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30 i | z i Qay Young alluvium 1 and 2, undivided (late Holocene)—Mapped in tributary drainages Qba Mainstream deposits of Broadway Alluvium (late Pleistocene)—Mapped as young (late and middle Holocene) eolian deposits (Madole, 1995; Muhs and with braided-meandering transition morphology and more uniform discharge (Nadler and Schumm, Investigations Map 3000, scale 1:100,000. [Also available at
Jackson <350 CORRELATION OF MAP UNITS and small draws where deposits of young alluvium (Qa1, Qa2, and locally Qaa) Broadway Alluvium by Gardner (1967) and lower member of Broadway others, 1996; Madole and others, 2005). Stippled parts of Qes mostly Bijou, 1981; Harvey and others, 1985). Along this reach, the river has incised into Upper Cretaceous http://pubs.er.usgs.gov/publication/sim3000.]
p are either too small to map separately or are difficult to distinguish. Parts of Alluvium by Scott (1978). Underlies and interpreted to interfinger with Bresser, and Truckton series, characterized by argillic (Bt) horizon development Pierre Shale, which, although buried by alluvial deposits in Orchard quadrangle, is locally exposed Licciardi, J.M., Clark, P.U., Brook, E.J., Elmore, David, and Sharma, Pankaj, 2004, Variable
SURFICIAL DEPOSITS surface occasionally flooded. Includes flood deposits left during June 1965 flood, sidestream Broadway Alluvium (Qbs) from Kiowa and Bijou Creeks south of in sandy, mostly alluvial parent material (USDA Natural Resources Conservation downstream along the South Platte River bluff near the Bijou Creek confluence, in some of the responses of western U.S. glaciers during the last deglaciation: Geology, v. 32, no. 1, p. 81-84.
e A ~ which resulted in approximately 1 m of sediment deposition on the preexisting South Platte River. North of river, forms terrace approximately 12—15 m above Service, 2009). Field investigation revealed argillic horizon to be part of a buried larger draws, and along Wildcat Creek (Scott, 1978). Licciardi, J.M., and Pierce, K.L., 2008, Cosmogenic exposure-age chronologies of Pinedale and
Alluvial and Qay surface in Bijou Creek drainage near the border between Orchard and active floodplain; terrace largely covered by eolian sand (Qes). Unit crops out soil developed in late Pleistocene stream and sheetflood alluvium and covered by Bull Lake glaciations in greater Yellowstone and the Teton Range, USA: Quaternary Science
4469000m. Y Artificial colluvial  Eolian Weldona 7.5" quadrangles (McKee and others, 1967), and sheetwash deposits poorly due to cohesionless nature of the sediment when dry. High potassium a veneer of younger eolian sand (similar to that shown in photo 3). Therefore, as METHODS Reviews, v. 27, no. 7-8, p. 814-831.

[ agg fill Alluvial deposits deposits  deposits assgcmted W}th Kiowa Creek near the southern border of the quadrangle. feldspar content gives unit a distinctive pinkish hue, particularly in exposures in unstippled areas, eolian sand deposits in stippled areas probably are Holocene The geology of the Orchard quadrangle was previously mapped by M. E. Gardner during the Lindsey, D.A., Langer, W.H., and Knepper, D.H., Jr., 2005, Stratigraphy, lithology, and sedimentary

N 3 R Estimated thickness 1-5 m along South Platte River bluff (photo 2). in age, but generally thin (<1 m), such that underlying buried soil controls soil 1960s (Gardner, 1967). Gardner’s map (1967) provided the foundation for the new, digital geologic features of Quaternary alluvial deposits of the South Platte River and some of its tributaries

