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ABSTRACT
The Arax& complex (16 kR) comprises carbonatites forming a central core and a complex network of
concentric and radial dykes as well as small veins; additionally, it includes mica-rich rocks, phoscorites and
lamprophyres. Fenites also occur and are represented by Proterozoic quartzites and schists of the Araxa
Group.
The petrographic study of 130 borehole samples indicates that the complex is basically made up by two
rock-types, carbonatites and mica-rich rocks, and subordinately by a third unit of hybrid composition.
Carbonatites range chemically in composition, the most abundant type being magnesiocarbonatites. Dolomite
and calcite correspond to the chief constituents, but other carbonate phases, including the Ce-group RE
minerals, are also recognized. Phosphates and oxides are widespread accessories whereas silicate minerals
consist of olivine, clinopyroxene, mica and amphibole.
Mica-rich rocks are represented by abundant glimmeritic rocks and scarce cumulitic phlogopite-, olivine- and
diopside-bearing pyroxenites. Hybrid rocks mainly contain phlogopite and tetraferriphlogopite as cumulus
and intercumulus phases, respectively; carbonate minerals may also be found.
Chemical data indicate that the carbonatites are strongly enriched in REE and have lower contents of Nb, Zr,
V, Cr, Ni and Rb compared to the mica-rich rocks. The higher K, Nb and Zr contents of the latter rocks are
believed to be related to metasomatic processes (glimmeritization) of the pyroxenites.
Similar REE patterns for carbonatites and mica-rich rocks seem to suggest that they are related to a single
parental magma, possibly of ijolitic composition. Steep LREE/HREE fractionation andRiFE content
of some carbonatite samples would be explained by hydrothermal and supergenic processes.

Key words: alkaline rocks, carbonatites, geochemistry.
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2 GIANBOSCO TRAVERSA et alii

tary Parand Basin and mainly distributed alongradial dykes quite variable in dimension and also
its margins. They vary considerably in age (aboutsmall veins ranging from few milimeters to several
130 to 50 Ma, cf. Ulbrich & Gomes 1981) and centimeters in thickness are present intruding either
composition, and have been assembled into distincalkaline or country-rocks. Additional lithologies
geographic provinces, such as the Alto Paranaibanclude mica-rich rocks, phoscorites and lampro-
Igneous Province (APIP), representing one of theiphyres. The complex has been emplaced into Pro-
mostimportant ones, particularly due to the presencéerozoic quartzites and schists of the Araxa Group
of economical deposits bearing niobium, phosphateand developed concentric and radial fractures and a
titanium and rare earth elements. very conspicuous dome structure within the coun-
The Alto Paranaiba Province, which includestry rocks. Also associated to these rocks (specially
the renowned carbonatite intrusion of Araxa cover-the quartzites) is the presence of up to 2.5 km wide
ing approximately 16 ki is in general related to contact aureole exhibiting clear textural, mineralog-
a NW-trending linear structure bordering the S&oical and chemical evidence of fenitization processes
Francisco cratonic area (Fig. 1), which is thought to(Issa Filho et al. 1984).
be in evidence since late Precambriantimes. Itcom-  Radiometric ages on Araxa alkaline rocks were
prises alarge number of occurrences showing a wideompiled for the first time by Ulbrich and Gomes
variety of igneous forms and magmatypes. The em{1981) and later on by Sonoki and Garda (1988),
placement of these numerous Mesozoic intrusiong&somes et al. (1990) and Morbidelli et al. (1995),
fits a narrow Proterozoic mobile belt of the Brasil- with the whole data indicating an age span of 77-98
iano Cycle (700-450 Ma, cf. Almeida et al. 1973), Ma. Also recently, Gibson et al. (1995) have dis-
extending some 1500 km in central Brazil and alsocussed the age of magmatism in the Alto Paranaiba
referred to as the Brasilia folded belt. As pointed byProvince using values (old and new ones) obtained
geological and geophysical evidence (Hasui et alby different methods (K/Ar, Ar/Ar, U/Pb) on rocks
1975, Almeida et al. 1980, Pires 1986), the wholeand mineral separates from several occurrences,
area corresponds to a well-defined regional high, théaere included the Araxa complex. They concluded
Alto Paranaiba arch, about 100 km wide and 300 knthat the alkaline magmatic activity in the area had
long. occurred over a narrow time interval between 80 and
This paper aims to discuss the petrography an®0 Ma, the preferred age being 85 Ma. On the basis
geochemistry of the Araxa carbonatites and mica-of a K/Ar determination on biotite, Hasui and Cor-
rich rocks on the basis of data taken from drill-coredani (1968) recommended an age of 89 Ma for the
samples. Considering the poor geology of the areadraxa complex.
with the extensive and deep weathering forming lat-
eritic soil mantles averaging 80 mthick and reaching ~ SAMPLING AND ANALYTICAL PROCEDURES
230 m in many places, the now available data repthe jnvestigated samples came mainly from drill-
resent a very important source of information thatcqgres, which were taken as part of a geochemical
will certainly contribute to the better knowledge of exploration program conducted by the Arafértil S/A
these rocks. mining company; its location is indicated in the sim-
plified geological map of Fig. 2 (after Grossi-Sad
& Torres 1976, in Issa Filho et al. 1984). Surface
Previously reported in literature as Barreiro, it con-samples (BAR 1-9) were collected at the northern
sists of a circular intrusion, 4.5 km in diameter, with part of the intrusion. In spite of covering a small
the central part mainly formed by a carbonatite pre-area of the whole complex, the available samples
dominantly beforsitic in composition (Fig. 2). A are believed to be representative by showing car-
complex network of carbonatite as concentric andbonatites and mica-rich rocks, the most significant

THE ARAXA COMPLEX
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Fig. 1 —Alkaline and alkaline-carbonatite occurrences of southern Brazil (after Ulbrich &
Gomes 1981 simplified). The Araxa complex is also indicated.

Araxa lithological types. tario, Canada. Additional analytical procedures in-
More than 130 samples from 28 different bore- cluded the determination of MgO by atomic absorp-
holes have been investigated in detail. The analytition, FeO by titration, L.O.I. by gravimetry and GO
cal program comprised X-ray diffractometric stud- by gaschromatography. Precision and accuracy for
ies and X-ray fluorescence (XRF) analyses for matrace elements were better than 10%.
jor and trace elements. A representative number of  Mineral analyses have been carried out using
samples was selected for REE determinations usa Philips 515 scanning electron microscopy fitted
ing the inductive coupled plasma technique (ICP-with an energy dispersion system (EDAX PV 9000).
MS) at Activation Laboratories LTD Ancaster, On- Information on topographic features were provided
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74 GIANBOSCO TRAVERSA et alii

GEOLOGICAL MAP OF THE BARREIRO COMPLEX
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Fig. 2 — Schematic interpretation of the Araxa carbonatite geology (after Issa Filho et al. 1984) (A) and
surface geological map (after Grossi-Sad & Torres 1976 simplified) (B). Also shown is the bore-holes
area.

by backscattered and secondary electron imagegt al. 1964, for calcite, dolomite, ankerite, siderite
Quantitative data have been corrected for ZAF fac-and magnesite; Speer & Hensley-Dunn 1976, for
tors (EDAX PV SUPQ). strontianite; Platt & Woolley 1990, for burbankite;
Chemical data for carbonates have been recalKasputin 1980, for ancylite and breunnerite). For
culated using C@mean values from literature (Deer additional minerals (Tables Ill to V), analyses were
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recalculated to 100%. most absent, whereas apatite is commonly found.
Accessory minerals consist of monazite, ilmenite,
PETROGRAPHY pyrite, chalcopyrite, sphalerite, galena and cobaltite

The Araxa complex is mainly represented by car-(?)-

bonatites and mica-rich rocks; a hybrid rock-type The Araxa carbonatitic rocks, which are brec-

(MC), basically consisting of silicate and carbon- ciated, fine to coarse-grained, dark-colored, and
ate material, is also recognized. On the basis of th&trongly enriched in phlogopite and/or apatite and
Woolley (1982) chemical classification, the carbon-Well developed magnetite crystals have been re-
atites can be placed into three groups: calciocarférred to as phoscorites by Issa Filho et al. (1984).

bonatites (CaC), magnesiocarbonatites (MgC) and In many Brazilian complexes, carbonatites are
ferrocarbonatites (FeC). closely associated with an ultramafic plutonic as-

Calciocarbonatites are texturally equigranular,S€Mblage, having pyroxenites (sometimes jacupi-
hypidiomorphic to allotriomorphic and have grain rangites), dunites, peridotites and glimmerites as im-
size averaging 1-5 mm. Calcite and dolomite, Portant rock-types. There, glimmerites have been
present in variable amounts, make up the principainterpreted as the result of the phlogopitization of
carbonate minerals, whereas ankerite, siderite, bu,ultrabasic rocks due to the action of carbonatitic lig-
bankite and ancylite are less frequent; strontianiteé/ids (Morbidelli et al. 1986, Gomes et al. 1990).
and carbocernaite occur rarely. Other constituents ~ Mineralogical studies on the Araxa mica-tich
are phlogopite, apatite, magnetite and arfvedsonitd0cks allow to distinguish the presence of two mica-
Monazite, ilmenite, spinel, pyrochlore, rutile, zir- generations. The first phase has primary origin and
con and ore minerals (pyrite and chalcopyrite) ardS represented by large (average 1-5 mm in size),
found as accessories; barite, quartz and celadonitrown, idiomorphic zoned crystals, showing com-
constitute the principal secondary phases. positional variation from the core (phlogopite) to

Magnesiocarbonatites, the most abundant carthe rims (tetraferriphlogopite). The second phase
bonatite type, are equigranular, fine-grained andS Made up of minute brown crystals as small ag-
chiefly allotriomorphic in texture. Carbonate phasesdrégates. They present homogeneous composition
consist mainly of dolomite with calcite being rec- (tétraferriphlogopite) and are formed after the re-
ognized in a few samples. Additional carbonategPlacement of former clinopyroxene and olivine crys-
only scarcely identified are strontianite, ankerite,tals- Mineral relicts are still present, indicating a
burbankite, ancylite, siderite and magnesite. phiclear secondary origin for the mica.
ogopite, sometimes reaching large quantities, ap- In an attempt to better describe the mica-rich
atite and magnetite are also present. As accessori€8cks, they are here subdivided into two groups,
are found pyrochlore, rutile, monazite, baritocalcite, Mica-bearing  rocks with olivine-clinopyroxene
huanghoite, tainiolite and norsethite. SecondanyPSeudomorphs (G) and mica-olivine pyroxenites
phases include barite, quartz and celadonite. (MOP).

