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Early and Middle Proterozoic Events in Pre- 600 Ha ~

Crust of Northwestern Gondwanaland

R.:.. R..:.. Van Schmus ( Dep t . of Geology, Un i v . 'of Kansas ,
Lawrence, KS 66045; 913 - 864 - 4974)

S.F . Toteu (C.R.G.M., BP 333, Garoua, Cameroon)
B.B. Brito-Neves (Inst. Geos c i . , U. Sao Paulo, Brazil),
P.C. Hackspacher (In;t . Geosci., UNESP, Ri o Cl ar o , SP ,

Brazil)
A. Dia (Dept. Geology I Univ. C.A . Diop, Daka r ., Senegal)

In pre-drift reconstructions of Gondwanaland the West
African, Amazon, and Congo -S an Francisco c r a t ons are
juxtaposed with major intervening orogenic belts of Pan
African-Brasiliano age (ca. 600 -550 Ma) associated with
final assembly of Gondwanaland. The Late Precambrian
or ogenes i s obscures earlier geologic histor.y (if an y)
of rocks which comprise these mobile belts. Combined
U-Pb zircon geochronology and Sm-Nd isotopic studies
of f e r powerful tools to s ee through much of the 550-600
Ma over p r i n t s to identify the pre-fusion history of
older crustal blocks. Recent data have revealed wide­
spread presence of Transamazonian-Birrimian-Eburnian
petrogenesis at 2 .1±0.1 Ga ove r a l l , plus younger events
at ca. 1.8 Ga and 1 .1 Ga in northeast Brazil .

Birrimian petrogenesis in the West African craton
involved formation of new crust at 2 .1-2 .2 Ga adjacent
t o Archean nucleii. The Birrimian terranes did not
incorporate much older material; they are primarily
mantle-derived. In contrast, the Transamazonian Caica
gneisses of the Borborema Province in northeast Brazil
yield zircon U-Pb ages of 2.15 Ga, but have Nd T(DM)
ages of ca. 2.6 Ga, suggesting that older crust was
extensively involved in formation of the protolith of
the gneisses . Extensive Birrimian-age crust has not
been identified in Camer oon, but U-Pb and Sm-Nd

geochronology have revealed the presence of mafic dike
emplacement and high-grade metamorphic overprints along
the northwest edge of the Congo craton at 2 .1-2.0 Ga,
during the Eburnian tectonothermal event . Thus, 2 .0 to
2.2 petrogenesis of varying types i s an important
a s pec t; of the p)~e-600 Ma basement . Addi tional V-Pb
zircon dating in the Borborema Province has al so
r evealed the presence. of volcanism at ca . 1 .8 Ga and
1.1 Ga , showing tha t a long serie s of event s is
represent ed in crustal rocks which now c ompr i.s e the
Brazili.ano mobile bel ts. Such ages have not: yet been
found t o the east in the Afric an coun te r parts , bu t
their possible presence mus t be conside red.
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The Uo r th Armorican ~tas si f (~W f rance ) r e pr e !ienl s the
t yp e lo ca llt}· fo r the Ca dou lan o ro ge n . Te c tono t he r r.llli
and rnaCt'la t ic evcn t ~ asc r1h~d t o t ll19 orogen sp a n a
period be t\lel!1t c , 10 0 H.l a nd c . 52 5 Ha. during IJhi ch a
l at e Pro te rltz o i~ (Ih tuv t~ r i <m )-~lIcce n R i on o f 6u p r ac r ua t a i
r ocks wa s hc l erogcll eou u l y de f Cl r me d ..md r.'I~ t .1 !T1o r p ho s e d .

Evo l u t ion of t he be l t ha s be en i nt e r p r ete d In t e r n s of
the ama lgana t i on of a r c conp lex f~s and s yn- o r og t!n ic
s u pr a c ru s t a l r ocks wi thin a s i n i s t ra lly t ranspre s sive
plate bo undary a t t h e NW ma r g i n o f Gon dwa n a- Lan d .

