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~ l u i d  inclusion and stable isotope studies in Sn-W deposits of western Spain 

ABSTMCT: Most of the Spanisli Sn-W niineralizations are related to tlie syn- to late-tectonic Hercyiii;iri 
gr;iiiites. I'luid iiiclusiori :iiid st:il)le isolope stiidies Iiiive I)cen cliri-ictl out in (~ii;irtz, c~issitcritc, sclicelite :iiitl 

wolPr;iiiiite froiii diffeieiit typcs of dcposits: Sil diseiiiiii:itioiis iii :ipograiiitcs (Golpcj:is ;iird I'ciiout;i), Sii 
pegrnatites (Feli) and Sii, Sn-\V. W quartz veiiis (Teba, San 12inx, La Parrilla aiid Virgen de la Encina). 
The fluids probably resporisible Sor tlie Sn-W niiiieralizations beloiig to 1-I,O-NaCI-COI-CI~I,-NI-l12S systeiii 
wiili saliiiities below 15 wt. !Z ey. NaCI and tioinogeiiiz:itiori teiiipcr;itures r;irigiiig Ixtweeii 240 ;iiid 430°C. 
6i80,,,,0,9%~ values show sniall variations: froni 9.4 to 15.6 in quartz, -3.8 to 7 .3  in cassiterite, 5 .8  to 6 .9  
in scheelite, 4.9 ir1 wolfraniite, :irid -2.9 to 8.2 in water oftlie rnetalliferous fluids. Tliese fliiids are iiiainly 
magmatic or witli incorpora!iori of otlicr isotopically lighter waters. 

1 MINERALIZATIONS 

Tlie Sn-W iiietnllogeiiic proviiice of tlie Iheriari 
Peiiinsula is one of tlie inost iiiiportnrit in [he 
I1ercyiii;iii orogeiiic hclt OS Eui-ope. Thcrc are 150 
Sn-W occurreiices wliicli exteiid fi-oiii G:ilici;i 
tliroiizli tlic iiord of 1'ortiig;il lo tlie soiitliwest of 
Spain. l'liis study coriccriis scveii Spaiiisli Sii-W 
niiiieralizations tIi:it sliowetl iriipoi-t:iiit econoniic 
interest duriiig tlie '70 arid '80, 2nd beloiig to 
different types: 

1 . 'Sin dissciiiiiiíiiioiis iii iipo-i-;iiiitcs: (;olpcj:is 
(Salmaric;~) ;ind I>ciioiir;i (01-eiise). 'l'iii ore occiii-s 
as disseininatioiis of c:tssitcrite iii thc gr;inites (G 
conc Q-Cs antl 1'34 Q s;iiiiplcs) aiid :is greisenizetl 
zones (1'115 Q-Cs) iiiid quartz veiiis ((31 Q and CilO 
Q) which traverse botli tlic a1k;iiine granites aiid tlie 
surroundiiig metaiiiorphic couiitry rocks. 
2. Tin p e ~ i i ~ ~ ~ t i t c s :  1kli (S~il;iniiiiic:t), At 1:cIi 

deposit, a large peginatite dyke (1'13 Q saniplc) with 
1.;-muscovite is associated witli a stockwork of 
quartz and pegniatite dykes (F15 Q-Cs) cuttirig 
Cariibri:rn scliist, quartzites ;iiitl aiiipliibolitcs. 

3. Qu:irtz veiiis :tiid stockworks witli: c;issiicritc, 
Teba (Cáceres) --TI Q-Cs aiid '1'1 Q-Cs saiiiples--; 
cassiterite aiid wolfríiiiiite, S:in l'iiix (1-3 Corufia) - -  

SF 3 Q-Wol, SF 67 Q-Cs ;ind SF72 Q-Cs--; 
scheelite aiid cassiterite, La Parrilla (Ciíceres) --l'a2 
Q-Cs-Sch 2nd Pa3 Q-Scli--; and wolfraniite- 
~cheelite, Virgen de I;i Ericiiia ( I rón )  --VE1 Q aiid 

VE34 Q--. Iii these deposits, qiiartz veiris :irid 
siockworks cut surroiiriding nictíiniorpliic rocks, i i i  

tlie cxocoiitact of, or proxiiiiiry to, IIercgiii~n 
leucocr;iriites aiid/or two-niica gr;tiiifcs. 

' I I  study oí' tlie fliiid incliisioiis hy 
iiiicrotlieriiioincrry :iiid Raiiian iiiicropsohc ;iii;ilyscs 
wns cnrrietl out oii tlifferciit saiiiplcs oí' qii:irt/. 
c:issitcritc : i d  sclicclitc hcloiigiiig i t ~  Iiycliotlicsiii;il 
vcins :iiitl greisciiizetl rocks. 

