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ABSTRACT: In the southwestern Goiás State, the rocks of the 
Goiás Magmatic Arc present mineral assemblages typical of the am-
phibolite facies. Thermobarometric calculations show that P and T 
conditions for associations involving amphibole + biotite + kyanite + 
staurolite + garnet + plagioclase + muscovite, biotite + garnet + pla-
gioclase + muscovite, amphibole + biotite + garnet + plagioclase, be-
long to the middle amphibolite facies in the staurolite-kyanite field, 
reaching temperatures and pressure higher than 600ºC and 7 kbar, 
respectively. The P-T path is clockwise and the values obtained by 
thermobarometric calculations are interpreted as a retrometamorphic 
reequilibrium in the amphibolite facies.
KEYWORDS: Brasília Belt; Goiás Magmatic Arc; mineral chemis-
try; thermobarometry.

RESUMO: No sudoeste do estado de Goiás, as rochas do Arco Mag-
mático de Goiás apresentam associações minerais típicas da fácies 
anfibolito. Cálculos termobarométricos mostram que as condições P 
e T para associações envolvendo anfibólio + biotita + cianita + es-
taurolita + granada + plagioclásio + muscovita, biotita + granada 
+ plagioclásio + muscovita, anfibólio + biotita + granada + pla-
gioclásio são da fácies anfibolito médio, na zona da cianita-estauro-
lita, atingindo temperaturas e pressões maiores que 600ºC e 7 kbar, 
respectivamente. A trajetória P e T é horária, e os valores obtidos nos 
cálculos termobarométricos são interpretados como um reequilíbrio 
retrometamórfico de fácies anfibolito.
PALAVRAS-CHAVE: Faixa Brasília; Arco Magmático de Goiás; 
química mineral; termobarometria.
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INTRODUCTION

The Brasília Belt is an orogenic belt that records a com-
plete Wilson Cycle, including pataformal metasedimen-
tary sequences of passive margin and deep marine sequen-
ces (as in Barbosa et al. 1970, Marini et al. 1984a e 1984b, 
Fuck et al. 1993, Dardenne 2000, Valeriano et al. 2004), 
metasedimentary sequences of fore arc type (Navarro et al. 
2012); alpine-type metamafic/metaultramafic rocks, re-
cognized as an ophiolitic mélange (as in Drake Jr. 1980, 
Nilson 1984, Brod et al. 1991, Strieder & Nilson 1992), 
and magmatic arcs (Pimentel & Fuck 1991 e 1992, Fuck 
et al. 1993, Pimentel et al. 2000a e 2004, Dardenne 2000), 
probably descendant of the consumption of the oceanic 
and São Franciscana plates.

It is possible to summarize the metamorphism in the 
Brasília Belt as a variation from greenschist facies to am-
phibolite facies, reaching granulite or eclogite facies in 
Goiás and Minas Gerais (Zanardo et al. 1990 e 1996, 
Zanardo 1992, Del Lama et al. 1994, Winge 1995, 
Campos Neto & Caby 1999 e 2000, Moraes et al. 2002, 
Navarro et al. 2009, 2011). The oscillation of the meta-
morphic assemblages indicates the inversion of the meta-
morphism in some regions (Oliveira et al. 1983, Simões 
et al. 1988, Simões 1995, Luvizotto 2003), and that it 
reached its peak during Neoproterozoic (Fischel et al. 
1998, Piuzana et al. 2003). There are few detailed works 
about the metamorphism in the southwestern region 
of the Brasília Belt. Thus, the present work intended to 
contribute for the characterization of the metamorphic 
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conditions of Goiás Magmatic Arc in the Pontalina re-
gion, southwest of Goiás State.

LOCAL GEOLOGY

The investigated area is situated in the meridional por-
tion of the Brasília Belt, nearby Pontalina city, in the li-
mit between metasediments of the Internal Domain in 
the Brasília Belt, on the east, and the sequence of supra-
crustal rocks (Anicuns-Itaberaí Metavolcanossedimentary 
Sequence), on the west (Fig. 1). In this area, the Goiás 
Magmatic Arc is grouped by the informal name of 
Gneissic-Metasedimentary Terranes, which Navarro & 
Zanardo (2007a) subdivided into (a) Gneissic Unit and 
(b) Metasedimentary Unit (Fig. 2).

The Gneissic Unit consists of a belt of several types of 
gneisses that includes muscovite gneisses, biotite-muscovi-
te gneisses, hornblende gneisses, hornblende-biotite gneis-
ses with or without porphyritic texture, usually quartzose 

and epidote-rich. They exhibit varying mylonitization de-
grees, predominating terms containing biotite and mus-
covite. Chemically, these gneisses are calcic to calc-alkali-
ne in composition, metaluminous to peraluminous, low in 
alkalis, with Ba-, Sr-, K- and Rb-enrichment in relation to 
Nb, Y, Zr and ETR, and present negative anomalies of Ti 
e Nb, similar to the composition of magmas generated in 
magmatic arcs (Navarro & Zanardo 2007a). Isotopic data 
Sm-Nd of these gneisses display model ages TDM between 
0.90 and 1.46 Ga and isotopic compositions 147Sm/144Nd 
between 0.0881 – 0.1383 and 143Nd/144Nd between 
0.512173 – 0.512600 (Navarro & Zanardo 2007a).

The Metasedimentary Unit contains pelitic to  
psamo-pelitic metasedimentary rocks (muscovite schist, 
muscovite-quartz schist, quartzite, ferruginous quartzite 
etc.) intercalated by quartz gneisses (muscovite gneisses, 
biotite-muscovite gneisses, usually with strong musco-
vitization and epidoto-rich). These are orto- or parade-
rivated, mainly peraluminous in composition, with cal-
c-alkaline affinity and normative granitic mineralogy, 
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Figure 1. Schematic geological map, showing the location of the studied area.
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exhibiting wide variation in the content of major and tra-
ce elements, with relatively low to moderate Y and Nb 
content, and high Ba, Sr and Rb content, which are rela-
ted to an island arc environment, probably being inser-
ted in the same geological context of the Gneissic Unit 
(Navarro & Zanardo 2007b).