1380000 af Qaa Qa1 Qa3 Young alluvium 3 (Holocene and latest Pleistocene?)—Piney Creek Alluvium of Alluvium pink, pinkish gray, or light reddish brown, moderately well- to classification and series designation. Deposits of Qes may be more extensive mapping presented here, which was completed using a combination of field investigation, east of the Front Range, Colorado: U.S. Geological Survey Professional Paper 1705, 70 p.
FEET éardner (1967) and Scott (1978). Forms terrace 3—6 m ab}(l)ve active floodnlain poorly sorted, fine to coarse sand, pebbly sand, silty sand, and sandy granule to than mapped due to the difficulty in distinguishing thin eolian sand cover from geochronologic research, and interpretation of the following: stereoscopic pairs of National Aerial [Also available at http://pubs.er.usgs.gov/publication/pp1705.]
Qay Qes Gardner (1967) and McFaul and others (1994) considered this terrace corrIf):lati\./e pebble gravel. Commonly cross-stratified. Locally has interbeds of pinkish gray sandy terrace alluvium in a region that has been farmed and cultivated for more Photography Program (NAPP) color-infrared (1988, 1:40,000 scale) and historical black and white Madole, R.F., 1986, Lake Devlin and Pinedale glacial history, Front Range, Colorado: Quaternary
______ Qa2 Qfc ~ Holocene to Kuner terrace of Bryan and Ray (1940). Alluvium pale yellow, light yellowish to very pale brown silt or laminations of dark grayish brown clay. Sand grains than a century. (1948, 1:39,230 scale; 1949, 1:16,620 scale) aerial photographs; National Agriculture Imagery Research, v. 25, no. 1, p. 43-54.
s brown. lieht olive brown. or eravish brow.n Poorly to well-sorte (’1 weakly to mostly subrounded. Gravel typically rounded to subrounded clasts of granite, Widespread deposition of eolian sand during the late Holocene is indicated Program (NAIP) orthoimagery (U.S. Department of Agriculture (USDA) Farm Service Agency Madole, R.F., 1991, Colorado Piedmont section, in Wayne, W.J., ed., Quaternary geology of the
° moder;lteglg stratified ﬁn’e Safd };ilt clave ' silt e}‘]bbl sand. san ({ ebbi/e gneiss, pegmatite, feldspar, quartz, chert, and sandstone. Largest clasts by radiocarbon ages for buried soils that provide maximum-limiting ages for Aerial Photography Field Office, 2009, 2011, 2013); topographic and digital elevation (DEM) data; Northern Great Plains, chap. 15 of Morrison, R.B., ed., Quaternary nonglacial
2 Qa3 > QUATERNARY cavel an(}il silt with c,:oarse sané len,ses Zn(}il rahﬁle toyﬁne ;bble }s]t?in ers. Soft commonly 3—5 cm diameter, but cobbles and small boulders (up to uppermost sand in and near Orchard quadrangle (Madole, 1994, 1995; Madole Web Soil Survey digital soil data (USDA Natural Resources Conservation Service, 2009); satellite geology—Conterminous U.S.: Boulder, Colo., Geological Society of America, The Geology of
I § " < tgo ol iltl hard drv consistence. Pebbles moi {lv subroun deg clasts of faniie approximately 32 cm in diameter) present locally. Accumulations of and others, 2005): 1.1440.16 cal ka B.P. (1.23+0.08 "“C ka B.P., Beta—70543) at imagery viewed with Google Earth; Federal Emergency Management Agency (1989) flood maps North America, v. K-2, p. 456-462.
4468 i ) neisgs l}lla iz fefgs ar. pe mat.ite chert. and s}a]m dstone. Locall weail ’ reddish-yellow to yellowish-red iron oxide and black manganese oxide as coats Milliron Draw; 0.88+0.21 cal ka B.P. (0.96+0.11 '“C ka B.P., Beta—84821) at (1:19,200 approximate scale); and subsurface lithologic data from test holes and water wells Madole, R.F., 1994, Stratigraphic evidence of desertification in the west-central Great Plains within
2 Qbs Qba ievelo, (i d bur’ie d soli)l s’epalf‘gates de’ osits ,wi thin alluvial .se uencyE; Soil Syurve on grains and masses in matrix common, and in many places accentuate bedding. south edge of quadrangle near Bijou Creek; 0.64+0.11 cal ka B.P. (0.68+0.08 '“C (Bjorklund and Brown, 1957; Colorado Division of Water Resources, 2013). Field mapping and the past 1000 yr: Geology, v. 22, p. 483-486.
- Pleistocene (USD [f Natural Resourcre)s ConserSation Service, 2009) shci)ws su.rface soil as.y Surface soil profile typically has thin argillic B horizon with weak to moderate ka B.P., Beta—70542) near Bijou Reservoir in adjacent Weldona 7.5" quadrangle; research was conducted between 2011 and 2013. Digital mapping using ArcMap software was done Madole, R.F., 1995, Spatial and temporal patterns of late Quaternary eolian deposition, eastern
typically having thin (approximately 25-35 cm ﬂ,li ck) argillic B horizon and prismatic structure, and a thin Bk horizon with stage II carbonate morphology. and, 0.82+0.16 cal ka B.P. (0.89+0.10 *C ka B.P., Beta—62192) north of Orchard initially on NAIP orthoimagery taken in 2009 and later refined using imagery taken in 2011 and Colorado, U.S.A.: Quaternary Science Reviews, v. 14, no. 2, p. 155-177.
Qlv vfllle)akl }(lievelo ged B hI())Ir)izon with }s]ta e LI carborte Ign oroholo At a site about 10 km west of Orchard quadrangle (in adjacent Masters 7.5’ in Greasewood Lake 7.5’ quadrangle. Radiocarbon ages for soil carbonate 2013; location and dimensions of the South Platte River and other water bodies shown on this map Madole, R.F., Honke, J.S., and Langdon, P.G., 2010, Evidence from the Front Range, Colorado,
J J Rya diocarl?on (4C) and opticall stgimulate d luminescenrfe (OSgI}:) ace quadrangle), unit includes 70 cm thick section of crumbly clay, pinkish silt, platy rhizoliths collected from a quarry exposure north of Orchard are in good are based on the 2013 orthoimagery. indicates that Pinedale glaciation began before 31,000 yr ago [abs.]: Geological Society of
ort Morgan Canal . . preaty ) age silty fine sand, burrowed sandy silt with gray and yellowish green color banding, agreement, indicating a maximum-limiting age for uppermost eolian sand of The topographic base is out of date particularly with regard to locations of river bluff; banks of America Abstracts with Programs, v. 42, no. 5, p. 363.
Headgate BEDROCK UNIT estimates for a section exposed in a stream cut along an unnamed tributary in U . . - 9 . .. . ) . . o ; o
S . adjacent Weldona 7.5” quadrangle (site AK, near section AK of Gardner, 1967; over white silt with common shell fragments and small articulated clam shells. approximately 1.44+0.13 cal ka B.P. (approximately 1.56+0.07 "*C ka B.P., the South Platte River, Bijou Creek, and Kiowa Creek; and roadways across the river, which have Madole, R.F., VanSistine, D.P., and Michael, J.A., 2005, Distribution of late Quaternary
Upper N ! 1) suggest that l;aszcill alluviﬁm was de (’)site d in latest Pleistocene or’ carl ’ Hard dry consistence. Interpreted as quiet water deposits that may have been CAMS-8234, Muhs and others, 1996). changed in places due to fluvial activity, especially during floods that have occurred since the wind-deposited sand in eastern Colorado: U.S. Geological Survey Scientific Investigations
. Kp } Cretaceous } CRETACEOUS H%)io cen eg t(g,[abl es 1and 2; Berry and oth eri 2013). Probable Succinea snail s}lllells deposited at a time when the river was temporarily dammed by sidestream flood Eolian sand deposits of probable middle Holocene age are locally exposed topographic base was created. Therefore, geologic mapping associated with these features also is Map 2875, scale 1:700,000, 49 p. [Also available at
7 collected at depths of a ,roximatel 4.7 m’and a : roximately 3.6 m vielded “C deposits. Underlying sands brightly stained reddish yellow, yellowish red, or in and near Orchard quadrangle, mostly underlying late Holocene sand deposits. based on the NAIP imagery. All field mapping and all imagery used for mapping predate the http://pubs.er.usgs.gov/publication/sim2875.]
) ages of 11.90 i% 28 cal iz B.P.( Aeg’n—§9 4 table I;I)) and 11.9 SyiO.Z 4 ce}lll ka B.P dark red due to iron oxide accumulation. At Milliron Draw, the age of such a buried sand deposit is constrained by ages on large-magnitude flood on the South Platte River during mid-September 2013. McFaul, Michael, Traugh, K.L., Smith, G.D., Doering, William, and Zier, C.J., 1994,
T.5N. ?675 N (ieon799 5 tabl.e 2). res ect.i\./el Se dime;lt collected at a 'de th.o ¢ o OSL age estimate (5 percent moisture) of 9.4+1.0 ka (UNL-3504, table 1) buried soils that provide a maximum-limiting age of approximately 6.33+0.16 Geologic mapping was aided by optically stimulated luminescence (OSL) and radiocarbon Geoarchaeologic analysis of South Platte River terraces—Kersey, Colorado: Geoarchaeology,
T.4N. S DESCRIPTION OF MAP UNITS N roximat,el 35 n; frcf)m a loczltion approximately 10 m u I:tream from where was obtained for mainstream Broadway Alluvium where it underlies Qbs at a cal ka B.P. (5.51+0.09 "“C ka B.P., Beta—72203) and a minimum-limiting age of (**C) age determinations (tables 1 and 2). OSL samples were processed and analyzed at the v. 9, no. 5, p. 345-374.
oA t}rl)epsnail shell}; \x./ere ’collecte d, yielded zg OSL age }éstimate% £9120.9 ka locality about 0.8 km upstream of Kiowa Creek confluence (site TK-R). This age approximately 1.14+0.16 cal ka B.P. (1.23+0.08 “C ka B.P., Beta—70543) for the University of Nebraska-Lincoln Luminescepce Geochronology Laboratory using the single aliquot McKee, E.D., Crosby, E.J., and Berryhill, H.L., Jr., 1967, Flood deposits, Bijou Creek, Colorado,
[Calibrated radiocarbon ages are expressed as “cal ka B.P.,” which stands for calibrated thousand (UNL-3503, 5 percent mois tu}e table 1) o estimate is anomalously young and stratigraphically inconsistent with all ages deposit (Madole, 1995; Madole and others, 2005). In adjacent Masters 7.5 regenerative (SAR) method (Murray and Wintle, 2000). Equivalent dose (D,) was measured on a June 1965: Journal of Sedimentary Petrology, v. 37, no. 3, p. 829-851.
- ot ; > P ’ ) L obtained for overlying Qbs (see discussion above), and therefore is not quadrangle, at a site near Empire Reservoir (site ER), a middle Holocene sand Riseg DA-20 TL/OSL reader and values were calculated using the central age model of Galbraith Muhs, D.R., Stafford, T.W., Cowherd, S.D., Mahan, S.A., Kihl, Rolf, Maat, P.B., Bush, C.A., and
years before present (0 yr B.P. = 1950 A.D.). Uncertainties are given at the 95 percent (20) A latest Pleistocene to early Holocene age for basal alluvium is also . . . . . . . . . . . . . o
confidence level. Calibrated ages are reported as the midpoint of the calibrated range. In cases supported by an age of 11.68+0.36 cal ka B.P. (uncalibrated age of 10.110.09 considered a realistic estimate for age of the sediment. Another OSL age estimate deposit has an OSL age estimate of 7.7+0.8 ka (UNL-3468, 5 percent moisture, and others (1999). Dose rates and age estimates were calculated using both field moisture of the Nehring, Jennifer, 1996, Origin of the late Quaternary dune fields of northeastern Colorado:
where calibration produced more than one age range with a probability of 5 percent or more, ages HC ka B.P, AA—11084A) .obtair.le dby Ha n.eé and others (1998) for h.umic .aci ds for mainstream Broadway Alluvium (8.0+0.7 ka, UNL-3502, 5 percent moisture, table 1). Radiocarbon ages for soil carbonate rhizoliths collected from a quarry sample, and a fixed estimate of 5 percent moisture, which may better represent actual moisture Geomorphology, v. 17, no. 1-3, p. 129-149.
are based on the mean of the ranges weighted by their probabilities, and are presented without in charcc;ai, from Kuner terrace alluvi}lllm (}; f Bryan and Ray, 1940) upstream of table 1), collected downstream in the Weldona 7.5" quadrangle (near section AK exposure north of Orchard suggest a minimum-limiting age for buried eolian history of the sample. Radiocarbon ages, including new ages reported here (table 2) and previously Munsell Color, 1975, Munsell Soil Color Charts: Baltimore, Md., Kollmorgen Corporation,
| uncertainties. Kersey. Colo. Timine of uppermost alluvium ({Z osition ar?(’i surfaceztabilization of Gardner, 1967) also is anomalously young and stratigraphically inconsistent sand of approximately 3.90+0.20 cal ka B.P. (3.60+0.07 '“C ka B.P,, published ages cited from the literature, were calibrated using the IntCall3 dataset and CALIB 7.0 Macbeth Division.
aagp . y; . cib dg te f PP McFaul and oth P 1994) of 5.8440.18 cal ka B.P. with ages obtained for the overlying deposit (Qa3), and therefore also not CAMS-6378, Muhs and others, 1996) at that site. (Stuiver and Reimer, 1993; Reimer and others, 2013) to better correspond to ages generated by Murray, A.S., and Wintle, A.G., 2000, Luminescence dating of quartz using an improved
- The soil-horizon terminology used in this report is that of the Soil Survey Staff (1993), except for is constrained by a date from McFaul and others (1994) of 5.84:£0.18 cal ka B.P. i istic esti li its of le late Plei identified i other dating methods. ingle-ali ive-d I: Radiation M. 32,no. 1,p. 57-73
w166 gy P y > P (5.12+0.08 1“C ka B.P., Beta—42564) for soil humate from a buried A horizon considered a realistic estimate. Reasons for the anomalously young OSL age No eolian sand deposits of probable late Pleistocene age were identified in g single-aliquot regenerative-dose protocol: Radiation Measurements, v. 32, no. 1, p. .

