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P-T PAIH AND FLUlD EVOLUTION IN THE FRANQUEIRA GRANmC PEGMATITE, 
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the paicofluid chemistry md thc P-T conditions of fluid migntion m tbc #. Time typcs of fhid mchisiolls havc bcai 
identificd in emcnld and pheaikitc; t h ~ ~  cpwdcs of fluid cirailttion are didinguUhed 5he first episode is rcpxcscntcd by low- 
salinity lqucouscvbonic primary fluid bclusions in pheriizkite, thtsc wat tnppcd U 25 kbar md 400°C. hn isothermal drop in 
p v  produccd a occond dtzge of fluid trapping Mder conditiws of 400°C and 1 khar. Huid inclusions tnpptd in emcrald 
indicate that during this sccond stage, it f o d  from phcnakítc rnd chsrsabcryI m thc prcscnce of a C&- md CT&-rich fhid A 
third epWdc of fluid circulation suggcsts an indcpcndcnt stage of fluid cúailation during late tectonic evcnts. with tcmpentuns 
ranging from 160" to 265°C and prcssun bclow 05 kbar. 

Eo Galice. dans k rcctarr nordoucst de la Ptninsult ibCnquc, on trowc piusim umssifs & pcgmrtites grrnitiqucs. Un de 
-4. FruiquBn, cst Ic ritc d'un giscmat mérrs;omttique & chycobcryl. Qlaurde et p W t e  gemmcs. Li pegmatite est 
usoc i&iua~fhacyni~&krpai tehypcrPl imi inaaidcux~cymis~plocedansdaduai tcsdudannine&~dc 
h - a u ~  Tr&-Mm-la. Tú & &k&-uJ t i  !.&--m& h = & &&Ee 
miao~0&RimPn.ñn&dttcrmin~licompoditim&pll60n~ct~eoadi~&pnssionctdetanpáiturraucoursde 
sa mi@on daos ia pegmrtiie. Nous woas MkntifiC mis typcs & i n c W  ffuides dpnr I'tmawde ci k pb&ak.¡tc, qui 
h i g n e n t  & hois épiiSOdCS de circulati011 &une p k  flui&. Lc premiar dwnt des inclusions p c h a k  q u a t w  a primaires 
daoslaphtnnLitc,pitgksi25~ct4000C.Unc&utcisothamc& kpsessionaproduitunc#ondrtndc&pitge?ge.i400°C 
a 1 kbar. les inciusious l s soc ik  i a dewtme @ i d  pitgks dans I'twrPudc mdipuent un modc sa f o d o n  par 
rrmplacmiait aux dépcns de la phtnikitc ct du c-l par une phísc flui& nche en gaz cubonique ct ai mtthane. Un 
IroisiCme é p i i  & ckuhtion sarit indépendaat des daa pranicm, dhrdoppC ui cours d'm dtfOtmPtion tardivc A une 
températwc aiiant de 1600 i 265°C ct une prtSsio11 infcncurc 1 0.5 W. 

(Tnduit par la Rtdaction) 





gtological setting of the Franqueira pcgmatitc was out- 
lined by Martin-izard et oL (1995, 1996). 

The Franqueira deposit occurs baween ophiolitc 
complcxes of Gaiicia (Ordenes Complex) and Portugal 
(Bragan~a and Morais complarts). Thtsc compluces 
rtpresent hgmcnts of oceanic aust that wae thrust 
ova  the schist of the schistost domain ducing the first 
and scumd phase of thc Hercynian Orogeiiy. Hetaoge- 
neous two-mica granitc (Barrera et oL 1989) were 
anplacedduringthtthirdttdonicphase(315f 10Ma: 
Capdevila & Vialatc 1970). At Frawph,  &e pegma- 
tite M e s ,  rclated to the hcttrogamus two-mica gran- 
its, aasat m ultramafc rack: of dumtic cbmwkx and 
associatedgabbroicrocks. 

Martin-izaud ct oL (1995) suggtsted that tIic dimitc 
and hornblendt gabko considad tiat bclong to a raa- 
nant of peridotitic and gabbroic rocks from the 
ov- compluces. This suggestim is supported 
bythefactthatthegeochemícalaudmmdogicalchar- 
actaistics of Franqueirz dimite and gabbro are similar 
to those of the the Ordenes, Bragaqa and Morais com- 
picxes. 

