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Divisoes do campo P-T do metamorfismo

As rochas metamorficas sao geradas em condi¢oes P-T
variadas dentro da crosta terrestre

Como sabemos que uma rocha sofreu metamorfismo mais
“Intenso” que outra?

E possivel comparar o metamorfismo de duas rochas de
composi¢oes diferentes?

Podemos perceber essas variacdes no campo?

Podemos atribuir valores de P € T para as condi¢oes do
metamorfismo que afetou uma rocha?

Como podemos dividir o campo P-71" do metamorfismo?



Metamorfismo progressivo

. Primeiros estudos de metamorfismo progressivo foram
feitos por George Barrow (1893, 1912) nas terras altas
(highlands) da Escocia

. Barrow identificou zonas metamorficas, caracterizadas
por minerais indices, inicialmente atribuidas ao

metamorfismo de contato em torno de granito

>

>

>

>

clorita

biotita

granada

estaurolita

cianita (+biotita)
sillimanita (+biotita)
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ON THE GEOLOGY OF LOWER DEE-SIDE
AND THE SOUTHERN HIGHLAND BORDER.

By GEORGE RARROW, F.GS.

HE Excursion of the Association to the west of Scotland in
September, 1912, was undertaken in order to enable th
Members to examine twe portions of the great mass of more
or less crystaline rocks that cover so large a purt of the
north of Scotland and of the vocbh-west of Ircland. As it
15 now well known that the same metamorphosed sediments
occur i both countries it will be convenient to call thesc rocks
the Highland series. The object of this examination was to get
a true mmsight into the nature of this great mass of crystalline
material ; into the cause, in part at least, of its crystallisation,
and to study the phenomena occurring along the margins of the
mass where it ceases to be crystalline.

[.—THE NATURE oF THE HIGHLAND Rocks,
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Isograda, mineral indice e
paragénese

L

. Ceclil .F. Tilley (1924a, 1925) confirmou ¢ estendeu as
zonas de Barrow por toda a regiao do Dalradiano

. Mineral indice caracteriza uma zona metamorfica (Tilley,
1924b)

. O limite de cada zona mineral ¢ marcado por isogradas -
linha que marca o primeiro aparecimento ou
desaparecimento do mineral indice

. 1sograda da biotita (Bt in)
. 1sograda do desaparecimento da muscovita (Ms out)

O termo isograda fo1 cunhado por Tilley (1924b)

Y
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The Facies Classification of Metamorphic Rocks.
By C. E. TiLLEY.

THE diversify in mineral composition of metamorphie rocks can

be regarded as the resultant of two independent variables,
first of the ultimate composition of the rocks, and secondly of the
grade of metamorphism, or the particular pressure-temperature
conditions under which the rocks have arisen. It is clear that these
two variables may well form the basis of & classification of rocks of
metamorphic origin.

In Grubenmann’s well-known classification of the crystalline
gchisis ® these two variables occupy the dominant positions, and are
the foundation nupon which his classification 18 erected. Thus the
twelve groups adopted by Grubenmann represent the composition-
variable, and his three-fold division of depth zones—epi, meso, and
kata—is an attempt to express the variation induced by the
imposition of varying physical covironment, 1n other words the

ade.
nghatevcr may be said of the chemical part of Grubenmann’s
classification, there can be few who would regard the division into
three zones as satisfactory or at all adequate to express the diversity
of rock types brought about by their subjection to varying grades of
metamorphism. Moreover, Grubenmann has no well-defined place
for rocks which have arisen under the conditions prevailing in contact
metamorphism, and for any classification to be adequate, such rock
types cannot be ignored.
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Isograda, mineral indice e paragénese

Isograda ¢ a linha em mapa que marca o aparecimento ou
desaparecimento de um mineral indice

Paragénese ¢ a associagao mineral estavel na rocha
durante o pico do metamorfismo

Pico metamorfico ¢ a condi¢ao de mais alta temperatura
alcancada pela rocha e pressao associada



