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COMPOSITIONS OF S!,DIMENTS DERIVEDFROMGRANITIC BASEMENTROCKS IN
GLACIALTO HUMIDTROPICALCLlMATES,

van de Kamp, Peter C., CornelisCorp.. 1237 Coombs St., Napa, Calil. 94559 and Helmold,
Kennelh P., ARCOOil and Gas Co., 2300 W. Plano Pkwy., Plano , Texas , 75075.

Modern, lirst-eycle nonmarine sands and rrods derived lrom ' granitic' basemenl in various
climales Iromglaciallo humid tropical have been mineralogicaHy analyzed lo study compositional
varialions wilh climate and lopography. In lhe areas sampled, provenance Is lypicaHy dominated
by plutonlc calc·alkaHne serles 01lonalite lo granile wllh subordlnale melamorphic and mallc
rocks. Climalos are class ilied In lhe Koppen systom. Modal dala Is Iroatod In Gazzl·Dicklnson
lashlon In which plulonlc rock Iragmonts are roportodas consUluontminorais.

Wilhin aligroups oxcepl glacial, leldspar, mica, and hoavy mineral abundancos are groater In
lhe finer gralned samples . IncHmales Arand Aw, sands Iromsleeper gradienl slroams aro more
feldspathlc due to shorter wealhering exposure Ihan lhose in Iow·gradient streams. Kaolinilo, as a
portion01lhe clay Iracllon Inmuds and sHls, Increases Iromtha desert to humldtropicalSalUngS
refiectlng progressivelymore Inlense weatherlng 01parent materiais. The dala Indicale Ihal
arkoses, with 0I0.F. 0.310 0.7, may lorm In climales ranging Iromglacial lo temperato;
slgnlficanl leldspathic sandslone developmenl Is unlikely In humldsubtropical and tropical
climates . In lhe lalter cases, quar1Zoso sands are developed with kaolinile·rich muds.

For basomont rocks, 0I0.F=0.1 lo 0.4 Irom malic lo granillc Iypes and P/F= 0.5 lO0.9• .
Sands In glacial deposils 01Alaska and BritishColumbia (climates Fi, Ft, and E) have moan
0I0+F= 0.3 and P/F= 0.9. Ariddoserts 01Nevada and Utah (climate Bw)yleld sands wilh
0I0.F. 0.36, P/F. 0.7. Mountains of Calilomla and Chlapas, Mexico (climale Cs) yield sands
with mean 0I0. F. 0.3510 0.46 and P/F. 0.610 0.7• . Temperale climate (Do, De) areas in
Central France and the Raading Prong develop sands with mean 0I0.F· 0.48 and 0.58, and
P/F- 0.5. Sublropicalclimale (CI)in lhe soulheastern slates ylolds sands with mean O/O.F. 0.7
lo 0.8 and P/F. 0.2 to 0.3. Humld tropical climales (Ar and Aw)InGabon, Malaysla, and southern
Mexlco provide sands wilh mean 0I 0 . F· 0.8 lo 1.0 and P/F- <0.1 lO0.3.

depo.sits in the Appalach ian basin tend to be texturally immature and nearly
devold 01feldspars and, therelore, could be a product of chemical
weathering rather than mechanical weathering. Residual kaolin deposits of
late Mississipp ian and early Pennsylvanian age, which appear to be the result
of chemical weathering in humid tropical environments, support this
interpretation. Thus , mature sandstones in Cambrian through Devonian
strata may, in part , be the result of mechanical proc esses in eolian
environments, prior to deposit ion in aqueous systems, whereas chemical
weathering appears to have been more of a factor in the genesis of quartz
arenites in Mississippian and Pennsylvanian strata.

Recycling acco unls for aOOul 80% by volume 01 mat erial in Irans ll wilhin lhe modern
sedimentary sys tem (Garrels, 1986) and has probably been 01 similar Importance

11:15 a.m. Cox, Ronadh N~ 7012
LONG·TERMSEDIMENT RECYCUNG:AFUNDAMENTAL CONTAOL ONTHECOMPOSITIONS
OFSANDSTONESftNDSHALES

COX, Rónadh and LOWE, Donald R., Departmenl of Geology, Stanford Univers ity,
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10:45 a.rn, Dutta, ProdipK. N~ 16980
MINERALOGl CAL MATURATION OP EOLIAN SAND THROUGH BALLISTIC
IMPACf: A TIIEORETICAL APPROA CH TO PROV ENANCE STUDY

