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Abstract. The Lipt granite pluten, northern Asir termin, Kingdom of Saudi Arabin mtrudes a
deformed  syn-tectonic  metavolcano-sedimentary  association and  Livpe  gramodiente
intrusions empiaced at about 667 = & Ma The Lipt granite pluen s comnposed of
MONIOgrantle, Muscovite gramite, porphyTitic albiie gramte, and arfvedsonite-acginne albae
granite. Fiedd observatzons swongly suggesi 2 comagmatic ongn of these gramite vareties.
Mafor, roce. REEs and Sr-Md isotope dats, indscate Ut the rocks of the Lipt pluon are
highly fractionated specinlized peralkaline A-1vpe granite with markedly enmched m rare
metals (Sn, Mb, Ta, ¥, 7r and REE), Whole rock Rb-Sr dabing gives ages of 3539 2 19 Ma for
the momzogranite and $56 £ 7 Ma for the porplyritic albite granite, They have imtal ¥ Se/* S
ratio of 0.708 — 0.709 and relatively law pesilive sy values (+H0.539 - +1 06} These isotopic
data invdicare that the pevalkaiime Lipl gramates can be regarded as 2 muxTure of old crustal and
uven:le mantle-desived metenals, The Nd seodel ages for the aibite gramite are peesily i the
range 3.38-1 3 Ga suggesiing that the old crusal compenent 15 of a Middle Proterorow age

Fractional coysiallirsuen, mvolving flusrme complexing and lwd Tacuonatien, plaved an
imporant role in the evolutson of the Lipr gramte pluton and the associaled maneralizations

1. INTRODUCTION

Although Earlyv 1o Middle Proterozoie rocks have been found in the eastemn part of
the Arabian Shield (Sdacey and Hedge, 1984), the main geologic evolution of the
Shield 15 fimited (o a penod ranging from 900 to 330 Ma that led 10 the formanon,
amalgamation, and final cratonization of several tectono-statigraphic emranes. This
ume span has been classified mio three stages (Genna er af, 2002), The firsy (pre-
Pan-African) is the F0-690 Ma time span during which Saudi Arabia was an area of
mostly voleano-sedimentary formauons deposited in an pcecamic or margmal manne
environmeni zssociated with subduction zones, and intreded by granie and diome.
Wolcanic arcs and ophiolitic assembiages typical of a subduction context indicate
that convergence occurred in an oceanic environment {Camp, 1984; Laval and Le
Bel, 1986, Pailister er af, 1987). These are represeated by vanous groups, the mam
ones being the Al Ays. Abt, Halaban, Jliddah, Eahah Bath and Hzli groups. (e.g
Hadley and Schmide. 1980; facksgn and Ramsav, 19807 The second (Pan-African)
ig the 690-390 Ma ume span, which was marked bv the formation of the MNabiuh
Belt (Genna er af, 2002) and varous sedimeniary [ormations represented by
foreland or imracontnental molasse basins. The third slage (390-530 Ma} termed
post-Fan-African and was charactenzed by widespread extension. which brought
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about crustal thmmng that generated timodal magmatism and significant dike
swarms; associated volcanics form the Shammar group

Voleminous alkaline/peralkaline granites were emplaced during the posi-collision
gvent (500 530 Ma) in the Arabian Shield (Harris, 1985) and formed an essential
erustal component of the Shield rocks (Fig. 1). Recantly, post-collisional granites
have drawn atention because many plutons, known as specialized granites, are
rypically associated with high concentrations of rare metals such as Sa, W, U, Th,
REE, Be, Mb, Ta, and Mo (Ramsay, 1986, Du Bray, 1986). Knowledge of the
processes involved im the generation and evolution of the specialized graniies are
essential for understanding the tectonic evolution of the Arabian Shield, and also for
the formation of metzllic ore deposits. Moreover, recent Sr=Nd isotope compilation
on gramtes from the Fast Afoican Orogen, including the Arabian Shield, revealed
that most of them have Neoproterozoie Sm—Nd depleted mantle madel ages and are
cheracienzed by positive gye(T) values (Stern, 2002), This suggests that the bulk of
these gramites represent a significant addibon of mantle material (juvenile
component) o the continental crust. This paper presents elemental abundance and
Sr~Nd isotopic data for the imteresting Lipt granite pluton in the northern Asir
terrain.  The pluten consists of three granite types, namely prenodiorte,
monzegranile and albite granite which contains abundant rare-meral minerals such
as zircen, thorite, columbile-tantalite. The aim is to examine the problem of the
genesis of this rafe metal bearing pranite using trace element and isotopic
arguments, and Neid relanonshins as well

