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Geochemical comparisons between basic and intermediate rocks of lhe late Brasiliano !tu granitoid belt,
state of São Paulo, southeastern Brazil, indicate that at least two different mantle-dcrivcd primitive melts
contributed to this magmatismo
Kvdiorit cs and their fractionates that make up lhe Piracaia massif, and quartz diorites that occur as dikes
and enclaves within the Morungaba granitoids, derive from K-rich basic magmas with close affinities to
shoshonites, although their Ti con tents are slightly higher than those usually found in these lavas.
The absence of Sr and Eu negative anomalies in mantle-normalized incompatible-element and REE pat­
tems, and the comparatively low Al/(Na+K ) ratios shown by the K-syenites that make up the bulk of the
Capituva and Pedra Branca massifs, sugges t that they derive from oxidized K-feldspar-phlogopile-rich
magmas akin to minettes.
The LILE-rich nature of both Iineages of basic magmas is difficult lo reconcile with crustal contamination,
since they are far richer in these elernents than the potential contaminants. lt must therefore reflect the in­
corporation of mclts produced in lhe subcontinental lithosphere, where "metasomatic" horizons can be
formed by percolation of LILE-rich melts and/or Iluids, and become isotopically evolved over time. The
basalt component presem in the "shoshonitic'' magmas might reflect more advanced melting of hydrated
Iithospheric pcridotite. Alternatively, it could represem an asthenospheric cornponcnt, which would re­
spond for the "within-plate" trace-clernent signarures shown by the K-diorites.
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INTROD UCTl O N

Basic to intermed iate pluton ic rocks occur in

the late Brasili an o (620-580 Ma) !tu gra n ito id belt

(Vlach et al., 1990), state of São Paul o, so utheast­

cm Brazil , as sca rce individua l occurre nces of

broadly mon zodiorit ic to syeni tic cornposition and

as a series o f small d ioritic bodies , syn-plutonic

dikes and enclaves present w ithin g ra nitic massifs ,

rnostly those w ith calc-alka lic affi nities. Ali know n

occurrences are charac te rize d by rema rka bly high

(although va riable) co nte nts of large-ion lithophile

clements (e .g. K, Ba , LRE E) , a fealure whi ch is by

no means ex cl us ive of lhe !tu be lt; rath er , it seems

to be very ty pica l o f the lat e Brasil iano rnagmati sm

in sev e ra l east Braz ilian g ranitic prov inces (e.g .

Fe rre ira & Sial, 1991 ; Li ma & Nard i, 1991 ). ln lhe

case of sma ll diori tic bodies int irna tel y associa ted

with g ra nitos (as encl aves, d ike s, e tc), an obvious

questi on can be ra ised as lo w he the r these che m i­

ca l fingerprints a re re lat ed to some co nta mi na tion

by lhe coeval gr anitic magm as. While de tailed

petrologi ca l s tud ies in so me of these g rani to id

mass ifs present ev idence th at lhe most prominenl

ge oc hemica l features of thesc d iorites are pr im ary,

and not rel at ed to hyb ridizat ion (e .g. Vlac h, 1993),

the vo lumetric a lly larger basic-inlermediate occur­

re nces fo rm ing independ ent mass ifs not spa tia lly
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rclatcd to granit es would ccrtainl y bc more infor­
mative concerning lhe nature and origin of thc sc
magmas.

ln this article , wc brin g togcthcr lhe dat a
(mos tly eleme nlal ge ochemistry ) obtain ed in de­
tailed studies recentl y concluded in so me massifs
of the ltu bclt , nam ely lhe Piracai a mon zodi oritic­
mon zonitic massif (Janasi , 1986; Jan asi & Ulbrich,
1987), lhe Capituva syenitic massif (Ja nas i, 1992;
1993) , and the Morungaba granitoids (Vlach ,
1985, 1993). Chemical dat a are used lo iden tify
and compare the parent al magm as from which
these rocks may have derived and lo eva luate lhe
characteristics of their (mantelic) so urce areas .

THE LATE BRASILIANO IT U BELT: AN

OUTLlNE

The greater volum e of granitoid rocks OUl­
cropping in lhe Stat e of São Paulo and vicinities
appear as "syn-orogenic" massifs and bathol iths,
mostly of calc-alkalic (generally high-K) or per­
aluminous affinities (Janasi & Ulbrich, 1991).
These granit oids occur in almost ali the different
geologic domains recognized in lhe regi on , but
lheir ernplacernent preceded lhe final juxtapositi on
of the se dom ains. ln contrast to thern, a se ries of
massifs mad e up predorninantly of massive grani­
toid s occur in two major belts that lruncate lirnits
between lhe geologi c dom ains.