Later, during the intnision of tht Hacynian granites, 
bie dimite and harnblalde gabbro could han ranained 
in the roof zone of the ptraluminous haaogareaus two- 
mica granitcs, which n d l y  have a suitc of associ- 
atad pegmatitc M e s .  The Franqucira pcgmatite, which 
is enriched in Be, B and P, caused metasomatic alter- 
ation of the adjacent dunite, with formation of 
pblogopitite near the pegmatite, and tremolititc Mes 
and an anthophyiiitc rim closc to the dunite. The Mg 
and Cr of thcse rocks wcre providcd by the dunite. The 
addition of boron and phosphorus rcsulted in the forma- 
tion of tourmaline and abuudant apatitc m thc metaso- 
matic fácies, along with phlogopite. in the mnes closest 
to the pcgmatitc, the Be sprcad out in thc system and 

devtloped chrysobcryl (Ual~dr i tc")  and p h a -  

kitc porphyroblasts, isolated or intergrown in the phlo- 
gopitite. 

The bodies of granitic pegmatites foxm a network of 
narrow, anastomosing subvertical dikes that t m d  a p  
proximately cast-wcst. Thc dikc systcm (Fig. 2) is ex- 
posed for 15-20 metas. Dike thickness ranges íhm 3 
to 40 cm. Relics of dimite totally transformed to phlo- 
gopite are commonly fnmd widiin thc pcgmatite. 

The pegmatitc bodies show a simple zonation with 
an aplitic borda. Esscntial minerals are quartz, albitc, 
muscovite and sauce K-feldspar, with apatite, tourma- 
h e  and zircon as acctssory minaals. in the main zone 
of the pcgmatitc, albite is the most abinadant minaal, 
with quartz in lessa propoaion and some rrmscovitc. 
Within the pcgmatitic bodies of grcater tbiclmess, a 
h d h g  can be obsaved in thc central unit, in which a 
coarsGgramcd rock altcrnates wiih anothcr of saccha- 
mida1 app~nancc. in the coarse-grained fitcits, tIrcre are 
aysials of coarse bladed albiic with subhedral albite, 
inttIstitial euhcdral quark, aad rrmSCOvitc plates. In the 
saccbaroidal facies, garnct aud tourmaiine abound. 

'fhe host rocics have a clearly defuied contaa with 
the pcgmatites and are of a mic~ceous natun. Tbe mica 
is phlogopite, and is the m& abundant mineral (over 
75% up to Wh) in this facies vi. 2). Thc visible thick- 
ness of this rock is up to ihrcc metas, and it crops out 
for at least five meters. The acctssory minerals are 
chrysoberyl ("alexandritc"), phenakite, beryl ("emer- 
ald"), tounnalie, garnet (mauily almandine), apatite 
(flumpatitc, 3.5 wt% F) and anr>n. 

Chrysoberyl [Fig. 3A(C)] appears as subhedral 
porphyroblasts isolated in the phlogopite or as skeletal 
intcrgrowths within cmerald, phmalcite and apatite. 
Phaialritc [Figs. 3A(P), 3B] appears as subhcdral and 
colorless prisnatic uystals up to 3 cm in S&. P h d -  
itccommdyhasassociated~teqyStalSIFig. 3 4 4 1 .  
&rylappearsaswhcdralprismaticcrystalswithsizes 

Fm. 2. View of the pegmatitc di)<=, which are lcaticular (A). 'Ibe pegmtiic is hosted by phlogopititc (B) iad tmnolitite (C). 



ofup to 30 cm pigs. 3@), 381; anintensc gteen wlor 
and Cr content (up to 0.2 w%) give it its meraid-like 
character. It is the Latest & mineral and replaces the 
chrysoberyl and phenakite Pig. 3A). Tourmaline 
(dravitc) is developed at the COíItact bctweai phlogo- 
pitite and the pegmatitc. 

Bcqrl prphyroblasts develord and pdally re- 
placod thc othcr two Be mine& owing to thc iocreas- 
ing activity of %Si04 (at constant temperature) in 
accordance with the rcaction: 

chrysoberyl+ phenakite + SH4Si04 
= bevl+ 1 0H20 (1) 

pmposed by Barton (1986). Invariably, whm &ys@- 
beryl and phenakite are togethcr, they arc rcpiaccd by 
bcryl (cmerald) and appcar as a teletal inttrgrown 
within the nnelald 

The phlogopititc grada into a tranoiitite in wbih 
pockets of phlogopite are ubiquitous (Fig. 2). Thc vis- 
3.L A:-L-..- ..e +t.:- --L 2.. .- a- L.. --- L +La 
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tnmalitite, the rock i s  essentially composed of trano- 

litc, but some phlogopite is always prtscnt and locally, 
alonr! dunite contacts. the trcmolitite is rimmed bv 
anGphyllite and titanite. Accessory minerals includé 
Prcon, apatite and ilmenite. Ovcr a short diitance (5 
cm). the trcmolitite grades into an anthophyllite wne 
and thm into dunite. 

The autcrop only as relics of about one meter 
thick insidt tht trcmolite rock. It is dark in color, 
gnnoblastic and of very compact tnrhae, and the oiivine 
is partially alterad to tranolite and pbiogopite. Olivine 
(Fog&$) forms a hypidiomorphic, partialiy strpentinu;cd 
and doritized aggrcgate. Chtomian @el is found as 
an accessory mineral, usually disseminated although 
occasionaily fonning small aggrcgates. 