2. GEOLOGICAL SETTING

21 General setting of the Lipt area

The Jabal Lipt district lies in the extreme northern pant of the Asir tervain at about 10
km north of the Bishah tewn and abaut 450 km southeast of Jeddah (Fig. 1). It lies
in the northem part of the Jabal Al Hasir quadrangle (Sheet 19F, intemational index
MNE-38-1; Greemwood et al., 1986). The regional geology of the arca around Jabal
Lipt is shown in Fig. 2. The Precambrian rocks are mainly represented by four
lithostratigraphic units (Greenwoed ef al, 1936): 1) Highly folded and
metamorehosed  voleano-sedimentary  association of immatere epiclaste and
voleaniclastic sediments (Bahah Group), mafic to felsic lavas and metasediments
iJeddal Group) and metamorphosed mafic o intermediate volcanic rocks and
immature volcanogenic sediments (Halaban Group). The rocks of the three proups
are compenents of ensimatic veleanie zre complex that have been developed during
the time span 910-720 Ma (Gresnwood er o, 1982; Roobol erf af, 1983). 2) Mafic
to intermediate intrusive rocks of metagabbro-dicrite-tonalite forming part of the An
Nimas batholith, which extends to the southern and western parts beyond the limits
of the map arca. The rocks of the An Nimas batholith are dated 837 - 816 Ma
{Cooper ef al, 1979, Fleck er af, 1980). 3) Foliated to gneissic grancdiorite and
MONZOErAniies, which have been formed during two phases between 732-723 Ma
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and G20-640 Ma (Stoeser o af, 19%4). 4) Post-tectondc (630 = 530 Ma) undeformed
syenite, granodiorite, monzogramite, and alkali granites. The Jabal Lipt is one of
these late- to post-tecionic granite intrasons,

2.1 Geelogy of the Lipt granite pluton

The Jabal Lipt pluton is a N-5 clongated body of abowt 10 km long, [t was intmeded
inio the volcano-sedimentary association of the Bahah Group and the foliated and
gneissose grancdiorite with sharp contacts that are locally faulted. The Lipt pluton
occurs along the Rawashan fault zone and is dissected by many shear zones and
fauhs (Fig. 2) mending MW and due N. Detailed feldwork and petrographic studies
allow distinguishing foer granite types namely: 1) porphyritic monzogranite locally
gressenized, 1) muscovile gramile, 3) porphyritic albite granite locaily mylomitized,
and 4) aggirine richeckite albite granite.

The porplymitic monzogranite is fine- to medium-graned, massive with pink to
reddish pink colowr and constitutes the major part of the Jabal Lipt. Angular
xencliths of veleanic and dioriic rocks are common in the monzogranite. Pervasive
muscovitization and greisenization locally affected the monzogranite, where large
pockets of greisenized granites are recorded. The porphyritic albite granite cocupics
the castern pant of the pluton and is fine- to medium-grained rock that is locally
foliated, especially along major faults. A major part of the porphyritic albite granite
containg’ abundant irregular black patches that impart a black eolour to the rocks in
the field The black spots vary in diameter from few mm up 0 1 m, The contact
between the monzogranite and the albite granite is sharp and dips 45°5. The acgirine
richeckite albite granite occupies the eastern part of Jabal Lipt. The rock is fine-1a
medium-grained and has gradational contaci with the porphynitic albite granite.

J. FETROGRAPHY
3.1 Granodiorite suite

The granodiorite rocks, which frequently grade inte nonzograniie, are
heterogeneous, mediwn- to coarse-grained and show subsolvus porphymitic texture
with phenocrysts up 10 3 cm long. The rocks consist of K-feldspar, plagioclase
feldspar, quanz, biotite and minor homblende, Titanite, apatite, zircon, mapnetite
are accessory minerals, Secondary minerals include chlorite, muscovite, epidote and
clay minerels. K-feldspars are dominated by microcline and less common flame and
meseperthites. The microcline erystals are subhedral and show wide variation in
grain size (1 mm up to 3 cm long). Plagioclase feldspar is medium- to fine-grained,
subhedral with lath-like shape, The plagioclase feldspar crystals have oligoclase
compesition [Ans-Anss), but the fine-grained crystals have a relatively more albitic
composition (Ame-Amys), Cuanz is medivm- to coarse-grained  anhedral and
mederately strained with development of andulose extinction. Biotite 15 the main
ferromagnesium mmeral occurring as fine- to medium-graned cluster AggTegaies
and subhedral flakes, In some samples biatite is partially altered w green chiorite
while in other it is altered to muscovite. Inclusions of zircon are common in biotite
with abundant pleochroic haloes,
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.2, The Lipt Piuton
111, Monzogranits

