SESSION 44, GEOMORPHOLOGY

ray bombardment of rock materials ¢xposed al the earth's sucface may enable us 10 cstimaie long-em
erosicn rales direclly. Although siill expenmental, we beligve these 1echniques 10 be sufficiendy

developed and many of the potential pitfalls well cnough known (or at least ideniifzed) that they may be

applied carefully 10 geomerphic problems. To doie these 1echniques have been ppplicd mainly to
bedrock surfaces and Lo cobbles or boulders on depasilional surfaces such as glacial moraines or sircam
ierraces. However, because much of a landscape's hislory is contained within soils and regolith, it
would be advaniageous lo allempr wo apply Lhese lechnigues direclly Lo those portions of the landscape,
as well os o cobbles, boulders, or bedrock where appropriate. 'We belicve Lhat although these rates
weuld likely be subject 1o some crror, they would be preferable for analyses of landform cvelulion o
cstimales bascd primarily on short-lerm sediment yiclds.

As a nirst step n applying Lthese technigues o wirestrial sediments, we present preliminary
analylical resuls of in siu-produced cosmogenic 14C extracied from pebbles and coarse sunds collected
trom three wrenches m the Walnut Gulch Experimental YWatershed. southern Arizona, The trenches were
dug in interMuve, mid-slepe and foolslope environments, respeclively, and sampled a1 depths mnging
from the ground surface 10 approximalely 3 m. Ages of the sampled deposits or surfaces are net known.
Coarse-grained sediments collected from unchannclized arcas should minimize uncerlaintics in
exposure history arising from poleniial ¢rosion and redeposilion by colian or slope wash processes.
Also, because fine sediments have been shawn lo concentrate mtmospheric 10Be washed into the soil
prafile, coarse sediments sheuld minimize the potentiol for similar conmination by aumospheric 14C.

Beeause 2 sedimentary deposit is usually derived from bedrock or sediment which has becn
exposed o the earth's surface for some generally undeicrmined Lime period, ihe inheriled component of
Lhe in sitn cosmogenic isolope concentration in $oils is perhaps the largest source of error in this
method. In silm-produced 108¢ and 25A1 have been used most frequently to sludy bedrock erosien
rales: however, it is advanlageous 10 use a relatively short half-life isotope soch as '€ in sedimen.s,
since the inherited compaonent should decay away in older depasits. To evaluate the elfectiveness of the
echnique in climinating a deicelable inherited l4¢ component, the depth distribution of in situ-
produced Y4C will be compared 10 the theoretical exponential atienuation of in st 14C production with
depth, Resulis will be compared bewween Lhe three sampled environments.
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// " 09:30 a.m. Bierman, Paul R.

USING COSMOGENIC ISOTOPES TO MEASURE BASIN-SCALE RATES OF EROSION
BIERMAN, Paul R., and Steig, E., Depariment of Geology, University of Washington,
Seatle, WA 98195
We present a new and different approach Lo interpreling the abundance of in situ-produced
cosmogenic nuclides such as 36C], 2641, and 10Be. Unlike most cxisting models, which arc
appropriale for evalunling isofope concentrations on bedrock surfoces, our model can be used 10
interpret isotope concentration in fluvial sedimenl. Because sediment is a mixture of material
derived from the entire drainage basin, measured isotope abundances can be used o estimate
spatially-averaged rates of erosion and sediment rranspon. Qur approach has the poienial 10
provide geomorphologists wilh a relalively simple but powerful means by which to constrain
rates of landscape evolwion.

The medel considers the flux of cosmogenic isolopes inte and out of yarious reservoirs.
Implicit in mode] development are the assumplions that a geomarphic sicady-state has been
reached and that sampled sediment is spatially and wemporally representative of all sediment
leaving the basin. Each year, the impinging cosmic-ray fMux produces a ceriain quantity of
cosmogenic iselopes in the rock and soil of a drainage basin. For a basin in sicady stale, the
oculgoing isotope flux is also conslant, We solve for the raic of mass loss (m) as a function of
isolope abundance in the sediment {C}, the cosmic ray altenuation length (A) , the isotope half
life, and the effeclive isolops produciion rate (P):

m=a{P-CA)C!