The northernmosl porti on of Serr a do Mar
bclt (Kaul et al ., 1982), whi ch inlrudes mainl y pa­
leoprolerozoic lo older high -grade melamorphic
rocks, crops out in lhe south of the State of São
Paulo, and is rnostly made up of post-orogeni c A­
typc gran ítes of meta-Iuminous or peralkalic ch ar­
acter,

The Itu bel! extends from north Paraná lO
south Minas Gerais, accompa nying lhe prcsent
erosive border of lhe Phanerozoi c Paraná basin ,
andoinlruding principally low - lO high-grade meta­
morphic rocks strongly reworked in lhe Brasili ano
cycle. Four major gr anitoid associations were rec­

ognized in this bel! (Vlach et al., 1990) : (I) high -K
calc-alkalic (dominated by usually porphyriti c
monzogranites with biotite hornblende + titanit c +
allan íte) ; (2) "a lka lic" (with pred ominant pink
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sycnogranitcs locally exhibiting wiborgiti c tcx­
lures) ; (3) inequigranular mon zogranit cs partly
trans itional bctwcen lhe previou s associ at ions; and
(4) muscovite and Iluorit e-bcaring fractionatcd
mon zo- and syc nogranites .

Basic and intcrrncdiate (dioritic) rocks occur
as encla ves and sy n-plutonic dik es emplaced con­
tcmporanc ously with granit oid s from ali lhe above
associations, but are fa r more abunda nt within lhe
ca lc-a lkalic occurrences . Addirion all y, some indi­
vidual occ urrences made up excl usive ly of basíc
and intermediale rocks appear in lhe bclt , and de­
fine two differenl associations: Kvsy cnitcs com­
prise lhe bulk of two quite large massifs occurring
in lhe north em end of lhe belt , in sou th Minas
Gerais (lhe Ca pituva and Ped ra Branca massifs),
whil e K-dioril es and their fracti on ates constitute
lhe Piracaia rnassif and minor related intrusions,

A geologica l sketch map of a porti on of lhe
cryslalline basem ent in NE São Paul o and SW Mi­
nas Ge rais is presented in fi g. I , and shows lhe 10­
cation of lhe studicd occurre nces, as we ll as lhe
main "syn-o roge nic" bath olirh s and lhe (tcctonlc)
limits bctw ccn lhe diffcrent geolog ica l domains in
which they appea r.

TII E CA P ITU VA A ND P EDRA BR A NCA

MA SSIFS: K· SY E NITI C MAGM AS

The Ca pituva and Ped ra Branca massifs are
lhe northeasternrn ost occurrences of lhe Itu belt,
inlruding migm atitos and sy n-tectonic granitoids of
lhe allochtonous Guax upé Dom ain . The predomi­
nanl faci es in both rnassifs are rncdiurn- lo coarse­
grained lamin atcd K-rich syenitcs (color indice
20-25). Fine-gralncd syc nitcs found in lhe Capi­
luva massif are chemic ally s imilar lO those facies,
ind icating that lhe more imp or tam chemical Iea­
tures of these rock s reflecl lhe natu re of lhe parcru
magm as and ca nnot be au ributcd to cumulativo
processes (Ja nasi, 1993). Mor e basic rock s are re­
stricted lO biot ite-rich mela-sycnitcs (co lor indice
ove r 35) presenl in lhe cor e o f lhe Ca pituva rnassif;
thcy share most of lhe chemica l finge rprints of lhe
predominanl facies, but do not scc rn lo be related
lo thern through si rnple fracti on ution processes

(Ja nas i, 1993).
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Fig. I - Gcolog ical skctch map of a portion o f lhe: crystall inc bascmc nt in southcrn
Minas Gerais and nonhcasrcarn São Paulo, showi ng lhe locntion of lhe studicd
occurrcnccs (s implificd and modi ficd from Vasconcc llos, t98 8) . Unpattcrncd arcas:
mostly Protcrozoi c rnctamo rphic roc ks (G D ::::: Guaxupé Dom ai"; A D ::::: Amparo
Domain; JD ::::: Jundiaí Dom ain; S RD :::: São Roq ue Dom ain); o ricmcd traces: gncissic
chamoc kitc; rarndom traces: high-K calc-al kalic "syn-orogcnic" (ca , 650 Ma) granitoids:
CTOSseS: tardi- to post-orogen ic (ca. 620-580 Ma) granitoids of lhe (tu bett ( 1 ::::: Ca pituva;
2 :::: Pedra Branca: 3 ;:; Morungaba; 4 :;;: Piracaia: 5 :::: A tibaia; 6 :;; hu); invcrtcd "v":
Poços de Ca ldas alkalie mass if (Crctac ic) .

