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Abstract

The MWeoarchaean Tati granite—groenstone terrame occwrs within the southwestem part of fhe Zimbabwe craon in NE
Botswana Tt comprises 10 indrosive bodies fomming parnt of three diginet pluionic swites: 1) an earlier TTG suie dominated by
tonalites, trondhjemites, Na- granites distriboted inte high-Al (Group 1) and low-Al (Group 2) TTG sub-suite mocks; (2) a
Sanu kitoid suite inchuding gabbros and Mg-diorites; and {3) a younger high-E granite suite displaying T-type, cal-alkaline
affinities

The Group | TTG sub-suite roc ks ane marked by high S0/ vales and strongly fractionated chondrie-nomalized rare cardh
element {REE) pattems, with no Fuancoaly. The Group 2 TTG sub-swite displays higher LREE contents, negativ e Eu anomaly
and amall & no Fracticnaton of HREE. The primordial mande-momalized paterns of the Francistown TTGs are marked by
negative Nh-Ti anomalies, The gechemical characteristics of the TTG rocks ane consistent with features of silicate melts from
partial melting of flat subducting =labs for the Group | suh-suite and jpartial melting of arc mafic magmas underplated in the
lower crust for fee Group 2 sub-suite. The gabbros and high-Mg diorites of the Sanulkiteid suite are marked by Mg#={5, high
Al (== 16%), low Tila (< 0U6%) and variable enrichment of HFSE and LILE. Their chondrie-nommalized REE pathems ane
flat in gablros and mildly to substantially fractionated in high-Mg diorites, with minor negative or positive Eu anomalies. The
primoerdial mande-nomnalized disgrams display negative Wh—Ti {and Zr in gabbros) anomalies. Variable bot high S0Y, 81Ce,
La™h, ThiTa and Cala and low CaPh ratics mark the Sanukitodd suite rocks. These goochemical foatures ame oo nsistent with
melting of a sub-arc heterogenecusly metasomatized mantle wedge source predominantly enriched by earlier TTG melts and
fluids from dehydration of a subducting slab, Melting of the mantle wedge is consi gent with a steeper subduction system. The
lage to post-kinematic high-K. granite suite inchudes I-type cale-alkaline rocks generated thoough crustal partial mehting ofearlier
TTG maerial. The Noearchaean tectonic evolution of the Zimbalswe craton is shown o mark a broad continental magnatic amc
(and related aceretionary thrests and sedimentary basins) linked to a subduction zone, which operated within the Limpopo -
Shashe beltat — 28-2.65 Ga. The detachment of the subducting slab led to fhe wprise of a hotter mande section as the souroe
of heat inducing crustal partial melting of juvenile TTG material o produce the high-E. granite suite,
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1. Introduction

The Zimbabwe craton has a complicated tectonic
and magmatic. history, which iz the subject of mch
controversy. The oldest crustal rocks preserved in this
craton (Fig. 17 are ~ 357345 Ga in age and ocour
within the Tokwe stgment {Wilson et al., 1995; Horst-
wood et al., 1999; Dodson etal., 2001), although Re—
(s isotopic analyses of chmomites from Archasan
ultramafic rocks indicated that the Zimbabwean sub-
comtinental lithosphenc mantle began to be sepamted
from the asthenospheric mantle before 3.8 Ga (Magler
et al., 1997). Kusky and Kidd (1992) suggested that
the Belingwe gresnstome belt 15 a remnant of an
oceanic platean allochthon, However, the existence
of an old {Mesoarchasan) continental crust allowed
several workers 1w model the Meoarchaean evolution
of the Zimbabwe cratom in tenns of cantinental rifting
ahove mantle plumes (e.z. Bickle et 1, 1994; Jelsma
et al, 1996; Hunter t al, 1998). Blenkinsop et al.
(1993} and Bickle et al. {1994} contend that the
Belingwe greenstome belt was emplaced in an ensialic
setting, The 2.75-265 Ga igneous mcks from the
Fimbabwe craton are tonalite—trondhjamite— grnite
and tholeiitic and calc-alkaline voleanic suites
emplaced in arc and back-arc settings (2. Condie
and Hamrison, 1976; Jelsma et al,, 2001). The green-
stone belts (2.2, Tafi) aligned along the southern part of
the Zimbabwe craton (Fig. 1) and the Matsitama
gresnstone belt in northeast Botswam were taken fior
allochtonous sheets along the suture of an ocean clossd
atea, 2.7 Ga(Eusky, 1998). The Matsitama greenstone
belt is part of the Limpopo—Shashe omgenic belt
(Fanganai et al., 2002) and this mise the question of
the peotectomic relations between the evolution of the
Zimbabwe craton ind the Limpopo belt. A number of
wirkers (Coward = al., 1976; McCourt and Wilson,
1997 indicated that the Zimbabwe craton was affected
by shortening in response to Meoarchasan northerly
thrusting of the Morthem Marginal Zome (NME) of the
Limpopo belt. The shear zones in the Zimbabwe craton
are inferred to onginate during the 26 Ga collision of
the cratom with the centml zone of the Limpopo belt
(Treloar et al, 1992, Rollinson, 1993; Treloar mmd
Blenkinsop, 1995, although there & no agresment
n this interpretation. Structural studies showed that
several Meoarchasan greenstone bets of the Zim-
habwe cratom wer affected by acoretionary laver-

parallel shear sones between ~ 2.7 and 2.6 Ga (Kusky
and Kidd, 1992; Jelsma and Dirks, 2000). Dirks et al
(2002} meported an early episode of thin-skinned
thristing and a later steep west-di-ected thrusting and
interpret these structures as indicating progressive
aceretion and crustal thickening marking a low-mgle
subduction or undemplating. Steep geothermal gra-
dients (= 50 “Ckm) charaderise this tectonic crustal
thickening (eg. Jelsma and Dirks, 20007,

Durning the last decade, published geotectonic inter-
pretatioms of the Zimbabwe aaton focused on geo-
chronological and structural data, with little emphasis
m the peochemistry of igneous meks (2.g Condie and
Harrison, 1976; Luais and Hawkesworth, 1994;
Majaule et al., 1997, Jelsma et al., 2001}, Geochemical
studies of Archaean igneous rocks show a divesity of
composition that matches that documented in moden
igmenus provinees emplaced in vanous tectomic set-
tings (e.g. Dostal and Mueller, 1992; Hollings et al,,
194960, Some warkers (&g Hamiltm, 1998) claim that
Amhasan gramite— preenstong termnes mark igneos
and tectonic prmeesses different fom Proterozoic and
Phanerozoic plite tectonics, Howsver, most igneow
mck types recorded in Archasan termnes ans known in
Phanerozoic igneous provinces (eg. Dummond and
Defant, 19940; Martin, 1993) and thersfore these mod-
em amalogues am be used for petrogenaic and geo-
tectomic reconstruction of Amchasen teranes,

The objectives of this paper are: (1) to present new
chemical data of Meoarchasan phoonic mcks from the
Fimbabwe cratm exposed in the Tati granite—gresn-
stone terrane in northeast Botswara; (2) to discuss the
petrogenssis of the plutomic rocks and the tectonic
setting during their emplacement;, (3) to re-evaluate
the relationship betwesn the Zimbabwe craton and the
Limpopo—5hashe belt during the emplacement of the
Francistown granitoids and coeval igneous rocks in
the Zimbabwe craton. The data in this paper are
important fior the inderstanding of Archasan acens-
tionary processss in southem Affica and the forma-
tion, growth and preservation of the Archasan aust in
the Zimbabwe craton,