Ferrocarbonatites are clearly subordinate tothe ~ 1hefirstgroupis basically constituted by glim-
previous types. They show similarities in texture, meritic rocks. As a result of late metasomatic pro-
except for the presence in a few samples of larg&€eSSes, they are quite variable in texture and com-
magnetite grains and celadonite-phlogopite aggrePOsition. Texture changes from granular to por-
gates pseudomorphically formed after olivine andPhyritic, owing to either the presence of large phl-
pyroxene crystals thereby giving the rocks a por_ogopite grains or aggregates of tetraferriphlogopite
phyritic character. Dolomite is the major carbonate(9lomerocrysts) originated after the substitution of
phase, while strontianite, siderite, burbankite ancP!ivine and clinopyroxene crystals. It can also be
ankerite occur in minor amounts. Phlogopite is al-cumulitic, as mainly indicated by the concentration
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76 GIANBOSCO TRAVERSA et alii

of aggregates frequently exhibiting layering struc-lus phases comprise basically phlogopite; olivine
tures. Cumulus minerals have mica (phlogopite andaind clinopyroxene, commonly transformed into
tetraferriphlogopite at the periphery of grains) as theminute aggregates of tetraferriphlogopite and
most abundant phase, olivine and clinopyroxene beeeladonite, are rare. Large crystals of phlogopite
ing only found as relict crystals in association with display clear evidence of reabsorption with replen-
micaceous material, which includes celadonite, carishment by intercumulus material (tetraferriphlogo-
bonates and amphibole (antophyllite, arvfedsonite)pite). Newly formed grains are perfectly idiomor-
subordinately, apatite and magnetite are alsghic and also poikilitic in texture with inclusions
present. Primary intercumulus minerals are poorlyof apatite, perovskite and magnetite. The intercu-
defined considering the phlogopitization processesnulus minerals are composed by small crystals of
and the pronounced secondary carbonatization gbhlogopite and carbonates (calcite and dolomite).
aggregates. In addition to the many types of carHowever, the main carbonatic phase in these rocks
bonates (dolomite, ankerite, magnesite, strontianiteis indicated by the presence of a network of minute
breunnerite, ancylite and siderite as minute granulaveins filled in with carbonates (dolomite, ankerite
aggregates), these rocks contain opaques (ilmenitand rare siderite) and also by many of the accessory
chromite, pyrite, chalcopyrite, sphalerite and mil- minerals previously described in the carbonatites.
lerite), monazite, pyrochlore, zirconolite and calzir-
tite as accessory phases.

The second group is made up by pyroxenitic
rocks showing no evidence of phlogopitization. CARBONATES

Texture is characteristically cumulitic with clinopy- Representative analyses of carbonate minerals from
roxene crystals, peripherically altered to an amphine two principal Arax4 lithological groups (carbon-
bole of arvfedsonitic composition as the principal atites and mica-rich rocks) are listed in Table | and
cumulus phase; phlogopite and olivine are less abung gata plotted in Fig. 3. Graphs point to the sim-
dant. Perovskite, magnetite, apatite and titaniferﬂarity in composition for both groups, where the
Ous garnet in minor amounts are also recognizedmain differences dealing with the higher dispersion
Layering can be present as promptly evidenced by asented by the dolomite (Mg/Ee4) and ankerite
monomineralic concentrations of apatite. Grain 5ize(Mg/Fe< 4) analyses. The greater Mg-Fe composi-
of cumulus minerals is quite variable leading to teX-ional variation is also put in evidence by the pres-
tural changes from equi- to inequigranular (por-ence of magnesite and breunnerite, in addition to
phyritic), as suggested by large crystals of phlogojgerite in mica-bearing rocks. On the other hand,
pite surrounded by tetraferriphlogopite at its mar-gnly iron-enriched (FeO/Mg® 50%) phases were
gins. The intercumulus assemblage consists mainlygticed in carbonatites.
of small grains of clinopyroxene and tetraferriphl- Calcites show homogeneous and limited com-
ogopite. Carbonates (calcite, dolomite, a”kemeposition and are, in general, low in MgO and FeO.
siderite and burbankite) are widespread and anthorpe sr0 content is higher than 1%, whereas MnO is
phyllite (sometimes talc) and celadonite represenpactically absent. Dolomites display a wider com-
typical alteration products of olivine and clinopyrox- positional field, ranging from pure end-members to
ene, respectively. As accessories are found ilmenitemore iron-enriched compositions, the latter grading
rutile, chalcopyrite, calzirtite and zirconolite. to ankerite types. The MnO and SrO proportions
The hybrid rocks show a "biotititic nature” and gre consistently low. Ankerites also show regular
are characteristically orthocumulitic, with the tex- contents for those minor elements. As illustrated in
ture grading from equi- to inequigranular as a resultgijg 38, the MgO/FeO ratio in siderites is variable,
of the size increasing of phlogopite crystals. Cumu-the higher values are found in calciocarbonatites.

MINERAL CHEMISTRY
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TABLE |

Representative carbonate analyses of Araxa rocks. Abbreviations for mineral names. Cc, calcite;
Do,dolomite; Ak, ankerite; Sd, siderite; Ms, magnesite; Sr, strontianite; Br, breunnerite. For rock names:
CaC, calciocarbonatites, MgC, magnesiocar bonatites, FeC, ferrocarbonatites; G, glimmerites, MOP, mica-
olivine pyroxenites, MC, hybrid rocks.

CcCaC CcFeC CcG CcMOP DoCaC DoMgC DoFeC DoG DoMOP DoMC
FeO 0.7 1.8 3 25 2 0.6 21
MnO 0.3 0.5 0.4 0.5 0.8 0.6
MgO 0.3 0.2 1.2 19.5 19 18.8 18.5 19.9 16.9
CaO 55.2 54.6 53.5 55.1 313 29.7 313 31.7 31.6 32.7
SrO 1 1.7 11 1.3 0.6 1.3 0.5 0.8 0.6 12
CO, 435 435 435 435 46.5 46.5 46.5 46.5 46.5 46.5
AkCaC AkMgC AkFeC AKG AKMOP  SdCaC SdMgC SdFeC SdG
FeO 11.9 7.7 11 10.6 7.6 49.8 30.6 40.3 41.3
MnO 0.9 1.3 15 11 18 0.9 3.1 1.9 2
MgO 13.5 16.7 12.6 11.5 13.4 10.8 27.3 19.3 17.4
CaO 29.3 29.5 30.3 321 322 0.2 0.4 0.2 1
SrO 0.1 0.5 0.3 0.4 0.7 0.3
CO, 44.3 44.3 44.3 44.3 44.3 38.3 38.3 38.3 38.3
SdMOP SdMC MsG SrCaC  SrMgC SrFeC SrG  SrMC BrG
FeO 375 35.3 4 0.2 24.3
MnO 0.6 3.3 0.9 0.3
MgO 22.6 22.6 42.3 34.2
CaO 1 0.6 14 6.5 35 5.6 2 21 0.5
BaO 1 6.4 15 4.8 9.3
SrO 61.3 59.1 61.9 62.4 57.6
CO, 38.3 38.3 51.4 31 31 31 31 31 40.6

Excluded strontianites (concentrations going up tois REE-poor in calcio- and ferrocarbonatites and
11.9% and 9.3% in samples from mica carbonatitestrongly enriched of these elements in magnesio-
and ferrocarbonatite groups, respectively), the BaQarbonatites and mica-olivine pyroxenites. In the

content is low or even unexistent. first case, the REE-group is only represented by
Ce, whereas in the second one La and Nd are also
REE CARBONATES present. Aninverse correlation is evidenced by SrO,

_ _ ~whose concentration reaches higher values (27-
Here are included primary and secondary miner-3yo4) in the first rock-types. Additional differences
als in origin, that occur either as isolated grains, o shown by BaO and N@. BaO tends to be more

or small aggregates consisting mainly of minute,;oncentrated (9.5-12.7%) in samples belonging to
needle-shape crystals. Chemical data reported ifhe second group. On the other hand, in spite of
Table 1l make possible the characterization of sev

eral phases.. _ _ in calcio and ferrocarbonatites. The mineral may
Burbankite, a primary mineral frequently e tong altered into small aggregates of minute

found as minor inclusions in calcites and dolomi- ¢ ystals ofcarbocernaite. Chemical analysis of this
tes, shows significant compositional variations. It

Jts irregular behaviour, the N® content increases

An. Acad. Bras. Ci., (2001)73 (1)
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CaO

