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. &4\/ ) 40°22'30” CORRELATION OF MAP UNITS approximately 3.5 m, from a location about 10 m upstream from where the snail 29Th/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 S0 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.
/ ~ SURFICIAL DEPOSITS percent moisture, table 1). oldest ages, 15.24+0.06 ka, may most closely estimate the minimum age of the Conservation Service, 2009a, 2009b). Field investigation 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 f:ontained the.bone. However, because data for.the specimen ir}dicgte 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
1469000 Alluvial and 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
63000mN Artificial  Shoreline cg‘uu‘i,igl Eolian AA-11084A) obtained by Haynes and others (1998) for humic acids in charcoal ap.pe.:ndlx), data for addlt“)‘}a] specimens are needed to better constrain the Therefore, as in unstlpp.led areas, eolian sand dePOSItS 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
- 169 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 N N the map area. Timing of uppermost alluvium deposition and surface stabilization Broadway Alluvium is considered coeval with the Pinedale glaciation b’jlrled soil controls soil CIaSSIﬁC‘?UOH and series designation. I.n contrast, dark Service Agency Aerial Photography Field Office, 2009, 2011, 2013); topographic and digital Fort Collins, Colorado, p. 87-105.
| FEET af Qsh Qaa Qaf 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 1513 ka (Nelson and others, 1979; Madole, 1986; soils (north of river) and Osgood soils (south of river), chargcterl;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.ate morphology) soil profiles developed m 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 of Agriculture Natural Resources Conservation Service, 2009, 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 1nclud§s lesser areas of Te}'ry s.oﬂs., 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
g ) b 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, sgnéla]r)to Vona smlsfiut de\ielop;(li prmiafr{lly m resuéuum formed fS’rom san;i(s)tg;le bodies shown on this map are based on the 2013 imagery. hitp://pubs.er.usgs.gov/publication/b996C.]
g8 [y , h : S. rtment iculture Natu ti ice, ) . . . . . .
o e degree of developmer}t 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 epa mer;)lo ftglilcu ¢ ¢ 2 rta esour; e f(}?servasg)r; %WIZZ K a 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
v Qbs Qba - QUATERNARY Resources Conservation Service (2009b). Estimated thickness 2-5 m others, 2007; Young and others, 2011; and references therein). Correspondingly, d C)lprels;.l;réa Sy © 1;71§§pe£ rlan51 ton mett ferfo :jerreh a eh(. e i o¢ d 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
Clovis artifacts present in upper part of terrace alluvium near Kersey, Colo. and L.ole, ; Scott, ; the latter areas are inferred to have thin eolian san : . ot i ont o : ’ oati ~ ) .
Qbs Sidestream deposits of Broadway Alluvium (late Pleistocene)—Mapped as e kmp e Il’\f’[ tp 4 | e tli] cover that may be late Pleistocene in age based on soil development and gnd dune crests in areas whereT center—_pr0t irrigation or other agrlcultural.practlces_have been Investigations Map SIM 3090, 'scale' 1:100,000, 48 p. pamphlet. [Also available at
: - . (roughly west of the Masters quadrangle), combined with other : . o . introduced. Therefore, geologic mapping of young fluvial features, shoreline deposits, and dune http://pubs.er.usgs.gov/publication/sim3000.]
Qv informal Bijou Flats tongue of Broadway Alluvium by Gardner (1967) and upper archacological data, indicate that aggradation of Broadway Alluvium was still in therefore are included in Qes dark stipple; locally may contain small outcrops of ; . . . . . . . .
_ member of Broadway Alluvium by Scott (1978). Overlies and presumably ropress between al;o 133 and 12.9 cal ka (11,511 "C ka) but completed and Pierre Shale (Kp). Holocene sand deposits too small to show separately present crests also is .b.ased on the NAIP imagery. Dunes outside of cultivated areas are mostly .stz_ublhged by Licciardi, J.M., Clark, P.U., Brook, E.J . Elrpore, David, and S'he.trma, Pankaj, 2004, Variable
U Pleistocene interfingers with mainstream deposits of Broadway Alluvium (Qba) south of prog ween about 13. . 1 u pl locally within dark-stippled arcas, sandsage prairie vegetation (_Chapma_n 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.
. : the surface stabilized by about 11.5 cal ka (10 C ka) at the latest (Holliday, many places due to degradation by hillslope processes and the grazing of livestock; dune crests (for Licciardi. J.M.. and Pi K.L.. 2008. C i hronologies of Pinedale and
Qai South Platte River mostly east of the Weld County-Morgan County line. 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 . . ) o . > 1cciardl, J.M., and Pierce, K.L., » Cosmogenic exposure-age chronologies of Pinedale an
Consists mainly of sheetflood deposits thought to have been deposited primarily e L . . simple parabolic dunes a}qd for individual (_1unes within compound parabolic dunes) were OHIY_ Bull Lake glaciations in greater Yellowstone and the Teton Range, USA: Quaternary Science
byl ftude floods al . 4Ki Crecks (Gard 1967: S coating the outer edge of bone fragment encased in uppermost Broadway by radiocarbon ages reported by Madole (1994, 1995) and Madole and others 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 large-magnitude floods along Bijou an I?l(_)wa recks (Gardner, 1967; Scott, 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 s : ; : . » Ve 2/, 0. 77, b ) . . .
. the dunes within the dune fields. All field mapping and all imagery used for mapping predate the
Qao 1978, 1982; Berry and others, 2015), which join the river downstream of Masters 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 14C | tude flood ho South Pl Ri h i olace duri a8 AP Lindsey, D.A., Langer, W.H., and Knepper, D.H., Jr., 2005, Stratigraphy, lithology, and sedimentary
1467 ) ) 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 arge-magnitude flood on the South Platte River that took place during mid-September, . features of Quaternary alluvial deposits of the South Platte River and some of its tributaries
1467 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. Beta784’1821) at sm;th edge of Oréha;r a7, 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 noth side O_f its valley and may have epispdically dgmmed the river. for ShQH to gobble gravel, sand, and finer grained a@lgv_ium filling deep paleochannels quadrangle near Bijou Creek; 0.64+0.11 cal ka B.P. (0.68+0.08 “C ka B.P, and uranluIIl-Sglflefi (230”l;h/U()1 agehdeSrr.mnat.lonsf(It\?btl)es 11(—3)I;§ed11mint sz}mples for (C})SL l:iatln% [Also available at http://pgbs.er.usgs.gov/pubh'catl(.)n/pp1705.]
. . —_— periods of time (Scott, 1982). Accumulat.mn of the sidestream alluv1}1m built up (BJorklund and Broyvn, 1957 ; Colorado Division of Water Resources, 2013); Beta—70542) near Bijou Reservoir, Weldona 7.5’ quadrangle; and, 0.820.16 cal were processed and analyze a}tt e anel‘Sl'[.y of Nebraska-Lincoln Luminescence Geochronology Madole, R.E., 1986, Lake Devlin and Pinedale glacial history, Front Range, Colorado: Quaternary
.4 N. B Ko } Upper } CRETACEGUS surface to a level that now stands approximately 21 m above the active inferred to be Louviers Alluvium by Gardner (1967) and Scott (1978). Some of ka B.P. (0.89+0.10 "“C ka B.P., Beta—62192) in Greasewood Lake 7.5’ Laboratory using the single aliquot regenerative (SAR) method (Murray and Wintle, 2000). Research, v. 25, no. 1, p. 43-54.
