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FLUID ORIGIN AND EVOLUTION DURING THE FORMATION OF RARE-ELEMENT
PEGMATITES FROM THE BORBOREMA PROVINCE, NORTHEAST BRAZIL.

HARTMUT BEURLEN, MARCELO REIS RODRIGUES DA SILVA AND CLAUDIO DE CASTRO !

ABSTRACT  Microthermometric studies of fluid inclusions in the Borborema Pegmatitic Province, Northeast Brazil, allowed to recognize
the following fluid types: A) primary aqueous carbonic (17-21 mol%)@®@ilusions in early pegmatite minerals, such as garnets and tourmaline
(wall zone 1) and beryl, quartz, tourmaline and manganotantalite (zone Il and limit zone II/1ll); B) primary aqueous fluid inclusions with low
CO, contents (£ 7 mol%), hosted in zoned quartz crystals, apatite and euclase from zone Ill, core and replacement bodies of the pegmatites; C)
late"aqueous inclusions barren in @®the same minerals than type B; D) secondary inclusions in all minerals throughout the whole pegmatite,
being either aqueous carbonic, showing wide ranges O ratios (type D1) or agueous, with no (0D2). The salinity of these fluids

range from low (A and B) to moderate (C) and very low (D). Trapping temperatures decrease from type A to type D inclusions. Laser Raman
Microspectrometry analyses of the carbonic phase of the type A inclusions confirmed the absence of methane, but detected gignificant N
contents. The observed,/CO, ratios, ranging between 1/5 and 1/70 are higher than those reported in magmatic fluids assoCiated with
pegmatites or granitic magmas (£ 1/140). The higerKD2 ratios could be the result of wall rock fluid contamination. High:bhtents in
metamorphic fluids are frequently explained byli¥eration during the mica break down.

Keywords:aqueous-carbonic fluid inclusions, Raman data, pegmatites

INTRODUCTION The aim of this paper is to elucidate the fluid45’ western longitude, in the States of Paraiba and Rio Grande do
evolution during the formation of pegmatites of the BorboremRlorte, in Northeastern Brazil. The Seridé Foldbelt is a Meso- to
Pegmatitic Province (BPP), in Northeastern Brazil, based on fluideoproterozoic unit of the Borborema Tectonic Province. It is
inclusion data. Similar approaches, despite its importance, have neyghposed of a basal volcanosedimentary sequence (Jucurutu
been attempted in the BBP and it is still controversial whethefoymation), followed by quartzites and metaconglomerates (Equador

pegn?]atites fgrm fkrom.lwater saturatgd (Jahns f‘j“d Burnham 1%ﬁ%rmation) overlain by a turbiditic-flyschoid sequence (Serid6
Burnham and Nekvasil 1986) or undersaturated magmas (Londe8rmation). The sequence underwent upper amphibolite facies

1986, Londoret al. 1989). ; ;
The BPP approximately overlaps the southern part of the Seripr;thfzmlj)gszlsgéégggﬁir:tﬁg:?gg-followed by retrograde metamorphism

Foldbelt, between®Gand P°of southern latitude and 385’ and 36 Over 90% of the pegmatites are found intruded in the schists of the

ST,y (TS Seridé Formation or the quartzites of the Equador Formation (Fig.1).
- : U/Pb and Rb/Sr ages of the pegmatites (Ebert 1969 and Aleteitia
1968) indicated crystallization of the pegmatites between 480 and 510
Ma.

