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Abstract Granitoids within the Precambrian basement
of north-eastern and southern Somalia are subdivided on
the basis of geology, geochronology and petrology into
three different assemblages. The post-kinematic assem-
blage in north-eastern Somalia (& 630 Ma) comprises
granodiorites and granites which belong to a medium-K
calc-alkaline suite. Average initial Sr, Nd and Pb isotopic
ratios [Sr; = 0.7048, &xg = —1.8, 29%Pb/2%4Pb(i)
= 17.704 and 2°7Pb/?°4Pb(i) = 15.611] indicate that
these melts were derived from a mantle or juvenile crustal
source with only slight involvement of pre-existing crust
as a contaminant. Two different assemblages are found in
southern Somalia. The older assemblage is composed of
crustal anatectic, synkinematic, parautochthonous grani-
tes (& 600 Ma) related to amphibolite facies retrogres-
sion of an intensively reworked pre-Pan-African crust
[St; = 0.7100, eng = — 8.4, 2°°Pb/2%4Pb(i) = 15.403 and
207ph/204Pb(i) = 15.259]. These monzo- and syenograni-
tes are moderately potassic and peraluminous. The
younger assemblage (& 470 Ma) consists of post-kine-
matic monzonites to syenogranites with A-type affinities.
Initial Sr, Nd and Pb isotopic data for this metaluminous
assemblage [Sr; = 0.7114, exg = —13.1, 2°°Pb/%*Pb(i)
= 16.913 and 2°7Pb/2%*Pb(i) = 15.512] indicate a signifi-
cant lower crustal component but, however, also a mantle
signature. The late Proterozoic to early Palacozoic grani-
toids in Somalia thus express contrasting regimes, charac-
terized by strong juvenile input in the north, close to the
Arabian — Nubian Shield, whereas intense crustal rewor-
king with little addition of juvenile material prevailed in
the south. Somalia was definitively not a cratonic area
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during the Pan-African, but a zone of high crustal
mobility.
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Introduction

The Precambrian basement of the Horn of Africa (Fig. 1)
is, by its geographical position, a key area for the geology
of East Africa. It is located between the mainly juvenile
greenschist facies assemblages of the Arabian—Nubian
Shield (ANS) to the north and north-west (Egypt, Sudan,
Saudi Arabia) and the polycyclic high grade metamorphic
terrains of the Mozambique Belt to the south (Kenya,
Tanzania, Mozambique), both of Pan-African age
(950 — 550 Ma).

Several workers (D’Amico et al., 1981; Warden and
Horkel, 1984) have emphasized the broad structural and
lithological similarities between the Somalian basement
and the terrains located to the south. It was therefore
postulated that the Precambrian of Somalia formed the
north-eastern branch of the Mozambique belt (Fig. 1).
The main trunk of the Mozambique Belt is seen to extend
from Mozambique to Sudan through western Ethiopia,
whereas the north-eastern branch is thought to extend to
Yemen and south Arabia. The two branches are separated
by the Adola belt of oceanic affinity (greenstones and
metamorphosed ultrabasic rocks; Warden and Horkel,
1984; Worku and Yifa, 1992), a belt which widens
northwards to form a volcanic arc basin when passing
into the ANS.

Although the geology of the ANS has been extensively
studied and debated (e.g. Gass, 1977; Greenwood et al.,
1980; Stern, 1981; Stoeser and Camp, 1983), the rela-
tionship between the ANS and the Mozambique Belt
remains unclear. This results from more severe deforma-
tion and metamorphism in the Mozambique Belt, combi-
ned with the diversity and complexity of the rock
assemblages encountered along the orogen strike. Even
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Fig. 1. Geological sketch map
of eastern Africa (modified
after Berhe, 1990; Harms et al.,
1990; Pinna et al, 1993).
Circled numbers refer to
exposed Precambrian basement
of northern (1) and southern

(2) Somalia Uweinat

&

175727/} Arabian-Nubian Shield

P tes

/!
I% ?, (> amphibolite facies)

+ +‘ crust

Phanerozoic cover

1000km
1

=

RED SEA CLOSURE

WniZ1vz| assemblages (< greenschist facies)

Mozambique Belt assemblages

Reworked pre-Pan-African crust

+' 4+ 4] Non reworked pre-Pan-African

v

W

NS
NS
N (@
P ANGERT AR N
NSRS
NN NS T,
NI
//h’(\ \ SN TA
\é, 2 /A \ \111\'///1/\\/\\1\
AN AERTADAR
BN NN 7 N T
VAR TN NS

!

MoV e
W—
A=

— y 2 =

=u \'/1‘4\‘,,| R WP

= GINNS AN
L ,)\\ (&G

o — N V174
o (’> U é
7 h N\ W ot
3 X \

the nature of the belt remains controversial. Early models
refer to ensialic development with the involvement and
reworking of possible Archaean crust (Kroner, 1977;
Almond, 1983). Later models are based on the recogni-
tion of a complete Wilson cycle and assume the existence
of a cryptic suture matching a continental collision stage
(Shackleton, 1986; Burke and Sengor, 1986; Key et al.,
1989). Collision along the Mozambique Belt suture would
have led to the final amalgamation of Gondwana at
&~ 600 Ma (Dalziel, 1992).

The aim of the present study is to draw a comparison
between the late granitoids of north-eastern and southern
Somalia by means of field observations, geochronological
and geochemical results and to formulate some new
constraints on the development of the Somalian basement
during the Late Precambrian and Early Phanerozoic.

Geological setting

Northern Somalia

Precambrian basement (Fig. 2) crops out in northern
Somalia within a 580 km long east—west oriented strip
fringing the southern coast of the Gulf of Aden. It is

unconformably overlain by a thick Mesozoic to Ceno-
zoic sedimentary cover. The topography of the coastal
range and thus the location of basement occurrences
arise from uplift and block-faulting developed during
the formation of the Gulf of Aden (Eocene—early
Oligocene; Abbate et al., 1987). The Precambrian of
northern Somalia comprises four main units (Fig. 2):
the basement complex; two metavolcanic units (Maydh
belt and Abdulkadir complex); and the supracrustal
Inda Ad Group. These units are intruded by late- to
post-kinematic granitoids.

Basement complex

This consists mainly of a metasedimentary sequence that
underwent a high grade metamorphism comparable with
that affecting other parts of the Mozambique belt.
Marble horizons are interbedded with quartzites, various
schists and subordinate amphibolites (Daniels, 1965).
The whole basement association has been subjected to
a polymetamorphic evolution and an intense reworking
during the Pan-African (D’Amico et al., 1981 ; Kréner et
al., 1989). Granitic gneisses, often described as ‘mantled
gneiss domes’ (e.g. Warden, 1981), are widely distributed
throughout the basement. The main structural trend is



626

1 T
Wi 44E N 48°E
VVVYV
VVVV ]
VVV .
VVVYV 12°N
VVY
Y
DJIBOUTI —/,,__________:%
%9 v N - Bosaso
v vy v RZella GULF OF ADEN g /’/—’\_/\/ AN
V,c 7l
V \/ S\ Abdulkadir N
BERBERA
@
® Burao Gardo
T T T
47° 48° 49°

Granitoids / Faults and major fractures

i

Inda Ad Group

I" "'l/// ayahan

- Abdulkadir and Maydh Groups

Las Bar &
3 Crystalline basement
0 20 40km Volcanics (Miocene to Present)

Fig. 2. Geological sketch map of northern Somalia (modified after
Merla et al., 1973)

east —west within the western part of the basement, but
eastwards these folds swing into a north-easterly align-
ment. Extensive migmatization and mobilization of
quartzo-feldsphatic material have produced intricate,
commonly nebulitic structures of variable trends.

