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U.S. DEPARTMENT OF THE INTERIOR ‘ INSTITUTE OF AGRICULTURE AND NATURAL RESOURCES, : ' MISCELLANEOUS INVESTIGATIONS SERIES
U.S. GEOLOGICAL SURVEY CONSERVATION AND SURVEY DIVISION : MAP 1-2496
103°20° : 15 0 nsgw » 5 — Ry H4 _ _ _ CQRBE[ATION OF MAP UNITS Arikaree Group (lower Miocene and upper Oligocene)—Subdi- Diffendal, R.F., Jr., 1980, The Rush Creek-Lisco structural basin, Garden and
‘ — T = ‘ e T Y e 7 7 7 T TE » — - SR — : : ; , SW__ R48W RASW R4TW E Ok AN Qi el ) [Stratigraphic relations at significant outcrops too small to show at map scale are depicted vided into three major units in Morrill County: Camp Clarke Morrill Counties, Nebraska: Transactions of the Nebraska Academy of Sci-
42°00° - e o . - s R ks i B = 2 : & ; s ) : el ‘ & P ! I e NIRRT < TR LRI | ans i P R T ST M BT : SIANEESTE VSTV L, MOKBLL /. BN E e bl 8 42°00’ by stacking of map units (Tag/Twbw)] unit; Harrison and Monroe Creek Formations, undivided; and ences, v. 8, p. 123-129.
‘ ‘ ‘ Tt % : - : i ; ' : : { : y 5 ¥ ¢ ; A Gering Formation. Camp Clarke unit and Harrison and Mon- ———1982, Regional implications of the geology of the Ogallala Group (upper
Hol roe Creek unit are predominantly volcaniclastic and of eolian Tertiary) of southwestern Morrill County, Nebraska, and adjacent areas:
, crecehe origin. Gering is predominantly fluvial and volcaniclastic Geological Society of America Bulletin, v. 93, no. 10, p. 964-976.
Q cé QUATERNARY (Swinehart and others, 1985) ——1983, Megaclasts in alluvial fills from the Ogallala Group (Miocene), Ban-
. Pleistocene Camp Clarke unit (lower Miocene)—Sandy siltstone and silty ner, Kimball, and Morrill Counties, Nebraska: University of Wyoming Con-
sandstone, volcaniclastic; yellowish gray, pale yellowish brown, tributions to Geology, v. 22, no. 2, p. 109-115.
- and brown. Contains two local units in basal part: Indian Creek ——1984, Evidence for Quaternary piracy of Pumpkin Creek, south-central
Pliocene beds (Taci) and unnamed unit of conglomerate, gravel, and Morrill County, Nebraska: Transactions of the Nebraska Academy of Sci-
sand (Tacc). Camp Clarke unit crops out along northern tribu- ences, v. 12, p. 65-69.
taries of North Platte River from north of Broadwater north- Diffendal, R.F., Jr., and Corner, R.G., 1983, Asymmetrical distribution of Qua-
westward to Morrill-Scotts Bluff County line. In easternmost 13 ternary alluvial fills, Pumpkin Creek drainage basin, western Nebraska:
mi of outcrop belt, unit is massive, resembles loess, and con- Geological Society of America Bulletin, v. 94, no. 6, p. 720-729.
tains potato-shaped calcareous concretions as much as 3 in. in Goodwin, R.G., 1987, Paleogully-fill deposits from the Arikaree Group of the
diameter. To the northwest, unit thickens, contains numerous Nebraska panhandle [abs.]: Geological Society of America Abstracts with
Miocene calcareous-cemented  horizons  (paleosols) with siliceous Programs, v. 19, no. 5, p. 278.
> TERTIARY rhizoliths, and becomes increasingly sandy; maximum thickness Goodwin, R.G., and Diffendal, R.F., Jr., 1987, Paleohydrology of some Ogallala
120 ft. Locally, vertebrate remains are common and include (Neogene) streams in the southern panhandle of Nebraska, in Ethridge,
rhinoceroses, horses, camels, deer, rodents, and four species of F.G., Flores, R M., and Harvey, M.D., eds., Recent developments in fluvial
early Miocene carnivores (late Arikareean NALMA; Swinehart sedimentology: Society of Economic Paleontologists and Mineralogists Spe-
T SHrp LE e R L e
Indian Creek beds—Sandstone, siltstone, and claystone; pale elzer, .., sengenbach, D.R., Loerch, J.C., McLoy, G.L., an allavalle,
greenish vellow, pale yellow, and light gray; thinyto med]?um R.S:, 1985, S_01l survey of Momll_ County, Nebraska: U.S. Department of
Oligocene bedded; maximum thickness 110 ft. Areally small but lithostrati- Agriculture Soil Conservatlop Service, 257 p. . p
graphically and biostratigraphically important unit exposed in Izett, G.A., 1975, La}te. _Cenozom sedlmer'ltatlon gnd deforma_tlon in n(_)rthern
J Indian Creek area, north-northwest of Bridgeport. Unit fills Collo7rgdc2) (?Sd adjoining areas: Geological Society of America Memoir 144,
N i A p e A
i;:ge\?\}/&ltl;ayéggrg?ﬂg%fggg rﬁgf;?;iig{?g&?; giggr?ce);iiyc Lugn, A..L., 1939, C!assiﬁcatign of the Tertiary System in Nebraska: Geological
of early Miocene (late Arikareean NALMA) (Robert Hunt, oral Society of America Bulletin, v. 50, 120 1245-1276. ol
- commun., 1990) Naeser, C.VfV., Itiettl, (I?u.A., aIEJdSOk();ad;)w_ch,l %D., 1?38(&, tl':lssllzolggra;ll{ and K-Ar
Conglomerate, gravel, and sand—Light gray; present in ages of natural glasses: U.>. (seological survey Bulletin » ol p.
e D I‘ESCRIPTION OF .MAP' UNIITS ) palegvaneys at bagse of ‘Camp Clarke ugit aid ylndlfi)an Creek Repenning, C.A., 1987, Biochronology of the microtine rodents of the United
Ezi/:;tt?f?;gteb;osl\s/}l;{ ?ha\?g;skﬁzsof ]gh& .agkeil :?d Jsirat;%?pg% Pogct’lr%nesr O(f)fthti :u[a}gn;r::; t\;/e(r)ef beds; attains maximum thickness of 60 ft. Clasts (as much as 2 States, in Wgodb_urne, M.D., gd., Cenozoic mammals of North America:
Nebraska State Museum, and M.F. Skinner and R.H. Tedford of the American Museum of ft in diameter) of locally derived calcareous siltstone concretions Berkeley, Universtty of California Press, p. 25.6_26.8' :
Natural History. The fossil collections are housed principally at these two institutions | from older Arikaree and White River strata. Exposed in Indian Sams&n, Sglg" and Alexander, E.C., Jr,, 1_987’ Calibration of the 1nter.laboratory
Oa . . Creek area north-northwest of Bridgeport ‘ Ar/??Ar standard, MMhb-1: Chemical Geology (Isotope Geoscience Sec-
1 Alluvium (Holocene)—Gravel, sand, and silt; yellowish gray to yel- Tam Harrison (lower Miocene) and Monroe Creek (upper Oli- tion), v. 66, p. 27-34. . .
