraphic In situ In situ Probable Succinea
10,000-foot grid based on Colorado coordinate system, north zone = E { ; { ; { ; { ; { F ! COLORADO interpretation. J.B. Paces processed and analyzed samples for U-series — OSL-1-KC UNL-3462 Orchard 577915 4464174 1.7 5.3 20.0 3.8 67.6£3.3 22/30 2.9 5.77£0.32  11.7£1.0 5.0 5.64£0.35  12.0£1.1 AK-1 Aeon-994 Weldona 592473 4463764 (single shell) 4.7 -6.8 10.22+0.07 11.90+0.28 0.98
1000-meter Universal Transverse Mercator grid ticks, zone 13 g 1000 0 1000 2000 3000 4000 5000 6000 7000 FEET dating, interpreted results, and wrote the appendix on the ages. P.R. DEARFIELD MASTERS WELDONA oA BRUSH WEST OSL-4-KC  UNL-3466 Orchard 577915 4464174 2.6 33 163 43 878454  24/37 2.1 5412030  16.2:15 50 523034 16.8+1.7
E HH=HH = =S = ] Hanson processed and analyzed samples for OSL dating and interpreted Probable Succinea
1 5 0 1 KILOMETER QUADRANGLE LOCATION results. T.R. Brandt prepared the digital topographic base map, digital 5 OSL-5-KC UNL-3463 Orchard 577915 4464174 3.6 3.7 15.8 43 80.6+4.8 22/32 24 5.45£0.31  14.8+1.4 5.0 5294035 15215 AK-8 Aeon-995  Weldona 592473 4463764 (single shell) 3.6 -4.6  10.24+0.06 11.95£024 098
B = = = = : compilation, and GIS database of the geologic map. ’;’:j;xi‘” OSL-6-ER UNL-3467 Masters 568185 4455813 0.7 2.9 114 34 109.7+5.6 20/37 5.0 4.15£027  26.4+2.5 5.0 4.15£027  26.4+2.5 Probable Succinea
APPROXIMATE MEAN EF
OSL-7-ER UNL-3468 Mast: 568198 4455836 1.0 24 8.1 3.7 31.442.2 29/37 1.9 4.22+0.25 7.4+0.7 5.0 4.07+0.28 7.7+0.8
PECLINATION, 2015 CONTOUR INTERVAL 10 FEET ~ " e H R 3459 Acon 1064 Orchard 581980 4466741 ~ (fourshells from 37 38 1236015 14534056 1.00
& OSL-BC-14 UNL-3498 Weldona 585123 4459026 1.1 4.8 19.5 3.7 67.0+2.8 31/48 7.7 5.23+0.39  12.8+1.2 5.0 5.39+0.34  12.4+1.1 ~15 cm thick bed)
N\
NATIONAL GEODETIC VERTICAL DATUM OF 1929 Empire Reservoir, @ OSL-BC-13 UNL-3499 Weldona 585123 4459026 1.9 43 17.6 4.1 79.1£2.9 36/54 6.7 5.33+0.38  14.8+1.3 5.0 5.43+0.35 14.6£1.2 KC-245 Aeon-950 Orchard 577915 4464174 mostly lignite? 2.5 -23.2 39.80+3.10 43.90+5.69 1.00
North South Ec” o ) UNL lab? UNL lab?
40"1500" —_— 1 . ) )
y » — Fort Morgan OSL-AK-10  UNL-3502 Weldona 592468 4463758 5.1 57 233 27 402614 43/54 70 4926035 82:07 S0 503031 8.0+0.7 Relative diference between C/C ra ofcaen extcted from sub-sannpl and that of VPDB internatona standad.
*Conventional radiocarbon age, normalized to -25%, based on 5,568-year half-life; uncertainty =1 .
ROGGEN WIGGINS VALLERY LAMB ROUND TOP OSL-AK-11 UNL-3503  Weldona 592478 4463772 3.5 3.5 9.9 2.6 32.5+1.8 27135 5.9 3.52+0.24 9.2+0.9 5.0 3.56+0.23 9.1£0.9 ‘C;)lri“b,::telgr;ager?:a;gﬁf;te(c’lnu;g:g ?E?Blz;ﬂ, ;)mCaIIS dzi:se??smiver};inZim;r?lggg?rliaelir:n};r an(cyl others, 2013); 0 yr B.P.=1950 A.D.; uncertainty +2 ¢. Calibrated age reported as midpoint of calibrated range.
OSL-TK-R-12 UNL-3504 Orchard 577216 4463702 8.0 15 6.7 3.9 35.842.0 48/54 33 3.8840.26  9.2+0.9 5.0 3.81£0.28  9.4%1.0 *Probability of calibrated age falling within reported range as calculated by CALIB.
FEET FEET (%)
4700 — ~ 4700 /./ ;?9;;;, ; ()a:hs‘/[\umn;:ic:: :k]’;z::;d(:ﬁi; 02f ;;)nzizi;;glr;diation (Taylor and Thompson, 2008).
' *Determined using the Central Age Modél of Galb’raith and others (1999).
“Accepted disks/all disks.
§ <} 5A::§£1:s 10?)"/1 errorsinsestimated moisture content. Field, moisture content of sample, measured at UNL lab; Est.,estimate of moisture content, which may better represent moisture history of sample.
— Q o170 “Calculated using field moisture content of sample.
4000 2 4600 e Fi 1. Ind howi i vell d nearby 7.5’ quadraneles. Geochronol e si "Calculated using 5% as estimated moisture content. Table 3. U-Th concentrations, U-series isotope compositions, and calculated ***Th/U ages and initial **U/**U activity ratios for subsamples of EF-Wp67 and EIC-Wp95.
QN? igure 1. Index map showing map area (in yellow) an nearby /.o" quadrang 2?{; cochronology samp!e Sl.tes jm:::::g n S‘Ei ‘E:: zsli"‘l’“?:;i i?xraciieiggmf;f;a.ms ectromet [Abbreviated version of table 1-1, available in the online appendix (J.B. Paces, *°Th/U ages supporting geologic map of the Masters 7.5’ quadrangle, Weld and Morgan Counties, Colorado
= shown where green and red symbols represent the following: squares indicate >**Th/U sample sites, solid circles ¢ v coupiecp P i http://pubs.usgs.gov/sim/3344/sim3344_appendix_1.pdf). Note that +2¢ represents estimates of uncertainty given at the 95% confidence level; pug/g, micrograms per gram; o, sigma.]