2, Geological setting

The Zimbatwe cmaton is composed of granite—
gresnstone terrenes emplaced batwesn ca. 3.5 and 2.5
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Fig. 1. ia) Map showing he mam gealogical umts af southern A Fica cralons and adjacent Protenmomic belis (Bagai ot al, 2002 and references
therein). The rectangle kcades the map af (b). (b)) Distributon of the fiur main granie - geendme femanes af the Zimabwe craton i NE
Betswana (slightly madifid from Key et al, 195 ). (o) Location af the southern Adrica cratons i Adfrica.
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Ga (Blenkinsop et al., 1997 and references therein),
The southwestern margin of this craton extends into
northeastern Botswana (Key et al, 1976) wher four
gramnite —greenstone terranes  Tati, Vumba, Maitengwe
and Matsitama; Fig. 1) occur. The Matsitama granite—
greenstome complex is dominaed by shallow water
clastic and chemical sedimentary mocks and minor
mafic—ultramafic rocks (Aldiss, 1991; Majaule =t
al., 19497). Gravity data show that this granite—green-
stong tarane is located within the Limpopo—Shashe
belt {Ranganai et al,, 2002) and the crustal thickness
beneath the Matsitama area is = 50-55 km (M guuri =t
al., 20017, in contrast to the cratomic arsas whers the
crust is thimmer (= 35-37 km). U-Pb single zircon
dating showed that the Matsitama granitoids were
emplaced between 2710 £ 19 and 2646 +3 Ma
(Majaule and Davis, 1998). These granitoids are
time-equivalent to voluminous felsic phitons in the

TR

Limpopo belt (&g Berger et al,, 1995; Mhkweli et al,,
1995; Kriner et al., 1999). The Matsitama granitoids
are also coeval to the Vumba granitoids (Bagai et al.,
2002} and to Upper Bulawayan greenstome belts and
Sesombi gmnitoid suites in the Zimbabwe caton
(Wilsom et al,, 1995; Luais and Hawkesworth, 1994,
Jelsma et al., 1996,

The Tati granite—greenstone termne (Fig. 2) in-
cludes the Tati gresnstone belt, voluminous granitoids
and gabbms, and minor metasedimentary meks (eg.
Eey et al, 1976; Tombale, 1992). Preliminary U—FPh
#ircon geochronological data (Kampuniu, unpub-
lished) and the continuation of granitoid bodies from
Francistown (Tati terrme) up to the Vomha gmnite—
greenstome temane suggest similar emplacement ages
(e Key et al, 1976, Tombale, 1992}, ie. between
~ 273 and 2,65 Ga (Bagai et al., 2002), Ten main
imtrusive compleces were identified in the Tati grim-
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ite—gresnstone temane (Fig. 2). Four (Mphoeng, Ka-
mokgwebana, Matsiloje and Sekukwe) are located
northeast of the Tati greenstome belt and scends into
Limbabwe to the east and northeast, This group is
referred to as the northeastem igneows complexes. The
Ramokgpwebana granitoids include coarse to porphy-
ritic granites made of K-feldspar (megacrystic),
quarte, biotite, amphibole, zircon and titanite. The
Matsiloje hatholith is made of coarse tonalites and
tondhjemites. The Mphoeng complex consists of
coame to porphyritic gabbros, tonalites and trondhje-
mites, The gabbros consist of plagioclase in a dark
coamse-grained gromdmass of pymoxene, plagioc e,
minar hormblends, biotite and opague minemls, TTGs
exposed in the notheastern igneous complexes are
large bodies preserving igneous fabrics, except along
discrete shear mones. These rocks are equigranlar and
contain plagioclase, quarty, amphibaole, biotite, iroon,
titamite, apatite and magnetite. The southwestern ig-
neows complexes, located southwest of the Tati green-
stome belt, include the Tati complex (Fig. Z) and its
satellites called Aiport, South Tati and Mew Zealand
complexes which intmde the Tati greenstone belt
lithologies. The most important lithologies in the
southwestern igneous complexes are coarse grey
tonalites, trondhjemites and granites converted into
orthogneisses (Tombale, 1992} Tonalite and trondh-
jemite of the southwestemn complex are foliated to
banded grev meisses (Martin, 1994) containing ortho-
amphibolitic enclaves, The main fabric in these rocks
trend WW-SE. The most frequent minerals in these
gneisses are plagioclase, quarte, biotite, amphibole,
titamite, epidote, wircon, magnetite and apatite. Micmo-
cling occums in some samples. In the southwestern
igneows complexes, an intense tectonic foliation
ocours close to the Limpopo—Shashe belt. Foliated
pink K-feldspar megacrystic gmnites and granite
dykes intruding the southwestern igneous complex
close to the Limpopo—Shashe belt could be linked to
the evolution of that belt, These granites wenes exclud-
ed from this study that is focused on the evolution of
the Zimbabwe aaton. The centml igneous complexes
include Selkitk and Hillview complexes. The Selkirk
complex is elongated NW —SE, parallel to the trend of
the Tati gresnstome belt. The absence of a pavasive
MW-5E solid-state fibnic in this complex suggests
that it post-dates the emplacement of the southwestern
ignems complexes, [t includes tmctolites, gabbros

and diorites intruding the Tati greenstone belt lithol-
ogies, The primary minerals in these rocks include
plagioclase, oliving, pyroxens and opagque minemls,
The Mi—Cu sulphide deposits of Selkik and Phoenix
mines are hosted in this complex.

3, Sampling and analytical technigues

Hundred mck samples selected for geochemical
analyses were collected from mine drillcores and from
large grev gneiss complex outoops where the least
altersd and deformed rocks are exposed. We also
sampled plutomic bodies preserving igneous mineral-
ogy and'or igneous foliation in the northemn and
central complexes, The locatioms of the samples used
in this study are compiled on the new 11 25,000 map
of the Botswana Geological Survey Department
(Francistown Cuarter Degres shest, to be published
in 2003).

Samples with initials AR wers analysed at Memo-
rial University of Mewfomdland (Canada). Major
element compositions were determined using a Perkin
Elmer {gxcept for PyOe colourimetry) and trace
elements RBb, 5r, Ga, Zr, ¥, Nb, Th, U, Ph, £n, ¥,
Cr and Mi were analysed wsing a Philips 1450 XRF.
The other tmee elements, including REE, were deter-
mined wsing an ICP-MS (Jenner et al,, 1990). The
remaining samples were analysed at Chemec labora-
tories (Canada) using [CP-AES (major elements) and
ICP-M35 (tmce elements), except Li, Cr, Pb and Ni,
which were determined using AAS. The precision for
all the chemical malyses is better than 1% for major
elements and better than 5% for trace elements.
Representative malvses of the main intrusive rock-
types are listed in Table |, Several samples vielded
relatively high LOI values, reflecting the alteration of
the mcks, However, the vanation trends and concen-
tmtions of major elements, high-field-strength ele-
ments (HFSE), REE mnd transition metals are similar
to modem plutonic rocks and are thought to reflea
primary magmatic distnbutions, Alkalies show some
scatter and were probably slightly modified by sec-
ondary processes in some samples and REE contents
of some samples (2. NN6 and NNE) show abnormal
Lo values cormelating with petrographic features (2.0
sericitisation) suggesting that these samples were
affectad by hydrothermal alteration. These mcks were