Inda Ad Group

The high grade metamorphic rocks of the basement
complex are overlain in north-eastern Somalia by a thick
sedimentary sequence which was folded and metamor-
phosed under lower greenschist facies conditions (War-
den and Horkel, 1984; Utke et al., 1990). The Inda Ad
Group, 210 km wide, is essentially arenaceous in compo-
sition with subordinate carbonate beds. The regional
structure is characterized by long wavelength open folds
with subvertical axial planes (Greenwood, 1960). To the
west, folds become progressively tighter and finally

evolve to isoclinal folds, with a general westward vergence
(Mason and Warden, 19356). This suggests thrusting of the
Inda Ad Group onto the Maydh belt and the basement
complex to the west. However, the basal thrust has not
been observed.

Maydh greenstone belt

This belt separates the Inda Ad Group from the basement
complex. It consists of various sediments, microgabbros,
tuffs and pillowed basalts, all metamorphosed to the
greenschist facies. The metabasalts show chemical affini-
ties with modern mid-ocean ridge basalts (MORBs) but,
since ophiolitic associations are missing, the Maydh belt
is believed to represent a rift basin with little input of
oceanic crust (Utke et al., 1990).

Abdulkadir complex

This cdmplex fringes the westernmost edge of the
basement complex. It consists of mafic lavas, agglo-
merates of calc-alkaline character, with a greenschist
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facies metamorphic overprint. This unit is thought arespatially associated with gabbroic intrusives at Dalan.
to represent the active margin of the Adola volcanic The Las Bar pluton, to which the Infero stock is a satellite,
arc basin (Warden, 1981). is the largest magmatic body (14 x 7 km) of north-east
Somalia. It was emplaced into a large synformal structure
of the Inda Ad Group. Weakly oriented microgranular
Late to post-kinematic granitoid intrusions quartz dioritic enclaves are abundant. Rounded in shape,
they show sharp contacts with the granodioritic matrix.

These occur throughout northern Somalia. This study is Hornfels enclaves.are less common and are concentrated
restricted to those emplaced into the low grade supra- towards the margins of the pluton. Large angular xeno-
crustal sequences of the Inda Ad Group. These intrusions liths of country rocks are also preserved and appear
are known as the Arar, Las Bar, Infero and Dalan plutons generally stretched and net veined. At Infero, they are
(Fig. 2). Composed mainly of granodiorites at Las Bar, of conc_entmgally ‘.hSPOSCd- Under the microscope, the mag-
granites at Infero and Arar and of gabbro-diorites at Matic facies differ egsentlally by th.elr proportions of
Dalan, these circular to elliptical intrusions display nprl_rlally zoned plagioclase, microcline, quartz, brown
discordant contacts characterized by hornfelses. These ~biotite and hornblende. The primary mineralogy is repla-
features, together with the permissive mode of emplace- ced: alteration of plagioclase to sericite and.calmte and
ment, the steep plunge of contacts and the absence of subsequent growlt}} of epidote, chlorite apq titanite. The
internal foliation point to a high level post-kinematic ~€Xistence of aplitic dykes and pegmatitic as well as
emplacement. This indicates an important crustal relaxa- carbonaceous fracture-fillings attest for a late hydrother-
tion phase which was probably associated with rapid —mMal stage.

basement uplift. Late pegmatites and hydrothermal
quartz veins are found intruding shear-opened joints and
tension gashes of the country rocks. Veins mineralized
with cassiterite occur isolated at Majayahan (Fig. 2) or

Southern Somalia

The Precambrian basement of southern Somalia (Fig. 3)
is exposed in numerous inselbergs rising out of the

Fig. 3. Geological sketch map of southern Somalia peneplain west of Mogadishu (the so-called ‘Buur area’).
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The Buur plain represents a deeply eroded, fault-bounded
horst of Precambrian gneisses intruded by granitoids,
which are overlain by Jurassic to Quaternary sediments.

Basement complex

This consists mainly of polycyclic metasedimentary rocks
(including Banded Iron Formation or itabirite), ortho-
and paragneisses with subordinate layers of amphibolite
and calc-silicate rocks. The meta-igneous rocks consist of
mafic and ultramafic rocks (pyroxenites, hornblendites
and tremolitites), dioritic gneisses, migmatitic gneisses
(ranging from tonalitic to granitic compositions) and
metavolcanic rocks, whereas the metasedimentary rocks
consist of sillimanite quartzites, garnet sillimanite gneis-
ses, marbles, calc-silicates and hypersthene magnetite
quartzites. The whole sequence has been subjected to
granulitic metamorphism followed by a retrograde am-
phibolite metamorphic overprint coeval with migmatiza-
tion (Haider, 1989). The Buur area can be divided into
two sectors (Kiister et al., 1990a): the north-eastern
sector is characterized by a dominant NW — SE trending
foliation associated with subisoclinal folds (S1). Locally,
the north-west trending foliation is refolded (S2) along
roughly north-easterly trending axes. The south-western
sector is structurally more complex. The foliation is
essentially WNW —ESE trending (S1), but is often
severely refolded (S2) during the second phase with
NE —SW associated structures. This second tectonic
phase is probably linked to amphibolite facies retro-
gression, migmatization and widespread granitization.
The first tectonic phase (S 1) is most probably contem-
porancous with the granulitic event.

Syn- to late kinematic granites (SW sector, Fig. 3)

These granites crop out in several inselbergs (Daxale,
Dinsor, Geel Way, Gosiye, Kananah, Muun, Xamar
Waddo). They form rather small bodies and generally
consist of leucocratic fine-grained monzo- and syenogra-
nites. Each intrusion is characterized by a limited compo-
sitional range. Contacts between magmatic rocks and the
surrounding migmatized gneisses can be either diffuse,
concordant (‘sheet-like intrusions’) or discordant. The
widespread internal deformation (penetrative foliation)
indicates a syn-to late kinematic setting for both granites
and migmatization. Basement inclusions, particularly
abundant, are concentrated towards the border of the
plutons. They include mafic pods or refractory assembla-
ges (magnetite-bearing quartzite), magnetite spots and
schlieren, with all transitions. These inclusions are inter-
preted as restites and, together with the general leucocra-
tic nature of the host granites, suggest a crust-dominated
origin. However, as these granites were probably not
generated by in situ remobilization of the gneissic country
rocks, they are quoted as parautochthonous. The Daxale
granitic intrusion is a small circular leucocratic body,
rimmed by migmatites and passing laterally into a thick

succession of biotite-rich paragneisses. It is floored by the
surrounding migmatites, which suggests a sheet-like
mode of emplacement. The rock is essentially composed
of quartz, microcline and plagioclase (An 27 —37). Clino-
pyroxene is present, often zoned, and retrogressed to
green amphibole. Garnet (andradite variety) is restricted
to some samples but may constitute about 5% of the rock.
It is commonly destabilized and intimately associated
with magnetite. The accessory minerals are represented
by magnetite, haematite, ilmenite, apatite, monazite and
zircon. Muscovite, calcite, titanite and chlorite are the
main secondary minerals. Biotite is absent from the
granite, but is found in the aplitic and pegmatitic dykes.