The monzogranite consists mainly of alkali feldspar, quantz, plagioclase and green
migtite. Accessory phases include zircon, apatite, discrele gramns of columbite-
antalite, and flucrite. The alkali feldspar is usually vein- and patch-mesoperthites.

ranophyric #nd graphic intergrowths are common in some samples. Cuarz is
-resent as large anhedral 1o subbedral crystals containing inclusions of perthites and
reon. Flagioclase feldspar crystals (Anys-Any) are medium- to fine-grained with
subhedral pnsmatic and lath-like shape. Some plagioclase crystals are normaily
zoned while other display oscillatory zoning with selectively sercitized core. The
biotite forms subhedral flakes and ocours as intersttial clusters or as small cuhedral
inclasions in feldspars. It is commaonly altered to chlorite and often carries
mclesions of Zircon and apatite. This rock unit 15 partially greisenized. The preisens
are in the form of peckets and veins, which exhibit intercalations of several facies
which are muszovite-rich, and X-feidspar-nch, Mineralization in this rock unit is
mainly encountered in the greisens and 15 represented by some cassiterite and
tantakite-columbite minerals,

3.2.2. Muscovite granite

The muscovite granite is a homogenous, medium-grained and cquigramular
subsclvus granite. It consisis of quartz, albite, micocline, muscovite and hiotite
Zircon and apatite are accessory minerals. Albile (Ans-Amg) is the most abundan
mineral with an average mode of 40%. The albite crystals are fine- to medinm-
grained, and subhedral with a chamacteristic prismatic to lath-like habit Cuartz (30
%) is medinm-grained and highly deformed with development of severe undulose
extimction. Microcline forms fine- 1o medinm-grained tabular crystals with
charactenstic crosshatch to spindle shape twining. Muscovite (2-3%) occurs both as
primary magmatic crystais (0.5 — 2 mm long) with kinked strueture and as secondary
fine scales (*0.35 mm long) formed at the expense of feldspars, Eiotite is less
abundant #nd occurs as fine-grained shreds Fluonte 15 a reladvely abundant
accessory mineral. It is anhedral and containg many inclusions of zircon and
monazite surrcunded by bluish violet coloured halees.

3.2.3. Porphyritic albite granite

This rock type constitutes the mwin mass of Jabal Lipt. Tt is homogeneous,
subsolvous and porphymitic. it consists essentially of quarte, albite, K-feldspar and
biotite, Titanite, apatite and zircon are the common accessory minerals, whereas
muscovite, chlorite and rare epidote are altcradon minerals. Quartz occurs as fine -io
nedium -grained (0.5 mm o % mi) anbedral crystals with subrounded and corroded
sruin boundaries. The quanz crystals are highly strained with development of
widelose extinction particularly the phenoerysts. Fine-grained quartz crystals
sommenly occur as poikilitic inclusions in the quarz phenocrysts. Albite (An.-Ans)
15 fing-grained (0.2- 1 mm in diameter), subhedral with fine lath-like forms. The
black patches in the albite granite consist of fine albite lathes either delineated with
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breswnish maierial contzining disseminaled opaques (Wb-Ta minerals) andior filling
the cleavage planes and micro fractures, The K-feldspar crvstals are fine-grained
13- | mm) with anhedral form Faw large K-feldepar crvstals display patch
pershite, while sthers show thin and clear albitized rim. Some biotiie crvsials contein
quartz and 2lbie inclesions indicating a late magmatic crysuallization of the botite,
AtcessoTy munerals are rebatively abundant, which include zircon a¢ the most
abundznt one followed by apatite, lanie and discrete vains of colembite-tantsline
and tapiclite,

A mylonitized albwe granite vanewy occurs closs 1o faulk planes and is
mtinerilogicaly similar 1o the medivm-grained albite granite variety, but differs in
having minor acgirinc-angite and arfvedosonite and reintively more rich in ICoESSOTY
minerals (g, Zrcon, ttanite, Apatiie)

