Bulletin of the Geological Survey of Japan, vol. 41(11), p. 619-626, 1990 549.74 : 550.42 : 546.26/.21 : 552.3(81)

Carbon and oxygen isotopic composition
of the carbonates from the Jacupiranga and
Catalao I carbonatite complexes, Brazil

Toshiro Morikryo*, Hideo HiraNO** and Yukihiro MATSUHISA**

MOoRIKIYO, T., HIRANO, H. and MATSUHISA, Y. (1990) Carbon and oxygen isotopic composi-
tion of the carbonates from the Jacupiranga and Catalao I carbonatite complexes, Brazil.
Bull. Geol. Surv. Japan, vol. 41(11), p. 619-626.

Abstract: Carbon and oxygen isotope compositions were measured for carbonates from the
Jacupiranga and Catalao I carbonatite complexes in Brazil. The 63C values of the Jacupiranga
carbonates are uniform, ranging from —6.4 to —5.6%;, with the average of —6.07%. Except for
one sample, the 5180 values of the carbonates are between 7.1 and 8.1%;, and the average value
is 7.6%. The isotopic compositions of the Jacupiranga carbonates represent the value of
primary igneous carbonatite. The '3C values of dolomites are about 0.5%; higher than those of
calcites.

The 613C values of carbonates from the Catalao I complex range from —6.8 to -5.2%
with the average of —5.83%. Those values are similar to the values of the Jacupiranga car-
bonates. However, oxygen isopotic compositions of the Catalao I carbonates show a wide range
of 8.4 to 22.3%. Carbonates with the lowest §'80 values in the complex are considered to repre-
sent the igneous stage. Carbonates with extremely high 6180 values of about 22% are con-
sidered to have precipitated from low-temperature hydrothermal fluids. The group of in-
termediate ¢'80 values indicates a variable degree of contamination by the §'¥0-rich hydrother-
mal carbonates. The contribution of secondary stage hydrothermal carbonates seems to be
significant in the Catalao I complex as compared with the Jacupiranga complex. The develop-
ment of a network structure in the Catalao I complex may have enhanced the circulation of the
later stage hydrothermal fluids.

chers (TAYLOR et al., 1967; CONWAY and

1. Introduction

Carbonatite is intimately associated with
alkaline rocks such as nephelinite and ijolite. In-
itial 87Sr/86Sr values of carbonatite are low and
they are similar to those of alkali basalt. It is in-
ferred that carbonatite magma is derived from
the upper mantle. Carbon isotopic ratios of car-
bonatites together with those of kimberlites and
diamonds can be utilized to estimate the isotopic
composition of deep-seated carbon.

Carbon and oxygen isotopic ratios of car-
bonatites have been reported by many resear-

* Department of Geology, Faculty of Science,
Shinshu University, Matsumoto 390, Japan.
** Mineral Resources Dept., Geological Survey of
Japan.

TAYLOR, 1969; SUWA ef al., 1969; DEINES, 1970;
DEINES and GOLD, 1973; SUWA et al., 1975).
TAYLOR et al. (1967) postulated that primary ig-
neous carbonatite has relatively limited 63C
and 6180 ranges. However, there is a slight
isotopic difference between carbonatites from
different localities (DEINES and GOLD, 1973).
Stable isotopic compositions of the Brazilian car-
bononatites have scarcely been reported. This
study aims at elucidating the carbon and oxygen
isotopic features of the Jacupiranga and Catalao
I carbonatite complexes in Brazil.

2. Geology of the Jacupiranga and Catalao
I carbonatite complexes

Jacupiranga
Jacupiranga alkaline carbonatite complex is
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located 230 km southwest of Sao Paulo and is
composed of peridotite, clinopyroxenite,
jacupirangite, ijolite, fenite, nepheline syenite
and carbonatite. It is oval shaped, and 65 km? in
area. It intruded into the Precambrian mica
schist and quartz diorite in the Early Cretaceous
piriod (1305 Ma, AMARAL, 1978). The car-
bonatites occur near the center of the complex
as two plugs, the northern and southern bodies.
The total exposure of the carbonatites is about
0.4 km2.

According to Melcher (1966), the peridotitic
body was first emplaced in the northern half of
the complex and then surrounded by a ring intru-
sion of clinopyroxenite. After that, the circular
clinopyroxenite intruded into the southern half
of the complex and differentiated into the cres-
cent—shaped ijolite body. Finally, carbonatite in-
truded as small plugs into the central part of the
southern clinopyroxenite body (MELCHER,
1966; GASPER and WYLLIE, 1983a; HIRANO et
al., 1990a).