36

AR, Kampuey e al / Lithos 71 (2003} 431480

Tubie |

Sapiknond wune TTHG maite

Ciabbens HighMg dbries e krves Toealinss - Trosdihemines - Ha-gmains

MEILY ARIIT TH&5 THI3 ARIZE AR ARTIL ARI4Y WE3D ARTF ARTE THISF MESD ARG MR
Sl 4200 4EE0 40E4 4903 1400 B0 5340 S0 55000 #50 M0 &4 LT sl &R
T, 008 [FE R 1 01 G4 038 0 634 0 L3 134 T 0w as 04
ALy MOG IO e 164 1430 F300 1430 17200 16T MO0 01 1450 1437 1ATI 180s
Fegd, 233 i EEE T T A E I L34 1A% 435 08 ail 43
iy =27 T +. T8 3228 Lo =8 1) ey an
MEO 008 [ R E} 4 Bl oeE Gl e0d oo aIF A% oo 0% Al o0
Mgl igE 488 742 11 Fa% TR T T4 RS 448 4F 0 308 a4 A 141
Call DA% 130d BEG 133 TFe ess 13S4 G BE e BI0 T4l 548 21 40
Mgl L0 144 1 [ET I LE 14 1@ 150 143 &7 383 17 414
Kl [T w4 004 [FE R TR & ) I3 r3 e a3 33 00% 1%e 1 1o
Pls 001 [ [ L Y N T S S O T L 15 alE e a1 Ols
LM 174 154 141 R TR T L 133 B (47 aT6 18R OdF aE o
Toml  IE0E  SRd4s O0ES GR1e GTIE WTE G941 105 ST 9TED 2 10046 SRl o0 ST
Mgd 040 [FE T [T T N S T S % ST G40 334 08 041 048 038
[ 3 1 M8 4 1% 194 g E I T R T 110
M oy B0 pra ) 210 kel 3% Lot (-] [-X=] 430 100
o 414 444 £t 410 [EE . HE
W [ 14 48 i EEL I 145 LT 0
O L i TR A0 HO EET Y i 00 w0 50
P 10 04 1L i i L& 160 10 L0 1L EX EX
e o Hin R RG] Wi R Rl =N ERdt] TG L]
R L EXT 180 480 100 18 1o 116 1943 W00 1Red en &7 Tk
s [ [FE 010 i G0d 580 010 sS4 033 G 040 LA 451 140
Ba LA EETS L e O 40 ALE A4 13% 136 444 445 EECT
ES 1 143 14 184 151 H EER 1 136 1% 20 M4 a2 FEU
Li 10 110 EX 48 &1 B T - 51 G0 a7 X TN R T BT
Ta 100 LIl 100 1A Bl0 078 008 BFS 368 0 180 400 o S0
M 106 057 106 L 300 400 LG R00 480 A% R00 FER 00 &M 1160
HE 106 106 L 100 00 400 G 400
kS 106 00 W00 A 4500 1R [CT I LE T K EE 194 a8 0
¥ Lo £ 400 G 1900 e o0 00 1400 HER B0 1340 1Ede 128 1240
T R (=l el PR pRel PR pelee] (=R Le] PR R L) i L) PR ER ] T A L el
u [ 040 048 B30 & 030 500 1ed a7 [FET R N T X
La 106 161 140 EX T R TR E 400 TIED 1Led B0 1640 300 BAIS 454
e 140 400 440 00 TES Mss R0 4477 18 41 ECE - TR I
Pr [ [FT I om Lee 4 L s0T 303 &I3 480 B0 4E 450
M 106 187 300 140 a4 B 404 1E4E 11en IAT [EET I E TR C R T
Sm [ L T oR LA 341 LG 337 1% &l& 400 450 480 470
B [0 047 040 A G40 0T 041 BT 0se 110 TR T L5 140
Gd [EL 118 LI Ll x4 ism LIS 313 18 &4 00 450 440 &40
T [0 [FEE I T [N E R GIE 30 08 0% 0F s st 040
I [EL 147 106 Ll rAs LsT LI& LT 1En 0 Am 480 430 1 440
e LR (== ) (=B 1-] (=8 [=E (== -3 o2 (== ) (=) Ll U0 (=K =] ar (=8 -]
B [ o5 i [ T 0FE oGS0 LE 1E3 FECTEE R SE R T
T [0 R E} o1 [N T C BN E [ R S E BT N £ o3 30 a3l 03
Vi [0 [FEC LT [FE R [ S IR =T PR ST 1% 100
L [0 R E} o1 L T S X R 8 I = B E L o3 A a1 03

Drocps i senplos with imisid AL Pogly mposmes sl om

excluded from the peochemical diagmms and the
discussion of resuls, In the text, the compositions
wsed when describing individual samples were recal-
culated to 100% anwdrous to mimimise the effect of
alteration on the samples,

4, Geochemical classification

The chemical analvses illusrate that the rocks
exposed in the Francistown plutonic complex range
from gabbros to granites (Table 1), The chemical
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compositions define thres distinet petrological suites.
The first suite includes rocks defining a tonalite—
tromdhjemite—granite association, hersafter called
TTG suite (Fig. 3a). The MgD content in the TTG
suite s < 5w, and Mg# (MgiMg+ Fe* 1) calou-

fangnued an nex! pagel

lated with Fe? "Fe® *=02 is <05, including in
ortho-amphibolitic enclaves hosted in the trondhje-
mites and marked by Si0; < 53% (e.g. sample ARTT,
Tahle 13 The ALy content of TTG rocks containing
5100 in the range 67-73% defines two groups, The
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first group thereafter Group 1 TTG sub-suite) contains tim, 1993, 1992), The hgh-Al trondhjemiic sub-suite

=15% AlCs indicating a high-Al trondhjemitic sub-
suwte, wheras the sscond goup (hereafter Goup 2
TTG sub-svite) has < 15% Alz(s and cormssponds to
a low-Al trondhjamitic sub-suite (Barker, 1979 Mar-

occun in the southwestem igneous complexes whene-
a5 the low-Al tromdhjerritic sub-suite forms the noth-
eastem igneovs complexes. In the diagram Ea0-
Mag0-Cald (Fig. 3b), the majonity of the Francistown
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TTG suive rocks show similantiss to arc garitoids in
the Peninsular Range (Baird and Miesh, 1934). The
miost sodic samples plot along or close to the “sodic™
TTG evolution trend as defined by Lunis and Hawkes-
warth (1594),

The second igneous suite neludes mafic and
intermediate intrusive rocks (Si0z: 45-60% marked
by high Mg( contents (5 9.5%; Table 1) from the
central igneous complexes, Similar high-Mg interme-
diate mcks were documented in other Archasan
cratoms, e.g. in the Superior Provines in Canada
where they represemt — 15% of the late Archasan
crust (Shirey md Hanson, 1984; Stem et al., 1989,
Stem and Hanson, 1991; Stevenson ot al, 1999),
These hgh-Mg ignems suites were refernd to s
Bammkitoids [Shirey and Hansom, 19840 hy wfemnes
to the Sstouchi high-Myg andesites, Japan (Tatsumi
and [shizaka, 1982). The high-Mg andesites from the
Japmese island arc lave high Mg# (up to 0.7), similar
to values recorded in Francistown Mg-diorite samples
ARZM, 237 and 245 (Table 1). The gabbro ME 115
from the centrl igreous complexes shows a higher
Mg# (0.8). High-Mg imemmedate rocks from the
Canadian Supenor Provinee have Me# in te range
0430062, K50 coments of mafic meks (50, < 55%)
of the Samukitoid and TTG suites are similar in the
Francistewn complex, The mcks plot in the low-E
field using Gill's (1981 discrimination boundanies
(Fig. 3¢l mtermediate and felsic rocks of the TTG
suite plot in the medium-K field The Mg-diontes of
the Samukitoid suite (eg. samples AR45, 234 md
237; Tatle 1) show higher contents of K20 and plot
in the high-E domain (Fig. ). However, these mcks
also have high Map(d contents and MapCWVE ;0 ratios
are =1 in mafic and intermediate rocks of both
Samuikitoid and TTG suites. Tondhjemites show a
large mnge of NapOvB 0 values, between 1.2 and 32,
for silica contemts between 62% and 77%. The high-
eat NaOVK; O mtios (32 and 19) are reconded in the
trondhjemite TS16% and the dioritic Sanukitoid
ARLZE, pspectively

The thind igneous suite of intnsive rocks includes
potassic grnites (Map00E20< 1 Fig, 3d), cmtaining
more than 72% 5i0); and plotting in the high-K fisld
(Fig. 3c) In the diagrm E 0 —Pay O—Cal) (Fig. 3b),
the high-K granitoids plot also iv the field defined by
Peninsular Range are grmitoids (Baird and Miesh,
1984).