‘‘‘‘‘‘‘‘‘ lowish orange; present along North Platte River, Pumpkin gocene) Formations, undivided—Silty sand and very fine to Schultz, C.B., 1941, The pipy concretions of the Arikaree: University of
Creek (its principal tributary in Morrill County), and their tribu- fine-grained volcaniclastic sandstone; light gray, brownish gray, Nebraska State Museum Bulletin, v. 2, no. 8, p. 69-82.
taries. North Platte River gravels are predominantly granite, grayish brown, and yellowish gray. Contains minor unnamed Schultz, C.B., and Stout, T.M., 1945, Pleistocene loess deposits of Nebraska:
anorthosite, rhyolite, mafic igneous rocks, quartzite, gneiss, conglomerate unit (Tamc). Massive to poorly defined horizontal American Journal of Science, v. 243, p. 231-244.
schist, sandstone, and chert, most of which were eroded from bedding; primarily eolian origin; zones of siliceous rhizoliths are Schumm, S.A., 1977, The Fluvial System: John Wiley and Sons, 338 p.
Hartville uplift, Laramie Range, and Medicine Bow Mountains common. Conspicuous calcium carbonate-cemented concre- Sonnenberg, S.A., and Weimer, R.J., 1981, Tectonics, sedimentation, and
of southeastern Wyoming. Includes locally derived clasts of tions as much as hundreds of feet long called “pipy concre- petroleum potential, northern Denver Basin, Colorado, Wyoming, and
Ogallala Group sandstone and calcrete, and calcareous concre- tions” (Schultz, 1941). Volcanic ash and limestone lentils near Nebraska: Colorado School of Mines Quarterly, v. 76, no. 2, 45 p.
tions and siltstone clasts from Arikaree and White River base of unit north of Broadwater. Principal exposures located Souders, V.L., 1986, Geologic sections, groundwater maps, and logs of test
Groups. Highest percentage (usually more than 10 percent) of along northern tributaries of North Platte River and along sides holes, Morrill County, Nebraska: University of Nebraska Conservation and
anorthosite clasts derived from southern Laramie Range is in of Wildcat Ridge between North Platte and Pumpkin Creek Survey Division Open-File Report, 90 p.
Pumpkin Creek alluvium. Clasts in alluvium of local tributaries drainages. Other exposures present along south side of Pump- Stanley, K.O., and Wayne, W.J., 1972, Epeirogenic and climatic controls of
largely represent rock units exposed in their drainage basins kin Creek valley. Thickness as much as 160 ft. Vertebrate fos- early Pleistocene fluvial sediment dispersal in Nebraska: Geological Society
Coarms lins o gDiffendal and Corner, 1983; Stout and oth_ers, 1971), Upit sils are rare. Ash bed (informally named Olsen's third ash) ) of America Bulletin, v. 83, no. 12, p. 3675“3690-
~7‘\§&w includes c_hannel, flgod'plam, terrace, c_ollu\num,. and alluvial- occurs at base of this unit, 0.8 mi west of Morrill-Banner Stelggr, R.H., and Jager, E., 1977, Subpommmmon on geochronology—conven-
R fan @eposﬁs.' Deposits fill valleys eroded into Tertiary bedrock. County line; dated at 27.8 + 0.3 Ma (see table 1). Typically, tion on the use of decay constants in geo- and cosmo-chronology: Earth and
b i w} f‘ L ) Maximum thickness more than 200 ft : _ contact with underlying Gering Formation appears conform- Planetary Science Letters, v. 36, p. 359-362. .
by f@‘ 0 Eolian §and (Holocene and latest Pleistocene?)—Fine to able, but north-northwest of Broadwater (in SW1/4 SW1/4 Stout, T.M., DeGraw, H.M., Tapner, L.G., Stanley, K_.O., Wayne, W.J., and
j R medium, well-sorted sand; pale brown to pale yellowish brown. sec. 4, T. 19 N., R. 48 W.) contact is erosional Swinehart, J.B., 1971, Guidebook to the late Pliocene and early Pleis-
\ Occurs primarily as stabilized parabolic and compound-para- Conglomerate (upper Oligocene)—Light gray; lithologically tocene of Nebraska: University of Nebraska Conservation and Survey Divi-
bolic dunes as much as 150 ft high and 52 mi long in north half similar to younger unit Tacc; fills anastomosing channels _ sion, 109 p. . '
of county. Dunes are part of 20,000 mi“ Nebraska Sand Hills eroded into older Harrison and Monroe Creek strata (Goodwin, Swinehart, J.B., 1979, Ce{lozmc geology of the North Platte River valley, Mor-
(Swingha.rt, 1990). _Interdune sediments include fine sand, 1987). Exposed in discontinuous band extending from about 8 rill a-nd Garden Counties, Nebraska: Lincoln, University of Nebraska, M.S.
organic-rich sandy silt, 'mud, and peat. Small dunes ancll sand mi north to 10 mi northwest of Bridgeport thesis, 127.13. o
sheets cover part of unit Qa, and, to a lesser extent, unit Qa, Gering Formation (upper Oligocene)—Fine- to medium- ——1990, Wind-blown d.eposﬁs., in Bleed, A.S., and Flowerday, C.A., eds.,
south of North Platte River and south of Pumpkin Creek. grained sandstone, silty sandstone, and sandy siltstone; light Ap 'a.tlas of the Sand Hills: University of Nebraska Conservation and Survey
Includes some loess (unit Q) north of North Platte Valley, small gray, brownish gray, and brown. Includes lentils of volcanic _ Division Resource Atlas 5a, p. 43-56.
outcrops of rocks of Ogallala and Arikaree Groups and Brule ash, marl, and conglomerate. Thin-bedded siltstone, sandstone, Swinehart, J.B., and Diffendal, R.F., Jr., 1987, Duer Ranch, Morrill County,
Formation, and some colluvium and alluvium. Radiocarbon and thin claystone interbedded with ripple-laminated sandstone Nel‘oraska—_contrast between Cenozoic fluvial and eolian deposition: Geo-
datets lo)rl palte}?fjols withiré ducrllel_sI i':lmd cc)ln otrganic'ricl:h san((ijs an(? stratigraphically in upper part of Gering Formation is present 130g1ca12 goglsety of America, north-central section, Centennial field guide, v.
peats beneath dunes in Sand Hills indicate several episodes o from sec. 14, T. 19 N., R. 52 W. northwestward to Chimne » P. £9-20.