geo ch ro no Io gy ha ve r e ....c nI ud t he prus cnce of mafi c dike
e mpIa cc reen r a n d h l ~h - r. riU l c n e rumo r ph I c ov e r pr- I nc s c I on g
t he nor r fr...es t. N lt t' o f t tw Congo cra t on a t 2 . 1- 2 . 0 Ga .
durLng t h« Ebu r-n lan t e c touc t.hor rsa I e ven t . Thus , 2 .U to
2 . 2 pe t ro ge ne s Ls of vil l"y i n& t y pen i s nn i lJl i.o r t un t
as pec t . (If till' pr o)· 600 Mn ba s emen t . Addi t i o n" l lI-ro
z I r con da t i n r. i n the Bo r boremn Prov I n c« ha s a l so
t' evc n l e d t lit' pr e senc e of vol c ani s m lit cn . l c B Cd. a nd
1 . 1 Ga , s howt u g th.t t. a l ong se r I e s of eve n t.s i s
n 'pn ' st ' n tf"d In crusta l r uc ks wh i c h no ...· (" nm r r i ~ ... t ilt:
lIraz i l iano no b Ll e b e Lt.s . Such ilg t>!; h nve not yet been
f ou nd to t he e us t in the Afri ca n c ouutc r pa r-t.s , bu t
the Lr poss tb l e pre s c nce mus t be cons I de r ed .

U·Pb Zircon Ages of Gneisses Fr om tht- Pau-Afrtcan
Dnhomeylde Orogen, West Africa

The North Ar mor i can Shea r Zo tw s e pa r a tes Cadonian
e lemen t s of th l" ~orth Ar mor i can Conpo s i t e Te r r a ne eNACT)
f ron the Var i s can Ce n tra l Armorican Te r rane . Wit hin the
llt\CT. du ct ile s i n is t r a l s t ri ke -s lip s hen r zonlHI <lr e
i nterpre t ed t o se l'<lr a t e ( f r om 11 t o S) the Tregllr -La
Hague (TLHT), St . Br ieu e (S8T ). St . Hil l o ( S ~rr ) lIud
Han ce l l1 nn ( Mr ) Te r r anes . I\dd itionally . du c tllc
s i n i s t r a l s t r i ke - s lip s hea r z.oues i mbricate i nte rn a lly
ea ch of the s e terra ne s . With in the TLHT. de famed
qua rt t diorit es v i t h in a n ear ly a r c &u i t e r e co r d U- Pb
zi r con ,1ges wh ich s ug ges t cryst ;1111z atlon at c . 700 lli .
Hornble nd e 40 Ar / 39Ar i f> o tope co r r ela t i on ag e s- o f c . bOO
l"..1 are interpreted t o date po s t -pea k t1e t amo r ph i c co o ling
f ollolJlng de fo rma tion and mt~ t anorph 1sr:l o f the a r c
s ys t e n . By con tra s t , ui thin t he SST, U- Ph z i r con a ge s
s ugges t c r }'!i t a 1 U za t l on o f ca l c -nl ka llnt" complexes a t c .
660 ~.a. and In t he i n t e r val c. 60 0-5 85 Nil . Hou ever .
40Ar / 39Ar pla t e au and i so t op e co r r e l n t i on age R o f 510­
565 }b fo r hor nblt' nde fron both me t or'lor ph ic a nd l:1agnn t i c
rock~ a nd fo r me t atlo r ph ic: DlS co v i t e s u gges t that pn s t ­
peak ne tamor ph i c c ooUn~; '''.:is s i gn ifican t l y yo unge r i n
the 58T than in the TLIIT t o tluo ~ . Bot h o f the s e
t err<1n es con tra s t u i t h t h e S}IT and Mr, uher t! U- Pb z irco n
a nd mO I\U7.it e a nd Rh-S r ....hole -rock a ge s of c . 540 Mo.1 have
bee n r eported f ron a n<ltec t i c gr a n i t es o f the $}rr and
s i mila r no naz l t e a ge s h.1ve be en r epo r t ed fr on gr .ln ites
o f the ~lr . Mus covites f rom a g rll u ite co mp l ex r e co r d
40AT/ 39AI' plateau an d i sotope co rrela t i on age r> of 527­
521 Mo.l , a nd iln.. i ntn rp reted t o r efl ect po a t - magmat ic
co oli ng. The s e da t u su gge s t tha t the earli e s t a rc
conp lcx i s ex po sed IJ1 t h1n the TUIT , an d t hat. p0 5t -

V32A-12 1630h

Te c tono t heTma l Hi s to ry of Terra ne .\ cc r e t i oll Our l ng
Cadomi a n 5l n l s t r n l Transp rt!~H;ion in N',l francl~

K.tlliIllJ (Gco togy Department, HopeCollege, Holland, Ml 49423)
D Hawkins (Washington University 51. Louis, MO 63130} 5 A
Bowring (MIT, Cambridge, MA 02139) B Allen (HopeCollege)

