
RIASSUNTI 331

a1tttllrion of~ miner2ls in the SOIra" rocks which
results from the interxtkln wilh a fluid phaK, ckpeods
on: I) the na!Un! of the accesSCl)' mineral, and especially
Ihe solubililY of the mineral (Sd) under the dissolution
conditions; 2) Ihe solubility (SO of this mineral in the
fluid which depends on the initial concentration of the
elements such as U, Th, REE, P and ligand concentration
in the fluid; }) the water-rock ratio and the flow regime
in the granite; 4) the excange and interactions surface
betwetn fluid and minends, which depends on the degree
of microfaulting, and amount of rnicmcr2ks in minerals.
h is mar mat fractionadon results, 1101 only from the
element lraspon and ore ctySlalliution, but also from
differential leaching of accessory minerals in the: source
rocks. According 10 the mative slability cl the accessory
minerals in Ihe parolating fluid, lREE or HREE
enrichements may resull respectively from monazite,
al1anite (or fluocerite, parisile, ... ) or xenotime,
yttroparisite, inSlability.

As a summary, the following parameters have to be
taken into consideration for the understanding of the
U, The, REE leaching, tramport and deposition:
I) nature, abundance, and alterabilily of U, Th, REE·

bearing pha5e$ in the source rocks;
relative coruenl of U-Th-REE among lheir different
bearing (acees$Ory or not) minerah;

2) composition of the fluid phase (concentration In'els
of trace elements, ligaods, (especially F~, COJl
and PO.'-,.. .);

}) P-T·X conditions in lhe: precipitation zone, and
nature of the precipitated minerals;

4) behaviour of the ore minerals during pan·
crystallization processes (alteration, radioactive

. demage, weathering, ... ).
Such consideration may help greatly the interpretation

of the ore geochemical features. Also, the study of the
mineralogk1l1 form of U, Th and REE wuold ensure a
correct interpretation of the whole rock geochemistry
either in the source rocks or in the host rock of the
mineralization, 1nen, il appears neces:ury to dUtinguiih
wether lhe mineralogical and geochemical features of
these rocks were acquired at the magmatic,
hydrothermal, or supergene stage.
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The very general fact of spatial relalions belween
granitoid intrusions and vlrious kinds of ore
mineralizations have from long focused interest into fluid
behaviour in such magmatic bodies. Recently developed
tools such as fluid inclusions or stable isotopes studies

have provided a lII'Cl111th of new datl which give I better
insight into the fluid production and circulalion
associated whith lhe empl~nt of granilic plutons
and their cooling and further evolution.

Three successive generations of fluids will be
distinguished:

I. Magmatic fluids - Crystallization of anhydrous
minerals from the magma produces a water increase and
leads to the formation of a fluids phase co-existing with
the melt and cryslal (..~surgem boiling_ BuumAM,
1979; BUJ.NIlAM and ~tOTO, 1980). Few-direct initial
wilocs5e$ of lhis stage are pteSCnr.ly observed, because
of the frequent recrystaUizatM>n of the melt inclusions
(NAUJ\.KlVet al. 1977). Inclusions ahibit silicate crystal
with" fluid phase, and sometimes Ihree phases (at high
temperature): IWO immiscible meltS, a silicate and I saline
one plus I fluX! phase (REYF and BAZlIEYEF, 1977).

H.I.. At the: end of crystallization, It lasl, magmatic
fluids are exsolved and may be studied for themselves.
Un{ortunately, then: is a poor record of such fluids,
either because of a lack of trapping or because they wen:
not sought for (or were not recognized). Nevertheless,
Ihere are at least three situations where the expression
of late magmatic fluids was clearly observed:

in boron enriched granitic systems, unmixing of a
B-rich.cjucous brine (up to 60% eq. NaCl) ulocally
observed, and is refle.cted by the crystaUiullon of
.. quarlz _ tourmaline_ or .. flour_ rocks frequently
occurring as brlcdl pipes (Cornwall, Bolivia, for
instance) (CHARoY, 1979; GRAm et al., 1980);
in porphyry copper innusives, where these fluids are
complex brines, characterized by their high
temperature (600°C and more) and high KlNa ratio
(Ror.ml£R, 1971, EA~LOr., 1978, DENIS et aI., 1980;
RAMIlOZ, 1979);
in sodalithic granites, such as the lkauvoir granite
at Echassieres; these late magmatic fluids appear
enriched in Li and F, and are also chancterized by
their high temperalure (closoe to the lowered eutectic
of. ,60-,aooc of the F·li-enriched magma) and
high KlNa ratio (AlSSA, 1978).

In lhese t"..o late examples, boiling of exsolved brines
(so called secondary boiling) is a common fealUre. In
every case, the early circulations of these Iale magmatic
fluids mark the beginning of rather long.lived
hydrothermal circulations involving fluids o( non·
magmatic origin.

Il.b. Even in the absence of evidence of late
magmatic fluids, early interactions of aqueous-dominated
fluids coming from the surrouoding of me intrusions is
often recorded and sometimes sptttaeuIarly; soch is the
case for:

the 8~izcnuation prottSS, involving .meteoric_
WlItet'S (JACXSON el al., 1982) .It high temperature (up
to 500-'~C) (CHAJ.OY, 1979);
the reducing effect to COrCH. aqueous fluids
evolved from graphile·rich gneissic k\ocls into the
alaskitic magma of ROssing, yi~lding the massive
crystalliution of uraninite (CUNEY, 1980).