Post-kinematic granitoids (NE sector, Fig. 3)

These granitoids are diversified, ranging in composition
from monzonites to syenogranites, containing both K-
feldspar porphyritic and coarse-or fine-grained equi-
granular varieties. They were discordantly emplaced into
the high grade basement at a shallower crustal level than
the synkinematic group. Locally, a weak foliation of
magmatic origin is induced by discontinuous layers of
biotite or amphibole flakes and by preferred orientation
of K-feldspar megacrysts. Xenoliths of amphibolite and
gneiss are angular, vary in size and are concentrated
towards the margins of the intrusions. Cogenetic enclaves
occur only locally. They are mostly elongated micro-
granular lenses with a bulk composition similar to its
plutonic host rock (microgranite). The Buur Heybo
porphyritic monzogranite is characterized by weakly
perthitic K-feldspar megacrysts (centimetre size), which
are partly transformed into microcline within a quartzo-
feldsphatic matrix. Plagioclase (albite —oligoclase) is ra-
rely zoned by contains numerous biotite and quartz
inclusions. The ferromagnesian minerals are
green —brown biotite and green amphibole relics. The
Buur Hacaba monzo- and syenogranites are more leuco-
cratic than the porphyritic variety and are characterized
by isotropic and equigranular structures. Different gene-
rations of dykes can be distinguished. Microscopically,
these granites are made up of quartz, often saussuritized
plagioclase (albite — oligoclase), weakly perthitic micro-
cline and green-—brown biotite. A later crystallization
phase is represented by quartz and feldspar symplectites.
The accessory minerals are zircon, apatite, oxides and
titanite.

Analytical procedures

Geochemical analysis were carried out at the Technical
University of Berlin. Concentrations of major and trace
elements for granitoids from northern Somalia were
determined by atomic spectrometry techniques [flame
atomic absorption spectrometry (AAS), flame atomic
emission spectrometry (AES) and inductively coupled
plasma (ICP) AES]. International rock standards with



recommended working values from Govindaraju (1984)
were used for correction (for more details, see Kiister,
1990). Compositions of granitoids from southern Soma-
lia were determined by X-ray fluorescence spectrometry.
The rare earth element (REE) contents were determined
separately by ICP-AES after ion-exchange separation.
Geochemical data are listed in Table 3.

The isotopic measurements (Pb, Sr, Nd) were carried
out at the Belgian Centre of Geochronology (MRAC-
ULB), except for some additional Rb — Sr analysis, which
were carried out in Clermont-Ferrand, France. U—Pb
isotopic compositions were measured on single Re fila-
ment with a Finnigan MAT 260 mass spectrometer by the
H;PO, —silica gel technique. All results were corrected
for mass fractionation (0.13% per amu) on the basis of
the NBS 981 Pb standard. Sr isotopic compositions have
been measured on Re double filament with a Finnigan
MAT 260 and Nd isotopic compositions on triple
Ta—Re—Ta filament with a Fisons VG Sector 54 mass
spectrometer. The 87Sr/36Sr value of NBS 987 standard
(normalized to 8Sr/®8Sr = 0.1198) during the course of
this study was 0.710221 +0.000019 and the
143Nd/*#4Nd value of Merck Nd standard (normalized to
146Nd/**4Nd = 0.5119) was 0.512740 + 0.000005. For
additional details, see Tables 1, 2 and 6.

Geochronology

North-eastern Somalia

The Las Bar granodiorite was investigated with the
U —Pb method; two distinct morphological populations
of zircons were recognized in this intrusion. The first
population, by far the most abundant, is interpreted as
purely magmatic. It consists of eclongated transparent
crystals rich in minute inclusions. Electron microprobe
investigations revealed inclusions of quartz, K and Na
feldspars, acicular apatite and crystals of magnetite, but
no inherited cores. The second population is composed of
pinkish bipyramidal metamict crystals, which are xeno-
crysts or inherited zircons (see below). Four homoge-
neous, magnetically sorted fractions of magmatic zircons
were selected as well as one metamict zircon fraction and
one titanite fraction. The results are shown in Table 1. The
magmatic fractions (Fig. 4a) define a discordia with an
upper intercept of 626 + 11 Ma and a lower intercept of
64 + 40 Ma. The titanite fraction gives a 2°"Pb/2°°Pb age
of 548 Ma, whereas the fraction of metamict zircon yields
a *°"Pb/2°°Pb age of 987 Ma. The lower intercept near
the origin for the Las Bar discordia probably corresponds
to a recent Pb loss (chemical weathering) or to a conti-
nuous lead loss. The imperfect alignment of the fractions
probably reflects a disturbance of the U — Pb system after
crystallization. This could be correlated with the thermal
event recorded by the titanite. As the zircons selected are
purely magmatic in appearance (no core or overgrowth
observed), the fractions scattering can hardly be due to
inheritance.
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As the Las Bar granodiorite is post-kinematic, the
U—Pb age (626 + 11 Ma) of the magmatic zircons is
interpreted as the emplacement age. This age constitutes
an upper limit for deposition and folding of the metasedi-
mentary Inda Ad Group. Moreover, it is probably also an
upper limit for the Maydh greenstone belt, which is
likewise intruded by plutons of this type. The inferred late
Proterozoic age for the Inda Ad group can be compared
with that of the similar Ghabar Group in South Yemen
(Greenwood, 1961). The metamict zircon fraction of the
Las Bar pluton indicates the participation of a crustal
component probably much older than 1000 Ma in the
genesis of this granodiorite.

The emplacement age of 626 4+ 11 Ma is older than
previous mineral age determinations on the Las Bar and
Arar plutons. K — Ar age determinations on biotite gave
ages around 515 Ma (Snelling, 1963), whereas Rb—Sr
age determinations based on mineral pairs (bio-
tite—feldspar) from the Arar granite yielded ages around
500 Ma (Abbate et al., 1985). Titanite is a mineral known
to have a nearly concordant behaviour, but also to have
a lower closure temperature for Pb isotopes than zircon.
The titanite fraction (*°"Pb/2°®Pb age of 548 Ma) is in
agreement with the biotite mineral ages. The high level
emplacement of the Las Bar pluton excludes the possibili-
ty that these ages are magmatic cooling ages. By contrast,
the development of secondary epidote, titanite, muscovite
and sericite suggest that these U —Pb titanite and Rb— St
mineral ages are linked to a thermotectonic phase accom-
panied by fluid circulation in the 550 —520 Ma period.
This thermotectonic episode could be associated with the
development of large pegmatitic and hydrothermal sy-
stems in the surroundings. Rb—Sr data on early formed
muscovites from the Majayahan pegmatites have revea-
led even younger ages in the range 470 — 460 Ma (Kiister,
in press); it is suggested that these pegmatites were
subjected to partial open system behaviour in relation to
unsysteroatic fluid activity and slow cooling histories.