Metamorfismo (tipo) barroviano

Barrow observou que entre as zonas da clorita e sillimanita
ocorre aumento do tamanho do grao; ele associou o fato ao
efeito do aumento de temperatura — dai a 1deia de
metamorfismo progressivo

Com o aumento do metamorfismo as rochas ficam mais
“cristalinas” e perdem as caracteristicas sedimentares
originais

Na Escocia, o denominado metamorfismo barroviano gera a
sequéncia de minerais indices Chl, Bt, Grt, St, Ky, Sil

A sequéncia de minerais pode mudar com a composicao da
rocha ou com variagoes nas condi¢coes P-T (diferentes das
rochas da Escocia)
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rocha da zona da biotita, Escocia
Foto: Renato Moraes




Metamorfismo tipo barroviano e buchan

Na regiao a NE da Escocia, distritos de Buchan e Bantft,
Tilley descobriu que pelitos de composi¢ao 1déntica aos

estudados por Barrow podem apresentar sequéncia de
minerais - indice diferente:

clorita — biotita — cordierita — andaluzita - sillimanita

Razao da diferenc¢a da sequéncia de minerais-indices:
condi¢oes de P-T (P mais baixa) durante o metamorfismo
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Metamorfismo barroviano e buchan

* Entao duas coisas determinam a sequéncia dos minerias
metamorficos:
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Termodinamica e o0 metamorfismo

Victor Moritz Goldschmidt (1911, 1912a) foi o primeiro petrologo a
ver as rochas como sistemas quimicos e aplicar os conceitos da
termodinamica as rochas, principalmente o conceito de equilibrio
quimico ¢ a regra das fases

Ele estudou a aurc¢ola de metamorfismo de contato na regiao de Oslo,
Noruega. No contato sao observadas paragéneses em rochas peliticas,
calcarias e psamiticas

Em cada rocha, a paragénese que ocorre em cada zona da auréola
de contato é quimicamente equivalente a paragénese das outras
Zonas

A paragénese (associagao mineral) reflete condicoes de equilibrio ¢
esta relacionada a P, 7, composicao da rocha e do fluido
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de contato perto de Oslo, Noruega

1 — Qtz + Ms + And + Bt

Paragéneses observadas na auréola

Pelito

2 — Qtz + Kfs + And + Crd (Bt)

3 — Qtz + Kfs + And + Crd + P1 (Bt)
4 — Qtz + Kfs + Sil + Crd + PI (Bt)
5 — Qtz + Kfs + P1 + Crd + Opx

Calcario

1 —Pl1+ Di+ Grs + Cc + Qtz
2 —Di+ Grs + Ves + Cc + Qtz
3 —Di+ Grs + Wo + Ves + Cc




Termodinamica e 0 metamorfismo

Goldschmidt ¢ responsavel por um dos maiores avangos
no entendimento do metamorfismo quando comecou a
tratar as rochas como sistemas quimicos € com base na

termodinamica

e Ele entendeu que sob o efeito da temperatura, a rocha ¢
submetida a0 metamorfismo € que a paragénese define um
momento de equilibrio quimico

e Ele provou que o eclogito nada mais ¢ do que gabro (ou
basalto) metamorfizado; ele comparou a composi¢ao € o
volume molar da associacao plagioclasio + augita com as
das fases quimicamente equivalentes, onfacita + piropo, ¢
concluiu que o eclogito era o gabro submetido a altas
pressoes!



