
u~Lift . Marker beds within natural levee deposits define
a monocline that parallels the ground surface with more
than 'S m of down-to-the-east vertical separation. This
fold contains four 1 m amplitude f l e xures each h aving
numerous west-dipping n ormal' f a u l t s . The faults have a
total net vertical separation o f about 0. 4 m in a down-to­
the-west s e n s e , which is op p o s i t e to that exh i b i t e d by the
s car p a n d the marker beds. We believ e the se f aults a r e
r elated to e xtension in the crest of t he mono c l ine , a n d
that the monocline represents deformat ion a b ove a west ­
d ipping r everse fault that reaches or ap p r oac h es the
ground surface east o f the base o f the s c ar p . The trench
data also r e v e a l at least two ep i s odes o f deforma tion: one
in A.D. 1811-12 , and o n e between A.D. 1310± 90 a n d A.D.
l S40±90 . Thus , the time between the two most-recent
ear t h qu a k e s large enough t o produce liquefact ion and/or
surfa c e deformation wa s about 200 to 600 years .

Holocene deformation associated with the scarp and the
Lake County uplift is revealed in mapped meander patterns
~f the Mississippi River. Meander domains indicate that
~olocen~ def ormation o f t h e Lake County uplift forced a
northwesterly migration o f t he river , and that anticlinal
growth p r ogressed from s outheast to n o rthwest .

I
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RE·EXAMINATION OF MODELS FOR THE ORIGIN OF GRANITE-RHYOLITE PROVINCES IN
THE MIDCONTINENT REGION, USA.

VAN SCHMUS, W. R., Depanment of Geology, University of Kansas,Lawrence, KS 66045.
New isotopic datafor the 1.47GaEastern Granite-Rhyoli te Province andthe 1.37Ga SouthernGranite­
Rhyolite Province requirere-examination of modelsfor the origin of these suitesof rock. For the most
pan. eNd(t) values for the granite-rhyolite provinces and A·type plutons intrusive into adj acent Early
proterozoic basement arecompatible with origin through melting of 1.8Ga continental crust (Nelson
and DePaolo, 1985). However, new data (Bowring ct al.. 1992) show that southeastern parts of the
granite-rhyolite provincesyield positive eNd(t) values, which can only beexplained by derivation from
1.5 Ga continental crust, The transition from older substrate (1.8 Ga) to younger substrate (1.5 Ga)
occursalong aNE-SW line from Detro it, MI to easternOklahoma; it probably represents the edgeof the
prc-1.6 Ga craton, A further variation in eNd(l) datais an E-W trending bell of intermediatevalues in
northernOklahoma; eNd(l) data southof this belt, in S. Oklahoma, areequivalent to thai in Kansas and
Nebraska, rcflecting ca. 1.8Ga lowercrust,

The granite-rhyolite provinces are not related to any well defi ned tec tonic event. and they have
commonly been referred10 as"anorogenlc". The thermalevent responsible for producing thesilicic melts
may have been associated with an extensional regime, in view of the A·type character of the granites.
Howe ver. the 1.5 Ga crust underlying the SE pans of the granite-rhyolite provinces sugges ts thal there
may be a 1.5Ga magmatic arc accreted to the margin of the 1.6 Ga craton. Formation of this arc must
havebeen followed wi thin a few tensof m.y. by a major rise in the geotherm which melted not only its
lower crustal regions, bUIalso Early Proterozoic crust throughout Ute U.S. A similar event must have
followed about 100 m.y. later, affecting the south-central region. The intermediate eNd(l) values in
Oklahomamay denoteanE·W zone of crustalextension in which melts formed from 1.8 Ga crust with a
signifi cant contribution from 1.37Ga manUe-derivedmagmas (fractional crystallization of mafic magmas
at the baseof the crusrt). The heat for the regional 1.47 Ga magmatism is problematical, but the
presence of a continental margin along the SEedgeof the craton suggests a tectonic regime similar to
that which produced voluminous felsic volcanic sui tes of the Cordil lera (shallo w subduction of
delamination of conuncmal llthospheret ), Restrictionof mclting to Early Proterozoic provincesresulted
eitherbecausethe Archeancratonwasnot fertile enough to produce A-typemelts, or becausea deeper keel
to the Archeancraton prevented an influx beat,
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A LATE-HOLOCENE SURFICIAL SANDBLOW IN THE WESTERN LOWLAND S O F
SOUTHEAST MISSO UR I; A PALEOSEISMIC MILESTONE

VAUGHN, James D., HOFFMAN, David, and PALMER, James R., Missouri
DNRlDG LS Geological Survey, P.O. Box 250, Rolla , MO 654 01 .