Southern Somalia

Three zircon fractions and one titanite fraction of the
Daxale synkinematic granitic pluton have been analysed
by the U—Pb method. The zircons gave a lower intercept
at 553 + 18 Ma and an upper intercept of 2515 + 44 Ma
(Fig. 4b). The Rb-—Sr method applied to the same
granite (Fig. 4c; Table 2) yielded only an errorchron
(655 4+ 52 Ma, 0.7083 + 0.0024, 6 WR, MSWD = 13.9).
Only four samples are satisfactorily aligned and give
similar results (637 + 51Ma, 0.7087 + 0.0023, 4WR,
MSWD = 1.78). Enclosing migmatites give a better
alignment and the same age within error limits:
601 + 21 Ma, 0.7112 £ 0.0007, 6WR, MSWD = 4,08
(elimination of sample 4e leads to 594 + 21 Ma,
0.7111 4+ 0.0007, 5WR, MSWD = 0.25). Omitting the
three outliers, a common isochron can be calculated and
yields 595 + 17 Ma, 0.7109 4+ 0.0006, 9WR, MSWD
= 1.35. The poor definition of the granite isochron and
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the strong scattering in the isotopic characteristics for the
studied samples can be correlated with the presence of
xenocrysts or partly assimilated phases in the granite
owing to its parautochthonous origin. The agreement
between the Rb—Sr results on the granite and on the
migmatites shows that the granite and its envelope have
suffered intense geochemical exchange.

Taking into account the assigned errors, there is
a discrepancy between U—Pb zircon (553 + 18 Ma) and
Rb—Sr WR results (595 + 17 Ma). In the concordia
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Fig. 4a—e. Geochronological data from the main granitoid suites.
a Concordia diagram of U—Pb isotopic data from the Las Bar
granodiorite (closed squares, magmatic zircons; closed circle, tita-
nite; X, inherited zircons. b Concordia diagram of U—Pb isotopic
data from the Daxale granite (closed squares, zircons; closed circle,
titanite). ¢ Rb—Sr isochron diagram for the Daxale granite (open
squares) and its migmatitic envelope (closed squares) (* not included
in the calculation). d Concordia diagram of U~Pb isotopic data
from the Buur Dur Dur granite. e Rb— Sr isochron diagram for the
Buur Heybo granite (* not included in the calculation). Rb—Sr age
calculation after Williamson (1968), U —Pb age calculation accor-
ding to Ludwig (1980)

diagram, the zircon fractions plot far from the lower
intercept. This, combined with the possible effects of
recent lead loss, may deeply affect the age calculation and
its reliability. In consequence, we prefer to consider the
Rb—Sr age as the emplacement age (more exactly, the
closing age of the Rb—Sr isotopic system at the end of
emplacement). This age also corresponds with the end of
the regional deformation associated with amphibolite
facies metamorphism and migmatization. The amphi-
bolite facies event probably represents a retrogression
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Table 2. Rb—Srwhole rock isotopic data from Somalian granitoids

Sample Rb Sr 87Rb/%°Sr  87Sr/%°Sr +20

Buur Heybo
BH1a 189 157 3.4950 0.73431 +7
BH1b 160 288 1.6044 0.72313 +12
BH2 175 228 2.2269 0.72722 +4
BH3 153 208 2.1397 0.72461 +8
BH4 185 153 3.5155 0.73327 +5
BH5 194 196 2.8729 0.72969 +13
BH7 188 305 1.7893 0.722 56 +4

Buur Daxale
BD4a 97 84 3.3473 0.73924 +8
BD4b 79 197 1.1573 0.72090 +7
BD4c 102 94 3.1731 0.73775 +8
BD4d 128 98 3.7930 0.74316 +9
BD4e 62 83 2.1531 0.73095 +7
BD4f 130 86 4.3997 0.748 86 +11
BD35a 129 102 3.6770 0.74114 +7
BD5b 143 110 3.7935 0.74070 +8
BD5¢ 92 96 2.7978 0.73411 +6
BD3d 105 60 51113 0.75598 +12
BD5e 74 69 3.1249 0.74083 +8
BD5f 93 109 2.4968 0.73177 +7

Rb and Sr concentrations were measured by X-ray fluorescence. The
error on the Rb/Sr ratio is less than 2%. Decay constant for 8"Rb is
1.42x 107 ** a~ ! (Steiger and Jiger, 1977).

phase of an earlier granulite facies metamorphism which
has been dated at ~ 650 Ma (U —Pb zircon; Lenoir and
Haider, 1990). The upper intercept (2515 £ 44 Ma) sug-
gests a late Archaean protolith for this anatectic granite.

The Buur Dur Dur post-kinematic granitic pluton (a
member of the Buur Hacaba suite) was dated by the
U—Pb zircon method, yielding a lower intercept of
474 4+ 10 Ma and an upper intercept of 1811 4+ 200 Ma
(Fig. 4d). The remarkably low 2°6Pb/2*Pb ratios are
probably linked to the high degree of discordance of the
zircons. However, the results for the four fractions are
coherent. The adjacent Buur Heybo granite was sampled
for Rb—Sr age determination (7 WR). Most samples are
porphyritic, except samples of microgranitic enclaves
(samples BH 1b and BH 2). The isotopic compositions of
these two samples, which may not be strictly cogenetic,
are plotted in Fig. 4 ¢, but were not considered in the final
calculation. The Buur Heybo pluton yielded a Rb—Sr
isochron (SWR, 0.7106 + 0.0006, MSWD = 1.23) with
an age of 464 + 31 Ma (Fig. 4e).

The zircons from Buur Dur Dur plot very near the
concordia and date unambiguously the emplacement of
this high level pluton (474 + 10 Ma). Moreover, the age is
identical within error limit with the Rb—Sr age
(464 + 31 Ma). The post-kinematic magmatism in sou-
thern Somalia is thus of middle Ordovician age. The
upper intercept (1811 4+ 200 Ma) constitutes a minimum
age for older crustal material involved in the genesis of
these granites. The early Phanerozoic magmatic event
could be linked with the Pan-African tectonothermal
episode originally defined by Kennedy (1964), a concept
essentially based on mineral ages. However, it also falls in
the age range of within-plate granitoid associations in

Sudan (Harris et al., 1983) and is contemporaneous with
the activation of late shear zones (Sacchi and Zanferrari,
1987) and the development of pegmatitic —hydrothermal
systems (Kiister et al., 1990b) in northern Somalia. A link
with the ‘Taconic phase’, and with the Caradoc defor-
mation and epeirogenesis (Fabre, 1988) could also be
advocated. Whatever age is assumed for the synkinematic
granitoids and for the amphibolite facies metamorphism,
a time gap of about 100 Ma is shown between the two
granitoid groups of southern Somalia, suggesting that no
genetic link exists between them.