Facies metamorficas

. Pentii Eskola (1914, 1915) estudou a auréola da regiao de
Oryjarvi, Finlandia
. Em Oslo foram observadas rochas com feldspato potassico +

cordierita, mas em Or1jarvi ocorre o par equivalente biotita +
muscovita

. Através da comparacgao das varias associagOes minerais,

Eskola concluiu que as diferengas devem refletir condi¢oes
fisicas (P-T) diferentes durante a formacao das auréolas de
contato, ja que as composi¢coes das rochas sao semelhantes

. Concluiu ainda que as rochas da Finlandia, que apresentam
associacao hidratada e de menor volume molar, foram
formadas em condi¢oes de 7' mais baixa ¢ P mais alta do que
as rochas da Noruega



Facies metamorficas

Oslo Orijarvi
_ Kfs + And Ms + Qtz
Pentti Eskola
Kfs + Crd Bt + Ms
Kfs + Opx + PI Bt + Hbl
Opx Ath
2 KMg3Alsl3Olo(OH)2 +6 KA12A1813010(OH)2 + 15 SIOZ
Bt Ms Qtz

=3 Mg2A14Si5018 + 8 KAISI:},Og + & H20
Crd Kfs



Orijarvi




Facies metamorficas

Baseado nas observacoes das duas auréolas de contato Eskola
(1915, 1920) desenvolveu o conceito de facies metamorfica:

- Duas rochas de composi¢oes semelhantes produzem sequéncias

de associacoes metamorficas diferentes se submetidas a
condicoes P-T diferentes

Se a rocha atingiu o equilibrio quimico em dada condi¢ao P-7' do
metamorfismo, sua mineralogia € controlada pela composi¢ao da
rocha

- A evolucao para a petrologia metamorfica € o entendimento da
associacao mineral (paragénese) como resultado do equilibrio
quimico alcan¢ado durante o metamorfismo, ao inves de
considerar s6 0os minerais - indices



Facies metamorficas

- Nome das facies € proveniente do nome da rocha mafica
caracteristica daquelas condi¢oes P-T7' (ex: xisto verde,
x1sto azul, eclogito, anfibolito)

. 0s limites das facies sdo definidos por mudancas na associacao
mineral ou na quimica dos minerais das rochas maficas

. 0s limites das facies ndo sdo absolutos pois dependem de
H,0O/CO, e da composi¢ao da rocha

. 0s limites sao faixas e podem ser representados por reagoes
continuas

- A facies metamorfica € dada pela paragénese (associacao
mineral) formada no pico do metamorfismo (7., )
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Facies metamorficas

basalto — augita + plagioclasio (Ans)

xisto verde — clorita ou epidoto + actinolita + albita +
granada

anfibolito — hornblenda + plagioclasio (An > 17) +
granada

granulito — ortopiroxénio + clinopiroxénio + plagioclasio
+ granada

xisto azul — glaucofana + epidoto ou lawsonita + albita +
granada + clorita

eclogito — onfacita + piropo



<« Pressure

Facies metamorficas

Temperature ——

Sanadinite

Formation of Zeolites Facies

Epidote- 0 Pyroxene-
Amphibolite ~ ~mphibolite 7 el
: Facies :
Facies Facies

Greenschist
Facies

Granulite
Facies

Glaucophane-

Schist Facies Eclogite
Facies

Fig. 25-1 The metamorphic facies proposed by Eskola and their relative temperature-pressure relationships.
After Eskola (1939) Die Entstehung der Gesteine. Julius Springer. Berlin.
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Facies metamorficas

Definicao apresentada por Turner (1981):

A facies metamorfica ¢ o conjunto de associagdes de
minerals metamorficos, que ocorrem repetidamente no
espaco € no tempo, de modo que exista relacao constante e
previzivel entre a composicado mineral, a composi¢ao da
rocha (e as condi¢oes P-T)
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Facies metamorficas por Moraes (2020)

Facies metamorfica ¢ definida por grupos de paragéneses
que ocorrem em rochas diferentes € que definem um
mesmo campo no espago P-1°

Dada uma composi¢ao de rocha, paragéneses diferentes
implicam em condi¢des P-T diferentes e paragéneses
1guais implicam em condig¢oes P-7" semelhantes

A mudanca de paragénese ¢ controlada pela composicao
da rocha, do fluido e pelas condigoes P-T