R 0 Dallmey e r (Dt! p lt. rtm~n t o f Ge o l ogy , Cn iver si t y of
Ge orgia . Athens , GA J Ob02 : 404-j42-14:'R)

Hi chael Bro wn (Depa r t n en t of G(!o l o gy. t1n i vers ily of
}la ry l ailJ"at Co llegt: Pa r k . ~tLt 2074 :2 ; 301 - ...0S- 40 80)

R S [I 'Lerl'.os .l1Id R A St r ac han (ho t h a t : De pa rtme nt
o f Cl!ol og y , Oxfo r d Polyte chn i c , OX3 Dill ', UK)

The Pan-African Dahomcyide represents the western limit of an
extensive zone of micro-contmcntal aggregation ill western Africa
and defines the southeastern margin of the West African Cnu on
C\VAe) . Th e metam orphic intern al zone of the oroge n is underlain
by gneissescharacterized by shallow-dipping foliations and bounded
by ductile shear zone s which indicat e cra ton-verging thrust shea r
displaceme nts. One of these bounda ries is interpreted 3f, a crustal ­
scale shear zone; its lower part con sists of protom ylonite derived
from Early Proterozoic (- 2. IG a) cru st. Immed iately above , in the
upper plate, lies eclugitic granulite facies garnet malic gild ss which
apparent ly recrystallized at 1'-1.0·1.5 GPa and 800-9OO''C, U·
I'b analyses o f zirco ns from lhis mafic gne iss yielded an age of 610
± 2Ma. Migmatite which str uctura lly ovcrlic:s the: mafic gne i\ s
contains zirco ns with older co res that undeC\vent Pb-loss andlor
melamorphic grow th at ca 560 Ma . Analvses of zircons in
porp hyri tic biotite gnei ss, int rusive itllo the ;nigmalite, lie 0 11 a
chord with an upper intcrcept of 650Ma and Imw r inlcrccp t of
4 1 5~'fa . TIlcse zirco n age s. together with avai lable Rb~S r and K­
Ar analyscs of sa mples from the same unils, provide importan t
conslraints on possible.' magmatic and tecto no-thermal events in the
Dahome)'ides. III the l ight of the ll-Ph zircon da~l, the 510­
580Ma obtained frolll Rb-Sr whole-rock analyses,c1earl)' represent
cooling ages. Th e 590 -61OMa from K-Ar analyses of homblendes.
0 11the otller hand , may rc:pra:scl1l the age of the peak metamorph ic
event. We intcrp rClc the older , upper intercc pt. fi50Ma U·Ph
zircon age as the crystallization age of the gneis~ prololilh formed
during extensive cru sta l melting , prior to crustal imbrication and
onset of significant upli ft and cooli ng.

IWITED1615h

1600h

Bi rrimi an petrogenes is in the Vest Af r i ca n c raton
i nvolved f orma t i on o f new c r u s!: at 2 . 1 -2. 2 Ga a djace nt
t o Ar chen n nuclell . The Birrirnlan t errnnes did not
incor pora te muc h olde r ma t e ria l ; they a re primar ily
mant i e - derived . In contrast . the Trans ama zon ian Caico
gneisses o f the BorborelIl'" Province i n nor t hea s t Br az il
y i e l d zi rcon U·Pb a ges o f 2 . 15 Ca. but hav e Nd T(Dli)
ages o f ca . 2.6 Ga . sugge s t ing tha t ol de r c r us t uaB
exte n&1ve l y i nv o lved in formatl on oC t he pr o t ol1 t h of
the gneis s es . Extens i ve Birrirulan .age cru s t ha s no t
be en ide nt ified In Came r oon , bu t U-Ph and Sm-Ud

