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Object of the present study are feldspathoid-bearing syenite nodules which belong to the lithic horizon (Breccia Unit) of the 
Breccia Museo formation. T h e Breccia Museo, is a volcanic breccia which crops out in the S W sector of the Phlegrean Fields, 
an active volcanic field located immediately west of Naples, Italy. The Breccia Museo has been interpreted by several authors 
as result of the explosive activities of different monogenet ic vents (Perrotta, Scarpati, 1994) or the proximal facies of the 
Campanian Ignimbrite, a widespread pyroclastic f low deposit which occurred about 35.000 ybp (Rosi et al., 1983). Perrotta 
and Scarpati (1994), on the basis of the distinctive textural, structural and lithological characteristic, divide the deposit in four 
stratigraphic units grouped in two overlapped depositional units named, respectively, Lower Depositional Unit (LDU) and 
Upper Depositional Unit (UDU); the two depositional units are divided by a co-ignimbrite ash-fall deposit. Both the L D U and 
the UDU show facies variations interpreted by authors as resulting f rom the interaction between the f low and the 
paleomorphology. 

The nodules are composed primarily of potassium feldspars (up to 80% of the constituents), subordinate plagioclase, 
scapolite (a S and Cl-rich member of the cancrinite-group) amphibole, pyroxene, biotite, magnetite, titanite and apatite. The 
homogeneous composit ion of feldspars f rom core to rim suggests a substantial equilibrium with the host liquid. Most of the 
observed fluid inclusions were hosted by potassium feldspar and, to a lesser extent, by scapolite. 

A preliminary fluid inclusion study was carried out in thin sections and on small f ragments of xenoliths, which were 
examined and analyzed by SEM-EDS. EDS analysis was carried out on daughter minerals, whose identification was based on 
E D S spectra and, where possible, on crystal habit. Room-temperature observations allowed to identify various types of fluid 
inclusion: (1) one-phase liquid-rich; (2) two-phase aqueous, liquid + vapor, liquid-rich inclusions (most of these inclusions 
were found in healed fractures or cleavages of the host minerals); (3) three-phase and multiphase aqueous inclusions 
containing one or more daughter minerals. The study of daughter minerals in fluid inclusions revealed the presence of many 
different phases: Chlorides-. Na (halite) and K (sylvite) chlorides were found in many opened inclusions. They were often 
associated and occupied more than half of the volume of inclusion. Fe- and Mn-chlorides often occurred as irregular masses or 
coated the wall of the inclusions; Sulfides: minerals showing Fe, Cu and S peaks were identified as pyrite, pyrrhotite and 
chalcopyrite, based on peaks ratio and morphology. Noteworthy is the occurrence of sphalerite and argentite/acanthite; 
Sulfates: although S E M - E D S analysis does not reveal the degree of hydration, a Ca and S phase was identified as anhydri te 
( C a S 0 4 ) f rom morphology; Carbonates: in some inclusions a mineral showing exclusively a Ca peak was observed. W e 
consider this mineral to be calcite in agreement with crystal morphology. Other phases, identified as carbonates, were 
dolomite, cerussite and a Zn daughter mineral tentatively identified as smithsonite ( Z n C 0 3 ) . 

SEM-EDS and electron microprobe analysis of the nodules showed a high abundance of U, Zr Nb, Th and R E E elements in 
late stage minerals such as apatite, Zr bearing minerals (i.e. zircon baddeleyite and zirkelite), pyrochlore-group minerals, 
thorite and phosphate (monazi te group); zircon and baddeleyite have U 0 2 concentrations of up to 9 and 4.5 wt.%, respectively 
and Th enriched zircons ( T h 0 2 up to 50 wt.%) were also observed. Baddeleyite shows also enrichment in N b 2 0 5 (up to 7 wt.%, 
among the highest concentrat ions reported f rom terrestrial baddeleyite). Zirconolite is relatively enriched in Nb and Th (up to 
14 and 15 wt.%, respectively) and, to a lesser extent, in REE and Y (up to 4 wt.% and 3 wt.%, respectively). Pyrochlore, which 
shows a large composit ional variation, is the main mineral concentrating Nb in the nodules (up to 37 wt.%) and has a relative 
abundance of Z r 0 2 (up to 16 wt.%), T h 0 2 (up to 8 wt.%) and U 0 2 (9 to 31 wt.%). Phosphates are enriched in T h 0 2 (up to 21 
wt.%) and R E E (mainly C e 2 0 3 and L a 2 0 3 up to 13 wt.% and 12 wt.%, respectively) and often show zonation. Other minerals 
observed were sulfides, carbonates and tungstates. 

Many of the accessory phases occur with typically hydrothermal textures (i.e. replacement, vugs, in-filling). Furthermore, 
the nodules show high abundance of small miarolitic cavities. On the basis of mineralogy and fluid inclusion evidences, these 
cavities have been interpreted by the authors to be magmatic in origin and to represent the probable site of vapor bubbles 
exsolving f rom late-stage magmatic fluid separation. Complex daughter crystal assemblages found in mult iphase fluid 
inclusions of the nodules of the Breccia Museo give evidence of high solute entrapment. The high salinity of the trapped fluids 
is testified by high abundance of chlorides, sulfides and, to a lesser extent sulfates and carbonates. Such evidences suggest that 
fluids trapped represent a hypersaline/sulfur rich with minor C 0 2 content fluids exsolved by a crystallizing magma. 