MgO PR * FeO*

BaO SrO BaO SrO

Fig. 3 —A) - CaO-MgO-FeO* (FeO* = FeO+MnO) diagram (wt%) of carbonates from Araxa carbonatites.
Symbols: full square, CcCaC; empty square, CcFeC; full circle, DoCacC; half full circle, DoMgC; empty circle,
DoFeC; full triangle, AkCaC; half full triangle, AkMgC; empty triangle, AkFeC; full diamond, SdCaC; barred
empty diamond, SdMgC; empty diamond, SdFeC. For rock and mineral abbreviations see Table I. B) - CaO-
MgO-FeO* (FeO* = FeO+MnO) diagram (wt%) of carbonates from Araxa mica-rich rocks. Symbols: empty
square, CcG; full square, CcMOP; empty circle, DoG; half full circle, DOMOP; full circle, DOMC; empty triangle,
AKG; half full triangle, AKMOP; empty diamond, SdG; half full diamond, SAMOP; full diamond, SAMC; inverse
empty triangle, MgG; barred inverse empty triangle, BrG. C) - CaO-BaO-SrO diagram (wt%) of carbonates from
Araxda carbonatites. Symbols: as in A except for full ovoid, SrCaC; barred empty circle, SrMgC; empty ovoid,
SrFeC. D) - Ca0O-BaO-SrO diagram (wt%) of carbonates from Araxa mica-rich rocks. Symbols: as in B except
for empty ovoid, SrG; full ovoid, SrMC.

phase (Table Il) shows similarities relative to the dataspectively.

presented by the burbankite associated to calcio-and  Ancylite as minute crystals is commonly found

ferrocarbonatites. The main difference is the higheiin association with strontianite. Chemical data (Ta-

carbocernaite content of REE, which is compensatedble 1) point to a higher REE concentration for the

by its sodium deficiency. mineral of magnesiocarbonatites and glimmeritic
Burbankite analyses reported in literature rocks in comparison to calciocarbonatites. Differ-

(Khomyakov 1995) differ, in general, in respect to ences regard mainly the k@; and NgO; distribu-

the Araxa minerals, by their higher pa, CeOs;  tion. The Sr content is high in both cases.

and La0O3 and lower CaO and SrO contents, re- Huanghoite, baritocalcite and norsethite are

An. Acad. Bras. Ci., (2001)73 (1)



ARAXA CARBONATITES AND MICA-RICH ROCKS 79

TABLEII

Representative REE carbonate analyses (burbankite, 1-8; ancylite, 9-15; carbocernaite, 16;
huanghoite, 17; baritocalcite, 18-19; norsethite, 20) of Araxa rocks. For rock abbreviations see

Tablel.
1 2 3 4 5 6 7 8 9 10
CaC CaC CaC CaC MgC MgC FeC MOP CaC CaC
BY7A BY7B BU2A BU2B BB2A BB2B BAR9D BACl1 BC7A BC7B
Lay03 7.8 8.3 3.8 11 14.5
Ce03 5.3 3 3 11.5 11.4 14 10.4 314 32.8
Nd,O3 0.9 2 2.4 9.9 9.6
TiO2 25
FeO 2.9
CaO 16.7 16.4 22.4 19.3 11.1 11.7 21 8.1 1 0.8
SrO 294 311 27.2 31 17 17.6 26.8 22.3 22.8 21.4
BaO 6.2 7 6.8 9.5 9.9 7.3 12.7
NapO 10.5 10.8 4.9 4.3 7.1 4.1 8 4.4
K20 0.1 0.5 0.5 0.5
CO, 35.5 355 355 35.5 355 35.5 35.5 355 21 21
11 12 13 14 15 16 17 18 19 20
MgC MgC MgC G MC CaC MgC MgC MgC MgC
BO2BA BO2BB BR1 BR3 BL9 BU1 BR4 BR1A BRI1B BR4
Lay03 254 17.3 23.9 20 24 24
Ce0s3 315 32.7 334 331 32.8 8.4 15.7
Nd>O3 1.8 6.6 4.2 3.7 2.6 10.6
FeO 2.7 22
MgO 15.2
CaO 0.4 0.4 0.9 11 23.2 2.9 15.2 13
SrO 20 221 16.6 18.4 19.6 254 7.7 9.3 14.4
BaO 6.6 43.1 45 42.1 52.7
NaO
K20
CO; 21 21 21 21 21 34 20 30.5 30.5 30

Ba-rich (> 40%) phases (Table Il) of secondary ori- phosphate mineral in Araxa rocks. In general, it
gin, rare occurrence and only identified in magnesioimakes up idiomorphic and prismatic crystals that
carbonatites. The first mineral contains a significanccur either isolatedly or forming unimineralic con-
amount of REE, whereas the second one consists afentrations. As cumulus phase, the mineral is
a Ca-Ba carbonate, also Sr-bearing. Data from litimainly found associated with carbonatites, but also
erature (Kasputin 1980) show SrO values normallywith mica-rich rocks. Chemical composition is reg-
lower than 2%. Norsethite is essentially an Mg-Baular, with large amounts off®s and CaO. As arule,

carbonate with low FeO content. the SrO content remains in the range of 3-5%, but
can go up to 10% in some cases forming Sr-enriched
PHOSPHATES apatites. Secondary phosphates are widespread and

Apatite is by far the most common and important chiefly represented by Al-bearing phases.
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Monazte is the principal REE-phosphate pre- Thus, during crystallization processes the available
sent in the investigated rocks. Selected analyses irAl would be principally destinated to the mica for-
dicate CeO3 as the most abundant RE element, withmation.
the concentration going up to 37% in glimmerites;
that particular sample shows higher SrO and BaO
values and also contains 4.8% ThODespite the 2. Micas

non-uniform composition of monazite, no system-jicas are a very important mineral constituent, be-
atic variation is indicated for the two lithological ing represented byhlogopite andtetraferriphlogo-

groups. pite, the latter an intercumulus primary phase, but
mainly found as small aggregates of secondary ori-
SILICATES gin, andceladonite as the most common alteration

Except for nenadkevichite, chemical data on silicatgProduct. Chemical analyses are plotted on the con-
minerals are not listed in tables and only the micasventional Al-Mg-Fé" diagram (Figs. 4A, B). In
plotted on the available graphs. general, early phlogopite, a high A); and low
FeO phase, can be found grading progressively into
tetraferriphlogopite as a result of Al-deficiency dur-
ing the magmatic crystallization, which is in turn
Fresh olivines are essentially restricted to the micacompensated by the Feentry occupying tetrahe-
olivine pyroxenites. Composition is homogeneousdral sites in the mineral structure. Figs. 4C, D,
lying within a narrow interval, Fgy.go. CaO stands relating Si against AY, put in evidence such de-
normally below 1%. The mineral can be found ei- ficiency. This particular feature has also been ob-
ther altered into anthophyllite in pyroxenitic rocks served in other Brazilian alkaline-carbonatite occur-
or phlogopite-celadonite aggregates in glimmeriticrences, as emphasized by Morbidelli et al. (1995,
rocks. 1997). Those chemical variations are followed by
Clinopyroxenes also have uniform composi- optical changes in the mineral as indicated by the
tion, with the data plotting on the diopside field. inverse pleochroism normally exhibited by tetrafer-
The FeO content is low and FeOM®; partitioning  riphlogopite. Chemical data also draw the atten-
follows to Papike et al. (1974). Other analyzed ele-tion to the transformation of phlogopite into tetrafer-
ments, such as TiDand AbOs, show values lower riphlogopite, the latter phase mainly occupying the
than 1.3% and 1.8%, respectively. periphery of grains and/or being concentrated along
The amphiboles are secondary minerals mainlythe cleavage planes. No significant differences in
represented by two distinctive and character-mica composition have been detected for the two
istic types,magnesioarfvedsonite and antophyllite  lithological groups.
(Leake et al. 1997). The first phase is a common In Araxa rocks celadonite, commonly form-
mineral to carbonatites and glimmeritic rocks, beinging minute grains, is found associated to tetrafer-
acicular in shape and clearly derived from clinopy- riphlogopite and ankerite as an alteration product of
roxene crystals. Chemical composition indicatesprimary mafic minerals or even filling late veins,
a large variation in FeO (1.1-17.3%), MgO (14.4- particularly those of ferrocarbonatites. The min-
25.9%) and NgO (3.4-6.2%) contents. The min- eral presents variable FeO/MgO ratio and is highly
eral also bears high CaO ang® amounts. On potassicinrespectto the data givenin literature. Ap-
the other hand, anthophyllite is basically a ferro-parently, two types can be distinguished on the basis
magnesian phase with small contributions of CaOof SiO, and MgO contents, but the available data are
(< 1.8%) and kO (< 1.9%). Itshould be noted that still insufficient to draw conclusions.
the amphiboles in Araxa rocks are Al-poor phases. A rare Li-bearing phase has been identified as

1. Olivines, clinopyroxenes and amphiboles
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Al

Siderophilite

Phlogopite /% : \

Siderophilite

Eastonite,
Phlogopite \

Annite

Annite

Mg e2+ Mg Fex+
25 110Y
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Fig. 4 — A) - Composition of phlogopites and tetraferriphlogopites from Araxa carbonatites plotted on
the conventional Al-Mg-F& diagram. Symbols: empty square, CaC, core; half full square, CaC, rim;
full square, CaC, ps; empty circle, MgC, core; left, half full circle, MgC, rim; empty ovoid, FeC, core;
right, half full circle, FeC, rim; full circle, FeC, ps. Ps, pseudomorphs. B) - Composition of phlogopites and
tetraferriphlogopites from Araxa mica-rich rocks plotted on the conventional Al-Mg-fiagram. Symbols:
empty diamond, G, core; half full diamond, G, rim; full diamond, G, ps; empty triangle, MOP, core; half full
triangle, MOP, rim; barred empty square, MC, core; transverse half full square, MC, rim; half full square,
MC, ps. C) - Composition of phlogopites and tetraferriphlogopites from Araxa carbonatites plotted on the
AlV_Sj diagram. Symbols as in A. D) - Composition of phlogopites and tetraferriphlogopites from Araxa
mica-rich rocks plotted on the Xi-Si diagram. Symbols as in B.