3.2.4. Riebeckite-acgirine albite granite

This granite vanery is porphyritic with the common development of Mow texmure duc
o the subparallel amangement of mineral lathe Tt consisie of albite, quartz,
microcline, riebeckite, aeginne-augite and biotite. Fircon is the most abundant
accessory mineral followed by apatite. Albite {An,) constinnes the main part of the
groundmass and shows a subpamalel alipnment imparting to the reck fhudal-like
texture. Prekilitic inclusions of albite laths in the quarz phenocrysts are commaon,
Quartz. occurs both as highly strained and undulatory anhedral phenocrysts and
anhedral prains in the groundmass K-feldspar crystals are almost of micrecline
together with minor parch and crvptoperthites. Poikilitic inclusions of albite lathe in
mictocling are common. Feromagnesian minerals include alkali pyroboles
(Rebeckite and aeginne-augie) and biatite,

4. ANALYTICAL TECHNIQUES

Based on the petrographic investigations, 23 represcatative samples covering the
different gramite viristies were selected for major, trace and rare carth element
analyses. Major clement compositions and S¢, Ba, and Ni abundances were
determined by inductively coupled plasma-atomic emission spectrometry (ICP-
AES), The elements Mo, Cu, Pb, Zn, As and Bi were determined by ICP-AES where
0.5 gm of powdered sample was leached by 3 mi HCI-HNO-H.0 mixmure a1 95°C
for one hour. The remainder of race elements and the rare sarth elements (REE}
were determined by inductively coupled plasme-mass spectrometry (ICP-MS), All
the anglyses were carmed ot at the ACME Analviscal Laboratories Lid., Canads,
Anzlyucal precision, as calculated from replicate analyses, is 0.3% fer major
elements and varies from 2-3% for trace clements of >80 ppm, 2-10%, for tracs

clements of 10-80 ppm, and 5-20% for trace elements of <1 ppm. The analvtical
data are grven in Tables 1.
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Ispwopic ratios of Sr oand MNd and the concentrations of Rb, 5r, Sm and N4 in 15
sampics of the Lipt granie pluton are determined by isotope dilution at the Geolegy
Department, Bergen University, Narwaqr, using a VG 154 and Finnigan MAT 262
mass spectrometers. The ¥ Sr**Sr and "®Nd/ **Nd ratios were normalized within-
mns to "5 50,1194 and to "*Nd"¥Nd = 07219, Laboratory values for
standards at the time of running the samples were: Johanson and Matthey ()
Nd203, batch no. 53190934 vielded '“NA U NE=0.511101 = 15 (20), NBS 987
ielded F'S™Sr = 0.71015 = 4 (26). The decay constant used for ¥'Rb is 1.42x10°
and for " Sm 15 6 34x10™"y" . Iniual " Nd"“Nd and ¥ $0™Sr were caloulated

tor individual samples at the time of crystallization and are expressed in éNd and £5r
using present-day 'SmS “Nd=0.1967; "Nd'*Nd =0.512638; TRhAS=0.7045
{Allegre er al, 1983, Jacobsen and Wasserherg, 1984). The age calculations have
been camed oul using the Isopbot 2.57 soffware packape (Ludwig, 1991), using
model 3 for regressions with clevated mean square of the weighted deviations
(MSWD, If the MSWD exceed the F-variate (Melntyre of al, 1968), the regression
was deemed an ermorchron and emors for ages and initials were multiplied by
MSWD', All uncertainties are 2 sigma and ecors are given at 93% confidence

limits. Model MNd ages (T were calenlated according to the depleted mantle model
af DePaolo {1981}

5. GEOCHEMISTRY

5.1, Major and trace elements variaiions

The Si0y contents for the rocks of the Lipt granites range from 69 w0 77 %
According 1w petrography and major and tace elements composition, two rock-
groups can be distingnished in the pluton; these are granodiorile suite and the Lipt
gramite plulon (monzogranite, muscovite granite and albite granite). The
granodionics are the least evalved rocks (Si0; = 69.7 - 73.8%) and are medium- to
low-Ca granites (CaQ = 0.7 = 2.3%) with high K;O (4.1 - 6.4%), K20/MNa,0 = 1,
K/Rb ratio = 213 — 435 and Rbv&r = 0.4 - 7.4 ({Table 1). The monzogranites of the
Lipt piuton are relatively more evolved (3i0; =71 - 72.5, Ca0 = 0.6 - 1%, K/Rb =
113 = 290, Bb/St = 2.4 — 12.3). They have lower Al.Oy, Tidy, MgQ, Cad, Ba and 5r
but have higher Rb, ¥, Nb, Sn, Ta, Hf, Th, U, and REE than the granodiorites (Table
1}. The muscovite granite and the afbie granite resemble the monzogranites but
have lower Ca0, TiDk, 5r, Ba and higher Ma20, Rb, Zr, Wb, Sn, Ta, Hf, Th, U, and
EEE (Table 1). The K/RBb ratios in the muscovite and afbite granites arz wmiformly
low (55 - 176) whereas the Rb/Sr ratios (6 = 53) are high. The high Na-0 contents
(12 = 74%) in the albite granite reflect the common presence of albite. The
varations of some major and trace elements (Fig. 3) show a gradual decrease in
AlOn, C20, NapO+K,0, Ba, and Sr with increasing Si0; in the various granitic
varigtics of the Lipt pluten. Ta and Nb dizplay very wide variations over a restricied
rafige of silica