DUlTA, Prodip K., Dcpt. of Geography and Geology, Indiana Sretc University,Terrc Haure;
ZHOU. Ziye, Department of Physics, Indiana Statc University, Terre Haure, IN 47809;
SANTOS, R. Paulo, lnstitutc de Geocicneias, Sao Paulo, Brazi l

In lhe Paraná Basin, Brazil, medium grained fluvial Tri assic Piramboia Sandstonc unconlormably
overlies lhe mcdium-graincd coliao Jurassic Botucatu Sandslonc. A shnrp change in mat urity is
observcd bctwccn Piramboia (O:F:L = 76:23:1) and Botucatu (O;F:L = 93:7:0) sandstones.
Mincralogical and palcogcographic evidence indicares that bo th units wcrc dcri vcd Irem lhe samc
sourcc, Wc bclievc lha. lhe dilfercnces in maturity can be attributed lo mcchanical brcakdown aC
Icldspars and subscq ucnt winnowing Irom lhe dune Ilelds rathcr than a cbange in provcnance .

Calcuíarions show that lhe total enc rgy in Si·O , AI·O, and K·O bonds across a 010 cleavage
plane in orthoclnse is 5.7x10' ergs/ cm' . Across lhe 00 1 plane K·O bond is abscnt and lhe 100af
bond cncrgy is about 4.0x10J crg..'i/ cml

. Thcrefore, in any ballistic impact thc orthoclase grain wiU
prcfcrcntiaUydisintcgratc along thc 001 plane. Sand-slze or thoclasc grains, with dimensions of 0.5,
0.25.0.125, and 0.063 mm, commonJy Iound in dcscrt s, have bond energies (ecross 001 planes) oC
12, 3. 0.8. and 0.2 ergs rcspeciively. Mcchanical breakdow n will occur if the impact cnergy is
grcater than lhe bond cncrgy across clcavagc planes.

During co lian tmnsport bellistic impacts between saltating grai ns and lhe grains at rcsl are vcry
common. Assuming that 50% of lhe kinctic cncrgy of lhe sahaüng grain is abso rbed by elrher grain
levolved in lhe ce llision, we calculatc that a minimum collision velocity of 3.5, 4.9, 7.0 and 9.9
meters/sec. will be requi red lo ovcrcomc lhe 001 plane bond energíes for 0.5, 0.25, 0.125, a nd 0.063
mm on hoclase graios respcctivcly.

In deserta, eotlision velocity attained by sand grains a re u5u.111y much highcr than lhe abovc citcd
thcorctical minimum velochics and ali Icldspar spccics can be broke n. Eliminatio n ol feldspars from
saod-size Iractions through such a process has bee n obse rved in aclive dese rt environmenls.
Mechanical disintcgration can also bc accomplishcd by 5.1 11 weat hcring bUI is important only in
certain local conditions. Our analysis indicares that matur at ion of eolian Botucatu Sandstone in lhe
Pa rana Basin is a result of ballistic irnpact.

11:00 a.m. Kairo, S. N~ 3257 1

VARIABILrIY IN DETRITAL SANDSTONE COMPOSI110N AS A RJNeTION
OF PHYS ICAL PROCESSES IN COARS E-GRAINED DELTA SYSTEMS.

SUTTNER, L.J., and KAIRO, S. Dcpanmem of Geological Scicnces, Indiana
Uni versily, B1oomi ngton, IN, 47405

The deui tia! mineralogy of arkos ic sandslones from lhe Founlain and Minlum
Fonn ations (Pen nsylvanian) of Colo rado was slUdied lOevaluale effecls of mechanica!
disaggregation and hydrodynamic sorting o n modifi cal ion of deuitus within coarse­
gra ined deltaic systems. Moda! analyses of sand slones from coeva! facies assemblages
of bolh river-domin ated (Mim um) and wave-dom inated (Fountain) sys tems, show that
propo n ions of qu an z (Q) , feldspar (F), rock fragm enls (R), and mica vary betwee n
fluvi al, shoreline, and offshore deposils. Braided and meandering fluvial deposils of
the Mintwn have Q:F:R contents of 47:16:37 and 34:32:34 , respcctively. Assoc iatcd
marin e wave-rework ed deposits have average feldspar compositions nearly identica l to
lhe fluvial deposits bUI are enriched in eilher quanz (up lO 15% more) or rock fragmenlS
(up lO 10 % more). Quan z is panicularly enriched (up lo 39% more) in fine-grained
sandstones deposited as lurbidites and distai offshore sand sheets. Fountain braided
fluvial deposits have an average Q:F:R conlem of 6 1:34:4. Quanz is enriched by 7% in
foreshore deposits and feldspar is.enriched by 9% in fine·grained offshore depo sits . In
both lhe Minlum and the Fountain, dctrilal mica comprises up lO 18% of grains in
of fsho re deposils, whereas wave·rewo rked shoreline deposits contain 1% or less.

