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showing the int ense compression formation at the margin, refl ecting th e
char acterlstl c of conformable intrusion of the plut on. The relati vely gentl e
lineati on reflects a kind of rotatory emplacement mechan ism . Relatively stee p
marginal folia tion shows th e character ist ic of compression expanding . Affect ed
by th e th ermal pow er of th e pluton, th e metamorph ism of th e cont act zone has
zonat ion. Both the st rike of th e axial plane of fo ld at th e contact zone and that
of the flow cieavage of th e ductil e shear zo.ne are consiste nt with th e bound ary ,
whi ch reflects the features of conformable Intrusion. The hing es of folds are
mostly incii ned and erect , which ref lect s emplacement mechani sm of spira ling
ascent. Both boudin s developed at conta ct zone and th e stee p strata indicat e
that th e empl acement characterist ic of the balloningly expanding of th e pluton .
The surrounding rock of th e contact zone horizontally shorte ns. The average
percentag e of shorte ning is 39 .7%, whi ch furt her present s th e forcefully
expanding mechanism of th e pluton, and th e space occup ied by th e act ive
expanding intrusion is offered by the shor te ning of the surrou nd ing rock. The
characte rist ics of left- lateral shearing shown by ductil e shear zone and
rheomorph ic fold reveals that the plut on empl acement and th e deformation of
surrounding rock are cont ro lled by NNE-stri king left - lateral shear st ress fieid in
eastern china. The above characteristic s of pluton st ructures suggest a
mechan ism of emplacement. In the deep, th e pluton apirally aro se left lateral
and in th e shallow, the one forcefully emplaced ballon ingly . r
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The well-e xposed Tavares bat holith is th e best known represent ative, among th e
magmatic epldote( mEp)-bean ng high K calc-al kalic granitic pluton s is
northeastern Br~zil.This bathol ith in t ruded gneisses (Alto Pajeu terrane) and
schlstsfCachoelrlnha ter rane, and IS bound ed by shear zones along its northern
(dextral)and south ern( sini strall margins. Lithologi cal unit s comprise syenit e to
quartz monzogranite With K-fefdspar megacry sts up t o 6 cm long . The pluton is
mark ed by perva sive magmatic foliation with curved, ell ipt ical geometries
mainly delin eated by biotite + amphibole and K-feldspar, observed on
cent imete r to hund red-meter scale. Tonalitic to quartz dioritic rocks, linearly
distributed, are comm on and have been interpreted as disrupted narrow
svnptutonic dikes. Layered xenolit hs up to 10-m long (a mphibolite alte rnates
with epidote - rich layers) are found in the central portion of thi s bathoiith
possibly t ransported upward from the amphibolite source.The pluton shows a
fou r- sided polygona l geom etry with the major sides converging tow ard s
north east. Besides th e magmatic foliation that cuts across the pluton, structures
includ e ladder-dikes, snails, mushroom-shaped structures, blobs and concentr ic
ring s. Compo sitio n of epidote (42 gra ins)ciu sters around 19 and 25%Ps (f02 in
th e N-NO field). Measured dissoluti on zone width (mm) of highly cor roded
subhedra l mEp grains, varies from 0.02 to 0.24mm (avg . 0.2mm) and Indicates
an average of 30yr for dissolut ion and minimum upward magma tran sport rate
around 600myr-1.Thermal and fluid dynamica l analy sis, based on Petford et
al.(1993, 1994 ) allows to est imate th at the time necessary t o build th e Tavares
magma cham ber (about 1l00km3 in vo lume )was approxlme telv 200yr . The
conduct through which magma flew had an estimated width of about 2m and th e
magma flow rat e was 2cmy r-1. Well-preserv ed magmatic epidote cry stals, up t o
0.65mm long require 260yr for complete dissolution and set th e maximum tim e
for magm a crysta li lzatio n in th is chamber .Petford, N. et aI., 1993 . Geology
21(9): 845-8 48 .Pet ford, N. et al., 1994 . L1t hos 32 (1-2) : 161-168.
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Magmatic epidote (mEp)-bearing granitoids are known from fiv e
tectonostratigraphic te rran es in the Borborema provinc e, north eastern Brazil.