Primitive mantle normalized plots of the smdied gramites are shown in Fig 4
Mormalized spider-diagrams of the granodiorite (Fig. 4a) display LILE-enrichment
refative to HFSE and show relatively weak Sr, and Ti negative anomalies. These
anomalies may be related to the fractionation of plagioclase (5r), andfor Fe-Ti
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axides (Ti). Distinctive depletion in Mb is a characteristic feature of arc granitoids.
The monzogranites show patterns very similar 1o the granodiorite sute but with
more obvious Ba, Nb, St and Ti negarive snomalies (Fig. 4b), a feature similar to
syn-orogenic calc-alkaline gramiteids and contrasts with anorogenic alkaline
granitoads. However, they share the enrichment of HFSE and depletion of Sr, Ba, Eu
and Ti with the anorogenic alkaline granmes. On the other hand, the muscovite and
albitc granites share ail the compositional characteristics with the anorogemc
alkaline granites being enriched in HFSE (Nb, Zr, Hf, Ta, and REE) and strongly
depleted in Ba, Sr, and Ti (Fig. 4c.d).
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Fig. (4} Primitive mantle-normalized multi-element diagrams for the Lipt granites
Mermalizing values are from Sun and McDonough (1989),

5.2 Rare garth elesients

Chondrite-normalized REE patterns of the different gramite varieties are presented in
Fig. 5. The granodicrites are enrched in LREE relative to HREE (Lau"Yby, ratios =
5.0 —27), moderately fractionated HREE (GdYb,=1.5 — 3.2) and possess small
negative Eu anomalies (EwEu®= 0.5 - 0.7). The three rock types of the Lipt pluten
show slight differences in the degres of LREE and HREE fractionation patlerns.
However, there is a pronounced increase in the HREE and in the depth of the Eu-
anomalies from the menzogranite to the albite granite. The REE patterns of the
menzogranites have a moderate Eu anomaly (EwEu*= 0.2 - 0.5), nearfy flat HREE
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(GdJYb, = 1) and moderately fractionated LREE pantemns (L&,Sm, mtos =22 -
3.2} Compared to the monzogranite, the muscovite granite is énriched in HREE
relative to LREE {La,/Yb, (0.2 - 0.7) and possess much deeper negative En anomaly
{EwEn* = 0.2 = 0.04), The albite granites are characterized b nearly flt REE
pauems (La,¥by = 1) and a desp Eu anomaly (EwEu*= 0.7 - 0.3,
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Fig. {8). Chondrite-normalized REE patterns of the Lipt granites
MNormalizing values are from Sun (1982).