_p Bk horizon stages of carbonate morphology, which are described in Birkeland (1999). The term de.velo é don Qa3 t;er;ace alluvium at a site in the adiacent Masters 7.5 estimates are unknown but could be due to a number of factors associated with Orchard quadrangle, although they are extensive regionally (Muhs and others, ACKNOWLEDGMENTS Nadler, C.T., and Schumm, S.A., 1981, Metamorphosis of South Platte and Arkansas Rivers,

- “consistence” is the resistance to crushing of soil or surficial material in the hand, as described by ua dralr)1 le. Dearee of development of the buried soilJ indicates that tﬁe Qa3 sampling and dating, or exposure of sediment to sunlight by burrowing animals. 1996; Madole and others, 2005) and are present in adjacent quadrangles. In eastern Colorado: Physical Geography, v. 2, no. 2, p. 95-115.

= - Soil Survey Staff (1993). Most colors are field dry colors that were described with the aid of d gle. e P . : . Results of a dose recovery test on UNL-3504 rule out most systematic problems Masters 7.5’ quadrangle, at a site near Empire Reservoir (site ER, fig. 1), a This proi d by the U.S. Geological S ’s National C ive Geologi Nelson, A.R., Millington, A.C., Andrews, J.T., and Nichols, Harvey, 1979, Radiocarbon-dated

2 . surface may have been stabilized for a few thousand years prior to its burial at ) . X ) Y . . . 1s project was supported by the U.5. Geological Survey's National Cooperative Geologic . .

N Munsell soil color charts (Munsell Color, 1975)] that site by eolian sediment around 5.8 cal ka (McFaul and others, 1994) with luminescence behavior of the sediments. deposit of late Pleistocene sand has an OSL age estimate of 26.4+2.5 ka at 0.7 m Mapping Program. The National Association of Geoscience Teachers (NAGT)—U.S. Geological upper Pleistocene glacial sequence, Fraser Valley, Colorado Front Range: Geology, v. 7, no. 8,

3 Stabilization of the Qa3 surface by mid-Holocene time is supported by degree of Broadway Alluvium is considered coeval with the Pinedale glac1at10r} depth (UNL 3467, 5 percent moisture, table 1). Th}s age is 1n.good agreement Survey Cooperative Summer Field Training Program also provided support through a student P 410-414. . o o .

@ SURFICIAL DEPOSITS development of soils mapped on the terrace surface by USDA Natural Resources (Bryan and Ray, 1940; Hunt, 1954; Scott, 1960, 1975; Madole, 1991), which with radiocarbon ages Muhs and others (1996) obtained for soil carbonate summer intern. We thank the many land owners who graciously granted access to their property. Pierce, K.L., 2003, Pleistocene glaciations of the Rocky Mountains, in Gillespie, A.R., Porter, S.C.,

2 Conservation Service (2009). Estimated thickness 25 m spanned from >31 ka to approximately 15—13 ka (Nelson and others, 1979; nodules from an underlying buried soil at a nearby site that provide We also thank the many other individuals who contributed to the project: Emily M. Taylor (USGS) and Atwater, B.F., eds., The Quaternary Period in the United States, (v. 1) Amsterdam,

5 Artificial fill i@adfﬂe&_l98d6i)$Child2ggggan§ O(tlhflirS, 2((1)021;1 Ben;glll (?nﬁ({i others, (2100;? 20(;);1 by kmagilélugzﬁ;ﬁ?%;}gg)s gof ;%ei;a;lg Ofl3k1 2]311;0(2237 Zazlik()aﬁ).fl’:‘((lzlz.gjlgil’o.l7 “C for accessing and compiling well locations and subsurface lithologic data for use in ArcMap; Sarah R Els;inerisDe(;/eé%pmerzits]ian Ql}latizllary]icim}e;/p.];ﬁ_lza PG R B Buck CE
= . -E Sidestream deposits of Broadway Alluvium (late Pleistocene)—Mapped as icciardi and Pierce, ; Madole and others, ; Young and others, . aB.P, — ,31. .48 cal ka B.P. (27. . aB.P, R. Survis (NAGT Intern) for assisting with field work; Shannon A. Mahan (USGS) for her loan of a eimer, P.J., Bard, Edouard, Bayliss, Alex, Beck, J.W., Blackwell, P.G., Ramsey, C.B., Buck, C.E.,
207k —{ o0 af Artificial fill (latest Holocene)—Includes abutments where roadways cross South informal Bijou Flats tongue of Broadway Alluvium by Gardner (1967) and upper Fluvial sediment load may have been greatest during and shortly after CAMS-16612), and 30.58+0.51 cal ka B.P. (26.41+0.24 '“C ka B.P, portable gamma spectrometer to measure OSL dose rates in the field; and Jeffrey S. Pigati (USGS) Cheng, Hai, Edwards, R.L., Friedrich, Michael, Grootes, P.M., Guilderson, T.P., Haflidason,