They are main ly calc-alkalic to high K calc-al kali c plu tons, although som e
shoshonit ic to trondhjemitic ones are also known . The high K calc-a lkalic and
calc-a lkalic plutons were emplaced withi n th e 630-650Ma interval wit h only few
exce pt ions (e.q, Caldelrao Encantado pluton is 880Ma old) . Granitoids which
share same petrological! geochem ical featu res with them, but were emplaced
within the 580-5 70Ma interv al, are free from mEp.AIi the studied calc-a lkalic and
high K calc-alkalic granito ids show epsilon Nd betw een -1 and -4 and TDM (630)
betw een 1.1 and 1.4 Ga (source material form ed during rifting pre-Cariris
Velhos = Grenville orog eny) except for the Curral de Cima calc-alkalic granitoid
(epsilon Nd = +2 and TDM (600 )= 0.9 Ga). The Nd isotop e behavior for thi s
pluton assure s that there was also Neoproterozoic juvenile crust formatio n at
thi s prov ince. Most plut ons carry amphibole-ri ch ciots, inte rpreted as pieces
detached from the sourc e. One larg e layered amphibolite xenolit h at the Tavares
plu ton yielded a TDM (600Ma) of 1.4Ga,in th e range of model ages for most of
t hese plutons.The stud ied mEp-bearing gra nitoids were emplaced at 5 to 7 Kbar
pressure (outs ide the Transversa l Domain of the province,howeve r, some
mEp-bearing plutons were empla ced at sha llower depth(3 to 4 Kbar) In high K
calc-alkalic and calc-alkalic pluton s, mEp was tran sported upward at rat es
< 2000m .year- 1 and show dissolut ion t im e < 35 years . When in conta ct with
m icrociin e, mEp is less corroded th an whe n it is in cont act With/ho sted by
plaglociase.In the Sao Rafael pluton (Serldo terran e), mEp was tran sport ed
upward at ~ 1 200m.yea r- 1 with avera\le dissolution time of ~ 1 5 years . With in
three plut ons examined in the Cachoelrlnha-Salqu etro terrane, mEp underwent
corrosion during 15-35 years and were transported upward at 450 -1300
m.year-1. A sim ilar behavi or was observed for the mEp studied from six pluton s
in th e Alto Pajeu terrane indicat ing variable rates of upward migration
(6 50- 1050 m.year - 1) and time of dissolution (10-25 years). Finaliy in the Glori a
pluton (Macurure terrane) ,mEp were transported much faster ( ~1800m .year-1 )
with shorte r mEp dissolution tlme(~10 years) . Pluton s usualiy display elongate
sha pe suggest ing tr ansport by dikes and, In a few cases, see m to be product s of
inf lat ion, at lower pressure, of dik e-transported magmas.
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Cordierite-bearing granitoids(CBG) in Brazil. Argentina and Chile are,
respect ivel y, Neoproterozoic, Early Paleozoic and Early Jurassic in age, emplaced
at dist inct tec tonic env ironments and st ructural levels ref lected in th eir
mine ralogy, geochemi stry and metamorphic host rocks.In easte rn Braz il,CBG
from Nanuque (states of Bahia and Minas Gerais)intruded gra nulite/metatexite
terrains, typi cal of th e mid-crust related to subduction env ironment.
Cordierite-bearing granitoids from Capiliitas and Mazan, Pampean Ranges in
Argentina, are associated to greenschist- to amphibolite facies host rocks,
shaliowly emp laced in a syn-collisi onal environment. Los Tilos pluton in th e
Chilean Andes (300S ) was emplaced at a shaliow level during exte nsional/
transiti onal penod betw een Late Paleozoic magmatism and typical mid -Jura ssic
magmatism. Granitoids from Brazil and Argentina are coarse-grained,
porphyritic and in plut ons at Nanuqu e, Brazi l, cordl erite Is associat ed to garn et
or appears as quartz-cordierite nodules of magmatic orig in. Garn et- spinel
granulites are mingled with granitoids suggest ing in sit u partial melti ng.
La/ Yb>40 rat ios suggests prese nce of garnet in the source. In the Mazan and
Capil litas batholiths(Argentina, rests of migmatites in garn et-free gran ito ids,
conta in spln el,anda uslt e, muscovite, and high amounts of biotite. La/ Yb<25
ratio s suggest absence of garn et in th e source and the cordi er ite from
migmatites and granitoids shows similar chemist ry wh ich differs from that of
cordie rlte produ ced by cont act met amorphism .In th e Los Tilo s pluton ,
Chile,ro cks are equigranular, coarse-to medium -grained and lack garn et.