A mudanca de uma paragénese para outra ¢ vinculada a
uma rea¢ao metamorfica, logo pelas condi¢des P-7'do
metamorfismo
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Facies metamorficas

Embora o nome das facies metamorficas seja escolhido
pelo tipo de rocha metamorfica proveniente do
metamorfismo de basalto, o nome das zonas
metamorficas (minerais - indices) sao provenientes do
metamorfismo de pelitos € 1sso pode ser combinado
e facies xisto verde
 zonas da clorita, biotita e granada

e facies anfibolito

« zonas da estaurolita, cianita e sillimanita



Relacao composicao da rocha minerais

Existe relacao direta entre a composicao da rocha e os
possivels minerais gerados durante o metamorfismo

As rochas metamorficas derivadas de basalto (e afins) sao
dominadas por minerais ferro-magnesianos, com ou sem
calcio (e s6dio), e por plagioclasio, ou outro mineral
aluminoso

O metamorfismo de pelitos gera minerais ricos em
aluminio, alguns com potassio, outros ferro-magnesianos



Composicao média de basalto e pelito

basalto

S10, — 49.97
Ti0, — 1.87
Al,O; — 15.99
Fe,O; — 3.85
FeO — 7.24
MnO — 0.20
MgO — 6.84
CaO —9.62
Na,O —2.96
K,O—1.12
P,O; — 0.35

pelito

S10, — 60.78
T10, — 0.8
Al,O; — 16.88
FeO — 6.87
MnO — 0.13
MgO — 3.44

CaO — 1.21 (~0)
Na,0 — 1.65 (~ 0)
K,0 — 3.70

P,0s — 0.15



Rochas maficas

Facies xisto verde

(Act+Chl+Ep+Ab)

Pelitos
Zona da clorita
Qtz + Ms + Chl

Z.ona da biotita
Qtz + Ms + Chl + Bt

Rochas calciossilicaticas

Talco + flogopita

Facies epidoto-anfibolito

Zona da granada

Tremolita-Actinolita +

(Act + P1 + Ep + Hbl) Qtz + Ms + Chl + Bt +Grt
Facies anfibolito Zona da estaurolita Epidoto + Zoisita
(Hbl + Pl (An.,7) £ Grt) Qtz +Ms +Bt+Grt+St
Hbl + Pl £+ Grt Zona da cianita Diopsidio
Qtz +Ms +Bt+Grt+Ky
(Hbl+ P1 £ Cpx £ Grt) Zona da Sil +Kfs Grossularia, escapolita

Qtz +Kfs +Bt+Grt+Sil+Liq

Zona da Crd + Grt

Qtz +Kfs +Crd+Grt+Sil+Liq

Facies granulito
Opx + Cpx + Pl £ Grt

Zona do Opx + Crd £ Grt
Qtz +Kfs +Opx Crd+Grt+Liq

Forsterita



Rochas maficas Pelitos

Facies xisto azul

(Glc + Ep ou Lw + Ab) Ky + Ctd + St

Facies eclogito Ctd + Ky + Chl / Tlc + Ky +
Grt + Ms

Omp + Prp (sem PI)

Kfs + Grt + Ky + Rt




Facies metamorficas e condicoes P-T

Inicialmente a ideia original de Goldschmidt ¢ de Eskola
era apenas de se fazer a ligacdo entre paragéneses € a
composi¢ao da rocha, embora eles soubessem que a
consequéncia direta era a ligacdao com as condi¢oes P-T

Facies eclogito — metamorfismo de basalto resultando em rocha com
piroxénio sodico € granada magnesiana
Hoje o conceito de facies esta diretamente relacionado com
o campo P-7 em que a associa¢dao mineral ¢ estavel

e Fdcies eclogito — implica em condigoes P-T7 especificas para formar o
eclogito — rocha com piroxénio sodico e granada magnesiana —