| 4465 Platte River, small dams across sidestreams and gulhe.:s, some gﬁ1ﬁ01gl levees member of Broadway Alluvium by Scott (1978). Overlies and presumably deglaciation (Church and Ryder, 1972; Madole, 1991; Schildgen and others, CAMS-16604). for helpful discussions of radiocarbon dating methods and samples, identification of probable Haflidi, Hajdas, Irka, Hatté, Christine, Heaton, T.J., Hoffmann, D.L., Hogg, A.G., Hughen,
and banks, and dam eml?ankment at Jackson Reservoir. Art.lﬁc1a1 ﬁll.ls present interfingers with mainstream deposits of Broadway Alluvium (Qba) south of 2002; Lindsey and others, 2005), a process that started either approximately 17 Main source of eolian sand is South Platte River for sands in the Fort Succinea snail shells, and submission of our radiocarbon samples for analysis. Ralph R. Shroba K.A., Kaiser, K.F., Kromer, Bernd, Manning, S.W., Niu, Mu, Reimer, R.W., Richards, D.A.,
alonglmostdcar.lﬁls ar:jd dltljhesdbut Onl}t’ rr;apped li)caHY- Chiefly consists of South Platte River. Consists mostly of sheetflood deposits thought to have been ka (Licciardi and others, 2004; Benson and others, 2005; Schaefer and others, Morgan dune field, made up of a series of dune fields south of river, and Laramie (USGS) and Chester A. Ruleman (USGS) provided thorough reviews that greatly improved the Scott, E.M., Southon, J.R., Staff, R.A., Turney, C.S.M., and van der Plicht, Johannes, 2013,
gravel, sand, silt, and rock and concrete fragments deposited primarily by large magnitude floods along Bijou and Kiowa Creeks 2006) or approximately 16—15 ka (Young and others, 2011), and largely was Formation for sands in the Greeley dune field, located north of river (Muhs and report. IntCall3 and Marinel3 radiocarbon age calibration curves, 0-50,000 years cal B.P.:
Alluvial deposits (Gardner, 1967; Scott, 1978, 1982). Distribution of deposits suggests that influx completed between approximately 15—13 ka (Benson and others, 2007; Young others, 1996). Thickness up to 20 m in parabolic dunes along the south bluff of Radiocarbon, v. 55, no. 4, p. 1869-1887.
of large amounts of sidestream alluvium during flood events deflected the South and others, 2011; and references therein). Correspondingly, Clovis artifacts the South Platte River. Thins to less than half a meter in places REFERENCES CITED Schaefer, J.M., Denton, G.H., Barrell, D.J.A., Ivy-Ochs, Susan, Kubik, P.W., Anderson, B.G.,
Qaa Active chapnel and ﬂoodp!ain alluvium (late Holocene)—Equlvglent to part of Platte River to thg north si.de of its valley and may have episodi.cally dammed the present in upper part of terrace alluvium near Ker§ey, Colo. (appr0X1rr}ately 36 BEDROCK UNIT Benson, Larry: Madole, Richard: Kubik, Peter: and McDonald, Richard, 2007, Surface-exposure PhllllpS, FM-, I.JOWBH,. T-Y-, and Schliichter, .ChTIStlé}n, 2096, N.ear-s?/nchronogs
post-Piney Creek alluvium of Scott (1963). Very pale brown, light brownish river for short periods of time (Scott, 1982) (fig. 2). Accumulation of the km west of the Orchard quadrangle), combined with other archaeological data, ages of Front Range moraines that may have formed during the Younger Dryas, 8.2 cal ka, and interhemispheric termination of the last glacial maximum in mid-latitudes: Science, v. 312, no.
gray, hght yellOWiSh brOWn, or llght plnleh brown (phOtO 1) MOStly fine to Sidestream alluVium bullt up Surface toa leVel that now Stands 21-24 m abOVG lndlcate that aggradation of Broadway AlluVIum was still in progress between Kp Pierre Shale (Upper Cretaceous)iUnit Shown in Cross Section only. Underlies thtle Ice Age events: Quatemary Science ReVieWS, V. 26, no. 11_12’ p. 1638—1’649. ’ ) 57795 p. 1510_1513’ . )
g coarse sand, pebbly sand, silty sand, and sandy pebble gravel, interstratified with the active floodplain in Orchard quadrangle; terrace surface increases to approximately 13.3 and 12.9 cgl'ka (approx1ma.tely 11.5-11 “C ka) but Quaternary deposits in map area (Bjorklund and Brown, 1957; Colorado Benson, Larry: Madole, Richard: Landis, Gary: and Gosse, John, 2005, New data for late Schildgen, chlylor, Dethier, D.P., Bierman, Paul, and Caffee, Marc., 2002, 26.A.l and IOBe figtmg of

. 3 thin (<1-5 cm) layers or lenses of very pale brown silt and dark grayish brown, maximum height of approximately 27 m above active floodplain several completfed and the surface stabilized by appf0x1mately 11.5 'cal ka . Division of Water Resources, 2013). Where crops out in nearby quadrangles Pleistocene alpine glaciation from southwestern Colorado: Quaternary Science Reviews, v. 24, late Pleistocene and Holocene fill terraces—A record of fluvial deposition and incision,

:. © organic-rich cla}fey silt and clay. Poorly to well—sorted,. and w§akly to kilc‘)n?eters. downstream, near Bijou Creek confluence (Weldona 7.5" quadrangle). (approximately 10 “C ka) at the latest (Holliday, 1987). Estimated thickness 12 composed of upper transition member of Pierre Shale: dark-gray calcareous no. 1-2, p. 49-65. Colorado Front Rapgef Earth Surface Processes apd Landforms, v. 27, no. 7, p. 773-787.

g‘ < moderatelg slt)llrjaltlﬁedaSapd beds cllomrlr)lglnly cross—iltratlf]'ljed. F(lillzd burrov:;s ; Unit identified as far downstream as Atwood, Loga{l County, Colo. (Scott, 1978). m to as much as 30 m marine silty shale interbeddc?d with .light-gray shaly sandstone and sandy sha}le. Benson, Larry: Madole, Richard: Phillips, William: Landis, Gary: Thomas, Terry; and Kubik, Peter, Scottéf)}l.(l){r;dl 09.6(0}’6 (S)lli)b?;‘;fls(;ll i(;f th:f(illlljzli::ré allll;g;um ;:allstn (())f tlh(j: Fr()gt4lﬁ1;§i 31)'1ear Denver,

2 % c;)mtmo;L e ’ es anc mm(;r sma gold es gengra yrtsu Ifounlle to .rount e ; Ppstream extent is Empire Reservoir area, near Weld County—Morgan County Qlv Louviers Alluvium (middle Pleistocene)—Unit shown in cross section only. Pebble SandStoge beds and concretionary limestone !ayers up to a meter or more thick. 2004, The probable importance of snow and sediment shielding on cosmogenic ages of Scott. GR 1§63 Quftema e:)}io e eomlcl) hic,l:fi.sto > 01; the’ I])(.ass]er uadr.:m o

3 W Casts 07 grafilie, SlCISs, potassium fedspar, and quartz. ~0cally, grains stame e L . . . . to cobble gravel, sand, and finer grained alluvium filling paleochannels located Concretions common. Upper Cretaceous marine fossils sparse to abundant. north-central Colorado Pinedale and pre-Pinedale moraines: Quaternary Science Reviews, v. ) 1 ; }; ryig gfyh £ | P ) & e d | ge

N 3 with reddish yellow iron oxide and black manganese oxide at water level. Alluvium light yellowish brown, light olive brown, pale yellow, or light south of the modern South Platte River valley (Bjorklund and Brown, 1957: Thickness of formation close to 1,800 m in map area (Gardner, 1967; Scott, 23, no. 1-2, p. 193-206. golorago, % ;p. (1}\ 0]1‘ G§0 {)gy of t Ie) K?SS er qtllz;drang:z, 1Je7 Oersor; Tld DOl:llg t’:lls Counties,

Uppermost 25-50 cm of sediment on floodplain typically light grayish brown, A Iy t 11-sorted, moderately stratified, t fi d and o A > ' i . . . olorado: U.S. Geological Survey Professional Paper R . [Also available at
A pp . bodplan typically ight gray w gray, poorly to well-sorted, moderately stratiticd, coarse to very Hne sand an Colorado Division of Water Resources, 2013). Inferred to be Louviers Alluvium 1978) Berry, M.E., Slate, J.L., and Hanson, P.R., 2013, Indications of rapid geomorphic response of the ) gica’ Survey P P
crudely stratified, poorly sorted sandy silt, silty sand, and granule- to fine-pebbly silty sand in beds approximately 2060 cm thick. Sand beds commonly South Platte Ri . Colorado durine the late Ploi Hol .. http://pubs.er.usgs.gov/publication/pp421A.]
sand. Less active parts of floodplain have weakly developed surface soil (A/C or separated by thin (1-5 mm) mats of organic debris and clay, or packets (5-10 cm (Gardner, 1967 SFOtta 1978)~ Some of the paleocha}nnels, tens of met.ers deep, EXPLANATION OF MAP SYMBOLS out ) atte rver syst.em m easterp oloraco url.ngt ¢ late Pleistocene—tHolocene transition Scott, G.R., 1975, Cenozoic surfaces and deposits in the southern Rocky Mountains, in Curtis, B.F.,
A/AC/C profile). Along tributaries, alluvium mostly thinly stratified sand, sandy thick) of thinly laminated dark-grayish brown or black organic-rich clay locally may contain deposits of older alluvium. Unit buried by deposits of . [abs.]: Geological Sqmety of America Abstracts with Programs, v. 43, no. 7,.p. 190' ed., Cenozoic history of the southern Rocky Mountains: Geological Society of America
. . . . e ; ' . . . Broadway Alluvium (Qba and Qbs). Terrace deposits on north side of South . Birkeland, P.W., 1999, Soils and geomorphology (3d ed.): New York, Oxford University Press, . .
1463 silt, and silty clay. Unit contains lignite fragments thought to be eroded from interbedded with layers of pale yellow or light-gray silt and fine sand. Contains Platte Ri iousl d as Louviers Alluvium by Gardner (1967) Contact—Dashed where approximately located; dotted where concealed 430 p Memoir 144, p. 227-2438.