T~ikirig into accouiit their clieinicíil coiiipositioii, 
li)iii- typcsof inclusion hiive Ixcii clcl'iiictl: 

-'l'ypc 1: Coiiiplex, COL aqiicous iiiclusiuiis ( l i 20 -  
NaCI-COZ-CI-1,-N,-11s sysieiii). 

-Type 2: Complex, COL inclusioiis (COZ-CI1,-N>- 
ll,S systc111). 

, . -1ype 3:  h v  saliiiiiy, queous  iiiclusioiis (IIzO- 
NaCl systcni). 

-Typc 4: Mixed síilt, ;iqueoiis iiicliisioiis (11'0- 
NiiCI ;ind otlicr snlts systeiii). 

'flie iiiicrotlicriiio~~~ctric d;ii;i ;[re siiiiiiii;ii.iictl i i i  

'I'able 1 aiid iiiterprciecl i i i  hliiiigíis aiid Ai.rib:is 
(1987). 

Tlie inicrotlierrnornctric rcsulis sugcest t l i n t  tlie 
fluid iiiclusioiis are evideiice of coiitiiiuous 

'liydrotherinal evolution. Assuiiiiiig ihat tlie cvoliition 
of ilie deposits developed i i i  resporise to dccrensiiig 





~ ~ b l e  2. Oxigcn-isotope data for quartz, cassiterite, wolfrarnite and scheelite froni Spanisli Sn-W deposits 
a,,d ,-alculated parameters for mineralizing fluids. -- 
S ~ 4 P L E S  TIi ("C) 6"0 iiiin &"O min &"O fluid A(A-B) T eq. ("C) 

%o(SMOW) %o(SMOW) %o(SRlOW) %o(ShlOW) 
(range) (mean) 

=====- 
G1 Q 345 12.8113.5 13.2 7.7 - 
G10 Q 325 13.8 13.8 7.8 - 
GconC Q 14.5115.1 14.8 (9.4) 

O R 

Pa2 Scli 285 5 .8  5.8 7.2 

Pa3 Q 220 13.5113.9 13.9 3.5 

Pa3 Scli 6 .9  6 O (7 1) 

SF3 Q 245 11.3/11.9 11.6 2 .5  
6.7 

S I 3  Wol 4.9 4.9 ( 5  8) 

Th: Iiornogenization teiiipcrí~turc iiiode of tlie type 1 iiicli~sioii fi-oni data 'l'able 1. 
T eq.: teii1per:itures cstiiii:itcd hy tlic oxigeii-isotope geotlicriiioincter iisiiig co-esisriiig (2-Cs aiid (2-\Vol'. 
Data hctwceii 1,r;ickcts i i i  ilic fi'KO Iliiid coluiiiii :IW c;ilciil:itctl witli ilic (1iixriz 'l'li d:ii:i, :issiiiiiiri.: co 
existencc qurirtz-iiiiiieral (Cs, Scli aiid \Vol) i i i  c;icli sit~clicd s:triiplc riricl clcpo~i(. 



teiiiperatures aiid pressures, aiid takiiig irito accouiit 
the parageiiesis and tlie iiiicrotlieriiioinetric data, . - 

iliree niain episodcs can be distiiiguised: 
1. Tlie first episode is cliaracterized by tlie 

eritrapinent of fluids belonging to 1-I,O-NaCI-C0,- 
CM,-N,-II,S systeni (type 1 and 2 inclusions) with 
salinities below 15 wt. %eq.NaCI and densities 
varying froni 0.55 to 0.8 glcc, trapped nt niinin~uiii 
teniperatures ranging betweii 200 and 43OoC, m i  
pressures below 3,250 bars. During this stage, the 
&siry of tlie aqueous solutionc increases, tiie 
saliiiity and concentration of volatiles decrease as the 
ternperature drops. These characteristics suggest a 
iiiixing and dilution of tliese early fluids with waters 
of low salinity. These early fluids are 
conteniporaneous with depositiori of Sii-W 
iiiiiieralizaiion aiid related alteraiion. 

2. Tlie secoiid episode is representcd by low- 
s;iliiiity aqueous iriclusions (type 3 iiiclusion) wiili 
s;iliiiiiics I)clow 10 wt.'%cq.N;iCI ;iiid <Icrisitics 
rangcd betweeii 0 .7  and 0.95 glcc, trappccl ;it  

intermediate 1ioiiiogeniz:ition teniperatures varying 
1)ctwceii 60 ;ind 400°C, ;iiid prcssiircs helow 1,000 
1,;ir.s. i'liis st;ige c;iii be corrclated witli ilic 
precipiiatioii of polynietallic sulphides. 