Geochemistry

Three groups of granitoids were investigated during this
study: the northern Somalian post-kinematic group (N1),
the southern Somalian syn- to late kinematic group (ST)
and the southern Somalian post-kinematic group (SII).
In the QP diagram (Debon and Le Fort, 1983), chemical
compositions of the three groups show different trends
(Fig. 5a). The different evolution paths of the granitoid
series of Lameyre and Bowden (1982) have been added to
the diagram. The NI group belongs to a classical
calc-alkaline series of predominantly granodioritic com-
positions; the ST group is restricted to the granite field
corresponding with anatectic mobilisates; the SII group
delineates a monzonitic high X calc-alkaline series.

From bulk chemistry (major and trace elements) and
primary mineralogy, the Las Bar granodiorite (group N 1)
defines a metaluminous suite. The Na,O content, which is
fairly constant through the range of compositions, is
relatively high, together with the Sr, Ca and Ba contents
(Table 3).

The synkinematic granitoids of southern Somalia
(groups SI) form highly evolved, Sr-poor leucocratic
rocks. These granites are moderately potassic and per-
aluminous. The differentiation index (DI) for these
granites is markedly high (generally > 90) and the
corresponding SiO, content varies from 72 to 79%. The
high SiO, content may suggest a crustal origin for the ST
granitoids. Nevertheless, these values are out of the range
for classical leucogranites whose silica content rarely
exceeds 76% (e.g. Didier, 1973). This either reflects the
assimilation of exiremely silica-rich material (e.g. quart-
zites as seen on outcrops) by the granitic melts or, with
respect to the refractory nature of the quartzites, more
probably the strong interaction of the solidifying granite
with late to post-magmatic fluids.

The post-kinematic granitoids of southern Somalia
(group SII) show a subalkaline trend (alkali-calcic cha-
racter in the Peacock alkali—lime diagram) and show
similarities with the ‘Rapakivi’ granitoid suite (Kiister
and Harms, 1991). Compositions range from monzonite
(61% Si0,) to leucocratic granite (76% SiO,), always
displaying a metaluminous character. The earliest mag-
matic phases are found in the porphyritic varieties of
Buur Heybo, whereas the most evolved phases are related
to Buur Hacaba. The Buur Heybo trend is characterized
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Fig. 5a,b. Compositional diagrams of granitoid suites from Soma-
lia. Closed circles, post-kinematic group N1 (north-eastern Soma-
lia); closed squares, synkinematic group SI (southern Somalia);
open squares, post-kinematic group SII (southern Somalia). a QP
classification diagram (Debon and Le Fort, 1983). The lines marked
with numbers indicate the evolution paths of different granitoid
series (after Lameyre and Bowden, 1982). 1, Calc-alkaline trondhje-
mitic (‘Low K’) series; 2, calc-alkaline granodioritic (‘Medium K’)
series; 3, calc-alkaline monzonitic (‘High K’) series; 4, aluminous
series of alkaline provinces; 5, alkaline and peralkaline series; and 6,
anatectic mobilisates. b Oceanic ridge granite normalized diagram
for selected elements, showing average element compositions of each
granitoid suite. ORG data from Pearce et al. (1984). Normalized Sr
abundances have been plotted assuming a ORG value of 110 ppr.
Calculation of the normative factor was made according to the
crystallizing assemblages and partition coefficients reviewed by
Pearce et al. (1984)

by higher concentrations in compatible elements and by
a significant enrichment in K,O during differentiation.
The agpaitic index gradually increases as a function of the
Si0, content, but never exceeds 0.85.

Average element concentrations of the three Somalian
granitoid groups, normalized to ocean ridge granite
values (ORG; Pearce et al., 1984), are shown in Fig. 5b.
The three groups exhibit similar patterns of element
distribution; the relative abundance decreases gradually
with decreasing incompatibility from Rb to Yb. Common
features are enrichment in mobile elements (K,O, Rb, Ba)
and light (L) REEs (Ce), negative Nb anomalies and low
heavy (H) REE values. Group NI shows the most
negative Nb anomaly, which may indicate an active plate
margin setting. The negative Nb anomaly of group SI
may be interpreted as a major crustal heritage, as such
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Fig. 6. Rb versus Y + Nb diagram. SYN-COLG, Syn-collision
granites; WPG, within-plate granites; VAG, volcanic arc granites;
ORG, ocean ridge granites; field boundaries from Pearce et al.
(1984), symbols as for Fig. 5

anomalies are also geochemical characteristics of the deep
continental crust of essentially intermediate composition
(Taylor and McLennan, 1981). The post-kinematic group
SII has the highest values for most of the elements.

Tectonic setting discrimination based on trace ele-
ments (Rb versus Y + Nb diagram; Pearce et al., 1984;
Fig. 6) gave ambiguous results. The three groups always
plot in two or more fields, predominantly in the volcanic
arc granite (VAG) and syn-collision granite (syn-
COLG), but sometimes also in the within-plate granite
(WPG) fields. The scatter of data confirms the difficulty
in applying this type of diagram to late orogenic granites
(Pearce et al., 1984). The observed differentiation trends
for group S1I, together with the increased concentrations
in high field strength (HFS) elements (Nb, Zr and Y)
show that these granites share characters in common
with suites emplaced in anorogenic settings (i.e. A-type
granitoids). However, from the geochemical point of
view, SII compositions deviate from average A-type
granite compositions. In the diagram (Fig. 7) proposed
to discriminate between A-type and orogenic granites
(Whalen et al., 1987), the most differentiated members
of group SII overlap with the compositions of felsic I-
and S-type granites. It appears that the monzonitic
magma had an alkaline affinity, but that the decrease in
Zr, Nb, Ce and Y with increasing SiO, is more typical
of calc-alkaline differentiation.

The REE concentrations are reported in Table 4; their
normalized values are shown in relation to SiO, contents
(Fig.8). The Las Bar granodiorite of group N1 (Fig. 8a)is
characterized by relatively high total REE, strong LREE
enrichment and slightly negative Eu anomalies, except for
the most basic sample, which shows a positive Eu
anomaly. Enrichment in all REEs follows the normal
igneous differentiation trend. Plagioclase and amphibole
are seen to dominate the fractionation process. The
change from a slightly positive to a slightly negative Eu
anomaly suggests increased fractionation of plagioclase
during early stages of magmatic differentiation.
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Table 3. Average chemical compositions and 1o standard deviations of granitoids from north-eastern (group NI) and southern Somalia (groups ST and SII). Major element oxides in

weight%, trace elements in ppm

Buur Geel Way Buur Kanannah B. XamarWaddo B. Heybo porph. B. Heybo equig. B. Hacaba

Buur Muun
(n=58I

Buur Daxale
(n=4)S1

Infero

Las Bar

=10)S1I
Average (o)

(n

n=7S1I
Average (o)

n=4)SI n=4S1
Average (o)

(n=5)SI

(n=75)SI

(n=6)NI1
Average (o)

(n=24) NI

Elements Average (o)

Average (o) Average (o) Average (o) Average (o)

Average (o)