Mimthmmetric studies of fluid inclusions were 
perfonnod on seaions 100 to 300 pan thick using a 
microscope equippcd with a UMKjO Ltitz objectivt 
--A m-,- --,1:-1 h-4&" & m i  m-hi -6 -1 -'u Q --u- ~ i " S t ;  -u ..-.u* c.-5- \A "6, C. Y" 

19%) m the Laboratory of Geology of the Univcísity of 

Fic. 3. A. Microscopic view of chrysoberyl (C). phenakitc (P). buyl (B). and apatite (A). Phenakim and skcletal conoded 
crystals of chrysobcryl are included in cmccald. XPL, 10X. B. Ernenld and phcnakitc crystals uicd for the study of fluid 
inclusions. C. Primary complex CH.,, a q u m  inclusions (cypc-1) in cmaald crystals. XPL, 45X. D: Primary cornplex C 4  
aqueous inclusions (typc-2) and sccoadary saline aqueous inclusions (type-3) in cmcrald crystals. XPL, 45X. 



Las Paimas (S*). The stage was calibratcd according 
to the pmcdms outlined by Poty et d (1976). The 
dctailed analyticai techniguts of the miaoshamomeaic 
stuáy are desa i i  in Maríin-izurd ct d (1995). 

The composition of thc mm+quam portion of in- 
dividuai inclusions was meaaired using a Dilor X-Y 
~ ~ m o d a l a r ~ f p e c t r a a a e r ( a t ( = R E G u ) .  
BulkcOmpOSitiaL1anddtasitywpecompatedñantht 
P-V-T-X propatics of individuai inclusiars m the G 
H+S) system (Dubessy 1984, hibeuy et d. 
1989,1992, Thiay cr aL 1994, Baldra 1995). AU data 
werecalailatedMthemiaotfaG Ekkmee~lira 
meatsaadtheRmnan~ofthegas,usingaclath- 
rabe siability model in thc systan H-SJaCl- 
KCHhClt~2S3riad293KmdbetweenOIIid 
200 MPa (Bakita 1995, Bal&r ct aL 19%) aud the 
computa program of- (1997)- 

The P-V-T-X properti~s of .qaeou~ carbonic inclu- 
sions w a t  modeled in tams of the rystem H&C+ 
CH4 using tht statc equatiom of Kcrtick & Jaoobs 
(1981) and Jacobs & Kerrick(1981) and the computa 
d e  of Dubcssy (íiMj. oníy m one case (typaí in- 
clusions in phcnakite) did wz use thc cqaation of statc 
of Bowas & Hclgeson (1983). For aquums inclusions, 
the isochorts have been drawn m the H m a C l  sys- 
tcm using the data 6rom Zhang & Frane (1987) and the 
computer pmgram Macflincor 0.92 (Brown & Hagc- 
mann 1995). 

in the Franqucira deposit, samples of emerald and 
phenakite (Fig. 3B) have been talrrn h the metaso- 
matic phlogopitc-tich zone (Martín-izard et d 1995). 
Both minerals have the potential to provide infinmation 
on thc conditions of maasomatism arormd the ptgma- 
tite. Fluids inclusions in chrysobayl are and are 
too smaii (itss tb 1 pm) for study. 

ObsCNBtions show h t  ancraid and phenakite have 
a signüicant numk of mc-hisions, i s o i i  or in gmups; 
these are intapreted as primary ( F i i .  3c, D). 0 t h ~ ~  
inclusions rtlated to fhctmes are classiied as psaido- 
secondary or secondary on the b i s  of the critaia of 
Roedder (1984) (Fig. 3D). Inclusion morphology is 
equally variable, being roundii elongate, tubular, 
subhedral negative crystal or imgular. 'ihe size of the 
inclusions studied ranges from 5 to 60 km in sizc 
(Figs. 3C, D). 

One hundrcd and twmty-five fluid inclusions wat  
selectad and htdied by microthermometry in the two 
minerals. in al1 e m d d  and ph&te aystals studied 
(more than lo), fluid inclusions have the same morpho- 
logical characteristics and volumciric latios. 

The fluid-inclusion studics of the Franqueira deposit 
r t ~ ~ r t e d  by Martin-ízard et d. (1995) indicatc the m- 
eice of & types of inclusions. Type 1 coasi& of 
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complex a-b&ng aqueous inclusions (Fig. 3C). ,- - ~ .- , ~- ~ - - - -  r - - -  

Thcse show two phases at room ttmperanat. Thc Mpor 
phast acaipics bttween 20 aud 50% of the total vol- 
ume of the inclusions. We coasidcr &ese inciusio~ls to 
beprimaryorpsaidosa;ondary,audthcyaretItemost 
repr t scnta t iveo fcmaa ldand~ .  