Holocene dune activity (Swinehart and Diffendal, 1990). While Rock. Mostly fluvial deposits, but includes some eolian strata%, ——1990, Geology of the pre-dune strata, in Bleed, A.S., and Flowerday,
parts of Sand Hills may have initially formed during late Pleis- Cut-and-fill deposits typically grade upward into finer grained, C.A., eds., An atlas of the Sand Hills: University of Nebraska Conservation
tocene, extant dunes resulted from episodic Holocene sand massive strata of possible eolian origin. Deposits at base of for- and Survey Division Resource Atlas 5a, p. 29-42.
movement mation locally contain sand- and pebble-sized pumice clasts Swinehart, J.B., Rebone, M.E., Diffendal, R.F., Jr., and Hunt, R.M., Jr., 1984,
Eolian sand (Holocene and latest Pleistocene?)—Fine to medium derived from north-central Colorado (Izett, 1975). Pumice- Cenozq‘ic geology of the southern Nebraska panhandle: Nebraska Geologi-
sand; pale brown. Occurs as small dunes (topographically dis- bearing unit crops out in Wildcat Ridge (where it was called the cal Society, guidebook, 1984 Fall field trip, 35 p.
tinct from Qes) and sheets as much as 20 ft thick overlying Qa, Twin Sisters Pumice Conglomerate Bed of the Mitchell Pass Swinehart, J.B., Souders, V.L., DeGraw, H.M., and Diffendal, R.F,, Jr., 1985,
south of North Platte River in south-central Morrill County. Member of the Gering by Vondra and others, 1969) and north Cenozoic paleogeography of western Nebraska, in Flores, R.M., and
Includes some Qa+, Qaj, and Qca of Broadwater; present in cuttings from test holes located east Kaplan, S.S., eds., Cenozoic paleogeography of the west-central United
Loess (Holocene and Pleistocene)—Silt and sandy silt; moderate of Broadwater (Souders, 1986); maximum thickness of pumice- States: .Soc1ety of Economic Paleontologists and Mineralogists, Rocky
vellowish brown. In southernmost part of county, caps Ash bearing unit is 80 ft. Obradovich and others (1973) reported Mountain Section, Rocky Mountain Paleogeography Symposium 3, p.
Hollow Formation (Toa); locally caps Qajz and Qa, on uplands. K/Ar age of 27.7+0.6 Ma (corrected for new constants) on ) 209-229. . ) ' ]
Present north of North Platte River in belt between river valley sanidine extracted from pumice clasts at Helvas Canyon in Swisher, C.C., IIl, 1982, Stratigraphy and biostratigraphy of the eastern portion
and Sand Hills. Differentiation of Ql and Qca in northwest cor- Scotts Bluff County, 32 mi west of Bridgeport. Swisher (table of Wildcat Ridge, western Nebraska: Lincoln, University of Nebraska, M.S.
ner of county primarily based on soil types (Helzer and others, 1, this report) obtained 4°Ar,/3?Ar date on sanidine (from same thesis, 172 p. . _—
1985). Unit generally less than 20 ft thick in southern part of locality) of 28.3+0.15 Ma. In the Roundhouse Rock area, the Swisher, C.C., I, and Prothero, D.R., 1990, Single-crystal *°Ar/°?Ar dating of
county and as much as 50 ft thick adjacent to Sand Hills. Some Roundhouse Rock pisolitic ash bed at top of the pumice-bear- the Eocene-Oligocene transition in North America: Science, v. 249, no.
colluvium and eolian sand included. May correlate with Bignell ing unit gave a date of 28.1+0.18 Ma (table 1). Formation con- 4970, p. 760-762. _ . _
Loess (Holocene) and Peoria Loess (late Wisconsin) tains as many as five superposed volcanic ash beds. Naeser and Taylor, J.R., 1982, An introduction to error analysis: Mill Valley, Calif., Univer-
Colluvium and alluvium (Holocene and Pleistocene)—Sand, silt, others (1980) reported a fission-track date of 27.2+0.9 Ma on sity Science Books, 270 p.
and some fine gravel; moderate brown to yellowish gray; white, perrierite-bearing ash bed in basal part of an exposure of Vondra, C.F., Schultz, C.B., and Stout, T.M., 1969, New members of the Gering
occurs principally on valley slopes and grades into alluvium. As thin-bedded siltstone and sandstone in upper part of Gering Formation (Miocene) in western Nebraska: University of Nebraska Conser-
much as 50 ft thick. Deposits of two distinct ages recognized Formation immediately south of Chimney Rock (SW corner, vation and Survey Division, Nebraska Geological Survey Paper 18, 18 p.
locally, but not mapped separately; one correlative with unit sec. 17, T. 20 N., R. 52 W.). Swisher (table 1, this report) Voorhies, M.R., 1990, Vertebrate biostratigraphy of the Ogallala Group in
Qa,, the other with unit Qa, obtained an %PAr/3°Ar date from perrierite ash bed of Nebraska, in Gustavson, T.C., ed., Geologic framework and regional
W Sl Qa, Alluvium (late Pleistocene)—Gravel, sand, and silt; pale orange to 28.3£0.1 Ma. Maximum thickness of Gering Formation 130 hydrology—upper Cenozoic Blackwater Draw and Ogallala Formations,
) 4 S vellowish brown. Compositional differences in clasts like those ft. Fossil mammal tracks are common. Mammalian fossils typi- Great Plains: Texas Bureau of Economic Geology, Symposium, October 1-
e e & i‘_ d ' A8 _ _ ey 57 ) o _ : ) _ < 5 s 3 , : in Qa represent different source areas. Deposits underlie a dis- cal of early Arikareean NALMA (Swisher, 1982) are locally 4, 1987, Lubbock, Tex., p. 115-151.