accessory forming aggregates of acicular crystal8. Garnet

in only two samples of magnesiocarbonatites. Itis_ . . .
This mineral has been described as an accessory

thought to belong to the lepidolite group as indicated ) . L . .
phase in some mica-olivine pyroxenites, where it

by preliminary studies (Table 11). A chemically sim- . ) .
occurs associated to perovskite and opaque grains.

ilar mineral is referred to aminiolite in literature i ] : . . ) .
It is basically a Ti-bearing andradite, with Ti@l-

and was described for the first time in 1938 in the ¢ tant (10-11% dref dt lanit
alkaline district of Magnet Cove, USA, by Miser and mostcons r?m (10- ; ), andreferre O,a,s metanite.
A second Ti-andradite phase, but containing a large

Stevens (Foster 1960, Erd et al. 1983). i
amount of ZrQ (11.3%), is also present. Acccord-
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TABLE 11

Representative tainiolite (1-2) and nenadkevikite (4-5) analyses of Araxa
rocks. For rock abbreviationsseeTablel . For comparison, mineral analyses
from Magnet Cove and L ovozer o rocks, respectively.

1 2 3 4 5 6
MgC MgC Magnet CaC CaC Lovozero
BR5A BR5B Cove BARI1A BY6 Massif
NbOs 34.7 37.6 24.05
Sio 60.8 59.1 58.82 39.3 37.9 37.72
TiO2 0.11 1.6 0.3 9.69
Al2O3 0.7 1.29 0.62
FeO3 0.4
FeO 0.8 11 0.24
MnO 1.08
MgO 19.6 20.3 19.18 0.45
CaO 4.3
Na;O 0.64 3.34
K20 11.8 11.8 10.44 14.4 14.2 2.68
LioO 3 3 3.1
H.O 4 4 10 10 11.34
BaO 2.75
REE 0.25
Total 100 100 94.22 100 100 99.67

ing to the literature (Milton et al. 1961), the mineral widespread as minute isolated grains, butalso occurs

can be more properly named ferric-kimzeyite. in association with carbonates. Chemical composi-
tion is strongly variable and based on its consider-
4. Nenadkevichite able high NbhOs and low TiG, contents, the

As an accessory phase, certainly of secondary Ori[mneral is placed into the Nb+F£Ti, Nb>Ta

gin, the mineral is found as minute inclusions in late 9"OUP (Hogarth 1977). Ta concentra}tio.n Is very low
apatite aggregates from calciocarbonatites. Table Ilfind n(_)rmal_ly belom_l the detectable_llmlt.

lists the obtained chemical data and also an analy- _S'teA in the mineral structure is in general oc-
sis of Kouzmenko from the Lovozero massif, Russiacumed bY Ca, Sr,_ Ba and Ce,. but these elements
(Karup-Maller 1986). The Araxa mineralis strongly vary considerably in concentration and may not nec-

potassic and more Nb-enriched in comparison to theessarlly be present in the same crystal. Owing to

Russian material and also additionally contains ver)}hesle strong varlatlonls n comp03|_t|on, so:lm types
low TiO, and no CaO and N® whatsoever. could be more properly named bariopyrochlore, ce-

riopyrochore or even strontiopyrochlore. High Ba
OXIDES concentration in pyrochlore is believed to be an in-
dicative evidence of its secondary origin (Heinrich
1980, Mariano 1989). In fact, bariopyrochlore is the
It makes up the principal accessory of Araxa rocksmost important mineral of the pyrochlore group at

andis mainly found in glimmeritic rocks and carbon- ihe Araxa mine (Hogarth 1977) and it is interpreted
atites, particularly the Mg-rich types. The mineral is

1. Pyrochlore
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by Heinrich (1980) as a product of hydrothermal ac-glimmeritic rocks it is higher, in the range of 5-9
tivities. In some glimmeritic rocks and also in one wt%.

sample of magnesiocarbonatite, the BaO content lies

over 10 wt%, occasionally reaching 23 wt%. The5, Calzrtite and zirconolite

chemical data also point to the presence of®la
and ThQ, the maximum values obtained being 7.4
wt% and 3.3 wt% in glimmeritic rocks and magne-
siocarbonatites, respectively.

They form accessory minerals in glimmeritic and
mica-olivine pyroxenitic rocks; more rarely, they
occur in calciocarbonatites. The calzirtite grains
do not show much variation in chemical compo-
sition, which basically consists of T CaO and

2. Perovskite ZrO, (Table 1V). Keller and Schleicher (1990) re-
y_ported an analysis of Brettel, Germany, bearing 67%

It is an accessory phase found in mica-olivine p _ i
high NkyOs and small amounts of Ti©and

roxenites in association with titaniferous garnet andzroz'

opaques. The mineral has a very uniform compo-CaO'

sition with TiO, and CaO as major components. TABLE IV
Sporadically, FeO and SrO are present in minor Representative calzirtite (1-4) and zirconolite (5-
amounts. 10) analyses of Araxarocks. For rock abbrevia-
tionssee Tablel.
3. Rutile 1 > 3 3 5
The mineral is widespread in Araxa rocks, where G G MOP MOP MOP
it occurs as an accessory phase commonly forming B16A B16B BS2 BM5 BMS5
isolated grains. In general, it contains Fi©on- TiO2 163 164 149 184 423
tent over to 90 wt% and FeO as the second major FeO 13 15 0.8 4.8
component. NfOs is invariably present, the con- Cao 138 144 122 136 166
centration going up to 9 wt%. On the other hand, 2O 686 678 729 673 363
TapOs is rare and only detected in a few samples of 6 ! 8 9 10
calciocarbonatites. CaO is lower than 1 wt%. G G G G G
BO4 BQl BQ3 B16A B16B
SiO 5.1
4. Magnetite, ilmenite and chromite TiOy 375 19.7 26.8 25.8 24.2
Magnetite and ilmenite are very common phases, Feo 4.1 79 76 8.3 !
o CURTERES cao 14 13 133 132 123
whereas chromite is scarce and only identified in 210, 388 326 295 304 366
glimmeritic rocks. Magnetite forms large grains Nb,Os 222 202 183 146
in ferrocarbonatites. The FeO/Ti®@atio is almost Nd,Os3 2.4 21
constant in magnetite (ulvospinel molecule rang- Ce0s 0.7
ing between 5-30% in carbonatites, 0-31% in glim- ThO, 2.1 2.6 15 3.1

merites and 0-44% in pyroxenitic rocks) but quite

variable in ilmenite, placing the composition be-

tween the members FeO.Ti@nd FeO.2TiQ. In The Araxa zirconolite, on its turn, is character-
magnetite, MNnO and MgO are present in mi-ized by higher TiQ and lower ZrQ contents regard-
nor amounts, the concentration, however, goesng the calzirtite (Table 1V). Zirconolite also con-
up in ilmenite to 6.4 wt% and 12 wt%, respectively. tains NBOs (15-22%), FeO and Th§)(1.5-3.1%).
The CrO;3 content of magnetite is normally lower The phase described in Eichholz and Brettel rocks
than 2 wt%,; in a few samples of pyroxenitic and (Keller & Schleicher 1990) contains variable p@y
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(16-22%) and, additionally, Th{Q4-5%) and UQ Average compositions (major and trace el-
(1.2-1.8%). ements by XRF) for the main Arax& rock-types are

shown in Fig. 6. Carbonatites and mica-rich rocks,
SULPHIDES here included the hybrid lithotypes, are promptly

Except for mica-olivine pyroxenites havingpal-  distinguished on the basis of elemental distribution.
copyrite as the main sulphide phagsriteis wide-  Itshould be emphasized that the mica-rich rocks are
spread in Araxa rocks. Chalcopyrite is also found induite homogeneous in composition and contain high
carbonatites and glimmeritic rocks. Both mineralscontents of Crand Ni; notably they are also enriched

show a simple and monotonous composition. in Zr, Nb, La and Ce. The carbonatites, on the other
Additional sulphide mineralsincludphalerite hand, are strongly concentrated in La and Ce.
and galena in carbonatites and glimmerites and, A negative correlation CaO-MgO (Fig. 7),

more rarely, cobaltite (?), also bearing a large Which can be referred to as mineral ratios (e.g. cal-
amount of As, andhilleritein ferrocarbonatites and  cité/dolomite in carbonatites and carbonate/phlogo-

glimmeritic rocks, respectively. pite in mica-rich rocks), characterizes all the litho-
types. The second mineral relationship is also con-
PETROCHEMISTRY firmed by the negative (CaO-Sjpand positive

K,0-MgO and KO-SiO,) correlations (Fig. 7).

Representative chemical analyses for major ané . .
P ) y . J n addition, a CaO-MgO-KO diagram (not shown)
trace elements of carbonatites and mica-rich rocks

. . ___draws the attention to the small phlogopite partic-
are given in Tables V and VI. Data on carbonatites. . L L
, ipation in carbonatites in respect to the mica-rich
are plotted on the Woolley and Kempe’s (1989) clas- ocks
sificatory diagram (Fig. 5). In general, the carbon- y . .
. . . Diagrams normalized according to the Woolley
atites lie over the 50% CaO reference line, whereas , .
S and Kempe's (1989) average compositions for CaC,
the mica-rich rocks, except for a few samples, are . L ,
laced below that value MgC and FeC (Fig. 8) indicate that the Araxa rocks
P ' are lessrich inV, Zn, Rb and Pb. In contrast, they
contain larger amounts of Cu, the enrichment factors
being from atleast 2 up to 6.3 in FeC. Zr enrichment
is also present in FeC.