Most of the over 750 mineralized pegmatites of the BPP show a
heterogeneous mineral distribution. The pegmatites at Boqueiréo,
Mamd&es and Capoeiras, investigated in the present paper, are found
intruding quartzites and metaconglomerates of the Equador Formation
and are classical examples of this zonation (Fig. 2).
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Figure 2 - Schematic cross sections after Da Silva (1993) and sample
locations of the Mam®es (A) and Boqueirdo (B) pegmatites. | = border zone
with comb-textured muscovite+albite+quartz; Il = medium grained pegmatite
with frequent graphic K-spar+quartz intergrowths; Il = blocky K-spar
Figure 1 - Simplified geologic map of the Seridé Foldbelt, modified after Ja(perthite) zone; IV = massive quartz core. The limit between zones Ill and IV
dim de Sa et al. (1981) displaying the extension of the Borborema Pegmatitiche preferential site of the so called “replacement bodies” : irregular
Province and the studied pegmatites at Mamd€s i{n the south) and pockets of medium-grained clevelandite, muscovite, lepidolite , phosphates
Boqueirdok?) . and disseminated ore minerals.
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Table 1 - Petrographic and microthermometric data of representative groups of pegmatites from the Borborema Province.

FLUID
MICROTHERMOMETRY

Host minerals, (zone), Petrographic features Microthermometric data
Pegmatite nhame
nature Type/phases| vol % CQig) Tmcoz2 salinity Theo2 Thtot
at room T) °C wt% NacCl °C °C
€q
Quartz from graphic pegmatitepseudosec+sec A / (ACS) 70-25(lig) |56.9:0.1(92 | 4.3+1.0(96) | 26.9:3.5(87 | 272£33(42)
(zone Il)Boqueiréo. secondary D/(C) 100-80(liq) ) )
secondary Cal/(AtS) 0 56.9£0.1(31 | 3.1+2.3(31) | 21.A5.0(21
secondary | Cb/(AtS) 0 ) 16.7+2.1(17 )
)
Tourmaline and garnet(limit primary A/ (ACtS) 50(liq) 57.1+0.5(22 | 4.1£1.0( 6) | 28.20.9( 8)| 29%15(14)
zone | and Il)Capoeira. )
Double-colored tourmaline, primary A/ (ACtS) 30-20(lig) | 56.9t0.1( 9)| 4.%0.5(13) | 24.3:4.7(14 | 224+23 (7)
(zone I1),Boqueirdo secondary Ca/ (AtS) 0 5.1+1.0(34) ) 174£23(13)
Morganite, (limit zone Il and primary A/ (ACtS) 50(liq) 56.7+0.1(74 | 3.2+0.6(56) | 29.#4.1(46 | 321+5 (71)
Iy Mamdes secondary Cc/(A+S) 0 ) 3.4£1.5(12) ) 141+23 (9)
Manganotantalite, (Zone IlI), primary A/(AC%S) | 70-40(liq) |56.7+0.1(11 | 1.80.3(11) | 29.#5.1(8)| 29%#5(11)
Mamdes )
Quartz, crystal(limit Zone Il | primary, core| B /(AC%S) 30 (vapor) ? 3.5+1.1(26) ? 289+16(21)
and V) primary,zonell Ca/(A%S) 0 5.3+0.7(93) 212+15(80)
Boqueirdo primary,zone2l  Cb /(A£S) 0 14.1+0.7(98 183+14(95)
prir'nary,zo'ne3 Cb /(AS) 0 ) 182+7 (21)
primary, im | cc /(A+S) 0 10.5t0.7(21 144+12(16)
)
3.7£1.3(26)
Quartz crystal (Zone ) Primary, core| A /(AC+S) 50(liq) 56.8:0.1(12 | 3.0+:0.3(19) | 29.7+0.2(19 | 295+4 (19)
Capoeiras Pseudos, cor¢ B /(AC+S) 30(vapor) ) 2.8+0.2( 9) ) 221+13 (8)
Primary, rim | Cb /(A£S) 0 ? 23.1+3.1(25 ? 213+13(23)
)
Quartz crystal with euclase Primary,core | B /(AC%S) 30(vapor) 6.5+1.3(15) 195+9 (14)
overgrowth Primary,zoneZ Cb /(A+S) 0 19.2+1.0(22 178+19(15)
(Zone IV or replacement body)Primary,zone3 Cb /(A+S) 0 ) 171+17(14)
Mamdes Secondary,fiml - Cc /(A%S) 0 12.6+1.7(18 147+ 9 (4)
)
1.240.1(4)
Aquamarine (zone Ill) primary A/ (ACtS) 50 (lig) 57.1+0.1(28 | 4.1+0.3(25) | 26.3t0.5(26 | 297+15(23)
Papagaio Pegmatite secondary Cb /(A£S) 0 ) 8.5+0.7(14) ) 221+27(15)
Apatite from replacement primary B/ (AC%S) 30(vapor) | 56.6+0.3( 5)| 0.40.3(15) 24%23(13)
body,Alto Feio
Graphic pegmatite pseudosec | A/(ACtS) 25-75 56.6-57.1 | 3,0- 7,0(65)] 21-30(55) | 260-340(62)
all samples, secondary Cal/(A£S) 0 3.0--5.5(42) 240-300(44)
Mam@es, Ubaieiras, secondary Cb / (A%S) 0 10-25(58) 170-220(95)
and Capoeira pegmatites secondary Cc/(AtS) 0 0-4(25) 110-200(20)
secondary D /(AC) 100-0 56.6 -57.9 10-31(31) | 100-400(24)