. L Vil ,j\l;;f’ée 0 f - ¢ WA : B ) i) 2 ; : : [R5 >3 DI IS 2 = S N4, continuous terrace along both sides of North Platte River in common in Gering Formation, especially in fluvial deposits Voorhies, M.R., and Corner, R.G., 1986, Megatylopus(?) cochrani (Mamma-
| | i i ] y [ . western part Of COUI’lty al’]d along SOU,th side Of river east Of White River Group (lower Oligocene and upper Eocene)_Pre_ lia: Camelidae); A re—evaluaﬁon: Journal Of Vertebrate Paleontology, V. 6,
Bridgeport. Also underlies a terrace, but largely covered by unit dominantly volcaniclastic eolian and fluvial sedimentary rocks no. 1, p. 65-75. _
Qca, south of Pumpkin Creek in southwestern part of county; that are mostly finer grained than those of Arikaree Group. Weeks, J.B., and Gutentag, E.D., 1981, Bedrock geology, altitude of base, and
scattered terrace remnants extend eastward from Pumpkin Group divided into Brule Formation and underlying Chadron 1980 saturated thickness of tl'_le High Plains aquifer in parts of Colorado,
Creek. Includes alluvium of former tributaries equivalent in age Formation, which is present only in the subsurface in Morrill Kansas, Nebraska, New Mexico, Oklahoma, South Dakota, Texas, and
to terrace deposit south of Pumpkin Creek. Tributary alluvium County Wyoming: U.S. Geological Survey Hydrologic Investigations Atlas HA-648,
caps elongate hills south of terrace alluvium (Diffendal and Cor- Brule Formation (lower Oligocene)—Contains three units: scale 1:2,500,000.
ner, 1983). Some small areas of loess, colluvium, or Tertiary brown siltstone unit at top and Whitney and Orella Members. Weeks, J.B., Gutentag, E.D., Heimes, F.J., and Luckey, R.D., 1988, Summary
bedrock are included in this unit. Thickness of unit Qa, gener- Orella present only in subsurface in Morrill County. Formation of the High Plains regional aquifer-system analysis in parts of Colorado,
ally less than 100 ft. Only identifiable fossils in unit are isolated is mainly brown volcaniclastic sandy siltstone and silty sand- Kansas, Nebraska, New Mexico, Oklahoma, South Dakota, Texas, and
Equus sp. bones stone. Principally of eolian origin but includes minor fluvial Wyoming: U.S. Geological Survey Professional Paper 1400-A, 30 p.
Qaj A“UVLijur_ftl _(ei}rlcsll Pleistoctene)—Gravel, Staﬂd, ?}l;ld fSIIIDt’ Palﬁ_ Oréngek ldepgsits. Corﬁtazgs sev}e:al volé:an}’(l: ashlgeg;)that can be corre-
nit includes seven terrace remnants south of Pumpkin Cree ated regionally (Swinehart and others,
in southwestern part of county (Diffendal and Corner, 1983), Browngsiltstgne unit—Sandy siltstone and silty very fine
<o morty of Nors latts v noriorest of Betaeert Gl s oot e ouslve iy el Mriers NEW “®As/%Ar LASER FUSION ASH DATES FROM THE
at Pumpkin Creek localities are predominantly Proterozoic and fine- to coarse-grained sandstone present locally. Gravel, WILDCAT RI_DGE’ WESTERN NEBRASKA
Sherman Granite and Laramie anorthosite derived from south- composed of locally derived siltstone clasts, fills small, scattered By C.C. Swisher, Ill, Geochronology Center,
ern Laramie Range, local Ash Hollow Formation rocks, Arika- fluvial channels, pipes, and fissures. Unit is thick bedded to Berkeley, Calif. 94709
ree Group concretions, and Brule Formation siltstone and massive. Predominantly of eolian origin, but locally contains as The following section is an explanation of laboratory procedures used to
) D N i R =0 : it B ! N ! _ s concretions; North Platte deposits similar to unit Qaj. Deposit many as three stacked fluvial channel-fill deposits of medium- to obtain the isotopic dates for the ash samples listed on table 1 of this report.
il 1l R G L0hs g ' L : HPe ; ST R 3 ‘ N » PO : east of Courthouse Rock and between Pumpkin Creek and thin-bedded, crossbedded sandstone. In eolian lithofacies, two The sanidine and plagioclase separated from the Nebraska ashes were irradi-
Wi . - R, e Ly S RN IR T ) POt : it i W (b ek i % G e 3 North Platte River probably originated from a tributary stream. ash beds are present in 20- to 60-ft-thick interval that probably ated with a fast neutron fluence of 5.7x10;5 neutrons/cm? in two separate irra-
. , N o ) Seat iy A : L 3 N OISy At e (N5 Ny ' 2N Presence of Mammuthus meridionalis (Nesti) and Equus sp. correlates with Nonpareil ash zone in lower part of brown silt- diations in the hydraulic rabbit facility core of the Omega West research reactor
. ; i i) 8 : ; : SRy ey : ) cf. E. scotti Gidley indicate early Irvingtonian North American stone of Swinehart and others (1985). Swisher and Prothero at Los Alamos National Laboratory. In both irradiations, the minerals were
land mammal age (NALMA) for unit (Corner and Diffendal, (1990) reported 49Ar/3%Ar date of 30.05+0.19 Ma for a Non- loaded into wells of an aluminum (Al) sample disk along with a centrally located
1983) pareil ash bed at Round Top in northwestern Nebraska. They monitor mineral and wrapped in Al foil. Samples 4812 and 4818 were irradiated
Broadwater Formation (Pliocene)—Gravel and sand of fluvial ori- also obtained an 40Ar/3%Ar date of 28.59+0.96 Ma on an ash for 28 hours, and samples 2561 and 2562 were irradiated for 24 hours.
gin, and local silt, clay, and diatomite beds; pale yellow to gray- bed in fluvial fill at Roundhouse Rock, although they placed this Following irradiation, individual grains were loaded into individual wells of a
ish orange. Includes main body. and coarser basal unit, ash in Gering Formation. Maximum thickness 320 ft copper sample disk, enclosed within the sample chamber, bolted onto the extrac-
gfgzw;?eﬁ?:gi&;?gz (‘I;Sr)(,)r:}gmiar;caﬁsy rgzggsg Zng:l'tlillé Z}r:(ei Whitney Mer.nber'—Sil’EStOI'le;. grayish orange to yellowish tilon system, an?_ baked-.out at 200° C for eight hours. Total fusion of the miner-
T21N ; ) chultz an brown; volcaniclastic; predominantly eolian origin. Mudstone als was accomplished with a 6W Coherent Ar ion laser. The released gases were
v fe=p Stout (1945), included named members not recognized in this and fine- to medium-grained fluvial sandstone crop out locally. then purified by two Zr-Fe-V getters operated at approximately 150° C. Argon
T20N | xR report. Present along north side of North Platte River valley. Unit generally very thick bedded to massive. Siltstone cemented was measured with an on-line Mass Analyzer Product 215 noble-gas mass spec-
N Age originally determined from vertebrate faunas was early with authigenic clay and calcite (Swinehart, 1979). Some lacus- trometer, operated in the static mode, using automated data collection tech-
chk ’ ¥ . ) . : N Pleistocene (Bart?our and Schultz, 1937), now placed. in trine silt present. Subvertical joints and fractures common. niques. Sample fusion, gas purification and mass spectrometry were completely
ak“?:‘“v;@g ek o T a1 NS i / ; A8 ity ‘ Pliocene (Repenning, 1987). Comp051t.e thickness of formation Member has two regionally correlative ash beds: upper ash and automated following computer programmed schedules.

