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Geology of lhe Italian High-qualilYCosmetic Thle

SA ND RO NE, R. , Po litec nico co rso Duca degli Abruzzi, To rino , It aly

• in-Cuba are importam and must be coo­
..-' .•o ns in ali Caribbean region s,

repor ted in Cuba . The underlying sequence consists of terrigenous­
ca rbonatic sedi ments from lhe Oligocene lo lh e Campa nian stage, ending
with rest s of lhe volcaní c-ar e eros ion ,

ln lhe Vegas I (5030 m) well th e sequence has va riation in thickness in lhe
Tertiary sedi rnents bUI lh e underlyin g deposir s involve tu ffs o f the
volcanic-arc and lh e upper part o f the op hiolitic complex. T he cent ra l basin
in th at rnost drill ed a rea in Cuba . The deep est well was J atabon íco 78 (4336
m) that penetrated island are voleanic material (lava and pyro clastics) from
lhe Albian lo lhe Pre-Campanian age, ínterbed ded non volcanic sediments ;
all the se rocks overlying lhe ophíolitic seq uence (tho leiitic basalt s , gabbros
and serpentinized ultram afites). ln lh e lower portion met arnorphic schists
with affínities lo th ose o f lhe Escambray Unit were found . So me dep ressed
areas in lhe basin reached greater thi ckness, at least 1000 m, in lhe Upper
Cretac eous (Calalina wells) eit her in lh e Tertiary (Co rneta I) well.

Eastern basin : lhe best stratigraohic inforrna t io n in thi s basin was
obtain ed frorn lhe Gra nma I (30?' • well . Good co res were recovered
from ca rbo nati c-terrigenous sequ .5 from lhe Pliocene (O lhe Lowe r­
Middle Eocene. The well rea hed l .ip per pari of the paleogenic volcanic­
are o f eastern Cu ba .

Dat a ba sed on deep wells
sidered fo r paleotect oni c re

"Í SA~OWSK I G . R., Universidade de São Paul o, São Pau lo, Brazi l

Cubat ãq Fa ult Systern in So utheaste rn Brazil: Example of Megafauh

A nel of rnyloni te belIs with an extensio n o f mor e th an 1000 km borders
lh e Santos Basin on its co ntinental fra me . lt is represenled by an origi na lly
Late Precamb rian to Early Pa leo zoic post inversion transcurrent fault sys­
lem co mposed by nylonit ic behs wit h d ifferent local nam es th at isolare tec­
to nic lenses D r fault blocks . T he maio linea r discont inuit y is lhe
Cu ba tã-Al é Parai ba -Lanein ha fault zo ne . A long this structure a who le
and complete transitio n of britt le to ductile shear deformations are
observed affecti ng upper crusta l leveis lO lhe southwest and deeper lO the
northwest , W hile in lhe upp er leveis tectoni c bre ceias and stratigraphic dis­
co nt inuities togeth er with stro ng stre tching and flatt en ing of certain rock
types are dorn inan t , in lhe low er leveis expressive stretching, ductile dr ag­
ging of regio nal structures acro ss several kilo meters transversal1y to the
main defo rmation zone , and concomitant flauening and paralleliza tion of
previou s fo lds are lhe mo st evident fea ture s. The deep mylonite s show
slretching par ameters of X:Y:Z ab ove 35:1: I , typi ca l qua rt z c·axes gird les
sheal h fo lds and recrystalli za lio n .

The fauhs were reaclival ed differen tly during the Phanerozoic. Chevron
folding a ffect ed th e mylon iles in some loca is when th e rocks were already
in high er leveIs, and Paleozoic sedimentalion was part ially co nlrolled by
th is faul l syste m in some places of the Par ana Basin during certain peri ods.
Te rtiary co nlinental rift ing as la ter activalions a long these faults co ndi ­
tion ed th e for ma tio n of the Serra do Ma r Rift Syslem . Some recent kine­
mat ic an alyses a llow us to ad mit lha t the faults have bee n subjecled lo a
co mpressio nal regim e during Late Tertiary to Quate rnary times.