Obs.:A = aqueous, C = carbonic; AC = aqueous-carbatfics with accidentally trapped solids, mainly muscovite;

pseudosec. =pseudosecondary;

as explained in the text.

INCLUSION

PETROGRAPHY

AND

sampled systematically along cross sections from the walls to the cogplacement bodies.

The numbers in parenthesis represent the number of meabypeméntB, Ca, Cb, Cc and D

bearing cores in quartz crystals, within secondary trails crosscutting
The investigated pegmatites weretype A arrays in graphic quartz and in growth zones of apatite from

of the pegmatites, passing through the graphic zone and the blocky-type C are primary aqueous (Lw+V%S) inclusions with
feldspar zone to the massive quartz core (Fig. 2). In addition, a secasdidentally trapped solids (Figs. 3C and D) but, devoid of T@y

set of samples, consisting of perfectly idiomorphic crystals, mostigcur surrounding type A or type B inclusions in successive crystal
collected in open vugs was also investigated. The petrograpl@i®@wth zones of some quartz crystals (Fig. 3E and F). They also occur
characteristics and the microthermometric data are discussed in dénd secondary trails in graphic quartz, tourmaline, beryl and quartz

by Beurleret al. (2000) The most important features are summarize‘éiy$tals. from zones Il and Ill. Sub-types Ca, Cb and Cc could be
in Table 1 and Figs. 4 and 5. The following types of fluid inclusion@'Stinguished on the basis of decreasing homogenization temperatures
and, respectivelly, low, moderate and very low salinities obtained

during microthermometric observations.

; . : . . -type D are secondary aqueous (sub-type D1) and aqueous-carbonic
ratios close to 1.0) with accidentally trapped solids (Lw+Lc+ V+S), i uttJ)-/tF;/pe D2) inclusiong w?th very(irregL)J/Igr she)lpe anc(jq size found in

gamet, tourmaline, beryl (Figs. 3A, 3B), manganotantalite and in i jntragranular or transgranular trails in quartz of all the pegmatite
cores of some quartz crystals. Fluid inclusions with the same pha$ges. The CGH_O ratios in inclusions of the D2 sub-type, in
ratios are frequently found in quartz grains from zones | and I, in plgontrast with the &onstant ratios within type A inclusions, are very
nar pseudosecondary arrays, and sometimes in tridimensional clus{giigable within single trails.
or isolated inclusions. ‘ . . The final CQ melting temperatures shown in Fig.4, range between
-type B are Lw+V+S inclusions with low G@ontents in the vapor -56.4 and -57.4C in all the primary aqueous-carbonic inclusions and
phase, only detected by clathration during microthermometric rurisdicate the predominance of Génd the absence of large amounts of
They appear as primary inclusions in the core or surrounding Type éther volatiles.