o Qs ' . ' as much as 300 ft. Crops out from just east of Broadwater lower ash (Swinehart and others, 1985). At Scottsbluff National Apparent ages for each sample were calculated using a J-value of
southeastward to the Morrill-Garden County line. Primarily Monument, about 40 mi northwest of Bridgeport, Swisher and 2.222+0.0024x102 for the 28-hour irradiation and 1.77+0.002x10°% for the
gravel and sand, but contains as many as three fine-grained Prothero (1990) reported an “9Ar/3%Ar date of 30.6+0.6 Ma 24-hour irradiation, as calculated from replicate analyses of individual grains of
units of silt or diatomite, each as much as 10 ft thick, in numer- on upper ash bed and 31.8+0.02 Ma on lower ash bed. Inver- the co-irradiated monitor mineral Fish Canyon Tuff sanidine with a reference age
ous exposures along outcrop belt and in test holes (Swinehart, tebrate fossils present in lacustrine sediments and paleosols. of 27.84 Ma (modified from Cebula and others, 1986) intercalibrated in-house
1979; Swinehart and Diffendal, 1987). Gravel clasts of quartz- Fossil turtles and mammals generally represented by scattered with Minnesota hornblende MMhb-l at 520.4 Ma (Samson and Alexander,

X, o SN i lig ; S e ] O M = el Vo 5 R e T W ‘ ) ) i 5 iy ‘ g iR (P AN 1S e il - ‘ ‘ ‘ ; ‘ S 2N ite derl_ved from Medicine Bow Mountains and anorthositg from fragments; oreodonts are most common taxa. Maximum thick- 1987). J-value is defined by the formula:
| - - R S ! G L o > AP ® = : =\ \ I g ; j ik RN N Y , B (R R N ' ‘ : Laramie Range (Stanley and Wayne, 1972). Other clast litholo- :
L M AT Tl N P S Sl i e : : \ = : N o LI e . LR ] A RN , e ‘ , . A e S : ] e ; s 1 - : ness is about 300 ft
R ) : \ ‘ iy . gies include granite, granodiorite, quartz, mafic intrusive rocks, e 27.84/1804-1
gneiss, chert, sandstone, siltstone, and acidic volcanic rocks. =
Average diameter of ten largest clasts is 3 in. Primary sed?men- (40Ar/39Ar) standard
tary structures are trough and planar crossbeds. Maximum
thickr}es‘s in outcrop approximately 200 ft. Vertebrates typical Contact Calcium and potassium corrections used during this study were determined
, i 5 Yy | 0 el Wl 0 , o iy AN i N ‘ X Oy s ) gt 2 i ‘ N ‘ ERN ; I : ‘ of unit include Sorex sp., Megalonyx sp., Lepus sp., Stego- L Sirilke and dip of beddn from laboratory salts: (36/37)Ca = 2.53 x 10£5.0 x 10, (39/37) Ca = 6.38
WAL TN T e IR | M iy R - L s (& T (W ik i g (11 W N i / N N L 2 Y s A T ) SO it . : _ A ; Ly Bk , : ‘ R mastodon mirificus primitivus, Equus sp., Camelops sp., and ; g x 10%4+1.0 x 10®, and (40/39)K = 2.4 x 10°3+7.0 x 10 Mass discrimination
! : : ‘ : ‘ { ; ‘ D (i ‘ Gigantocamelus fricki (Barbour anc_l SChUItZ’ 193_7§ Schultz =k Strike and dip of primary sedimentary feature (as determined from replicate analyses from an on-line pipette system during this
i and Stout, 194'5; Breyer, 1981). Unit is early to middle Blan- study) yielded a mean value of 1.005+0.0005. Weighted means were derived
bl can age (Voorhies and Corner, 1986) _ — Paleochannel orientation using the equations of Taylor (1982). In some cases mean apparent ages were
e Remsburg Ranch beds—.Grav'el and sand; pale brown to grayish B . . calculated after excluding anomalous dates considered to be contributed by con-
’ : ; FES ﬁragge.PlCﬁ)psRctlt dlsci'.l)ntlméglt:sly zlog_g tthei;'lorth s1delofatlllqe x Volcanic ash—Number designates number of exposed ash beds taminant grains. Decay constants used in this study are those of Steiger and
ey L il ) D I e SN Thrr : : ‘ = yak Lt | . : ‘ ‘ i ‘ ‘ - (@) atte hiver valley. Silt an iatomite occur locally. :
xfﬁ\\% Lakenso 0 cqpue= 1T i SN A AN e dya] LK AR N : : : i o LS | Y iy o i et s , S o e e : , A s ; ‘ 5 Gravel Composed of rock \{ypes similar to those in main body gf 1 Location of dated volcanic ash bed—See table 1 for age data Jager (1977)
i i Y : ‘ i i ! ‘ 2 “ ' \ ' ' ) $ NN the Broadwater (Tb), but there are more mafic rocks clasts and
fewer sandstone and siltstone clasts (Swinehart, 1979; Swine-
hart and Diffendal, 1987). Most common lithology of large
clasts is quartzite derived from Medicine Bow Mountains. Aver-
age intermediate diameter of ten largest clasts ranges from 4 to Table 1. New #°ArS%Ar laser fusion ash dates from Morrill County
5.5 in. at several locations across outcrop belt, considerably and Wildcat Ridge, western Nebraska.