4500 § 4500 indicate optically stimulated luminescence sample sites, and red cross within circles indicate radiocarbon sample
“ a sites; site names (in red) link to sample field numbers (see tables 1-3). Lab Measured . . . Initial
aa Field & U concentration, Th concentration, 9Th/ Detritus-corrected activity ratios 20Th/U age nitia
- sample : ) 1 g 23423 AR
4400 4400 number name m ug/g m “g/g Th/ 20Th/23¥U ARE20 234U/238U AR+20 +26 (ka)3 +203
o — 1
______ i 104°15'00" 104°00'00" 103°45'00" AR
Qlv 3 _
w0 1300 Carbonate rind (subsample Wp67-1) and layers of bone (subsamples Wp67-2 through Wp67—11). Location of EF-Wp67: UTM 564654E., 4462502N.*
VERTICAL EXAGGERATION x10 Wp67-1 22.5 1.64 5.7 0.117+0.011 1.221+0.004 11£1.1 1.228+0.004
Contact between bedrock (Kp) and overlying Quaternary deposits based on drill data given in Bjorklund and Brown (1957) and downloaded from the Colorado Division of Water Resources (2013) Wp67-2 83.0 0.325 104 0.1338+0.0012 1.214+0.003 12.70+0.13 12210.003
EF-Wp67 Wp67-3 107 0.044 1,150 0.1520+0.0006 1.210+0.003 14.58+0.07 1.2190.003
Wp67-5 116 0.025 2,300 0.1588+0.0007 1.215+0.003 15.21+0.08 1.224+0.003
ény use of ttrade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. CONVERSION FACTORS DIVISION OF QUATERNARY TIME USED IN THIS REPORT! Wp67-7 115 0.028 2,020 0.1600+0.0007 1.221+0.002 15.26+0.08 1.23140.003
overnment.
Multiply By To obtain Period Epoch Age Wp67-9 116 0.032 1,600 0.1458+0.0006 1.217+0.003 13.87+0.07 1.226+0.003
Although this information product, for the most part, is in the public domain, it also contains copyrighted materials as noted o - -
in the text. Permission to reproduce copyrighted items must be secured from the copyright owner. millimeter (mm) 0.03937 inch (in.) Holocene 0-11.7 ka 20223 Wp67-11 104 0.124 322 0.1255+0.0006 1.217+0.003 11.82+0.06 1.225£0.003
centimeter (cm) 0.3937 inch (in.)
This database, identified as SIM 3344, has been approved for release and publication by the U.S. Geological Survey (USGS). 7 I t carbonate rind Iluvial clasts. Location of EIC-Wp95: UTM 567342E., 4458109N.*
Although this database has been subjected to rigorous review and is substantially complete, the USGS reserves the right to @eter (m) 3.281 fO.Ot (ft). Quaternary late 11.7-126 ka finermost carboriate rinds on afiuvial clasts. Location o 7o v ’
revise the data pursuant to further analysis and review. Furthermore, it is released on condition that neither the USGS nor kilometer (km) 0.6214 mile (mi) Pleistocene middle 126-781 ka Wp95-Al-1 5.92 0.280 66.9 1.040+0.008 1.125+0.007 24849 1.252+0.010
the U.S. Government may be held liable for any damages resulting from its authorized or unauthorized use.
5 781 ka-2.58 Ma Wp95-Al1-2 7.36 0.309 76.7 1.061+0.007 1.084+0.003 337+15 1.217+0.009
Although these data haye b_een_processed suc_cessfully on a computer system at the U.S. Geological Survey (USGS), no early ’ Wp95-A2-1 10.20 0274 121 1.065+0.009 1.085+0.003 341420 1.22240.012
warranty expressed or implied is made regarding the display or utility of the data on any other system or for general or } o ] L ] EIC-Wp95
scientific purposes, nor shall the act of distribution constitute any such warranty. The USGS or the U.S. Government shall kigfsozzra::g’;‘;:smns are from Walker and others (2012) and Cohen and others (2013; updated). Ma, million years; Wp95-A3-1 7.12 0.549 413 1.048+0.009 1.094+0.004 294+13 1.216+0.008
not be held liable for improper or incorrect use of the data described and/or contained herein. *Calabrian and Gelasian Ages.
Wp95-B1 7.90 0.901 28.2 1.057+0.01 1.077+0.004 345424 1.205+0.012
Publishing support provided by:
Denver Publishing Service Center Photo above. View of old alluvium (Qao) in a quarry exposure near southern edge of Masters 7.5’ Wp95-B2 7.60 0.509 47.6 1.048+0.007 1.079£0.003 32415 1.197+0.008
Edit and digital layout by J.A. Herrick T quadrangle west of Empire Reservoir (near geochronology sample site ER). Knife is 23 cm long. Wp95-B3 9.58 0.672 46.3 1.069+0.007 1.072+0.003 397+27 1.221+0.014
Manuscript approved for publication September 4, 2015 4071500 Photograph by M.E. Berry, July 2010
graph by VLE. Betry, July S010. Wp95-El 9.91 0.461 677 1.037:£0.006 1.0540.003 372421 1.1530.008