Cretaceous ﬂoodplain_ in Masters quadrangle_; terrace sur_face increas_es to maximum height these pal(_eochannels 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 Rise 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 uppermost eolian sand of abo’ut 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 cast) and Atwood, Colorado Gardner (1967) in adjacent Orchard 7.5 quadrangle, but are mapped here as (1.56:0.07 “C 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. mamstfeam deposits of.Broadway A.lluv1um (Qba). Gardner ( 1?67) similarly elsewhere in the region also support widespread deposition of eolian sand during uqllkely to approximate an average condition; th? fixed estimate of 5 percenF (an intermediate value Madole, R.F., 1994, Stratigraphic evidence of desertification in the west-central Great Plains within
166 [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 recognized these deposits as late Pleistocene in age based on soil development the late Holocene (Clarke and Rendell, 2003, and references cited therein) within the range of values for samples collected in November, 2011 and April-May, 2012) may the past 1000 yr: Geology, v. 22, p. 483-486.
b _ . . . . . . . . . & 2 . . . . . . 9 b . .
- years before present (O yr B.P.=1950 A.D.). Uncertam.tles are given at t.he 95 percent (20) gray, poor!y to well-sorted, moderately s'tratlﬁed, coarse to very fine sand and and fossil ev1depce, but m_apped them as Louviers Alluvium because he inferred Eolian sand deposits of probable middle Holocene age are locally exposed, thtzr reprisentR m((;lstureb history o.f tl}e ;am}irs for lile pu(;’pose of (t:a(ljlcul?tgrig ;stlm;ted ages from Madole, R.F., 1995, Spatial and temporal patterns of late Quaternary colian deposition, castern
66 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. mostly underlying late Holocene sand deposits. At a site near Empire Reservoir ¢ dose rates. Radiocarbon ages, including those obtained in 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 pr.().b_ability of 5 percent or more, ages thin (1-5 mm) mats of organic debris and clay, or packets (5-10 cm thick) of The Louviers Alluvium is considered coeval with the Bull Lake glaciation (ER), approximately 1 m below the surface, a 1.niddle Holocene sand deposit p ubl‘lshed a(%;s gted f{om Fh;: l.l teraturz, WEre ce;hblratefd uts)lng the IntCa}l3 dataset and CALE?DTO Madole, R.F., Honke, J.S., and Langdon, P.G., 2010, Evidence from the Front Range, Colorado,
- S are baSt?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 cov. e; od by a thin vencer of late Holocene s;m d has an OSL age estimate of (S}tlulvgr an elhmeé, 993,. eimer and ot ersi 013) ordetter co}rlnparlson tolage.:s %enerate y indicates that Pinedale glaciation began before 31,000 yr ago [abs ]: Geological Society of
&) 5 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 7.72£0.8 ka (UNL-3468, 5 percent moisture, table 1). At Milliron Draw, Orchard ]ojt er atlr(lig methods. tUranlluén-si:rws age ana yse; were t(;‘ne zt.t S{}JS%SG?)OR(}%C& SEI;)VEY America Abstracts with programs, v. 42, no. 5, p. 363.
3 . . L o . . o o . : : : L -1 ’ > : > enver radiogenic isotope laboratory using procedures outlined in — —01, o . AR . .
a é 0 Sml:horl.zon d.es1gnat10ns.a1.1(? other descriptive §011 terminology used in this report follow criteria ilgm? thought tt()) tl)e n)loétly ;rgctijec(li frt(;lmt [f{pper Cretzc;ous Laralrme l;:tozlmanon §§p0s1t§ suggels\;fl tl(lie 1glalc19a9t110nS siglr:ined frozn a‘;)lout 12%(2) ;0 5‘130 ke; ((;)e?)e . 7.5' quadrangle, the age of a buried sand deposit is constrained by ages on buried Uranium-Thogr oum Diseclljuilibrium gudiesg I()accessible ot Madole, R.F., VanSistine, D.P,, and Michael, J.A., 2005, Distribution of late Quaternary wind-deposited
= outlined in Soil Survey Division Staff (1993), Birkeland (1999), and Schoeneberger and others see discussion below). Luraded beds that hine upward from poorly sorted coarse 1scussions 1 Viadole, ; Schildgen and others, > rierce, > Sharp soils that provide a maximum-limiting age of about 6.33+0.16 cal ka B.P. . . - . sand in eastern Colorado: U.S. Geological Survey Scientific Investigations Map 2875, scale
= % 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 14 _ e limiti http://esp.cr.usgs.gov/projects/uth/U S,GstRILfoI,CROfosenes’pdf,)' Supplementa% details about 1:700.000. 49 hlet. [Al ilabl http://oub /oublication/sim2875
¥ ’ . . . . (5.51£0.09 '*C ka B.P., Beta—72203) and a minimum-limiting age of about th 1 lyzed and Its obtained ded in th dix to th 1 B :700,000, 49 p. pamphlet. [Also available at http://pubs.er.usgs.gov/publication/sim: ]
= I 1975). The t “ ist ” is th ist t hi f soil ficial 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 14 . ¢ samples analyzed and results obtained are provided in the appendix to the geologic map (J.B. . . . s .
T ). ‘e term “consistence™ 15 the resistance to crushing ot soil or surticlal material in the hand, ' v sub l, . ) brounded. C > q : q y : g : g y g ot 1.1440.16 cal ka B.P. (1.23+0.08 '*C ka B.P., Beta-70543) for the deposit Paces, 2"Th/U ages supporting geologic map of the Masters 7.5’ quadrangle, Weld and Morgan McFaul, Michael, Traugh, K.L., Smith, G.D., Doering, William, and Zier, C.J., 1994,
X as described by Soil Survey Division Staff (1993). In descriptions of clast lithology, the term grains mostly subangular; lesser amounts subrounded. Coarse sand grains an (Church and Ryder, 1972; Madole, 1991; Schildgen and.others, 2002; 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 2*Th/U Geoarchaeologic analysis of South Platte River terraces—Kersey, Colorado: Geoarchaeology,
g5 . “granite” refers to phaneritic igneous or meta-igneous rock types that are felsic to intermediate in granules of quartz and feldspar common. Few scatte.:red fine pebble.s of tuff, and others, 2005); therefore, some of the youngest alluvium may post-date the rhizoliths collected from a quarry exposure north of Orchard suggest a > > e — e V.9, no. 5, p. 345-374.
—] . e . . . analyses provide constraints on the minimum ages of deposits from which samples were collected > >
] composition] 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 . it : : . . o e .
