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COEXISTING PYROXENES lN MAFIC AND ULTRAMAFIC .
ROCKS FROM BARRA VELHA, SANTA CATARINA, BRAZIL

R.M.C. Soares, C.E. Gomes, and E. Ruberti

ABSTRACT - Microprobe data are given forB pairs of coexisting clino-and orthopyroxenes trom mafic
and ultramafic rocks cropping out near the village of Barra Velha, 25 km from the city of haja r, Brazil.
Those rocks are closelv associated to Precambrian migmatites and undifferentiated gneisses. Radio­
metric data suggest that the whole complex was affected by two metamorphic episodes of granulite
(Transamazonian age, '" 2 b.v.l and amphibolite (probably of Brazilian age, "'600 rn.v.) facies .

Kretz coefficients point to the formation of the Barra Velha pyroxenes under high grade meta­
morphic condit ions . Crystallization trends - ind icating a FeO enrichment together with CaO·-MgO
diminution in c1inopyroxenes, and a strong increase in FeO over MgO, in addition to an almost cons­
tant CaO content in orthopyroxenes - are consistent with the behavior already observed in pyroxenes
from other metamorphic provinces. :
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INTRODUCTION

Several occurrences of mafic aOO ultramafic rocks
have been found along the coast of the State of Santa Cata­
rina, SE Brazil, in the vicinity of Barra Velha area, approxi­
mately 25 km trom the city of ltajaf. These bodies were
described for the first time by Bartorelli et aI. (1969), with
additional data on their geology given more recently by
Minioli (1972) and Soares (1974). Soares (1975) gives de­
tailed information on mineraloqv, ' petrography, chemistry
aOO general geologic evolution of the mafic aOO ultramafic
bodies.

The area of Barra Velha is characterized mainly by
Precambrian migmatites and undifferentiated gneisses;
closelv associated to them are the mafic aOO ultramafic 00'
dies. Holocenic sediments cover the area in patches.

Gneisses aOO both homogeneous and heterogeneous
migmatites are the main regional lithologies. Dark minerais
are predominantly hornblende, biotite, and garnet. Hetero­
geneous migmatites present a well developed ultramafic
paleosome aOO a granoblastic neosome of grlnitic to quar­
tz-dioritic composition. Contacts of these rocks with the
bodies of granitoid rocks - mainly granodioritic in com­
position - are indefined and even transitional in places.
Small lenses of quartzites aOO itabirites are fouod locally.
The mafic and ultramafic bodies appear as severa I elongated
outcrops with an apparent general NNW trend, probably
defining the erosive remnants of what formerly was a major
magmatic bodv, Petrographically, metapyroxenites aOO
pyroxene meta-hornblendites are dominant. ln addition,
Soares (1975) also describes other varieties, such as true
amphibolites. talc-pyroxene meta-hornblendites, arnphibo-

litic gneisses, hornblende·hypersthene gneisses (granulites)
and hornblende metagabbros. Texturally, the mafic and es­
pecially the ultramafic rocks show a remarkable variation in
grain- size and fabric, some samples presenting amphibole
crystals up to 15 cm.

Preliminary radiometric dating suggests that the who­
le complex - mafic aOO ultr<imafic rocks as well as migma­
tites aOO gneisses - was affected by a highilrade rnetamor­
phic event (probably up to granulite facies) of Transarna­
zonian age (about 2 b.v .). Additional evidence indicates
that a follow-up under conditions of the arnphibolite facies,
of probable Brazilian age (...... 600 rn.v.l, is responsible both
for the development of a second generation of migmatites
aOO the extensive development of tale aOO amphiboles in
the mafic aOO ultramafic units.

A later evento geologically unrelated to the basement
complex, is characterized by small dykes of alkaline rocks
(Barra Velha coast and BR-l01 Highway), still of uncertain
radiometric age (see Minioli, 1972).