I n pre - d r 1.ft r(' construc t lons o f Gondv a nnland t ho ""est
Af r i c a n , Amazon . and Congo -SilIl Frn.n ci s co cratons " r o
J uxt a pos ed vith maj or I n t e rv en Lng o r or. en ic bel t s of Pim
Afr l c an - Brasi l1ano a ge (ca. 600 - 5 ~O Ha ) a s s ociated \l ith
flnnl a ssemb l y of Cond va na l alld . Thn lAt~ Pr ecambrian
oroge nes is ob sc u re s ea r lier geologic h i s t or y ( i f any)
o f ro ck s \lhi ch c omp r ise thes e mobilo bells . Combi ned
U-Ph z i rcon ge ochronol ogy and Sm-Nd isotopi c studies
offe r pOIJcrful t ools t o s ee throu gh much of the 550 -600
Ha ove rpr ints to iden tify tha p r e · fusion h i story of
o l der c r us ta l block s . Recent da t a ha ve r e ve aled wi de ­
sp read p r e s en ce of Tr lln s a rr..'11..on i an - Birr i mi nn · Ehurni an
pe trogen es is at 2 . 1.10. 1 Cn ov erli li. plus y ounge r events
a t Cn . 1.8 Cll an d 1. 1 Ga Ln northeast Br a z ll.

Early an d Kid dI e Prote rozoic Even ts in Pr e ·600 Ha
Cru s t of Northweste rn Cond wana land

Pe - be ar I ng , s pe c t rally opaque. hyd roxy I -. and/or
carbonn t e-bea r Ing mine r a l s . a lln"· in r. Li th oIo gI c " lid
s t ru c t u rn I cor r c l a t i ons on a r eg iona l s ca le . The-
IoLl ov i ng crosscur t ing fe a t ure s ali gn up on ro t a t {nJ: th e
Ar a bi a n Shi e ld 5 .4 30 . / - (I. 02!' a round a po l e ( La t ,

36 .001J I on s . 13 .50£ j api ca .l ang Ie o f e r r o r co ne "'" 1. 6 0):

1) Gr a n i t i c compl exe s o f 5 i miLar - a ge and compos i t ion
north ( 25 l:.m ) of 1,1 Vajh c t ty (Ar a b i a) " lid ill the Vad i
Gll-ll1ir area ( Ea s t e r n De s e rt , Eg)·lt t ). 7 ) Ul,,'- t nmd ill t:
s i n is t r a l Naj d - ve l a t e d Al ha m<i an d Abu Has a r Ib s hea r
zones ( Hi dy an r eg i on . Ar a b i a ) al i gn vt t h t he lIa f a fit an d
Si bai ( cen t r al Ea s tern De s e rt . Egyp t), s hear zo ne s
renpec t I ve Iy , 3 ) A n i nor s i n i s tra l :lajd-rela t ed s hea r
z one c ro s s cu t n t he eas t e r n ( Hi dra n reg i on , Arab i a } and
•...es te rn ( Salah East ern Deser t , E&yrt) Red Sea shor es at
24:1 a nd 220 30 ' lat it ude. rcs pe c t i ve Iy , 4) rl- S t rcnd in g
Hamt s a na shea r zone ( Sud an) ex tend s i n Ara b i a a s t he
Hanabi q s he a r zo ne, 5) ll£ - t r en d i ng \'an bu a nd mr Uaq
su t ures (/,r a hia) align v l t h the Ger f Napp£, ( sou t h
Ea ste rn Desert , EgYI,t) a nd Naka s i b s u t u r e ( SUd,'Il) ,
r e s pe c t IveI y , and 6 ) l l - S tren ding Barn ka nobile be l t

( s ou the rn Sudan ) an d AH af belt (Arab i a ) . Res u l t s f av or
coa st to coas t re cons tructions (e. g . , Mck en zi e e t al.
1970 i Gird l e r and Unde rvood , 19R5 j uobannou , 1986 ), a nd
an' Incon s i s t e n t v f th models adv oca t iug v id e se pa ra t I ons
betve en the r estored Red Sea s ho r es ( e . g. , Le Pi ch on an d
Pr anche t e au , 197 Bj Cochran , 1983 ) . I mpli cat i ons f01
utili zing Lands a t i mage r y for co rre l a t i ng th e ...'Lde Iy
se pm- a t e d con t inenta l mass e s [hil t on ce f ormed tt w
Gondv ana l and are cl ea r .

~ IL.. .Ylm S~h~u "l (Dep t . o f Ge o l ogy, UnLv . of Kans ' ls .
Lawr ence , KS 66 045 ; 913 .864 -4911.)

S .F . To t eu (C .R .C . H. • Br 333 . Garou<1 . Came ro on )
B.B . Brito-N ev e s (Inst . Geo s e!.. U. S,lO Pau lo. Br a d l ) ,
P .C . Uac ks pa ch e r (lnst . Geo s c!. . UNESP, Rio Cl a r o . SP .