Metamafic rocks (amphibolites, garnet amphibolite, 
garnet-amphibole schist and amphibole schist) occur as 
lenses of decimetric to decametric thickness and metric to 
hectometric extents, oriented in the direction of the ban-
ding of the host rocks, in both units, being less frequent in 
the Metasedimentary Unit. These are ortoderivated rocks 
and have chemical composition of basic rocks, predomi-
nating compositions of sub-alkaline basalts and andesitic 
basalts; they also present tholeiític affinity, subalkaline to 
alkaline, with geochemical characteristics similar to oce-
anic basalts, especially the E-MORB type and arc basalts 
(Navarro & Zanardo 2006; Navarro et al. 2007). Isotopic 
data Sm-Nd on amphibolites of this region show mo-
del ages TDM between 1.0 and 1.23 and isotopic compo-
sition 147Sm/144Nd ranging between 0.106 – 0.122 and 
143Nd/144Nd between 0.512164  –  0.512445 (Navarro 
& Zanardo 2006; Navarro et al. 2007). Both sequen-
ces contain metaultramafic rock bodies (chlorite schist, 
talc schist and less often serpentinites), and the most 
important is the constituent of the Morro Dois Irmãos 
(Gneissic Unit).

A well-developed foliation is the main structure, usually 
parallel to the compositional banding. This Sn foliation is 
characterized by oriented crystals of phyllossilicates, elon-
gated quartz, epidote, hornblende, opaque minerals cons-
tituting trails and polycrystalline aggregates in lenticular or 
fusiform shapes. This fabric defines schistosity, in various 
development degrees, reaching sometimes blastomylonitic 
features. Locally, there is a well-developed schistosity, na-
med as Sn-1 foliation, parallel to a milimetric to metric 
compositional banding, constituted of variations between 
lepidoblastic and granoblastic portions, and by a centime-
tric to metric intercalation of several litotypes. This schis-
tosity Sn-1 was folded and transposed by the main folia-
tion (Sn). The Sn foliation is oriented in N-S to NNW/
SSE direction and has a NW dip with low to moderate an-
gle (Sn = 290/26). In the northern region, this foliation is 
oriented roughly in the E-W direction, with a low to mo-
derate dip angle to SW (Sn = 214/17). In association with 
Sn, a mineral and/or stretching lineation is recognized, in 
E-W direction (256/09) and low dip to W. Cinematic indi-
cators suggest direction of transport from W to E.

Metamorphism
The rocks described in the investigated area were affec-

ted by a single metamorphic event, in which later parage-
neses and mineral assemblages typically belong to the am-
phibolite facies, and the earlier ones belong to greenschist 
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Figure 2. Schematic geological map of the studied area, showing the location of the sampling points.
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facies, being generated in the last stages of retrometamor-
phism. Metamorphic peak (M1) occurred in amphibo-
lite facies conditions and is emphasized by amphibole + 
plagioclase and garnet + amphibole + plagioclase associa-
tions, with rutile and ilmenite as the main associated oxi-
des (in metamafic rocks). Except for a single sample of me-
tamafic rock with a plagioclase + clinopyroxene + garnet + 
quartz + ortopyroxene + rutile + ilmenite association that 
represents granulite facies paragenesis, there are no petro-
graphic, textural or mineralogical evidences that this re-
gion reached transition between amphibolite and granulite 
facies. This sample has an anomalous assemblage (granu-
lite facies) when compared to the other rocks recognized 
in this region, and it is not inserted in the regional me-
tamorphic context, probably corresponding to a tectonic 
enclave of another geological unit (Navarro et al. 2011). 
Thermobarometric calculation shows P and T conditions 
for amphibole + plagioclase and plagioclase + garnet + am-
phibole, in metamafic rocks, in middle to upper amphi-
bolite facies, in kyanite stability field, and that it reached 
temperatures slightly above 700°C, not exceeding 775°C, 
at moderate pressure (~10 kbar) (Navarro et al. 2011).

In the gneisses, amphibolite facies conditions are ex-
pressed by the presence of plagioclase (oligoclase-andesi-
ne) + potassic feldspar (ortoclase and microcline) + bio-
tite, plagioclase + biotite + hornblende, locally associated 
with garnet and rutile, and the presence of muscovite. 
Thus, in some greatly aluminous types, muscovite also 
shows stability in the metamorphic peak. This assembla-
ge indicates that the minimum temperatures were about 
600 to 750°C (kyanite-staurolite stability field) in a pres-
sure regime compatible with or greater than barrowian. 
The presence of gneissified mobilized quartz-plagioclase 
indicates minimum temperature above 650°C at the me-
tamorphic peak.

Greenschist facies retrometamorphism is characterized 
by the presence of minerals reequilibrated or neoformed 
in amphibolite to greenschist facies, involving the trans-
formation of garnet and amphibole to biotite and chlori-
te; formation of ilmenite and titanite; appearance of epi-
dote, albite and white micas, interstitially and above the 
plagioclase; clear albite coronas at the rims of saussuritized 
plagioclase; formation of actinolite along the rim of hor-
nblende; sericitization of kyanite and staurolite, and ser-
pentinization of olivine. Lower-grade retrometamorphic 
associations are interpreted as a record of the reequilibrium 
during exhumation by erosion and cooling, which started 
in the late stages of the deformation phase that genera-
ted the main foliation (Sn) and followed late deformation 
(post-Dn). Retrometamorphic transformations, catalyzed 
by fluid circulation during later stages in the development 

of main foliation, are observed with higher or lower inten-
sities on rocks, especially in the Metasedimentary Unit, in 
which saussuritization of plagioclases is frequent, besides 
formation of yellow-green epidote, as euhedral to anhedral 
crystals, scattered or constituting trails and veinlets, accor-
dant or not with the banding or foliation, and muscovite 
forming relatively wide crystals (2 – 3 mm), often without 
preferred orientation, inside plagioclase crystals or inters-
titially to minerals as plagioclase, potassic feldspar, amphi-
bole, among others.