Analytical Technique Ali the analytical data were
obtained with an Applied Research Laboratories EMX
electron microprobe in the Instituto de Geociências da Uni­
versidade de São Paulo. Instrument conditions were as
follows : 15 kV accelerating potential, 0.03 pA specimen
current, integration time on scalers 20 seconds, and spot
size aproximately 1 ti. diameter, X-ray quanta (Ka radiation)
have been simultaneously detected by three linear spectro­
rneters with LiF. ADP. and RAP crystals. The standards
used were Ca-rich pyroxene N. 5-118 and orthopyroxene
N. 2525. Standard correction procedures wiere applied for
backqround, drift , and matrix effects by using the appro­
priate oxide correction factors of Bence and Albee (1968)
and Albee and Ray (1970).



TABLE I

Microprobe Analyses of Orthopyroxenes

Pyroxene Hornblende
Metapyroxenites Meta-hornbleodite Metagabbros

2 8 10 14 21 18 26 28

Si02 51.8 50.7 52.5 52.4 53.3 51.1 50.3 50.1
Ti0 2 0.06 0.14 0.06 0.05 0.12 0.16 0.21 0.13
AI 203 0.82 2.86 1.22 1.32 1.89 2.59 1.64 1.44
Cr203 0.10 0.13 0.11 0.12 0.09 0.08 0.05 0.03
FeO* 19.2 17.6 16.2 16.3 18.3 18.6 23 .7 23.2
NiO · 0.14 0.21 0.07 0.07 0.06 0.13 1.69 2.12
MnO 0.76 0.50 0.52 0.56 0.58 0.58 0.90 0.96
MgO 25.2 25 .8 27.2 27.1 25.9 24.9 20.0 19.6
CaO 0.49 0.57 0.62 0.53 0.51 0.45 0.73 0.84
Na20 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02
K20 0.01 0 .01 0.01 0.03 0.02 0.02 0 .03 0.01

Total 98.57 98.52 98.50 98.48 100.77 98.61 99.29 98.44

Numbers of ions on the basis of 6 oxygens

Si 1.940 1.886 1.936 1.934 1.936 1.906 1.929 1.941
AI 1V 0.036 0.114 0.053 0.057 0.064 0.094 0.071 0 .059
AIVI 0.012 0 .017 0.020 0.003 0.006
Ti 0.001 0.004 0.001 0.001 0.003 0.004 0 .006 0.003
Cr 0.002 0.004 0.003 0.003 0.002 0.002 0.001 0.001
Fe 0.600 0.549 0.500 0.504 0.555 0.579 0.759 0 .749
Ni 0.004 0.006 0.002 0.002 0.001 0.003 0.052 0.065
Mn 0.024 0.016 0.016 0.017 0.017 0.018 0.029 0.031
Mg 1.408 1.431 1.495 1.491 1.400 1.382 1.143 1.127
Ca 0.019 0.023 0.024 0.021 0.019 0.018 0.029 0.034
Na 0.002 0.001
K 0.001 0.001 0.001 0.001
Z 1.976 2.000 1.989 1.991 2.000 2.000 2.000 2.000
WXY 2.058 2.035 2.041 2.040 2.015 2.027 2.025 2.017
Ca 0.9 1.1 1.2 1.0 1.0 0.9 1.4 1.7
Mg + Ni 68.7 71.0 73.5 73.4 70.3 69.3 59.4 59.4
Fe + Mn 30.4 27.9 25.3 25.6 28.7 29 .9 39.2 38.9

FeO
0.43 0.40 0.37 0.37 0.41 0.43 0.54 0.54

FeO + MgO

Mg
0.70 0.72 0.75 0.75 0.71 0.70 0.60 0.60

Mg + Fe

100 Mg
69.3 71 .7 74.3 74.1 70.9 69.8 59.2 59.1

Mg+ Fe + Mn

* Ali Fe calculated as FeO

CHEMICAL RESULTS

Data for 8 pairs of coexisting c1ino- and orthopyro­
xenes are listed in Tables I and II (3 sarnples are trom meta ·
pyroxenites, 1 trom a pyroxene rneta-hornblendite, 2 from
hornblende metagabbrosl together with their chemical for­
mulae, somedifferentiation indices and values for the dis­
tribution coefficient as proposed by Kretz (1963). Pyroxe­
ne crvstals are present both as isolated grains, with no appa­
rent signs of recrystallization, or as remnants of retrograde
transformations; typically, clioopvroxenes may be totally
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or only partially encircled, alo09 grain boundaries, by a
green Mg·hornblende, while orthopyroxene may be repla­
coo - along c1eavage planes, fractures and rims - by talc

.and a fibrous tremolite variety. Pvroxene shows neither
zoning nor exsolution.