Fluids evolved from devolitization of (-rich
(mela)sedimems are a rather frequent compound of high
temperature fluid circulations in granites, as exemplified
by those observed in the imragranitic contact zones in
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the Southern p<lrt of the French Massif Central
(Hondoos, Mt. Lozercl which are similar to those
observed in SnoW veins (RAMBQZ It aL, 198';
WElSBROD, 1986; DUBESSV et aI., 1987). These fluids
nn'C nlthcr low f01 • controlled by equilibrium in the
C.O-H·N system (* graphite).

IJI. Afttt cooling, lJIC5l gnlnites arc l18ain submitted
10 fluid circulations induced either by their own
p«U!iarites (HHP granites, FEHN and CATHLES;
1978 for instance) or by subsequent thermal disturbance
Gate magmatic intrusions, for instance). Fluids developed
local 10 relatively pervasive subsolidus alterations. Quartz
dissolution together with K or Na metll$Omatism,
pervasive chlorilizalion, and structured crySlallization
of phyUO$ilka.tes (phengilcsl arc d>c main observed
pl'OCaSeS. In most cases, fluid$ lITe lIIC:tcoric, havc
aquC'Ous compositions and low salinilies, and
temperalUres range from 2,0 to 400°C. pH controls
largely at this stage the nature of the mineralogical
assemblages.

Low temper-aure (SO-120"C) alteration of granites give
diffuse and extended alteration of fddspars and
phyUosilicate into smectires (CATlIELL<;EAU, 1987). The
chemical mocklling shows that smcc:tiliution is
genetically distinct of Uoliniution. Kaolinite aystallites
in higly mkrofaullcd and early altered zones, llnd fomu
either in hydrothermal or supergene conditions.

Concluding remark:
I) careful studies of sdected examples of numerous

kinds of granite - rdated mineralization clearly
demonstrate that ore deposition may occur at any
stllge of the long - lived evolution of fluid
circulations which hive JUSt been ~nted. Thus,
it llppcars that the OrthomagmatK models of ore
generation arc 100 simple and ClIIIX)( explllin the
observed occurrences;

2) most observed trapped fluids appear to be of late
generation more or less associated with rather low
temperature fluid circulations « 400"C) and earlier
stllges havc often been lllOte a-less overprinted, and
mlly be difficult to recognize. A5 a ronseqllC'f'a, then
is also 11 general OVttprim of low temperature
llSsemblllges, generally we.k, but sometimes
quantitlltively significant. The signifiClntt, of such
proccnes for the recognition of mllgmatic features,
especially the trace dements distributions should nOt
be ignored.
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Intrusive sequence and structural pattem of
the granitical Hercynian complex from the
u!4ngianus region (Northem Sardinia)

The Hercynilln Slll'dinia . Corsica Blltholith in the
C.alangianus region is composed by two granitic suites:

- Several monzogranitic plutons and stocks belonging
to a lale'tectonic sequence. Thcy arc constituted by
pinkish coarse.grained biotite monzogranite
characterized by K·fddspu megacryst and
micmgrtnular mllfic magll1lltK xenoliths. A planar
magmatic flow Structure is usually rccosnizable at
a mcsoscopic scale.
Sco.·ttal IcucogranitK plulons, stocks .nd dykes
belonging 10 a post·tectonic intrusivc event. They
arc constituted by coarse and fine-grained biodte
leucogranites.

All these plUlonic bodies arc extensively affeted by
tectonic frllCturc systems (mainly with N 1O°·:mo, N
80°·90°, N. 110°·150° trending directions).

From Held observatlons on pluton shape and conl.cn,
their planar fabric and fI'2CtUrC systems, it follows thal:

Within the monzogranitic intrusions a sequence of
emplacement lit rdlltively shllUow levels IOWllrdS
mo~ leucocTalic lypeS is pointed OUt; the planar
fabric shows variable trajectories which a main N
70° trend and clearly defines a multiple intrusion
Vllltern.
The post-tectonic shaI10w level )'otll1gcT Icucogranitic
intf\lStons we~ emplaced mainly along NE·SW
directions.
The fracture pattern is due to a complex
supcrposition of joints of variable nature and age
(from late-Hell:ynian to Alpine).
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COCIRTA C.*, MICIION G,* Malic
microgranularenclaves of Northem Sardinia
granitoids: the existence of two different acid.
basic associations

The carboniferous cak·aIcalics granitoids (280-2}Q
M.ll.) of the IlOrlhcrn Sllrdini. Ill"e rq:roupcd in three
unin: G I) tonalogranodioritcs rich in dccimcuieal
microgr.nuJar basic enebves (El); G2) monzogranites
poorer in enclaves (E2); G3) lCllCOBranitcs with \'CI'}' few
enclaves (E3). Usually these enclaves havc a various and
hctcrogenous chemistry, where contamination
phenomenons arc obvious for some of them. The little
(or nonc) contaminated enclaves arc divided into twO
populations (Fig. I): the (XX' (El) charactttiscd by a FeD
enrichment and a MgO impoverishment, arxlthc other
onc, (E2 and E3) by. FeD, MgO, CaO inlpO'YCrishmmt.
The evolution of little (or non) contaminlltcd enclaves
an: comparable to those or Punta FaIconc composite basic
stock (Northern Sardinia) where onc observes (Fig. I)
a leucogabbroie trend with a cale-alealie tendency, and
a gabbroic trend which is charactcrised by an FeO
enrichment; mingling and hybridation phenomenons arc
present at the periphery of Ihis massif,

1be: magmas that produced the eclllVes EI (included
in the infl"8CruStal granitoids G l) are dose to inilial stages
of a lhe presupposed IhoIciitic trend of a basic liquid.
1be: magmas that produced the enclaves E2 llrld E3