5 Geochemical varistions
51 TTG suite

The most mafic rocks analysed (samples ARTT and
78; Table 1) are ortho-amphibalite enclaves woith 5i0;
contents of 50% :nd 52%, respectively, and
Mgt <05, The sample AR 78 contains 71 opm Cr
and 2 ppm Mi. These values indicate that the protolith
of these enclaves camot represent a pimary mantle-
ariginating magma. Thers are no rocks with silica
comtent between 52% and 62% in the TTG suite.
Tonalites have A0, contents betwesn ~ 14% and
15.5% and Ti0: concentrations betwesen ~ 0.5% and
0.9% at ca. 63655 S0, The ALy values compare
tov the averapge content meparted by Martin (19497,
1994y for similar Archasan mocks whereas TiC, abun-
dances inthe Francistown rocks isslightly higher than
the Archaean avemge for TTG svites, Major slament
compositons of the Francistown TTG rocks are
shown in the Harker diagrams (Fig. 4). The mcks
share a mumber of geochamical features with most
Amchagan TTG suites They contain high MNep(r and
the ahmnna saturation index (ASI= molecular mtio
Al Ca0d + Mag0r+ 00 i lower than ons except
in a few samples whene it is in the range 111 (Fig.
). These features along with the presence of amphib-
oles indicate a metaluminous compositior, CaQ),
Map(d and Ko O abundinees show a wide mnge (Table
1} and there are cormelations betwesn K—Ba, K—Eb
and Ca(d-5r (Fig. 6).

HFSE show good cormslation as shown in the
diagmms Nb va, Zr (Fig. Ta) md Zr va, HE (Fig. 7h)
indicating an average ZrHE mtio of ~ 37 for the
Francistonn TTG suite which is similar to the avemge
value of ZeHE in MORE and chondrite (= 37 + 2
ppm: David et al., 2000 and references therein).

The cencentrations of incompetible trace dlements
(2.z. Rb, Ba, Sr, Mb, £r and Th) increase fom
intermediate to felsic moks, md he ratios of incom-
patible trace elements show a larze mnge of compo-
sition, which partly originate from fmctionation
processes However, some featurss are prohably pri-
mary, 2.2 RhSr mtio of Goup 1 TTG sub-suite is
Lo (= 03, similar to values typical for high-al TTG
sub-suites (Martin, 1993, 19%94) Low-Al Croup 2
TTG sub-suite displays vanable Bb/Sr mtios in the
mnge 0.4-1. ThTa ratio is = & in the enclave sample
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AR 77 of mafic mocks contained in the Grous 1 TTG
rocks (510~ 50%%). This enclave is also marked by a
high walie for La/Bb (= 6) and a low NbTa ratio
(= 13). These features are similar to thee docu-
mented in are mafic rocks (e.g. Sun and MeDonough,
19897, Low Nb/Ta ratio (= 13) in this sample of
metamorphosed igneous mafic rock s similar to
values reported in mafic mocks afected by retmgrade

hydration with fluids expulsed from a subductng slab
(Kamber md Collerscn, 20007,

Rh, ¥, Mb, Th, Ta, Zr and ¥b relationzhips in
tonalites, trondhjemites and granites indicate zlso that
the Frncstown intermediate and felsic rocks are
similar to egquivalent igneous rocks in Pharemosoic
arcs (Fig. 8a—¢). Higk Th/Yb (=5) mtios correlated to
high valuss (=10, up to ca. 100} for La™h show the
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amalogies of thess intrusive rocks to modan conti-
nental anc felsic magmas (Fig. &), The S0 ratio is
variable, low in Group 2 TTG sub-suite rocks but
reaches high values (Fig. 9a) typical of high-Al in
Group 1 TTG sub-suite rocks, These analogies are
also shown by the REE composition of the TTG suite
shown in Fig, 9b.

The REE patterns of trondhjemites containing
=74 510, disciminate the two TTG groups identi-
fied in the Francistown igneous compleces: (1) Group
I TTG sub-suite rocks (eg samples AR 150, 188,
BR24A MK 34, 428, TS 168B) are chamcterized by
relatively low LREE contents (2.z. Lay: 33-83; Fig.
10, low Yhy: 15, LaggYhyg in the range 1254 and
the absence of significmt Fo negative anomaly (Eu/
Eu*=09-1.1) Both LREE and HREE are fraction-
ated as shown by LSty (4— 7 and Gdyy Yy (1.3 -
6; average =3} mtios, These mcks share similanties
with Archazan TTG which are characterised by
5= Ly Yhyy =150, 0.3 =Yhy =9 and the lack of
negative Eu anomaly (Martin, 1994 (2) Group 2
TTG sub-suite mocks (e.g samples TS 70, 167, 168,
ARAS, B, 181) are marked by higher LREE contents
(2. Loy up to 114), Yhy upto = 20, lower Loy Yy
matios in the mnge 3—10, md the REE patterns display

significant negative Eu momalies (Fig. 10e), with Ew/
Eu* between (.4—06, LSt ratios are in the range
3-6, whereas Gdy™Vhy; s between 1 and 1.5 (aver-
age=1.3). These mcks have affinities with post-Ar-
chasan ame grmnitoids. REE patterns of TTG suite
mcks with 510y between 62% and 7% are moder-
ately fractionated (Fig. 10a) and similar to the high
Ma-granites of the first group (Martin, 1993, 1994),
The amalogies are supported by high ratios of Lay
Wy (up to 25, GdiYhy (up to 3.2) and by the
ahsence of significant negative Eu anomalies (Ew/
Eu*: 08— 1.0). The sample TS 80 (Fig. 10a) displays
a positive Eu anomaly (Ew/Eu®=14). Light REE are
more Factiomated (Lay'Smy, =3 —6) than heavy REE
(Gidy Y by =1-3). The mafic enclave sample AR 77
from the TTG suite (Fig, 10g) is also enriched in REE
(Lay~ 66, Yhy= 11 and LYy~ 6) and shows
fractiomation for both LREE and HREE (Lay/Sm.y;
and Gy Wby~ 2), The absence of BFu anomaly is also
characteristic for this sample (Ew'Eu®= 1), The rzla-
tionships between LaygYhy va Yhy (Fig 9h) suggest
that Group 1 TTG sub-suite rocks have affinities with
Amhasan TTGs, whersas Group 2 TTG sub-suite
mecks are similar to post-Archasan arc granitoids
(Martin, 1993, 1994),
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Primordial mantle normalized plots (Fig. 11) sum-
manze the distinctive features shared by all the
igneous rocks of the TTG suite, 12, negative anoma-
lizs for Ti and Nb (Ta). A negative anomaly for Sr
and a positive anomaly for HE (£r) oceur in Fig. 1le,
within the Group 2 TTG rocks. Sr negative anomaly
in primondial mantle normalised diagmms and flat
chondrite-nomalised HREE patterns are featunes
indicating a non-adakitic composition of this group
of TTG rocks. In contrast, the absence of a S
anomaly and a small negative to no HE anomaly
(Fig. 1la and ¢} mark Group | TTG rocks. This
group of rocks has adakitic affinities and this s
supported by exdremely high 507 values (2.g. 430
i sample AR 188 and 250 in sample AR 150),
These anomalies and the general shape of the pri-
mordial-mantle nomalised spider diagmms are sim-
ilar to the features of igneous mcks emplaced along
comvergent plate marging (e Pearce, 1982; Pearce
et al., 1984).