HIRANO et al. (1990a) have classified the car-
bonatites into four rock facies as follows:

Calcite carbonatite (CC), magnetite-rich
calcite carbonatite (CCmt), apatite-rich calcite
carbonatite (CCap) and dolomite carbonatite
(DC).

Calcite carbonatite is the major facies of both
the northern and southern plugs. It consists
mainly of calcite, magnetite, apatite and
dolomite. Minor constituents are olivine,
phlogopite, pyrrhotite, chalcopyrite and
valleriite. The amount of mafic minerals are
usually less than 10%. JC-11 and —46 are from
this facies. Calcite carbonatite containing more
than 20% of modal magnetite is called
magnetite-rich calcite carbonatite in this paper.

Apatite-rich calcite carbonatite consists of
medium—grained apatite and olivine with
calcite, phlogopite and magnetite. A small
amount of dolomite is also contained. JC-18 and
—26 are from this facies.

Dolomite carbonatite occurs as small dykes in
both carbonatite plugs. It consists essentially of
dolomite with small amounts of apatite,
phlogopite, magnetite and sulfide minerals. JC-
27 and —44 are from this facies. The detailed
petrographic descriptions of each rock facies

are given in HIRANO ef al. (1990a). The
Jacupiranga samples analyzed in this study are
listed in Table 1 and their localities are shown in
Fig. 1.

Catalao 1

Catalao I carbonatite complex is located in the
southeastern part of the Goias state, and it in-
truded into the Proterozoic metamorphic rocks.
The age of the intrusion is 82.9+4.2 Ma
(Hasut and CORDANI, 1968). The complex has a
circular shape and is about 6 km in diameter.
The rocks of the complex are as follows
(HIRANO ef al., 1990b);

(1) Ultramafics and their metasomatized
rocks (ultramafics, phlogopite rock, meta-
phoscolite);

(2) Phoscolite;

(3) Carbonatite and

carbonate rocks

(dolomite carbonatite, magnesite-bearing
dolomite carbonatite, dolomitic sinter and
others).

Since the complex has been deeply

weathered, the relationship between these rock
types can only be observed in drill core samples.

The sequence of events leading to the forma-
tion of the various rock types is as follows
(HIRANO ef al., 1990b):

(1) Ultramafic rocks were crystallized from
a silicate magma. Some parts of the ultramafics
were serpentinized during the cooling of the in-
trusion.

(2) Carbonatitic magmas intruded into the
ultramafic rocks, forming the network veins and
dykes of phoscolite and dolomite carbonatite.
Metaphoscolite was also formed locally along
the conduits.

(3) Crystallization of carbonate minerals
(dolomite and magnesite) from hydrothermal

fluids. Carbonate veinlets of the hydrothermal.

stage sporadically cut the early stage igneous
members (including phoscolite and dolomite car-
bonatite).

The Catalao I samples analyzed in this study
are listed in Table 1. All the samples were taken
from a drill core, the site of which is shown in
Fig. 2. CT-36,-38, —39A, —351 and —352 are the
rocks from stage (2) mentioned above. CT—40
and —41 are representatives of stage (3).
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Fig. 1 Geologicél map (HIRANO et al., 1990a) of the Jacupiranga carbonatite complex showing the

sample localities.

3. Expei‘iments

Carbon dioxide was liberated from carbonate
by the reaction with 100% phosphoric acid at

25°C in a vacuum (MCCREA, 1950). Calcite—

dolomite mixtures were analyzed using the dou-
ble extraction technique developed by ,EPST_EIN
et al. (1964). Carbon dioxide obtained was
analyzed with a Varian Mat 250 mass spec-
troipeter at Shinshu University. For oxygen, cor-
rections' were made for isotope fractionation bet-
ween liberated carbon dioxide and original car-
bonate. Fractionation factors determined by

Sharma and Clayton (1965), (COz—cc)
=1.01025 and (COy—dol) =1.01109, were used.
The isotopic data are presented in terms of the §
notation relative to PDB for carbon, and SMOW
for oxygen. The .experimental errors are
+0.1%; for both the 13C and 180-values.

Analytical results of the reference sample
(CaCOs-1, .GSJ working standard) are
presented in Table 2. The measured values
agree well with the results by MORISHITA and
MATSUHISA (1984).
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Table 1 Petrographic descriptions of the samples studied from the Jacupiranga and Catalao I carbonatite complexes.

Jacupiranga

JC-11

Olivine-bearing

76cc, l4ap,8mt,1ol,1dol; medium

calcite carbonatite grained, eaakly banded.

JC-18 Olivine-apatite- 370l+clinohumite, 32ap,21cc,4mt,

calcite carbonatite 4po, 2dol; coarse grained.