- p .. . . . . . . . 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
0 0 masses, or pore linings present locally, particularly in sandy clay layers. unit is mostly buried by younger deposits along the South Platte River corridor (3.60+0.07 “C ka B.P., CAMS—6378, Muhs and others, 1996) at that site. the d ’ ional ; & P & poraty 8 C,olora’dO' AI;nals of the Association of American Geographers, v. 75, no. 4, p. 566-582
SURFICIAL DEPOSITS Typically forms vertical exposures, especially along South Platte River bluff between Greeley and the Colorado—Nebraska State Line (for example, see Enisodes of eoli ’d d e - : ; ¢ deposttional event. ) i T ’
S . . pisodes of eolian sand deposition during the middle Holocene are also Mubhs, D.R., Stafford, T.W., Cowherd, S.D., Mahan, S.A., Kihl, Rolf, Maat, P.B., Bush, C.A., and
(Berry and others, 2015). Contact with mainstream alluvium typically sharp, Colton, 1978; Scott, 1978), but subsurface lithologic data from test holes and documented at other sites within the region (Clarke and Rendell, 2003, and » DR, , LW, ,o.D, >, DAL, s s , P.B., , CAL,
ifici : : . e (R : » 2003, ACKNOWLEDGMENTS Nehring, Jennifer, 1996, Origin of the late Quat dune fields of northeastern Colorado:
Artificial fill most notably marked by difference in color and coherence. Soil profile water wells (Bjorklund and Brown, 1957; Colorado Division of Water Resources : : ¢ chring, Jenmler, » Origin of the late Quaternary dune fields of northeastern Colorado:
: 4 > > references cited therein). G hol 17 1-3 129-149
ifici 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 comorphology, v. 1/, no. 1=, p- ’
af Artificial fill (latest Holocene)—Includes abutments where roadway crosses South ! . . ) S Sand deposits of probable late Pleistocene age (marked by dark stipple) are proj PP y - g y P g Munsell Color. 1975. Munsell Soil Color Charts: Balti Marvland. Koll C ti
. . . I Bk horizon with stage II filamentous carbonate morphology. Soil profile buried Masters quadrangle and up to 45 m thick in adjacent Orchard quadrangle P P & y PP Mapping Program. The National Association of Geoscience Teachers (NAGT)-U.S. Geological unsel Lolor, » viunsetl sort Lolor Lharts: balumore, Maryland, Bolimorgen Lorporation,
Platte River, raised track of railroad, some artificial levees and banks, and dam . . tensive in the Masters quadrangle a: 11 as regionally (Muhs and others pping Frogram. o g beth Divisi
> . . . o . by younger eolian sand in many places. extensive mn the vViasters qu gle as we g Y > : : P : Macbeth Division.
embankments at Empire and Riverside Reservoirs. Artificial fill is present along Y o Si drc timat y.p dicate a late Pleist for Qbs. A dated Qai 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 Sﬁg;ircigf:;ra&zet:;rxﬁer rl:;:rll(}l, Eﬁgg\r)lvi;rsogrﬁn gisgop:;\;,lg::nstzgr:;itetg?s %}?e?rsli;lgsgﬁty 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 esumates ndicate a late Fleistocene age tor -Adate 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 : : ; . . RN
. : : : ; , ) ¢ : - ’ el a SAm : > Iso thank th ther individuals wh tributed to th iect: Emilv M. Tavlor (USGS) f single-aliquot regenerative-dose protocol: Radiation Measurements, v. 32, no. 1, p. 57-73.
b4 Shoreline deposits Z;fp . (inmatel?/gf ;Efgzpi;(lgzicff; liI;O(IIS_Hl\IIrI?) ;466)' o ai)pr (E)lx(imater By zna to moderately stratified, moderately cemented, sandy pebble and cobble gravel, Muhs and others (1996) obtained for soil carbonate nodules from an underlying ArcMap'gSarah R gurv%s (NAGT Intern) for assisting with field work; Shannon Ag Mahan (USGS) eastern Colorado: Physical Geography, v. 2, no. 2, p. 95-115
:464 . s . . . . . .. . . . . . . N . 5 . s V. 4, .4y P .
. . pebbly 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 . ) Nel AR Millineton. A.C.. And 1T and Nichols. H 1979, Radiocarbon-dated
= Qsh Shoreline deposits (latest Holocene)—Mostly pale brown, brown, or yellowish %ipth’ and 15t:2i1.5 ka (.UNLj463) at aplzro?itl;naheéy 3.6 rr; ?Zpst;li(t)a?ée l)l.k above active floodplain. Pebbles and cobbles mostly quartzite, gneiss, granite, maximum-limiting ages for the sand of 31.21+0.23 cal ka B.P. (27.30+0.17 *C gorpl;e;:i()?gs() (f}g)p ?grt?;le %ilalnclirir;ilffseicc):sr:t? ;zzj:gczifr??ag:Lrg(;'[s}?or;llste;ngl::;ﬁlzl:’izzgt.ilggfi}(;n ¢ S(:;p ef I;{eistIOCIZEeogfac{al.;eq?le;e:ZS’Fr.asgra?/alle;f Coosl;ra?irc:];}:ont Ra’ng: 1822{0;; Va7e no. 8
o brown, moderately to well sorted, fine to medium grained sand reworked from B lf s(e:ég;:nesl ggz etz,balr: 2”)1 \:%Zoob?agirrf:(;nf% r; ;:;bazle s, ageA N sr;ail sh.ellsca a pegmatite, and sandstone; includes bluish-gray quartzite that probably originated ka B.P., CAMS-11339), 31.36+0.48 cal ka B.P. (27.424+0.30 *C ka B.P,, 01." pribable Succinea snef)il shells. and submission of our radio%: arbon samples forpana’lysis Deniel p. 410-414 > ’ : > Ve 15 B0 O
.P. — uccinea . . . > . . .
i i i i i i i > CAMS-16612), and 30.58+0.51 cal ka B.P. (26.41+0.24 *C ka B.P., . . . . . . . . .
% eolian .sand deposits by sh(.)rehne processes at.Rn./ers1de.: and Empire Reservoirs. collected at a depth of approximately 3.7 m from a section of Qbs exposed in the from outcrops in Coal Creek Canyon (Lindsey and others, 2005). Diameter of ) an . cal ka .( - . 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.,
5 Deposits post-date reservoir construction. Periodically inundated when water South PI River bluff about 4.8 km d fKi Creek (site H=R. i largest clasts commonly 10-11 cm but ranges up to 21 em. Clasts subrounded to CAMS-16604). Eolian sand deposition during the late Pleistocene likely was 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
& levels in reservoirs are high. Estimated thickness less than 2 m Oou}tl dz;ttse, 1vzr v : a tout t: :Il ?Véns;reaml(; 67 10;\;? ree (1s1te . 1n 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 com rehens%ve technic:l. reviews o f theya endix on 2*Th/U a yes ' in Quaterna’ S.c.i’ence.s, Amsterdam. ]?l]sevier 6376 ’ ' P
- ) ) e dar ) quta riEgOeS’Izj se¢ 10;1 to Sar e, . ‘).t N a;ges a sofa rem 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, ?htt J/oubs usp s wov/sim/3344/sim3344 anpen dixpﬁ) df) & Rei Pl B zyE douard ,B liss. Al ’ Beck J’sv Bl k LPG. R CB. Buck. CE
Alluvial deposits £00 a%r.eertr}llen V:;h b akge feSB??“a eCs( kp er.ctenBéno.ls tl’;el) 4 or a7sesc,: ton poorly preserved. Pedogenic carbonate horizon has stage III morphology; coats 2005). D-//pubs.usgs.g -app —-pab)- elmg; . .,Ha'r ]’Ed ou(ailr i{fy ll?ss',d 'e)lil, Me'ch, .l (“; ac “;el\/i G > ldamsey’TI; I:I flllil, -E.,
) ) . _ . exposed in the north cutbank of Bijou Creek (site BC, in Weldona 7. (rinds) of calcium carbonate on clasts commonly thin. Main source of eolian sand is South Platte River for sands in the Fort REFERENCES CITED eng, Hai, Edwards, R.L., Friedrich, Michael, rootes, 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 ) ) . ) ¢ ! 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 Morgan dune field, made up of a 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 collectefi 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,
P pebbly sand, silty sand, and sandy pebble and minor small cobble gravel, Organic material collected from a thin (2-5 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.:
.3 : . ; . B : o i h eolian sand along the Empire Intake Canal (site EIC). The uadrangle (averaging about N. 34° W. south of river and about N. 27° W. north Workshop—Planetary Analogs—Integrating Models, Remote Sensing, and Field Data, M ;
W interstratified with thin (<1-5 cm) layers or lenses of very pale brown silt and : . . cropping out beneath colian sa g p ( ) q g gmg orkshop—~Planetary Analogs egrating Models, Remote sensmng, a cld Data, May Radiocarbon, v. 55, no. 4, p. 1869-1887.