2.68
0.38
0.26
1.17
0.31
0.43
0.29
0.43
0.09
29
291

2.60 71.63

352 7247

0.54
0.39
1.63
0.41
0.60
0.10
0.33
0.19
23

65.97
15.52

03 791 0.5 763 0.7

79.1

1.8

0.86
0.06
0.27
0.12
0.24
0.30
0.21
0.02

78.3

1.1

0.89
0.03
0.57
0.20
0.17
0.31
0.41
0.03

4.62 7137 3.39 76.1

67.52

Si0,

14.63
043
2.52
0.54

0.85
0.19
1.07
0.23
0.47
0.36
0.37
0.07

13.85

0.33
0.03
0.54
0.11
0.18
0.32
0.43
0.02

11.59

0.29
0.02
0.08
0.01
0.08
0.16
0.13
0.01

12.11

0.15
0.01
0.12
0.01
0.07
0.27
0.15
0.01

12.48

12.32

12.84

1.19
0.20
1.30
0.52
0.88
0.37
0.48
0.05

14.49

1.49
0.26
1.71
0.94
1.32
0.35
1.02
0.07

15.41

ALO,
TiO,

0.50
2.79
0.55
1.27
3.06
5.98
0.11

193
953

0.95
4.78
1.11
271
3.95
4.97
0.35

0.37
4,14
0.22
0.58
2.51
5.24
0.04

83
595

0.09
1.44
0.01
0.40
39
424
0.01
87
270

0.05
1.04
0.01
0.36
4.04
4.38
0.02
89
177

0.14
1.73
0.15
0.44
371
4.78
0.03
125
273

0.15
1.98
0.29
0.59
2.85
6.22
0.07
112
492

0.25
2.05
0.41
2.35
3.85
3.50
0.10
86
854

48

0.

3.46
1.39
2.69
4.05
3.60
0.15
104
670

Fezos
MgO
CaO

1.65
37
5.13
0.13

NaZO
K,0

P,05
Rb

170
1132

162
1302

24
260

20

196

46
262

283

102

6

156

109

369

Ba

20
125

31
228
295
353

32
381
202
503

10
82
50
154

28
223
304
497

11
73

17
62

20
89
47
339

12
40
106

19
70
214

76
71
174

30
14
49

44

18

45

36
32
46

37
17
151

90
89
275

27

69
210

Ce

68
233

99
424

22

276

14
196

58
52
11

Sr

17
16

25

182

67

183

Zr
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30

43

15
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Fig. 7. (K;0 + Na,0)/CaO versus Zr + Nb + Ce + Y diagram
for S II group. Field boundaries for A-type, fractionated felsic types
(FG) and unfractionated I- and S-type granites (OGT) from Whalen
et al. (1987). Arrow indicates differentiation trend

The REE patterns of the synkinematic group SI are
shown in Fig. 8b. For the same range of SiO, contents
(75—"T7%), the concentration of total REEs is highly
variable, whereas the patterns are similar with steep
LREE negative slopes, strong negative Eu anomalies and
highly fractionated HREEs. This distribution of REEs
departs significantly from expected chondrite-normalized
profiles for classical anatectic leucogranites (e.g. Vidal et
al., 1982), which are characterized by less pronounced
REE fractionation and negative Eu anomalies. This
confirms the importance of crystal —fluid partitioning
processes during the evolution of the synkinematic SI
group.

Buur Heybo and Buur Hacaba (post-kinematic group;
SII, Fig. 8c) are characterized by high total REE con-
centrations and steep slopes for LREEs and HREEs. This
suggests intermediate parental magmas, strongly en-
riched in REEs, confirming their A-type affinities. With
progressing differentiation, total REE concentrations
decrease and show a more pronounced negative Eu
anomaly (Buur Hacaba). With increasing SiO,, total
REE contents behave coherently with incompatible trace
elements (Fig. 7). This general decrease cannot be ex-
plained by fractional crystallization of major mineral
phases, but shows the important role of accessory mine-
rals. The high concentrations of REEs correlate with the
abundance of minerals such as titanite, apatite and zircon
seen in thin sections.

Isotope geochemistry

Representative samples from the different granitoid
groups, possible source rocks of the SI group of southern
Somalia {basement complex) and potential source rocks
(mantle component, Maydh complex) of the Las Bar suite
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Table 4. REE (ppm)

" . -ki i NI
compositions of representative Post-kinematic group

Synkinematic group ST Post-kinematic group S II

samples from each granitoid Vi1 Su82 GD3 Su20 74C SF 27B S55E 54C S6A 51D

association
La 328 339 24.7 12.68 60.5 31.5 18.66 231 40.6 126 102
Ce 67.6 65.5 58.2 243 107.0 69.1 41.7 490 68.9 247 177
Pr 6.91 6.47 — 2.76 1085 — 417 431 7.08 25.3 18.11
Nd 279 271 22.8 12.46 457 31.0 18.44 151 23.6 103 61.1
Sm  5.64 5.81 4.00 3.67 9.00 440 4.00 21.7 5.84 18.17 9.88
Eu 1.21 1.26 0.99 1.17 0.70  0.33 0.80 346 0.57 3.37 1.93
Gd 524 4.57 4.47 3.31 785 473 3.74 18.18  5.40 14.83 7.49
Dy 4.58 4.16 3.81 3.14 693 453 3.01 1276 5.96 10.17 431
Ho 0.80 0.85 — 0.70 1.40 — 0.48 2.31 1.16 1.69 0.61
Er 2.35 2.48 2.51 2.24 376 273 1.38 6.39 295 4.54 1.74
Yb 237 2.05 1.90 1.80 414 249 1.24 581 2.89 3.82 1.49
Lu 037 0.32 0.29 0.28 0.58 0.37 0.21 0.77 0.36 0.54 0.18

(NI group) were analysed for Nd, Sr and Pb isotopic
compositions (Tables 5 and 6). The results were compared
with data from coeval granitoids of the ANS.

For the Las Bar granodiorite (group NI; Fig.9),
relatively low Sr initial ratios (Sr; around 0.705) and
slightly positive to moderately negative gy, values were
obtained (+0.8 to —3.4). This indicates a mantle origin
of the granodiorite with the participation of pre-Pan-
African continental crust or subducted sediments derived
from such old crust. Further evidence for the involvement
of old continental material is given by inherited Precam-
brian zircons (see under Geochronology). Crustal forma-
tion ages for the Las Bar granodiorite (Table 5) were
calculated assuming a depleted mantle reservoir (Tpy)
following De Paolo (1981). The Tpy ages between 1147
and 1600 Ma suggest the interaction of the magma with
Early Proterozoic crust or even with Archaean material.
The bulk chemistry, age range and tectonic setting of the
Las Bar granodiorite suite are comparable with undefor-
med felsic plutons of the adjacent ANS. The vast majority
of Sr and Nd isotope ratios of igneous rocks from the