3.3 Magmatic affinity and tecronic Setting

The granodiorite has an aluming saneration indes (ALOMa O+EL04+Cad) < 1 and
ALONa 04K 0 = | reflecting their metaluminous character (Fig. Ga) The
monzogranite and the albite granite, on the other hand, are classified as peralkaling
granites (Fig, 6a). The R1-R2 diagram (Fig. 6b) of de la Roche o1 a) (1980) with the
alkaline trends from Debon and Lemmet {1999} shows that the monzogranite and
the albitc gramite samples are classified a5 anorogemc alkali pramites, The
granodisrite samples lie in the field of calc-alkaline Late-orogenic granies (Fig, 6b),
Rb, Nb and Y, among other trace elements, have been used to discriminare berwesn
differeni tectonic setmngs of granitoid rocks (Pearce et al, 1984), The granodiorite is
classified as volcanic are granite, whereas the menzogranite and the albite granites
are more enriched in Nb=+Y and piot in the field of within-plate granite on - the
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tectonic discrimination diagram of Pearce et al (1984) {Fig. 7a). On the
Zr-Np+Ce+¥ versus FeO*/MgO diagram (Fig. 7b) of Whalen et i (1987, the -
granodierite 15 classificd as fractonated I-type Eranite, whereas the monzogramie
and the aibite gramite are classified ag A-nype granites, Eby (1990, 1992) subdivided
A-DTe magmas info two groups: A, which represents differennates of mantle-
denived oceanic island bacalis (2norogenic or rift zone magmas), and A. granites
represent a much breader range of environment and include post-collisional granites
and these that were empiaced at fhe end of a long period of granitc magmatism.
Diagrams designed to discriminae between the A, and As groups of ancrogenic
magmas indicite that most samples of the Lipt graniies plot in the A, field on the Y-
Nb-Ce temary disgram (Fig. Te) of Evy (1992). Thus, the Lipt granite ploton
represents A; subtype granites characlenzing post-coilisional sctng. This agress
with previcus smdies where pranites with A-type geochemical signztures In the
Arabian Nubian Shield are considered to be formed during 2 posi-orogenic
extansion period commencing at about 400 Ma (Greiling er af, 1994 Bevth e af,
1984, Stern, 1994; Hassanen, 1997, Kaster and Harms, 1593},

5ok, SreNdd dsotope data and geochironology

The “Rb/*Sr, T56*8r, '""Sm/ “Nd and "Nd/*“Nd isotopic ratios together with
the fuy, £ and Tru values (Table 2) have been obtained for samnies of the
investigated Lipt granite as well as the suwrroumding granodiorite suite, Regression of
the analyzed 3 granodionite stmples viclds an isochron age of 667 £ 6 Ma, an inital
“'Sr**Se ratio of 0.7026 £ 0.00013 and a fean of the weightcd deviates (MS WD) of
0.8 (Fig. 8a). Far the monzogranite, 5 samples define an isochron MEWD = 0.6)
with an 2ge of 359 = 19 Ma and initial 5/ Sr ratio of 0.70769 = 0.00116 (Fig. 8b).
For the porphyritic albite granite, a § pointe isochron (MSWD = 1 &) vields an age
of 556 = 7 Ma with an initial *'St/™Sr matio of 0.70915 + 0.00333 (Fig. &)

The 2ge and initial * S0 Er ratio of the granodiorite mdicate hat these rocks were
mainly derived during the Pan-African crogenic event (690-390 Ma time Span,
Genngz et al., 2002) from a juvenile source, and preclude the isvolvement of an old
sizlie crust in their genesis. The age of the monzogranite and the albite granite ars
very similar gnd reflect the time of intrusion of this granite pluton. and they are post-
collision. Similar ages (390 - 518 Ma) and moderately high initial * 5r5Sr ratios
(0.707 — 0.714) have been reported for many alkaline/perzikaling granites from the
Amabian Shield (Duyverman e al,, 1982; Calvez and Eemp, 1982; Calvez et al,
1985, Qhadi, 2003).

The high Initial 3r ratios of the Lipt gremite pluton are compatible with cld
continerial cust component and mav reflect either conplete denvation from old
crust or miving betwesn two end members, one of them was an old cruss (Pre-Fan-
Afrrican crust), The caleulated ey values show resiricted variaten from <039 10
036 while £s display reladvely wide range from +15 10 —3d4 {Table Z). The
correlalion between £y, and 5, values shows 2 horizontal trend with 2 narow range
of ey This horizomial trend is similar to thar dispiayed by the Um Al Birak
peralkaline granites in the Arabian Shield (Qhadi, 2003) and peralkaline exusive
rocks from Socorro Island (Bohreon and Reid, 1997), The positive and low Egy
values for the Lipt albite granite provide good evidence for mantie-derived and old
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crustal components. The calculated Nd model ages (Tou) lie in the mnge 0,98 - 1.3
Ga which iz higher than the cryswllization age and also suggest their partial
derivation frem the mixing between a ca. 530 Ma mantle derived component and an
¢ld continenta! component which could be Middle Proterozoic crus sumilar to tha
in the Aff ierrain (Stacey er ol , 1980, Stacey and Stoeser, 1983),