(T>500 ° CeP>12kbar)
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Focus paper
The contribution of metamorphic petrology to understanding @mu "
lithosphere evolution and geodynamics
Michael Brown
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ARTICLE INTYO ABSTRACT
:::_":T';;u — In the carly 15805, cvidence that crustal rocks kad reachod emperatures - 1000 “C &t mermal Sower
hﬁﬂh’m'f“m crustal pressures while others had followed low themal gradients to recod pressunes craractentnc of
13 Pebruary 2004 muastle conditions began to appear in the Sterature, and the impertancy of meltisg = the tectonic
Accepond 26 February 2004 evolumon of orogens and metamwrphic- metasomanc reworking of the Sthospheric mentde was realized.
Avcldble mlise 12 Maxh 2004 In paradel new developments 0 instrumencaion, the expansion of (n seu analysis of geological ma-
teradh and mecries in computing power opened up new fiedd of mastigation. The mbust guntifi-
Feywards' ation of pressure (F}, rempersture (T and time (¢ that followed these advances has provided relitie
Cryogerian-Cabrian data 0 benchmark geodynamic models and to westgate seoular change In the thermal stase of the
Krawche an- Fallscope lithoxphene ax regretesed By metamorphices through time. Ad & ressst, the Lut 30 yoars have som og-
Malc texmmss nificast peogress in our understanding of lithospheric evodution, parsculaly @ & xeises 10 Frecambrian
Ry b-Tayer antdobscs Reodynamics
Sagrumx Id Enarchean -Mesoarchean cust registers uniformly high 717 metamorghsm that may reflect a

Sidunion stagnant 1533 cegime. In contian?, two conbasting types of metamonpaion echogioe - high-presswe

granulite metamarphism, with apgarent thermal gradients af 350-750 C)GPs, and granulite

ultrabigh temperature mesamarphism, with apgarent thermal gradients of 7501500 “C/CPa,
appared in the Neoarchean rock recond. The emergence of paired metamorphism & lnierpoesed o
register the onwt of ore-sided suciction which mtmduced an asymmetee thermal strocture at
these developing convergent plate margies characterized by lower 770 the subduction channed and
higher T)P in the overriding plate. Doring the Paleoarchean o Paleoproterozoi the dmbient manmie
tempersture wes warmer than at presens by = 30-150°C Although the thermal histary of Earth
only poorly constrained, It |5 Jkely that poior toca 3.0 Ga hexing from radioact ve decay woukd tave
wcceded seriace heat luss. whereas since ca. 25 Ga secolar cooling has domenated the thermal
history of e Earth. The advent of paired mesamaorphism & consistent with other changes In the
geological recosd during the Neoarchean that are best caplained as the result of & tansition from &
stagnant lid to stbduction and a gobel plate lectonics regmse By ca. 2.5 Ga, This mterpretaton is
supported by resalts from 2.0 numencal experiments of oceanic subdoction shat demonstrate &
change o voeaided sabduction is plasadle as upper mastle tomporatwre declined o <200 €
warmer than at present duriag the late Neasrchean -Paleoproterorme. Thes s the begirnng of the
Pronecozon pate 1econics regame,

AL L0 Ga the ambient et teageraoure was sall ~ 150100 “Cwarmer than & gresent Conginued
seculer codling cavsed & tramsition to ok subduction regetered m lhectusul record of metamorphsa
by the Srt appearace of bhaschit ard higk 10 ultrabagh m phiim dering the Neo-

