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Resumo - Segregações ricas cm Si02 (70-74%) são encontradas cm alguns corpos subvulcânicos de
carnposição bas áltica na porção setentrional da Província Magmática Paraná sob a forma de fragmentos de vidro, veios
riolíticos c ocelos, todos cristalizados a partir de líquidos ricos cm voláteis, como mostrado pelos elevados conteúdos de
amígdalas c pela associação com vênulas hidrotermais. Essas segregações se formaram pela cxtração "in situ" de
líquido residual, auxiliada por instabilidades gravitacionais na câmara magmática cm cristalização c/ou pelo transporte
para cima associado com vcsiculação. Embora de pequeno volume, essas feições indicam que, como mostrado pela
literatura recente, hiatos composicionais são uma feição comumente gerada no fraeionamento cristal-líquido,
especialmente nos líquidos evoluídos, de maior viscosidade. A existência desses hiatos não pode portanto ser usada
como um argumento principal para negar que este mecanismo tenha sido responsável pela geração das rochas
vulcânicas ácidas tipo Chapeeó.
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Abstract - Silica-rich (70-74 wt% Si0 2) scgrcgations are found in some subvolcanic bodics in northern Paraná
Magmatic Province as glass patehes, rhyolite vcins and oeeelli, ali of whieh erystallized from a volatile-rieh melt, as
shown by high eontents of amygdales and assoeiation with hydrothermal veinlets. These segregations wcre formed by
"in situ" extraction of residual melt, aided by gravitational instabilities in the solidifying magma chamber and/or by
upward transport assoeiated with vesiculation. Although of small volume, thesc features indicate that, as inereasingly
shown in litcraturc, compositional gaps are a feature of crystal-liquid fractionation, espeeially as evolving Iiquids
bccornc more viscous. The existenee of such gaps eannot therefore be uscd as a main argumcnt to deny this mechanism
as responsible for the generation of the Chapec ó-typc acid volcanics.
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1. Introduction

Acid volcanic rocks from thc Paraná Magmatic Provincc (PMP) show significam modal, tcxtural
and gcochcmical divcrsi ty, and wcrc formcd by varicd mcchanisms in scvcral cpisodcs that apparcntly
occurrcd ovcr most of thc Province s lifcspan.

Gcochcmical modcling suggcsts that thc associatcd and by far more abundant tholciitic basa lts
may bc conncctcd to thc gcneration of the acid magmas in diffcrent ways: as parcnt mclts that cvo lvcd to
more fclsic compositions through fractional crystallization (combincd with diffcrcnt dcgrccs of crustaI
contamination); as lowcr crustal unelcrplatcs that wcrc thc main sourcc for rcmclting; 01' as a sourcc of
heat for melting of older mafic granulitie erust (e.g., Garland et al. 1995; Kirstcin et al. 2000) .

Although fractional crystallizat ion modcls sccm to fit bcttcr thc gcochcmical behavior of high-Ti
(Chapcc ó-typc) elacitcs frorn thc NNW PMP (Bcllicni ct al. 1986; Freitas & Janasi 2007), thc cxistcncc of
a widc (- 10 wt%) Si02 gap has bcing pointcd as a major obstaclc to such processes, anel an origin by
rcmclting of basalt undcrplatcs is thc prcfcrrcd modcl in litcraturc (Bc llicni ct al., 1986; Garland ct al.,
1995).

Rcccnt studies (Marsh 2002; Brophy & Dreher 2000) indicare, howcvcr, that compositional gaps
appcar to be 'ln inhcrcnt fcature of the crysta llization history of basalt sills and lava lakcs, and justify a
reappraisal of the role of crystal fractionation in the genesis of the Chapecó elac ites.

Structural and textural fcatures indicative of in situ forrnat ion of silicic segrcgations are founel in
sorne diabasc sills and dikcs from northcrn PMP, anel are currcntly bcing studicd using petrography and
gcochcmistry lo invcstigate their bcaring on the general pctrologic problcm of acid-basic magma
conncction.

2. The Chapecó-type acid volcanics

Acid volcanic rocks occurring as lavas in thc NW PMP are distinguishcd from cquivalcnts in thc
south (thc Palmas-typc) by porphyritic tcxturcs anel highcr contcnts of Ti anel incornpatiblc elcments such
as P, Zr, Ba, Sr and LREE. Field-bascd estimares (Luchctti ct aI. 2005) show that thcy prescntly occupy a
volume (- 1,000 km» that is more than 'ln ordcr of magnitude lower as cornpa rcd to Palmas (22,000 knr') ,

Our rcccnt dctailcd work in thc northcrnmost occurrcncc of acid volcanic rocks in thc PMP
(Ourinhos subtypc; (Janasi ct aI. 2(07) has confirmcel that thesc rocks correspond locally to thc first
flows, and are chcmically vcry hornogcncous, showing a major chcmical gap to thc youngcr basalt flows
(54-64 wt"!., Si02; 4- 1.5 wt% MgO).

3. Silicic scgrcgation structurcs in northern PMP intrusivc bodies

Silica-r ich segrcga tions are found as mostly subvertical vcins cutting host diabasc and as cm­
sizcd occe lli near the roof of a sill south of Limeira (SP) (cf. Faria & Janasi 2(07) and as up to drn-sizcd
highly vcsiculatcd glass fragments in sorne portions of "dikcs" in thc ncighborhood of Brotas (SP) (Fig.
I ).