There are only a few published measurements of cosmogenic isotope abundance in
sediment. We calculated model denudation rates for sediment samples from Zaire (1] and central
Texas (21Ne analyses by B. Hudson, Lawrence Livermore). The denudation rates we calculate
eppear reasonable and are similar to those we have measured directly on granite landforms in
Gceorgia and southeastern Califomia and those calculnled for the Appalachian Piedmonl [2].
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09:45 a.m. Bennett, Steven W.

EOQLIAN SAND TRANSPORT AT THREE STATIONS ON A DUNE BACKED
* COASTLINE IN NORTHERN INDIANA AND THEIR RELATICNSHIPS TO
WEATHER-RELATED AND SITE-SPECIFIC CONTROLS
BENMNETT, Steven, W., Department of Geological Sciences, Indiana
University, Bloomington, IN 47405; OLYPHANT, Greg A.,
Department of Geological Sciences, Indiana University,
Bloomington, IN 47405. .

Continuous measurements of colian sand transport {using Aulomalted Sand
Traps) and wind speed/direction at 1,5 m above the surface were achieved on a
dune backed coastline near Gary, Indiana. Data were collected on an hourly basis
for a 6 month peried during which 55 major sand movement evenls were observed.
The sandstorms lasted from 1 to 15 hours with an average length of 4 hours and
produced total transport quantities of up to 227 kg m. The largest sand
movement totals occurred when the wind was northerly; indeed 75 percent of the
total sand captured at our station in a small blowout occurred during periods when
the wind was from north. Northerly winds also dominated overall sand movement
at our station on the crest of a vegetated foredune, but the total amount of
transported sand was only 6.5 percent of thal in the blowoul, Hourly sand
transport efficiency, expressed as the ratio of measured transport to theoreticat
transport (based on Bagneld's equation), averaged 0.34 at the blowout siation
during the spring of 1992, whereas averages for the dune crest siation and a station
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on the backshore were 0.04 and 0.15, respeclively, during lhe same period.
Efficiencies were highly variable, even during individual storms, and exhibited no
obvious systematic trend. However, slorm-wind direction, 1opograghy, and sand
surface character (e.g. vegetation and surface moisluze conditions) were all
observed lo have an influence on the efficiency of sand ransporl at the stdy site.

10:00 a.m. Grant, John A.

GRADATIONAL MODIFICATION OF THE RIQ CUARTO CRATERS, ARGENTINA,

GRANT, John A. and SCHULTZ, Peler H., Geelogical Scicnces, Rox 1846, Drown

Univ., Providence, Rl 02912,

‘The Rio Cuarta Crater [Field in Argentina (649157, 32045'S) is comprised of ien elongale
NNE-SSW orienled depressions. Individual craters are up to'4.5 km long end decrease in
size southward over & -30 km dislance. All Lhe cralers possess a 4:1 lenglh—lo-widlh ratio
and are presently <1¢ m deep. Preserved rim relief is highesl on (he soulh or downrange end
of the eralers. Formation eccurred during a low ongle impnel {as reportcd elsewhere) intg
he weil-sorted sandy loessoid Pampean Formalion (mode +4 phi}, a pedocomplex locally
>{5 m thick. Stratigraphy al Rio Cusrio is copped by a -1.5 m lhick Iate 1lolocene sandy
loess sheel. This overlies a (runcated paleosoil B-horizon of probable hypsithermal age that
15 expased in some crater walls. Hence, (he cralers are likely less than 3.5-5 ka old.

Rapid, moslly eolian modiflication al Rio Cuarle refeets subsizale nnd climale eifects
on gradntjonel history. Currenl prevailing winds approximaiely parallel long axes of the
eralers and produces a nel downrange Lronsporl of sediment. Loess siripped from the craler
floors forms lengitudinal and more distal ransverse dunes extending up In 1 km downzange
of the rims. Redistribulion of sediment stripped from lhe walls creales Iransverse dunes:
exposed and oversieepened inlradune walls backwosle and widen the cralers. [ateral eolian
Iranspori of loesseid sediment oul of 1he cralers forms near-rim dunes thal mantle exierior
sides, Exposure of mere resistant, calcic hetizons on craler [leors eventually slows deflation.