proveruzok, Results of 2-0 numerial expeaments of continestal coflision demornstrate o taasiion bom
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Figure 1. To show the contrasting views of P-T space as viewed by the petrologist (a) and the geodynamiast (b); modified after Stowe (2007 Fig 71, subject to copynght.
published with kind permission of Springer Science 4 Business Media) The peessure to depeh conversion is based in an average density of ~3000 kgm~*(ie. 3 CPa =~ 100 km) {a)
Shows the pnncipal metamorphic facies i their simplest form., At pressures below coesste stability the facies boundaries are transitional to indicate the coatrol of bulk composition
on the change in mineral assemblages from one faciés to another. low-to-moderate pressure facies are: Lg, low grade metamorphism, includes the zeolite facies; Cr greenschist
facies; Am, amphibolite Beies; Gn, granulite fades; and, UHT, ultrahigh temperature metamarphism, which is the part of the granulite facies at T = 900 °C, High-to-ultrahigh
pressure fackes are: Bl blueschist fades. E-HPG, eclogiie —high-pressure granulite fackes, which is the pant of the eclogite facles where plaglodase remains stable In some bulk
compesitions but not in others ot common P-Tconditions; and, UHP, ultrahigh pressure metamorphism, which is the part of the edogite facies at P above quartz stability. (b) P-T
space divided In relation 0 a normal geotherm, where the normal geatherm Is drawn o pass through 500 “C at ~33 km depth and 1200 °C at ~ 105 km depth. Thus, there are
tectonic settings that may have either lower or higher T)P gradieats than normal. On contemposary Earth, one example of where bath tectonic settings occur in close praximity is
along a convergent plate boundasy, where the subduction zone has lower T/P and the arc-backarc higher TP, respectively.
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Grau metamorfico e iso-reacao

* Winkler no final da década de 1960 descontente com
variagoes no crescente numero de sub-facies, prop0s que
as facies metamorficas fossem substituidas por 4
subdivisOes de grau metamorfico

* grau muito baixo (ou incipiente)
* grau baixo

* grau medio

* grau alto

* Ainda propds o conceito de iso-reac¢io, em que devemos
mapear reagoes € nao 1sogradas
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Grau metamorfico e iso-reacao

Embora Winkler tenha usado o termo grau metamorfico
em substituicao as facies metamorficas de um modo
formal, grau metamorfico comumente ¢ usado de uma
maneira informal, para dizer se as rochas sofreram
metamorfismo mais ou menos intenso em relacao a
temperatura
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Séries de facies metamorficas

» Miyashiro (1961) reconheceu duas séries de facies
metamorficas em terrenos metamorficos do Japao que
sdao diferentes das propostas por Barrow

> zeolita / prehnita-pumpellyita / xisto azul / eclogito
> xisto verde / anfibolito com And — Sil (baixa P)

» Cinturdes metamorficos emparelhados
» Identificou as séries de facies (séries faciais, ou
tipos baricos)




Evolution of Metamorphic Belts

by AKIHO MIYASHIRO

Geological Institure, Facuiry of Science, University of Tokyo, Japan

ABSTRACT

The metamorphic facies series in regional metamorphism may be classified into the following
categories according to an order of increasing rock pressure:i'{I) andalusite-sillimanite type,
(2} low-pressure intermediate group, (3) kyanite-sillimanite type, (4} high-pressure inter-
mediate group, and (5) jadeite-glaucophane type.\

In Japan and other parts of the circum-Pacific region, a metamorphic belt of the andalusite-
sillimamte type andfor low-pressure intermediate group and another metamorphic belt of the
jadeite~glaucophane type and/for high-pressure intermediate group run side by side, forming
a pair. The latter belt is always on the Pacific Ocean side. They were probably formed in
difTerent phases of the same cycle of crogeny. Their origin is discussed.

Regional metamorphism under higher rock pressures appears to have taken place in later
geological timcs.

The metamorphic facies series of contact metarnorphism are briefly discussed.