Microprobe data and fluid inclusion observations of the nodules show the partition of fluorine, chlorine and sulfur in the 
syenite. Fluorine is incorporated in biotite (about 5 wt. %) and, subordinately amphibole; chlorine and sulfur are incorporated 
in scapolite, cancrinite-group minerals and trapped in the form of magmatic brine. The high abundance of halite and sylvite 
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f o u n d in the f lu id inc lus ions sugges t a t empera tu re of f o r m a t i o n in the r a n g e of 4 0 0 ° - 6 0 0 ° C . S u c h a r a n g e of t e m p e r a t u r e c a n 
b e cons ide red as a l ower l imit t e m p e r a t u r e fo r an ear ly s tage hyd ro the rma l c o n d i t i o n . W e are cu r r en t ly c a r r y i n g o n 
m i c r o t h e r m o m e t r i c e x p e r i m e n t s to c o n f i r m this hypo thes i s . 

Tex tu re , m ine ra logy and c h e m i s t r y of the a lka l i - syeni te of the B r e c c i a M u s e o s t rong ly s u g g e s t that t he se n o d u l e s r e c o r d e d 
the t rans i t ion from m a g m a t i c to h y d r o t h e r m a l cond i t ions in the local m a g m a c h a m b e r . T h i s t r ans i t ion w a s s i ted in an u p p e r 
par t of the m a g m a c h a m b e r . A c c o r d i n g to M e l l u s o et al . , ( 1 9 9 5 ) , the c o m p o s i t i o n of t he e r u p t e d p r o d u c t s o f the B r e c c i a M u s e o 
D e p o s i t is c o m p a t i b l e wi th the p rog re s s ive d o w n w a r d t a p p i n g of a s h a l l o w m a g m a c h a m b e r t h e r m a l l y and c h e m i c a l l y z o n e d . 
A f t e r an ear ly e rup t ive p h a s e du r ing wh ich the upper , m o s t d i f f e ren t i a t ed level of t he m a g m a c h a m b e r w a s t a p p e d , the s u d d e n 
co l l apse of the roof of the m a g m a c h a m b e r t r iggered the subsequen t e rup t ion of t he r e m a i n i n g m a g m a ( r a n g i n g in c o m p o s i t i o n 
f r o m t rachy te to t r ach iphono l i t e ) , wh ich f o r m e d the B r e c c i a Uni t and the U p p e r P u m i c e F l o w U n i t (Pe r ro t t a , Sca rpa t i , 1994 ; 
S c a n d o n e , 1990). 

High t empe ra tu r e and hype r sa l i ne i m m i s c i b l e f l u ids p lay a key- ro le in o r e -me ta l t r an spo r t p r o c e s s e s . M a n y s t ud i e s o n 
m a g m a t i c sys t ems ( R o e d d e r , 1984) repor t the p r e sence of h igh-sa l in i ty f lu id i nc lus ions (i .e. t he p r e s e n c e of a C l - r i c h , h i g h -
dens i ty aqueous phase ) re la ted to a m a j o r o re depos i t ( i .e. C u and M o p o r p h y r y depos i t s ) . T h e s e i nc lus ions h a v e e q u i v a l e n t 
h o m o g e n i z a t i o n t e m p e r a t u r e s T h > 5 0 0 ° C and salinity > 4 0 % NaCl equ iva len t . S imi l a r o c c u r r e n c e s a r e a l so r epo r t ed f r o m 
Ital ian subvo lcan ic s y s t e m s ( D e V i v o et al., 1995; L o w e n s t e r n , 1994). 

Va r ious e x p e r i m e n t a l w o r k s have po in ted ou t that m a n y o r e me ta l s tend to par t i t ion in to a h y p e r s a l i n e c h l o r i d e - b e a r i n g 
b r ine exso lved f r o m a s i l icate mel t (Cande l a , P iccol i , 1995) . T r a c e and R E e l e m e n t s c a n a l so b e e f f i c i e n t l y e x t r a c t e d f r o m 
m a g m a f r o m Cl- r ich f lu ids ( H a a s , S h o c k , 1994; K r a v c h u k , K e p p l e r , 1994) . O n the o t h e r h a n d , the r o l e of S in t r a n s p o r t 
m e c h a n i s m s is o f t e n u n d e r e s t i m a t e d , even if su l fa te- r ich f lu ids are r epor ted in pe ra lka l ine , s i l ic ic m a g m a t i c i n t ru s ions a n d in 
o r t h o m a g m a t i c f lu ids re la ted to p o r p h y r y - c o p p e r depos i t s (Hans t een , Burke , 1990) . T h e o c c u r r e n c e of s u l f i d e s (pyr i t e , 
pyrrhot i te , ca lchopyr i t e ) a l o n g with ch lo r ides and su l fa t e s and Fe- M n o x i d e s s u g g e s t s that the r e d o x s ta te of the m a g m a t i c 
so lu t ions sh i f t ed t o w a r d s re la t ive ly ox id ized condi t ions . C o n c e r n i n g the par t i t ion of R E E into S - r i c h f lu id , W o o d ( 1 9 9 0 ) s ta tes 
that s u l f a t e - R E E c o m p l e x e s c a n p r e d o m i n a t e over a q u e o u s spec ies in a b s e n c e of o the r l igands . F u r t h e r m o r e , t he t e m p e r a t u r e 
s t rongly a f f ec t s the R E E - c o m p l e x stabi l i ty cons tan t : i nc reas ing t e m p e r a t u r e s p r o d u c e an i n c r e a s e in c o n s t a n t v a l u e s f o r 
f luor ide , su l fa te and ch lo r ide ( in this o rder ) . T h e r e f o r e ch lo r ide and su l fa tes , wh ich w e r e p r e s e n t in the m a g m a t i c s y s t e m o f the 
B r e c c i a M u s e o Depos i t , cou ld have p l ayed an impor tan t ro le in the R E E se lec t ive e n r i c h m e n t in the a c c e s s o r y m i n e r a l s o f t h e 
nodules . 
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