i r DISCUSSION - : : .
lé':\;(giier;r]etgf\;ryla;grizttu?:sstisnggg; r}?;l.;ot;‘otgf s?rfazikilieca?ig;a,dgg\?el Morrill County, Nebraska, is perhaps the most geologically interesting [sur'nmary and original data of 4°Ar/39A}’ lasef total fusion analyses. I—abol’atfry and irra-
imbrication. and, at one site, 10-ft-thick foreset beds. Rems- county in the panhandle of Nebraska. Surficial deposits of alluvium, colluvium, dlatfo’? procedures follow those described in a‘gﬂSh?r a“‘_j Prothero.(1990).. SD & 1 SFafIdard
burg Ranc}; e ds, primarily re]Sresent il contributed by streams loess, and eolian sand .of Quaternary age cover large parts of th.e county. deviation; SE = standard error of the mean. “°Ar in ratios below is of radiogenic origin]
to anastomosing inner channels (Schumm, 1977) incised into Holocene and latest Pleistocene(?) eolian sand as much as 150 ft thick covers T T T
bedrock. Unit caps linear hills composed of rocks of Whitney much of the area north of North Platte Valley and mantles Quaternary alluvial

a Member of Brule Formation (Twbw) from north of Bridgeport deposits to the south. A thin veneer of loess overlies bedrock in the uplands of Labnumber  Mineral  37Arf39Ar  36Ar3%Ar  40Ar3%Ar  %%0Ar  Age(Ma) SD (Ma)
, R i s W i ‘ ; N ot ‘ : : - Al o northwestward to Scotts Bluff-Morrill County line. Contact the southern part of the county. Alluvium underlies the valley floors and caps _
,,,,, SRR AV e Vg P i el Wy , e ) Sylal i : A : between this unit and main body of Broadwater (Tb) exposed at river and stream terraces. Two units of older Quaternary alluvium are exposed in Olsen's third ash (Tam) Center NW/iNW? sec. 13, T. I9N,, R. 53 W.
/ / g : 1 \ ST T U | \ el s c / ! : i i i 4812-01 sanidine 0.01066 0.00008 0.70232 96.4 27.94 0.18
: : 40 only one locality (SW¥% SW sec. 35, T. 19 N., R. 47 W.). MEL s e el nen G s iages : . 4812-02  sanidine  0.01284  0.00013  0.68349 947 2720 021
T20N N\ . . O B N | I 5 , N WP : \ ‘ o N B! ) o ) M SoaEd % LGy \ { A v X \¢ 4 i T20N Maximum exposed thickness about 150 ft. Partial mandible A]l(l:.ll\/llilm anl;j lake l’(ljepc(l)Sltsf Olfl thI\eI B}I;O%(ilwatel%_l:ormaﬁlon ,gﬁlll')ocenlf) are 4812-03 sanidine 0:01323 0:00003 0:69524 96:5 27:66 0:62
) ) L : : : i : . : ) N : SO ! o T S D \\ : e 0k S . TR T B ' S o ‘ L ) RN NN et o ’ ; B : i : s } BN MRS and disarticulated limb bones of giant camel Gigantocamelus exposed along the rlort. side of the Nort atte River valley. Although only 4812-04 sanidine 0.01067 0.00010 0.70066 95.8 2788  0.15
T19N : J o ; ‘ S [ B> n : - : R S Y T i BT TR \\)_Q{_LXQ\Q\\ , : _ - ORan < : ey : v T Ry e , . ; : s fricki were found in this unit remnants of the formation are preserved, they define the general shape of the 4812-06 saniditis 001369 000007  0.70465 96.9 2803 040
v o e N . ‘. L \ % ) § i ; K K \ 4l i S NN ‘-\)T?‘*f»‘\”\?,;\ s . \ 1 i Tl “ Y / A eeigl - I P ‘ : L % Ll Ogallala Group (upper and middle Miocene)—Predominantly flu- bedrock valley in which the formation was deposited. The south side of the 4812-07 sanidine 0.01416 0.00007 0.70081 96.8 2788  0.16
e e = S \ ! : oo ' D LN A f &da e & e ) ) ) : W ' .‘ N S wial deposilt)s lgcpally subdivided into three units along northyside ancient valley is close to the south side of the present North Platte Valley. In the Mean .. 27.76 030
) of the North Plae River valley in descending order they are  TRURIE) BAr, of Jhe county, the norh c of the palecunlay hae been —ee o TP O
|, 5 ¢ ) R e HO“OV.V Lol e however, the general valley shape can be inferred from outcrop and drill-hole Map locality no. 1--Roundhouse Rock pisolitic ash (Tag); NEVASW' sec. 21, T. 19N, R. 51 W.
i ‘ Duer Ranch beds. Only Ash Hollow Formation crops out on ? sievisib —
| seills sl of Novts Platte vallew and-aloe ballew of Puraslén data. The valley was at least 450 ft deep and as much as 5 mi wide in the south- 4818-06  sanidine  0.04588  0.00018  0.70142 93.2 2790 0.1
, s yondlong vl of Pk o o oy e o Do 1987 el IO LS P
Angora sand and gravel beds (upper Miocene)—Sand and Logse gr.avel and §and, conglomerate, 'pebbly sandstone, sandstone, silt- 491805 canifine: - DOOTSR  BOGEEE B30 854 9828 0.8
gravel with interbedded silt and diatomaceous beds; grayish stone, _dlatomlte, volcanic ash, calcrete, and sﬂcretg of the Ogallala Group (upper T R
pink. Lithologically similar to stratigraphically higher Broadwa- and middle Miocene) crop out along the north side of the North Platte Valley Weighted Mean...  28.07  0.07(SE)
ter Formation (Tb), but contains about 10 percent acidic volca- from the Morrill-Garden County line westward and are mostly buried beneath the 7481808 samdime 001748 000005 0.72968 970 39.00 0,09
sle olAstE aE ladks anerbneie ceste. o subsurface of Morrill Sand Hills to the north. Remnants of the Ogallala Group rocks cap the highest 24818-05  plagioclase 333706  0.02903  80.52205 90.6 185070  5.89
County southeast of easternmost outcrops, Angora beds fill a parts of Wildcat Ridge in the west-central part of the county. Ogallala rocks also
1l ded into oldet strata (Soud 198’6) No sedi # filled a paleovalley system in the southern part of the county, and deposits of Map locality no. 2--Chimney Rock perrierite ash (Tag); NW/NW sec. 20, T. 20 N, R. 52 W.