were distinguished:
-type A are primary agueous-carbonic inclusions (liqui



Revista Brasileira de Geociéncias, Volume 30, 2000 333

5um

EHT =28 .66 kV

Figure 3 -A) Primary, type A , BO-CGO; inclusions in an idiomorphic tourmaline grain included in feldspar from zone Il of the Capoeiras PegmatitgOrhe H
CO, ratio around 1.0 is shown in the magnification in the right sileTtype A, aqueous-carbonic inclusions, oriented parallel to the C axis of the host
morganite crystal, from the limit between zones Il and 1l of the Mam&es Pegmatite. Observe the constancy of the radites/GGhe long prismatic aqueous-
carbonic inclusions. The estimated liquid@4CO, volume ratios at 3Z range between 1.1 and 0.9. Accidentally trapped solids are also observed in some
fluid inclusions.C and D)SEM images of primary inclusions with accidentally trapped K-spar (Kf), muscovite (Mu) and a fibrous silicate (Si), probably of Li
and/or Be. Note that the solids are partially enclosed in the wall quartz of the fluid inclusion (afE)Ws)smatic section of a quartz crystal from the limit
zone lll/zone IV of the Boqueirdo Pegmatite showing primary inclusion arrays (arrows) along successive pyramidal grovi@hRetselsof a large primary,

type Cb, negative crystal shaped, aqueous inclusion, from the last pyramidal inclusion array of Fig. 3G (arrow in the left).

Even though most samples present an incomplete sequence of thresemon to most samples is the low salinity during the formation of
fluid inclusion types, an outstanding common feature is that thgpe A, B and Ca inclusions (£ 8 wt% NaCl eq.) increasing to
homogenization temperature, always decreases from type A (rangenaiderate values in type Cb ( 10 to 25 wt% NaCl eq. ), followed by a
mean Th values from 290 to 8D) to type Cc (140 to 18C) new decrease in type Cc (£ 6 wt% NaCl eq.) inclusions (Figs.5A, B,
inclusions (Table 1, Fig. 5A to 5C). These microthermometric resul®). Type D inclusions were not included in Fig. 5 because of the large
are in full agreement with the relative age and the mostly primawariations in HO/CO, ratios and homogenization temperatures, and
nature of the fluid inclusion types established petrographically. Thirecause they only occur in secondary trails.
becomes particularly proeminent in Fig. 5A where type B, Ca, Cb and The first ice melting temperatures also present a significant change
Cc inclusions occur in successive crystal growth zones of a sindgilem Ca (between -20 and BD) to Cb type inclusions (-35 to - %5)
quartz crystal from Boqueirdo (Fig. 3E and F). Another featumeturning to normal values (-20 to %25 in type Cc inclusions.
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A aqueous-carbonic inclusions in some representative samples: grapnic

quartz (1), tourmaline (5), of the Boqueirdo, quartz crystal (4), garnet (6) and

tourmaline (7) of the Capoeiras and morganite, (2) and manganotantalite ( T T T T T T
of the Mamdes Pegmatite. af Boqueirdo Pegmatite - graphic quartz {Zone I1) ]
22 B i
LASER RAMAN MICROSPECTROMETRY 20p ant " pecas ]
(LRM) LRM {type Cc) dth. st.
analyses of the carbonic phase of 46 selected fluid inclusions w 18| 4 A Secondary3rdst. | |
obtained. No signals other than C&nd/or N were observed in the =16 | ot A o oy b e | ]
inclusions with exception of two inclusions which presenteq Chz 14 | (type Ca " '
contents below 0.2 mol%. These data are in perfect agreement withg 12[ AA & Pseudosecondary |
measured CQand clathrate melting temperatures which indicated tt.e (type A) 1st. st. ]
predominance of COn the carbonic phase. Nignals were observed °§ 10r ]
in 23 inclusions, with very variable gﬂmzraﬁos. All examined large 8r o ey €
(> 20mm) type A (Lw + Lc = S at tempéeratures 3@pinclusions in 6 + + +£5 cf"o . . ]
tourmaline and in quartz crystals presentgdignals with CQIN, sf L0 T O‘“ N * o ¢ i
ratios between 18 and 70. In graphic quartz'only 6 of 14 examined t 2L " + had Lol ]
A inclusions presented._[Signals, possibly due to the smaller size (! o ﬁ + .

