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ples that permit detailed delineation of depositional facies within geomorphic process-oriented
molifs {including glacial morphelogic sequancas, badlands-style topegraphic inversion, defta
plain, coastal barmiar/back bay, and @ sand/loess provenance model). The surficial geology is
visualized in the third dimension through cross seclions and Block diagrams. The
daposit/procass link facilitates prediclive applications of map information in studies ol
resources, nuirient and contamination cysling, and chaices involving critical ecosystems.
Initially compiled by tradilional methods, the map was prepared lor editing and printing by the
creation of digital graphic files.
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BARTAK DEPRESSION OR MERNA CRATER - THE ORIGIN OF A LANDSCAPE FEATURE
IN CUSTER COUNTY, NEBRASKA
KUZILA, Mark 5.1, MASCN, Joseph A, and SWINEHART, James B.2, {1} Canservation
and Survey Division, Univ of Nebraska, 113 Nebraska Hall, Lincoln, ME 6B588-0517,
mkuzita@unl.edu, {2) Conservalion and Survey Division, University of Nebraska, 113
Nebraska Hall, Lincoln, NE 68588-0517
‘rhe loess-coverad tablalands of central Nebraska are covered with numerous deprassions
varying greatly in size. The depressions are generally concentraled in two areas: the Rain
\Watar Basin Area of south-central Nebraska and the Central Nebraska Loess Hils of norh-
caniral Nabraska, One large depression is located in Custar County near the tewn of Memna,
The depressian s referred to as the “Bartak Depression” by he locals becausa il is located
on preperty owned by the Bartak family, This depression has bean the focus of intarest since
it was renamed the Mema Crater in the 1997 article "Mema Crater- A young impact fealure in
loass of Central Nebraska® published in the Oklahama Geolegical Survey Circular by Dorl,
Zeller, Martin and Moody. Dort et &l. concluded that the depression was probably creatoed by
the explosion of an extralerresirial bolide which occurred about five kilometers above the land
surface. They eslimate the explosion occurred about 3000 years ago.

Resulls of test hotes drilled in and adjacent to the depression show that tha stratigraphic
units Inctuding the Peoria Loess (25,000 to 11,000 YBP) carry through the landscape adja-
cont to and beneath the depression with no disruption. This indicates that the gepression was
not formed by the explosion ol a bolide that eccurred about 2000 years agp. The origin of the
depression may be similar to that af othar depressions found throughout Nebraska.
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MOUNTAIN RANGE SEGMENTATION: AN EXAMPLE FROM THE WESTERN
TRANSVERSE RANGES, SOUTHERN CALIFORNIA

TIEBNEY, T. €. and KELLER, E. A, Geolagical Sciences, UCSE, Dept of Geological

Sclences, UCSB. Santa Barbara, CA 931086, liemay @oxy.edu
The Santa Ynez Meuniains of southam California have a distinet crest along 110km of the
range's 130km length, organized inlo five mountain segments which are geomarphic expres-
sions of differential tecionic rates accommedaled by struciure. The range provides evidenca
that linear mountain ranges, as wilh the faults thal forms them, ara segmented. As segment
lengih increases, they may overlap or collide to create accommodaling struclural featuras
such as cross-faulls or foids. From west 1o east, mountain segmant #1 is 25km long, with
mean salevation of 400m, and an avarage heighl:width ratio of 0.06. Mountain sagment #2 is
15km long, with mean elevation of 775m, and an averags haightwidth ratio of 0.09. Mountain
segment #3 is 25km long, with mean alevation of 1100m, and an average height:widih ratio of
0.10. Mountain segment #4 is 25km long, with mean slevalion of 1100m and an average
height:width ratio of 0.14. Mountain segment #5 is 20km [ong, with mean elevation of 1250m,
and an average height:widlh ratio of 0.14. Boundary zones batwean mountain segmeants car-
raspond with one of the four major siruclures splaying inta the rangs Irom tha Santa Ynez
fault, a major left-reverse siructure that parlially conlrols uplift of the range. The easterly-
increasing height:width ratio supparls the hypolhesis that rellef Is a primary tectonic signal
recordad by the landscape. Increesing eastern elevation Implies increased shartening in that
diraction, which is cengistan! with the hypothesis of clockwise rotation of the western
Transverse Ranges, and shortening praduced by the big bend of the San Andreas faull.
Hypsomelric analysis of basins en the seuth flank of the range yields integral values betwaen
0.28 and 0.58, which are stalistically equivalent both among and within mouatain segmenis.
Hypsemelric equivalence may be sxplained by: 1 The topography of the five segments formed
at aboul the same time period; 2) taclonic parturbations are stow and their affecls are beyand

the resolution of the hypsemetric method; 3} leclonic processas have been ceased for long  ~ )

