
 
 

Extended Abstract 1 

9
th

 International Kimberlite Conference Extended Abstract No. 9IKC-A-00338, 2008 

 

Oxygen and Carbon isotopes and carbonate chemistry 

in phoscorites from the Catalão I complex - 

implications for phosphate-iron-oxide magmas 
 

P. F. O. Cordeiro
1
, J. A. Brod

1
 and R. V. Santos

1
 

1
Institute of Geosciences, University of Brasília, Brazil 

 

 

 

 

 
Phoscorites are rocks dominated by apatite, magnetite 

and a magnesian silicate. In the Late-Cretaceous Alto 

Paranaíba Igneous Province (APIP), central Brazil, 

such rocks are particularly abundant in the carbonatite 

complexes of Catalão and Araxá (Brod et al. 2004). 

 

The Catalão I complex intrudes Late-Proterozoic 

schists and quartzites of the Brasília Belt, which are 

fenitized and deformed into a dome structure. 

Phoscorites and associated dolomite carbonatites (DC) 

occur as small, steeply dipping intrusions and 

stockworks of thin dikes with sharp contacts. DC also 

occur as globules and irregular pockets in phoscorite. 

Both are hosted in metassomatic phlogopitite, the 

dominant rock-type in the complex. 

 

 
 

Fig. 1 Catalão I complex (after Ribeiro, 2008) 

 

Petrography 

Phoscorite-series rocks from Catalão I are divided into 

early-stage olivine phoscorite (P1), and late-stage 

phlogopite phoscorite (P2 and P3). 

 

 
 

Fig. 2 Modal composition of studied rocks. 

 

Olivine phoscorite, P1, occurs as dikes and small 

intrusions with coarse- to medium-grained olivine and 

apatite and medium- to fine-grained magnetite and 

phlogopite. They are metasomatised to a variable 

degree, with transformation of olivine into phlogopite. 

 

Phlogopite phoscorites, P2 and P3 are the equivalent of 

nelsonites in the Yiegorov (1993) classification. They 

form stockworks of medium- to fine-grained dikes, 

typically lack olivine and are composed mainly of 

tetra-ferriphlogopite, apatite, magnetite, and dolomite, 

with accessory barite and norsethite. Pyrochlore hosted 

in these rocks forms the primary Nb mineralization of 

Catalão I. Carbonates occur both in the groundmass  

and as irregularly shaped pockets within the phoscorite. 

The carbonate pockets usually contain inward-growing 

crystals of ilmenite, apatite, and tetra-ferriphlogopite 

forming a radiate texture.  

 

 
 

Fig. 3 Phlogopite-phoscorite (P3) with DC pocket.  
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Dolomite carbonatite dikes with the same composition 

as the carbonate globules are interpreted as melts 

extracted from the phoscorites. 

 

Previous studies argued that phoscorites evolve by 

assimilation-fractional crystallization and addressed 

whether phoscorite series derived from a carbonatite-

silicate parental magma or was generated by an 

independent primary magma (Krasnova et al. 2004), 

concluding that they represent mantle-derived magmas  

occurring in close spatial and temporal association with  

carbonatites. 

 

Dolomite chemistry 

 

Dolomite crystals are coarse- to medium-grained 

and may show a “clear” or “cloudy” aspect in thin 

section. In hand specimens, cloudy dolomites are white 

and brittle, whereas clear carbonates are gray and fresh. 

Cloudy dolomite has less than 1.4 wt.% SrO and clear 

crystals range from 1.78 to 4.76 wt.%  SrO. 

 

 
Fig. 4 Dolomite compositions from Catalão I 

phoscorites.  

 

Cloudy dolomites result from variable degrees of 

weathering and metassomatism. Their cloudy aspect is 

due to exsolution of strontianite and opaques during 

subsolidus recrystallization. Clear crystals represent 

preserved primary carbonates and have high SrO 

content. 