to 15mm) of these inclusions and the smaller diameter of the carbo
phase close to the detection limit. In four large type A inclusions
morganite no Iy signals were observed.

In five type B and one type Ca inclusions in the zoned quartz
crystal, in which the presence of a carbonic (V) phase was suspec

120 160 200 240 280 320
Th (total) ( °C)

because of clathration phenomena during microthermometric runs, 1 28 ¢ Bogqueirao and Capoeiras Pegmatites

Raman results were able to detect good, §8i@nals and, in five of 96 b C )

these cases, also the presence oflNe molar CQ'N, ratios ranged 24 4 "‘-‘-@g o RELORKEM. LT &%

between 4 and 9. a2 | ¢ & Hataminny ried el
Because of the large variation of thell(m)zratios, most of the ag | A CAPOEIRAS

results must be considered as a preliminary, semi-quantitativ & 4g & Gamet [Typs A

approach with respect to the,Nontents and CgN, ratios. E 16 i B Tourmalne Typs A}

Nevertheless, if only the data in which Ceak areas surpassed = 441 By & Quartz {Typa A

100cps and the Noeaks (if detected) were larger than 2 times thiZz 45 @ Quarts Ty 1)

largest air signal’observed during the whole period of measuremei g 45 A AT {THRR: T b

are considered ( data listed in Table 2), the ratios still show a lar ™ g e

range between 5 and 70. It is outstanding that these ratios are mi 4 # +  F s

lower - e.g. the lé\lcontents much higher - than the usual ratios foun a 3 .8 ':na-, 5 T oes *

in magmatic fluids of acid volcanic rocks (mean of 180, ranging fror 2 o 4, J

150 to 250) and in the also supposedly magmatic fluids of the Tan o

pegmatite (Manitoba, Canada, mean of 180, range from 93 to 275) 120 160 200 240 280 520

reported by Thomas and Spooner (1992). The almost comple Th {total) {*C)

absence of CHin the investigated pegmatites is also in contrast with
the data of the Tanco pegmatite, where the, €ohtents of the
carbonic phase are always similar to those of N

DISCUSSION The relative age between fluid inclusion types andfigure 5 - Selected salinity (in wt. % NaCl eq.) versus total homogenization
the stages of pegmatite crystallization was established based’ggerature [Th (totalfC] diagrams. The salinities were calculated using

. . h : . COR software (Brown 1989), from final ice melting temperatures in
petrographic and microthermometric data obtained mainly from the, .o\, inclusions and from final clathrate melting temperatures in aqueous-

Boqueirdo, Mamdes and Capoeiras pegmatites. Type A agueokignonic inclusionsA) in successive crystal growth zones in a quartz crystal
carbonic fluids found in garnet and tourmaline crystals from zonesrdm the limit between zone Il and IV, at Boqueirpin graphic quartz at
and Il at Capoeiras and in morganite, aquamarine, manganotantal&ueirao.C) in tourmaline from zone |l of the Boqueirdo Pegmatite, and
quartz crystals and graphic quartz from zones Il and Il at Boqueirgarnet and tourmaline from zone Il and a quartz crystal from zone IlI of the
and Mamdes are the earliest identified fluids. They are supposed-@&poeiras pegmatite. The arrows indicate the relative age of different
have coexisted with the pegmatitic magma already during the onsetn§fusion populations as indicated by crosscutting relations in secondary
the zone Il crystallization. At the end of the zone I1l crystallization th&@!lS (B) or by the relative position of primary inclusions in successive crystal
wth zones (A and C). The arrows also indicate the most probable fluid

presence of aqueous type B fluids is documented by primary indUSich'v%lution during the crystallization of the pegmatites.
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Table 2 - Raman data and bulk inclusion parameters of selected individual fluid inclusions calculated according to Ramboz et al. (1985).