N @ i ic-ri i - and clay at approx1mately 2.5m c_lepth, just above OSL 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 . . .
>T 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. (Aecon—950 ySes p . . . PP > 250 g £ . ;i o > > ’ ry > Riithimaki, C.A., Anderson, R.S., Safran, E.B., Dethier, D.P., Finkel, R.C., and Bierman, P.R., 2006,
N weakly to moderately stratified. Sand beds commonly cross-stratified. Filled able 2) which is lik ely an infinite age (J.S. Pigati, U.S. Geological Survey ’ http://pubs.usgs.gov/sim/3344/sim3344_appendix_1.pdf), and oldest ***Th/U by Muhs (1985) and Muhs and others (1996); combined with dune distribution 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 W burrows common. Clasts mostly granite, gneiss, pegmatite, quartz, feldspar, and USGS ’ o L : . ages that primarily cluster in two groups (figure 1-7 in appendix); one cluster with respect to primary sand source, dune orientation indicates sand-transporting ages of Front Range moraines that may have formed during the Younger Dryas, 8.2 cal ka, and G hol 78. 1. 265-278
> > > > ’ , oral commun., 2012). Gardner (1967) also dated organic material from . p . . > . . eomorphology, v. /s, p. -
Q sandstone; most clasts subrounded to rounded. Also contains minor amounts of (Qbs chlt elded an anomal 01)151 old d at( o P ol)l en 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. Schaefer. IM... Denton. G.H.. Barrell. DJA... Tvy-Ochs. Susan. Kubik. PW.. Anderson. B.G.. Phillios
, 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 Schiiichter .C.hl‘.i,st;gl 2006 Near-,synchr(,)n(.)us.,interhemis’pht.sri;:’ >
ONION g i === ) 3 Formation cropping out along tributaries south of the map area (Braddock and interpret thff)sam le as li Ilgl te from the Laramie Fc%rl;lation %v hich crops 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, térnﬁnation o’ftile.,last lacial maxi,mum in m,id-lati’tudeS’ Science. v. 312 no. 5779. o. 1510-1513
¥ [~ S =N N X3 Cole. 1978). Locall ins stained with reddish vellow i ide and black Tpret pic as l1g ’ P (Wp95-B3 and Wp95-El, 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 _ . g ) > o T »P- :
\ 4 Q s ~ < o'e, ). Locally, grains stained with reddish yellow iron oxide and blac along Kiowa and Bijou Creeks south of the map area. We suspect our sample S . . . no. 1-2, p. 49-65. Schildgen, Taylor, Dethier, D.P., Bierman, Paul, and Caffee, Marc, 2002, Al and '’Be dating of
157 [ , T aa e s Is manganese oxide at water level. Uppermost 25-50 cm of sediment on floodplain Acon_950) al ined lienite from the Laramie Formation. Probable lieni ka. Therefore, the data indicate with a high degree of confidence that the alluvial Benson, Larry, Madole, Richard, Phillips, William, Landis, Gary, Thomas, Terry, and Kubik, Peter e Toloc s ¢ fluvial denositi e
—— & \ 1o typically light grayish brown, crudely stratified, poorly sorted sandy silt, silty ( con- ) also containe ignite from the Laramie Formation. Probable lignite clasts were deposited prior to 334 ka; based on the two oldest ages, the best BEDROCK UNIT 202)4 Thé robabl,e o ortz;nce of Sl’,IOW and s’ediment’ shiel(’iin o c:)smo ’enic Jos of’ ) late Pleistocene and Holocene fill terraces—A record of fluvial deposition and incision,
SLLaTTh77 7f ‘\ LVERE o = ° sand, and granule- to fine-pebbly sand. Less active parts of floodplain have thin, gf: gz;:hcgﬁizoﬁit‘?eﬁﬁ?ljslgl;)éh;;tzzp; Susr:(s)t? ig?g;ﬁgﬁigfg Oirg:tli;ﬁ 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’-centrzl ColoradopPinedale and pre-Pinedale moraines: Qﬁatemary Sfience Pg(eviews, v Colorado Front Range: Earth Surface Processes and Landforms, v. 27, no. 7, p. 773-787.
— = i N — weakly developed surface soil (A/C profile). Estimated thickness 3—5 m . . 7 Y : These results support correlating intermediate alluvium at site EIC with older o : . Schoeneberger, P.J., Wysocki, D.A., Benham, E.C., and Soil Survey Staff, 2012, Field book for
= N ‘ y Y p Quaternary deposits in map area (Bjorklund and Brown, 1957; Colorado 23, no. 1-2, p. 193-206. [ . . . : .
~— ‘ \ 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 Division of Water R. 2013). Wh it ‘i b dranl ’ | P d dicati Franid . i describing and sampling soils, version 3.0: U.S. Department of Agriculture Natural Resources
. R - : i ; along river bluff in Orchard quadrangle, and possibly as much as 18 m near the . . - 1vis1on ol water Resources, - Where unit crops out In nearby quadrangies Berry, M.E., Slate, J.L., and Hanson, P.R., 2013, Indications of rapid geomorphic response of the C tion Service, National Soil S Center, Lincoln, Nebr. d Feb 4
Qe Younff;l;g;l?;g;g,§l?§rglzlﬁ)i;ﬁ2ra£q$;?$?$Ztgayrtlt(; I:zsgbil\l,l: };Sir:eel;lzlcl:é‘;ll;ﬁ southern border of Orchard quadrangle around Bijou and Kiowa Creeks (Kellogg and others, 2008). Thickness is poorly constrained but may be 13-18 m composed of upper transition member of Pierre Shale: dark-gray calcareous South Platte River system in eastern Colorado during the late Pleistocene—Holocene transition 5 (;) ln :ezitltopr? / /vile;;j;rcsa.lulsod?gos/lln tgrrc:t}/lFS? ]e)r,o Cl?J(i\O/IEi\IT; /L;;Clc:zszg 0 Se 25@% d f’
. : . : : ) Gardner, 1967 i i - i i marine silty shale interbedded with light-gray shaly sandstone and sandy shale. [abs.]: Geological Society of America Abstracts with Programs, v. 45, no. 7, p.190. ’ P . -
Surface occasionally flooded. Alluvium very pale brown, light brownish gray, (Gardner, ) Qao Old alluvmn‘l (early Pleistocene)—Mostly cov@red by epl1an sand bl{t exposed in Sandstone beds and " limestone | X . thick g y grams, v. %, P Scott, G.R., 1960, Subdivision of the Quaternary alluvium east of the Front Range near Denver,
light yellowish brown, or light pinkish brown, fine to coarse sand, pebbly sand, Qba Mainstream deposits of Broadway Alluyium (late Pleistocene)Mapped as gravel pit near south edge of quadrangle. Light reddish or yellowish brown, andstone beds and concretionary limestone ‘aye;s uPl 0 a meter or more thick. Berry, M.E., Slate, J.L., Hanson, P.R., and Brandt, T.R., 2915, Geologic map of the Or.cha.rd 7.5 Colorado: Geological Society of America Bulletin, v. 71, no. 10, p. 1541-1543.