(Journal of Petrology, Yol. 2, Part 3, pp. 277=-311, 1961]



Séries de facies metamorficas

» Identificou 3 séries de facies
> razao P/T alta — glaucofano — jadeita
> razdo P/T intermediaria — Ky — Sil (barroviano)s
> razao P/T baixa — And — Sil

—— NILOBeRY
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» razao P/T alta — metamortismo sambagawa
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» razao P/T intermediaria — metamorfismo barroviano
»razao P/T baixa — metamorfismo buchan, abukuma, ryoke



Pressure (GPa)

_5 600 700 900
Temperature (°C)




T
R

° ~ 4] Ryoke-Abukuma metamorphic belt
Cinturoes

- Sanbagawa metamorphic belt

Metamorficos i i

0 100 200

Emparelhados Seale, km

Japan Sea

" i R

[ JaneiTe /
¥ g | ayBITE
QuARLE
Ziok  KYaMITE LA
< h
3
=
A - SILUUANIT: . -
)N ) Median line
. 3
w . /
-4 "
§ s . "
5 ANOALUSITE *,
a - -
Pacific Ocean

0306 463 &0 B3O
TEMPEARTURE —*¢



Séries de facies e ambientes tectonicos

. Ambientes colisionais — arcos de ilha e zonas de colisao
continental

. Arcos de 1lha - repressao das 1sotermas em virtude da placa
fria descendente e alcamento das 1sotermas na zona de arco

magmatico
. Cinturoes Metamorficos Emparelhados
. razao P/T alta — glaucofana-jadeita (zona de subducgao)
. razao P/T baixa — And-Sil (arcos de ilha)
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Miyashiro (1961, 1973) sugeriu que a ocorréncia de cinturoes
metamorficos emparelhados € contemporaneos, um cinturdao externo de
alta razao P/T, e outro interno de baixa razao P/T, deve ser de
ocorréncia comum em varias zonas de subducc¢ao, modernas e antigas.






volcanic are

volcanic arc
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Trajetorias P-7-t

. O tempo relativo de trés processos controla a forma da
trajetoria P-T-t
. duracao da colisao

. duracao do re- equilibrio termal da crosta (relaxamento
termal)

. duracao da exumacao

. Trajetoria P-T horaria em cinturdes colisionais

. England & Richardson (1978):
. duragdo da colisao - estagio mais rapido < 10 Ma
. relaxamento termal e exumacao — dezenas de Ma
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Trajetorias P-T horarias

. P, antece T, (estagio de alta P)
. T, € alcancada durante a descompressao

. Quanto mais rapido acontecer o 1nicio da erosao apos a
colisdo, menor vai ser a diferencga entre Py, € Py, € menor

vai ser 1.,
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Gradiente metamorfico de campo
(Metamorphic Field Gradient)

. Linha no espac¢o P-T que une os pontos de 7, (€

correspondente P) da regiao

. Linha ou série PT
. Gradiente metamorfico
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study of the Southern Brasilia Orogen, Brazil
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Abstract The Southern Brasilia Orogen is a Neoprotero-
zoic belt that occurs along the southernmost border of the
Sao Francisco Craton where the Andrelindia Nappe Sys-
tem represents the subducted sedimentary domain and is
divided into three allochthonous groups, of which the ages
and P-T conditions of metamorphism are studied here. The
basal unit. the Andrelindia Nappe, exhibits an inverted
metamorphic pattern. The base of the structure, composed
of staurolite, garnet, biotite, kyanite, quartz, and muscovite,
marks the metamorphic peak, whercas at the top, the asso-
ciation of the metamorphic peak does not contain stauro-
lite. The Liberdade Nappe, the middle unit, presents a nor-
mal metamorphic pattern; its base, close to the Andrelandia

(622.3+7.6 Ma). The upper unit, the Serra da Natureza
Klippe, bears a typical high-pressure granulite mineral
assemblage that is composed of Kyanite, garnet, K-feldspar,
rutile, and leucosome, as well as a metamorphic peak at
604.5+6.1 Ma. This tectonic assembly, with inverted and
non-inverted metamorphic patterns and generation of klip-
pen structures, is consistent with exhumation models and a
strong indentor located in the lower continental crust.