MINERAL CHEMISTRY

Minerals that define paragenesis at the metamor-
phic peak were analyzed on Electron Microprobe 
Laboratory at Geoscience Institute of Universidade de 
São Paulo (USP), using CAMECA SX50, under condi-
tions of 20 kV e 25 nA. The analysis was executed with 
an electron bean ranging from 1 to 5 µ, and the ionic 
microprobe was calibrated with natural patterns with 
known concentrations. Location of the five sampling 
points is represented on Fig. 2. Two to five grains were 
analyzed for each section, from two to three different 
domains, with analysis of cores and rims. In the gar-
net grains, there were executed, in compositional line 
traverses, 10 to 20 analyses each. Table 1 summarizes 
the observed mineral associations that were utilized for 
calculating the P-T conditions. 

Amphibole 
Chemical analyses of amphibole crystals from sample 

MA-3-37 are shown in Tab. 2 and indicate a variation from 
magnesiohastingsite to ferropargasite (Fig. 3), in which 
chemical zonation is not present. They exhibit Ti of 0.003 
to 0.054 atoms per formulae unit (a.p.f.u.), 1.816 – 2.024 
a.p.f.u. of AlIV and 1.074 – 1.253 a.p.f.u. of AlVI. Na and 
K content is low, varying respectively from 0.621 to 0.732 
and 0.064 – 0.081 a.p.f.u., and Ca ranges from 1.589 to 
1.687 a.p.f.u.; Na (M4) content is also low (0.184 – 0.304 
a.p.f.u.). In sample PO-101, amphibole crystals present 
two distinct compositions (Tab. 2 and Fig. 3). The rims of 
the crystal show composition of tschermakite, with Ti of 
0.01 a.p.f.u., AlIV from 0.12 to 1.37 a.p.f.u. and AlVI from 
0.07 to 0.86 a.p.f.u., while the cores exhibit a cummingto-
nite composition, with Ti from 0.01 to 0.06 a.p.f.u., AlIV 

from 1.37 to 1.78 a.p.f.u. and AlVI from 0.86 to 1.07 a.p.
f.u. In tschermakite, Na content varies between 0.224 and 
0.556 a.p.f.u., K varies from 0.01 to 0.051 a.p.f.u. and Ca 
ranges between 1.441 – 1.909 a.p.f.u.; Na (M4) content is 
low (0.0490 – 0.22 a.p.f.u.).
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Table 1. Mineralogical assemblages present in the samples selected for thermobarometry

Sample Amphibole Biotite Kyanite Staurolite Feldspar Garnet Muscovite

MA-3-37 X X X X X X X

PO-153 X X X X

PO-163 X X X X

PO-101 X X X X

PO-130 X X X X

Table 2. Representative chemical analyses of amphibole crystals 
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position b n n b n b n b n b n b n
SiO2 41.48 40.74 40.68 40.21 40.65 54.25 44.50 42.99 54.23 42.21 53.76 42.57 53.99

TiO2 0.43 0.25 0.27 0.48 0.23 0.05 0.06 0.58 0.06 0.27 0.08 0.42 0.00

Al2O3 17.40 17.47 17.57 17.25 17.09 1.40 12.74 15.18 1.32 16.23 1.65 16.17 1.16

FeO 16.88 16.88 17.44 17.20 17.02 20.78 15.16 16.18 21.56 17.14 20.80 16.52 21.24

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

MnO 0.15 0.14 0.15 0.17 0.13 1.98 0.46 0.64 1.75 0.73 1.76 0.63 2.10

MgO 7.53 7.64 7.49 7.61 7.61 17.94 10.59 9.73 17.82 9.07 17.53 9.38 17.75

CaO 10.37 10.40 10.35 9.83 10.10 0.78 10.35 9.33 0.77 8.97 1.51 9.24 0.59

Na2O 2.15 2.45 2.44 2.14 2.25 0.18 1.60 1.98 0.13 2.34 0.19 2.29 0.15

K2O 0.36 0.35 0.34 0.42 0.34 0.01 0.24 0.26 0.01 0.25 0.02 0.25 0.00

Sum 96.74 96.33 96.71 95.30 95.42 97.36 95.69 96.86 97.65 97.20 97.29 97.47 96.98

TSi 6.22 6.15 6.12 6.11 6.18 7.43 6.63 6.34 7.42 6.23 7.41 6.25 7.43

TAl 1.78 1.85 1.88 1.89 1.82 0.14 1.37 1.66 0.14 1.77 0.19 1.75 0.12

TFe3+ 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.00 0.44 0.00 0.41 0.00 0.45

TTi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sum 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00

CAl 1.29 1.25 1.23 1.20 1.24 0.09 0.86 0.97 0.07 1.05 0.08 1.05 0.07

CCr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CFe3+ 0.30 0.31 0.35 0.47 0.38 0.68 0.46 0.68 0.71 0.76 0.71 0.68 0.69

CTi 0.05 0.03 0.03 0.05 0.03 0.01 0.01 0.06 0.01 0.03 0.01 0.05 0.00

CMg 1.68 1.72 1.68 1.73 1.72 3.66 2.35 2.14 3.63 2.00 3.60 2.05 3.64

CFe2+ 1.67 1.68 1.70 1.54 1.62 0.45 1.29 1.11 0.49 1.13 0.50 1.13 0.48

CMn 0.01 0.01 0.01 0.01 0.01 0.11 0.03 0.04 0.09 0.04 0.10 0.04 0.11

CCa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sum 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