P,Os values for the Araxa carbonatites are close

x| O

M- Carbonatites ,,, :_-'; \ Fe-Carbonatives to the data reported by Woolley and Kempe (1989).
_ JE -1?- "4 - Phoscoritic rocks associated to CaC show the high-
f,»" f j“"'-‘;: kY est BOs contents (16.97-17.40%). On the other
/ e pY hand, phoscorites related to MgC and FeC contain
.r- '\ minor amounts of the element, in general, not over
<t * AN 12%.
/ * * Al,03 and KO contents are low, as suggested

by the dominant nature of the mica (tetraferriphlo-
gopite) present in the carbonatites.

Fig. 5 — Composition of carbonatites and mica-rich rocks from Nb mineralization is the mostimportant feature
Araxa plotted on the Woolley and Kempe's (1989) Ca0-Mgo- fegarding the Araxa carbonatites. Brazil is the first
Fe* (Fe* = FeO+FgO3+MnO) diagram (wi%). Symbols: empty ND exporter in the world, with the Araxa ore repre-
square, CaC; full square, CaC, Ph; vertical cross, MgC; inclinedS€nting about 90% of the whole production. Con-
cross, MgC, Ph; empty circle, FeC; full circle, FeC, Ph; full dia- trasting to such situation, the analyzed samples have
mond, G; halffull circle, MOP; full triangle, MC. Ph, phoscorites. Significantly lower Nb contents in relation to the

M0
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TABLEV

Representative bulk-chemical analyses of Araxa carbonatites (1, CaCPh; 2-6, CaC; 7-12, MgC;
13, FeC; 14, FeCPh; 15-17, FeC). For rock abbreviations see TableI; Ph, phoscorites. Major and
trace elementsin wt% and ppm, respectively.

1 2 3 4 5 6 7 8 9

BB3 BC6 BF3 BM1 BO3b BY8 BA2 BC1 B14
SiOy 1.29 1.75 3.74 1.08 0.33 0.45 1.88 0.67 0.09
TiO2 0.20 0.17 0.44 0.12 0.02 0.31 0.05 0.15 0.02
Al»03 0.20 0.07 0.04 0.06 0.04 0.05 0.04 0.08 0.02
FeO3 5.06 3.35 3.47 2.20 2.40 2.51 2.23 3.59 0.67
FeO 2.05 0.77 0.62 0.86 0.50 1.67 1.26 3.02 0.48
MnO 0.43 0.20 0.15 0.16 0.35 0.19 0.43 0.36 0.19
MgO 3.32 2.79 5.21 2.46 7.48 4.18 14.38 12.26 17.90
CaO 46.33 47.27 44.23 48.26 43.02 47.61 30.77 35.17 32.60
NapO 0.54 0.27 0.07 0.14 0.42 0.02 0.09 0.02 0.03
K20 0.04 0.16 0.09 0.27 0.03 0.06 0.04 0.07 0.01
SrO 1.72 1.52 0.90 1.63 1.66 0.45 1.64 1.46 0.75
BaO 1.02 0.27 0.20 0.25 0.85 0.53 4.67 0.54 0.30
P2Og 17.40 2.25 3.44 0.25 6.45 2.33 0.46 4.16 2.26
LOI-COy 1.64 0.07 1.82 0.36 1.03 0.12 1.71 0.67 3.21
COy 18.38 38.75 35.41 41.71 34.72 39.19 40.01 37.25 41.31
Total 99.62 99.66 99.83 99.81 99.30 99.66 99.66 99.48 99.84
\% 101 48 42 22 19 68 13 44 12
Cr 20 23 <20 <20 <20 22 <20 22 <20
Co 16 25 7 26 8 31 6 34 2
Ni 31 33 24 29 21 53 16 35 15
Cu 32 142 25 39 24 32 11 29 15
Zn 178 110 51 76 <30 151 61 96 <30
Rb 2 2 2 9 <2 <2 <2 <2 <2
Y 853 130 148 60.7 132 128 57.9 148 180
Zr 662 169 142 18 104 250 34 343 136
Nb 85.9 41.6 31.9 30.2 138 170 43.7 83.3 235
La 432 585 348 548 2110 375 1036 1307 385
Ce 1194 1303 781 1038 3017 886 1816 2581 776
Pr 192 157 93.4 108 268 109 201 289 88.2
Nd 987 580 334 345 778 416 709 1023 313
Sm 333 103 54.7 44.8 106 84.2 122 151 58.6
Eu 129 31 18.6 134 33 28.5 36.1 43.2 21.9
Gd 299 71.6 49.2 355 89.8 67.1 82.6 109 57.1
Tb 46.1 7.1 6.07 3.14 9.02 7.57 6.41 9.67 7.8
Dy 209 29.1 30.1 13.3 354 30.9 19.9 38.3 39
Ho 34.6 4.84 5.5 2.18 5.3 4.8 2.28 5.71 6.98
Er 50.9 7.87 9.35 3.72 7.27 7.14 2.69 8.46 10.5
Tm 4.37 0.701 1.07 0.365 0.47 0.527 <0.1 0.54 0.975
Yb 20.9 3.89 5.24 1.86 1.46 289 <1 2.54 4.12
Lu 2.77 0.553 0.499 0.274 0.204 0.444 0.111 0.399 0.55
Hf 21.6 2.1 29 0.6 2.2 39 1.4 5.3 29
Th 744 102 77.7 33.1 129 148 163 109 40.2
U 28.7 4.05 3.42 5.09 4.69 78.6 1.93 18.5 3.15
YREE 3935 2885 1737 2158 6461 2020 4034 5569 1770
(La/Lu)n 16 110 72 208 1074 88 969 340 73
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TABLEV (cont.)

10 11 12 13 14 15 16 17
BL5 BOla BR1 BB4 BF2 BH3 BM3 BN2
Sio, 2.50 0.43 2.30 0.86 2.07 1.74 0.62 2.85
TiO; 0.09 0.03 0.06 0.03 0.67 0.07 0.12 0.99
Al,03 0.09 0.07 0.06 0.10 0.05 0.11 0.09 0.15
Fe03 3.44 1.83 3.87 454  10.55 6.30 5.99 9.46
FeO 2.04 0.56 0.86 8.40 0.32 4.99 5.33 6.06
MnO 0.65 0.50 0.40 1.46 0.26 1.02 0.75 0.41
MgO 13.62 10.46 7.48  11.32 6.41 1157 11.01 7.73
CaO 28.46 36.21 4042 2829 41.90 3058  29.19  34.73
NapO 0.12 0.22 0.11 0.11 0.05 0.23
K20 0.14 0.04 0.26 0.05 0.23 0.26 0.06 0.33
Sro 2.96 3.62 1.84 1.08 0.71 1.56 1.85 0.85
BaO 3.66 2.27 2.37 0.96 0.18 1.42 2.69 1.34
P,0s5 0.62 3.42 2.32 0.46  11.48 2.77 0.17 3.33
LOI-COy 1.97 0.94 1.91 1.56 2.58 1.06 2.32 0.01
COop 38.18 37.78 3484 3995 2233 3556 3894  31.26
Total 98.54 99.38  99.10  99.06 99.74  99.12  99.18  99.73
Y 36 21 40 29 122 45 49 153
Cr 22 <20 <20 40 457 58 88 33
Co 15 3 30 6 19 31 19 62
Ni 29 <15 24 18 2070 38 224 72
Cu 15 16 49 12 34 21 13 360
Zn 225 48 691 60 79 103 646 268
Rb 6 <2 6 <2 10 10 2 11
Y 28 95.2 69.4 13.6 259 38.3 53.1 186
zr 28 114 94 11 245 36 19 134
Nb 379 55.1 118 40.9 104 22,5 259 84
La 4619 6454 2814 2302 475 2001 2456 409
Ce 5848 8007 3978 5104 1071 4536 4175 919
Pr 440 627 324 570 139 479 409 118
Nd 1072 1526 881 1707 525 1652 1335 474
Sm 68.9 115 83 150 84.3 155 218 99.9
Eu 15.1 28.3 21.7 29.7 27.1 33 66.3 325
Gd 62.3 104 63.7 93.7 70 85.5 146 745
Tb 3.36 7.97 438 3.37 9.81 4.27 11.3 9.99
Dy 7.95 26.5 16.3 5.44 52.6 12.3 27.2 48
Ho 1.02 3.86 2.47 0.23 10.2 1.3 2.22 7.71
Er 1.59 5.77 3.77 0.11 20.6 1.47 2.03 11.2
™™ 0.074 0.357 0244 <01 324 <02 <01 0905
Yb <2 <2 <2 <1 19.2 <1 <1 4.27
Lu 0.336 0.269  0.084 0003 2265 0.047 0.083 0.576
Hf 1 2.6 2 0.6 5.6 0.9 1.3 2.2
Th 76.4 129 58.6 111 164 455 594 153
U 1.15 11.2 36.5 12.6 9.19 1.67 6.83 5.58
*REE 12140 16906 8193 9966 2509 8961 8848 2210
(La/Lu)n 1428 2492 3480 79704 22 4422 3074 74
numbers listed in literature (cf. Woolley & Kempe Sr is variably enriched in Araxa carbonatites,
1989): 127 vs. 1204 ppm for CaC, 334 vs. 569 ppmthe larger amounts being found in the MgC group, as
for MgC and 194 vs. 1292 ppm for FeC. also suggested by the occurrence of strontianite. Ba
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TABLEVI