Shallow trenches excavated across an elongate mound of sand showed several charac­
te ristics consistent with an extrusive paleoearthquake origin . Numerous clastic dikes. sills.
and Inl ruded cavities immediately underlie the sandblow;and discontin uou s eruptive vents
and occasional small clasts were located within the sandblow. An adjacent ditch exposure
indicates that the sandblow formed by the venting of sand up throug h se ven ormore me ters
of fine-grained alluvium--a likely result of seismic liquefaction.

Soli-morphological characteristics wh ich suggest a prehistoric age inc lude:
1) dominant yellowish brown Munsell colo r (1OVR 5/4 and 5/6) beneath the A horizon of
the sandblow, 2) ab sence of bedding planes in the sandblow, and 3) abse nce of a bu ried
A horizon Immediately beneath the sandblow. In contrast, sandblows produced by the
great 1811 -12 New Madrid earthquakes are typically dull colored, ofte n have traces of
bedding jus t under the A horizon, and are intermittently underlain by burie d A horizons of
the pre-earthquake surface soils .

Formation of th is prehisto ric sandblow may have occu rred con tem pora-
neous ly with pa leoliquefaction an d lectonic deformation previ ously identif ied by others in
the vicin ity of New Ma drid, Mo. A ca lib rated " C date of 770- 1020 A.D. on wood obtai ned
just ben eath Ihe sandblow ov erlap s considerab ly a cali brale d paleoearthquake tim ing of
539-991 A .D. for a s ite 30 km nort heast of New Madrid. Ass um ming that these data
represent the same event and that the seismic sou rce wa s near New Madrid, the 60-70 km
epicentra l dist ance to th is lar ge sa ndblow in the West ern Lowlands suggests a
paleo earthq uake rna qnltu de of about 7.0 or g reat er.
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POSITION OF THE ANORTHOSITE-RAPAKIVI SU IT E A MONG OT H ER TYP ES

OF IGNEOUS RO CKS.
VELIKOSLAVINSKY, Dmitr iy A .• Institute of Precambrian G eology and

Geochronology, Russian Academy o f Scie nce, Makarov em b. 2,

St. Petersburg, 199034, Russia.
Every pluton may be represented by its natural sequence of magmas (rocks). Two
types of natural sequences may be distinguished: epigenetic and syngenetic.
Epigenetic natural sequence represents a consecutive order of intrus ive p hases o f

a pluton, formed during differentiation of magma in an intermediate magma
chamber. Syngenetic natural sequence is represented by facies var ie tie s formed

within separate intrusive phases.
Mean chemical analyses of phases and facies of 8 0 pl utons were pl o tted on

variation dlaqrarns, th e m o st important o f which was (FeO+MgO)-CaO·2A1p3

S i0
2

(excepting FeO amalgamated in o re minerals). Consid eratio n o f th e natural

sequences of magmas (rocks) in th is and other va riation diagra m s permits their

assembly in to 10 associatio ns . The natu ral sequences (or vectors of d ifferentia tion)
o f plutons of th e anorthosite-rapakivi s uite (a s natural se quen ces of a ll ot her

associa tion s) occupy their own defin ite p la ce in the d iagram.
Such complexes a s th e Be rd iau sh p luton (southern Ural) and the potassic

granite p lutons of Karel ia an d Kola Peni nsu la d esignated as " rapak iv i," occupy
q uite d iffere nt p o s iti ons from th e ra pakivis o f the anorthosite -rapak iv i association in

th e d ia g ram.

WERE THE WEST AFRICAN , CONGO, SAO FRANCISCO, AND AMAZON CRATONS JOINED ../
BEFORETHE FUSION OF GONDWANALAND?

VAN SCHMUS, W.R., Departmentof Geology,University or Kansas, Lawrence. Kansas 66045;
- BRITO-NEVES, B. B., Inst, Geociencias, Univ , sao Paulo, sao Paulo, Brazi l; TOTEU, S.F.,

Centre deRecherchesGeologiqueset Mini~res, BP 333, Garoua, Cameroon; HACKSPACHER,
P. C., InSLGeociencias,Univ. EsladuaJPaulista, Rio Claro, Brazil.