The ox idized nature (JD2 above the NO
buffer) of the syenites from both massi fs is re­
vealcd by lhe occurrence of hernaritc-rich ilmenite
as the sole opaq ue oxide , and by lhe Mg-rich
chemistry of lhe mafic phases (ma inly biotite and
diopside). A particu lar facies assoc iation present in
lhe Pedra Branca massif crystallized under eve n
higher 102(near the HM buffer) and bears a mafic
asscmblage of (soda)-diops ide, phlogopi tc, tirano­
hematite, magnetite and titanit e.

No reliable geochro nolog ica l ages are avai l­
able for these massi fs; lhe ve ry high Sr co ntents of

ali rock typcs frus trated attempts at obt aining a Rb­
Sr isochron for lhe Pedra Branca massif (Winters,
1981). They are corre lated lO lhe ltu be lt on the ba­
sis of scveral stratigraphic evi de nces, such as thei r
late orogenic charac ter, and their levei o f emplace­

rncn t (P 5! 3 kb ; Janasi , 1992).

T II E I'IRA C AI A I\IASS IF: K -DI ORIT ES AND

T IIE IR F RA CTlO NATES

T he Piracaia massif is an oval-shaped, north­
easl-striking pluton int rud ing hig h-g rade met a-
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sedimentary and meta-igneous rocks of the alloch­

tonous Jundi aí Dom ain. ln spite of its small size

(ca. 32 km2
), the massif exhibits a remark able vari­

ety of facies which defines an almost continuous

modal trend , frorn earl y monzodi orites and rnon­

zonites (mostly concentrated at the core of the

massif) to late quartz sycnites (as small bodies at

the borders; Janasi & Ulbrich , 1987).

The emplacement of the massif was control­

led by a major transcurrenl fault which curves

from N-S south of the massif to NE, suggesting

that space for the intrusion was created by sinistraI

movernents along this fault.

Well-preserved rnagmatic textures occur onl y

in rocks located at the center of the massif; most of

the border facies are foliat ed, and their primary

mineralogy was replaced to vari ed degrees by

lower temperature assembl ages, as a result of syn­

plutonic deformation.

The field relations between the more differen­

tiated quartz syenites and the earlier monzodiorites

are quite complex o Usuall y, the darker rocks ap­

pear as elongated ellipsoidal bodies densely venu ­

lated by the quartz syenites, indicating near

contemporaneous emplacement. ln a particular fa­

cies association, quartz syenite occelli and veinlet s

occur within a monzodiorite-monzonite matrix,

probably resulting from (deformation-induced) ex­

traction of residual melts from parti ally solidified

crystal mushes (Janasi & Ulbrich, 1987).

Geochemical data (Janasi, 1986, and unpub­

Iished data) show that most of the variation ob­

served in the Piracaia massif can be modeled by iII

situ crystal fractionation, which involved the ex­

lraction of early crystallizing phases (calcic plagio­

clase, e1inopyroxene, biotite, apatite and Fe-Ti

oxides) from a parental monzodioritic magm a.

Recalculation of the available Rb-Sr isotope

data (Janasi, 1986) point to an emplacement age of

600 13 Ma; Sr initial ratios are in the 0.704-0.705

range for ali facies, emphasizing their consan­

guineous nature.
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TIIE MORUNGABA REGION :

K-DIORITE/GRANITE ASSOCIATlON

ln the Morungaba region , dioritic rocks (mo­
dally, quartz diorit es to quartz monzodiorires) oc­
cur in a contr asted association with the
predominant coeval granites, as small irregular I
bodi es (m édium- to coarse-graincd), as abundam
microgranular enclaves, and as disrupted dikes
(fine-grained). Their parent al basic-int ermediate
magma s intruded in a transtensional regime, and
their evolution combined proc esses of (largely in
sitll) fractional crystallization and mixin g with gra­
nitic magm as/mu shes during asce nsion and final
empl acement (Vlach, 1985; 1993).

Diop side-rich e1inopyro xene (mg# = cationic
Mg/(Mg + Fe2+)= ca. 0.8), actinolitic and magne­
sian amphibole, magnesian biotit e, titanite and
magnetite make up the mafic mineralogy of lhe
rocks, and point to crystallization under oxidizing
conditi ons, near the titanile-magnetit e-quartz-acti­
nolite-ilmenite (T MQAI; Noyes et aI., 1983) buffer
(Vlach, 1993).