BMg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

BFe2+ 0.15 0.14 0.15 0.18 0.16 0.82 0.13 0.21 0.83 0.23 0.77 0.22 0.82

BMn 0.01 0.01 0.01 0.01 0.01 0.12 0.03 0.04 0.11 0.05 0.11 0.04 0.13

BCa 1.67 1.68 1.67 1.60 1.64 0.11 1.65 1.47 0.11 1.42 0.22 1.45 0.09

BNa 0.18 0.17 0.18 0.21 0.19 0.02 0.19 0.28 0.02 0.31 0.02 0.29 0.02

Sum 2.00 2.00 2.00 2.00 2.00 1.08 2.00 2.00 1.07 2.00 1.13 2.00 1.06

ACa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ANa 0.45 0.55 0.54 0.42 0.48 0.03 0.28 0.29 0.02 0.36 0.03 0.37 0.02

AK 0.07 0.07 0.07 0.08 0.07 0.00 0.05 0.05 0.00 0.05 0.00 0.05 0.00

Sum 0.52 0.62 0.60 0.50 0.54 0.03 0.32 0.34 0.02 0.41 0.03 0.41 0.02

Sum 15.52 15.62 15.60 15.50 15.54 14.10 15.32 15.34 14.09 15.41 14.16 15.41 14.08

Formula proportions based on 23 oxygen atoms; n: core and b: rim

Brazilian Journal of Geology, 43(2): 301-315, June 2013
305

Guillermo R. B. Navarro et al.



Biotite 
Biotite found in all analyzed samples presents low Ti, 

with values between 0.053 and 0.129 a.p.f.u. (Tab. 3). 
They possess 2.596 – 2.792 a.p.f.u. of AlIV, and XMg betwe-
en 0,441 and 0.652, plotting on the eastonite field (Fig. 4). 
The sample PO-163 is enriched in XFe (ranging from 0.542 
to 0.559) and the crystals are classified as siderophyllite. 

Staurolite 
Staurolite crystals were found in a single section 

(sample MA-3-37), as inclusions on garnet porphyro-
blasts and on the matrix. Staurolite crystals that oc-
cur on the matrix show XMg content ranging between 

0.01 and 0.25, and compositional zoning is not detec-
ted. Ti and Mg contentes are low, ranging respectively 
between 0.090 and 0.213 and 0.003 to 0.041 a.p.f.u. 
(Tab.  4). Staurolite crystals included in garnet por-
phyroblasts present composition similar to the one ob-
served on the matrix. Some analyses differ only in the 
Si content, being in most cases higher than the crystals 
found in the matrix (Tab. 4).

Garnet 
Representative analyses of garnet grains from sam-

ple MA-3-37 are shown on Tab. 5. Samples PO-101 and 
PO-163 contain almandine-rich garnet crystals, followed 
by spessartine, pyrope and fewer grossular. On samples 
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Figure 3. Classification diagram for amphiboles (Leake et al. 1997).
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MA-3-37 and PO-130, pyrope content is higher than 
spessartine content. On sample PO-101, the garnet grains 
composition shows dominance of almandine and spessar-
tine. The profile indicates a discrete zonation, with an in-
crease of Fe and Ca (almN58.2→B59.25 and grsN9.84→B10.46) and 
decrease of Mn and Mg (spsN19.08→B18.4 and prpN12.86→B12.4) 
from core to rim (Fig. 5A). Grains in sample PO-153 show 
increasing Fe from cores to rims (almN60.6→B66.0) and de-
creasing Mn (spsN20.6→B15.1). Mg content in crystals of this 
sample has little variation from core to rim (prpN14.7→B13.6). 
Grossular content shows weak compositional banding on 
the core, suffering a slight decrease (grsN4.1→0.2), followed by 
an increase toward the rims (grsB3.2→4.0) (Fig. 5B).

Sample PO-163 presents the garnet porphyroblasts 
with dominant composition of almandine, followed by 
spessartine, pyrope and grossular. It exhibits a chemical 

Eastonite Siderophyllite

AnnitePhlogopite Fe/(Fe+Mg)

2
1

3

A
lIV

0

Figure 4. Classification diagram of biotite crystals.

Table 3. Representative chemical analysis ofbiotite
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P
O
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P
O
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O
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63
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01

P
O

-1
30
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30
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30
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O

-1
30

position b n b b b n b n n b b n n b n

SiO2 36.53 35.96 36.18 35.98 35.94 35.83 35.75 35.57 35.18 37.19 37.42 37.36 37.17 36.98 36.86

TiO2 1.59 1.48 1.71 1.72 1.45 2.26 2.13 1.94 2.17 1.24 1.6 2.27 1.26 2.09 1.9

Al2O3 18.2 17.89 17.46 17.64 17.87 17.95 17.47 17.47 16.93 16.76 17.05 19.08 19.28 18.38 18.42

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe2O3 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.00 0.00 0.00 0.00

FeO 15.98 16.28 16.43 17.77 17.59 17.6 19.4 20.34 20.6 15.19 15.98 15.04 14.83 16.33 16.18

MnO 0.01 0.00 0.01 0.12 0.14 0.1 0.16 0.17 0.16 0.16 0.15 0.00 0.00 0.05 0.00

MgO 12.23 12.4 12.29 11.24 11.7 11.16 9.14 9.1 9.23 13.53 13.15 12.26 12.9 12.04 12.3

CaO 0.00 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00

Na2O 0.28 0.19 0.3 0.12 0.14 0.16 0.1 0.09 0.08 0.05 0.09 0.19 0.18 0.15 0.16

K2O 8.71 9.07 8.82 9.52 9.55 9.33 9.6 9.78 9.09 9.43 9.29 9.52 9.26 9.28 9.32

Sum 93.55 93.42 93.24 94.12 94.39 94.39 93.76 94.46 93.44 94.51 94.75 95.75 94.89 95.3 95.14

Si 2.77 2.747 2.767 2.755 2.742 2.731 2.773 2.756 2.753 2.802 2.809 2.758 2.762 2.761 2.756