Chcmical analyscs show thc Limeira vcins anel Brotas glass fragments to corrcspond to highly
silicic compositio ns (respectively, 7 1 anel 74 wt% Si02; both - 0.2 wt% MgO). Plagioclase anel pyroxcne
crystals from both typcs of scgrcgations havc very cvolvcd compositions as cornparcd to those found in
host diabasc, consistcnt with growth in cquilibrium with a silica-rich mclt.

A high volatilc contcnt is evidcnt in ali cases. ln Limeira, the rhyolitc vcins are oftcn associa tcd
with thin vcinlcts showing a hydrothcrmal asscmblagc of quartz, zco litcs, calcite and/or apophylitc,
whcrcas thc - I m thick occc lli-bcaring horizon has abundant zcolitc-filleel amygdalcs that bccornc more
abundam (while thc occclli tcnd to disappcar) towards the roof. ln Brotas, the vesiclcs are typically fillcd
with chalccdony, and are oftcn distributcd asymetrically in fcatures suggcstivc of outward movcmcnt

4. Signiticancc of the silicic segregations and implications for magma evolution

As pointcd out by Marsh (2002), a diffcrentiated mel! rcsieles intcrstitially in the solidification
fronts of coo ling magma bodics of basalt cornposition, and bccorucs incrcasingly more fract ionatcd
dccpcr within thcsc fronts. Significant silica cnrichmcnt bcgins only after - 50% crystallization, whcn a
rigid crystal nctwork has formed, and crysta l settling bccorncs impossiblc, ln Marshs modcl, silicic
scgregations form by infilling of tcars forrncd during gravitational instability of the uppcr solidification
front.
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Othcr mcchanisms are recognized in lhe litcraturc as capablc of scgrcgating interstitial silica-rich
mclts from magma rnushcs. Costa et al. (2006) argue that during vesieulation 01' low P or high watcr
contenl rnclts, evolved intcrstitial mclt may escape fr om lhe cumulus pile 01' a magma chambcr, intruding
lhe main body 01' magma as vcsiclc eylinders 01' othcr scgrcgation fcaturcs, A similar mcchanism may
cxplain lhe formation 01' occcl li and glass patches in lhe cases studied here.

Thal silica-rich inlerstitial melts can segregare frorn shallow-Icvel inlrusive bodics in lhe PMP
(and possibly also from thick lava flows, as dcmonstratcd in othcr provinces) is clcar from field and
gcochcmical cvidcncc, but is this relevam for the genesis 01' lhe Chapcc ó-typc acid volcanics? The high­
silica segrega tions described here and in other shallow-lcvcl basalt bodies do not appcar to be able to
lcavc lhe magma chambcr and form largc independenl bodies: morcovcr, thcy are much more cvolvcd
than the typical Chapcc ódacit cs, By recognizing the limited volumes ofsilica-rich scgrcga tions gcncratcd
in a given magma chamber (accordingly referred to as a "silicic noisc" introduccd into basalt systcms),
Marsh (2002) proposed that subscqucnt "rcprocessing" 01' lhe hosl would be ncccssary to forrn
volumctrically importam rnasscs 01' silicic magma.

An imporlant conscqucncc 01' the findings rcported here is that compositional gaps are a feature
of "!n situ" crystal-liquid fractionation during lhe cvolution of basalt systcms in the PMP; fu rthcrmorc, as
shown by Oliveira el al. ( 1998), they are not restricted to silica-rich cornpositions, as "pcgmatitic gabbro"
layers possibly cxtractcd frorn a basalt melt after <35% crysta llization (cf Philpotts et aI. 1996) are Iound
close to lhe top 01' a sill ncar Campinas (SP). lt follows that the cxistcncc 01' a compositional gap alone
can not be acccptcd as a major argumcnt to favor melting 01' basalt undcrp latcs ovcr crystal-liquid
fractionation as the mcchanism rcsponsiblc 101' the generat ion of the Chapccó-typc acid volcanics, The
extraction 01' largc volumes 01' residual melts from crystallizing granitic magma mushcs is currcntly a
major research topic and mny help cxplain severa] important featurcs in boih plutonic and volcanic
systcms (c.g., Bachmann & Bergantz 2004; Eichelberger et al. 2006).

Figure I. Structura l and tcxtural aspccts of silicic segregation from subvolcanic bodies in Northern PMP:
(a) branching rhyolite vein (whi tc) cutting boundary bctwccn two varictics 01' diabasc; (b) rhyolite occelli

(light gray) and calcitc-fillcd amygdalcs (whitish) ncar roof of sill: (c) photornicrograph ofa round­
shaped occc lus (contacts delineated by curve opaquc mineral in lower portion) within diabasc; (d)

photomicrograph of a highly vcsiculatcd fragmcnt 01' glass (dark-brown) in finc-graincd basalt; vcsiclcs
are infillcd by chalccdony; note plagioclasc laths conlouring glass fragment. (a, b. c) frorn Limeira, SP:

(ti) frorn Brotas, SI'. Both photomicrographs in plane-parailei light: whitc bar is 0.5 mm longo
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