& DISCUSSION
A I. Perrogenesis of the granodiorite
e granedionte suite displays many geochemical feamres, including high Ba (488 -
691 ppm), Sr (171 = 313 ppm), Rb (118 - 244 ppm), Wb (6 - § ppmy. and Th (4 - 19

ppm) indicating an enriched source rock. As mentioned befors, the studied
grancdionte has a composition and age (667 Ma) similar o granitod rocks formed
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dunng the late orogenic stage in the Arabian Shield. The low initial Sr raso
(0.07026) indicates low Rb/Sr source, which could be the mantle or juvenile crpstal
reservoir, During the late orogenic siage in the Arabian Shicld, collisien between E
and W Gondwana land (Stern, 1994 Genna e =f, 2002) led to crustal thickening.
Underpiating of a mafic magma mest casily occurs in such an environment and may
induce partial melting in the lower crust. The composition of the crust at this stage is
predomunantly juvenile island arc calc-alkaline volcanie, sedimentary and plotonic
materials with an average amphibolitic compesition {Gemtings er of, 1986), Partial
melting of this LILE-enniched igland arc crust has been frequently invoked as an
explanation for the generation of high-K pranodioritic magma (Walf and Wyllic,
1994). Based on the geochemistry of the investigated granodiorite, a largely similar
petrogenetic scenano involving crustal melting of amphibolitc lower crust can be
suggested. In this model, underplating of a basaltic magma and its intrusion inte the
Crust can serve as energy-wransfer mechanism that initiate partial meltng in the
crusial rocks to gencrate low-silica granitic mell (Bergantz, 1989). This melt
evolved by limited fractional crystallization to produwce the present granodiorite

sutie,
6.2 Parogenesis of the peralkaline granite

Recent models for the perogenesis of postcollision alkalime A-type granites
(Landenberger and Collins, 1990; King ef of. 1997; Kister and Harms, 1998)
suggest partial meling of lower crustal sources followed by fractional
crystallization. Sylvester (1989) and Creaser e al. (1991) suggested that A-type
graniles may be better modelled by partial melting of an undepleted I-tvpe tonalitic
to granodiontic source. In Sawedi Arabia, homblende- and biotite-bearing I-type
tonalites and grancdiorites are common (Jackson 1986) and m provide a suitable
pratolith for the Lipt A-type granites, However, the high initial ¥ Sr/®Sr ratio of the
investigated granites rule out their direct denivation from Pan-African tonalites and
granodiorites with initial ¥ 5™ 5r ratio of 0.702 - 0.704 (Duyverman ef af, 1982;
this study), Thus, a plausible explanation of the high initial *'So™Sr (0,708 - 0.709)
rtios and low Eyy values (+0.39 - =1.06) in the sudied Lipt prnites is their
denvanon by partial melting of mantle material followed by direct interaction with
old continental crust beneath tus region

The Lipt granite pluton has remarkably high average concentrations of granitophile
clemenis like Cs, 5n, Nb, Ta, Y. and Bb (Table 1), which is sirmlar to plumasitic
specialized granites in the Arabian Shicld (Ramsay, 1986) and Worldwide rare
metal-bearing granites (Heinrich, 1990; Raimbault er af, 1990). These high
concentratton levels of gramitophile elements make it possible to consider the Lipt
albute gramite as o minerelized granoe, In this respect. the high Sn (=13 ppm) and Rb
(=300 ppm) contenis and the low EVRb ratie (< 100) are considered as good
indicators for rare-metal potenial (Barsukev, 1937, Tischendorf, ™77, Ramsay
1986) where it is very low i strongly differenbated or meélasomaticauy altered
granifes. In Table 1, these valves in most samples of the Lipt gramte -Jutun e
within the limits of the mineralized granites.
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Two principal evolutionary models have been invoked for the mineralized albite
granites: 1) a magmatic medel (Mackensie of al, 1938, Cuney er af, 1992 Clarke
er al., 1993; Dostal and Chanterjee, 1995) as a result of magmane differentiation and
I} 3 mewsomatic model (Higgine er af, 1985, Nurmi and Haapala, 1986) that
envisages subsolidus transformation of leucogranite w adbite granites by post-
magmatic hvdrathermal aiterations. However, the following field, petrographic and
geochemmical “heervatinns are serious obstacles for the metasomatic model as the
mau svalanar asdet or the Lipt granite piuton: 1) Inousive sharp contacts with
the countr wocxs withewt dlbatisstion 2 Gradational contact between the different
albite granite varicnes that megns comagmatic relationship, 33 The magmatic
textures and mineralogy (euhedral albite laths alipned along growth planes of quartz
and K-fcldspar) indicate that albite in the albite granite is an early mapmatic phase,
4) Replacement texmures of albite afier K-feldspar {evidence of metasomatism) in the
albite granite are very minor and do not agree with the percalation of large mmounts
of fluids through the pluton required by 2 metasomatic process. 3) Moody e al
{198%) have shown that oligoclase/andesine is converted 10 albite only below 400°C,
but the presence of aegirine/mugite in the Lipt albite granite indicates higher
temperatures, &) The well-defined Rb/Sr isochrons (MS3WD = 0.6 - 16, Fig. 8) for
the Lipt albite granite rule cut metasomatic processes in their evolution, 79 Nb and
Ta may be highly enrched during metasomatic albitization, but do not vary
regularly with the degree of albitization (Wedepahl, 1971), The pesitive comrelation
berween Mb and Ta (Fig 9a) and the limited variation of Ta™b ratio in most
samples with increasing Ma; 3 (Fig. 9b) mdicate that the behaviour and enrichment
in Wb and Ta are not related to albitzanon processes.