Aita cooling rnd tahapat  heating, the CH4 liq- 
mdandvapolp~homogeaáedtoeithathevapor 
(V)otliquid(L)rtateoraiticrl(C)~esge.Thisocairs 
a t ~ r i w i n p f c D m - 8 3 t o - 1 0 6 ° C m c o v r n d  
Eiom42to-5WCintoLphasesinthcancraid,and 
M - 8 6  to-106% irit0 V,-88S to-1105% mtOL, 
r i a d - S ó 5 d - 8 9 ' C m t o C ~ m t h c p k d i t c .  

Tbe taqmbm of initial ice meltins, whae mea- 
s u m b k , w a s f a r m d t o b e ~ t m i m d t h e ~ c e r i -  
tectic fot the NaCl-Ha ryrtem, -20.S°C (Poster & 
Brown 197i). Althougti the ose of wt.% cquivalcnt 
N a C i i n r r s c h i n c h i s i o n s r e e m s ~ t b e o v a -  
~ s a l i n i t y b a s c d o n t h e ñ n a i ~ o f i a  
melting, with Fefaence to the W a C l  rystem (Pot- 
t ae tu í  1978) ,rangesbetwca15rnd8wt%~- 
l a  Nicl. 

idhmgmh&ntanpammesr~nge*- 
3180 ind 369OC in tk liquid ~tate rnd betweai 354' 
and3 i3"Cinthev~pors ta tc .Samcof thcm~ 
mchisions daaq&akd befort total homogeaitation was 
achievcd. 

Type-2 inclusions are conq>lex mbcaring aquo 
ous inclusions (Fig. 3D). These inclusions con& two 
phases at mom tan- and show volumciric pro- 
portions VgNt (vapor volumc/total volumc) below 
50%. The inclusions appcar onty in the core of a n d d  
crystals and have the same d i s tn ion  as the typc-1 
inclWons, but are lcss abundant M&-Izard et d 
(1995) considered &ese inclusions as primary or 
psardosccondary and amtcmpomncous wiib type-1 in- 
ciusiops During cooiEis, the two-phast inciusions in 
same cascs inmsfórm into thresphast mclusions (H20 
L+ COzV +m L). The melting of solid has 
btai measrircd at bawecn 60.80 and 42.I0C. Salini- 
ticswaeovaestimatadappmim&lyñanthefmal 
meitiag of ice vaiuts ana thc fOrmUiac prOpOScg by 
Potter et d (1978) for the systcm H20-NaC1, and 
rangtd 6rom 5 to 105 wt% equivaltllt NaCL 

Most of thc totai homopizdon in the liquid state 
occun bñween 320" and 378OC; ody two inclusions 
homogcaized into the gas and aitical state at 381°C. 
This dcgree of variability in pattern of homogmbtion 
can be cxplaincd by smail diffcrcllcts in the bulle com- 
position of the fluid 

Ty-3 inciusionsart mixedaalt ~ C O U S  inclusious. 
Thcstshowtwophasesatroammnpaaturcinwhich 
the vapor bubble oocupics lcss thaa 10% (Fig. 3D). 
These inclusicws occur in both anaald and phenakite 
and are rtlatively scarce. Thc mclusions are scumdary 
in charaaa. Tanprraturs of first melting of ice vsry 
betweai -45' and -5S°C; these tcmpcratuns are 10- 
than the aaectic ttmperaturc of the H20-NaCi systcm 
íPotter & Brown 1977i. nie temaerature of final melt- 



ing of ice ranges betuea -2.1 d -23°C. Taking into 
acimllteiesedempaMtresmdtheexpaímddata 
of Pottg cr d (1978) for tht systan H W a C i ,  thc 
gi.initY nages betwzai 3 5  d 24.7 wt.% equivalat 
NaCI. Homogenizatim tcmpaatuns muge between 
1600 aud 265°C in tht iiquid rptc. 

'Ihe miaottatrmomctrc of Martin- 
iEsrd et d (1995) are 

- ZdinTable l.  
C i ~ , ~ t h e t b a v e m i ~ c d a t a , n o  

great diñtlenccs cxist bctwtt~i tht fluid inciusion 
pqmhths of armaid .nd pkmkitc; two dhoatb-  
o r u h y d r o t f i a m a l ~ c r n b e ~ T l s e ñ r á  
~ E t r g e w r i s ~ b y t h e Q r a i l a t i o n  
md tnpping of tqrieúus fluid with #nne volatiies of 
-1 rnd -2 kiusims (compla C ~ W X ~ Z  rqri#ms 
mchisi005), witb Sdinitíes bclow 10 wt.% aqPivaltnt 
N&I, and a low dalsity of bubble. This 5Pid cPcu- 
iaicd a minimum tempaabires of bawcai 318" and 
381% and the lithtatic or hydrostatic prcsson was 
hign aioogh to prveod boiiug. 