. Enstatlte content in orthopvroxenes varies from 69
to 74% in metapyroxenites aOO pyroxene rneta-hornblen­
dite, but is significantly lower, c1ustering around 59%,
in hornblende metagabbros. AI2 03 is not distributed homo­
geneously throughout the series, ranging from 0.82 to
2.86% in the different samples, and bears no apparent rela-



TABLE II

Microprobe Analyses of Clinopyroxenes

Pyroxene Hornblende
Metapyroxenites Meta-hornblendite Metagabbros

2 8 10 14 21 18 26 28

sio, 52.3 51.1 51.7 51.8 52.1 51.7 51 .5 50.8
rio, 0.16 0.33 0.18 0.13 0.20 0.33 0.09 0.23
AI:z03 1.24 4.01 1.91 1.67 2.36 2.02 1.94 3.50
Cr:z03 0.22 0.30 0.18 0.14 0.09 0.25 0.04 0.04
FeO* 6.11 6.04 5.08 5.45 5.47 6.04 8.14 7.09
NiO 0.52 0.15 0.08 0.11 0.09 0.23 1.27 1.88
MnO 0.19 0.15 0.19 0.16 0.19 0.14 0.25 0.39
MgO 15.0 14.5 15.5 15.1 14.8 14.4 13.4 13.1
CaO 23.3 23.6 23.1 23.5 23.6 23.6 22.1 21.7
Na:zO 0.47 0.29 0.48 0.41 0.29 0.37 0.22 0.38
K:z O 0.01 0.01 0.02 0.03 0.02 0.01 0.02 0.01

Total 99.51 100.47 98.42 98.50 99.21 99.08 98.97 99.11

Numbers of ions on the basis of 6 oxygens

Si 1.952 1.884 1.937 1.945 1.939 1.936 1.948 1.919
Aliv 0.048 0.116 0.063 0.055 0.061 0.064 0.052 0.081
Alvi 0.006 0.058 0.021 0.018 0.042 0.025 0.034 0.074
Ti 0.004 0.009 0.005 0.003 0.005 0.009 0.002 0.006
Cr 0.006 0.009 0.005 0.004 0.002 0.007 0.001 0.001
Fe 0.190 0.186 0.159 0.171 0.170 0.189 0.257 0.223
Ni 0.015 0.004 0.002 0.003 0.002 0.006 0.038 0.057
Mn 0.005 0.005 0.006 0.005 0.005 0.004 0.007 0.012
Mg 0.836 0.798 0.864 0.844 0 .820 0.802 0.756 0.729
Ca 0.930 0.935 0.929 0.945 0.940 0.947 0.895 0.876
Na 0;033 0.021 0.034 0.029 0.020 0.027 0.016 0.027
K 0.001 0.001 0.001 0.001
Z 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
WXy 2.025 2.025 2.026 2.023 2.007 2.016 2.007 2.005
Ca 47.1 48.5 47.4 48.0 48.5 48.6 45.8 46.2
Mg + Ni 43.1 41.6 44.2 43.0 42.4 41.5 40.7 41.4

Fe + Mn 9.9 9.9 8.4 8.9 9.0 9.9 13.5 12.4

FeO
0.29 0.29 0.25 0.26 0.27 0.29 0.38 0.35

FeO+ MgO

~ xl00 22.7 23.3 18.4 20.3 20.7 23.5 33.9 30 .6
Mg

Mg
0.81 0.81 0.84 0.83 0.83 0.81 0.75 0.76

Mg + Fe

KO 0.54 0.61 0.55 0.60 0.52 0.54 0.51 0.46

* Ali Fe calculated as FeO

tionship with the FeO/(FeO -r MgO) ratio (Fig. 1). CaO con­
centration, as expected, is very low, from 0.45 to 0.62% in
orthopyroxene of the ultramafic rocks, and increasing sligh­
tly to about 0.73 - 0.84% in hornblende metagabbros.
These results are quite consistent with values quoted in the
Iiterature for orthopyroxenes of other metamorphic provin­
ces.