EL EME NTA L G EOCH EMISTRY

Mantle-normal ized incompatibl e-element pat­
tems for representative samples of the Capituva
and Pedra Branca sye nites and the Piracaia and
Morungaba K-diorites are present ed in Fig. 2. The
sample s, whose complete analyses appear in Table
1, where chosen to repr esent fine-grained, phe­
nocryst-po or varieties (less prone to cumulative
processes), except for the Pedra Branca syenite,
where ali collected samples are coa rse-grained.
The Morungaba sample is that showing less tex­
tural evidences of contamination by the country
granites.

Apart from some small differences (discussed
later), both syenites have very similar enrichment
pattems, which show important contrasts with
those of the K-diorites, the most outstanding being
the deeper trough in Nb and the abse nce of a nega­
tive Sr anomaly, well displayed in the Morungaba
sample, and less significant but still perceptible in
the Piracaia monzodiorite. Moreover, the syenite
pattems are more fractionated (less enriched in ele-
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Fig. 2 - Mnrul c-norrna lizcd incornpatiblc-c lcmcnt pan cms for K-diori tcs and sycnitcs
from lhe l tu bclt. Op cn circl c, finc-graincd syc nitc, Ca pítuva mass if (Janas i, 199 2) ; opc n
trianglc, laminatcd sycnitc, Pedra Branca massif; c losc d squarc, Kvdiori tc from lhe
Morungaba rcgion (Vlach. 1993 ); "x", finc-g raincd monzodioritc, Piracaia massif.
Normatization factor: Sun & McDonough ( 1989) dcplcrcd rnantlc .

ments less incornpatibl e than Ti ; Fig. 2), a feature

more evidcnt in norm alized REE patterns (Fig . 3).

The geochemical data availabl e for these

rocks (Janasi, 1986, 1992, and unpublished data;

Vlach, 1993) suggest that none of thcrn co uld

represent primary rnantle magm as. That is parti cu­

larly evident for lhe least differenti ated rocks frorn

lhe Piracaia massif, whose Ni « 40 pprn) and Cr

« 10 ppm) contents and mg# are extrernel y low,

showing that thesc magmas cou ld not have been in

equilibrium with typical (o livine-bea ring) rnantl e

rocks. The Capituva sye nites and lhe Morungaba

K-dioriles have higher values (Ni <70 pprn; Cr

<90 ppm; mg# around 50), which are howevcr

lower than those accep tcd evcn for magm as gcner­

ated from olivine-free (phlogopitc-c linopy­

roxenite) mantle sources (e.g , Foley, 1992a). The

interpretation of the incompat ible-elerncnt patterns

must therefore distinguish, as far as possib le, those

features inherited frorn lhe source and those which

result frorn fractionation.

E VIDENCE FOR O IFFERENT PRIMARY MANTLE

M ELTS

Th e contrasted behavior of Sr in lhe K­
sye nitcs and K-dioriles rnust reflect differenl crys­
talliza tion paths, Th e Sr troughs in lhe K-diorite
patt erns can be easi ly attributed lO plagioclase
fractionation, which indeed is expected from lhe
abunda nce of plagiocl ase phcnocrysts in so me of
these rocks. ln contrast, plagioclase was 1/01 a pri­
mary rnagrnatic phase in lhe Capituva syenites; lhe
absence of Sr troughs suggests that 0I1ly mafic
mineral phases participated in lhe previous frac ­
tionation history of these magmas, pointing lO lhe
very pecul iar nature of lhe prirnitive mantle mag­
mas.

The situation of sa mples from lhe studied ba­
slc- intermediate rocks in lhe normative feldspa r
diagra m (Fig. 4) furt her emp hasizes lhe rnenti oned
differences. Whereas lhe Kvdio rites c1early plot
within lhe feldspar S O/ VIIS (above lhe LKS line),
implying that plagioclase was lhe firs t feldspar lo
crys tallizc in these roc ks and that lWO feldspars
rnust app ear in the ir groundmass. lhe sycnites from
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TABLE I
Chemical data for represen tat íve samples of ba sic

to intermediate rocks of lhe Itu granltold be lt, Sources
of data: Ca pítuva (CA-28b) nnd Pedra Bra nca (PU8a)

syenites, J a nasl (1992); Piraca ia monz odiorile (1'1.75 ),
Janasi (1986, a nd un published dala); l\Ioru ngaba diorite