° - - . : . " R . atte River previously mapped as Louviers Alluvium by Gardner are ’ ) . : : : o 10 x 90
) 3 Upper Cretaceous Laramie Formation, wh1¢.:h crops out along Kiowa and Bijou abundapt detrltal.llgn1t§ thought to be eroded from Upper Cretaceous Laramie mapped here as mainstream deposits of Broadway Alluvium (Qba). Gardner Bjorklund, L.J., and Brown, R.F., 1957, Geology and ground-water resources of the lower South Scott, G.R., 1978, Map showing geology, structure, and oil and gas fields in thp Sterling 1° x 2
ok 52 Creeks south of the map area. Estimated thickness 3-5 m Formation (see discussion below). Graded beds that fine upward from poorly o ) . . oo . Dune Crests—Only crests clearly visible on National Agriculture Imagery Program Platte River Vallev between Hardin Colorado. and Paxton Nebraska: U.S. Geological Surve quadrangle, Colorado, Nebraska, and Kansas: U.S. Geological Survey Miscellaneous
35l 33 sorted coarse sand and granules to mostly fine sand are common. Also common (1967) similarly recognized these deposits as late Pleistocene in age based on soil (NAIP) orthoi h v o o * B & ey Investigations Series Map 1-1092, scale 1:250,000. [Also available at
E < g § Qa1 Young alluvium 1 (late Holocene)—Equivalent to part of post-Piney Creek alluvium are sand beds that are cross-stratified, finely laminated, crudely stratified, or development and fossil evidence, but mapped them as Louviers Alluvium orthormagery are shown Water-Supply Paper 1378, 431 p. [Also available at http://pubs.er.usgs.gov/publication/i1092.]

g = f Scott (1963). F low t imately 1.5 m ab tive floodplai . . ) ’ ’ ’ because he inferred the age of Louviers Alluvium to be only approximatel http://pubs.er.usgs.gov/publication/wsp1378.] " 5 DPalec - . ;

of Scott ( . ). Forms low terrace approximately °.> m above active L oodprain, masstve. Sand grains mostly subangular; lesser amounts subrounded. Coarse 50-10.5 k & v app Y Qes Areas where eolian sand Qes probably is generally thin Bryan, Kirk, and Ray, L.L., 1940, Geologic antiquity of the Lindenmeier site in Colorado: Scott, G'R" 1982, Paleova.lley. and geqloglc map of northeastern Colorado: U.S. Qeologlcal Survey
and low gradient fans at mouths of Kiowa Creek and Milliron Draw. Qa1 sand grains and granules of quartz and feldspar common. Few scattered fine D Ka. o . ) o . . . ; Miscellaneous Investigations Series Map 1-1378, scale 1:250,000. [Also available at
surface occasionally flooded. Along South Platte River, alluvium very pale cbbles of ash-flow tuff. shale. and eranitic rock tvpes. Soft to hard d The Louviers Alluvium is considered coeval with the Bull Lake glaciation = e o . . ) Smithsonian Miscellaneous Collections, v. 99, no. 2, 76 p. http://pubs.er.usgs.gov/publication/i1378.]

i i i i i inki Pevy o ’ g ypes. Y S 1975; Madole, 1991). Timing of Bull Lake glaciation is 1 1 [, . Intermittent wetlands and ponds—Low-lying areas prone to wetness and ponding Church, Michael, and Ryder, J.M., 1972, Paraglacial sedimentation—A consideration of fluvial ; e . ) .
brown, light brownish gray, light yellowish brown, or light pinkish brown, fine consistence. Iron oxide nodules. masses. or pore linings present locall (Scott, ; Madole, ). Timing of Bull Lake glaciation is less we e — T | o . . . . a 7 ° ' i ! Sharp, W.D., Ludwig, K.R., Chadwick, O.A., Amundson, Ronald, and Glaser, L.L., 2003, Dating
to coarse sand, pebbly sand, and sandy pebble gravel. Interstratified with thin particularly.in sandy clay layers’ Typicain fI(;rms Vertigca{) exposures e};’pecially constrained than that of Pinedale, but ages that have been obtained for Bull Lake Imthm eolllanbsatnt(lll ieposns. :nclluiestarza}s that in so r;%ilgaﬁ,ﬁ?errtil?twely processes conditioned by glaciation: Geological Society of America Bulletin, v. 83, p. fluvial terraces l;y S0Th/U on pedz)géni;:’ carbonate, Wind River Basin V"/yo.m‘i’ng' Qilaternary
(<1-5 cm) layers or lenses of very pale brown silt and dark grayish brown, along South Platte River bluff. éontact with mainstream alluvium t}:Pically deposits suggest the glaciation spanned from approximately 190 to <130 ka (see arge ponds, but that appear fo fack standing water in orommagery 3059-3072. Research, v. 59, no. 2, p. 139-150 ’ ’

. P _ . : : : : . : . . Cohen, K.M., Finney, S.C., Gibbard, P.L., and Fan, J.X., 2013; updated, The ICS International . T e o . . .
g2 organic-rich clay. Poorly tq well-sorted, wegkly to moderately sFratlﬁed. Sand sharp, marked by difference in color and coherence. Soil profile characterized by discussions in M.adole, 1991; Schildgen an(.l ot.he.rs, 2.002, P{erce, 2003; Sharp. Intermittent holding pond—Mapped in Kiowa Creck and Milliron Draw, where a Chremosia r;’ e 199_2011 Soil Survey Division Staff, 1993, Soil survey manual: Soil Conservation Service, U.S. Department