ancugh 1hat basin hypsometry has established an equilibrium.
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EXTAADRDINARILY HIGH DENUDATION RATES SUGGESTED BY 10gE AND 26AL
ANALYSIS OF RIVER SEDIMENTS, BHUTAN HIMALAYAS
DUNCAN, Christopher C.1, MASEK, Jefirey G.2, BIEAMAN, Paul, LAASEN, Jenmifer?, and
CAFFEE, Marc#, (1) Department of Geosciences, Univarsity of Massachuselts, Amherst,
MA 01003, duncan@geo.umass.edu, (2) Goddard Spaceflight Center, NASA, Coda 923/
Bldg 32, Greenbsli, MD 20771, (3) Geology Departrnent, Univ of Varmont, Burlingten, VT
05405, (4) Lawrence Livermore Nationel Laboratories, Livermore, CA 84550
Excapticnally low aclivities ol 19Be and 26A4 in quartz separaled from fluvial sediments in the
Sunkash drainage of Bhutan indicale seme of the highest mean basin denudation rates yel
measured cosmogenically, 0.8 to »12.2 mmiyr, Thase high rales of danudation are consistent
with the lopography and climate of Bhulan, which is characterized by the greatast concentra-
tion of deeply-incisad, steep-gradient channels and the highest rainfzll in the Himalayan
reglon. The nuclide data suppert fission track and incision rale measurements mada elsa-
where in the ragion.

Wa sampled the active channel at two sites in the same basin, split the sand and grave}
inlo 3 grain sizes, and anatyzed the iractions soparalely. Ona site (X09) is near the down-
straam end of & drainage network covering a substantial {raction of wastern Bhulan
{8000 km2, alovation 300 to >7000 m). The second site (1BALO) is in a small, partly glacier-
izad (<10%) sub-basin far upsiream (73 km2, slevation 4000 to 6500 m). Nuclide activity in
five samples ranges trom 80,000 ta <3000 atoms/g 1B and 450,000 to <24,000 aloms/g
4], The eguivalent surface exposure periods are extremely shert, ranging from 750 lo <50
years (Nishiizurnl et al. production rates convolved using basin hypsometry). In samples
where measured ratios wars finite, nuclide activilies are well correlaled, with an average
28A)/108a ratio of 6.0 +/- 0.5,

Interestingly, there appears to be a grain-size dependence. Sand size grains {025 to
0.85 mm) gave '98a and Al average model erosion rates of 1.1 and 2.3 mm/yr at X08 and
1BALO, respectively; clasis >2 mm gave higher rales, »12.2 and >9,6 mnuyr, for two samples
from X089 but lower rates for 1BALO (0.85 mmiyr). The grain size dependence may indicate
differances in sediment delivery mechanisms (e.g., soil creep vs. landsliding), or ditferences in
source proximity wilh coarser malerial being more locaily derived and hence dosed at eleva-
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tions where nuclide produetion rates ara different. Altematively, the grain size dapendence
may indicata difterent rates of erosion for areas supplying the coarse fraction.
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PALEQZOIC THROUGH CENGZOIC UPLIFT, ERDSION, STREAM CAPTURE, AND
DEPOSITION HISTOAY IN THE VALLEY AND RIDGE, BLUE RIDGE, PIEDMONT, AND
COASTAL PLAIN PROVINGES OF TENNESSEE, NORTH CAROLINA, VIAGINIA,
MARYLAND, AND DISTRICT CF COLUMBIA

NAESER, Charles W.1, NAESER, Nancy D.!, KUNK, Michaal J.2, MORGAN,

Banjamin A. 11}, SCHULTZ, Arthur P2, SOUTHWOQRTH, C. Scolt', and WEEMS,

Robart £.!, (1) U.S. Geol Survey, 926A National Centar, Raston, VA 20192,

cnaeser@usgs.gav, {2) USGS, MS 974, Box 25046, DFC, Denvar, CO 80225,

(3) US Geol Survey, 954 Nalional Center, Aeston, VA 20192
Fission-track {FT) analysis ol zircon and apatite is helping define the Paleczoic through
Canozoic histery of the Valley and Ridge {VAY), Blue Ridge (BR), Piadmont {P), and Coastal
Plain {CP} pravinces of the Eastern United States. Tha oldest zircon FT ages from the VR
and westarn BR are signiticantly older (han 1hose of the eastern BR and P provinces. This is
apparent in the ranges of bolh sample ages and single-grain ages.

FT age range {(Ma

Province i::llsﬂphm Weighl=d mean sample age Single-grain ages
Apatile Zircon Zircon

V& Paleozoic ~200 560 ~380--1160

western BR Proterazoic-Paleczoic ~|00--155 315920 ~135-~1790

calern BR Protemzoit-Poleezoic -95.~1E5 -265--380 ~200--730

? Proterozsic-Mesozoic ~130--200 -140--300 ~200—360

cr Miacenc no apalite ~150 ~35--1340

CP Cretaceous-Olipocenc ~130.~155 ~175.~260 —45-~705

Some VR and wastarn BA racks were never buried deeply encugh during the Phanerazoic
10 obtain {emperatures sutiiciently high {>~225°C) to totaily reset their zircon FT ages. In con-
trast, most zircan ages lrom the easlern BR and P show signilicant cooling from »225°C at
~300-280 Ma, most likely related to emplacemenl of major Alleghanian thrusi shaess. Apalile
FT data suggest that BR and P rocks underwent relatively slow, continuous cooling during tha
Mesazoic and Cenozoit, passing through the apatite FT closure temperaiure {-90-100°C} at
a rate of about 16 m/m.y.