71 chmm&&m ~f ~ ~ - 3  incht&n~, &--e I_ 

rocordary charpacr, 1Owcr of homogali- 
d o n ,  lackiug CIt, and o t k  voiatües, ha* a 
variable ralinity, sud With arithlutions mtahing s c v d  
catilms, suggest an mdepcndeat cpepisodc of hydrotfier- 
mal fluid circulatiion during &e later tcctonic C V C I L ~ ~ .  

Thus, the secand hydmthamal stage wmsponds to tht 
ckdation aud trapping of t i a q u ~  soluti011~ of d i t y  
below 24.7 wt% equivaiint NaCi, containing cations 
such as Ca, Mg, K and Na, among othas, with densities 
ranging 0.9 to 1.15 g / d ,  at minirnum trapping tan- 
peratures xanging 160 and 26S°C. 

Raman micropmbe aualyses wete carñed out on 
typc-1 (in phcnakitc and in d d )  and type-2 inclu- 
sions from Franqueira. From Raman analyses and 
mi~~~themiometñc da@ the daisity and composition 



mole % C q  moie % H20 

FE. 4. A Voiatile density (6v) versus mole %. B. a : C i &  d o  versus Ha mole %. Detcnnlliui frum Runan anaiysis 
of individual fluid inclusions from thc FraaqueirP deposit 

Figun 4A shows density versus C@ wntent of the 
volatile-rich phase for each inclusion type. It can be 
observad that m - 1  inclusions may be divided into two 
groups, depaiding on uhdher they appear in phenakite 
or tmtrald In the ñrsi casc, the volatile-rich phase has 
a higher dcnsity, and no C@ is detected. But in thc sec- 
ond case, then is and the volatile-rich phast has a 
!r\m dmsity. The @p-2 hc!~sir\nr, hich nn!y qp 
iu thc wre of the anerald, reveai an inuwse in density 
and COí w n b t  of the volatile-rich phase in relation to 
type- 1 inclusions of the same mineral. 

Taking into account the bulk composition of both 
types of inclusion, the C92/CI-& ratio versus H20 wn- 
tent (Fig. 4B) also shows two diffaait groups in type- 1 
inclusians, dcpending on whether tñey appear in emer- 
ald or phenaláte. Thus from type-1 fiuid trapped in 
phenakite to type-1 fiuid bappcd in cmerald, that is an 
increase m H20 at a similar a : C I &  d o .  The fluid 
t q p d  in thc enierald carc ( t p e  2) has a HzO cantcnt 
similar to type-1 fluid in emeald but a hjgha C&:C)4 
d o .  



ha. 5. M2 tenilry plot of thc volde-rich phrse ia the iuclusioas stndied h n  
tiKFnnqueiradcpoarndochpegmrMicfieldfrwiAEGC(FuntecF~~~~teefoL 
2000). The plot shows se1cdtd nailtt ofRatn~ raalyxcs of the .qucaus-ctrbOnic fluid 
of thc Franqucira dcpoait ind thc thrtt pcgmatitc fiel& from the AEGC. 

The aqueous-carbonic fluids found in Franqueíra 
can be comparcd with fluids from other granitic 
pegrnatites of centtal Galicia (Fuertes-Fuente & Mar- 
tin-izard 1998, Fuertes-Fuente et ui 2000). These are 
known as AEGC pcgmatites; thcy outaop in thrtt dif- 
f--t p p p k  fiel& Fcp-~i pm&&~a@ et 
d 1995, Fuatcs-Fuente & Martin-izard 1998). Forcarei 
Norte and Lalúi (Fuertes-Fuente 1996). Thc metaso- 
matic fluids found (Fuates-Fuente et d. 2000) havc a 
composition, mainly that of theu volatile phase, diffcr- 

fm pegmantc ñeiQ, as dand in 
the CO+ZI&42 trrnary plot (Fig. 5). Franqwh is the 
richcst in (3% ami, in the AEGC pegmatites, the cH4 
conttnt of thc aquCOuS-carbOnic fluids in~tases from 
Wí to F o m i  Sur, with an intcmcdiatc vaiue in 
Fo=i Norte. The Fxanqucira sarnples wert extractcd 
from mctasomatic walhk,  and tfüs fact may explain 
why they are ncher in Cb than the Forcarei Sur mine- 
als in the pcgmatite samplcs, which wcrc cxtxa&d fium 
mi%@& @ &e p-t;h *msF~mtt 
& M&-lzatd 1998). The mine& of the pegmatites 
from Forcami Nortc and Lalfn m not cxtnictcd h m  
the borda of these bodies. This fhct suggc& a mhor 
CX& content. n ie  fact that Forcam Norte is mriched in c& wm- io may duc ínc f& &,= 

metasediicnts in which ~orcani Norte pegmatitcs are 
e n c l d  have graphitc horizons; these are absent in the 
metlstdimentary units in which thc Lalin pegmatites 
were emplaced (Fuertes-Fuente et ai. 1995,2000). 