PETROGRAPHIC FEATURES RAMAN DATA BULK _ INCLUSION _PARAMETERS
(mole %) (mole %) thuk) [ XCOf
glcc | xN,
Number Typ | Host minerall Pegmati{ V%Aq | Daqg dCQ; | ZCO, | ZN2 | ZCH4 | xH20 | xNaCl | xCO: | xNz | xCHa
e te zone glcc glcc

BO1-1-69 B | Quartz I 70 | 1.018] 0.24p 834 17)0 92.4  1.0% 518 0[72 - 0{785 PB.1
BO1-1-72b | B | Quartz I 70 | 1.074 o0.24p 754 25l0 | 89y 3.7 5.5 109 - 0lg24 5.1
BO3-1-10 A | Quartz I 65 | 1.017] 0.63L 9774 028 -[ 849 0.5] 142 0[34 - 0lsg2 1.7
BO3-1-2 A | Quartz I 65 | 1.007] 0.63L 944 o5k 84. 0.57 140 o0[69 0/882 %03
MA1-13 A | Morganite 1 50 |1.014] o0.608 100.0 - - | 775] o0.64 218 - - oLl
MA1-37 A | Morganite I 50 [1.014] 0.608§ 99.3 - 0.79 77.5 0.64 217 1 0.J5 0.811 -
CA1-b-72 A | Tourmaline T 50 | 1.024] o0.65% 943 o05) - 759 0.7 2321 122 - 0ls39 181
CA6-1-d-1 A | Tourmaline Il 60 | 1.020] 0.30p 925 o068 073 885 1.3% 46 052 0d.11 (.733 |184
CA1-B-1 A | Tourmaline 1 50 | 1.021] 0.61% 957 04B - 769 0.82 214 086 - 0B18 249
CA11-1-2 A | Quartz I 50 1.020| 0.604 984 01p -l 774  o.d 215 o[31 - 0jg12 488
CA11-1-6 A | Quartz I 50 1.012] 0.600 982 01B -| 77.1 0.5§ 214 0[36 - 0Jso6 9.7
CA11-1-7 A | Quartz I 50 1.010] 0.628 984 01f -] 771 0.5 241  0[32 - 0]B19 499

C and 3.5kb. These conditions are considered to be close to the

trapping conditions because of the following reasons:

5 ¥14 Typg A' fluid was foIIoweq by type B dpring the pegmatite
crystallization. Thus large trapping pressure differences between them
are unlikely.

— - 5 These values are close to estimates of the regional metamorphism
ﬁ .ﬁ-* of the Serid6 Group (points 13 and 14 in Fig. 6, according to Gama Jr.
— . -|-,13 and Albuquerque 1985 and Lima 1986, respectively).
o 3 The presence of large idiomorphic spodumene crystals formed at
3 the limits between zones Ill and IV of the Boqueirdo and Capoeiras
g .5b pegmatites, instead of petalite, imposes a minimum trapping pressure
a2 %=1 between 2.5 and 3.5kb (respectively at 460 600C, Londonet al.
10, £ 1989).

' The pressure of 3.5kb is also indicated by isochores 3 and 8 (Fig.

1 y j.f' 6), corresponding to primary type Cb inclusions in the quartz crystal

i intergrown with euclase, at the maximum stability temperature of
’, euclase (380 to 42Q) in the presence of quartz (Barton 1986).
0 < These values (580/3.5kb) agree with the emplacement conditions
100 200 300 400 500 600 of rare-element pegmatites admitted by Eerny (1992) and to the

Temperature ( °C) pegmatiteliquidus established by Londcet al. (1989) .