Keywords Brasilia Orogen - High-pressure granulite -
Inverted metamorphism - Metamorphic field gradient -
Monazite dating - Exhumation model
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Tectonic implications of juxtaposed high- and low-pressure metamorphic
field gradient rocks in the Turvo-Cajati Formation, Curitiba Terrane, Ribeira
Belt, Brazil

Check for
updates
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ARTICLE INFO ABSTRACT

The Turvo-Cajati Formation (TCF) is an important unit forming the Curitiba Terrane, a major segment of the southern
Ribeira Belt, SE Brazil. It is composed of rocks of greenschist (LTCF), amphibolite (MTCF) and granulite (HTCF) facies
conditions. Previous studies in the HTCF indicate that the unit underwent extensive partial melting under high-
pressure conditions (670-810 °C and 9.5-12 kbar), within the kyanite stability field. In this paper, a study of the
metamorphic zoning within the LTCF and MTCF is undertaken using pseudosection modeling in the NCKFMASHTO
and MnNCKFMASHTO model systems coupled with detrital zircon U-Pb geochronology. Four metamorphic zones
are recognized for the LTCF and MTCF: biotite, garnet, staurolite and sillimanite zones, with predominance of sil-
limanite zone and pressures lower than 8 kbar, as staurolite breaks down straight to sillimanite, without formation of
a kyanite zone. Pseudosections yielded metamorphic peak conditions of ~530-560 °C and ~6-7.5 kbar (garnet zone)
and ~660-690 °C and ~6-7.5 kbar (sillimanite zone). The metamorphic field gradient is flat and of low to medium
pressure, below the typical Barrovian-type baric regime, and different from the HTCF. Available petrological and
geochronological data suggest that the TCF comprises a paired low-P and high-P metamorphic belt, associated with a
major Ediacaran suture zone in the southern Ribeira Belt. Probability density plots from detrital zircon U-Pb ages
indicate late-Cryogenian-Ediacaran arc-related and Rhyacian sources for all TCF sub-units. This scenario suggests that
the TCF is made up of a collisional juxtaposition of an accretionary wedge (HTCF) and a back-arc basin (LTCF and
MTCF) on the border of a microplate, which includes a Rhyacian basement microcontinent, the Atuba Complex. It is
inferred the high metamorphic gradient recorded in the LTCF and MTCF was related with asthenospheric upwelling
in the back-arc region, which also produced extensive partial melting in the Atuba Complex basement.

Keywords:

Detrital zircon U-Pb ages
Metamorphic field gradients
Paired metamorphic belts
Pseudosection modeling
Ribeira Belt

Neoproterozoic

1. Introduction

The Barrovian-type metamorphism has been described in multiple
places all over the World since it was characterized in the Scottish
Highlands by George Barrow (1912), such as in Iberian Massif (Catalan
et al., 2003), between Canada and EUA (Brown and Walker, 1993), in
Andes (Garcia et al., 2005), in Alps (Burg and Gerya, 2005), among
others. Now, it is known to represent a common type of orogenic re-
gional metamorphism (e.g. England & Thompson, 1984). In recent
decades, advances in Metamorphic Petrology, such as geothermobaro-
metry, pseudosection modeling and development of software such as
THERMOCALC (Powell & Holland, 1988), Perple_ X (Connolly, 2005),
Theriak/Domino (de Capitani & Brown 1987; de Capitani 1994) and

Gibbs (Spear et al., 2001), allowed the increase of knowledge in me-
chanisms and processes operating during metamorphism. Also, the re-
lationship with large-scale tectonic processes is better understood with
these advances. One interesting tool that allows comparing tectonic
regimes of different metamorphic terranes is the metamorphic field
gradient (Turner, 1981), a line defined by the metamorphic peak con-
ditions of a rock pile that underwent the same metamorphic event, but
with rocks at different depths. Its inclination defines the metamorphic
facies series, as well as the dT/dP regime of the terrane and has a direct
connection with the tectonic setting of metamorphism (Turner, 1981;
Philpotts & Ague, 2009).

The Southern Ribeira Belt, in southeast Brazil, is formed by several
different metamorphic terranes (Basei et al., 1992; Faleiros et al.,
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