P-T RECONSIR~C~ON 

The calculated isochom of inclusions in emaaid 
and phenalcitt fiom the Franqueira deposit are shown m 
Figurc 6. Thc P-T tvolution of thc metasomatic fluids 
O? Frn-n&~~! arr difd~~ec! *-?h ~f-cc tn t ih  c fig- 
ure. Fmm &ese isocho~ics, two stagcs of fluid circula- 
tion havc bccn cstablishtd during the metasomatic 
C V a  

Tbe fírst aage is npresaitcd by tnpping of typc-1 
f&d in pWaaiciIC & &&my 'nign P-T -&tions. 
mkiimum 001lditions of trapping arr thost givcn by tht 
Th-Ph pair, wñich is 370-371°C rnd 2-25 kbar. Mar- 
tin-hani et ui. (1995) proposed tempaaturcs bawcen 
380 and 4200C, an d d e r  an average ianpuaiure of 
400°C as ttie tmpcdmc closest to conditious of fw- 
matíon (Fi. 6). In thís way, tbe fluid inclusions and 
Raman data in phenakitc allow us to calculate a prrs- 
sure for thc first stagc bawtai 2.2 and 2.7 kbar, in 
a--t w& &e maximimi of 4 lrbar and &e m& 
probable vaiue, 2 lcbar, proposed by hkh-izard et aL 
(1995) on thc basis of thc tbamodynamic cquilibtium 
model in the systan BeO-A120&OrH20 developai 
by Barton (1986) (Fig. 7). 

R&d-h=;usioñ &u ave LSIllp-a forma- 

tion much lowcr than thosc comsponding to the ciuyso- 
beryl+ quartz stability field (Fig. 6), clase to the 



Temperature (OC) 

join. The abscnce of euciase indicates a minimum rangc Thc type-1 and type-2 fluids trappod in e m d d  dis- 
of temperahirts and prrssurts, ir., a P of 4 kbar and a T play a lower density than type-1 fluid trapped in phena- 
ranging from 350°C (for P = 1 bar) to about 450°C (for kitc, yieldiig lowcr rninimum prtssures (Ph), in thc 
P = 4 kbar), in the stability field of andalusite. 0.75-1 kbar rangc and a minimum tempcratints (Th) in 



the 354-381°C range. Takmg mto account the cvolu- 
tion of &-bcaring ssscmbiages at FranpireW (Mam'n- 
izard ct d 1995), we c01lsider that the tempffahPe did 
notchangewitIirrspecttothctirstrtage,d4000C 
( F i g . 6 ) . I f ~ o , t h c ~ o f t h i s s t c o n d ~ i s a r o u n d  
1 kbar.Thcsedataareaisoin~twiththcpro-  
p ~ s d  by Md-IZSNI d UL (19%). 

D u r i n g ~ ~ h y d t o t f ~ r t a g e , ~ - p r o b -  
ablc prwatn of tmppbg of type-1 fluid m phcaakitc is 
mund2)rbarandatemperabrnrramd4006C.This 
p ~ p r o b a b l y ~ a i i t f i o a a t i c ~ i r t -  
dicatm of a rtlatidy Qep Etmctirnl leve1 (74 km). 
The type-1 and -2 mclpsian~ m a n d d  display 
lowerdauities,tfmsthesemchisi~ll~waetrappedin 
the range of 1 ktar, Such d o n  couid be explamed 
by a pnssun drop f h a  lidmhüic to partialS hydro- 
mtic CQDditions during decanpressiop 

niccharactaisti~~Imdisoch0re~0ftypo-3fluidi~- 
clusions (Martin-lzard et d 1990 suggcst a later umb 
lated episode of hydrothennal fluid circulation at 
minim11111 tqping tempcraturrs rSnging h 1WC to 
265°C and pnssia# MOW 0.5 kbar. 

~fh* f!l&d S&+&- M& &e m&- 
somatic process is as follows. Under pressrnrs bctween 
2 and 2 3  kbar and a tempcrature clost to 400°C, a first 
stage is dcveloped in which an aquto-c fluid, 
dominated by H20 and of very low salinity, is trappcd. 
Tic fiuíd is compod o i  a voiariie p k  m& up o i  
mahanc and minm quantities of nimgen, with an aver- 
age composition of 72 mole % H@, 23.2 mole % CEfr 
and 4.8 mole % N2. A prcsswc drOp productd a sccond 
stage of fluid trapping at 40O0C and 1 kbar. Dwing this 
latttr stagc, e m d d  fomied from phenakite and chryso- 
beryl(maction 1 and Fig. 6), thus indicating an inatasc 
in silica activity (Bartoa 1986). At that moment, two 
diffaent fluids wae simuitancously üappcd by cma- 
al A. (1) o?. + r n ~ ~ ~  !eWa&v f i ~ i d  p W4CC& --. 
volatile phase (typc-1 inciusions), and (2) a W c h  
fluid with bigher salinity ( m 2  inciusioos). 