beds commonly cross-stratified. Loose to slightly hard dry consistence. Locally, approximately 3035 cm thick argillic B horizon with moderate prismatic and others, 2003; Kellogg and others, 2008; Licciardi and Pierce, 2008). Fluvial ies of artificial holdi hat i ttent] - grap - EP o V- 90, 10- 5, P : of Agriculture Handbook 18, 437 p
77777777777777777777777 462 ' i ; i ' i i PP Y ) ck arg P ) di load have b duri d shortly after deglaciati series of artificial dams create holding ponds that intermittently retain water. Dry Colorado Division of Water Resources, 2013, Well permit information: Colorado Division of Water . . . ’ : . .
grains stained with reddish yellow iron oxide and black manganese oxide. Some structure. and Bk horizon with stage II filamentous carbonate morphology. Soil sediment load may have been greatest during and shortly after deglaciation in NAIP orthoi taken in 2013. but pond tini taken in both . . . . Stuiver, Minze, and Reimer, P.J., 1993, Extended *C database and revised CALIB radiocarbon
_orai i i i i - D stage - TPROIOEY- Church and Ryder, 1972; Madole, 1991; Schild, d others, 2002; Lind: m orthormagery faken in » but ponds present in Imagery taken i bo Resources Laserfiche WebLink, well locations and subsurface lithologic data, accessed RN S ’
of the finer-grained beds show signs of soft sediment deformation. Filled profile buried by younger eolian sands in many places. (Church and Ryder, ; Madole, ; Schildgen and others, > Lindsey 2009 and 2011 . . calibration program: Radiocarbon, v. 35, no. 1, p. 215-230.
burrows common. Pebbles and minor small cobbles generally subrounded to OSL and *C age estimates indicate a late Pleistocene age for Qbs. A dated and others, 2005); therefore, some of the youngest alluvium may post-date the December 2013 at http://dwrweblink state.co.us/dwrweblink/. Taylor, B.N., and Thompson, Ambler, eds., 2008, The International System of Units (SI): U.S
rounded clasts of granite, gneiss, quartz, feldspar, pegmatite, chert, and tion at th thg fKi Creek (site KC) vielded OSLg i t 5 Bull Lake glaciation by a few thousand years. Drill data suggest unit could be up lud . d " + and channels of South PL Colton, R.B., 1978, Geologic map of the Boulder-Fort Collins-Greeley area, Front Range Urban D’epért;lent of Commer’ce Natio,nal I;stitute; of Standards and Technology (NIST) S.peéia'l
- ’ . . . section at the mouth of Kiowa Cree (site KC) yielde )SL age estimates ( 45 m thick i leoch Is. but thickness i i b .. | Water—Includes water in ponds, Jackson Reservoir, and channels of South Platte Corridor, Colorado: U.S. Geological Survey Miscellaneous Investigations Map [-855-G, scale ..
sandstone. Uppermost sediment packet in alluvial sequence typically light percent moisture) of 12.0+1.1 ka (UNL—3462) at approximately 1.7 m depth to 45 m thick in paleochannels, but thickness is uncertain because unit is mostly River wide enoush to be manped at 1:24.000 scale. Water bodies chanee in - 15 nves Publication 330 (2008 ed.), 96 p.
grayish brown or pale brown, crudely stratified, poorly sorted sandy silt, silty 16.8£1.7 ka (UNL-3466) at approximately 2.6 m depth, and 15261 5ka buried by younger deposits along the South Platte River corridor between tion and size seasonally and annually. Location and dimension of ponds and 100000, [Also available at itp:/pubs er-uses. gov/publicationis336 | U.S. Department of Agriculture (USDA) Farm Service Agency Aerial Photography Field Office
- - i i i o=l rKa ©) at approximatety 2. P, & erloKa . Greelev. Col d the Colorado-Nebrask: line (fe 1 S position and size seasonally and annuatly. Localion and dimension ol ponds an Federal Emergency Management Agency, 1989, Flood insurance rate map, Morgan County, o . . .
sand, and granule- to fine-pebbly sand with lenses of silt and dark grayish brown (UNL-3463) at approximately 3.6 m depth (table 1). These age estimates are in recley, Colo. and the Colorado-Nebraska state line (for example, see Scott, river channels shown on this map are based on 2013 NAIP orthoimage : . 2009, USDA-FSA-APFO NAIP MrSID mosaic: U.S. Department of Agriculture Farm Service
clay. Mud ball rip-up clasts common locally. Along tributaries, alluvium mostly pproximately 3. p . g 1978: Colton, 1978) P gery Colorado (unincorporated areas): Federal Emergency Management Agency National Flood Agency Aerial Phot hv Field Office [Geosnatial Data Gat M c Col
thinly stratified sand, sandy silt, and silty clay. Unit contains lignite fragments goodbalg.reeglgnt Wlttl)l 11 CSage'of 14'5?[ OHSS cal llia ]?g (?egn_tlh%;" table 2) ® R Optically stimulated lumi OSL le locati With sit that Insurance Program, accessed August 17, 2013, at https:/msc.fema.gov/. Oﬁitci/maegr;?y 2000S%\rlzlt)io}rllalleAgriculltclfrg Ir?l(;sgii;aProaglrzm ?ni)v;,:iyé] a?:f:izrsledmtr}:h 40 ;)(; 11
| ’ ’ ’ we obtained for probable Succinea snail shells collected at a depth o i i i - ically stimulated luminescence sample location—With site name tha : . : : : , ) ) )
aag] thought to be eroded from Upper Cretaceous Laramie Formation. Surface soil : P - ; p . Alluvial and colluvial deposits ptically ( ) p Galbraith, R.F., Roberts, R.G., Laslett, G.M., Yoshida, Hiroyuki, and Olley, J.M., 1999, Optical httn://d d /GDGOrd
. . : approximately 3.7 m from a section of Qbs exposed in the South Platte River links to sample field number (see table 1) datine of sinele and multipl ins of quartz from Jinmi K shelt cthern Australi at http://datagateway.nrcs.usda.gov. rder.aspx.
4461 typically weakly developed A/C or A/AC/C profile. Estimated thickness 3-5 m bluff about 4.8 km downstream of Kiowa Creek (site H-R, at section H of Qfc Fan alluvium and hillslope colluvium (Holocene)—Mapped mostly along south Pzrltnlg gx;:rligm Zfﬁlal gg;lglg Zn%drzltz:i;)ticgll;(z) d;):_n A;rcllrlr; l:é?nz(;:y i Zler;léloz per;139326r2 1 U.S. Department of Agriculture (USDA) Farm Service Agency Aerial Photography Field Office,
Qa2 Young alluvium 2 (late Holocene)—Equivalent to part of post-Piney Creek alluvium Gardner, 1967). The ages also are in good agreement with OSL age estimates (5 side of South Platte River, where hillslope processes are actively degrading river ®H.R  Radiocarbon (*C) sample location—With site name that links to sample field Gardner. 1\;[ E., 1967, Quaternary and engineering ge oi ogy of the Or cfl a£ d \;Velc.lot,la .an d Fort ' 2011, USDA-FSA-APFO NAIP MrSID mosaic: U.S. Department of Agriculture Farm Service
of Scott (1963). Forms low terrace approximately 3 m above active floodplain. percent moisture) for a section exposed in the north cut bank of Bijou Creek at a bluff. Includes individual and coalescing alluvial fans at mouths of headward- number (see table 2) Mo’rga.n ;{ua dra1,1gles Morgan County, Colorado: Golden, Colorado S,chool of li/[ines Ph.D Agency Aerial Photography Field Office [Geospatial Data Gateway, Morgan County, Colo.,
Surface rarely flooded. Along South Platte River, alluvium very pale brown, site just east of Orchard qgadrangle (site BC, in Weldona 7.5" quadrangle about etroc:.lflzg dgulhes]and rctoliluv%xélll man‘zlles O;l sloc;l)es.tV]ery p:talectl brov(;ln, ct;ud?:}lf INTRODUCTION dissertation, 283 p. (2)(;’;1‘110 Im;gef/}/ffOll National Agrl((;mmriéf]f)lﬁggr}(’ipmgmm mosaic], accessed January 8,
light brownish gray, light yellowish brown, or light pinkish brown, fine to coarse 13.5 km upstream of the river confluence, fig. 1): 12.4x1.1 ka (UNL~3498) Stratified, poorty Soried pebb y Sand, and Moderalcly Soried sand with st [enses , . . . o Harvey, M.D., Crews, Steven, Pitlick, John, and Blair, Terry, 1985, Field Trip 5—Holocene braided » at hittp://datagateway.nres.usda. gov. Porceraspx. .
sand, pebbly sand, and sandy pebble gravel. Interstratified with thin (<1-5 cm) sampled at approximately 1.1 m depth; and 14.6+1.2 ka (UNL-3499) sampled at and medium- to coarse-grained sand stringers. Most clasts <3 cm diameter and The Orchard 7.5" quadrangle is located along the South Platte River corridor on the semi-arid streams of eastern Colorado and sedimentological effects of Lawn Lake Dam failure, Rocky U.S. Department of Agriculture (USDA) Farm Service Agency Aerial Photography Field Office,