5.2 Sanukitoid suite

AlO; content in Sanukitoid mafic rocks (=53
Sik) 15 high, in the range =~ 16—-26% (avemge
~ 2(F4), whereas the Ti0, content 15 low (=023%).
Sirmi lary, high AlOy concentrations (16— 1 8%, except
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in samples ME32 and ARIZE) and low Ti0; abun-
dances (<06%) ocowr i intemmediate rocks (S0,
54—60%). These feaures are similar to those marking
high-Al mafic and intermediate magmas in modemn arc
settings (eg. Gill, 1981; Thorpe, 1982). Mg contents
are high in both mafic (5-9.5%) and intermediate
(7.7-8.1%) rocks. The Mg# valuzs are in the mnge
0,58 -0 80, The highest Mg# (0.8) occurs in the gabbro
ME115, which containg ~ 45% 8i0);. Dionites from
this group have also high Mg# between 06 ad 0.7,
Within the Sanukitoid suite, the sample ME 115
contains the lowest 510; comtent (= 45%) comelated
to the lowest abimdances of most incompatible sle-
ments, ¢.g. Ba, 5r, £r, ¥ and REE (Table 1) In
contrast, it shows the highest content in Mi (280
ppm and Cr (706 ppm) suggssting that it is represen-
tative of the most primitive magmas in this imeous
suite. However, except for the most pnmitive gabhro

ME 1135, the transition metal sbundances are generally
higher in the Mg-diontes than in the gabbros of the
Samikitoid suite, The Mg-diontes of the Sanukitoid
suite display higher contents of most incompatible
tree elements (g HFSE and REE) when compared
to the gabbms of the same suite, Incompatible element
ratios show a large mngs of values in the Sanukitoid
suite. Th'Ta ratios are low (0.2-3, avemge ~ 1) in the
mafic rocks, similar to values reported in mafic rocks
emplaced in extensional tectonic settings such as
MORB and OIB (eg. Wood et al, 1979). High-Mg
dionites show a very large range for Th/Ta values (2—
26, average ~ 14). The high Th/Ta values compare to
ratios in arc magmas (Wood etal., 1979), La/Mb values
display a similar trend with low ratios (1 -3; average
=~ Zyaimilar to values recorded in avemge MORB and
O1B worldwide (e.g. Sun and McDonough, 1989), A
broader LaMNb mnge (1-6) and a higher averags (= 4)
similar to La™b ratios in are magmas charactense
high-Mg diorites. Nh/Ta ratio is extremely variable in
the Francistown Samukitoid suite, but low wvalues
(=13} predominate, except in the high-Mg dionte
sample AR 128 (Mb/Ta~ 307 Nh'Ta mtios in MORB
and OIB and chondntes are - 17 + 2 (eg. Kamber
and Collerson, 2000 and references thersin). Sedimen-
tary rocks and continental crust are marked by lower
MhTa values of ca, 12 + 2, Blueschist- and eclogite-
facies mafic rocks from obducted oceanic cnust show a
large Nb'Ta range, between 7 and 77, with an average
of = M + 4 (Kamber and Collerson, 2000},

Ca/La (0L0B—0.6; average 0.24), Ba'Th (70-174,
except in sample MEC 115) and Ba/La (16—28; aver-
age 23) mtios are generlly higher in mafic rocks than
in high-Mg diorites (Ca'la: 0002-0.24, avemge 0.11;
BaTh: 23-76 and Ba/La 821, avemge 15). MORB
and OIB are usually charaderized by Cs'La<0.04,
BaTh= 100 md BaLa<10 (eg. Sm and McDo-
nough, 19849), Higher ratios commonly occur in arc
magmas (2.2 Gill, [1981; Fyan etal., 1993), especially
at the voleanic arc fromt. For example, in the Central
American are, Cs/La=0.1 ocor only at and close
(=30 km) to the voleanic arc front, whers=as this ratio
is lower (<1, with most data <0.05) in igneous rocks
emplaced behind the voleanic ame front (Walker =t al.,
2000}, Ce/Pb mtio 15 low in both mafic (2-8) and
high-Mg diorites (3-137) of the Framcistown Sanuki-
toid suite. The Ce/Ph ratios of these rocks are similar
to values marking are magmas (e.g Chauvel et al,
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mark sedimentary mcks (eg Plank and Langmuir,
19498).

The REE patterns of igneous rocks of the Sanuki-
toid suite are displaved in Fig. 10b, d and £ Rocks
with S5i0; < 50% (Fig. 10b) are chameterized by flat
REE patterns, with LYy~ 1-3, LaySmy~ 1-2
and GdwYhye= 1 -2, Small to modemte Eu positive
amomalies (Ew/Fu*=1.3=1.%) ocour in these mafic
mcks (Fig. 10b) Intemmediade rocks with 510, be-
taseen 54% and 55% (Fig. 10d) show flat to slightly
frmctionated REE patterns (Lay/Yhy~ 1-4, Lay/
Smy=1-3 and GdyYhy~ 1) and very small nega-
tive and positive anomalies of Eu (EwEu*=0.8-1.2).
High-Myg diorites with higher Si0}; comtent {56 —60%)
show more fractionated REE patterns (Fig. 10f)
marked by higher LayYhy =622, Lay/Smy =34,
Cihy Yy =23 and a moderate Eu negative anomaly
in several samples (EwEu® 0.7). The REE pattem
features change with the incresse of 510; content in
the Smukitoid suite. This change comelates with the
increase of incompatible slement abundances reported
above but does not correlate with a decrease of
transition metal abundance.

Primordial mantle normalized spidergrams of
Samikitoid suite rocks are charactenzed by negative
amomalies for Ti, Mb (Ta) and positive anomalies for
I and ThFig. 11b, d and 1. Rocks with Si0: = 55%
dizplay in addition a Sr positive anomaly and a small
Ir negative anomaly (Fig. 11b md d).

53 High-K granites

The silica-rich high-K gramites (Fig. 3b and ¢) are
characterized by Al,Oh contents in the rnmge ~ 12.5-
14.5%, MNapO of ~ 25-4.5%, K0 in the range
= 34-79% and 09<A/CNK=<1.1 (average A/
CHE =09, These granites are predominantly metal-
wninous (Fig, 51, with a few slightly permluminous
mcks (A/CHE=D, up to 1L0E), These features along
with the absence of mineral phases marking strong
peraluminons compositions {e.g. cordients, primary
muscovite) suggest that these are [4ype gmnites, The
mnge of transition metal concentrations (Table 1) in
the high-K grnites and Na-granites of the TTG suite
are similar,

The abundances of other trce elements such
alkali, alkali-earth, HFSE md REE are variable, from
values similar to those reported in TTG suite rocks of

similar 5iC); content to lower concentrations, A neg-
ative anomaly of Eu in chondrite-normalised patterns
(Fig. 10h) and negative anomalies for Sr and Ba in
primordial-mantle nomnalised spidergmams (Fig. 11h)
mark high-K gramites. The incompatible elanent con-
tent of high-K granites and TTG suite mcks show a
number of similarities. The high-K granites are
marked by a lage variation of LREE coment (e,
Lay~ 8207 but, ke TTG suite mocks, show vari-
ahly fractiomated REE pattems (Lay/Smy =2 -7, Gd4y/
Yy =0.9-6 and Laye Yy =2—66) and asignificantly
varighle Eu anomaly (Fu/Eu® =0.3-4), The samples
with positive Eu anomalies (Ew/Eoa® up to 4) corme-
spomd to grmnite samples affected by hydmothemmal
alteration (not plotted in Fig. 10 and 11).