Representative bulk-chemical analyses of Araxa mica-rich rocks (1-12, G; 13-20, MOP;
21-24, MC). For rock abbreviations see Table |. Major and trace elementsin wt% and

ppm, respectively.
1 2 3 4 5 6 7 8

BD1 BG3 BI6 BN4 BO4b BQ3 BT1 BT3
SiO 24.03 2569 16.79 19.68 21.31 35.50 23.13 20.81
TiO2 3.36 2.74 2.45 1.87 2.73 1.82 2.30 4.07
Al>03 1.68 1.12 1.90 1.43 2.07 6.52 3.38 0.09
FeO3 10.69 6.28  20.12 6.88 10.17 7.27 1149  26.57
FeO 3.95 3.30 9.15 2.94 3.09 2.66 531 12.14
MnO 0.33 0.37 0.41 0.28 0.29 0.17 0.35 0.81
MgO 17.71 15.77  13.63 18.09 17.80 21.26 1175 1452
CaO 12.76 1493 15.29 18.70 14.76 5.78 18.27 2.88
NapO 0.13 0.14 0.61 0.13
K20 5.20 2.84 2.94 3.48 4.42 6.99 4.34 3.24
SrO 0.39 0.54 0.24 0.44 0.75 0.46 0.62 0.06
BaO 0.27 0.38 0.12 0.35 0.58 0.18 0.48 0.24
P,0sg 1.03 0.28 2.41 1.09 1.52 0.13 7.71 0.10
LOI-CO2 2.42 2.56 4.58 3.03 231 4.25 2.22 1.54
COy 15.56 22.67 9.42 21.00 17.69 6.08 7.46 12.70
Total 99.38 99.60 99.45 99.40 99.49 99.07 99.42 99.90
\% 88 152 929 176 111 127 211 1071
Cr 576 178 <20 816 369 174 20 26
Co 53 39 59 54 51 27 51 65
Ni 393 106 76 526 147 69 42 <15
Cu 31 15 68 50 57 21 201 <10
Zn 222 122 327 84 132 81 230 579
Rb 145 91 106 104 164 273 135 78
Y 35.5 411 64.1 59.4 31.6 51 205 14.8
Zr 1019 280 421 666 958 2909 2900 176
Nb 286 497 152 161 861 1792 539 183
La 1070 703 184 724 377 158 573 445
Ce 1822 1509 492 1189 817 475 1290 92.1
Pr 168 166  63.25 114 87 59.8 146 10
Nd 503 577 255 365 292 244 532 35.8
Sm 50.2 76.8 47.9 47.9 37.1 47.2 95.4 5.8
Eu 12.2 19.7 14.7 13.4 9.92 14.5 31.6 1.71
Gd 31.9 43.6 32.1 32.2 23.6 29.7 77.7 4.17
Th 2.43 3.19 3.89 3.31 2.19 3.8 10.5 0.57
Dy 9.34 11.4 18.6 15 9.48 17.8 49.6 3.05
Ho 1.37 1.53 3.15 2.46 1.48 2.86 8.23 0.6
Er 2.03 2.7 5.3 3.8 2.18 4.65 12.7 1.13
m 0.168 0.29 0.576 0.334 0.159 0.482 1.23 0.158
Yb 0.42 1.37 3.04 1.47 0.71 2.46 5.89 0.82
Lu 0.045 0.188  0.345 0.189 0.095 0.237 0.564 0.086
Hf 28 7.3 9.2 12 21.4 65 48.3 3.5
Th 42.3 75.5 192 68.8 142 481 117 24.8
U 4.09 12.3 80.9 9.16 21.3 440 15.2 4.38
~REE 3673 3116 1124 2512 1660 1060 2834 200
(La/Lu)n 2470 388.4 55.4 397.9 412.2 69.25 105.5 53.75

87
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TABLE VI (cont.)

9 10 11 12 13 14 15 16
BT6 BU4 BY5 BAC2 BM5 BS2 BS3 Bz1

SiOy 23.87 17.56 32.12 14.31 31.56 30.41 24.41 25.67
TiOp 2.84 2.42 3.41 1.14 3.53 2.14 3.02 4.59
Al,03 251 2.36 2.33 1.70 2.15 2.83 3.03 3.23
FeO3 9.02 7.38 8.35 8.26 9.83 1.76 8.55 10.43
FeO 5.11 3.04 3.34 4.37 4.28 8.17 6.09 4.29
MnO 0.49 0.27 0.20 0.27 0.35 0.30 0.44 0.25
MgO 20.84 13.76 13.05 10.25 17.51 12.59 12.85 14.90
CaO 8.12 21.47 13.25 28.87 9.79 21.81 18.31 16.42
NaxO 0.14 0.20 0.12 0.66 0.76 0.26 0.19
K20 4.27 3.27 3.34 2.85 4.82 3.08 3.10 3.81
SrO 0.16 0.52 0.16 0.73 0.15 0.41 0.41 0.27
BaO 0.38 0.32 0.31 0.26 0.16 0.22 0.61 0.24
P20g 0.29 2.82 0.94 8.67 2.72 8.89 5.81 3.27
LOI-COy 2.04 1.99 2.08 2.36 2.31 231 1.70 1.93
COy 19.66 22.18 16.68 15.20 9.69 3.46 10.82 9.92
Total 99.74 99.56 99.68 99.24 99.51 99.14 99.41 99.41
\% 175 148 255 131 196 236 196 141
Cr 590 315 916 153 819 67 160 490
Co 39 38 116 40 62 29 36 78
Ni 169 181 445 127 571 135 181 212
Cu <10 61 18 58 126 225 689 102
Zn 305 125 102 114 136 105 119 91
Rb 158 126 105 105 142 84 110 121
Y 13.2 47.6 38.9 210 47.4 160 85.6 83.7
zr 386 426 148 1421 182 112 391 711
Nb 421 419 138 312 339 78.4 206 254
La 80 540 219 458 314 426 825 511
Ce 184 1265 425 1085 653 823 1653 1078
Pr 19.8 144 45.7 134 71.1 93.2 179 118
Nd 65.4 508 163 527 248 337 593 419
Sm 8.17 68 27.1 104 38.1 59.9 719 65.3
Eu 2.21 17.1 8.7 32.5 11.2 20.1 19.6 19.4
Gd 5.73 40.9 21.2 76.5 26.2 51.8 50.3 45.7
Tb 0.62 3.27 2.33 10.9 3.06 7.17 4.77 5
Dy 2.84 12.4 9.71 54.4 13.1 36.3 21 219
Ho 0.48 1.79 1.53 9.04 2.07 6.52 3.38 3.54
Er 0.88 2.57 251 13 3.04 10.7 5.58 5.48
Tm 0.114 0.138 0.222 1.06 0.253 1.16 0.499 0.485
Yb 0.66 0.67 1.34 45 1.29 5.42 1.94 2.19
Lu 0.066 0.084 0.122 0.523 0.181 0.553 0.257 0.265
Hf 8.2 5.7 3.9 37.2 3.7 2.6 7.8 16.3
Th 23.3 50.9 67.3 166 56.1 76.6 69.7 61.1
U 12.7 6.06 2.45 82.2 9.08 13.1 15.2 12.1
YREE 371 2604 927 2510 1385 1879 3429 2295
(La/Lu)n 1259 667.74 186.5 90.96 180.2 80.02 333.4 200.3

shows similar contents relative to the Woolley andthe highest values in L.O.I-CQ(Table V), proba-
Kempe (1989) numbers for CaC and FeC groups andly associated to the presence of:SOn most of
is strongly enriched in MgC. These rocks also beatthe alkaline-carbonatite complexes (cf. Woolley &
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TABLE VI (cont.)