TWO possiile explanations are presented for discus- 
sion: 

i j kt &e 'be- oi  anaaid nys'raiiition, proprob- 
ably duc to a drop in pressm during the second mge 
and an inaease in Si@ activity, the initial metasomatic 
fluid trapped in phaiakite cvolved into two dicrtnt 
aqueous fluids. m c h  and CHcricb, in accordance 
with the &on af (33, with Ha to fonn Coz and Ha 
the latest of which may diffuse away. Both fluids (CQ- 
rich snd Ci&-rich) have diffetent densities, with thc 
COZ-rich fluid having the higha density (Fig. 4A). This 
fze ,he m!gs!e p& ov;t& &m 
dcnsity and H20 salinity was concclltrated in the fluíd 
üappcd by the cmerald a r e  (type-2, CMch), wbaeas 
the volatile phase with thc lower density and Hfl  salin- 

ity(typal,CE4-wkeptongeetmgtrappadduring~he 
remainder of thc d d  gmwtl~ In this way, two im- 
misciblc fluids are trapped in the emaald core. This 
agrres with a of anerald dumig a stage of het- 
a~gai#ws trapping in the systun H20-NaCccHr 
CO+Iy., SS wis proposed by híartin-Izard et d (1995). 

2) At the begining of e m d d  aystalliritioq a fluid 
(typc-2) b m  the pcgmatite body cirailattd timugh thc 
host rock rnd mixed with typal fluid found in phaia- 
kite, f b m  wbidl phmnl0.b md, probably, chpbay l  
watfamsd.Nosetñatrenrrliuthorshavtobsaved 
tfiPt fluids m pegmaíitic rystcms are gaieratiy domi- 
nated by COr md H20: London (1986). Thamas & 
Spoona (1988), Komenip-Madscn & Rose-Hawn 
(1982), d Fuatts-Fucatc et d (2000) So, tfit m&' 
rntbaÑPPtsmoiedihaedwithCOz,andthaeisancn- 
ricbmmt in H20, the d t  of ti& mixhPe being thc 
typbl£tuid,famdinanclald.Tlieaqueúus-crrboac 
fluids from metasomatic t o m a h e  of thc Taco  
(Mmhba) pegmatite host-rock ('ilomas & Spooner 
1988) have m avaage composition of 91 mole % H20, 
ómolc./r C a l  mole% Cq, and 2molc %NaCl, 
wfüch is comparable with that of type-1 fiuid in emer- 
aidí iomF~Thestauthorsmggtstcdthatthc 
unusualchanistfyof~esefluidsresultfrommixingof 
t dI~I-dd~d CHIa-iO pssih!y ef m&- 
morphic origh, with a fluid released fmm the pegma- 
tite. At thc Gravcloae mine (Nwe & Morteani 1993), 
phcnakite and mera14 which replaca die fonner min- 
eral, ocair on the flanks of a highly metasomatized 
abate  pegmaritc '&y and in h e  biotitc sciiisr ar and 
ntar its contact Nwc & Morttani (1993) dscribed an 
carliest type-1 inclusion, found in phenaldte and mer- 
ald, with low saliity (4 wt% NaCl in phcuakitc and 
-3wPhNaCiinandd)andupto 18mole%Ct4and 
d ~ t s o f C O t T h b e t w e a i W ) a n d 4 0 0 0 C ( T h  
phcaakitc > Th merala), a type-2 fiuid inc1usion found 
in emerald, which is variable in both CH.I-C& amtcnts 
and saünity (6 to 20 wt?, NaCi), Th bctwecn 170 and 
4 l k u  -3 =& &&siInA M-& 

38 wP/. NaCl, C H d Q - k .  Thcy indicatul h t  thc 
earliest flaids in type-1 iuclusiom in the phenakite be- 
comc slighty more di  in thc early Cmef814 rimming 
the phaiakitc, with a reduction of the CZ& wntmt. With 
progrcssiyc Crystaiiion ofmon meraid and forma- 
tion of type-2 inclusions, saliities inaease and become 
more variable witbin individual aystals. Monover, C)t 
dccrtascs, wherw C 4  incrrases. Thesc authors cx- 
plained thesc fa& as aic result of a mixnut bctwm 
type-1 fluids with a dense, high-dmity NaCl brhe 
dwing this stage, causing a continous tmid fiom type-1 
to typc-3 inclusions. 