 

Carbon and Oxygen Isotopes 

 

The isotopic composition and factors that control it in 

carbonatites are well known (Deines, 1989). Primary 

carbonatites have δ
13

CPDB between -4‰ and -8‰, and 

δ
18

OSMOW between +6‰ and 10‰ (Taylor et al., 1967). 

The isotopic composition may be affected by processes 

such as degassing and AFC, and by post-magmatic 

alteration. Country-rock assimilation is often invoked 

to explain anomalous values of C and O isotopes (e.g. 

Santos and Clayton 1995). Fluid-rock interaction may 

also affect the isotopic values at high and low 

temperature (Deines 1989; Santos and Clayton 1995). 

 

In contrast, isotopic data on the carbonatite-phoscorite 

association are scarce and restricted to a few 

complexes. Available data include C-O isotope studies 

of Sokli, Turiy Mys, Vuoriyarvi, and Kovdor 

complexes from the Kola Alkaline Province (Demeny 

et al., 2004). In the case of Sokli, the authors argued 

that the data support the liquid immiscibility model 

between carbonatite and phoscorite liquids proposed by 

Lapin (1982). Carbon and oxygen isotopes from Sokli 

fit well along the carbonatite trend, suggesting that not 

only phoscorites and carbonatites have the same 

source, but evolved along similar paths. On the other 

hand, Dunworth and Bell (2001) concluded on the 

basis of isotopic data. For Demeny et al. (2004) there is 

no uniform stable isotope model for the phoscorite-

carbonatite association. 

 

Isotopic composition of the Catalão I phoscorites and 

associated dolomite carbonatite pockets and dikes vary 

by ca. 15‰ in δ
18

OSMOW and ca. 4‰ in δ
13

CPDB.  

 

 
 

Fig. 5 Isotopic data for Catalão I carbonates. Black = 

dolomite-carbonatite (DC) pockets in P3; gray = DC 

pockets in P2; squares = carbonatites; crosses = veins 

 

Group 1 in Fig. 6 is composed of carbonates with 

carbonatite-like carbon isotopic values, and oxygen 

values slightly higher than those expected for mantle-

derived rocks. It is possible that the high oxygen 

isotope values in this group are related to magmatic 

process such as liquid immiscibility or crystal 

fractionation. Under these circumstances the oxygen 

isotopic composition of the carbonate would be related 

to the isotopic fractionation between carbonates and 

other minerals, as well as to the temperature and the 

isotopic composition of the initial melt. 

 

Group 2 is represented by metassomatic carbonates that 

occur in veinlets and are associated with altered 

minerals and fractures. 

 

Group 3 has higher δ
18

O and δ
13

C values than expected 

for mantle derived carbonates. A shift toward higher 

values in both δ
18

O and δ
13

C could be explained by 

assimilation of crustal components or interaction with 

meteoric fluids. However, given the location of these 
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rocks near the center of the complex, little country-rock 

assimilation would be expected, at least at the 

emplacement level. 

 

 
 

Fig. 6 Oxygen and carbon isotopes of different types of 

carbonate from Catalão I. Samples were grouped 

according the isotopic behavior.  

 

Group 4 presents high δ
18

O values, but carbonatite-like 

δ
13

C values. These rocks probably interacted with 

water-rich fluids, thus selectively affecting the oxygen 

isotopes. 

 

Group 5 samples have high oxygen isotopic values but 

carbon isotopic values lower than that expected for 

primary carbonatites. A possible alternative to explain 

this combined signature in carbonatite environment is 

degassing of CO2 from the carbonate melt. This may 

occur during decompression and may be accompanied 

by crystallization/precipitation of calcite. A similar 

process was discussed by Zheng (1990), who argued 

that a degassing processes where calcite is in 

equilibrium with HCO3
-
, may lead to formation of 

carbonate with progressively negative carbon isotope 

values. We argue this process may also occur when 

carbonatite magma is submitted to decompression, thus 

explaining the negative trend observed in Group 5 

samples. Further investigation of this trend is currently 

in progress. 
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