and sandy pebble and minor small cobble gravel. Interstratified with thin (<1-5 POSIES y PP moderately to well-cemented, poorly to moderately sorted, sandy pebble and Colncretlons common. Upper Cretaceous. marine fossils 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
. . o Broadway Alluvium by Gardner (1967) and lower member of Broadway . S 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 , G.R., > ry geology g P Ty q gle,
cm) layers or lenses of very pale brown silt and dark grayish brown, organic-rich Alluvium by Scott (1978). Forms terrace approximately 12—15 m above active cobble gravel, pebbly sand, sand, and silty sand in inferred terrace remnant » 1 sheet, 1:24,0U0, http://dx.dot.org/10. SImo25 1. Colorado, chap. A of Geology of the Kassler quadrangle, Jefferson and Douglas Counties,
gl clay. Poorly to well-sorted, weakly to moderately stratified. Sand beds floodplain: terrace sur face: Jargely covered by eolian sand (Qes) but well approximately 60 m above actlye floodplain. Weakly to mode.rately stratified; Birkeland, P.W., 1999, Soils and geomorphology (3d ed.): New York, Oxford University Press, 430 p. Colorado: U.S. Geological Survey Professional Paper 421, 70 p. [Also available at
= 5 gt commonly cross-stratified. Loose to slightly hard dry consistence. Locally, exposed i n’ Green Citv Flats area. Underlies and interpreted to interfinger with sand beds commonly cross-stratified. Pebbles, cobbles and minor small boulders EXPLANATION OF MAP SYMBOLS Birkeland, P.W., Miller, D.C., Patterson, P.E., Price, A.B., and Shroba, R.R., 1996, Soil-geomorphic http://pubs.er.usgs.gov/publication/pp421A.]
Gfm / y [ rains stained with reddish yellow iron oxide and black manganese oxide. Some xp Y - ) - Tpretec g (up to 30 cm diameter) generally rounded to well rounded. Clasts mostly relationships near Rocky Flats, Boulder and Golden, Colorado area, with a stop at the : e O :
Y g \ yello ! ga i sidestream Broadway Alluvium (Qbs) from Kiowa and Bijou Creeks south of ; ; / ; . ; . p CKy > > > astop Scott, G.R., 1975, Cenozoic surfaces and deposits in the southern Rocky Mountains, in Curtis, B.F.,
of the finer-grained beds show signs of soft sediment deformation. Filled South Platte River mostly east of the Weld County-Morgan County line. Unit quartzge, gneiss, granite, .pe.gmatlte, and sandstor}e; 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
burrows common. Clasts mostly granite, gneiss, quartz, feldspar, pegmatite, crops out poorly due to cohesionless nature of the sediment when dry; Hi oh quartzite that probably originated from outcrops in Coal Creek Canyon (Lindsey Open-File Report 96-4, Field Trip 27, accessed September 25, 2014 at Memoir 144, p. 227-248.
chert, and sandstone; most clasts subrounded to rounded. Locally contains minor . . . . L. e . and others, 2005). Dense accumulations of red, yellowish-red, and Dune Crests—Only crests clearly visible on National Agriculture Imagery Program http://store.coloradogeologicalsurvey.org/. . . . . 0uno
amounts of lignite fragments. Uppermost sediment packet in alluvial sequence potassium feldspar content gives unit a d1.st1nctlve pinkish hue, particularly in reddish-yellow iron oxide and lesser amounts of black manganese oxide (NAIP) orthoimagery are shown kel h . ki . . Scott, G.R., 1978, Map showing geology, structure, and oil and gas fields in the Sterling 1°x2
typically I htg _ hgb Ppl . ) IP P | qrt q exposures along South Platte River bluff in Orchard and Weldona quadrangles. prevalent in matrix, on grains, and along bedding planes. Secondary silica may Birkeland, P.VK.,IS roba, R.R., BumskS.F., Prlcle, ?.B., z;lndFTon 11;1, PJ., 2f0((;)3i Intggratlng soils and quadrangle, Colorado, Nebraska, and Kansas: U.S. Geological Survey Miscellaneous
1cally light grayish brown or pale brown, crudely stratinied, poorly sorte : : - . . ’ ; . e Qes Areas where eolian sand Qes probably is Holocene in age but generally thin geomorphology in mountains——An example from the Front Range of Colorado: Investigations Series Map 1-1092, scale 1:250,000. [Also available at
o sandy silt, silty sand, and granule- to fine-pebbly sand with lenses of silt and Alluvium pink, pinkish gray, or light reddlsh brown, moderately well- to also be present based on the strength of cementation. Calcium carbonate p y g g Y Geomorphology, v. 55, no. 1-4, p. 329-344. . Lo ?
o o dark grayish brown clay. Surface soil typically poorly drained A/C profile. poglr)lly Sortedl, féne to COallrse - pel')ft') l}(li Sind’ Tlllt}kl Sal}d, agddsangy 'iijnﬁle o accumulations common along fractures and as thin coats on clasts. Areas where eolian sand Qes may be late Pleistocene in age Bjorklund, L.J., and Brown, R.F., 1957, Geology and ground-water resources of the lower South Scotthtci[}pii/plll};;;n;eslfl;:(.)%/(:l/l/:; :ﬂzagttioor;i)l;i(lgia]lp of northeastern Colorado: U.S. Geological Survey
- : ; _ pebble gravel. Commonly cross-stratified. Locally has interbeds of pinkish gray . . . . i w 1 y 1 1 T o S ] . > O, > - U,
<3 Estimated thickness 3—5 m to very pale brown silt or laminations of dark grayish brown clay. Sand grains . Garctlper (1 d967, p.f57)1 1nter{)r4eteid6d§fos]1;.als( Iioc(l;y F(}atshAllu\f;lgn;, Wh1<]:3h |;_‘____1 Platte River Valley between Hardin Colorado, and Paxton Nebraska: U.S. Geological Survey Miscellaneous Investigations Series Map I-1378, scale 1:250,000. [Also available at
© ™ . . . . . R ’ . 1 t t1.4-1. t! , t A . . . - . i . ot
So Qa2 Young alluvium 2 (late Holocene)—Equivalent in part to post-Piney Creek alluvium mostly subrounded. Gravel typically rounded to subrounded clasts of granite, lass ;;[1 ae(legtlﬁin ;f de (())thz rsegi)OI) t0 ab Ou? g l\l/lr a i];lﬁk:lzn ; anegsothers )zcz)roe;.ou L | Intermittent wetlands and ponds—Low-lying areas prone to wetness and ponding hwnagir/pilénguzagl;eéoggii)ﬁi;t?on[x:;12‘]73;1? ble at http://pubs.er.usgs.gov/publication/i1378.]