Brazll)
A. Dia ( Dept. Gco l ogy, Unlv . C.A . D1.op . Daka r, Seneg a l)

John J W Rogers (Department of Geology , CB# 3315,
University of No,th Cmollna, Chapel Hill, NC 27599·
33 15; 919·962-0695)

Conl ra sl Bel ween an Old end a Youn g Gondwan e
Shield
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Pan -Africa n Accretion and Continenta l Terr a ne s o f th e Arabian

Shield, Saudi Arabia and Yemen

D 8 Stoeser (U.S. Geolog ical Survey, MS905, Box 25046,
Denver, CO 80225; 303-236-9617, Fax 303-236-5603)

M J Whitehouse (Dept. Earth Sciences University of Oxlord
Parks Rd, Oxford OXI 3PR, U.K.) , ,

R A Agar (Gooscan PTY Ltd., 32 Wheelwright, Lesmurdie 6076,
Western Austraha)

J S Stacey (U.S. Geological Survey, MS937, 345 Middlefield
Rd, Menlo Park, CA 94025)

The Proterozoic Arabian Shield of western Saudi Arabia and
Ye~en form ed by terrane acc retion during the Pan-African
episode. Most terranes are oceanic crustal segments, lnclud­
Ing Island arcs, that range in age from about 900 to 660 Ma.
The age of the accretionary events is still poorly known, but
they occurre d ma,nly between 750 and 640 Ma. Accret ion of
the expose d Arabian Shield was compl eted during the Nabitah
orogeny, interpreted as a coilisional event between 680 and
640 .Ma. This event formed the Nabitah orogenic bell and the
Nabitah suture, a left-lateral trancurrent fault zono that contains
serpentinite bodies and oph iolite fragments.

Two continontal terranes occur within fhe Arabian Shield. The
first, the Khida·lj:habld terrane of the eastern Shield of Saudi
Arabia, was iden.tified in 1983; new Pb and Nd-Sm isotop ic
data further elucidate its age and cratonic nature. h is a conti­
nental fragment Ihat was detached from an unknown cratonic
source and Incorporated in a collage of oceanic terranes. ton
probe and conventional U·Pb zircon analyses yield an oldest
age of 2600 Ma, with a cluster of ages in the 1600-1600 Ma
range. IC~~R model ages range from 2155 to 1294 Ma (eNol
-23.0 to - 1 ~.4) .

L'lt e P r oter ozo ic E \'o lu li o ll o f the.' O ni b-lIa mi sa n3 Zo ne ,
Nor theas t SUd'l lI: Co ns tr:li n ts 0 11 Pan-Af r ican Accrc·
lionar y Trl'tonirs

The Indian (IND ) and Nubian·Ar ablan (NA S) shields both
have outcrop areas of ca. 106 km2, similar depths to MOHO ,
and con sist o f five to len separate terrains sutured to form
the shields. Stab ilization ages (shown by locking of
isotopic sys tems, emplacement of po st·or ogenlc granites,
and covering by plallo rm sediments), however, are Archean
to ea rly Proterozoic for IND and late Pro terozoic/earl y
Paleozoic for nearty all terrains In NAS . Som e of the IND
terrains were probably uplifted prior to Pro terozoic suturing.
as shown by deform ation of low-grade sedimentary covor
lying on hlgher·grade ba sement.

IND consi st s primarily of tona lite/l rondhje mite gneiss
(mosll y meta-igneous) and granul ite·fa cl es rocks (meta·
igneous and metasedimentary). NAS con sists mostly of
ca lcalkali ne magmatic (arc) ro ck s and arc- rela ted
metasedimentary suites , generall y In lower metamorphic
grades than rocks in IND , and con tains significant amounts

Timolhy H Dixon and M. M. Mill er (Jel Proputsion LaboralOl)·. of post·o rogen lc (alkall -f etdspar) granites. Many of the
Califomi" Instilu te of Technology, Pasadena, CA 91109; 8 18· litho logic dill erences between IND and NAS are probably
354·,1321) related to the greater depth of erosion In IND. limited