Figure 6 - P-T diagram showing the isochores for the most representative fluj Therefore, the most plausible interpretation is to suppose that the
inclusion types in minerals from different zones of the Boqueirdo and Mamd élstalllzatlon of the major part of th(_a Stgd'ed pegmatites (zone Il and
Pegmatites in the Borborema Pegmatitic Province. Isochores 1 to 4 repres@t Of zone 1) occurred at 3.5 kb, first in the presence of type A and
primary aqueous inclusions of the core (1= type B) and successivatgr later in the presence of type B fluids. During this stage slow cooling

zones (2, 3 and 4, respectively types Ca, Cb and Cc) in a quartz crystal fremnditions (or, less probably, fast crystallization rates) should have

the limit between zones lil and 1V of the Boqueirdo Pegmatite. Lin@scba prevailed. A faster cooling, from +5%0 to +406C, occurred during

5b correspond to primary agueous-carbonic inclusions (Type A) in morganiFﬁe formation of the inner part of zone lll, the quartz core and the
and 6 in manganotantalite of the transition between zones Il and Il of the ’

Mamdes Pegmatite. Isochores 7 and 8 represent inclusions of the core and Flacement bodies, still under nearly isobaric conditions, as indicated

(+euclase) of a quartz crystal from zone IV (respectively types Ca and CB)Y the isochores 1, 2, 3 and 4, corresponding to primary inclusions in

Isochores 9 (type A), 10 (type Ca) and 11 (type Cb) stand for successive stagygacessive growth zones in the same quartz crystal.

of secondary inclusion trails in graphic quartz (zone II) of the Boqueirdo The composition of the fluids evolved from a low salinity ( <8 wt%

Contitons of euclase in equlibriam with quars (arton 1986). Pomts 13 andCC. €0 ) agueous-carbonic (14 to 23 mol %igpe A fluid, to a

condi ) Iy R

14 represent estimates gf regional me(tqamorphic conditions of the Seri Sa“mt.y aqueous type B fluid with Cz(bontents I.ess than ° ”.“0.'%-

schists. The arrows indicate the most probable P/T evolution path for fluids€se fluids are followed by C@ree aqueous fluids with salinitiy

in equilibrium with the pegmatite during its crystallization from zone 1l toevolving from low (type Ca) to moderate (type Cb, around 10 mol%

zone IV: isobaric cooling from 580 to 4@at 3.5 kb. NaCl eq., contemporaneous to the formation of replacement bodies)
and again to very low values (type Cc). Later type D inclusions are
only found in secondary trails and are of dubious position in the fluid
evolution history.

in the core of the quartz crystal from Boqueiréo and in apatite from The evolution from CQ(+N,)-rich to CQ-poor, and later to

Capoeiras. The inclusions in the successive growth zones of the sameeous fluids could be explained by an early influx of metamorphic

quartz crystal from Boqueir&o (and also from Capoeiras) support thqueous-carbonic fluids (in agreement with 0 ratios below 70)

evolution to Cgfree aqueous fluids (types Ca, Cb and Cc). The Ghto a nearly HO saturated pegmatitic magma.

type inclusions in euclase, apatite rims and quartz growth zones rich in

muscovite, probably represent the main fluid during the formation &icknowledgements To CNPq (Grants 523401/94 and 520053/

the replacement bodies. 96), Roberto P. Xavier and Dailto da Silva (FI Laboratory, UNICAMP,

It can be easily observed in Fig. 6 that the isochores 5a, 6 an&&do Paulo) for the invaluable help with the Raman and SEM analyses
(respectively type A and type B inclusions) crosscut each other%t 580id to two referees of RBG for the critical review of the manuscript.
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