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magma, Ihe less differentiated product. bring the NS
dykes.

The excess of Na, K, Rh and HlO in most of the
mafk dykes is probably due lO hydrothermal processes.
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The emplacement and fnnXx1atiofl of !hi: Proterozoic
charnockite.rapllka\li granite plutonic complex of
Varberg, S.W. Sv.-eden, is bracketed in time by the
intrusion of basic magmu. All the mafie rocks have
metamorphic mineral assembl~. Those which precede
the grsnites are garnet.amphibolites ..... hile those which
postdate the granites are garnet-pyribolites in the
charnockites and grsnulite fades country rocks, and
gatnet-amphibolites, in the granite and amphibolile fades
country rock zones.

HUHijAll.O F.I-I. lIr
• Basic intntsions and

associated chamockite-rapakivi granite crustal
depletion, S. W. Sweden

Geochemical parameters suggest that the granitoids
are not usimiladon·frscdonal crystallisation (AFC)
derivatives from the parent magmas of either of the basic
suites (Fig. l) but r:lther represenl mobilised country
rock granite gneisscs with accumulatiofl-fractionadon of
the melt fraction during flow (Fig. 2). 111 sitll
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HANSON A.* - New d4ta on the bertossai~

pa/ermoite series from the granitic pegmatites
of the Calumba field, Rwanda
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The Li·rich pegmatites of the CalUmba field are
known for the romplexity of their aluminium phosph3tes
associations. During the study of • large number of
specimens from rhe Buranga pegmctitc, the wide range
of chemical oomposilion for bcrlossaile samples hu
prompted U$ to carry on I detaiUed in,·estig.tion.

Ikrtossaitc, LilCaAI..(PO.MOH)•• is characterized
by high C... Sr, OH. F and remieted Li. NI
substitutions. The unit cell parameters were rdined for
ten samples and ploned against the Ca/lea + Sf) ratios
showing a relatively confident relationships. The poor
correlations of the optic.l properties and densities versus
fluorine or calcium contems may betray inhomogeneous
materials but could also originate from the number of
po5sibile substitutions, and the abond.ott of fluid
inclusions in !hi: lIlinerak. A selected number of analysed
sampJe$~ also investigaled by infrared ~rosoopy.

As in the case of the amblygonitt-monlebruite series
(FRANSOLET and TARTE, 1977), tbe intensites of the high
f~uency bands (-3'98 cm-I) assigned ot free (OH)
groups vary as a ftulCtion of increasing fluorine contents.

These new mineralogical properlies compared with
those of the literature confirm that there is an
isomorphous series between palermoite
Liz$rAI.{PO.MOH). and bertossaite. It must be
stressed thalthe calcium·rich members of the series au
typical of the Buranga pegmalite whereas palermoite is
found in the pegmalite, New Himpshire. This could be
explained by a w:ry low strontium comem in the Buranga
pegmatite lIS wc CtiI deduce it from the lack of Sr-rich
minerals also from the occurreru::e of the Sr-poorest
amblygonite in this lithium-bearing pegmatite (Rll.EY,
19701.

In a few sample amblygonitt-montebrasite occurs with
of bertosSl!ite and corroded remnants of this minenU~
found in bertossaite (VON KNORRL'iG, 19(9). 1bcrefore
this rare species hu also a petrological significance and
it Suggesl the following bulk reaction:
4(LiA1PO.(OH)) + tea -0 Li~aA!..{POJ.(OH).+ 2Li

This ustlmption is in good agreement with parts or
the evolution of the ironmangane:se phosphate
associations of the Tsabismund pegmatite: increuinf of
the Ca actives and decreasing of the Li contents of the
monher phases (FRANSOLET et aI., 1986).
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charnockilisation preceded mobilisation and
fMlctionation.

The basic magmas, which may TCprc$Cnt lC!akage from
cruslal undcrfinterplating, lunsported heat to, and
controlled volatile composition and distribution in, the
crust. In the consequent localised granulite fades
metamorphism, il is suggested that limited anatexis of
the chaTnockitised granitic paugneisscs led to the
development of mobile systems which rose and
fractionated internally to leave, largely crystalline,
chaTnockite rcsidues with separation of more buoyant,
melt-dominated, alkali granites fractions. The
compositions of the granitic rocks arc controlled by the
crustal rocks affected. There is no apparent significant
compositional contribution from the basic magmas. This
consuasts with the cum:nt models for Phanerozoic, plate
tectonic·related, granite magmatism which are based on
compositional modification of basic magmas fron the
mantle providing the granite compositional spectrum.
The style of granite pluwnism revealed at Varbcrg is
viewed lIS a process of CruSIl! depletion during granulite
fades mellmorphism near the outer limit of
COl-nushing influence. Tha basic magmatism cTCated
the environment for Ihis aClivity but was nol prime
source for Ihe granile magmas.

• Depotnmml 01 G~" Uniwnil, 01 Dundee, Dundtt
l&otland).