(A·5 15b), Vlae h (1993). FeO': ali Fc report ed as FeO.

sample CA28B PE8A PI-75 A·5 15-B

sio, 60.54 56.25 50.60 54.40
rto, 1.42 1.53 1.70 1.50
A1Z03 13.81 13.61 18.80 14.55
FeO' 5.12 5.70 8.15 8.00
MnO 0.09 0.09 0.16 0.13
MgO 3.02 3.00 3.40 6.40
Cao 4.39 5.80 5.50 5.80
NazO 3.04 3.15 4.00 2.90
KzO 6.53 7.32 4.80 3.10

PzOS 0.94 1.18 0.91 0.64

Cr 85 45 5 nd
Ni 55 15 18 72

V 95 100 130 160
Rb 175 190 131 110
Ba 3660 6060 4700 2150
Sr 1986 3633 1170 790
Nb 15 9 38 24
Zr 420 200 390 280
Y 39 48 38 75

La 96.98 165.40 67.42 74.69
Ce 215.10 388.50 149.60 150.10
Nd 102.90 188.70 63.96 79.53

Sm 16.27 31.36 10.70 13.03
Eu 3.48 6.28 2.39 2.81
Gd 9.18 15.70 6.93 8.70
Dy 5.41 8.06 5.61 7.49
Ho 1.04 1.42 1.09 1.30
Er 2.60 2.86 2.75 3.76

Yb 1.98 1.74 2.30 3.05
Lu 0.27 0.22 0.30 0.38

lhe Capituva and Pe dra Branca massifs plot belo w

that line. The Capituva syeni tes are situated above

lhe plagioclase-alkali fe ldspar cotect ic-peritectic

line (PAL), so that also in these rocks plagiocl ase

rnust have been the fi rst feldspar to cryslallize;

Ali. A cad. bras. Ci., (1993) 65 (Supl. 1)

however, as lhe co rnposi tions are situa ted within
lhe one- feld spar field , ii mu st be to ta lly resorbed in
the course of magm atic crys ta lliza tion, and a sin­
gle alkali fe ldspar w ill remain. Thal is indeed ob­
served in thcse syc nites, where primary plagioclase
is found only as sca rce relicts in co res of alkali

felds par phenocrysts of so me fine-gra ined (rapidly
crys tallized) sa mples (Ja nasi, 1992). The two ana­
Iyzed Pedra Branca sycnites, on lhe othe r hand, are
so ca lcium-poo r that plot below PAL, wit hin lhe
alka li-fel dspa r fie ld. Thus, in spite of lhe sim­

pli fic ations ass ume d in lhe posi tio n of lhe SO/VIIS

and co tec tic- pe ritcc tic line (s ince lhe rocks crystal­
lized und er different physico-ch emical co nditions,

mostly a(H20) and qu artz-satu ration ), ii seems
clear that lhe Kvsyenit e and K-diorile parental
magmas rnust have foll owed ve ry co ntraste d frac­

tion ation paths, most ly in resp onse lo different in­
itial co mposi tio ns ,

Th ese very co ntras ted fract iona tio n paths are
a1so illustrated in Fig. 5, wh ere rock co rnpositions

are plott ed in lhe NCN K vs. NNK1 S hand's indi­
ces diagram (after Mani ar & Picco li, 1989): while
lhe Piraca ia cornposit ions evolve towards lhe per­

alkalic fie ld as a rcsu lt of decr casin g N NK and in­
creasing NCNK (reflec ting lhe rapid Ca decrease),

lhe Kssyenites follow a lendency of redu ction of

both indices.

Th e above discussion highl ights lhe Iact that
the Kvsyenit ic magm as fro m lhe Capituva and Pe­

dra Branc a massifs we re prim ar ily poor in a "ba­
sa lt co rnponent" wh en co rnpa red lo lhe K-diorites.
Th e more primitive magmas fro m which they de­

rived ca nno t thercfore be co mpa rable to
shoshonites; in fact , studies of s imi lar roc ks (e.g.

Th ompson & Fow ler, 1986; Leal et aI., 1988) point
lo parental magm as ak in to min ett es, i.e. alkali­

feldspa r-phlogopile- rich lamprophyres (Veldc,
1971 ; Rock, 1991). Th e pct rological status of

minett es is not yc t clearly cstablishcd, bul some
authors classify thcrn as ultrapotassic rocks, in

so me resp ccts interrnedi ate between plag ioclase­
bearing rocks (e .g. leucit e- basalts fro m lhe Roman

Province) and larnp roites (Foley el aI., 1987). ln

I A; AbO) : C ; CaO : N ; Na20: K ; K20, molecular pro·

portions.
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Fig. 3 Chondrilc-normalizcd (Boynton. 1984) REE pattcrns for K-diorilcs and
sycnitcs frorn lhe Itu bclt. Symbols as in Fig. 2.