17 18 19 20 21 22 23 24

Bz2 BAB2 BAC1 BARS BG1 BL2 BL8 BL9
SiO 27.82 18.47 19.13 32.85 25.02 18.55 24.18 18.70
TiO2 3.81 2.36 3.62 5.05 4.93 2.57 3.44 2.19
Al>03 2.58 2.01 1.82 3.52 5.76 1.84 2.70 1.99
FeO3 9.99 13.40 7.63 9.12 9.52 9.02 8.81 7.54
FeO 3.72 4.68 4.73 4.64 7.43 4.14 5.20 5.51
MnO 0.32 0.36 0.24 0.21 0.30 0.37 0.41 0.55
MgO 15.40 12.90 8.05 16.36 16.17 13.31 19.20 16.83
CaO 15.00 23.33 30.60 16.41 10.19 21.14 11.38 16.24
NapO 0.44 0.05 0.08 0.26 0.17 0.22 0.01 0.06
K20 4.18 3.79 2.60 3.95 5.24 3.88 5.13 3.95
SrOo 0.49 0.42 0.48 0.17 0.42 0.82 0.84 1.03
BaO 0.38 0.21 0.15 0.25 0.85 0.53 0.28 0.38
P20sg 4.84 491 4.16 1.02 3.12 6.00 1.05 0.36
LOI-CO2 2.22 1.79 131 1.76 3.05 2.03 2.23 1.96
COy 7.88 11.03 15.08 4.00 7.36 14.75 14.42 21.87
Total 99.07 99.71 99.68 99.57 99.53 99.17 99.28 99.16
\% 173 182 273 198 152 132 82 36
Cr 533 34 156 745 260 234 486 374
Co 87 60 59 65 49 45 51 52
Ni 279 198 132 394 115 146 302 286
Cu 173 81 108 53 26 66 30 48
Zn 186 227 114 104 174 329 183 129
Rb 136 120 76 108 155 101 161 124
Y 133 125 65.5 48.2 84 158 31 10
Zr 283 345 183 631 385 302 699 446
Nb 127 236 162 286 486 558 774 254
La 476 555 447 469 1032 2150 1617 2102
Ce 1131 1202 923 960 1933 3631 2459 3040
Pr 136 139 98.7 101 202 329 218 255
Nd 497 511 333 346 681 963 627 684
Sm 80.9 80.4 45.9 48.8 93.2 91.5 59.3 50.8
Eu 24.7 23.9 13.5 13.9 26 23.2 14.2 10
Gd 57.7 57.9 34.7 32.8 62.4 66.1 38.2 27.1
Tb 6.62 6.38 3.88 3.33 5.84 6.63 2.61 1.28
Dy 30.7 28.3 17.2 14.2 23.3 33.2 8.7 3.07
Ho 5.19 4.76 2.67 2.19 3.36 6.13 1.17 0.33
Er 9 7.93 3.94 3.46 4.97 10.3 1.66 0.42
Tm 1 0.765 0.363 0.276 0.329 118 <01 <01
Yb 5.46 4.04 1.68 1.17 141 46 <1 <1
Lu 0.641 0.614 0.228 0.125 0.178 0.625 0.041 0.022
Hf 7.9 8.4 3.7 15.3 8.8 5 135 8.1
Th 82.7 76.7 55.2 41.3 73 89.4 41.4 18.7
U 17.2 14.3 26.3 16.5 10.9 16.3 16.1 2.13
>~ REE 2462 2622 1926 1996 4069 7316 5047 6174
(La/Lu)n 77.13 93.89 203.6 389.7 602.2 357.3 4097 9924

Kempe 1989), Srand Bareach higher concentrations1gC and FeC,XREE vary within the intervals
in FeC. 1736-6460 ppm, 1769-16906 ppm and 2204-9965
MgC rocks are also enriched in REE. For CaC,ppm, respectively (Table V).
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Fig. 6 — Average composition of carbonatites (A and B) and mica-rich rocks (C and D) from Araxa. Symbols:
empty square, CaC; cross, MgC; empty circle, FeC; full diamond, G; full circle, MOP; full triangle, MC.

As previously mentioned, the mica-rich rocks, MOP samples are particularly enriched in Zr and
here included the hybrid lithotypes, are uniform in glimmeritic rocks contain high Nb contents.
composition, independently of mica being either a Chondrite - normalized (cf. Boynton 1984)
primary or a secondary phase (Fig. 6). The mosREE patterns for Araxa rocks are illustrated in Fig.
significant differences deal with the proportion of 9. All the rock-types are strongly enriched in REE,
carbonate minerals, these mainly represented bthe highest values found in some MgC samples.
dolomite, as indicated by the negative correlationSteep LREE/HREE fractionation characterizes the
CO,-CaO. In MOP rocks, CaO is mostly associatedthree groups, as clearly pointed by the (LajlL.tg-
to clinopyroxenes. C@content varies within the tios listed in Tables V and VI, reaching up to 79704
three rock-types, the average values being 9%, 14%#m a MgC sample (BB4, an. 13, Table V).
and 15.5% for MOP, MC and G, respectively. The convex behaviour of the CaC sample BB3

Nb is strongly enriched in all three groups, with (Fig. 9) with MREE values higher than those ob-
mean values (718 ppm, G; 668 ppm, MC; 571 ppm tained for LREE, and also showingY content of 853
MOP) considerably higher in relation to those of ppm (average value for CaC=68 ppm), may be re-
the carbonatites (MgC presents the highest averagated to the presence of supergenic monazite.
concentration, 334 ppm). MC and FeC rocks behave similarly to some

La/Ce ratios are almost constant for carbon-samples presenting less enrichment in MREE and
atites, mica-rich rocks and hybrid lithotypes. G andHREE; the reason is probably associated to
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Fig. 7—CaO and KO vs. MgO and CaO and40O vs. SiQ diagrams (wt%) for carbonatites
and mica-rich rocks from Araxa. Symbols as in Fig. 5.

pyrochlore, which, according to Hornig-Kjarsgaard the whole complex as they correspond to the princi-
(1998), can be impoverished in HREE. pal lithologies present.

REE distribution in MOP rocks is very uni- Two main lithotypes are recognized: carbon-
form and characterized by slight LREE/HREE frac- atites — ranging in composition from calcio-, mag-
tionation, the maximum (La/Ly)value being 389.7 nesio-to ferro-types—and mica-rich rocks. Subordi-
(an. 20, Table VI). The regular behaviour of REE nately, a third petrographic variety of hybrid compo-
is indicative that garnet (melanitic or kimzeyitic in sition (silicate and carbonate material) is also found.
composition) has not played an important role in the Magnesiocarbonatites (MgC) and calciocar-
fractionation process. bonatites (CaC) are widespread and represented by

G rocks exhibit an irregular pattern with vari- coarse- and fine-grained varieties, the latter form-
able enrichment degree for LREE (La and Ce valuesng dykes and small veins. Petrographically, they
ranging from 100 up to 3000 times chondrite) andcan be referred to as sovite-alvikite and beforsite-

also variable LREE/HREE fractionation. rauhaugite, respectively. In minor amounts, ferro-
carbonatites (FeC) are also present, the iron enrich-
CONCLUDING REMARKS ment as a result of the presence of Fe-carbonates and

paques as cumulus phases.
Carbonate minerals correspond to at least 80%

The investigated rocks cover a small area of the®
central-western portion of the Araxa complex. Inad-

dition to a few surface samples, they consist mainly®f thé whole composition of the rocks. In CaC
of borehole material taken from 28 wells normally rocks, calcite having low MgO and high SrO is the
not deeper than 100 m. In spite of sampling ”mita_dominant carbonate phase, whereas dolomite makes

tion, the rocks are considered to be representative dfP the main constituent in MgC and FeC types.
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phases formed after the transformation of clinopy-
roxene and olivine crystals, respectively. Other
common phases are celadonite, as alteration product
of mafic minerals, quartz and baryte.

The carbonatitic rocks strongly enriched in ap-
atite, phlogopite, magnetite and olivine pseudo-
morphs may be grouped into the phoscorites of Issa
Filho et al. (1984).

The mica-rich rocks are represented by scarce,
not completely transformed cumulitic pyroxenites
(MOP) having phlogopite, olivine and diopside as
principal cumulus phases. The most abundant litho-
type of the group consists of glimmeritic rocks (G)
where secondary micaceous aggregates were
formed as a result of the pyroxenite modification.
The original cumulitic nature of the pyrox-
enitic rocks is still preserved in some samples. The
hybrid rocks (MC), occurring subordinately to the
previous ones, are mainly composed of phlogopite
cumulus having apatite, perovskite and magnetite
grains as inclusions and of tetraferriphlogopite as

10,00

1,00

0,10

0,01

10,00

1,00

0,10

B intercumulus phase. Carbonate minerals (calcite
o0l —— 11 1) and dolomite) are also found in association with the
v Cr Co Ni Cu 7n Rb Th Zr PbNb Y La Ce mica. These hybrid rocks are clearly intercepted by

abundant minute veins of carbonatitic composition.
Fig. 8 —Average major (A) and trace element (B) compositions of Average compositions for carbonatitic (63 anal-
calciocarbonatites, magnesiocarbonatites and ferrocarbonatitaéses) and mica-rich rocks, here included the hybrid
from Araxa normalized to the respective average values accordindithotypes (51 analyses), are shown in Fig. 10. Ex-
to Woolley and Kempe (1989). Symbols as in Fig. 6. cluding phoscoritic and quartz - baryte - enriched
rocks, the distribution of trace elements indicates
that the carbonatites contain smaller amounts of V,

Other carbonate phases are ankerite, siderite, strof"> Nis va Zr andINb rel_ative tothe mica—ri(.:h rp_cks,
tianite and magnesite, the last two minerals On|ybut are highly enriched in La and Ce. No significant
found in the MgC group. REE carbonates (Ce_variations are presented by Co, Cu, Th, Pb and Y.
group Rare Earth minerals: huanghoite; baritocalEnrichment factors for the elements listed above are
cite and norsethite) as primary or secondary phase$§riable, the maximum values (16-18) dealing with
are also present. Silicate minerals, well represente&"> Ni and Rb. _ _ _

in MOP rocks showing no evidences of metasoma- '€ global chemistry of both lithologic groups
tism, are magnesian olivine, diopside, phlogopite! indicative of interaction between two magma
and tetraferriphlogopite. The accessory assemblag®/Pes. alkaline silicatic and car.t?onatltlc, as sug-
includes a variable number of minerals, the most dif-9€sted by the presence of cumulitic (pyroxenitic and
fuse ones being phosphates (apatite and monazit@J_Ot't'C in composition) rocks. Par_tlcul_arly the
and oxides (pyrochlore, rutile and magnetite). Mag_hlgher K, Zrand Nb contents of the mica-rich rocks,
nesioarfvedsonite and antophyllite are secondar®S compared to the carbonatites, could be related
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Fig. 9 — Chondrite normalized (Boynton 1984) REE patterns for carbonatites and mica-rich rocks from Araxa.

to metasomatic (glimmeritization) processes of thein comparison to the MOP ones. The relationship
pyroxenites by fluids derived from the carbonatitic involving high Nb (Ta) and Zr concentrations and
magma. Additionally, these fluids are also responsifenitization processes was also observed in xeno-
ble for the fenitization of the country-rocks. Fig. 6 liths of fenitized granites occurring as inclusions in
makes evidentthe Zr enrichment of MC and G rocks the Barra do Itapirapud carbonatites (Ruberti 1998).
these more affected by the potassic metasomatism, Chemical evidence (no significative relation
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enriched phases (sphene?). As suggested by Le Bas