ANS (ophiolites and roughly coeval volcanoplutonic
associations) suggest a mantle origin (e.g. Stern, 1981;
Claesson et al., 1984; Harris et al., 1984). Nevertheless,
there is a rough east — west variation in isotopic characte-
ristics across the ANS (Harris et al., 1990). Igneous rocks
with oceanic Nd signatures and similar emplacement and
model Nd ages are restricted to the western terranes of
Arabia and to the Red Sea Hills of Sudan. In Arabia and
in Sudan, model Nd ages of late Proterozoic rocks
increase gradually towards the east and the west, respecti-
vely. This corresponds with the increasing involvement of
older crustal components in the formation of these
magmas. According to Harris et al. (1990), most samples
from Arabia have emplacement ages approximately equal
to their model Nd ages (Tpy-t < 300 Ma). Samples
characterized by Tpy-t = 900 Ma show continental Nd
signatures, whereas Tpy-t values between 300 and 900 Ma
arc quoted as intermediate. The Las Bar pluton of
north-eastern Somalia belongs to the latter group.
Granitoids from groups SI and SII (Table 5), although
well discriminated on petrographical and geochemical

Table 5. Nd and Sr isotopic compositions from granitoid and basement samples

Sample Sm Nd 478m/  143Nd/ +26 &) Tpw Rb Sr 87Rb/ ®7Sr/ +2c 87Syr/
(ppm)  (ppm)  **Nd  Nd (ppm) (ppm) %°Sr  %6Sr 86Sr(i)
Granitoids
NI
Lb1 4.6 218 0.1276  0.512395 +26 +0.8 1147 74 315 0.6845 0.71133 +4 0.7052
Lb2 39 17.7 0.1332  0.512245 +15 —2.6 1506 86 280 0.8891 0.71261 +6 0.7047
Lb3 3.8 17.1 0.1343  0.512207 +40 —-34 1600 86 297 0.8420 0.71205 +5 0.7046
SI
BD5a 1.9 8.7 0.1320  0.511961 +19 —83 2017 129 102 3.6711 0.74114 +7 0.7097
BD5c 1.4 6.7 0.1263  0.511921 +36 —8.6 1954 92 96 27799 0.73411 +6 0.7103
S1I
BH7 2.7 23.0 0.0710  0.511601 +10 —12.7 1538 188 305 1.7860 0.72256 +4 0.7106
Dur2 17.2 127.5 00815  0.511590 +9 —135 1674 160 288 1.6098 0.72313 +3 0.7123
Maydh greenstones
A2 4.2 133 0.1909  0.512869 +10 +50 1158 4 296 0.0371 070362 +3 0.7033
Basement complex
B2 6.2 29.7 0.1262  0.511860 +14 —9.8 2060 66 150 1.2751 0.72438 +7 0.7135
4F 2.7 13.3 0.1227  0.511870 +24  —-93 1963 130 86 43911 0.74886 +11 0.7113
B6 5.5 217 0.1532  0.512168 +40 —58 2207 73 88 2.4066 0.73546 +7 0.7149
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Table 6. Common leild datif of Sample U Pb 206ppy/ 207ppy; 208ppy/ 206pyy 207Pb/‘
K-feldspar and Who_e .I'OC (ppm) (ppm) 204Pb 204Pb 204.Pb 204Pb(i) 204Pb(1)
samples from granitoid
associations and from t.he Granitoids
Basement complex. Initial NI
compositions calculated back to Lb2 (Kf) 002 42 17766 15577  37.742 17764 15577
the respective emplacement ages Lb3 (Kf) 003 36 17.860 15668 37.991  17.855  15.668
Lb4 (Kf) 0.07 47 17.849 15658 37943  17.840  15.657
Arl (Kf) 0.07 48 17.613 15541 37520 17.604  15.540
J8 (WR) 1.40 9 18.417 15673  38.734 17456  15.615
SI
BDa4 (Kf) 0.06 16 15265  15.233 35441  15.243 15232
5A (WR) 0.20 11 15.513 15253 35877 15410  15.247
BMS (WR) 0.96 7 16.343 15345  37.222 15557  15.298
S1I
BK 1 (Kf) <0.01 69 16.736 15422 37308 16.736  15.422
BD2 (Kf) <001 47 17.010  15.556  37.665  17.009  15.556
BHS5 (WR) 1.76 25 17324 15576  39.095 16.995  15.557
Basement complex
BG3 (Kf) <0.01 65 15287 15250 35482 15.286  15.250
BQ1 (Kf) 0.03 40 15.600 15375  36.295 15555  15.315

Ratios corrected for fractionation (0.13% per amu). Error on U/Pb ratios is in the 2% range, whereas
between-run precisions are better than +0.1% for the 2°°Pb/*®*Pb and 2°7Pb/*°*Pb ratios and
better than +0.15% for the 2°%Pb/2%“Pb ratios. Total blank values were in the ng range.

grounds, have Nd and Sr initial values in the same range
(Fig. 9). However, samples from group S1I are characte-
rized by more negative &yg and younger Tpy ages. The
isotopic compositions of samples from group ST are close
to those of basement samples at 600 Ma (Fig. 9) and the
Tpm ages of both are similar, around 2 Ga. This indicates
at least a substantial contribution of continental crust in
the genesis of the parautochthonous granites. The Ty
ages furthermore indicate that the basement of southern
Somalia is probably Palaeoproterozoic and not Archacan
in age. Group SII samples have similar eyg but lower Sr;
values than the basement at 470 Ma (Fig. 9). This indi-
cates a lower crustal component depleted in Rb but not in

Fig. 9. eng versus Sr; diagram for Somalian granitoids and possible
source rocks. Isotopic characteristics are re-calculated to the ages
indicated. Maydh tholeiitic basalts, mean isotopic composition
(possible coeval depleted mantle source composition at 626 Ma, for
more details see Utke et al., 1990); basement, high grade gneisses
from the basement complex of southern Somalia

+10
y _
' Maydh Somalian
B O/ 626Ma o
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0 I ®
N | group
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5 600 Ma 3
S | group 3
n :
eooMa - i Basement
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i R O TR i
S 1l group
£70Ma o
-15 I | ‘ ‘
0.705 0.710 - 0715 T s

Sm. Nevertheless, the younger Tpy ages of the granitoids
(1538 and 1674 Ma; Table 5) indicate the participation of
a component younger than the basement (2000 Ma),
which was most probably the mantle. We therefore
interpret the Nd — Sr isotopic signature of group SII to be
the result of a mixture between the mantle and lower
crustal components.

Pbisotopic compositions and U and Pb concentrations
were obtained from nine K-feldspar concentrates and
four whole rocks (Table 6). Isotopic compositions were
corrected for radiogenic decay since crystallization (Table
6). Initial >*’Pb/2%4Pb and 2°°Pb/2°4Pb ratios are plot-
ted, together with Pb isotope data from the basement
complex of southern Somalia (Fig. 10). Pb is a good
isotopic tracer sensitive to crustal contamination and can
be used to differentiate between lower crust, upper crust
and mantle signatures (Stacey and Kramers, 1975; Doe
and Zartman, 1979). Lower crust is characterized by
severe U depletion under high grade to very high grade
conditions, leading to significantly lower U/Pb ratios
than those of the mantle. Consequently, lower crustal
rocks have significantly less radiogenic Pb ratios than
mantle-derived rocks (Moorbath et al., 1969; Gray and
Oversby, 1972). The three groups of granitoids (NI, S1,
SII) form separate fields in the 2°"Pb/>%*Pb versus
20°Pb/?%*Pb diagram. The post-kinematic group of
north-eastern Somalia (group N ) is the most radiogenic,
whereas group SI constitutes the least radiogenic group,
similar to the basement samples. Group S1I occupies an
intermediate position between these two fields. All groups
plot along the orogene curve (Doe and Zartman, 1979) or
along the evolution path proposed by Stacey and Kra-
mers (1975). The most radiogenic group (NI) shows the
lowest amount of crustal contamination. Its average
initial Pb isotopic ratios (calculated at 626 Ma), corres-
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Fig. 10. Initial 2°"Pb/2°*Pb versus initial 2°°Pb/2%*Pb diagram for
the three granitoid suites and the basement complex of southern
Somalia. Fields correspond to the recorded range of variation for
each group. Common lead data were obtained from feldspar
concentrates and whole rock bulk analysis. Ratios were corrected
assuming U decay and calculated back to the respective emplace-
ment. For comparison, curves representative of different terrestrial
reservoirs were drawn as proposed by the models of Doe and
Zartman (1979) and Stacey and Kramers (1975). Graph also
includes lead isotope data from the Arabian—Nubian Shield.
Groups I and 1T are the compositional fields from Saudi Arabian
galena (Stacey et al., 1980)