An

QUARTZ-FREE;

p= 2 Kb;

a (H20)= 0.1

Or
Fig. -1 - Albhc-O rtocl asc-An onitc C IPW nor mativc composit ions (\VI%) o f K-diorilcs
and syc nitcs Irem lhe Itu belt. Symbols as in Fig . 2. Plagi ocl asc-alkali fcldspar
cotcctic-pc ruectic line (PAL) and solvus (LKS) for thc qua rtz-I rcc sys tcm, at P {total) =
2 kb and "(~"O) = 0.1. from Nckv asi l ( 1990). Fe2

' + Fel.) seI aIO.7 for ali rocks.
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Fig. 5 - Shand's NN K vs. NCNK diagram (aftcr Maniar & I'iccoli, 1989) lor K-diori tes
and syenites from the ltu bclt. Symbols as in Fig. 2.

fact, in a (K20 + Na20 /AIz03) (mol ar) VS . Si02

diagram, nonnally used lo discriminale differenl

groups of ultrapolassic rocks (Ba rton, 1979), lhe

K-syeniles are displaced from lhe K-dioriles 10 ­

wards lhe lamproile ("Leucile-Hills type") field

(Fig. 6) .
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'fHE B EHAVIOR OF THE H FS E LEMENTS:

"W ITH IN-PLATE" VS. "ARC" C IIARACTERISTICS

Th e differences in lhe depth of lhe Nb troughs

in mantle-norrnalized inco mpa tible clement pat­

terns of sycnites and Kvdioritcs (Fig . 2; La/Nb=ca,
6 in lhe syenites, and 2-3 in lhe K-di oriles) is al­

rnost certainly a prirnary fca ture. A few other
LILE/H FSE rat ios that appear lo be unaffccted by
fractio nation poi nt lO systernatica lly highcr value
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Fig . 6 - Si02 vs . NKlA diagram for K-diorites and syenile s
from the Itu bel t. Symbo ls as in Fig. 2. Compositio ns are
si tuated lo lhe left oí. the Barton 's (1979) LHT (leucite-Hills
Iype = Iamproite) field of ultrapo tassic rocks , fall ing mostly
within lhe fie ld of (plagioclase-bearing) Rornan-Provincc-typc
lavas. -

Fig. 7 - Si02 vs. Rb/Nb diagram for K-dior ites and syenho
lrom the Itu belt , Symbols as in Fig. 2.
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Fig . 8 - Rb vs. Y+N b diagram for K-dioritcs and sy c nitcs from lhe Itu bclt. Syrnbols as in
Fig. 2. Ficlds (aftcr Pcarcc ct al ., 1984) are índicatcd for granitc ids from diffc rcnl tcc tonic
cnvironmcnts (syn-CO LG = syn-collísional : \VPG = wi thin-platc ; VAG = volcanlc are;
O RO =occa n-ridgc) .

10 lhe sycnitcs; o ne exa rnp le is RbINb (Fig. 7) ,

which is in lhe 8 -11 ran ge in lhe Cap ituva sycni tcs

and 2-5 in Piracai a (whe re both be hav c as

incornpatible elemc nts ov e r rnost of lhe cornposi­
tional range).

II is o f intercst lo not e that sye nites fro m lhe

more ox idized fac ies of lhe Ped ra Bran ca massi f,
which are overa ll LlLE-r ich er than lhe Capituv a
syeni tes (Fig. 2) , sh ow cv cn large r Ll LE/H F5 E ra­

tios (La b I I; Rb b 12; Fig . 7), and mo re frac­

tionatcd enrich rnent pattc rns (Fig. I a nd 2).

Also wo rth noting is that lhe high e r

L1LE/H F5 E ratios o f lhe Kvsycnit es rcsult in thcir
being classified as "vo lcanic-a rc- re larcd" in tcc­

tonic disc rirnination d iagra rns based o n thcse e le­

ments (Pea rce et a l., 1984), whi lc lhe K-d ior iles

wou ld bc "w ithin-p late " (Fig. 8) .