17'30" — 17'30" layer’s or lenses Of: very pale brown silt and dark grayish brown, organic-rich approximately 1.9 m depth (table 1). subangular to subrounded. Many clasts potassium feldspar in composition. plains of eastern Colorado, and contains surficial deposits that record alluvial, eolian, and hillslope Mountain National Park. in Flores. R.M. an dgHarvey M.D., eds., Field guidebook to’mo demn 2013, USDA-FSA-APFO NAIP MrSID mosaic: U.S. Department of Agriculture Farm Service
e 4493 5 clay. Poorly to well-sorted, weakly to moderately stratified. Sand beds Organic mate}rial collected from a Fhin (2-5 mm) inter?ed of organic debris Surface soil weakly developed A/C profile. Thickness up to about 3 m I();ocels:se;t}tlat 41)13\%Zopsera:leldptlhﬁ)u§1.1 enV1r9nme?tal }clha}rll gesﬂfrorcn ;he I‘;lelljtoc?;: to thehp resle nt q and ancient fluvial systems in the United States: Third International Fluvial Sedimentology grgtinci/ Aerial lz}gitgg;]alt).h Y Fl1eAld fo;tce [(I}eospatlaIl) Data Gateway, Morgan i(}unty, C0310"
C ® commonly cross-stratified. Loose to slightly hard dry consistence. Locally, and clay at ap;_)rox1mate.ly 2.§ rr]14depth, Jugt above OSL sediment safnple o Eolian deposits 1g. 1; pl oto h. he ) I(l)u la e fl\tfﬁr, orlgdlna H;g lflgl . 1;1 e'tuotozlado rotn angfe, has ptialye1 i Conference, Fort Collins, Colo., p. 87-105. 2014o inli%ezzl o ationa grldcu uriGr]I;zz}g(e)ryé rogram mosaic], accessed January 3,
o | < N grains stained with reddish yellow iron oxide and black manganese oxide. Some UNL-3466, yielded an infinite '“C age estimate (Aeon—950, table 2; J.S. Pigati, major role in shaping the geology of the quadrangle, which is situated downstream of where the las Haynes, C.V., Jr.. McFaul, Michael, Brunswig, R.H., and Hopkins, K.D., 1998, Kersey-Kuner » at http://datagateway.nres.usda.gov rder.aspx. . . .
o 3 beds show signs of soft sediment deformation. Filled burrows common. Pebbles USGS, oral commun., 2012). Gardner (1967) also dated organic material from Qes Eolian sand (Holocene)—Forms dunes and sand sheets. Pale brown, brown, or of the major hgadwater tr1butarlels (.St. Vrain, Blg Thompson, and Cache la I.’oudre) join the river. terrace investigations at the Dent and Bernhard sites, Colorado: Geoarchacology, v. 13, no. 2 U.S. Department of Agnculture (USDA) Natural Resources Conservation Service, 2009, Soil
g S and minor small cobbles generally subrounded to rounded clasts of granite, Qbs that yielded an anomalously old date. Pollen analysis of his dated sample yellowish brown, moderately to well-sorted, fine to medium grained sand. Recurrent glaciation (and deglaciation) of basin headwaters affected river discharge and sediment p.201-218 ' ’ ’ ’ survey geographic (SSURGO) database for Morgan County, Colorado: U.S. Department of
§ 3 gneiss, quartz, feldspar, pegmatite, chert, and sandstone. Uppermost sediment indicated a plant assemblage of Late Cretaceous age, leading Gardner (1967) to Locally contains coarse to very coarse sand and a few scattered, subangular to supply far downstream, influencing alluvium deposition and terrace formation in the Orchard Holliday, V.T., 1987, Geoarchacology and late Quaternary geomorphology of the middle South Agriculture Natural Resources Conservation Service, co087, accessed January 27, 2011, at
N packet in alluvial sequence typically light grayish brown or pale brown, crudely interpret the sample as lignite from the Laramie Formation, which crops out subrounded, granules and fine pebbles of mostly granitic and gneissic rock types. quadrangle. Kiowa and Bijou Creeks, unglaciated tributaries originating east of the Front Range, Plat’te Ri\’/er n(;rtheastern Colorado: Geoarchacology, v. 2, no. 4, p. 317-329. http://websoilsurvey.nrcs.usda.gov/.
B stratified, poorly sorted sandy silt, silty sand, and granule to fine pebbly sand along Kiowa and Bijou Creeks south of the map area. We suspect our sample Loose to slightly hard dry consistence. Sand deposits of more than one age also have played a major role by periodically delivering large volumes of sediment to the river Hunt. C.B 1954’ Pleistocene and Recent deposits in the ]’)env,er area’ Colorado: U.S. Geological Walker, J.D., Geissman, J.W., Bowring, S.A., and Babcock, L.E., comps., 2012, Geologic time
with lenses of silt and dark grayish brown clay. Mud ball rip-up clasts common (Aeon—950) also contained lignite from the Laramie Formation. Probable lignite commonly separated by weakly developed buried soils. Locally may include during flood events, which may have temporarily dammed the river. Eolian sand deposits of the ’Surve;/ Bu11,e {in 996-C, p. 91-140. [Also available at ’ scale v. 4.0: Geological Society of America, doi: 10.1130/2012.CTS004R3C.
locally. In tributaries, alluvium mostly fine grained, thinly stratified sand, sandy debris is common to abundant in other exposures of Qbs along Bijou Creek and marsh or pond deposits in interdune and other low-lying wetland areas. Greeley (north of river) and Fort Morgan (south of river) dune fields cover much of the quadrangle http://pubs.er.usgs.gov /’pu.blication'/b99 6C.] Young, N.E., Briner, J.P.,, Leonard, E.M., Licciardi, J.M., and Lee, Keenan, 2011, Assessing
silt, and clayey silt. Unit contains lignite fragments thought to be eroded from the South Platte River bluff, as also noted by Scott (1978) for areas downstream. Unstippled parts of Qes characterized by weakly developed A/C or A/AC/C and record past episodes of sand mobilization during times of drought (Muhs and others, 1996). Kellogg, K.S., Shroba, R.R., Bryant, Bruce, and Premo, W.R., 2008, Geologic map of the Denver climatic and nonclimatic forcing of Pinedale glaciation and deglaciation in the western United
Upper Cretaceous Laramie Formation. Surface soil typically weakly developed Unit about. 6-10 m thick where exposed a.llong river bluff, but could be as much soil profiles of Valent, Dwyer, and Valentine series (U.S. Department of With the onset of irrigation d.urlng hlstquc times, the Squth Platte River has changed from a 1b.road, West 30’ x 60’ quadrangle, north-central Colorado: U.S. Geological Survey Scientific States: Geology, v. 39, no. 2, p. 171-174.
A/C or A/AC/C profile; B horizons developed locally. Estimated thickness 3—5 m as 18 m thick south of the river, around Bijou Creek (Gardner, 1967) Agriculture Natural Resources Conservation Service, 2009), typical of relatively shallow, and sandy braided river with highly seasonal discharge to a much narrower, deeper river
4459
4459
104°22°30" 104°15°00" 104°07°30" 104°00°00" 103°52°30" 103°45°00" 103°37°30" 104°15'00" 104°00'00" 103°45'00"
- E 40°30700" ! Ty
s
2e
E] &) POINT OF ROCKS GREASEW00D SUNKEN LAKE JUDSON HINS PEACE VALLEY DEAD HORSE
ol LAKE SPRINGS
won
¥ <
o3
AN
N Jackson
4458 Reservoir
40°22°30"
DEARFIELD MASTERS WELDONA FORT MORGA BRUSH WEST 20273
Riverside 5
Reservoir
T. 4 N A — N ———
T.3 N ;573 N. 34 e Soll%p/
Empire e River
Reservoir Vs
340000 40°15°00° ® / -
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ER Fort Morgan Photo 1. View to the east of South Platte River active channel and floodplain alluvium (Qaa) near
I Milliron Draw. Much of the channel bed is exposed due to a low river level at the time photograph A0°1500" [
ROGGEN OMAR WIGGINS VALLERY LAV ROUNDTOP was taken. Late Pleistocene terrace (Qbs/Qba) overlain by Holocene eolian sand dunes (Qes)
w visible in distance. Photograph by M.E. Berry, July 2012.
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4456 ié
i Qbs 5g000m.N | Photo 4. View looking towards South Platte River bluff southwest of Milliron Draw. Young alluvium 1 (Qa1) forms low terrace in foreground. Young alluvium 2 (Qa2) forms
4500 ‘ < slightly higher terrace in middle ground. Sidestream (Qbs) and mainstream (Qba) deposits of Broadway Alluvium form high terrace in background. Large eolian dunes (Qes)
A0°15 \ o ‘ oWell jaN 40°15 ‘ bury high terrace at skyline. Taken from Hwy 144 in adjacent Masters 7.5’ quadrangle. Photograph by M.E. Berry, June 2013.
104°07'30" I's75 576 12390000 FEET WIGGINS 1.7 MIDN_ I's79 [ (WIGGINS) 580 0.2 MI. TO U.S. 34 58] 230" R.60W. IR.59 W. | DENVER 68 MI. — ® INTERIOR—GEOLOGICAL sb:vEO\I),ORESTON, VIRGINIA— 1979 104°00 40°07°307
o164l NE FT. MORGAN 12 MI. 84000mE. Figure 1. Index map showing map area (in yellow) and nearby 7.5’ quadrangles. Geochronology sample sites shown with circles (see Explanation