> Q 4460 . . . . . . 5 s s = 4ty : H : . -l . . 1 1 1
w3 of Scott (1963). Forms low terrace approximately 3 m above active floodplain. gneiss, pegmatite, feldspar, quartz, chert, and sandstone. Largest clasts s . ) . . within eolian sand deposits (Qes). Includes areas that in some years have B ) 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 Slltﬁl;?fl 23?1 og?zrséSZI(l);)fé Zfseod]ic:;ss;c;n (I)I;elze(ﬁ?liﬁll;iioéizri,tﬁggg)z’ 006: relatively large ponds, but that appear to lack standing water in 2013 NAIP Braddock, W.A., and COlej J.C., 1978, Prelllmlnary geologic map of the Greeley 1°x2° quadrangle, fluvial terraces by 2°Th/U on pedogenic carbonate, Wind River Basin, Wyoming: Quaternary
5e Alluvium very pale brown, light brownish gray, light yellowish brown, or light in diameter) present locally. Accumulations of reddish-yellow to yellowish-red Diihnfi rtl}ll an dgothe%s 2012). A fossil tg otlli (Stegomastodon clegans) 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 l\;lorgan .(NW% SWVi. sec 7g T5N.R.5 SgW) collected Water—Includes water in ponds, reservoirs, and channels of South Platte River wide B 1.2K5 Oi(()OO.d[zIA{lso ;Viﬂa});igt gttpi/ / pubs.er.usgs.g(;Vil puEllc;tlon/ off 78532.]C lorad Soil Survey Division Staff, 1993, Soil survey manual: Soil Conservation Service, U.S. Department
i ith thi : P : : . ,sec. 7, IO N, R - —Includes water i r ul iver w i i iqui i . .
_ - . . : > 5 ryan, Kirk, and Ray, L.L., , Geologic antiquity of the Lindenmeier site in Colorado:
small cobble .gravel. Interstrat.lﬁed with thin (<_1 5 cm) layers or lenses of very mgtrlx, qu 11n1ng§ that apcentuate bedding. Surfgce s911 profile typically bas from a deposit also approximately 60 m above the active floodplain and mapped enough to be mapped at 1:24.000 scale. Water bodies change in position and size Sithsonian Miscoll Collect 99 5 76 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 : : e . . : mithsontan Miscellancous Lotiections, v. 5, 1o. =, /6 p. Stuiver, Minze, and Reimer, P.J., 1993, Extended “C database and revised CALIB radiocarbon
; : : : as Rocky Flats Alluvium by Scott (1978, 1982), supports an early Pleistocene age seasonally and annually. Location and dimension of ponds and river channels ; : : > ’ > K
weakly to moderately stratified. Sand beds commonly cross-stratified. Loose to horizon with stage II carbonate morphology. for the deposit (Scott, 1983). Thickness poorly constrained but may be as much N hi tased on 2013 NAIP orthoi NAIP L 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 as9m (S(I:)ott 1978) ’ . poory Y ; (;\g;llon td ;sorélgp; re oasec of | fort onpa%eri/l. d 1m§gsery ltla o 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 edge of quadrangle), unit includes 70 cm of crumbly clay, pinkish silt > n an ' shows a grgater volume of water in both ponds and Sout photographs): Reston, Virginia, U.S. Geological Survey (map scale 1:1,200,000), accessed Department of Commerce National Institute of Standards and Technology (NIST) Special
ol deformation. Filled burrows common. Clasts mostly granite, gneiss, quartz, platy silty fine sand burrowéd sandy silt with gray and yellowish ’green 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 . . . ®er Optically stimulated luminescence (OSL) sample location—With site name that Church, Michael, and Ryder, .M., 1972, Paraglacial sedimentation—A consideration of fluvial U.S. Department of Agriculture (USDA) Farm Service Agency Aerial Photography Field Office
199 11 i i f lienite fr- i ; Qfc Fan alluvium and hillslope colluvium (Holocene)—Mapped mostly along south . ditioned by glaciation: Geological Society of America Bulleti 83 P & geney graphy >
Loca y contau.ns minor amount.s 0 1gn1te angents. Uppermost sediment shells. Hard dry consistence. Interpreted as quiet water deposits that may have e E G el lone orenessa e e 0 o 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
pack.et in alluvial sequence typl.call}{ light grayish brown or pale brown, crudely been deposited at a time when the river was temporarily dammed by sidestream bluff. Tncludes individual ,an d coalescinpalrl,uvial fans at mouthsyo N I%ea dwfr - L . . 20 . L . 3059-3072. ) ) ) Service Agency Aerial Photography Field Office [Geospatial Data Gateway, Morgan County,
stratified, poorly sorted sandy silt, silty sand, and granule to fine pebbly sand flood deposits (Qbs). Underlying sands brightly stained reddish yellow, - : : g Uranium-Thorium (**Th/U) sample location—With site name that links to sample 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 (igulhesland coilluvilgll man:iles o(;‘n slo(;i)es. Vlel’y pallfi brovgn, CEIdTl}; field number (see table 3) drought in the Great Plains of northeastern Colorado: Quaternary Science Reviews, v. 22, no. 4, 2011, at http://datagateway.nrcs.usda.gov/GDGOrder.aspx
; ; ; ’ . . ' tratified, poorly sorted pebbly sand, and moderately sorted sand with silt lenses - _ g ’ T ’ ’ ’ - ’ o .
g quadrangle variable, ranging from A/C profiles to profiles with weakly An OSL age estimate (5 percent moisture) of 9.4+1.0 ka (UNL—-3504, table s . . . . 10-13, p. 1051-1058. U.S. Department of Agriculture (USDA) Farm Service Agency Aerial Photography Field Office
i developed textural B horizons (U.S. Department of Agriculture Natural 1) was obtained for mainstream Broadway Alluvium where it underlies Qbs at a and medium- to coarse-grained sand strlngers.. Most clasts 53 cm dlarp.eter and INTRODUCTION Cohen, K.M., Finney, S.C., Gibbard, P.L. and Fan, J.X., 2013; updated, The ICS International 20 lp 1. USD A—Fsi— APFO I(\I AIP NirSID mosaic: U g DZ artment of Agri(l:)ul}t,ure Farm ’
55 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 i A Aerial Phot hy Field Offi ' [G : It) | Data Gat . M Count
N g 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://www.stratigraphy.org/ICSchart/ChronostratChart2014-10.pdf. ervice Agency Acrial thotography rield LUllice [Licospatial Lata Lrateway, vorgan Lounty,
. & Qa3 Young alluvium 3 (Holocene and latest Pleistocene?)—Piney Creck Alluvium of str:tiara };icaC}Iu ainioﬁs?s:[ent S iiea;s . ez (e)b:;n: p ?0;)1;8 zrly ?E gQabS (see ) _ plains of eastern Colorado and contains surficial deposits that record alluvial, eolian, and hillslope Colora do' Divisién of Water i{esources 2013. Well permit in formatian' éolora do Division of Water Colo., Ortho Imagery, 2011 National Agriculture Imagery Program mosaic], accessed January
1a5g | i . Gardner (1967) and Scott (1978). Forms terrace 3-6 m above active floodplain; discu%sign abox}/,e) and theref(:ie is not%onsidered a reali:tic Zsti%nate for age of Folian deposits processes that have operated in concert with environmental changes from the Pleistocene to the Resources Laserfiche WebLink v:lell loc’ationspand subsurface liﬂiolo ic data accessed % 200, at hutpy datagaienay s usda sov/ GBGOrderaspx.