The s lightly lowcr Ti co nte nts o f lhe Ca pituva

syenites whc n co rnpa rcd to thos e o f lhe Kvdioritcs
could also rc flect lhe J-1F5 E-poorer natu re o f thcsc

magma s, a ltho ug h in thi s case lhe influcn ce of

opaque min eral frac tiona tion is difficult lO eva lu­

ate. Addition ally, lhe co rnpara tive ly high Tí02 co n­

tents of lhe K-di orilcs from Pir acaia and

Morungaba (often higher than 1,5 WI%) secrns lo

bc the o nly ch aracteristic that do es not fit well to

the chernica l c rite ria elcctc d by Morrison ( 1980) to

defi ne rocks w ith shosho ni tic affi ni ties.

T IIE OXII>ATIO N ST AT E DF T II E MAGl\IAS:

1l\I I'L1 CATIONS FOR T IIE NA TU RE OF TIIE

K -RI CII E I>-l\I EMBER

As dcscribcd earlic r, lhe mincra logy of lhe

stud ied K-r ich int crrned iatc roc ks ind ica re th at they

crysta llizcd under fa irly ox id izi ng co nd itio ns , in a li

cases above lhe NNO buffe r. Differ en ces in lhe

o xida tion s tatc a re however appa rent: lhe K­

sye nitcs are overall no ticeab ly more oxidized, with

the Pedra Bran ca sa rnplcs (Ti-hc ma titc, magnetite ,

titanitc a nd phlog opite-bcnring) a pproa ch ing the

J-1M buffer. These difference s hav e s tro ng influ­

cncc on lhe mafic miner al co mpositio ns and hence

o n lhe fraction ati on trends followed by these rocks ,

as illu strated by lhe mg# vs. 5 i02 di ag ram show n

in Fig . 9. The Pir ac a ia rocks ha ve low e r mg # tha n

lhe K-sycnilcs throug h a li their cornpositio na l

range , sho w ing a discernible Fe-enrichmenl trend

Ali. Acad. bras . Ci ., ( 1993) 65 (Supl. I)
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tive o f lhe roc k typ c) th an thosc o f lhe Pedra

Branca sycnites (0.707-0.708; Jan asi , 1992; recal­

cula tcd from Winters, 1981). A t firs t glance, ii

sccms plau sihle lo sus pcct that lhe "K-rich" cnd­

mcmber (more import am in lhe syenites) derive

frorn a so urcc isotopi call y mo re evolvc d (with rc­

spect to Sr) than lhe "basalt" e nd-rne rnber. II rnust

be pointcd , howeve r, thut dai a obtai ned in lhe

Morungaba Kvdiorit cs yic ld va lues that are gcner­

a lly greatcr than those o f lhe Piracaia rocks

« SpISr86
)600= 0.706 -0.70S; Vlach, 1993).

Fig. 9 - Si02 vs. mg# for Kcdiori tes and syc nitcs Ire m lhe ltu
bc lt, Ali Fc as Fc~ · . Sy mbo ls as in Fig. 2.

up lo intermcdi ate (ca . 60 wl % Si02) co mposi­

tions.

Even more rem ark abl e is lhe co rre lalion be­

tween lhe oxida tion sta te and the LILElHFSE ra­

tios: lhe mor e oxidized lhe rocks , lhe high er thei r

LILE!HF SE rati os (as illustra ted by lhe depth o f

Nb tro ughs in Fig . 2 and by lhe Rb/Nb ratios in

Fig. 7). This is strong ly suggestive that both fea­

tures are closely re lated (e .g . cha nges in lhe stab il­

ity of Ti-bearing phases under va riab le f0 2), and

rnerits further invest igation. ln thi s resp ect , ii is

now appa renl that lhe "K-ric h" e nd-me rnbe r identi­

fied in the se rocks would not be co mpa rable lo

typical larnpro ites (know n lo be originatcd under

reducing co nd itio ns ; e.g. Fo ley, 1989), but lo

otherwise c he m ica lly s imi lar more ox id ize d (an d

HFSE-depleled) magmas (e .g . Sh eppard & Taylor,
1992).

COMMENTS O N ISOTOPE G EOCHE M IS T R Y

Da ta on radiogenic isotopes fo r the !tu belt

basic- intermediate rock s are still very sca rce : no

Rb-Sr data ar e available for lhe Capituva sye nites,

and Nd data were only o bta ine d in one Morungab a

Kvdiorite (Vlach, 1993). The o bserved pallerns de­

serve some pre liminary cornrnents .