Ti 0.091 0.085 0.098 0.099 0.083 0.129 0.124 0.113 0.128 0.07 0.09 0.126 0.071 0.117 0.107

Al 1.627 1.611 1.575 1.593 1.607 1.612 1.598 1.595 1.562 1.488 1.509 1.66 1.689 1.618 1.624

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe3+ 0.00 0.006 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.053 0.00 0.00 0.00 0.00 0.00

Fe2+ 1.013 1.04 1.051 1.138 1.123 1.122 1.258 1.318 1.348 0.957 1.004 0.929 0.921 1.02 1.012

Mn 0.001 0.00 0.00 0.008 0.009 0.006 0.01 0.011 0.011 0.01 0.01 0.00 0.00 0.003 0

Mg 1.382 1.411 1.401 1.283 1.33 1.268 1.057 1.05 1.076 1.519 1.471 1.349 1.428 1.34 1.37

Ca 0.00 0.003 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.001 0.00 0.00 0.00 0.00 0.00

Na 0.042 0.028 0.045 0.018 0.021 0.023 0.016 0.013 0.012 0.007 0.012 0.028 0.026 0.022 0.023

K 0.844 0.885 0.862 0.93 0.931 0.908 0.951 0.967 0.908 0.907 0.891 0.898 0.879 0.885 0.89

Sum 7.769 7.816 7.801 7.823 7.847 7.799 7.787 7.824 7.798 7.814 7.797 7.748 7.776 7.766 7.781

Mg/Fe+Mg 0.577 0.576 0.571 0.530 0.542 0.531 0.457 0.443 0.444 0.613 0.594 0.592 0.608 0.568 0.575

Formula proportions based on 11 oxygen atoms; n: core and b: rim
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zonation marked by decreasing on Fe content from core 
towards the rim (almN69.6-70.6→B54.0-63.0). Mg content sli-
ghtly increases on core towards the rim followed by de-
crease on the rim (prpN9.30-10.2→B4.9-8.7). Mn decreases on the 
core (spsN16.1→14.2) and increases towards the rim (spsB23.7), 
followed by decrease along the rim (spsB14.8) (Fig. 5C). On 
sample MA-3-37, Fe shows little compositional varian-
ce when comparing core and rims (alm67.0→66.1). Mn con-
tent also shows little variance from core towards the rim  
(spsN11.6-12.5→B12.2), followed by abrupt decrease along the 
rim (sps7.0-7.6). The Mg content decreases from the core 
to the rim (prpN16.5-17.2→B13.9) (Fig. 5D). In PO-130 sam-
ple, composition of garnet crystals has predominance of 
almandine, followed by pyrope, spessartine and grossular. 
Profile shows a slight depletion followed by enrichment of 
Fe (almN70.0→B75.8) and Mg (prpN14.3→B17.3) from core to rim. 
Ca shows slight enrichment from core to rims followed by 
depletion along the rims (grsN3.4-6.8→B4.3) and a decrease in 
Mn from core to rim (spsN11.79→B4.3) (Fig. 5E).

Muscovite 
Table 6 has the results of chemical analysis of muscovi-

te crystals, which have 5.55 to 5.68 a.p.f.u. of Si, AlIV/AlVI 
ratio between 0.84 and 0.97, XMg between 0.31 and 0.55, 
and Si/Al ratio ranging between 1.07 and 1.16, being clas-
sified as phengite.

Plagioclase 
Plagioclase grains from samples PO-101, PO-153 

and PO-163 present homogeneous chemical composi-
tion (Tab. 7), with predominant constitution of oligo-
clase (Fig. 6) with values between an12.04→21.7, without 
apparent compositional variance when comparing the 
grains from the core to the rims. Analyzed crystals 
on the samples MA-3-37 and PO-130 exhibit com-
positional variance between oligoclase and andesine 
(an22.0→33.9), without showing concentric chemical zo-
nation, with domains of different compositions on the 
crystals (Tab. 7 and Fig. 6). Feldspar grains included in 

Table 4. Chemical analysis of staurolite crystals

Sample
M

A
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-3
7
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-3

7

M
A
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7
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-3

7
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7
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-3
-3

7

M
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-3
-3

7

M
A

-3
-3

7

M
A

-3
-3

7

M
A

-3
-3

7

M
A

-3
-3

7

M
A

-3
-3

7

M
A

-3
-3

7

position b* n* n* b* b** n** n** b** n** b** n** b** n**
SiO2 27.73 28.00 34.08 34.02 26.88 27.71 27.60 26.84 27.45 27.66 27.90 27.21 27.80

TiO2 1.01 0.49 0.27 0.48 0.47 0.65 0.59 0.54 0.63 0.41 0.54 0.41 0.68

Al2O3 51.47 52.13 48.32 49.13 53.68 52.40 52.87 53.74 53.52 53.64 52.84 52.90 52.60

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

FeO 14.54 14.63 14.30 13.67 14.32 14.67 14.14 14.36 13.83 13.66 13.88 14.58 14.12

MnO 0.11 0.06 0.09 0.08 0.08 0.13 0.15 0.15 0.13 0.13 0.17 0.14 0.17

MgO 2.25 2.20 2.11 2.07 2.08 2.13 2.17 1.96 2.10 2.10 2.20 2.22 2.11

CaO 0.04 0.01 0.00 0.04 0.01 0.00 0.02 0.03 0.04 0.02 0.03 0.02 0.02

Na2O 0.03 0.03 0.05 0.01 0.04 0.04 0.00 0.03 0.00 0.05 0.03 0.01 0.04

K2O 0.00 0.03 0.00 0.00 0.02 0.02 0.00 0.01 0.01 0.00 0.00 0.00 0.01

Sum 97.17 97.59 99.23 99.52 97.59 97.74 97.53 97.67 97.71 97.66 97.59 97.48 97.54