o o & Gardner (1967) and McFaul and others (1994) considered this terrace correlative he sedi A ’h OSL . f . Broadway Alluvi g 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 D ber 2013 at htto:/d ’bl' . o blink/ g U.S. Department of Agriculture (USDA) Farm Servylc.e Agency Aerial Photogra}phy Field Office,
30 . . . the sediment. Another age estimate for mainstream Broadway Alluvium . . . C ecember at http://dwrweblink.state.co.us/dwrweblink/. 2013. USDA-FSA—APFO NAIP MrSID U.S. Depart t of A Iture F
to Kuner terrace of Bryan and Ray (1940). Alluvium pale yellow, light yellowish . . : T : role in shaping the surficial geology of the quadrangle, which is situated downstream of where the . . > I mosaic: U.5. Department ol Agriculture Farm
X\ brown, light olive brown, or grayish brown. Poorly to well-sorted, weakly to (8.0+0.7 ka, UNL-3502, 5 percent moisture, table 1), collected downstream in parabolic dunes and low-relief sand sheets. Pale browp ’ browp, or yellowish last of the major headwater tributaries (St. Vrain, Big Thompson, and Cache la Poudre) join the Colton, 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,
’ . ’ b - L ooty ’ y 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 ° L S P ’ . . Corridor, Colorado: U.S. Geological Survey Miscellaneous Investigations Map 1-855-G, scale Colo., Ortho Imagery, 2013 National Agriculture Imagery Program mosaic], accessed Janua
moderately stratified, fine sand, silt, clayey silt, pebbly sand, sandy pebble . . . . . . : : river. Recurrent glaciation (and deglaciation) of basin headwaters has affected river discharge and - i - gery, g gery Frog > ry
o . anomalously young and stratigraphically inconsistent with ages obtained for the contains minor amounts of coarse to very coarse sand and a few scattered, . . . .\ . .S 1:100,000. [Also available at http://pubs.er.usgs.gov/publication/i855G.] htto:// /
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 et : D,P s' i e p//p ) . 1 . i éé ffp VI . . s of 3, 2014, at http://datagateway.nrcs.usda.gov/GDGOrder.aspx.
; ; ; ; > . ’ ; - ; ; ; i oinating i ethier, D.P., Schildgen, Taylor, Bierman, Paul, and Caffee, Marc, , Cosmogenic analysis o i i i i
to sllgh?ly hard dry consistence. Clasts mostly granite, gneiss, quartz, feldspar, Reasons for the anomalously young OSL age estimates are unknown. but could gneissic rock types. Loose to slightly hard dry consistence. Sand deposits of Masters quadrangle. Kiowa and Bijou 'Cfeéks are unglaciated trl‘putar.les originating in the Colorado e R gAll 1y B e o o1, Gologiea] ot tg I Y U.S. Department ongrlculture (USDA) Natural Resources Conservation Service, 2009a, Soil
pegmatite, chert, and sandstone; most clasts subrounded. Locally, weakly > : . . ’ 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 € Rocky Ilats Alluvium near Boulder, Lolorado [abs.]: Geological Society of America survey geographic (SSURGO) database for Morgan County, Colo.: U.S. Department of
developed buried soil separates deposits within alluvial sequence. Soil Surve be due to a number of factors associated with sampling and dating, or exposure 8 v SEPa Y ‘ v ey e Masters quadrangle. They have played a major role by periodically delivering large volumes of Abstracts with Programs, v. 33, no. 6, p. A312-A313. Agriculture Natural Resources Conservation Service, co087, accessed January 27, 2011, at
(USD[S Natural Resourcr;s ConserSation Service, 2009b) S%lOWS s'urface soil ;/s of sediment to sunlight by burrowing animals. Results of a dose recovery test sheetwash deposits of reworked eolian sand, and marsh or pond deposits in sedimentq to the rfigve‘r duri};lg ﬂool:i e}\]/ents wfﬂch coulZlI Eave tempgrarily damfr;nedgthe river. Diihnforth, Miriam, Anderson, R.S., Ward, D.J., and Blum, Alex, 2012, Unsteady late Pleistocene http://websoilsurvey.nres.usda.gov/ ’ , , ’
> _ i i interd d other low-lyi tland .D its of Qes b g : L) ’ oY > ’ ’ ’ . . ’ o e
typically having thin argillic B horizon and weakly developed Bk horizon with perff)rmed on UNL .3504’ howev.er, rule out most systematic problems with fferdune and other fow-lying wetland arcas. LJepostts o Q may be more Al h h of river in the M dranle. the river has incised into U incision of streams bounding the Colorado Front Range from measurements of meteoric and in U.S. Department of Agriculture (USDA) Natural Resources Conservation Service, 2009b, Soil
L 11 carbonate morphology luminescence behavior of the sediments. extensive than mapped due to the difficulty in distinguishing thin eolian sand . ong lt) e reaé:h (; r1v§r 1}r11 t! 1eh as}tlelr)s quil1 l;ang:,;le, t 1e (rilver as hmmse 1mto1 | pper ; situ "“Be: Journal of Geophysical Research, v. 117, F01023, 20 p.. doi:10.1029/201 1JF002232 survey geographic (SSURGO) database for Weld County, Colorado, Southern Part: U.S
stage I- . . . R : ; ; : ; ; ; : > Vo 1L/, > - dor:10. .
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 retaceous Pierre Shale, which, although buried by alluvial deposits here, is locally expose . \ & N
oA T 4N 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 Federéil Er?ergcer;cy Ic\l/la?ag.ement Agter(licy (FE)N{:AS{ 191812’ Flood mSIl\l/;ance rate r:l;p, Morﬁr{[. | ZD;p;étlrlllent }OlfA%HCLleT Natural Resogrces C/onservatlon Service, co618, accessed January
T.3 N.[® estimates from a section exposed in a stream cut along a small unnamed b hich d in fine-erained sedi fi h f : ; : : larger draws, and along Wildcat Creek (Scott, 1978). Eolian sand deposits of the Greeley (north of ounty, Colorado (unincorporated areas): Federal Emergency Management Agency Nationa , , at http://websoilsurvey.nrcs.usda.gov/.
T.3 N. one, which was encased 1n fine-grained sediment from the uppermost meter o > . . . . R
349 000 | tributary in Weldona 7.5" quadrangle (site AK, near section AK of Gardner, mainstream Broadway Alluvium agt site EF. Results indicate thrz)llsthe best estimate Valer}tJ n];t\talr)}?:dai?in\ia(l)efn?ii: :(Z?lss th}Y:alcriecr(i);I:J};;O\ies;lx Zij:l})l;\efzini/réoosrﬂy river) and Fort Morgan (south of river) dune fields cover much of the quadrangle and record past Flf)Od Insurance Program, accessed August 17, 2013, at https://msc.fema.gov/. . . Walker, J.D., Geissman, J W, Boyvnng, S.A., gnd 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/C soil p’roﬁles (USDA Natural Resources Conservation Service. 2009a episodes of sand mobilization during times of prolonged drought (Muhs and others, 1996). With the Galbraith, R.F., Roberts, R.G., Laslett, G.M., Yoshida, H., and Olley, J.M., 1999, Optical dating of Scale v. 4.0: Geological Society of America, doi: 10.1130/2012.CTS004R3C.
- Holocene (tables 1 and 2; Berry and others, 2013). Probable Succinea snail 3; see discussion in appendix; 2009b), typical of relativel late and middle Hol I . d ’ 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, .M., and Lee, Keenan, 2011, Assessing
- - ’ ’ , typical of relatively young (late and middle Holocene) eolian san od 10 B, ~ xperimental design and statistical models: Archaeometry, v. 41, no. 2, p. 339-364 imati imati i i iati iation i i
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 deposits (Madole, 1995; Muhs and others, 1996; Madole and others, 2003). 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. . climatic and nonclimatic forcing of Pinedale glaciation and deglaciation in the western United
yifl:llciie(li3 ‘;C(a;%es of91915.90T3(1).228)ca1 ka B.P. §A<380111—_994, tabhe 2) a(tind 11(.1951&1?.2;1 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, rSiv}el:r with });aéildeg—meanderéng }Transiltig(?s )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 o chumm, ; Harvey and others, .