La/Yb=23-30 ratios sugge st possible garn et in th e source. In Los Tilos pluton,
cordi erite-quartz nodul es are similar to tho se from Nanuque. Cord lerit display s
the high est Fe and Mn contents( 0 .9 and 1.6 -1.8 , respectively) wherea s at
Nanuque and Capillitas-Maz an, cord ierites exhibit ,repect ively, 0.7-0 .8 and
0.04 -0.4. The availab le data indic ate syn-coliisional origin for th e
Capillltas-Mazan granitoids. High abundance of biotite, cordierite and anda lusite
and absence of garn et associated to migmatite enciaves,indicate melting with
littl e migration from th e sourc e. Cordierite nodule s in Nanuque and Los Tilos
plutons could represent near-liquidus m inera l assemblages, form ed and
equilibrated In the source region, and further transported to emp lacement
levels, under st ress reg ime relat ed to arc plutonism .
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The 1.08-1.07 Ga Santa Clara Intrusive Suite (SCIS) is composed of severa l
earl y- and late -stage int rusions, emplaced in older metamorphic rocks. The
volumet r ically smaller late int rusions have been subdiv ided into two subgroups:
metaluminous to peralkaline and peraluminous. The former is compo sed mai nly
of hornblende alka li-feldspar syenite and microsy enite, biotite (sodi c amphibole)
alkali-feldspar microgranite, tra chyandesit e, trachyte

r
and minor basalt, and th e

latter is comp osed of biot it e alkali-feldspar gran ite , a askite, tin -b earing Li-m ica
alkali -feldspar granit e, and rhyolite porphyry (ongonite), showing Nd signatures
that indicate domi nant mantle and crustal sources, respectively . Late-stag e
hybrid rocks are found in small subvo lcanic complex in the Oriente Novo massif ,
where biack tra chyandesite and pink leucorhyolit e porph yry, as well as dark
gray m icrosyenit e and pink microgra nit e are int erpreted as end-m embers,
although no separa te trachyande site , leucorhyolite and mlcrosyenit e bodi es are
recognized with in the complex, and all of them show signs of hybridizat ion . In
both cases the hybrid rocks conta in high proportion of micro - and
macro- enclaves and xenocrysts , and a gradual cont act is only observ ed with
microgranlte. Xenolit hs « 10 cm in diameter) of coarse-grained rapakivi gra nit e
and fragments of others subvolcanic felsic rocks are also present in varying
amou nt s, and larger (0 .5 to 4.0 cm in diameter) quartz, alkali -feldspar,
plag ioclase and biot ite xenocrysts are int erpreted to have been derived from
disaggregated rapakiv i granite xenolit hs. Hybrid rocks are trachydacite and
quartz-alkali -feidsp ar microsyenite in composition . The trac hydacite is gra y to
pinki sh gray in coior and is character ized by quartz and alkali-feldspar
megacrysts r immed by biot ite , wh ereas the quartz-alkali-feldspar microsyen ite
is pinkish gray and show quartz megacrysts mantled with biot ite and
horn blende, ant irapakiv i text ure and acicular apatite. Field and petrographic
evidence suggest th at magma ming ling and mixing occurred at moderat e to high
crustal levels. Unlik e hybrid rocks in the classical rapak ivi granites of Finland
that are product of mixing of mafi c and fe lsic magmas, th e hybridizat ion in th e
SCIS involves magmas of int ermed iate and felsic composit ions.
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At Rebordelo, a medium-grained porphyrit ic bioti te-muscovite peraluminous
granite crops out along small shear band s subpa rall el t o the Laza-Rebord elo
dextral NW-SE shear zone. It is a syntectoni c granite of 357±9 Ma old yielded
by a whole- rock Rb-Sr isochron . It contains peraluminous tonal it ic and
granodiorit ic encla ves . At T el6es, a med ium- to coarse - graine d porphyritic
biotit e subalum inous granite crops out along th e Vila Real NNE-SSW fau lt. It is a
post-tecton ic granite of 299±3 Ma old given by U-Pb isotopic data on zircon has

(87Sr / 86Sr )O= 0.7069± 0.0017 and €Nd(299) = -2 .5, with TD ,w= l.1 Ga
(Martins, 1998). It conta ins meta lum inous to suba lumi nous tonaliti c,
granodioritic and monzogranitic enclaves. At bot h areas, t he mi crogranular
enclaves show rounded or ovoid shapes and common ly are of 25 cm In
diam eter, but at Rebord elo some enclaves have irregu lar shapes and range from
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