Si 7.79 7.83 9.26 9.19 7.51 7.74 7.71 7.50 7.64 7.69 7.77 7.62 7.76

Ti 0.21 0.10 0.06 0.10 0.10 0.14 0.12 0.11 0.13 0.09 0.11 0.09 0.14

Al 17.06 17.18 15.48 15.65 17.69 17.26 17.40 17.70 17.55 17.58 17.35 17.47 17.31

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe2+ 3.42 3.42 3.25 3.09 3.35 3.43 3.30 3.36 3.22 3.18 3.23 3.42 3.30

Mn 0.03 0.01 0.02 0.02 0.02 0.03 0.04 0.04 0.03 0.03 0.04 0.03 0.04

Mg 0.94 0.92 0.86 0.83 0.87 0.89 0.90 0.82 0.87 0.87 0.91 0.93 0.88

Ca 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Na 0.02 0.02 0.03 0.01 0.02 0.02 0.00 0.02 0.00 0.03 0.02 0.01 0.02

K 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00

Sum 29.47 29.49 28.96 28.89 29.56 29.51 29.47 29.55 29.46 29.45 29.45 29.56 29.46

*Staurolite crystals included in garnet porphyroblasts.**Staurolite crystals on the matrix. Formula proportions based on 46 oxygen atoms; n: core and b: rim
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staurolite porphyroblasts (sample MA-3-37) show com-
position similar to feldspar crystals from the matrix, 
varying between compositional fields of oligoclase and 
andesine (Tab. 7 and Fig. 6).

METAMORPHISM AND 
THERMOBAROMETRY

The calculations of metamorphic P-T condi-
tions were obtained with THERMOCALC software 
(Powell & Holland 1994), using composition next to 
the rims of garnet grains and the most representative 
ones for other minerals. Obtained results are displayed 
on Tab. 8.

At Pontalina region, calculated temperature and 
pressure for gneiss samples ranges from 580 ± 33°C to 
628 ± 17°C and 6.7 ± 0.8 kbar to 8.6 ± 0.6 kbar, respec-
tively, compatible with amphibolite facies in kyanite-stau-
rolite field.

Petrographic analysis of sample MA-3-37 shows stau-
rolite inclusions in the core of garnet crystal and kyani-
te inclusions on the rims, evidencing progressive meta-
morphism by appearance of staurolite followed by kyanite 
(Fig.  7A). On the other hand, presence of subhedral to 
anhedral staurolite crystals on the matrix, with better exter-
nal contours than kyanite (Fig. 7B), suggests a new grow-
th phase of staurolite, now posterior to kyanite, evidencing 
regressive metamorphism, sin-kinematic, in accordan-
ce with acquired thermobarometric data, and interpreted 

Table 5. Chemical analysis and structural formulae of garnet crystal (MA-3-37)

Sample
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7

M
A
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7

position b b b b b n b b b b b
SiO2 37.33 37.13 36.95 36.61 36.94 37.18 37.06 36.90 36.91 37.26 37.04
TiO2 0.00 0.04 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.02 0.00
Al2O3 21.91 21.89 22.13 21.86 21.87 21.89 21.79 21.51 21.64 21.61 21.66
Cr2O3 0.04 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.37 0.00 0.00
Fe2O3 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 29.54 27.91 29.46 29.15 28.48 28.62 28.50 28.69 29.36 29.96 29.38
MnO 3.35 5.17 5.35 4.95 5.39 4.90 5.40 5.00 5.35 3.49 3.09
MgO 3.49 3.70 4.10 4.34 4.18 3.96 4.22 4.16 3.53 3.47 3.44
CaO 4.28 2.44 1.51 1.49 1.41 1.58 1.68 1.46 2.13 3.35 4.24
Na2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 100.24 98.28 99.50 98.50 98.26 98.14 98.65 97.72 99.28 99.15 98.86
Si 2.96 2.99 2.96 2.96 2.98 3.00 2.98 3.00 2.97 2.99 2.98
Ti 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 2.05 2.08 2.09 2.08 2.08 2.08 2.07 2.06 2.05 2.05 2.05
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Fe3+ 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 1.96 1.88 1.97 1.97 1.92 1.93 1.92 1.95 1.98 2.01 1.98
Mn 0.23 0.35 0.36 0.34 0.37 0.34 0.37 0.34 0.37 0.24 0.21
Mg 0.41 0.44 0.49 0.52 0.50 0.48 0.51 0.50 0.42 0.42 0.41
Ca 0.37 0.21 0.13 0.13 0.12 0.14 0.15 0.13 0.18 0.29 0.37
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 8.00 7.96 8.00 8.00 7.98 7.96 7.99 7.98 7.99 7.99 8.00
%Alm 66.15 65.11 66.78 66.55 65.93 67.05 65.30 66.67 67.03 68.15 66.67
%Prp 13.92 15.37 16.56 17.65 17.22 16.56 17.23 17.21 14.35 14.06 13.90
%Sps 7.62 12.22 12.26 11.43 12.66 11.63 12.53 11.77 12.38 8.03 7.09
%Grs 11.34 7.30 4.40 4.31 4.19 4.76 4.94 4.35 5.09 9.76 12.35
%Adr 0.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
%Uvt 0.14 0.00 0.00 0.05 0.00 0.00 0.00 0.00 1.16 0.00 0.00
Fe/Fe+Mg 82.61 80.90 80.13 79.04 79.29 80.19 79.13 79.48 82.37 82.89 82.75

Alm: almandine; Prp: pyrorpe; Sps: spessartine; Grs: grossular; Adr: andradite; Uvt: uvarovite; Formula proportions based on 12 oxygen atoms; n: core and b: rim
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Figure 5. Photomicrography of garnet crystals showing the position of the profiles: PO-101 (A), PO-153 (B), PO-
163 (C), MA-3-37 (D) and PO-130 (E).

based on petrographic analysis of other samples. This fact 
is attested by data displayed in Fig. 8, which also suggest a 
clockwise trajectory for metamorphic evolution of the ro-
cks on this region.