3. 'fhe tliird episode is characterized by Iiiglicr 
saliiiity ;iqueoiis iiiclusioris (type 4 iiiclusiori) 
coiit;iiiiiiig N;iCI ;iiitl oilicr clilorides, wiili salinities 
Ixlow 45 \vt.Req.N;iCI arid deiisitics r;iiigiiig 
bct\vecii 0 . 9  ~iiid 1.3 g/cc, ir;ipped :it low 
Iioiiiogeiiizatioii teiiiperature rangiiig hctween 50 ;iiid 
170°C. aiid low Iioinogcnizaiioii prcssui-es (below 
100 h;irs). Tlie diffcreiit coiiipositions aiid the 
coiiirast ol' saliiiities Ioiiiid bciwceii tlic sccoiitl 
episode aiitl the tliird is pi-obahly dile to a iiiixirig of 
iriasriiatic-low s;ilinity soluiioiis with fliiids oí' 
coriiiare niidlor rnet~iiiioipliic sourcc. 

Wc Iiave iiie;isurcd tlic uxygeii isotopc coiiiposiiioii 
01' ( 1 1 1 ; i i . i ~ .  c:iuitci-¡le, \volfi.;iiiiitc :iiid sclicelite 
iiiiiicr:il sep;ii.;iic ;iiid ilic oxygcii exii-;iciioii w;is CIOI IC  
in tlie Stable Isotopcs L.abosntory of Sal;iiii;iiica 
Uiiiversiiy (Rible 7).  

'l'lie 'Q ccoiiiposiiioiis ol' riiiiier:ils are geiierally 
iiiiili~riii iliougli ilicrc tire iiiiiior v;ii-iatioris. 'l'lic 6"O 
values of cpi;~rtz s~iiiiplcs range froiii 9.4 to 1 5 . 6 % ~ :  
S;iri Fiiix sliow ligliicr v;ilucs i-angirig Ixtweeii 9.4 
aiid 1 1.9%, aiid ;t I I  i-ciii;iiiiiiig dcposits sliow siiiiilar 
v;iliies ol' 13.4 to l j . 2%.0 .  'l'lie cnssiterite, 
\voll'i;iiiiii~' :tiid s~.I~ccli ic (I; i i ; i  ;ice ;iIso uiiil'oriii ;iiid 
sliow v;rliies heiwecri 4 aiid 7.3%0, cxcept t o r  SI.'GX 

Oxygcn isotope coiiipositions of the fiuid were 
dcrived by relatiiig tlie measured riiineral isoto 

Pe' conipositioii and iiiineral-water isotope fiactionaiion 
factor at the teinperature of cryst¿illization. ~h~~~ 
6IR0 values of fluid data and tlie oxygen-isotope, 
geotliennomcter were obtained using oxygen isotop; 
fractioiiation equntions between 250 and 5 0 0 0 ~  of 
Matsuliisa el ;i1. (1979) for qu;lrtZ, Lliang et al. 
(1994) for cassiterite and wolfranlite, and 
Wesolowski and Olinioto (1986) for schee1it& 
Teniperature of crystallizatioii wcre based on nUid 
inclusion arid tliese were Th Iiistograiii niode of type 
1 inclusioris iii eacli saiiiple. Tlius, S i80  values of 
fluid obtaiiied raiige of 5 to 8.2%0, except for sal, 
I'inx saiiiples ;iiid one of La Parrilla tliat sliow dLii 
between -2.9 to 3.5%. Tlie first data are al1 witli. 
tlic r;inge of iiiagiiiatic water but tlie secoiid suggc, ! 
;iii inco~oratiori  of isotopicaiiy iigiiter (proba[>ly 
iiicteoi-ic) fliiid iiito tlic hydrotlieriiial systcii,, 
Iiivolvciiiciit 01' mi I';icc \v:iici' diii-iiig iiiiiicr;ili~;iil, 
113s ;ilso bceii detected iii daiii for quiirtz sunipl, 
froiii otlicr pxiite-rcl:itcd hydroilierriinl deposits i I l  

I lcr.cyiii;tii or-ogciiic I)cli. 
'l'lic tciiiper;iture c;ilcul;ited by tlic osygci i - i~oto~)~ 

geoilieriiioinctcs are not in good ;igreeiiient wiili d;itn 
ol)t;iiried by niicrotlieriiiotesic stiidics (see 'rubles 1 
;iiid 2),  iridic;itiiig: isotopic discquilibiiurii between 
Q-Cs ;tiid (>-\Vol ; i i id  dilt'ci-ciii pliysico-clieinical 
cli;ii-;icieristics o f  Ioriiiaiioii lbr rlicse iiiirierals that 
;tpp;ii-eiitly co-exi~iing i i i  tlic s:iiiiples. 

'flic Iiydrogeii isotope d;iia are 1101 still available 
;iiitl iliey caii not Ile coiiibinecl to coiistruct a 6D 
vci-sits ,\''O ploi 
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