The pomorndial mantle-nommalized diagrams (Fig.
ITh) show that, at similar 510, content, the high-K
granites have higher contents of most incompatib le
elaments (except HREED than TTG suite rocks, How-
ever, the general shape of the spidergmms is similar
and both high-E gmnites (Fig. 11h) and TTG suite
mcks (Fig. 1 le) are charactenzed by negative anoma-
ligs for Ti, Sr, Mb and Ba in primomdial mantle-
nomalized diagrams.

6. Discussion
.l General observations

TTG suite rocks are abundant in the Kaapvaal and
Fimbabwe cratons and in the Limpopo belt in south-
ern Africa (e de Wit et al, 1992; Luais and
Hawkeswaorth, 1994, Berger ot al., 1995, Berger and
Rollinson, 1997,

The Francistown TTG suite defines two distinet
petrological groups. The Group 2 TTG sub-suite
shows flat chondrite-nommalized HREE patterns and
negative Eu anomalies {Fig. 10e) and mlatively low
SoY mtios (Fig. 9a) indicating its affinities with arc
magmas, The geochemical diagrams, epg KO-
Maz0—Cald (Fig. 3b) and LayYby va, Yhy (Fig.
Gh} show the analogies of the Fmncistown Group 2
TTG sub-suite mcks with the Cretaceous phitonic
mecks from the Peninsular Range and Idabo in US A
(e.z. Baird and Miesh, 1984; Gromet and Silver,
1987). These analogies were previously meported by
Luais and Hawkesworth (1994 for similar TTG suites
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exposed in the centre of the Zimbabwe cratom, ~ 300
km ME of the Francistown igneous complex. Group 1
TTG sub-suite rocks display Factionation of both
LREE and HREE and no significant negative Eu
anomaly in the chondnte-normalized diagrams (Fig.
10¢) and are chameterised by high 56 ratios (Fig.
9a) marking strongly sodic Archasan TTG suites
(Martin, 1993, 1994),

In this paper, Sanukitoid suite rocks are docu-
mented for the first time in the Archasan of north-
eastemn Botswana, Jelsma et al, (2001 {and references
therein) wens the first to describe Neoarchasan high-
Mg imermediate mcks from dmbabwe as Sanuki-
toids, although the first analyses of high-Mg andesites
exposed in the Zimbabwe craton were published by
Condie and Harnson (1976). The Sanukitoids provide
a strong indication of the overall similanity of the
Francistown Meoarchasan plutonic rocks from the
Zimbabwe craton to modem wolcanic arc magmatism
(Tatsumi and Ihizaka, 1982; Shirey and Hanson,
1984; Stern « al., 1989; Stern and Hanson, 1991).
The Francistown high-K gmanitoids display also sev-
eral petrological analogies with cale-alkaling potassic
granites from Phanemaoic omogenic provinces (.0
Gromet and Silver, 1987; Pitcher, 1993, There are
strong chemical similarities between the vanous gran-
itoids exposed in the Francistown area (Fig. 11),
despite some differences marking distinet petrogeneic
processes, Petmpenetic models for these rocks must
accomt for their syastematic an-like signature shown
by high Al Oy, LaNb, ThiTa, low Ti(, and Ce/Ph (in
mafic-intermediate rocks) and negative anomalies of
Mb-Ti in the promordial mantle normalized diagrams.
These features indicate that these igneous mcks
formed along a destructive plate margin or were
derived largerly from a cmstal source that in itself
wis formed within an ame setting.

In the following sectiom, we discuss in more details
our data for the Francistown Meoarchasan plitonic
suites in onder to constmin the petrogenssis of the
rocks and the tectonic setting evolition.

6.2 TT( suite

There is an agresment to consider that the peo-
chemical features of TTG magmas onginate fom
partial melting of a mafic precumor. However, there
i5 a divergence of opinion on the pmessses invalved

durng the petrogenesis of TTGs. Dummond and
[Yefant (1990) atrbute their genesis to partial melting
of mafic mcks within a subducting oceanic slab.
Alternatively, Petford and Atherton (1996) suggested
that TTG magmas form during partial melting of
mafic mcks inderplated within the crust. Geochemi-
cal data do not allow direct disarimination of these
two pmcesses. However, melting at the base of {or
within) the crust requires the conversion of nder-
plated mafic meks imo gamet amphibolite/eclogite
prior to partial melting, The first interpretation
requires a tectomcally overthickensd crust or a steep
geothermal gradient bemeath the Zimbabwe craon.
Tomographic data indicate that the crustal thickness of
the Zimbabwe craton is ~ 3 -37 km (Nguuri «t al,
2001y and exposed rocks are mainly low-grade
{greenschist facies) metamorphic rocks. Therefore this
crst has never been overthickened. The second
interpretation mquires a source of heat to create the
steep peothermal gradient. In arc settings, a mecha-
nism that can supply heat for crustal melting s
underplating of mafic/ultmmafic arc magmas into
the lower crust (eg. Hyndman and Foster, 1988).
However, there is not yet evidence to support or reject
a linkage between the emplacement of maficiultra-
mafic magmas in the crust (magma underplating) and
the generation and ascent of the Frmncistown TTG
rocks. The low concentrations of Y, the strong deple-
tion of HREE in the chondnte-normalized diagram
(Fig. 10a and ¢), the absence of Sr negative anomaly
in the primordial mamtle normalized diagram (Fig.
I 1), the ovenll high comcentration of St in Group 1
TTG subsuite rocks and the strong Nb negative
anomalies require the presence of gamet and amphi-
hole and no plagioclase in the melt residue. Rushmer
(19971} pointed out that amphibaole is a stable phase up
to 18 kb at 950 °C and therefore it could be amon g
residual minemls dunng dehydration melting of the
oceanic crust. Expenmental studies (2.0 Rapp et al,
19917 showed that, during dehydratiom melting of
mafic meks at = T00-1000 “C, the tondhjemitic
melt generated has Al-nich composition and the melt
residue is plagioclace-free and rich in amphibole and
gammet only at high pressure (= 1.5 GPa). At lower
pressune, the gensrated melt has cale-alkaling affinity
and its composition evolves from Al-poor trondhje-
mites to diorites/granodiorites, e a magma similar to
Group 2 TTG sub-suite rocks in the Tati granite—
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gresnstone terrame, Plagioclase is stable and therefore
its presence in the melt residue could explain the Eu
negative anomaly in the Group 2 TTG sub-suite (Fig.
I0e). However, it is wnlikely that the Group 2 TTG
sub-suite was penemted under low pressure (<8 kh)
since melts genarated by both water-undersaturated
and water-saturated expenments at such pressures are
granodiaritic to tomalitic (Hele, 1976) and'or stromgly
peraluminows (e.g. Holloway and Bumham, 1972;
Beard and Lofgren, 1991). In contrast, the Group 2
TTG sub-guite rocks are predominantly metaluminous
to slightly peraluminous, Their chemical composition
i similar to that of ecpenmental melts produced from
garnet amphibolite at pressures between & and 15 kb
(Happ, 1997, Wyllie et al., 1997). These data indicate
that partial melting of mafic igneous mcks inder-
plated in the lower crust is the most likely sounce for
Group 2 TTG sub-suite mcks in the Tati gmnite—
greenstone temrans,