Calculated P-T conditions for these samples are lower 
than calculated thermobarometric data for amphibole + 
plagioclase and plagioclase + garnet + amphibole assem-
blages in metamafic/metabasic rocks, which indicate meta-
morphic peak at intermediate to high amphibolite facies, 

reaching temperatures from 700 to 775°C, in intermedia-
te pressure conditions (~10 kbar) (Navarro et al. 2011). 
Under these conditions, metamorphic features on meta-
mafic/metabasic rocks are likely to represent regional me-
tamorphic peak, and that mineralogical associations re-
gistered on these rocks represent a retrometamorphic 
equilibrium, also in amphibolite facies, but under mil-
der conditions. This difference can be explained based on 
strain (schistification) more pronounced on analyzed rocks 
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Table 6. Chemical analyses of muscovite crystals

Sample
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position b b n n n b n b n n n b b n n b
SiO2 45.85 45.81 45.87 45.63 46.60 46.49 46.13 46.27 45.35 45.73 45.49 45.13 45.57 45.77 44.73 44.96

TiO2 0.21 0.37 0.42 0.47 0.04 0.01 0.07 0.05 0.66 0.73 0.71 0.95 0.87 0.73 0.68 0.80

Al2O3 33.98 35.30 34.18 35.22 35.14 35.75 36.54 36.45 34.09 34.19 33.55 34.41 33.91 34.47 34.30 34.55

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe2O3 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.57 0.00 0.00 0.00 0.00 0.00

FeO 2.08 1.85 2.28 2.03 1.14 1.07 0.69 0.65 1.78 2.38 1.89 2.26 1.56 1.94 1.61 1.66

MnO 0.00 0.00 0.00 0.00 0.05 0.00 0.05 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.03 0.00

MgO 0.84 0.53 0.74 0.61 0.80 0.67 0.33 0.25 0.91 0.84 0.96 0.78 1.03 0.94 0.93 0.84

CaO 0.00 0.16 0.01 0.02 0.03 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02

Na2O 1.71 2.22 1.67 1.99 1.14 1.25 1.28 1.33 1.31 1.36 1.25 1.39 0.57 0.61 0.64 0.60

K2O 8.24 7.30 8.74 8.43 9.28 9.36 8.78 8.55 8.97 9.25 8.80 9.13 10.05 10.47 10.19 9.87

Sum 93.29 93.55 93.91 94.41 94.23 94.61 93.90 93.57 93.97 94.50 93.23 94.06 93.57 94.95 93.10 93.30

Si 3.11 3.07 3.10 3.06 3.11 3.09 3.08 3.09 3.06 3.08 3.09 3.05 3.09 3.07 3.06 3.06

Al 2.71 2.79 2.72 2.78 2.77 2.81 2.87 2.87 2.72 2.71 2.69 2.74 2.71 2.73 2.76 2.77

Sum 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Al 1.82 1.86 1.82 1.84 1.88 1.90 1.95 1.96 1.78 1.79 1.78 1.79 1.80 1.80 1.82 1.83

Ti 0.01 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.03 0.04 0.04 0.05 0.04 0.04 0.04 0.04

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe3+ 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.03 0.00 0.00 0.00 0.00 0.00

Fe2+ 0.12 0.10 0.13 0.11 0.06 0.06 0.04 0.04 0.10 0.13 0.11 0.13 0.09 0.11 0.09 0.09

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mg 0.08 0.05 0.07 0.06 0.08 0.07 0.03 0.03 0.09 0.09 0.10 0.08 0.10 0.09 0.10 0.09

Sum 2.00 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Ca 0.05 0.04 0.04 0.03 0.02 0.03 0.02 0.03 0.05 0.05 0.06 0.05 0.03 0.04 0.05 0.05

Na 0.22 0.29 0.22 0.26 0.15 0.16 0.17 0.17 0.17 0.18 0.16 0.18 0.08 0.08 0.08 0.08

K 0.71 0.63 0.75 0.72 0.79 0.80 0.75 0.73 0.77 0.80 0.76 0.79 0.87 0.90 0.89 0.86

Sum 0.98 0.96 1.01 1.01 0.96 0.99 0.94 0.93 0.99 1.03 0.98 1.02 0.98 1.02 1.02 0.99

Sum T 6.99 6.97 7.01 7.02 6.97 6.98 6.94 6.92 7.00 7.02 6.98 7.02 6.98 7.02 7.01 6.99

than on the metabasic rocks, due to rheological differences, 
fact that would have destroyed the rebalancing of greater 
degrees in gneissic rocks and metasedimentary rocks, and 
only partially on amphibolitic rocks.

Thus, thermobarometric data acquired on this work 
reinforce considerations conducted by Navarro et al. 
(2011), that suggest the existence of a regional meta-
morphic peak (termed M1), observed on metamafic/
metabasic rocks, from intermediate to high amphiboli-
te facies, on kyanite stability field, and that temperatures 
around 580 – 628°C and pressures of 6.68 – 8.6 kbar re-
present a tectonic-metamorphic rebalancing (M2) of re-
gional expression, on amphibolite facies, staurolite-kya-
nite field (Fig. 8). Furthermore, in metaultramafic rocks, 
pseudomorphs and vestiges of olivine are rarely obser-
ved, with fabrics suggesting metamorphic reequilibrium 

in amphibolite facies, and usually the recognized para-
genesis and associations are composed of chlorite, ser-
pentine, talc, magnetite and carbonate. Major crystals of 
chlorite and talc, especially when exhibiting crystallogra-
phic orientation, may be generated in retrometamorphic 
conditions on amphibolite facies, but textural features of 
the association constituted by serpentine, carbonate, talc, 
chlorite and magnetite are consistent with greenschist fa-
cies, with temperatures below 500°C, when compared 
with changes that occurred in the host rocks.