]AYANANDA M.*, MAHABALESWAR B.* - The
petrogenesis of Southern Closepet granite:
implications for chamockite development and
crustalanatexis in Southem Karnataka, India

The Archaean CI05Cpl:t granite (2:H)() Ma) is a
polyphase body intruding the Peninsular gncis~ic

complex and associated supracrustal rocks. The granite
outcrop runs I1Clilly ~OO kms, with a width of 20-2:; km
and cut 800$$ the regional metamorphic sltuctUte
passing &om granulite facies in !he !IOlnh and grccnschisl
facies in the north. The SOUthern r-tt of the granite is
heterogenous and shows complex internal SInKIUTC. h
is intimately associated with migmatites and chamockite.
Field observation suggest that anatexis of PeninsUllil
gncisses led to the formation of granile mcll and lhere
is spacc..time rdalionship between mignwile fOl"ffiation,
charoockite development and emplacement of granite
magma.

Based on mode of occurrence, cron-euuing
relationships; andtextur~ ~our major granite ph~~
recognised. The compos1ll0n vanes from graoocltorlle
10 gr=ile and !here is a general evolutionaty lrend from
elilly granodiorite to late granite. Texturaly lhe granile
is medium to coarse grained and from hypidiomorphic
gT2nular to porphyritic. The mincnJ phases presenl are
motile, plagiodase, quarlt, K·fedlsplil, amphibole and
rardy dillOp')'TOl<CllC. 11lc accessories arc rirmn, apatite,
aIlanile and sphcne. Where the order of crystalliulion
is deduced biolile generally forms an early phase,
followed by plagioclasc: and quant or quanz followed
by plagioc1asc. K.feldspar is generally alate phase, and
there was still suffkiem spatt for it to crystallize lIS 5ub
hcdraI phcnocryst. Amphibolc is unstablc: breaking down
10 biotite symplcctites. Tex.ural evidence suggcsu Ihat
it is paTlly cryslallisccl from the mell. Clinopyroxene is
interslial to laiC phase. The llCccssories such as zircon
may be derived and apatite, aUanite and sphcne are early
phases in the melt. .

Gcochcmical vliliations of granite suite lile conSlS!ent
with fractional crystallization or partial melting, but in
both the cases feldspar + hiotite must be involved as
fractionating or residual phascsduring melting 10 account
luce element chemistry. Trace elemcm modelling
suggests the partial melting and to a cenain extent
fractional crystallization wcre opCTative during evolution
of the granite. REE abundllces observed indicate no
evidence of progressive fractionation of REE from
granodiorite to granite. The REE patlern and
abundances suggcst that the granite is derived from
heterogenous source at crustal depth.

• o.."",rln>cnl of Gcolosy. Uni""nity of Bangalort, Bt"ia1or<'
~6(J("6 (India).

]OUVlN F.*, ROLET ]. * . The Odet·!,estonan
leut:ogranitic pluton emplacement (Armorican
Massif, France): a complete study

The Odct·Leslonan mass is aleucogranilic: body which
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bdot\8s to t~ beh hording the South Armorican Shear
Zone IS.A.S.Z.). The purpose of this work is 10
understand the teb.tiOlU bet';!>"ttn the magma's ascent
and the rqiorW deformation, the timing of metamorphic
.nd tectonic e'o'={$ and d'lC global P·T conditions during
the emplacement of the plman.

The geologic1l! surroundings of this granilt arc
trondh~mitc, rncladotcritc dykes, qUll.HZ veins and
ITlC$(lzonal brioverian mctasecliments (miCllSChim). These
last arc characterized by an E-W schistosity S1>
subparallel to the pluton's limits and 10 the axial plane
of large scale symmetric folds. This metamorphic
cleavage bears a subhoriwnlal mineral lineation Lp
parallel 10 the foliation's direction and 10 ell('; folds' axis.
The plulon itself shows a carlographic E·W strel,hed
dissymctric ellipse owing 10 the imcrfcn:ncc between
Ihe magma's IS«:nl aDd the regional strain. Indeed, the
imemal structure of the granite (the magmatic foliation),
showing. dear warping toward the North, is underlined
by 5eVa"aI shear Z(l("Ie$ (NlOO"E·NlIO"E) paralkl 10 dlC
S.A.S.Z. So, the paralldiJrn between SI and the
internal structun: of the grtnite, the geometrical
continuity between these Structura getting through the
pluton's limits as weU as the dongated shape of the
plulOn prove that the emplacemem is rdated to a
JY"kinnnlltic and JYnm~morphictfS(;mt during a ttcT.Ol'Il>

metamorphic stage marked by ductile trtfS(;Urmtt Wllrs.
Several thin sections realized near and far the granite,

have shown two main metamorphic minerals:
phorphyroblasts of Jtaurolite coexisting with and/lIUJite.
These minerals can be ante·, syn- or post·SI" At last,
the absence of comact metamorphism allows us to say
that the mesozonallow.pressUrt: regional metamorphism
was characterized by a 'f<' about JIOOC·J80"C for U·).)
Klmrs in pressure.