56| R 40“30'(;(;]"4?”0" 10415007 1040730 1040000 1085230 10545°00° 10873730 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
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]
POINT OF ROCKS GREASEWO00D SUNKEN LAKE JUDSON HINS PEACE VALLEY DEAD HORSE I% ’ ’ ’ ghtp > Y, gray’; ’ > > § ’ y > 0, S1g
LAKE SPRINGS
40°15 ( \ A g ‘ ) G801 ~ i . , - Approx. .
( i\hi“] e 2350000 FEET 565 66 % 1 MI.TO U.S. 6548 J(omA R\’) ASHINGTON. 6. 1090 1 (1 ()ﬁ’%‘f)”r Field UNL lab 75 UTM UTM A(]iag)prt(;x. Th K0 D,(Gy) Aliquots le(*n)sfl_lt;d Doserate  OSL age I;nos:lslt Doserate  OSL age Flelljd Laborz;tory 7.5d UT.M1 UTM 1 I\/fiater(lial depth 5013(;2 . 14C age 3 Calibrated agf ps
o S JROmg AL S0 Jackson number number quad  Easting? Northing? (m) (ppm)  (ppm)  (Wt.%) £ Std.err?  (0)* 2(% ¥ (Gy/ka)*  katl ¢ 2(% ¥ " (Gy/ka)  katl o number number qua Easting' Northing ate (m) (%0)* (“CkaB.P)’ (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 29 577032 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 102 — }_({] 1000 2000 3000 4000 5000 6000 70][]0 FEET I(flztr:r;g}\intr%rg;:;iz ;ens;:i'a?nzde\(,ivgztr?l treesa:‘gf%nsdl_i)iig?ir:heazg?rs\.t:R.reted DEARFIELD MASTERS 0 WELDONA FORT Mﬁ’RGA BRUSH WEST OSL—4-KC UNL-3466 Orchard 577915 4464174 2.6 33 16.3 43 87.8+5.4 24/37 2.1 5.41+0.30  16.2+1.5 5.0 5.23+0.34  16.8+1.7 Probable Succi
F i 5 0 1 KILOMETER QUADRANGLE LOCATION rosults. TR, Brandt preparad the digital fapographic base map. digtal B \ OSL-5KC  UNL-3463 Orchard 577915 4464174 36 37 158 43  80.6+48  22/32 24 5454031 14.8+14 50 5204035 152415 AK-8  Aeon-995 Weldona 592473 4463764 ingl sholl) 36 46 1024006 1195:0.24 098
= ! compilation, and GIS database of the geologic map. Riverside Ak OSL-6-ER  UNL-3467 Masters 568185 4455813 0.7 29 114 34 1097:56 20037 50 4156027 264425 50 415027 264425 Probable Succinea
APPROXIMATE MEAN
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 ~ asters H-R3459 Acon-1064 Orchard 581980 4466741 (four shells from 37 38 1236015 14534056 1.00
& R SOZ{,/ 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)
NATIONAL GEODETIC VERTICAL DATUM OF 1929 Empire Reservoir, % ) Llatze River w 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 Yo & S UNL lab? UNL lab?
40°15°00" ER \/ ——— Fort M. 1927 North American Datum (NAD 27), zone 13.
, o organ OSL-AK-10 UNL-3502 Weldona 592468 4463758 5.1 5.7 233 2.7 40.2+1.4 43/54 7.0 4.92+0.35 8.2+0.7 5.0 5.03+0.31 8.0+0.7 2Relativeldifferenge between *C/">C rat{io of carbon extracted from sub-sample e?nd that onPDB international standard.
A A 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 9.240.9 5.0 3.56+0.23 9.1x0.9 ‘g;)lrilgf:tzgr;agleri:;gﬁf;tz(c)lnu;g:é rg:z?g?g,t;)n—tésa‘ﬁoé t:lzst:ge?r(lsstllsisz;};ﬁl}:lif’;ll;f,e;lggge;:rlt;:ir:s;ri;niolhers, 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 1.5 6.7 3.9 35.842.0 48/54 33 3.8840.26  9.2+0.9 5.0 3.8140.28  9.4+1.0 *Probability of calibrated age falling within reported range as calculated by CALIB.
FEET FEET
4700 — ~ 4700 'Gray is an SI unit of absorbed dose of ionizing radiation (Taylor and Thompson, 2008).
21927 North American Datum (NAD 27), zone 13.
' jgetem:i:;e;i fl;ﬁltgle kCe-ntral Age Model of Galbraith and others (1999).
§ < 5A:§§x€1:s 10?)0/1 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.
4600 — Q 4600 40°07°30° } “Calculated using field moisture content of sample. . X . . L o .
2 Fi 1. Ind howi i vell d by 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/*3U activity ratios for subsamples of EF-Wp67 and EIC-Wp95.
S igure 1. Index map showing map area (in yellow) an n‘ear y I q‘}a Ijang ezi; cochrono OSY Samp.e Sl.tes :x:::ﬁzg ;‘: S;II‘E‘{:: zsli’“l’“;‘:ﬁiﬁ‘i‘;“a;‘;“g:j"“f;:;a’mass spectromet [Abbreviated version of table 1-1, available in the online appendix (J.B. Paces, 2°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 ) e yeonieap P v http://pubs.usgs.gov/sim/3344/sim3344_appendix_1.pdf). Note that +2c represents estimates of uncertainty given at the 95% confidence level; pg/g, micrograms per gram; o, sigma.]
4500 '§ 4500 indicate optically stimulated luminescence sample sites, and red cross within circles indicate radiocarbon sample
“ sites; site names (in red) link to sample field numbers (see tables 1-3).
Qaa ( ) P ( ) Fi Lab . . M;e;)tsured Detritus-corrected activity ratios? Initial
} ield sample U concentration, Th concentration, Th/ 20Th/U age BIULSU AR
ago R, e 4100 number name in pg/g in pg/g 22Th/ . - 20 (ka)® 20
__________ < 1041500 104°00°00" 103°45'00" AR! WU AR VU ARS20
Qlv ' : £
sso0 5N 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 12.700.13 1.221:0.003
EF-Wp67 Wp67-3 107 0.044 1,150 0.15200.0006 1.21040.003 14.58+0.07 1.219+0.003
Wp67-5 116 0.025 2,300 0.1588+0.0007 1.215+0.003 15.21+0.08 1.224+0.003
i . . ) 1
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 1.22140.002 15.264+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 0-11.7ka 10°22'30" 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. Locati f 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 fnermost carbonate Tns or afuvial cfasts. Localion o P ’ '
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.
2 781 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 Y 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 ] . . EIC-Wp95
scientific purposes, nor shall the act of distribution constitute any such warranty. The USGS or the U.S. Government shall klz,gfﬁoﬂfasdm;e‘i'rvsfs’°"s 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 294413 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
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'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 2 errors: 2*Th/**U=1.276+0.64; >*U/**U=1.0+0.1; and **Th/**U=1.0+0.25.
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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.
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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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