'Measured activity ratio (AR) corrected for mass fractionation, spike contributions, procedural blank and normalized relative to an atomic ratio value for NIST SRM 4321B U-isotope standard of 2**U/**U=0.0000529.
2Ratios corrected for an assumed Th-bearing detrital component having an atomic Th/U of 4 with the following activity ratios and 26 errors: 2*Th/**U=1.276+0.64; >*U/**U=1.0+0.1; and **Th/**U=1.0+0.25.
329Th/U ages, initial 2**U/**U activity ratios (ARs), and associated errors are calculated using detritus-corrected activity ratio values.
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Geologic Map of the Masters 7.5 Quadrangle, Weld and Morgan Counties, Colorado
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Photo right. View of late Pleistocene eolian sand (Qes dark stipple) with A/Bt/Bk soil profile of
Osgood series, exposed in a gravel pit near the southern edge of Masters 7.5’ quadrangle west of
Empire Reservoir. The deposit, dated at a nearby location within the gravel pit (site ER), yielded an
OSL age estimate of 26.4+2.5 ka (UNL-3467, 5 percent moisture, table 1). Knife is 26 cm long.
Photograph by M.E. Berry, July 2012.

To learn about the USGS and its information products visit
http://www.usgs.gov/
1-888-ASK-USGS

This report is available at:
http://pubs.er.usgs.gov/publication/sim3344

Suggested citation: Berry, M.E., Slate, J.L., Paces, J.B., Hanson, P.R., and Brandt, T.R., 2015, Geologic Map of the
Masters 7.5" Quadrangle, Weld and Morgan Counties, Colorado: U.S. Geological Survey Scientific Investigations Map
3344, 10 p. appendix, 1 sheet, 1:24,000, http://dx.doi.org/10.3133/sim3344.

Figure 2. Shaded relief was derived from U.S. Geological Survey National Elevation Dataset (NED) with 10-meter resolution elevation data (accessed on June 17,
2014 at http://ned.usgs.gov/).
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