Base from U.S. Geological Survey Orchard Quadrangle, 1951; Limited revision 1971. 5 SCALE 1:24 000 The geology was mapped by M.E. Berry from 2011 to 2013. J L. Slate of Map Symbols for circle symbols); site names (in red) link to sample field numbers (see tables 1 and 2).
Polyconic projection. 1927 North American datum 1 12 0 1 MILE assisted with the OSL and "C sampling, description, and stratigraphic
10,000-foot grid based on Colorado coordinate system, north zone = : T F T T T F T : T : ! COLORADD interpretation. PR. Hanson carried out the OSL sample processing,
1000-meter Universal Transverse Mercator grid ticks, zone 13. % 1000 0 1000 2000 3000 4000 5000 6000 7000 FEET analysis, Bnl.j i_nterpreta_tior_L T.R. Brandt prepared the digital to_pographic Figure 2. Shaded relief was derived from U.S. Geo]ogical Survey National Elevation Dataset (NED) with 10-meter resolution elevation data (accessed on June 17,
g == 1}_{ . 0 . KILOME]TER AUADRANGLE LOCATION base map, digital compilation, and GIS database of the geologic map. Table 1. Optically stimulated luminescence (OSL) age estimates, with equivalent dose (D ) and dose rate data. 2014 at http:/ned.usgs.gov/).
B = 1 == ] [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;
APPROXIMATE MEAN K., O, Potassium oxide; wt.%, weight percent; Gy, gray'; Std. err., standard error; n, number; H O, water; ka, thousand years; o, sigma]
2 ' 2
ECLINATION. 2015 CONTOUR INTERVAL 10 FEET A In sit In sit Table 2. Radiocarbon sample information, '*C ages, and calibrated ages.
NATIONAL GEODETIC VERTICAL DATUM OF 1929 Field UNL Lab 7.5' UTM UTM g:;glx' Th K,0 D (Gy) Aliquots H rcl)sfl.lel d Doserate  OSL age Hnos le st Doserate  OSL age [UTM, Universal Transverse Mercator; 8'°C, delta Carbon-13; %o, per mil; '“C ka B.P., Carbon-14 thousand years before present; cal ka B.P., calibrated
Northwest Southeast number number quad  Easting> Northing? (m) (ppm) (ppm) (Wt %) +] Std.err’  (n)* 2(% ) (Gy/ka)®  katl o 2(% ) (Gy/ka)”  ka*l o’ thousand years before present; P, probability; Approx., approximate; m, meter]
In situ® In situ® ' ' Approx.
A A’ OSL-1-KC UNL-3462 Orchard 577915 4464174 1.7 53 200 38 67.6+3.3 22/30 2.9 5774032 11.7+1.0 50  5.64£035 12.0+1.1 Field Laboratory 7.5’ UTM  UTM Material depth °C 14C age Calibrated age 1
OSL-5-KC UNL-3463 Orchard 577915 4464174 3.6 37 158 43 80.6:48 2232 24 545:031  14.8+14 50 5294035 152415 number  mumber  quad  Easting' Northing dated m ~ Cr (“ClaBP)y  (calkaB.P)
FEET E FEET OSL-4-KC UNL-3466 Orchard 577915 4464174 2.6 33 163 43 878:54 2437 2.1 541£030  162+1.5 50  523:034  16.8£17 "~
p )
4600 5 < - 4600 OSL-6-ER UNL-3467 Masters 568185 4455813 0.7 29 114 34  109.7:56  20/37 50 4155027 264425 50 4155027  264+25 AK-1  Acon-994 Weldona 592473 4463764 “(’Sfr‘lgleei holl) 47 68  1022£0.07 1190028 098
= S}
3 = OSL-7-ER UNL-3468 Masters 568198 4455836 1.0 2.4 8.1 3.7 31.4+2.2 29/37 1.9 4.22+0.25 7.4+0.7 5.0 4.07+0.28 7.7+£0.8
S Q Probable Succi
3 Pune crest Qes here forming a thin veneer over Qbs; QY  Qaa Qay  Qes OSL-BC-14 UNL-3498 Weldona 585123 4459026 11 48 195 3.7 67.0+2.8 31/48 7.7 5234039  12.8+1.2 50  539+0.34  124%1.1 AK-8 Aeon-995  Weldona 592473 4463764 r(()siiglee Sﬁzfll)" “ 3.6 4.6 10.24+0.06 11.95+0.24 098
4500 < o ’ L 4500
= represented on the map with stipple pattern ,>_\ Photo 2. View of sidestream deposits of Broadway Alluvium (Qbs) overlying mainstream deposits OSL-BC-13 UNL-3499 Weldona 585123 4459026 1.9 43 176 4.1 79.14£2.9 36/54 6.7 5332038  14.8+1.3 50 5432035 14.6£1.2 Probable Succined
s = Qbs - Qbs of Broadway Alluvium (Qba) in a bluff exposure on the south side of South Platte River about 600 UNL lab’ UNL lab’ H-R-3459 Aeon-l1064 Orchard 581980 4466741 (four shells from 37 38 12364015 14532056 1.00
Moo S——_ Qs K @ Qa = Qa Y -~ T e = —— 4400 meters upstream of geochronolgy sample site H-R. Mainstream alluvium in the exposure has a high OSL-AK-10 UNL-3502 Weldona 592468 4463758 5.1 5.7 23.3 2.7 40.2+1.4 43/54 7.0 4924035  8.2+0.7 5.0 5.03£0.31  8.0+0.7 o ~15 cm thick bed)
e o T — P el potassium feldspar content, giving it a distinctive pinkish hue. At the contact, mainstream alluvium OSL-AK-11 UNL-3503 Weldona 592478 4463772 3.5 35 99 26 325£18 2735 59 3520024 92409 50 3.56:023  9.1%0.9 KC-245  Acon-950 Orchard 577915 4464174 mostly lignite? 25 232 39804310 43904569  1.00
®ka T T == o — // ~ // is stam.ed yellowish-red by .the accumulation of iron oxide. Near-vertical section of bluff exposure is OSL-TK-R-12 UNL-3504 Orchard 577216 4463702 2.0 s 6.7 1.9 35.842.0 48/54 33 3884026  9.2:0.9 50 3814028  9.441.0
e -_ . Qlv Pz \\ av e approximately 2.5 meters high. Photograph by M.E. Berry, July 2012. 11927 North American Datum (NAD 27), zone 13.
SRR S~ =TT e i -— - B —— ot o o St
K R K — Determined using the Central Age Mo de’l of Galblraith and others (1999) “Calibrated age calculated using CALIB 7.0, IntCall3 dataset (Stuiver and Reimer, 1993; Reimer and others, 2013); 0 yr B.P. = 1950 A.D.; uncertainty +2¢. Calibrated age reported as midpoint of calibrated range.
p p “Accepted disks /a%l disks. & ) *Probability of calibrated age falling within reported range as calculated by CALIB.
4200 4200 *Assumes 100% error in estimated moisture content. Field, moisture content of sample, measured at UNL lab; Est.,estimate of moisture content, which may better represent moisture history of sample.
°Calculated using field moisture content of sample.
"Calculated using 5% as estimated moi :
VERTICAL EXAGGERATION x1 T
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) "Measured at UNL Lab using inductively coupled plasma-mass spectrometry. Any use of trade, firm, or product names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.
Although this information product, for the most part, is in the public domain, it also contains copyrighted
materials as noted in the text. Permission to reproduce copyrighted items must be secured from the
ME 1 CONVERSION FACTORS copyright owner.
DIVISION OF QUATERNARY T USED IN THIS REPORT This database, identified as SIM 3331, has been approved for release and publication by the U.S.
B B B Geological Survey (USGS). Although this database has been subjected to rigorous review and is
Period Epoch Multipl B To ob
€110 poc Age ultiply M 0 obtain substantially complete, the USGS reserves the right to revise the data pursuant to further analysis and
1 . . review. Furthermore, it is released on condition that neither the USGS nor the U.S. Government may be
Holocene 0-11.7 ka mllhimeter ((mn;) 82227 %HCE Eln; held liable for any damages resulting from its authorized or unauthorized use.
centimeter (cm . inch (1n.
- y late 11.7-126 ka meter (m) 3281 foot (ft) élthoug(rbtshg;;e data have been procezsed_suc;_czs;:fullydon a con(}puter: S\(/js_terln at the'lIJ_.S. (fier?lo(?ical
Photo 3. View to the southwest of colian sand dunes (Qes: Quaternary . . . urvey . no warranty expressed or implied is made regarding the display or utility of the data on
ishi i G e 0 I 0 I c M a Of th e 0 rc h a rd 7 5 Qu a d ra n I e M 0 r a n c 0 u nt c 0 I 0 ra d 0 forming low hills in background) overlyin, sidestreargl Pleistocene middle 126-781 ka kilometer (km) 0.6214 mile (mi) any other system or for general or scientific purposes, nor shall the act of distribution constitute any
Publishing support provided by: u [ [ g 8gro ymg such warranty. The USGS or the U.S. Government shall not be held liable for improper or incorrect use
Denver Publishing Service Center deposits of Broadway Alluvium (Qbs) along the South y ka— of the data described and/or contained herein.
Edit and digital layout by J.A. Herrick Platte River bluff near sample site TK-R. Soil developed carly 781 ka=2.58 Ma
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on Qbs visible in middle ground (here buried by a thin
veneer of eolian sand). South Platte River channel and
floodplain (Qaa) visible to the right in background.
Near-vertical section of bluff exposure approximately
3 meters high. Photograph by J.L. Slate, April 2012.

'Ages for time divisions are from Walker and others (2012) and Cohen and others (2013; updated). Ma, million years; ka,
thousand years.
*Calabrian and Gelasian Ages.
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