T he Italian high -quality cosmetic tale is produced a t lh e Fo nta ne mine
near Pinerolo (Pied mont , Italy) . T his mine is the o nly activ e survivo r o f a
series of wo rkings alo ng a mineraJized horizon fo rming part o f the terranes
o f lhe Dor a-Maira Ma ssir.

This massif is a pennidie unit of co ntinental crust form ed of an upperele­
me nt consisting of pre-Carbon iferou s me tapelites, marbles and metabasi­
t es a nd a lo wer o ne co ns is t ing of me tasedime n ts o f probabl y
(Pe rmo)-Carbo nifero us age ; both elemen ts co ntai n metagranitoid wilh
gra nitic to ton a lil ic chemislry. Ali these Iithologies have clea rJy under go ne
metamorphic re-equ ilibration into greensehist facie s o f Lepo ntine age ,
although ear ly-A lpi ne high-pressu re paragenesis and occa siona l re lics o f a
pre-Alpine melam orphic event are preserved loca lly.

The tale oceurs in lhe pre-Carbon iferous basement and forms a co n·
formable, sheetlike bod y.

Th e Fontan e Iith ologica l seri es (from below upwards) co nsists of mar ­
bles (int erb edded o n th e region al sca le in lhe baseme nt micaschists), fo l­
lowed by micasch ist s, Augengn eiss and more micasch ists enclos ing the
minerali zed bod y.

On an average th is bod y lre nd s N25 ·W and dips west-southwestward a t
an angle o f 30 ·. It s workable thi ck ness is usua lly 1-3 m bUI is sometimes
more th an 10 m . 1\vo fo lding s phases with subhorizo ntal (or slight ly
inclined) N-S and N25 · W trend ing axe s a re respo nsible for the va riatio ns in
th ickness and alti lude of the mineraliza tio n.

The tale is normalJy very pure, although accessory minerais are by no
means uncommon . The mineralized body also co ntains predominantly car­
bonati c or siliceous "xeno liths" of va rious SilOS and usually ellip so id.

The gen esis o f the tale can probably be a ttributed to regional metarnor­
ph isrn , very likely in Hercynian time, o f an o riginal sepio litic ho rizo n .

SA NDY, M.R ., University o f Dayton , Dayton , O H

J uras sic and Cretaceous Brachiop ods as Ind icators o f Tethys- Atl an tlc­
Paeific Mesozoic Ga teway s

J urassic and Cretaceous brach iopod faunas fro m no rth west an d south­
ern Europe and the Soviet Unio n are abundam and diverse a t ce rtain hori­
zo ns. However, iI is lhe lesser know n (and often unpublished) brachiopod
occ urrences frorn ot her co nti nental blocks o f Pan gaea, subseque ntly
La urasi a and Gondwana lan d , that a re key s in int er preting Tethys­
Atlantic-Paciflc ga teways for Mesozoic brachiopods. T his pap er is a syn­
th esi s ineo rpo rating new data and new interpretatio ns. Si mila rity
co efficients, diversity, and abunda nce data will be discussed during the pre ­
serua rion.

Opening ofth e Atlant lc Oeean: Th e opening of the Atlantic Ocean had a
di rec t ef fect on brachio po d connectio ns along Tet hys and into lhe Paeific .
During lhe opening of lhe Atla ntic Cretaceous, brachio po ds show evidence
o f rnigration via fo ur major tou tes : ( I) lhe H ispanic Corridor (Euro pean
Te thys) to lh e eas tern seabo a rd of the Pacific ; (2) fro m eastern Te thys via
eas tern Afric a to lhe So uth Atla ntic ; (3) so uth a long the opening So uth
At lantic to the Anta rctic Peninsul a; (4) northward to Eas t G reenlan d (Ager
and Walley, 1977). Fo r routes 1- 3 di rection of movernent may prove to
ha ve been in either direet ion.