New strUclural data from the R~d Sea Hill s. north e:1StSudan . add \t ev! denco fro~ sedimentary sUi t ~ s !o rm od immediatoly a ftorJ
constraint s to accretionary tectonic processes that acted in the Ara. s illeid s(abJh~alion . how e vor, ~ndlcates that the yo u nge r
bian·Nubian shield during the lateS( Pro[ero7.0ic. Geometric con- NAS was orrg ln all y form ed With more K and othe r L1L
mai nts provided by field dam are used in conj uncl ion Wilh Landsat c leme nts than tho rocks of IND. Somo of the sialic
Them atic Mapp er imagery to interpret the regional di stributi on and co m po nont In INO c ru s t m a y have ro sult e d tr o m
stmctural rclations of spectrally and lithologically di stinctive packages composi tional modification of the s hie ld a flor stabilization
of rocks. These studies ind icate that the Oni b-Hami san a zo ne, a a nd s uturing " tY
prom inent stmc tural feature in the nonhero Red Sca Hill s, orig inated
as a post -accret ionary fold-and -thru st be lt in respon se to ea st-we st
cn lstal shon cning.
Pan ·A fri can acc rc liona l pr O<,:csses havc SOIn(" sim ila ri lies 10 Phanero · V32A..11
zoic oph iolite and island arc ,lceretian in the weSlenl N(ln h Am erican
Cordi llera. where pen etrative fabrics comm only record period ic in·
traplatr shonc ning evenlS ra ther than co llisiollJl proce sses betw een
('xo tic crusta l fragmconts. Such :;m analog y implies a mechanism for
cm stal thick.eni ng b)' stm ctural as we B as igneous processes durin g
evolution of an acc retio nary belt in a long-lived convergent margin
setting. co nsistent with the obs erva tion that Pan·African mag mati sm
was morc evolved \I/i th timc . lllis view emph asizes than an iutcrphl)'
of defont1.ltion and m3.gmatism resulted in protracted c rustal accretion
in contras t to models of static volca nic arc evol ution and subsequent
shon~ li "ed collisio n.

The second continenlal terrano is identified here, based on
new feldspar Pb and whole- rock Nd-Sm isotop ic data for
samples from the basement of northeastern Yemen. This
lerran~ is represented by the Aden group , a poorly known
gneissIc comp lex, that forms much of the basement of nort h­
eastern and southern Yemen. The Aden group is overlain by
metavolcanic and metasedimentary rocks of possible Nabltah
age. ICHURmodel ages for both groups of rocks ran\le from
3038 to 400 Ma.(eNol -23.5 10 -4.4). The Aden group IS domi.
nantly metasedlm~ntary, but con tains !'lany muscovite-bearing
leucogran ite Intrusions. Archean to middle Proterozoic tCHUR
model ages for these rocks prob ably reflect the ages of the
cratonic source region for the sediments. Ills unclear whether
the Aden gneisses represent a craton ic fragment within the
Arabian accreted terrane or the western margin of a large
cratonic plate. II the laller, the Nabilah orogeny may have
resulted from the collision of this plate with the accreled
oceanic terranes of the western part of the Shield.

On t he Di stribu ti on of t he Con ti ne n tal Ha s s e s of
Gond van aland : A Case S t udy Fr om t he Arab ian- Nubi an
Sh iel d

H Sultan , R Be cke r, P Shore, R E Arvidson. E A Guinnes s
~nnell Cen ter for t he Spa ce Sciences, Depa rtment

of Earth an d Plane t ary Sci e nces , lJashing t on
University, S t . Loui s, HO, 63130 )

T II Di xon ( Earth and Space Oi v h i on . J et Propulsi on
L"ho r ato r y, Pasade na , CA 91109 )

R J S tern (Prog r a . s in Geos cience s , Un i v et"s i ty o f Texas
at Dalla s , Ri cha r ds on. TX 75080 )

Ve generated a di g ital mosaic f r om 23 l.a ndsat t he mat i c
cappe r (TH) s ce nes cove d ng 0 . 3 x l O' km1 of Pan -Afri cll n
(550 -950 Ha) outcrops along t he Red Sea Hills i n Egyp t ,
Suda n . a nd Et h iopia (Nubian Sh ield). an d Sau di Ara b ia
( Ara b ian Sh ie l d ) . The outcrops ve re con t ig uo us before
t he opening of the Red Se a 25 Ha ago . Th e mos aic
u tilizes TH band rati03 .send tive t o the r o ck con tent of

V32A-9
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Cover Caption. Successive stages in the construction of universal multi-fractals. Turbulent temperature fields with
resolution increasing from top to bottom ; represented as a surface, plot incipient singularities are particularly evident in the
low resolut ion image in the design. The photograph courtesy of Shawn Lovejoy, McGill University, Department of Physics,
Montreal, Canada.