Reconstructions of Gond wanaland show the West A frica n Craton (WAC), Congo Craton (CC) . S30
Franciseo Craton (SFC) and Amazon Craton (AC) clustered with intervening 600 Ma PanAfrican­
Brasiliano structural belts, There is a common perception that SFC·CC wasa single continental mass
prior to 600 Ma and that it was juxtaposed with the AC and WAC duri ng the formation of
Gondwanaland. If this were the case, then1""-600 Ma geologic relationshipson theSFCandCC should
besimilar across the Atlanti c, and there should be major structural discontinuities among Lhe WAC. AC.
and CC-SFC.

Thc U-Ph zircon age for the Ebolowa chamocki te of the northern CC in south Cameroon is 2,896±
7 Ma. Sm-Nd T(DM) ages areabout 3,000 Ma , indicating that thc northern CC does not contain major
co ntributions from o lder Archean cru st, Zircons from yo unger Nyong Series gneisses are co mplex
mixtures formed during a high-grade metamorphic and plutonic event about 2.050 Ma. Sm-Nd T(DM)
ages for Nycng metasedimentarygneisses are2,500 to 2,900 Ma, indicating derivation mainly from the
Archean craton. A late syenitic pluton yields a zircon age of 590 Ma, representative of PanAfrican
igneousactivity, but the PanAfrican thermal overprint is not apparent in U-Pb or Sm-Nd datafor mostof
the Cc. PanAfriean gneisses have beenthrust southward over the northern CC; metamorphic zircons
yield U-Pb agesof ca. 620 Ma on metamorphiczircon,andSm-Nd T(DM) agesarcca. 1.5 Ga, indicating
a mixed provenance.

Granulitic basement in the forelandof the Sergipiano fold bel t, northern SFC, yields a U-Pb zircon
age of ca. 2,250 Ma with little evidenceof Archeanparentageor inheritance, Detrital zircons from low­
grade metasedimentary rocks yield Ph-Pbages of 2.1 Ga: Archean detrital zircons are absent to very
minor. Zircons from low-grade metavotcanicrocks in the Scrgipiano fold belt yield ages of 1,100 to
1,000Ma. We have alsosampled many units northwardfrom theSFCtoward the WAC in an auempt to
define theprimary andmetamorphic history further. Srn-Nd T(DM) ages for 600 Ma Brasilianogranites
are 1.3 to 1.6Ga, suggesting absence of Early Proterozoicto Arch..an crust in the southern Borborema
Province but showing similarity to PanA frican gneisses in Cameroon . These results fit a model in
which theSFCand CC werejoined prior to 1,100Ma andformed the foreland 10 1,100Ma sedimentation
on andadjacentto a continental margin; these rocks werelater deformed asthe WAC andAC converged
toward theSFC-CCduringGondwanaland fusion. However,manydetails rcmain 10 beresolved.

N~ 2135

THE ANCIENT RAPAK IVI- LlKE GRANITES OF THE BALTIC SHIELD.
VETRIN, Valeri R. ,Geol. Inst. Kola Sci. Centre Russian

Acad. Sci _,14 Fersman Str . , 184200, Apati ty ,Russia
The anc ient rapakivi-l ike gr an ites of the Baltic Shie ld
(2760=30 M9., Pb-Pb net.hod at zircon) fo rm sorre mass i f s in
t he north-eastern and ce nt ral parts of the Kol a Peninsula
by t he area of 500 kmt The pos t - t ectonic intrusives have
been located along t he large f ault zones and we re/of more
l ater or igin than the massi f s of t he gabbro- anor ¥hos i tes ,
and zones of fine-grained gr an i tes of the granophyre
textur e are rorned in t he margins of the granite massifs.
The r ocks by their chemical ' compos it ion are s ubal kal ine
or normal granites and l eucQgranites are near to the typi ­
ca l rapakivi gr an i tes of the Balti c Shie l d. The se quence
of t he mineral crystalli zation is the fol lOWing: plagiocl­
ase + f er r osa l i te (F=67) + f errohastingsite ( F=90- 96) - K- Na
fe ldspare (phenocrysts) + ilnenite - K-Na fe ldspare (the
bulk of crystals)+quartz+lepidone lane(F=89-93)+z ircon+
sphene+allanite_The massi f f or mat ion occured on t he depth
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