Mumerical models {Peacock et al., 1994) indicated
that water-imdersaturated {~ 5% Hy () partial melting
of mafic rocks produces a plagioclase-free nesidual
assemblage comaining gamet + amphibole. A water-
absent melting produces a plagioclase-beanng rsidue
containing two pymoxenss, Thos, the compositional
differences between Francistown Groups 1 and 2 TTG
mecks could reflect partial melting under different
wter pressure, e, water-ghsent conditions for Group
2 and water-undersatured conditions for Group 1. The
geochemical charadteristics require a subduction pro-
cess during or before the generation of both TTG
mecks. In a subduction setting, Group 1 high-Al TTG
magmas could originate from partial melting of
young, hot, flat subducting oceanic slab with amphi-
bole and gamet as residual phases (eg. MeCulloh,
1993). Sajoma et al. (1993) pointed out that melting of
old oceanic crust is also possible dunng the early
stages of subduction andfor during fist or oblique
subduction. At the regional scale, the Group 1 TTG
sub-suite (Grey gneisses) was emplaced early as
shown by similar U—Ph SHEIMP ages for TTG rocks
and greenstone belt in the Vumba area (Bagai et al.,
2002, Preliminary data related to Zimbabwe show a
similar relation between ~ 2.7 Ga Meoarchasan TTG
and greenstone belts (Jelsma, personal communica-
tion, 2000, Therefore, the Meoarchasan high-Al TTG
sub-suite in the Zimbabwe craton most probably
indicate partial melting of a flat subducting slab as

documented in modern settings (e.g. Gutscher et al,,
2000y,

6.3, Sanukitoid suite

Sanukitoids and Samukitoid-like igneous soites
oceur in both Archasan and post-Archasan igneous
provinces, The high Mg# and relatively high tmnsi-
tion metal contents (Table 1) suggest an ultramafic
mantle sounce for the pimary magmas of the Francis-
toam Sanukitoid suite. The high-Mg diontes display a
mumber of geochemical features indicating their affin-
ity with modemn arc igneous rocks, These include high
values for Th/Ta, LaMb, Calla, Ba'Th, Ba/la and
negative Ti—Mb (Ta) anomalies in primordial mantle
normalized diagrams (Fig. 113 The gabbros show
most of the above featurss but their Th/Ta and La/
Mh ratios are close to values marking extensional
mafic igneous mcks, Both Samikitoid gabbros and
Mg-diorites are enfched (Figs. 10 and 11), with the
strongest REE enrichment ocourrmg n the Mg-dio-
ntes containing =5 5% 5i0; and marked by the highest
Mi comcentrations (Table 1), As stated before, the Mg-
diorites were not formed by mafic mineal fraction-
atiom from gabbmic magmas sines they wsually have
similar or higher Mg# and transition metal coneen-
trations. Although small degres of partial melting of a
sub-ame mantle could produce an ennchment in in-
compatible trace elaments (e.g. LILE and HFSE), it
cimnaot explain the ecremely high and variable ratios
between incompatible elements such as the LILE/
HFSE ratios (2g. Th'Ta md La™Nb) reported above,
The geochemical chameteristics suggest that the Sam-
kitoid gabbros and Mg-diorites ariginate from an
heterogenous mantle source,

The elemental compositions and inter-element m-
tios reported above are similar to values documented
in ame igneous provinees and linked to three main
processes: (1) mantle wedge enrichment by sediments
recycled in the mantle along subducting slabs (eg.
Plank and Langmuir, 1993); (Z) mmtle wedge enrich-
ment by fluids from the dehydmtion of a subducting
slab (eg. Keppler, 1996; Tatsumi and Kogiso, 1997);
(3} enrichment of the sub-arc mantle by slab-denved
melts {2z Kelemen, 1995 Yopodeinski et al., 1995;
Feperhinskas et al., 1996; Sajona et al., 2000). The
studies related to the mobility of elements in the
aquenss fluids escaping from the subducting slab
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(e.z. Stolper ard Mewman, 199%4; You et al, 1996)
showed that more than 95% by mass are made of
LILE and other highly incompatible elements. LREE
have low to moderate mobility whersas HREE are the
lzast mobile. Therefore, arc magmas derived from
partial melting of a mantle wedge enriched by fluids
escaping from & subducting slab will be characterized
by a stromg enrichment in LILE (2g. 5, Pb and Hf)
versis a4 moderate enrichment in LREE, leading to
high LILE/LREE in the melt. Mafic magmas gener-
ated in a sub-are mantle source enriched by slab-
derived fluids are generally marked by high S0/Ce
values (== 200, low S/Y mtios (Fig 94) and low Ce'
Pb ratios (<20) (e.g. Chauvel et al,, 1995; Kapenda
et al., 19987, However, Sajona et al, (2000) stressed
that the same enrichment style charadterizes mantle
wedge sections metasomatized by slab melts. In
contrmst, mafic magmas originating from a sub-arc
mantle emriched by subducting sediment melts are
marked by low S5¢'Ce, Ca/Pb and S0Y values, Shi-
maoda et al. {1948) suggested that subducting sediment
melts mpresent the main mantle wedpe enrichment
agent at the sonrce of Setouchi Mg-andesites. How-
ever, this interpretation is unlikely for the Frncistown
Samikitoid gabbms md high-Myg diontes marked by
high to very high 5r/Ce ratios and high 567 values
(Fig. 9a). Mg-dwrites with low values of 56'Y and S0/
Ce fe.g. down w0 5) could, however, originate from a
mantle source enriched by sediments melts. The
incresse of silicn correlated to an increase of LREE
and fractiomation of HREE in the Francistown Sami-
kitoid suite indicates a mamtle soume emrichment
predominantly controlled by a silicate melt. The
stromg fractionation of LREE in high-Mg diorites
suggest melting under high pressure, within the sta-
hility field of garnet, whereas the strong fractionation
of HREE indicates partial melting of an ennched
mantle wedge, Both features could ongnate from
partial melting of a mantle wedge that was ennched
by silicate melts formed within the stability fizld of
gamet. The negative Mb anomaly sugpests the pres-
ence of amphibale in the melt esidue. The high k0
content of high-Mg diorites requines a K-rich mineral
phase(s) at the source, most probably phlogopite and’
or K-amphibole, However, K0 contents are not high
in all the mcks of this suite. This indicates that the
distribution of the K-rich mineml phase{s) in the melt
source was hetemgeneous, The heterogeneity of the

mantle source is also indicated by the large vanation
of ratios betwesn incompatible tmce elanents, e.g.
ThiTa, M Ta, LaT™b, SrCe, ete. The coexistence of
enriched mcks with both flat (Fig. 105 and d) and
fractionated (Fig. 10f) REE patterns support this
interpretation. In additiom to 510y, MaOVE20 and
SoY ratios ane high in the Sanukitoid mcks, including
in K;0rich high-Mg diorites, These fegures indicate
that the mantle soume metasomatizing agent was a
silica- and Ma-rich melt, pointing towards a sub-arc
mantle ennchment controlled by Al-rich (Group 1)
TTG melts, which were emplaced before the Sanuki-
toids in the Frncistown region. Schimo et al. (1995)
documented mantle xenoliths from arc settings con-
taining hydrous silica-rich melt inclusions of high-Mg
andesitic composition in olivine grains, This observa-
tion supports the mantle origin of Mg dioritic mag

mas, Experimental studies (e.g. Sen and Dhinn, 1995;
Rapp et al., 1999) showed that the interaction between
silica-rich melts and peridotites produces metasomatic
ultramafic rocks containing garnet, amphibaole, phlog-
opite and two pyroxenes, Partial melting of a meta-
somatized mantle with such a pamgenssis would be
an appropriate source for the Frncistown Sanukitoid
rock suite.