valley eroded into older strata (Souders . No sedimentary : : : : — ,
bructures chssmed, Thicknoss escesds 300 Bt drill Fisles and high-gradient streams that were tributary to the main valleys are well exposed 2561-02 sanidine +0.02938  0.00010  0.89260 97.0 2823 0.11
5200 f Vi b foeils Mmsluds b I d there (Diffendal, ]_982, Swinehart and Diffendal’ 1987) 2561-03 sanidine 0.04364 0.00023 0.90022 93.0 28.47 0.12
bl eNlioiCip, Ve vrate toslls il honse; caimen, an Eolian and fluvial volcaniclastic deposits of the Arikaree Group (lower Asuly sy IS Rl gL 813 020
other mammals assigned to Hemphilian NALMA (M.R. ’ . : 2561-06  samidine  0.03125  0.00009  0.89243 97.0 2823 0.12
Voorhies, oral commun., 1987) Miocene and upper Oligocene) crop out along the north side of the North Platte 2561-10  sanidine  0.02590 000026  0.89233  92.1 2823 0.10
Toa Ash Hollo;v Formation iupper Miocene)—Sandstone, pebbly Valley and underlie the tableland and Sand Hills area to the north. They crop out 2561-13 sanidine  0.02686 000013 0.89217 95.9 2822 0.10
e sandlstone, and silisione: iy clive, olve brown bro{vn, e on the flanks of Wildcat Ridge and underlie the isolated erosion remnants, Jail Mean 2826 010
reddish br’own; gravel and sand, very pale orange7 to moderate ;?gs;(t)l]‘;t;‘ﬁgsﬁl ﬁ’lc;c}g;’s;?pgﬁ oel?tsl’tl.e %‘;?g!g?ﬁ’;?;iﬁ?;iig‘;g? ghlgggsnzl)aﬁs i Weighted Mean ... 28.26  0.05(SE)
glr ange pmlf; disiomite, pale gregmsh ellow waloaniciastr, Hght Volcaniclastic eolian sedimentary rocks of the White River Group (lower Oli- ITwin Sisters pumice conglomerate bed (Tag); NE YiNEV sec. 6, T. 20 N., R. 55 W.
uish gray; and calcrete and silcrete, gray. North of North , — R
Platte River gray, greenish-vellow, and olive colors are most gocene and upper Eocene) crop out along the north side of the Norfrh Platte 2562-02 sanidine  0.01856  0.00044  0.88987 87.1 . )
: 3 River valley both east and west of Broadwater, and along the south side from 2562-03 sanidine  0.03409  0.00019  0.88760 94.2 28.08  0.09
conspicuous; in areas along south border of county, brown and X Y . L g > 2562-04  samidine 001835  0.00008  0.89176 973 2821 0.09
orange colors are more: common. Gravel and sand bodies are Brl(':lgepgrt westward. Siltstone of the Brule F(?rmatlon _(lowe_r Oligocene) of the e i GuEbe  Gftoie  Gdecs P S i
; ; White River Group also crops out along both sides of Pumpkin Creek Valley and e : ; : : ‘ .
more common on south sides of North Platte and Pumpkin i o 2562-10  sanidine  0.11327  0.00007  0.89907 98.5 2844 0.10
« AR e A ‘ : Lol ! , Creek valleys. Gravel, sand, and conglomerate are typically its tributaries in the southwestern part of the county. _ 2562-11  sanidine  0.01300  0.00004  0.89640 98.7 2835  0.08
R AT ! = e S R\ ] i g 5 (G - e b AR - bl - - L A e G S sie. i ; 5 & trough cross-stratified; individual troughs as much as 6 ft thick; A variety of geomorphic feat_ures are represented in the county. Several 2562-12 sanidine ~ 0.01580  0.00003  0.89953 99.0 2845  0.08
7 = i > B - ! : SRR )R ' ) &%/ N T . ‘ R locally horizontal bedding (Goodwin and Diffendal, 1987). form_s of sand dunes are present in the northern par.t of the county _and also 2562-13 sanidine  0.01686  0.00003 0.89756 98.9 2839  0.08
: Some conglomerate, gravel, and sand bodies are tabular; oth- ove?he Quaternary terraces along the North Platte Rlve.r and Pu'mpkm_Creek 2562-15 sanidine  0.13611  0.00009  0.89706 98.0 2837  0.09
ave ke fuow® brald ks i plan and fill valleys incised into older (Swinehart, 1990). Strath terraces, fill terraces, and the axial deposits of tributary Mean.. 2828  0.15
biedlkeoks brsal I iri these fill deits Ioeally detived sand- and trunk streams are present in the river and creek valleys (Diffendal and Cor- Weighted Mean ...~ 28.31  0.03(SE)
j e e Ahavic, I Tuese ITS SOMS (OCRLS Geflvec et . Swi ' i 7562-14  samidine  0.54865  0.00033 0019685 044 2008 033
stone and siltstone clasts, including boulders and blocks (Diffen- net, 1983; Swinehart and Diffendal, 1987). Evidence for Quaternary stream : o
dal. 1983 SN : : . piracy within the county has been documented by Diffendal (1984). 2562-01  sanidine  0.01811  0.00037  0.877881 889 27.77 036
: al, ). Stratification usually obliterated by bioturbation and : - . iL.osaley SolEs e
35 | i) soil development in sandstone and siltstone. At least two volca- Folding has affected the rocks (both at the surface and in the subsurface) in Sin ot e p L
) i judge contaminant.
N ;1{:\,] xy%jggﬂ N A ‘ nic ash beds are present north of North Platte River; at least the eastern part of the county (Diffendal, 1980). Folds developed and were reac-
i e\l e s ,/ b o : : : : : ’ . tivated periodically throughout the Phanerozoic (Sonnenberg and Weimer, 1981;
‘ i [ | ‘ ‘ = : ) IR ‘ ; : , \ V . b AN . : o - eight ash beds are present in formation south of Broadwater; St hp q 1}1’ 19985
,,,,, i sl i 2 O i P B T s r\f ) s, | e A - N SN, ! : 5 ) S e j Bl . AN N\ ' g I N ) i — ) = \ = ?‘) lJ S A S AN 3 sefv(e;n Gk prejecr:lt Siufh }(])beZli(ilgeplotrt alori[g de?)ster)r(l tributarie)s Wm’?h?sﬁrr?;]p ic;tneet;:se,ssarily).g‘eneralized For more detailed information, consult
- j « : . ‘ ‘ Y of Greenwood Creek (ash bed localities noted by “X” on map). . = R ’ .