0,
th A o and Handley (1979) on the basis of chemical analy-
351 ':' ses of apatites from western Kenya rocks, the same
30 F : g REE behaviour could also explain the carbonatites
251 D i as formed by fractional crystallization of an ijolite
20 o o magma and an evolution as a pair of immiscible,
1(5) coniugate liquids (Le Bas 1989).
5| : The high XREE concentrations and the pro-
g o nounced difference in LREE/HREE fractionation of
ST ERYYRAUALITISLR some carbonatite samples could be related to direct
@ = ::NE S0 Zxl0m? or indirect enrichment processes regarding volatile
transfer. It is well known from literature the differ-
entdegree of mobility for the two REE groups, when
ppm o associated to pO and P-enriched fluids at mantle
B or crustal pressure, respectively. Also, it should be
1500 N noted (cf. Hogarth 1989) that some minerals such
1000 ' as pyrochlore can be enriched in La, Ta, Th, Zr

and U and impoverished in HREE, Ca, F and Na
during weathering processes. Horning-Kjarsgaard
(1998), studying the relationship between concen-
trations and REE patterns for bulk rock and min-

500

v Cr Co Ni Cu Zn Rb Th Zr Pb Nb Y La Ce erals, emphasize the paralelism present in apatite,
carbonate, unaltered pyrochore and bulk rock pat-
Fig. 10 —Average major (A) and trace element (B) compositionsterns. The authors also interpret some deviations as
of carbonatites (CaC+MgC+FeC, square) and mica-rich rocksdue to the presence of pyrochlore, a phase carrying
(G+MOP+MC, diamond) from Araxa. a high REE content and exhibiting anomalous REE

distribution.

Itis also important to keep in mind the effects
between FOs and SREE contents in Tables V and ©f solubilization and reprecipitation processes onthe
VI and absence of negative Eu anomaly in Fig. g Araxa apatites. Analytical data point to presence of
this a common feature of apatites of other alkalineSécondary apatite bearing low Srand REE. The REE
complexes, cf. Eby 1975, Hogarth 1989) may indi- CONtents of the Arax& rocks are probably affected by
cate that in Araxa rocks the REE concentrations ar&ydrotermal and supergenic processes, as evidenced
mainly associated to carbonate minerals instead dpY thelack of correlation between rock compositions
apatites. Carbonates can usually contain anomalo@'d ZREE values. An increase in (La+Ce) con-
concentrations of REE (cf. Mariano 1989). Yet, in centration through the evolutionary series calciocar-
Araxa, they represent an important mineral phasé)onatite - magnesio - carbonatite - ferrocarbonatite
and can be present in large amounts. is postulated by Woolley and Kempe (1989) for car-

The similar REE patterns (Fig. 9) displayed by bonatite occurrences. However, as seen in Fig. 11,
some carbonatites and mica-rich rocks samples ar@0 relationship is shown by the investigated rocks.
indicative of their formation from the same parental PYroxenitic (MOP) and their metasomatic derived
magma, which is thought to be derived by low par-Tocks (G) are clearly less enriched in REE.
tial melting of a metasomatized lithospheric man- 1S suggested that vapor phase has influenced
tle, mainly characterized by the presence of LREE-the texture formation of the different types of car-
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Petrological considerations on the Araxa car-
bonatites are constrained by the presently available
+ data (the isotopic work is still in progress). For the
15000r Juquia complex, Brazil, for instance, a carbonatitic
origin related to liquid immiscibility from a parental
10000l o basanitic magma is postulated by Beccaluva et al.

00 (1992). However, it is possible to assume for many

A Brazilian alkaline-carbonatite complexes a deriva-

5000r AA. . o tion from different parental magmas subjected to

3'{ 0 o, o o g variable melting degrees of heterogeneous mantle

o.f o% ‘° f+ ‘ = ‘ sources, as indicated by the distinct contents and

10 20 30 40 Ca0 patterns of REE of carbonatitic and associated sili-

catic rocks (Morbidelli et al. 1986, 1999, Barbieri

Fig. 11 — Composition of carbonatites and mica-rich rockset al. 1987, Gomes et al. 1987, 1990, Brotzu et

from Araxa plotted on the diagrarEREE vs. CaO. Symbols al. 1989, 1994, Macciotta et al. 1990, Beccaluva et

as in Fig. 6. al. 1992, Traversa et al. 1996, Horning-Kjarsgaard
1998).
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impoverished in iron owing to the oxides precipita-

tion. RESUMO

The Araxa silicate rocks are basically repre-o complexo de Araxa (16 kB é constituido por car-
sented by piroxenites exhibiting evidence of beingbonatitos na forma de um ndcleo central e de complexa
metasomatized by potassic fluids of carbonatitic ori-rede de diques concéntricos e radiais, além de pequenos
gin. Rocks corresponding to silicatic primitive lig- veios; adicionalmente, ele contém rochas ricas em mica,
uids were not found. On the basis of cumulitic rocksfoscoritos e lampréfiros. Fenitos também ocorrem e es-

an jolitic composition could be admitted as parentaltéo representados principalmente por quartzitos e xistos
magma proterozéicos do Grupo Araxa.

As seen from the different boreholes, horizon-o estudo petrografico de 130 amostras de testemunhos de

. e . sondagem indica que o complexo reine basicamente dois
tal and vertical distribution of rock-types indicates . o . . .
tipos litoldgicos, carbonatitos e rochas ricas em mica, e,

that the glimmeritization processes have acted Irregéubordinadamente, um terceiro de composicéo hibrida.
ularly and variably in intensity. Data are suggestingcarhonatitos apresentam composic&o quimica variavel e
the presence of horizons of cumulitic rocks mainly tsm magnésiocarbonatitos como o tipo mais abundante.
pyroxenitic in composition penetrated by small car-polomita e calcita sdo os seus principais constituintes,
bonatitic veins of different nature. mas outras fases carbonaticas, incluindo as pertencentes
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ao grupo dos carbonatos ricos em ETR, sdo também re-  studies of alkaline rocks from continental Brazil. 1.
conhecidas. Fosfatos e éxidos diversos caracterizam os  The phonolite suite from Piratini, R&eochimBrasil
acessOrios mais comuns enquanto que os minerais silicati-  1: 109-138.
cos consistem de representantes dos grupos da olivin
clinopiroxénio, mica e anfibdlio.
As rochas ricas em mica reinem abundantes glimmeritos
e escassos piroxenitos cumulaticos portadores de quan-
tidades variaveis de flogopita, olivina e diopsidio. As
rochas hibridas contém principalmente flogopita e tetra-
ferriflogopita, respectivamente, como fases cumulus e in-
tercumulus; minerais carbonaticos podem também estaBoynton WV. 1984. Cosmochemistry of the rare earth
presentes. elements: meteorite studies. In: Henderson P (Ed.)
Dados quimicos indicam que os carbonatitos séo forte- Rare earth element geochemistry. Elsevier, New
mente enriquecidos em ETR e possuem teores mais baixos  York, p.63-107.
em Nb, Zr, V, Cr, Ni e Rb em relagdo as rochas mais ri-
. . . Brot1zu P, BECCALUVA L, CONTE A, FONSECA M, GAR-
cas em mica. As concentragfes mais altas em K, Nb e Zr
- . L BARINO C, GoMEs CB, LEONG R, MacciorTta G,
dessas Ultimas poderiam ser atribuidas a processos metas-
L. . " N . . MANSUR RL, MELLUSO L, MORBIDELLI L, RUBERTI
somaticos (glimeritizagdo) que teriam afetado os piroxe-
E, SiGoLo JB, TRAVERSA G & VALENCA JB. 1989.

nitos. . . . .
Petrological and geochemical studies of alkaline
rocks from continental Brazil. 8. The syenitic intru-

sion of Morro Redondo intrusive complex, State of
essas litologias estéo relacionadas a um mesmo magma Rig de JaneiroGeochim Brasil 3: 63-80.

parental, possivelmente de composigao ijolitica. O pro-
nunciado fracionamento ETRL/ETRP e os elevados teo-
res em ETR de algumas amostras de carbonatitos pode-
riam estar ligados a processos de natureza hidrotermal ou
mesmo supergénicos.

aBECCALUVA L, BorN H, BRoTZU P, CoLTORTI M, CONTE

A, GARBARINO C, GoMESs CB, MaccioTta G, MoRr-
BIDELLI L, RUBERTIE, SIENA F & TRAVERSA G. 1992.
Fractional crystallization and liquid immiscibil-
ity processes in the alkaline-carbonatite complex of
Juquié (Sé&o Paulo, Brazil).Petrol 33: 1371-1404.

O comportamento similar dos ETR nos carbonati-
tos e nas rochas ricas em mica parece sugestivo de que

Bro1zU P, BARBIERI M, BEccaLuvAa L, BorN H,
CoLToRrTI M, GARBARINO C, GOMEs CB, Mac-
c1oTTA G, MELLUSO L, MORBIDELLI L, RUBERTI E

& TRAVERsA G. 1994. Petrology and geochemistry
of the Passa Quatro alkaline complex, southeastern
Palavras-chave: rochas alcalinas, carbonatitos, geoqui- ~ Brazil. J South Amer Earth Sci 6: 237-252.

mica. DEER WA, HoWIE RA & ZussMmaN J. 1964. Rock forming

minerals. Vol. 5, Longmans.
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