Differen ces between Q:F:R compositions of Fountain and Mimum fluvial
de po sits re flec t diffe ren ces in pro ve nan ce . H a wever. because a f canstrain ts on
sed imem transpon and on burlai hislOry of sandSlOnes studied, compos itional
variations with in each fonnalion can be anribuled to environmental processes. Marine
reworking in bolh types of deltaic systems effectively modi fies deuit al composition
from lhat of fluvial deposits in spite of relatively high r.lIes of sedimemation. In
shore line senings, di simcgra tion of rock fragmenls yields differenl percenlages of eilher
quarlz, feldspar , or smaller rock frag ments, depending on composi tion of sedimem
being reworked. Medium and fine grains of mica, feldspar and quanz are subsequently
winnowed from coarse shoreline deposils and hydrodynamically co ncen trated in
offsho re sands tones. Compositional variat ion belwee n samples fTOm similar
subenvironmem s (e.g. foreshore , washover fan, elc...) ca n be explained by grai n-size
variation.

N~ 16984

N~ 24973

N~ 1696910:00 a.rn. Grantham, J, H,

THE INFLUENCE OF WEATHERING IN THE SOURCE AREA ON
SANDSTONE FRANEWORK COMPOSITION, AND THE RUNOF F-RELIEF
INDEX

VELBEL, M.A., Department of Geological Sciences,
Michigan state University, East Lansing, MI
4882 4-1115, and GRANTHAM, J.H., Petrosta r
Energy, Traverse City, MI .

A runoff-relief index (RRI; i n t r od u c e d by a di fferent
n a me by Grantham and Velbel, 1988, Jour. S ed . Pet rol., v .
5 8 , p. 2 19-2 27 ) prov ides a quant i t a t ive b as is f o r
i n t e rpr e t i ng cl i matic and geomorphic effects on sand
composition. The RRI uses runoff (effective
precipitation) and relief ratio, respectively, as proxy
i nd i cat o r s of leaching intensity and mean r e sidenc e time
of s o i l grains on source-area hillslopes. I n the fi n e
sand fraction of sands from some southern Blue Ridge
streams, a f a c t o r-o f - two increase in the RRI (equivalent
t o dou bling effect ive precipitat ion a t c o nsta n t s l o pe, ar
halving slope at const ant runoff) produces changes in
mod al s a nd composition from

Q67F2R31/Qm60F2Rt38 (low RRI)
to Q85 F IR14/Qm76FIRt23 (high RRI).
This represents a signif~cant, we ath erin g -ind u c e d shi ft
of modal sand compos ition plots on t e r n a ry diagrams.
contouring runoff-relief indices (calibrated by modern
stud i es ) on ternary diagrams provides a mean s f or
v i sual i z ing and quantifying the eff ects o f sour c e-area
climate and geomorphology on moda l f r a mework compo sitions
of sands and sandstones.

10:30 a.m, CeciI, C. Blaine

PALEOCLlMATIC IMPLlCATIONS FOR THE ORIGIN OF PALEOZOIC
QUARTZ ARENITES IN THE APPALACHIAN BASIN

CECIL, C. Blaine, AHLBRANDT, Thomas S., U. S. Geological
Survey, MS 956, Reston, VA, 22092, and HEALD, Milton T:,
Dept. of Geology , West Virginia University, Morganto wn, WV,
26506

The origin of quartz-r ich sandstones in paleozoic. strata ~n the App~lachi~n .
basin is generally attributed to multicycles of s~dlment~hon, reworklng w~thln
aqueous depositional environments, and (or) dlagenes ls. However, trop ical
paleoclimates also may have been a factor in both te~ural and mineralogi.cal
maturity. From the early Cambrian through the Devonlan, the Eastern Unlted
States was in lhe southern hemisphere tropical dry belt and moved
northward into the equatoria l tropical rainy belt in the late Mississippian and
Pennsylvanian. Texturally mature quartz and unaltered detrital feldspars in
Cambrian lhrough Devonian quartz arenites are indicative of a mechanical
weathering history in an arid or semiarid climate ralher than chemical
weathering in a humid trop ical climate. In contrast, when comp ared to these
earlier Paleozoic quartz arenites, late Mississippian and Pennsylvanian
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