JC~-26 Apatite-rich calcite 82cc,13dol,4ap,1lmt; coarse

carbonatite grained.

JC-27 Dolomite carbonatite 69dol,27ap,2cc,2phl; medium
grained, weakly banded.

JC-44 Dolomite carbonatite 63dol.35ap,2mt: a very small
amount of interstitial
calcite occurs.

JC-46 Calcite carbonatite 81cc, 14dol, 3mt,2sulfide; magnetite
and sulfide concentration forms
an irregular banding.

Catalao T

CT-36 Nb-bearing phoscolite 40phl,30mt,20ap,5dol,5pyc;

(277m) medium grained, dolomite occupies
the interspaces of phl-mt-ap
aggregates.

CT-38 Dolomite carbonatite 80dol,lOnorsethite,5py(fine

(115m) grained), 3ap, 1phl, 1pyc; coarse
grained.

CT-39A Dolomite carbonatite 90dol,3mt,l1phl; medium grained,

(402.5m) banded. Magnetite concentration
forms a banding.

CT-40 Magnesite-bearing Magnesite,dol; fine-grained,

dolomite carbonatite possibly hydrothermal origin.
(415m)
CT-41 Dolomitic sinter Dol,other mineals (not deter-
(Cocarde) (246.4m) mined); aphanitic colloform
texture develops.

CT-351 Metaphoscolite 80phl,clay mineral,ol(ser-

(292m) pentinized)), 10mt, 10dol;
medium grained.

CT-352 Phoscolite 80ap, 6phi,5dol,4mt, 3pyc;

(292m) medium grained.
Abbreviations: cc-calcite, dol-dolomite, mt-magnetite, ol-
olivine, ap-apatite, po-pyrrhotite, py-pyrite, phl-phlogopite,

pyc-pyrochlore. Numbers in description are volume percentages
estimated petrographically. The nomenclature of carbonatites is
after Streckeisen (1980). Numbers in parenthesis indicate the
depth of the drill core samples (name of drillhole: 47E29N).

4. Analytical results and discussion

Six carbonate samples from the Jacupiranga
complex and seven from the Catalao I complex
were isotopically analyzed. The results are
shown in Table 2 and Fig. 3.

Jacupiranga complex

The 61BC values of the Jacupiranga car-

bonates are in the range of —6.4 to —5.6% with

the average of —6.07% (6,=0.29, n=9). The
carbon isotopic compositions are very uniform.
Except for one sample (JC-44 calcite), the §180
values of the carbonates are between 7.1 and
8.1%;, and the average value is 7.6% (6,=0.35,
n=38). JC44 calcite seems to be exceptional
and its 6180 value is 2%, higher than the average
4180 value.

TAYLOR ef al. (1967) postulated that the 613C
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Fig. 2 Surface geological map of the Catalao I carbonatite complex showing the sample locality. In-
ner solid and dashed lines correspond to the outline of the complex.
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Table 2 Isotopic composition of the carbonates from the
Jacupiranga (JC-) and Catalao I (CT-) car-
bonatite complexes.

Calcite Dolomite Calcite: dolomite

Sample -

SBC 6180 93C 5}§O volume ratio
JC-11 -6.4 75 o ce>dol
JC-18 6.4 8.1 . cc>dol
JC-26 -6.2 7.3 5.8 7.1 cc>dol
JCc-27 . -59 7.7 dol’
JC-44 -5.8 9.6 -6.1 7.3 . dol>cc
JC-46 6.4 7.7 5.6 81 . cc>dol
CT-36 5.3 132 . dol
CT-38 59 84 : dol
CT-39A -5.2 104 . “.dol
CT-40 6.0 223 . dd
CT-41 6.8 21.7 -, dol
CT-351 -5.8 126 -dol - .
CT-352 -5.6 10.4 dol
CaCOs-1 253 -15.00%*

2.63 -14.97**

CaCOy-1* 259 ~15.00**

* MorisHITA and MaTsunisa (1984)
** 9180 values are given in the PDB scale.

values of primary igneous carbonatite are in the
range of —8.0 to —5.0% and the 680 values 6.0
to 8.5%. The 613C and ¢80 values .of the
Jacupiranga carbonates are remarkably umform

and the 6180 values aré the lowest among the'

carbonatites from all over the world (e. g.
DEINES and GOLD, 1973). It is noteworthy that
the isotopic data from the Jacupiranga complex
are plotted in a small area within the primary ig-
neous carbonatite field of TAYLOR et al. (1967).
They are also plotted near the base of the ‘“‘Oka
box’’ which was defined by CONWAY and
TAYLOR (1969). The Jacupiranga carbonatites
occur as discordant igneous plugs in the
clinopyroxenite as described before. The car-
bonatites are of the deep—seated plutonic type
and the total amount of erosion to reach the pre-
sent level has been estimated to be over 1500 m
(MELCHER, 1966). It seems safe to say that
there has been no effect or alteration from sur-
face weathering. Therefore, it is considered that
the isotopic compositions of the Jacupiranga car-
bonates represent the value for primary igneous
carbonatites in southern Braz11