ponding to a p1 (233U/2°4Pb) value of 8.3, are compa-
tible with a mantle origin of the parental magma. After
Zartman and Doe (1981), the upper mantle p value at
that time is ~ 8.5, whereas the lower crust p value is
= 6.3. The samples of the least radiogenic, synkinematic
ST group plot close to the samples of the high grade
gneisses of the basement complex. Pb compositions of the
latter plot above the evolution line for the lower crust
(Doe and Zartman, 1979) and p1 values for granites and
gneisses are generally higher than those of the lower crust
at the time of emplacement. The rather high values of
2381J/294Pb ratios of basement rocks suggest that the
crust of southern Somalia is only moderately depleted in
U and also in Rb. This indicates that the peraluminous
synkinematic S1 granites were generated by anatexis in
the middle crust. Group SII samples (Fig. 10) show
intermediate Pb isotopic compositions, significantly dif-
ferent from the samples of the synkinematic SI group. Pb
isotopic compositions suggest that the metaluminous
post-kinematic SII suite has a mantle origin with a signi-
ficant contribution from the lower crust.

—»
206pp204pp

T T
18 19

Pb isotopic data from the ANS are plotted in Fig. 10.
The common lead data are divided into two main groups
according to the results of Stacey et al. (1980). This
two-fold common Pb distribution is based on a much
larger data set than the three-fold representation of
Harriset al. (1990), which is based on a limited number of
Nd isotopic data. Nevertheless, both isotopic plots yield
coherent distribution trends. Group I leads have oceanic
(mantle) characteristics, whereas group II leads have
incorporated a continental crustal component of at least
Palaeoproterozoic age (Stacey and Stoeser, 1983). Grani-
toids from group N1 are very close to the fields defined by
crust-contaminated igneous rocks of the ANS (Leadll),
which is not the case for the less radiogenic southern
Somalian ST and S1I granitoid groups.

Conclusions

Petrogenesis of granitoids

Field, geochronological and geochemical data cnable
recognition of three distinct ‘late’ granitoid phases in
Somalia, which, from north to south, show contrasting
evolution and tectonic settings.

In north-eastern Somalia, post-kinematic granodioritic
to granitic plutons of calc-alkaline compositions were
emplaced around 630 Ma, intruding the low grade su-
pracrustal Inda Ad Group. These granitoids are mainly
juvenile in origin and resemble the undeformed felsic
plutons of the ANS. However, the north-east Somalian
magmas have interacted with a pre-Pan-African crust
which must be present at depth, indicating that before the



intrusion of the post-kinematic granitoids, the supracru-
stal Inda Ad Group was cither deposited on, or tectoni-
cally emplaced onto, older basement. Evidence for the
existence of old crust is given in the basement exposures of
north-west Somalia, from where Kréner et al. (1989)
reported granite — gneiss protolith ages between 1730 and
1820 Ma. After granitoid emplacement, sustained or
renewed thermotectonic activities in the area resulted in
fluid overprinting of the post-kinematic plutons between
550 and 500 Ma.

In southern Somalia synkinematic, = 600 Ma old
parautochthonous granites are genetically linked to mig-
matization and amphibolite facies retrogression fol-
lowing an earlier granulite facies metamorphism
(~ 650 Ma). These slightly peraluminous granites were
derived from a Palaeoproterozoic crustal source, which
was intensively reworked during the Neoproterozoic.
Around 470 Ma the crust of southern Somalia was
intruded by post-kinematic granitoids of metaluminous
compositions that show some A-type characteristics. The
mixed mantle—crustal sources of the SII group grani-
toids imply that their A-type characteristics (namely high
HFSE and total REE contents) cannot simply be ex-
plained by the classical model of A-type granite forma-
tion (e.g. Whalen et al., 1987) in which enrichment of
these elements arises from a second melting event of
previously fused crust. The occurrence of the post-
kinematic granites can be correlated with the broadly
coeval emplacement of anorogenic syenitic to alkali
granitic ring complexes in Sudan (Harris et al., 1983) and
with activation of late shear zones and intense fluid
circulation in northern Somalia (Kiister, in press). The
time gap of about 100 Ma between the emplacement of
the synkinematic and the post-kinematic granitoid suites
of southern Somalia precludes any genetic link between
these two groups.

Regional significance

The Pan-African episode in Somalia represents intensive
crustal reworking, reaching granulite facies conditions at
~ 650 Ma (Lenoir and Haider, 1990). This age conforms
with the age of granulite facies metamorphism in the
Mozambique Belt between 750 and 650 Ma (e.g. Key et
al., 1989; Mosley, 1993; Muhongo and Lenoir, 1994).

The Pan-African evolution of Somalia is broadly
similar to that proposed for the highly metamorphosed
basement rocks from southern Egypt and northern
Sudan, west of the ANS (Fig. 1). There, the Pan-African
episode involved considerable reworking of pre-existing
crust of Palaeoproterozoic and/or Mesoproterozoic ages.
Harms et al. (1990) have reported Pan-African ages
(562 —918 Ma) for basement gneisses, which were intru-
ded by granitoids in the period between 560 and 620 Ma.
Further west, the late Archaean basement of Gebel
Uweinat was not affected by the Pan-African reactivation
(Klerkx and Deutsch, 1977).

During the Pan-African the Palacoproterozoic conti-
nental crust of Somalia separated orogenic domains
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(ANS and Adola belt to the north—west and west, and
the Mozambique Belt to the south) from undisturbed
Archaean or Palacoproterozoic cratonic domains, which
at that time, must have been located east of present day
Somalia. Observations from Oman (Gass et al., 1990)
havealso led to the conclusion that before the break-up of
Gondwana, the boundary between reactivated and undi-
sturbed older Proterozoic crust was located between the
Oman —Somalia region and the Archaean and middie
Proterozoic terranes of the Bundeikhand and Aravelli
areas of India. The protracted magmatic activity and
metamorphism imply that Somalia was not a cratonic
area during the Pan-African. Its evolution bears many
similarities with that of the ‘East Saharan Ghost Craton’
in northern Africa (Black and Liégeois, 1993).
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