Transatlantic brachiopods and lhe Hls pan íc Corridor: The At lan tic
Oeean has been expanding in a predom inantly east- west direetion from the
J u rassic to the prese nt day. T he terebr atulid brachiopod Flab etlo tby ris
fro m the Middle J ura ssic o f Mexico , Mo rocc o , and India (Ager an d Wal­
ley, 1977) and Rhynchon ella S .S. frorn the late J urassic o f Mexico , north­
west Europe, and the Russian Plat form (Age r, 1986) provide examples o f
th e Hi span ic Cor ridor linking ea rly tr an s-A tlan tic fauna s.

T he number of gene ric Iinks between th e tran s-A tlantic brachiopod fau­
nas rose during lhe Early Cretaeeous fro m lhe Jurassie as free communica­
t ion along lhe H ispanic Co rr ido r increased . From the Valanginian of
Mexico the brach iopod genera Sellilhyris, Cy rlolhyris and Colinella have
bee n recorded (Owen, 1981). Sellilhyris and Cyrto lhyris are know n fro m
th e Ea rly Cretaceous of northwesl Eu rope and Colinella fro m the Hauter i­
via n o f Morocco . T he record o f a single specimen of the tereb ra tulid Mus­
culina sanelaeerneis (Ca tzigras) from the Cretaceous of South America
(Britis h Museum [Nalura l H istoryJ, Londo n) prob abl y also sup po rls thi s
Hauterivian co nneclion . Ea rly Cretaceo us brachiopods from Co lombia
have affi nities wilh genera originally described fro m Europe, Le., Gem ­
m areula and Oblongareula (Na tio nal Museum of Nalura l H istory, Paris).
These exa mples show the continuing influenee of lhe Hispanic Co rrido r 0 0

brachio pod dislribulio ns th rough western Telhys to the eastern Paeific
margin during the Ea rly Cre taceous .

Towa rd lhe end of the Early Crelaceou s, there are still links a t lhe generic
levei belwee n A merica n and European braehiopod faunas that POiOl
toward lhe co ntinued ex..i stenee of the Hispanic Corridor or at least trans­
A tlanti c co nnectio ns. Albian brachiopods fro m Arizona include the rhyn­
chonellid Cyc/olhyris (a lso recorded from lh e A ptian- Albian of Te xas)
and the terebrat ellids Psilol hyris and Gemmareula . Cy c/olhyris, Psilolh y­
ris, and Gemmareula (the latler pro babl y present on Vanco uver Island ,
Ca nada; Ow en, 1981; Cyc/o lhyris and Kingena may also be present in this
region) appear to be widespread genera. and alternative routes and distri­
bUlion s should not be dismissed as th e Atla ntic Ocea n increa sed in widlh .
T he Hispan ic Co rr idor was too wide for free faunal dispersai a ltho ugh
Arctic Iinks may have slill been rnaintained .

Easl Paeiflc f auna and possib le Boreal links: The rhynchon ellid Pli­
lorhyn ehia has been record ed from the Middle and Lale Jurassic o f Cal i­
fo rn ia and British Co lumbia , respectively. It is also kn own fro m the l ate
Ju rassic to Early Cretaceous o f Northern Siberia an d th e EarJy Crelaceous
o f lhe Bare nts Sea (Sand y, in prepa rat ion) . Plilorhy nehia has also been
recorded fro m lhe Aptian of Alexander lsland , A nta rctic Penin sula , an d
possibl y the Thron ian- Co niaeian o f James Ross lsla nd , Antarctic Penin­
sula (Sandy, in prepa rat ion) . A nort hern high-Iati tud e, eastern Paeific sea­
boa rd through to southern high.lat itude di str ib ution is emerging fo r the
genus. Prol eorhynchia from th e Early Cretaceous o f Mexico may be an
endemic o ff-shoot from Plilorhyn chia.

The occur rence of th e enigmatic rhynchonellid Peregrinella in the Ea rly
Cretaceous o f Europe , Tibet, and Califo rn ia ha s been ci ted as possible evi ­
denee in supp ort of an expa nding earth or seamount " ho pping" across lhe
Paeific (Ager, 1986) . T he Califo rn ian occur rence was ai a paleolat itude
grea ler than 40 · N. Records o f Peregrine lla a re sca rce , and the genus
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