The 6180 value of JC—44 calcite is ‘abot 2%

higher than that of the coexisting dolomite,
whereas the 0%C values are the same. The
amount of calcite in the rock is very small and
the calcites fill thé grain boundaries of coarse—
grained dolomites. Judging from the mode of oc-

- currence, the enrichment of 8180 in the calcite is

interpreted as due to precipitation from the

- magmatic fluids of a later stage probably at

lower temperature. ,
. The 6*C values of dolomite, on the whole, are

. higher than those of calcite. The average 6:3C

value of dolomite is —5.9%, whereas that of
calcite (except for JC—44 calcite) is —6.4%;. The
tendency ' is commonly recognized in car-
bonatites (DEINES, 1970), but the difference bet-
ween calcite and dolomite observed in this study

_ . (0.5% on an average) is much smaller than the
‘value described by DEINES (1970). As for a

single rock sample which contains both calcite
and dolomite,” the dolomite has higher 613C
value than the coexisting calcite, except for JC~
44, If we assume that coexisting calcite and
dolomite are isotopically in equilibrium, we can

. calculate isotopic equilibration temperatures us-

ing SHEPPARD and SCHWARCZ’s equation (1970).
The results are as follows:
JC-26: A13Cyopcc=0.4
" JC46: ABC4p1-cc=0.8 " :

T=610°C.
T=260°C.

' The' former value is consistent approximately

with equilibrium temperatures of 595-570°C
estimated by GASPAR and WYLLIE (1983b) for
coexisting ilmenite and magnetite from the reac-
tion rock between jacupirangite and intruding
carbonatite of the complex.
Catalao I complex

The 6BC values of carbonates from the
Catalao I complex range from 6.8 to —5.2%
with the average of —5.80% (0,=0.49, n=7).
Those values are almost the same as the §13C
values of the Jacupiranga carbonatite. The §180
values of the Catalao ‘I carbonates, however,
show a condiderablé range of 8.4 to 22.3%.

The oxygen isotope variation of the Catalao I
carbonates seems to correspond to their diverse
mode of occurrence. The 613C and 6180 values
of the CT-38 dolomite, which exibits an igneous
texture, are close to the compos1t10na1 range of
the J acuplranga carbonates. Therefore it is
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presumed that the CT-38 domomite represents
a primary isotopic 31gnature of the Catalao I car-
bonatites. : ’

The samples CT— 40 (magne51te “bearing
dolomite carbonatite) and CT-41 (dolomitic
sintér) occur as veinlets filling fissures of the
ultramaflcs and are mamly composed of cryp-
tocrystalhne carbonate minerals. CT-41 shows
a colloform texture. The mode of occurrence
and textural characteristics suggest that they
have precipitated from - ‘low-temperature
hydrothermal fluids - (HIRANO ‘et al., 1990b).
The 680 values of CT-40- and -41 are
remarkably high while the 63C values are not
different from the other samples from the
Catalao I complex. From'the above observa-
tions, we may deduce the followmg genetic pro-
cess for these, carbonatjtes. Meteoric water or
hydrothermal fluid which was enriched in 180
permeated into the dolomite carbonatite bodies,
and consequently, a part of the dolomite was
dissolved into the fluid. After that, the carbon in
carbon—bearing fluid re—precipitated the secon-
dary ‘dolomite along conduits at low
temperatures. The carbon isotopic ratio of the
system was buffered in the predominating
primary carbonates. Thus, veins of 180-enrich-

ed cryptocrystalline dolomlte whose 613C’

values are almost identical to the primary
dolomite carbonatite, were formed.
The carbonates of CT—36, —39A, —351 and —

352, which have intermediate values of 6180, oc- -
cur interstitially and as ‘“‘amygdulés” ‘in the -

phoscolite, and their amounts in the rocks are
small. They lie on a tie lie between the primary
igneous carbonates and the hydrothermal car-
bonates in the 613C vs. §80 diagram. The in-
crease in 180 is ascribed to a variable degree of
contamination by the 180-rich hydrothermal car-
bonates. The contribution of secondary stage
hydrothermal carbonates seems to be signifi-
cant in the Catdlao I complex as compared with
the Jacupiranga complex. The development of
network structure in the Catalao I complex may
have enhanced the circulation of the later stage
hydrothermal fluids.
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