Clinopyroxenes from ultramafic rocks are very homo­
geneous in compositioo (Table II), an anomaly is the excep­
tionally high AI:z 03 content of sarnele 8. Clinopyroxenes

trom metaçebbros are characterized by higher FeO800 less
MgO-CaO; ao expressive feature seerns to be their relativaly
high NiO aOO Na:zO contents. These pyroxenes are therefore
diopsides (those from the ultramafics) aOO salites (the ones
from the metagabbrosl (cf. Deer et ai., 19631. AI:z03 values
are consistently higher than those found in orthopyroxenes
- as is normally the case in pairs - varying from 1.24 to
4.01%, and again unrelated to concomitant changes in FeO
and MgO (see Fig. 1).
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PETROt.OGICAL CONSIDERAT10NS

Fig. 2 Kretz coefficien·ts . fo r the Barra Velha pyroxenes. Uppe r
(K = 0.73) and lõ'wer (K o =0.54) distribu t ion curves repre ­

.i;e n~ ignéous I and . metamorphic f ields respectively (Kretz,
1963) .

0 .9

0 .7

The Kretz coefficients for the Barra Velha pyroxenes,
ranging from 0.46 to 0.61, are listed for the 8 pyroxene
pairs in Table II. Figure 2 shows how the KO figures for our
pyroxene pairs plot close to the distribution curve represen­
tating hiqh-qrade metamorphic conditions, as established by
Kretz in his original publication; the only except ion are the
figures forsarnple 28. On the other hand, Figure 3 shows a
rather poor correlation between KO and Fe/Mg ratios, a
fact that probably indicates the inportance of original rock
cornposition in the de termination of KO values .

Both the low values of the KD coefficients as well as
their rather narrow spread suggest that mafic and ultrama­
fies rock are the products of parallel geologic evolut íons;
recrystallizing f irst under conditions of the granulite facies
and being later on subjected to amphibolite facies meta­
morphism, without being however totally destroyed or
changed in their chemical characteristics during that second
evento

Several authors (Howie, 1955; Davidson, 1968; Gi­
rardi, 19 74 ) have used the crystallization trends of pyroxe­
nes in metamorphic rocks, though still little uoderstood, to

K o =0.54
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Fig. 4 Chemical composition of coexist ing cllno-end orthopyroxenes as given by the weight percent of the end-members Ca 5i03 : (Mg + Nil
5i03 : (Fe + M n) 5 i0 3. .
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Fig. 5 Crystallization trends of pyroxenes from the Skaergaard intrusion (dat a from Brown, 1957 ; Brown and Vincent, 1963) and from the
metamorphic prov inces of Madra s (Howie, 1955) , Bro ken Hill and Quairading (Davidson, 1968), Piên (Girardi , 1974), and Barra Velha .

gather petrologica.l information. A representation of pvro­
xene composition trom our Tables I and 1\ in Ca·Mg (+Nil
-Fe (+Mn) triangle shows a consistent trend that, no doubt ,
reflects a crystallization path (Fig . 4). T he Ca-rich phase
follows a trend of FeO enrichment coupled to CaO and MgO
depletion, while the coexisting Ca-poor counterpart plot
along a straight line, almost parallel to the basal En-Fs boun­
dary ; c1inopyroxenes start at about W048 En4 4Fss and 90
to about W046En4 I Fs13 - thus presenting a rather narrow
compositional range - whereas the coexisting orthopyro­
xenes stretch from around Wo I En74 FS2 5 to W02 En, 9 FS 3 9 •

Thus, the pyroxenes trom Barra Velha duplicate the
behavior already observed in pyroxenes trom the Madras
province (Howie, 1955) and trom Broken Hill and Ouaira ­
ding (Davidson, 19681. namely: a) in c1inopyroxenes, FeO
enrichment together vvith CaO-MgO diminutions; b) in
orthopyroxenes, a relatively stronger increase in FeO over
MgO, in addition to an almost constant CaO content (Fig.
5). This low concentration of the large Ca cation suggests
a long period of crystallization, enough to account for a
complete exsolution (Howie, 1955).
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