Lo , ; Rl . ' & A ; : : ¢ . ; ~H ' g TN 25 SN IR ' " 4 ‘ . . ‘ o , , . Volcanic ash deposits are horizontally stratified, trough cross- thelﬁles gllc tge dConsTIrvatlor} and Sluryey D 1v151ohn, University ofl]NCe:braska: Plieg" 42°00 hiddy e ey e il AT
T19N }LV\E,\ ,137/ B g ro = S2h ’ '\ ; 8 I (e AN Al 1 . : STWhHB g SRR 7 N o D) A S g Wyl ] e SRR & v el : : ) TR Wi s ‘ (o ) ‘ . (X e o . ; T19N bedded, or massive; some lentils show contorted bedding. Indi- ously puolished smaller scale geologic maps that cover Morrill County include
) iy —~ = D K \ ; ~ | ( HaESAI ¢ : : : : ) ‘ : \ SN N ‘ ‘ 4 Y - 0 { ) e / ' s R a0t . | vidual ash beds are rarely larger than 2 mi? and are tabular, those by Darton (1903a,b), Lugn (1939),'and Weeks and thgr}tag (1981). 2T3
T18N . shoestring, or lenticular. Diatomite is generally horizontally We thank V.L. Souders (.Consebrvatlon an.d Survey D1v151or!)7 J.dJ. Gottula 5
stratified; some beds disturbed by fossil vertebrate trampling. (Nebraska D epartment of Environmental Quality), R.G. Goodwin (Woodward- |
Calcrete and silcrete rarely traceable over more than 1 miZ. Clyde), and Conservation and Survey DIVISIOr:l field assistants S.S. Goodvym, Jr.,
Plant fossils include diatoms, charophytes, grass husks, nutlets, M.E. Rebon'e, and KK Kolster for their help in the ﬁeld'.. We than_k especially the =
endocarps, and wood. Invertebrate fossils include ostracode landowners in Morrill County who gave us access to their properties. zNz
, and gastropod molds and shells. Ash Hollow vertebrate fossils
Y Y represent a wide variety of taxa, including large land tortoises, ' ]
0 ’/4,/; o Em rhinoceroses, camels, horses, and carnivores (Breyer, 1981; T
LA s L Diffendal, 1982; Swinehart and Diffendal, 1987) of Hemphil- 2
o rf\’}‘\{‘“{m ; e . aY lian and Clarelndoniian dNALl\gA.d Vertebrate fgssils alreTr;lloLe H
g Y UaNIrREE i el B SN common in olive-colored sand, diatomite, and gravel. ick-
7777777777 o P el el RN Pl \:)/‘“\&} f{;g@{; L%’ "{»,\ﬂ B L \: N ness of Ash Hollow north of North Platte Valley exceeds 300 ft REFERENCES
‘ ' ) \\@ffyg AL ) '&\ Dt loe ¢\ XOR near Morrill-Garden County line, and formation is thinner to Barbour, E.H., and Schultz, C.B., 1937, An early Pleistocene fauna from ZTD
Sy ) UG { AN west-northwest. Exposed thickness in southern outcrop area Nebraska: American Museum of Natural History Novitates, no. 942, 10 p. N
exceeds 400 ft; thickness in drill hole exceeds 500 ft (Souders, Boellstorff, J.D., 1978, Chronology of some late Cenozoic deposits from the
1986); isolated exposures on Wildcat Ridge generally less than central United States and the Ice Ages: Transactions of the Nebraska Acad-
40 ft thick. Fission-track dates on volcanic glass extracted from emy of Sciences, v. 6, p. 35-49. T
ash samples of Ash Hollow Formation rocks in southern Morrill Breyer, J.A., 1981, The Kimballian land-mammal age—mene, mene, tekel, 1N9
County range in age from about 7 to 9 Ma (Boellstorff, 1978) upharsin (Dan. 5:25): Journal of Paleontology, v. 55, no. 6, p. 1207-
Duer Ranch beds (middle Miocene)—Sandstone, siltstone, and 1216.
conglomerate; brown; fluvial and colluvial origin; crops out dis- Cebula, G.T., Kunk, M.J., Mehnert, H.H., Naeser, C.W., Obradovich, J.O., and T
continuously over 4 mi® area east of Broadwater (Swinehart Sutterg J.F., 1986, The Fish Canyon Tuff, a potential standard for the 18
and Diffendal, 1987); may also be present in subsurface in 40Ar/39Ar and fission-track methods [abs.]: Terra Cognita, v. 6, no. 2, p. i
southeastern part of county (Souders, 1986). Unit is predomi- 139-140.
A ‘ DG nantly brown silty sandstone with indistinct horizontal stratifica- Corner, R.G., and Diffendal, R.F., Jr., 1983, An Irvingtonian fauna from the old-
e e, [N v tion. Trough crossbeds present in conglomerate containing est Quaternary alluvium in eastern Pumpkin Creek valley, Morrill and Ban- : : R : $e) T
S . clasts from Rocky Mountain sources; lenses of locally derived ner Counties, Nebraska: University of Wyoming Contributions to Geology, (\z,, & Q§Q 1N7
conglomerate clasts lack stratification. Duer Ranch beds fill v. 22, p. 39-43. L ik = |
paleogullies that had gradients as steep as 100 ft/mi; primary Darton,lI\é.H., 19603?, Desxr;ptio? gf tll'lje Cadmsp Clarkl_g ?uagganfle: U.S. Geolog- p— T T | T T I
dip of beds as much as 7° along paleogully axes; as much as ical Survey Geologic Atlas of the United States, Folio 87, 4 p. S v
2(1)30 near sides. Vertebrate fossilg iIrjlcludg Pzeudhipparion sp., ——1903b, Preliminary report on the geology and water resources of 11725 INDEX MAP SHOWING MAPPED AREA (SHADED) AND '*%7%
Pliohippus sp., Protolabis sp., and Cosoryx sp., indicating Nebraska west of the one hundred and third meridian: U.S. Geological Sur- 7.5 MINUTE QUADRANGLE MAPS
early Clarendonian or late Barstovian NALMA for unit (Tedford & Gvey P;ff\?[SSi(igaé;age{)U% 69 P-l W ; ‘T
and others, 1987). However, Voorhies (1990, Pussey Springs eGraw, H.M,, , Subsurface relations of the Cretaceous and Tertiary in :
Mo30 | locality on fig. 2) places fauna from thes(e beds in ,earlyy Cl?arergv western Nebraska: University of Nebraska Conservation and Survey Divi- CONVERSION FACTORS
donian. Maximum thickness about 100 ft sion Open-File Report, 137p. Multiply By To obtain
inches (in) 2.54 centimeters (cm)
41030 feet (ft) 0.3048 meters (m)
miles (mi) 1.609 kilometers (km)
i T18N 10° SCALE 1:62 500 Geology compiled in 1992
| ®  NEBRASKA 1 % o 1 2 3 4 MILES Edited by Michael T. Garrison
T17N Wi \‘J‘\ B TR A T17N £ HHEEHEHH I ' — Color design by Virginia D. Scott
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