Thc fluid inclusions found in Franqueira art rathm 
r^ thnv rt C,hvc!c?te; n e v ~ t c ! ~ ,  rhere a! 

somc important difftrtnccs, which indicate a somewhat 
diffcitnt evolution of the fluid. We consider that type-1 
fluid, found in phenakitc at Gravelotte and Franqueira, 



are quite similar, but at FraaqUeira they have no a. 
Ho-, bir mdd km F r n ~ ~ m  has tam types 
of fiuid inclusion, type-1 (auaaid) and -2 (oniy 
found in the uneraid m). Neitba type of fluid inclu- 
sion shows a variable range of talinity, and their ho- - .  ~ t e m p a r t m e s i i e w i W i r i a r i i n i n t a v a L  
In some ases, ttie lyp12 Th is higtba than type-1 Th 
and,mothacasts,bothThlaagesovalapeachothcr 
(Tabk 1). 'íhus, at FnaqucUq tk main diñcrcnce be- 
tw#athctwotypcsoffluidinchtsioninanaaldisthe 
vwb1eC~dC&can ta i r r .  Wetinisdderthata 
mixturr with a high-&ty NaCl btirre, as at the 
O r a v c l a t t e d e p o e a , i s ~ t o k ~ ~ t a i r e n p k s t  
FrPnqueiraHoweva,amirrimbetwtmaCHtHfl 
fluid,whichwrspahiilwdaived~~wallrock, 
wítb a íhid released fnim th pcgmatitc, as at Tancu, 
s#mstok:maelikcly. 

Nevatbetess, the pnsaict o f h  HtO-C02 (* W) 
ÉaclusiansintiLtanaaidaystalumontyandtheH+ 
CHr(f CQ) inciusions in the whole of &e uneraid 
aystai, dong with the ñict that both inclusion typcs 
homogcniIttonpor,liquidandmsomeca~esthcaiti- 
crlsmc,irdicatttiiattheimmisciiityprocejsisthc 
more likciy. E a  C0,nch fhxid is added during c m d d  
growth, -di inclusiolls s h d d  be found within tht 
whole of the ancrald uystai ami should only homog- 
enize in one way (iiquid or vapor). On the othcr hand, 
in the case of an immiscibiity duc to the reaction pro- 
posed above, the C M &  inclusioas should be formed 
whtn the oxidation pnxxss awirs, in other words, dur- 
ing the uystaüiition of the anerald carc. Moreover, 
the salt contcnt is vay constant and low ín al1 type-1 
and type-2 inclusions, but it is a tiüie high in m 2  in- 
clusions Mixing of fluid~ prob&ly gamates fluids with 
diffumt saiinity and m:W ratios, as is the case at 
Gravelotte (Nwe & Morteani 1993). In Fxansutira, the 
very ~~nSrant saiiniiy and a:CE& ratios sgree with 
an immiscibility modcl more than with a mixing of 
fluids. 

Comcerning the orígia of typt-1 (phenakite) m- 
nch fluid, Thomas & Spooaa (1988) pashilatcd that thc 
walltoclr-daved C!H.,-H@ fluid f d  as a d t  of 
metamorphic reactioas invoiving graphitic sediment 
The (3-h content of fluid inclusions h m  the AEGC 
pegmatitc fiel& (Fig. 5) is clearly comlated with the 
abundante of graphitic horizons in the host roclcs and 
thc closa~ess of the pegmatitc samplts selecttd to the 
host rock, this atmtiq thc role of the host mks in the 
gtochemical s igrwm of the fluids (Fuertes-Fuente e2 
d. 2000). T k  Franqucira samplts wnc atraacd h m  
metasomatic wailrock, whcnas the samplts of AEGC 
pegmatitcs wcn extra& from zona within ttie peg- 
--&*a L.X- m:- &A e-.. l.-..- :..a,.--- m.. A- 
S i a a U b  -i. A- A- UILIJ -.- m" uu.n..Zu- u.. UIG 

nchness in CH, of the fluid inclusions at Franqueira 
(Fig. 5). Howevcr, graphite has not becn reporid from 
h e  pegmatitc's host-rock at Fmqueira nor at Gravelotrc 
(Nwe & Morteani 1993). Moreover. we d i  the pos- 
sibility of a purely metamorphic ongin for typc-1 

( p h d t e )  fluid; somt compon~~ts of this fluid must 
have - daiw! from &e 3-rn"B-tiI. r i n  Bc* A! md 
Si are nacessary for thc formation of phenalQte and 
chrysobayl. Thesc minaals d d  not han come from 
the host ID& bccousc bcyond the mdasomatc zone; it 
colrtams no pkmkite. Tlnis wc leave open the dicussion 
abaat &e ~ m r c e  of typt-1 (pbaiakite) (3&4ch fluíd. 
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