FT ages of delrital zircon in shallowly buried (<411 m) racks in the CP reflact FT ages in
the source termain. The data suggest that the P and easlern BR were the major source of
detritus from Cretaceous through Oligocens lime. Old zircons cornparable in age to those in
the western BR and VR do not appear in GP rocks until early or middle Miogane. Preliminary
intarpratation is that mafor drainage from the western BR and VR was to the wes! prior lo the
Miocene—major east-flawing Mid-Atlanlic rivers did not breach the Blue Ridge until garly or
middle Miocena tima.
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TiMING AND CHARACTERISTICS OF EARLY HOLOCENE AGGRADATION, COLUMBIA
RIVER, WASHINGTON STATE
LENZ, Brett R., Hydroenginesring Division, PUD No. 2 of Grant County, Washington, PO
box 878, Ephrata, WA 98823, blenz@gcpud.org, GENTRY, Herman R., PO Box 1244,
Ellansburg, WA 98926, and CLINGMAN, Danialle L., Geoarchaeoksgical Aesearch, 904
E. 2nd Avenue, Eflensburg, WA 98926
Past Wisconsin alluvial siratigraphy of the mainstream Columbia River drainage developed by
altarnaling cycles of alluvial depesilion and landform stability. Holocene aggradation episodes
followed closety behind tha Upper-most Pleistacena catastrophic {Glacial Lake Columbia)
floods dated in this study 1o 12,800+/-50 BP. Initiation ol a multiple Holocene fine-grained ler-
race system commencad prior to 9000 BP and centinued 1hrough to approximately SO00BP. A
comparison of straligraphic sequences rgveals that (1) extansive lracts of early Holecene
fleadplain are preserved aleng the mainslream Columbia River; {2) There is litla variability in
the age and charactar of the early Holocene terrace deposits; (3) sedimentologic and pedo-
legic details of the early Holocene terrace are readily differentiated from later Halocens ter-
races; {4) early Holocens archaeclogical sites are commanly buried within the former flood-
plain. Details of the timing and straligraphic charactaristics of the earliest Holocene alluvial
floodplain are presented.
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COSMOGENIC ANALYSIS OF THE ROCKY FLATS ALLUVIUM NEAR BOULDER,
COLORADRO
DETHIER, David P!, SCHILDGEN, Taylor!, BIERMAN, Paul?, and CAFFEE, Marc?,
(1) Department of Geosciences, Williams College, Wiliamstown, MA 01267,
ddethier@wiliams.edu, (2) Geology Depariment, Univ of Vermont, Burlington, VT 05405,
{3) Lawrance Livermore Natienal Lab, Livarmore, CA 84550
Analysis of a 4 m deep soil profile frem Rocky Flais Alluvium near Boulder, Golorado shows
that nuclide activity decreases with depth, consistent with a variely of interprelive modals.

The Rocky Flats is the mosl extensively exposed older piedmont afluvium in the vicinity of
Denver. Conalative alluvial daposits and remnant erosional surfaces extend along the Front
Ranga and tens of km east inlo tha High Plains £a.100 m above modem channals, Stratigraphic
and geomaorphic relations demonsirate that Rocky Flats Allwvium is younger than middle
Pliocene and older than ¢a. 0.6 Ma. Regional pateontologic evidence and ages inlarrad (rom seil
carbonate accumulation imply that depasits are early Pleistocene. Most workers suggest that
tha Racky Flats and younger alluvial sequences comelale wilh glaciation in the Front Range, but
alluvium in the type area was derived from an unglaciated 48 km? calchmentx

We colecled a 9-sample sequence from the surlace lo —4.2 m in oxidized, clast to matrix-
supporied gravel exposed tempararily during realignment of an Irrigation canal. %Be aclivity in
quartz grains from the sand fraction ranges Trom 3.12 *106 atoms/gram In a strongly devel-
eped Bt horizon buried 0.25 m below the surface to 0.77 ~106 at -3.7 m. The A-harizen sam-
ple has lower than expecled nuclide activity, consistenl wilh mobile, recently emplaced sur-
[ace sadimant.

Sevaral scenarios consirined by muon production <2% and SL, >60° 19Be preduction of
5,17 atoms gy fil the nuclide data equally wall. A simple, steady erosicn modsl (3.7 m My-
1) and time since deposition of 2 My raquire high inheritanca (2.1 * 108 aloms g'), equivalent
|0 source basin erosion of 8.4 m My-t. A no-grosion, exposure modal implies deposition of
alluvium at 0.2 Ma wilh inheritance (9"105 atoms g-' 1%Be), equivalent 1o source basin erosion
at 22 m My~ Multi-stage models (stable fan surface, apisodic erogion and deposition, then
stable again) alse fit the data well and are supported by geologic and pedologic evidence.
The Ft of such modeis is optimized by original deposition at ca. 1.5 Ma, siripping betwean 0.1