Calc ulated ai 600 Ma (lhe approximate Rb-Sr

isochron age of lhe Pi raca ia and Morungab a oc cur­

re nces , and also a re asonable estirnate for lhe K­

syen ítes) , lhe Sr87/Sr86 ratios o f lh e rocks from lhe

Piracaia m assif are lower (0 .704-0.705, irrespec-

An. Acad. bras. Ci., (1993) 65 (Supl. 1)

C ON CLU DING R EI\I ARKS

A major co ncl usio n lo be adva nced from lhe

prev iou s d isc uss io ns is that ai least lWO fundarnen­

tall y di fferent mant lc-deri vcd magmas, bo ih L1 LE·

rich , occur in lhe ltu g ranito id bclt . T he K-syenites

deri ve fro m s trong ly o xid ized magmas, poor in a

"basalt " co mpo ne nl, and ex hih iting very high

LI LE/H FS E rati os . T he Kvdiorit ic magmas present

in lhe Piracaia and Morungab a occur re nces have

so me "shosho nitic " affinities and less pronounced,

a ltho ugh still remark abl e, LILE/H FS E andjOz.

A significa nl contributio n fro m crusta l rnatcri­

a is lo lhe Ca pituva and Pedra Bran ca syenites

seems irnp lau sible, since they a re LI Lê-richcr Ihan

any potcntial co ntarnina nts known regionally

(Ja nasi , 1993). ln Iact, many autho rs e nv isage lhe

or ig in of ve ry K-r ich magmas in lhe subco ntinen­

ta l lith ospheri c mantl e (more preci se ly in lhe rne­

cha nica l bo unda ry laye r), w he re "me rasomatic"

hori zon s (forrncd by lhe perco lat ion of "small-frac­

tion melt s " ascend ing fro m lhe co nvec ting mantle

or by fluids and/or melts rel eased fro rn subductíng

s labs) ca n be preserved and become isotopically

evo lve d over gcolog ic lim e (e .g . McKenzie, 1989;

Rogers , 1992).

A major issu e , how ever , is lhe ex tent to which

lhe "cold" lith ospheri c mant le ca n be rnclt ed when

reactivated by rifting or plurn c ac tivity, So me geo­

ph ysic al cv idc ncc sugges ts that lhe temperature

usu a lly atta incd unde r thesc c irc umsta nces would

only a llow lhe parti a l melling o f lhe enr iched veins

(possibly of phl ogopite-clinop yro xe nit c co rnposi­

tion ), g iv ing rise lo K-rich magmas poor in a "ba­

sa lt co rnpo ne nt". ln thi s ca se , "basa ltic" magma
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enriched in L1LE and radi ogenic isot opcs cou ld

represent as thcnosphe ric magmas which incorpo­

ratcd a lithospherc-dcrived compo ne nl upon as­

cent; some ca lcula tio ns suggest th at ca. 10% of

this very enric hed compo ne nl would be suff ic ie nl

to dominare the incompa tib le-e le menl and isot opc

characlerislics of the magmas (Tho m pson e t a l.,

1993). So me autho rs, how evcr, ad rnit that ex te n­

sive mel!in g of lhe lithosph er ic mantle ca n occur

under spec ial c ircu rns ta nces (e .g . w he re iI is hy­

dratcd), and attribute lhe genc ra tio n of lhe high

KlTi basa lts o f contine nta l flood provinces lo es ­

sentially lithosphcr ic so urce s (e .g . Hc rgt el a l.,

1991; Bradsh aw ct al., 1993). An altc rna tive fo r

lhe incorp oration of a "basal! cornpo nc nt" lo li­

thospheric mantl e magmas is offered by lhe "vc in­

plus-wall -rock mclting '' model (Foley, 199 2b)

which adrnits that solid-solution rcacti on s in lhe

veins and wall-roc k di ssolulion a llow mat er ial

from lhe wa ll-rock per idotitcs lo be progr essivel y

incorporatcd into lhe in itial low-fract ion , ve in-de­

rived magmas.

Th e prescntl y ava ilab le data fo r lhe rnantle ­

derivcd magmas o f lhe Itu be l! do not y ie ld e le­

rnents lO decide wh et he r lhe "basalt cornpo nent"

present in lhe K-di orites is der ived fro m lhe con­

vccting rnan tle or from lhe mec hani ea l bounda ry

layer. Wh atevcr lhe case, an o ld , possibly paleo ­

protcrozoic (Vlac h, 1993) "K- rich" compon enl de­

rived from ve ined, o xid izc d hori zons in lhe

subco ntincntal lithosph er ic man tle s tro ng ly rrn­

prints lhe elemc nta l a nd isotop ic patt erns o f thcsc

magmas, and pure ly as thenosphc ric magmas see m

lo be abscnt or rare .
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