The geocronology (KJAt method) has provided about
280-28' My for the biodtes of miSCllSChim, about 290
My for the granite's and 29' My for the trandhjemite's.
We obtained comparable: n:sulu (29'·296 My) for smaD
muscovites of~z veins while ages about JU·30' My
were found for IIJBC sale muscovites cl the granitic mass
lIS one pegmatilic fades. The younger ages (280-29J M,)
WltkrIi~~md of11fi"~J/ met4T1lOTf1hic~ C'OllOtcT.ed
with tIN md ofgrllnitiutiOnJ in South Brittany. We have
noticed that the reopening of micas was associated with
this event. Moreover, we believe that the a~ent of the
pluton look place at about) IJ-)OJ My or slightly before.

The determination of the regional stress axis has been
realized by informatic methods at the U.S.T.L.,
Montpdlier, France. This research n:lied on the program
cn:ated by ETCHECOI'Al A. (1984) has end up (0
determine one: NUooE·NI6f)°E compreuiotl related to
WNW·ESE Jtrilte.Jlip fllll/n.

This belt along the S.A.S.Z. shows a complex
evolution underlined by other granites lIS PontiV)',
Rostrmen or lli:io which hnedilfen:nt ages, mincralagy
or structural behaviour. So, systematic detailed studies
on each granitcs body could help us to understand the
chronology and mecNnisrn of the hypcn:ollision process
during these Carboniferous times.

• Lobono.oirc: <k ~ie Srnxtunl GIS 41 0012 Un;vns,',;
de B~1flI'C Oocidotntale . 6, Iwn... lL Coop . 19287 Bres•. Qdn
(Fiance).

KEER A.*, EcUNGTON B.M.*"', Mn.NE G.c.*
~ Geo/0gic4/, geochemica/ and isotopic studies
on pro/erozoic granites from Natol, Sou/~

Africa

The Natal Structural and Metamorphic Province
(NSMP) is exposed in Natal as an almost continuous
dongate erosional inlier which trends subparallel IQ the
coast for almost 2:50 km. It is essentially composed of
supracrustal high.grade gndsses and granitoids which,
on various grounds, are thought to be the eastern
continuation of the Naffillqua Metamorphic Province.
These two provinces have, together, been n:ferred to
as the Namaqua.Natal Mobile Belt (MATT11EWS, 1972;
TJtuSWELL, 1977),

Previously published age dcterminations (Nll:XU.YSW
and BUJ.GU, 196'. BuJtGEJI. and CouTZE, 197:5-6) on
mineral separates from rocks in the NSMP an: in the
range 1016-9'0 Ma and have been interpn:tcd as dating
cooling after the prominc:nt .. 1000 Ma N&mIqUlI.Natal.
metamorphic ~nu (SACS, 1980).

lbe NSMP can be sulxlividcd into twO major east·
west tn:nding terranes on the basic of Iithological,
structural and metamorphic ["lUres (cf. MATI1-tEWS,
1981). These are:
a) a northern zone U·)O km wide which defines the

southern boundary of the Archean Kaapva:al craton
and is thought to represent the metamorphosed and
deformed upper. of an abducted ophiolile sequence
(MA'ITl-tI!WS, 1972). It is characterised by extensive
thrust shccu of predominantly amphibolitic gncisses;

b) a southern zone: at least 200 km wide, which is
«Imposed of alternating linear belts of supracttl$tal
gndsses, magmatites and gtanitoid intrusions with
granitic material becoming mon: extensive in the
south. 1bese rocks comprise the Mapumulo Group
(SACS, 1980). Rocks of the granalite fades and
charnodcites form a major proportion of tht' most
southerly sector of the tefranc.

Over the past tWO decades, an extensive research
programme has been undertaken on sdt:ctcd areas within
the NSMP with particular emphasis on the alxluctcd
northern zone: (sec MATI1-tEWS, 1981; for n:ferences).
The present contribution describes the chemical
characteristics of some of the major graniloid rocks from
three selected areas within the previously litde-known
Mapumulo Group (Fig. l). Until recently only limited
geological investigations had been'undertaken on the
rocks of the SOUlhern zone, with geoch~ical and
isotopic Mta almOSI completely lacking.

~ Valley of a Thousand Hill's area

KElUI (198') has dc:scribcd alalllc composite pluton
of mrgacrysdc granites which he termed the Mgeni
Megacrystic Granite. Seven distinct lithological varletes
wen: recognised and divided intO three different suites.
Suite I contains pyroxCtlf:· and hornblende· bearing
granites and four members have been identified. h is
the least silicic ('9·7090 Si02) and richest in Ti, AI,
total Fe, Mo, Mg, Ca, Sr, Ba, Zr, Zn and Nb. lbe rocks
also show many characterisria of A·type gJ"1lnites, having