Only limited overall denudalion is accomplished by (luvial and groundwater activily as
indicaled by low drainage densities in and oround the creters (-0.4-2.5 km/km?2 and
0.3-0.5 km/km2, respeclively) and the lock of well-defined gullies o1 wall seeps. Occur-
tences af rim ond wall incisement are rare and generally correlate with the localion of pre-
craler drainages lhal somelimes introduce atuvial (i1,

Gradalional siyles st Rio Cuarto conirasl wilh those in amnd around Mcicor Crater,
Arizona, where [uvial denudalion is relatively more important. 1In coniresi o Rio Cuarto,
minimal denudatlion of ejecled lithelogies al Meleor Craler forms surface armoring lag
deposils.  As a result, grodalion rales el Rio Cuarto ere considerobly higher than at Meicor
Crater, and indiceles lhal ablique impocl festures in surficial deposils represent geologically
Irensieni signetures relolive lo more common, deeper cralers formed by higher angle im-
pacts.

210:15 a.m. Gustavson, T. C.

PLAYA BASIN DEVELOPMENT, SOUTHERN HIGH PLAINS, TEXAS AND NEW MEXICO

GUSTAVSON, T. C., Bureau of Economic Gealogy, The University of Texas al Auslin,

Auslin, TX 78713, and HOLLIDAY, V. T., Depaiment of Geography, The

Universily of Wiscansin al Madison, Madison, W1 53706
More than 20,000 playa tasins hava formed on fine-grained eolian sedimenls of tha
Qualemnary Blackwater Draw and Tertiary Ogallala Formalions an the High Plains al Texas and
New Mexico. These basins are typically subcircular 1o gval and as much as 3 km in diameter
and 15 m deep. Numerous hypotheses hava been praposed for the develepment of playa
basins. (1) subsidance dua to disselulion of underlying Permian badded sall, (2} disselulion
of soil sarsonale and piping of ¢lastic sedimenl inlo the subsuriace, {3) animal aclivily, and
{4) deDaticn. Al of these processes may conlribuie to playa basin growth, bul playa basins
developed mosily as 2 result of the interaction of eolian and fluvial processes.

Evidence of eolian pracesses includes lee dunes and siraightened shorelings on the
easien and southem margins of many playas. Lee dunes, which cccur on Lhe eastern sida of
~15% of playa basins and contain sedimenl deflated Irom adjaceni playas, are cresenlic fo
oval in plan view and lypically account for 15 12 40% of lhe volume ol the playa basin.
Quaternary fossil biotas and buried calcic soils indicale Lhal grasslands and semi-arid lo arid
climatic condilions prevailed as Lhese basins formed. Evidence of lluviclacusirine processes
in playa basins Includes ceniripetal drainage leading to fan dellas al playa margins and
preserved deltaic and lacuslsina (playa} sedimenls. The roughly circutar shape of these basins
is due primarily to cenidipelal drainage and sheet flow on basin slopes. Through lime playas
have undergone numerous cycles ol llocding and desiccation, which minimized vegelative
cover and made playa sediments available lor dellation, Playa basins expanded as fuvial
procassas arcded basin slepes and carried sedimenl Lo the Basin ffoor where, during periods
of minimal vegelalien cover, loose sedimenl was removec by deflalion.

Clher processes thal played secondary roles in Lhe development of certain playa basins
include subsidence induced by dissolulion of deeply buried Permian sall, dissolution of soil
carbenale and piping, and animal aclivily. Two small lake basins in Gray Counly, Taxas, occur
above strata alfected by dissclulion-induced subsldence. Dissalulion of soil carbonale was
observed in exposures and cores of strata underying playa basins. However, dissolution is
incomplete, and the missing soll carbaonale is insufficient to account for Lhe volume ol the
overlying playa basin, Calile, and in lhe past vasi numbers of migraling buftalo, destroy soll
¢rusls in dry playas, making these segdimenls more susceplible to deflalion, and carry
sediment cut of flcoded playas on Lheir haoves.

10:30 a.m. Terpsira, Paul D,

1987-1991 BEACH AND NEARSHORE MONITORING AT A MAJOR COASTAL
ENGINEERING PROJECT ON THE ILLINOIS SHORE OF LAKE MICHIGAN
TERPSTRA, Paul D. and CHRZASTOWSKI, Michael J., lllinois State
Geological Survey, 815 E. Peabody Drive, Champaign, lllincis 61820
Five years of menitoring geomorphic changes in the vicinity of a major coastal
engineering project on the lllinois shore of Lake Michigan have shawn that a
disruption of natural dynamic equilibrium can cause rapid adjustments (o the
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