Minerals associated to parageneses at metamorphic 
peak mark the main foliation. Inclusions observed in garnet 
porphyroblasts draw shapes that suggest rotation, without 
showing continuity with the external foliation, which in-
dicates that they grew in earlier or initial stages of the main 
ductile deformational phase (Dn). Retrometamorphism is 

Formula proportions based on 11 oxygen atoms; n: core and b: rim
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Table 8. Results of P-T conditions of metamorphism, 
obtained with THERMOCALC

Sample T (ºC) 2σ P (kbar) 2σ
MA-3-37 606 15 7.78 0.91
PO-101 580 33 7.90 1.10
PO-130 628 17 8.60 0.60
PO-153 592 30 6.68 0.75
PO-163 596 19 6.91 0.73

Table 7. Representative chemical analysis of plagioclase

Sample
M

A
-3

-3
7

M
A

-3
-3

7

M
A

-3
-3

7

P
O

-1
53

P
O

-1
53

P
O

-1
53

P
O

-1
63

P
O

-1
63

P
O

-1
63

P
O

-1
01

P
O

-1
01

P
O

-1
01

P
O

-1
30

P
O

-1
30

P
O

-1
30

position n n b b b n b n n b n b n n b
SiO2 60.31 59.83 60.50 63.80 63.32 62.32 63.15 63.68 62.56 63.12 63.22 63.17 59.92 59.85 60.41

TiO2 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.01 0.00 0.00 0.04

Al2O3 25.11 25.26 25.19 23.51 23.52 23.59 23.28 23.58 23.80 23.25 23.14 23.01 25.52 25.20 25.39

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe2O3 0.19 0.00 0.00 0.16 0.17 0.17 0.06 0.03 0.08 0.06 0.05 0.00 0.04 0.17 0.00

MnO 0.02 0.02 0.02 0.02 0.03 0.00 0.00 0.00 0.01 0.00 0.05 0.03 0.00 0.00 0.01

MgO 0.00 0.01 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01

CaO 6.23 6.45 6.49 4.14 4.38 4.38 4.05 4.08 4.36 4.27 4.54 4.47 7.26 6.96 6.89

Na2O 7.78 7.81 7.94 9.20 9.19 9.45 9.43 8.77 9.13 9.35 9.36 9.10 7.77 8.10 7.94

K2O 0.10 0.05 0.06 0.11 0.06 0.07 0.07 0.09 0.10 0.06 0.05 0.06 0.05 0.04 0.09

Sum 99.77 99.43 100.22 100.95 100.65 99.99 100.03 100.23 100.05 100.17 100.42 99.84 100.57 100.32 100.76

Si 2.69 2.68 2.69 2.79 2.78 2.76 2.79 2.80 2.77 2.79 2.79 2.80 2.66 2.66 2.67

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Al 1.32 1.33 1.32 1.21 1.22 1.23 1.21 1.22 1.24 1.21 1.20 1.20 1.33 1.32 1.32

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe3+ 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ca 0.30 0.31 0.31 0.19 0.21 0.21 0.19 0.19 0.21 0.20 0.22 0.21 0.35 0.33 0.33

Na 0.67 0.68 0.68 0.78 0.78 0.81 0.81 0.75 0.78 0.80 0.80 0.78 0.67 0.70 0.68

K 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01

Sum 4.99 5.00 5.00 4.99 5.00 5.03 5.01 4.97 5.01 5.01 5.01 5.00 5.01 5.02 5.01

Albite 68.92 68.45 68.64 79.61 78.93 79.30 80.48 79.13 78.61 79.60 78.61 78.41 65.75 67.60 67.26

Anorthite 30.46 31.24 31.06 19.78 20.77 20.31 19.12 20.34 20.78 20.10 21.10 21.29 33.96 32.11 32.25

Orthoclase 0.62 0.30 0.30 0.61 0.30 0.39 0.40 0.53 0.60 0.30 0.29 0.30 0.30 0.29 0.49

Formula proportions based on 8 oxygen atoms. n: core and b: rim.

Or

AnAb

Figure 6. Feldspar classification diagram. 

marked by growth of large muscovite crystals, arranged in 
aleatory distribution on/above the main foliation, and also 
by plagioclase saussuritization, kyanite muscovitization 
and chlorite formation on biotite and garnet, sometimes 
substituting a significant part of grains. These associations 
reveal variations in metamorphic conditions from amphi-
bolite facies to an intermediate to upper greenschist facies. 
Retrometamorphism results of mineral equilibrium sin- to 
tardi-Dn, since minerals formed in this phase are strained 
and partially oriented.

Or: orthoclase, Ab: albite, An: anorthite
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Figure 8. Diagram P x T showing P-T path of metamorphism of Goiás Magmatic Arc and metamorphic gradients of field.
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CONCLUSIONS

The oldest mineral assemblages found in gneissic and me-
tasedimentary rocks from Goiás Magmatic Arc, Pontalina 
region, which are associated to a metamorphic peak, typi-
cally represent amphibolite facies, in kyanite-staurolite field. 
Thermobarometric calculations obtained for these associa-
tions resulted in temperatures of 580 – 628°C and pressu-
res between 6.68 – 8.6 kbar. Petrographic analyses show that 

reaching of apparent metamorphic peak occurred during for-
mation of the main foliation, meaning it is correlated to de-
formational phase Dn (regional). These calculated metamor-
phic conditions, when compared with the ones obtained for 
the intercalated metamafic/metabasic rocks, show that this is 
not a regional metamorphic peak, being interpreted as a me-
tamorphic rebalancing (M2) on amphibolite facies, kyanite-s-
taurolite field. Metamorphic peak (M1) would only be preser-
ved in metamafic/metabasic rocks, when compared with the 
acid terms, assumption sustained by field and petrographic 

Figure 7. Photomicrography of garnet (Grt) porphyroblast with staurolite (St) inclusions and kyanite (Ky) (sample 
MA-3-37) (A), and of anhedral staurolite crystals on the matrix (sample MA-3-37) (B).

A B

1 mm2 mm

Amp: amphibole; Bt: biotite; Grt: garnet; Ky: kyanite; St: staurolite.
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