Moreover, simufar to many rare-metal-beanng granites (Groves, 1972; Sheraton and
Black, 1973), the analyses of the Lipt albite granite are stromgly iased toward the
Eb apex (strongly differentisted granites) on the Rb-Ba-Sr diagram (Fig. 10) of El
Bouseily and El Sokkary (1975). These geochemical data reveal that the Lipt granite
ploton has evolved by means of fractional crystallization. However, fractional
crystallization alone cannot explain the very high abundences of HFSE and REE.
The effects of luorine in gramites is well known (Manning, 1981) and it is suggesied
that F-rich fluids could produce HREE and HFSE enrichment in the late stages of
evolution of granitic meit dve te F complexing (Dingwell, 1988; Rogers and
Satterfield, 1994). In the studied granites, there are sbundam fieid and geochemical
evidence of the presence of a late magmatic fiuid phase. Field evidence includes the
presence of greisen pockets and veins assocrated with rare metal mineralization as
well as finorite, which occur as commeon inerstitial phases,

To conclude, fractional crystallization plays a significant role during the evalution of
the Lipt granite pluton. Additional and complementary processes such as flucrine
complexing and flmd fractionation contribute to the uitimale composition and
specialization of the Lapt gramne pluton
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Fig. {10}. Sr-Ba-Rb ternary diagram (El Bousei
Lipe granites. Symbols as in Fig, 3.

7. CONCLUSIONS

by and EI Sukkaary, 1975) for the

The data presented here lead to the following concluding remarks:

[. The Lipt granite pluton is an example of post-collision A-nvpe alkaline
grzmite. The pluton consists of four granitic types: subsolvus monzogranite,
muscovite gramite, porphyritic albite granite and segirine-arfvedosonite
albite granite.

2. Faeld relztions, textural characteristics and geachemical relationships argue
Tor a comagmatic continuous evolution of the three granite varieties. The
quartz in the albite granile contains many minute eahedral albite laths which
indicate early crystallization of albile according to the erteria of Schwanz
(1262). The granite 15 also azsociated with greisen pockers and veins, which
are composed maindy of annite-like biotite together with small amounts of
fluorite, cassiterite, and tantalitecolumbite,

1. The I4ype granodicrite was emplaced at about 667 £ 6 Ma and displavs low
2 5r imtial ratio (0.7026), which sugpests production by partial melung

of juvenile lower crustal sources.

Whole rock Rb-3r dating indicates ages in the range of 339 = 19 Ma and

536 = 7 Ma for the Lipt granite pluton with ©Sr™Sr initial rato of 0.708 —

0.709 and relatively low positive gy values (+0.39 - <1 068). Thess dawa

indicare that the Lipt granites have old crustal materials and presumably

mantle-derived materials. Their Nd model ages are mostly in the range of

098 and 1.2 Ga suggesting that the old crustal component is of Middle
Proterozoic age.
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3. The Lipt granite pluton has remarkably high avemige concentrations of
granitophile elements like Cs, Sn, Nb, Ta, ¥, and Bb, which are similar to
those of plumasitic specialized granites in the Arabian Shield, These high
concentratien levels of granitophile elements make it possible 10 consider
the Lipe aibite granite as mineralized granites

6. Fracoonal crystallization plays a significant role in the evolution of the Lipt

gramite piuton. Fluonne complexing and fluid fractionstion paly a major role
duning the final stages of evolution The flud fractionation is the mmain
process of evolution of the albite granite which Jed also 1o associating
Ererscnizalion
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