Yogodeinski et al. (1995) suggested that Archaean
Samikitoids could onginate from direct partial melt-
ing of subducted mafic oceanic crus. This could
explain seveml geochemical features of the Francis-
town Sanukitoids such as Ce/Ph, 507, ThiTa, LaMb,
Cs/La, BaTh and Ba'La mtios and Ce negative
anomaly documented in a few mck samples (2.
TS 168B; Fig 10c) Cerion negative anomaly is
known to occur in oceanic mafic mocks affected by
seawater alteration (e.g. Hole et al., 19847, [t has also
heen documented in fresh are mafic rocks where it is
inhented from the mantle source enriched by fluids or
melts from an oceanic crust affected by seawater
alteration (&g Hole et al, 1984; Elliot et al., 1997,
However, the Francistown Smukitoid mcks are not
the product of direst partial melting of a subducting
slab becanse they are charactenzed by high Mg# and
high concentmtion of transition metals in high-Mg
diorites.

A number of workers (e.g. Stern and Hanson,
1991 ; Stevenson et al ., 1999) stressed the geochemical
similarities between Sanukitoids and cale-alkaline
magmas and suggested the derivation of Sanukitoids
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from partial melting of a sub-arc peridotitic mantle
wedge enriched by fluids expelled from a subducting
slab. Although this interpratation can explain a num-
ber of geochemical charactenstics of the Francistown
Samikitoids, it cannot explam the high 5105, Ni ad
Cr contents, low S5r/Ce ratios of some high-Mg
diorites and high S0 values of mafic rocks of the
Francistown Sanukitoid suite, In additton, it is not
consistent with the low Mg# and tmnsition metal
abundances marking experimental melts from am-
phibolite or eclogite (Rapp et al, 1991; Sen and
[hmn, 1994), Kelemen et al. (1993) poimed out that
high Mg# and transition metal contents of high-Mg
andesites are acquired during mteraction of silica-rich
slab-denived melt with the overving mantle and this is
comsistent with the following geochemical features of
the Francistown Samikitoid suite: (1) an imcrease of
SiCk: from gabbros to Mg-diontes and a correlative
increase of LEEE shown by an increase of Laygy/'Smy,;
and Langhy; (2) a substantial LREE and HREE
fractionation in the high-Mg diontes (Fig. 10f) md
no REE fractionation in the mafic rocks (Fig. 10b); (2
high Mi and Cr abndanees requiring an ultramafic
sowrce. Altogether, the geochemical data indicate that
the sourcs of the Samikitoid suite is a sub-arc mantle
wedge varably metasomatized by both TTG melts
and fluids escaping from the subducting slab. The
high-Mg diontes originate from a mantle section
strongly metasomatized during the ascent of earlier
TTG melts. High pressure experimental investigations
by Rapp et al. (1999) showed that slab-denved silica-
rich melt interacting with mantle pendotite dunng
asgent becomes Mg-rich but pressrves its main geo-
chemical features, e.g. high 50 content, high LEEE
ennichment, fractionation of REE and high 5¢'Y
mtios, I addition, the ascending silicate melt is used
in reactions converting the mantle pendaotite assemb-
lages into a metasomatic assemblage made of garmnet-
phlogopite-amphibole-tawo pymoxenes, a paragenesis
inferred above for the source of the Francistown
Samukitoids and documented in mantle xenoliths from
am settings (e Vidal et al, 1989).

4. High-K granites
Two main models can account for the genssis of

granites: (1) fractional crystallisation of a mantle-
onginating mafic magma, combined or not with

crustal assimilation; (2) partial melting of crustal
meks. The Francistown high-E granites are part of a
large late to post-orogenic potassic granite province
kmown as the Chilimanzi gmanite suite in the Zim-
habwe craton. There s no evidence suggesting a
linkage of this lage potassic granitic provinee to
mantle-onginating mafic magmas, although these
gramtods are partly coeval to the emplacement of
the Great Dvke in Zimbabwe (e Ammstrong and
Wilson, 20007, The high 510k contents of these
gramites preclude a direct mantle ongm.

The Francistown high-K granites are metaluminous
to slightly pemluminows (Fig. 5) and show affinities to
Ftype potassic cale-alkaline granites, Their chondrite
nomalized REE patterns are similar to those of cale-
alkaline felsic mcks from moden continental active
margins, e.g rhyolites and ganites from the Cascades
in California, USA (e.g Tepper et al,, 1993; Borg and
Clynne, 1998}, However, similar rocks are also
emplaced during late-to post-orogenic evolution of
arogenic belts (e.g. Pitcher, 1993) and they mark late
to post-arogenic evolution of most Archasan cmtons
(z.g. Tchameni et al., 20007,

In Califormia, high-K felsic rocks chemically sim-
ilar to the Francistown high-E gmnites were attributed
to large proportions (~ 35-45%) of partial melting of
a mafic lower crust. Dehydmtion melting experiments
of mafic mcks between ~ 800 and 1100 °C vielded
felsic melts with cale-alkaline compaosition (2.2, Beard
and Lofgren, 1991; Rushmer, 1991; Wolf and Wyllie,
1994; Patifio Douce and Beard, 1995 The negative
En anomaly in the REE pattems (Fig. 10) suggests
substantial plagioclase in the residual assemblage and,
apcording to Tepper et al. (1993, this would indicate
melting under low a0, The flat HREE patterns of
some high-K granites (eg 0.9<GdeYhy <19 in
sarmples ME11ZA, B, MKQ 5 and MK 31B) and
their melatively high ¥ and Yb contents indicats a
garnet-free source. Although host —rock composition
dependent, gamnet s genemlly absent in dehydmtion
melting experiments conducted at < 8 kb (Rushmer,
1991; Rapp et al, 1991), whersas it is prsent in
similar experiments at ~ 10 kb (Wolf and Wyllie,
1994). Therefore, the Francistown high-K granites
have most probably been genemted at pressures <8
kb, i within the middle or the lower crust as already
proposed above, To reach the critical melt fraction
of = 30—40% required for felsic melt to separate from
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its souree and define discrete magma bodies (Wick-
ham, 1987), we infer that tempemtures in excess of
900 “C were requinsd.

The composition of the soumce rocks can be in-
ferned from the chemical composition of the granites.
Roberts and Clamens (1993 ) pointed out that, because
of their low K20 comtents, metabasaltic mocks are
unsuitable sources for high-KE, Hype gmnitoids.
Avccording to these authors, these granites are denved
from partial melting of metamorphosed hydrous in-
termediate cale-alkaline rocks, Experimental data of
Camol and Wyllie (1989 indicate that partial melting
of tonalites could produce high-E granite melts and
thus we infer that TTG material represemnts the poten-
tial source rocks for the high-K granites in the
Zimbabwe cratom. The Francistown high-K granites
show a large vanation of composition in terms of
LILE and REE {Figs. 10 and 11). However, this suite
includes mecks having the highest incompatible ele-
ment contents in the Frncistown granitoids. The
ovenll shape of the Francistown high-K gmnites in
primordial mantle normalized diagrams (Fig. 11) are
identical to the patterns of the TTG suite rocks (Fig.
Ile and &), Thus, the high-E gmnites most probably
fomed by partial melting of TTG rocks. Particularly,
the granites with flat HREE patterns {e.g. Lay/
b~ 094 in sample ME 31B) most probably were
fomed by partial melting of Group 2-like TTG mcks.
The high-K gramite ME 108 shows a factionated
HREE pattem (Fig. 11h), with LayYhy~ 6.4 sug-
gesting that it could originate from Group 1-like TTG
sub-suite mcks, Melting of a source including both
Growps 1 oand 2 TTG sub-suite rocks could produce
melts with geochemical features intermediate between
these two end-mamber source rocks. Ohr interpreta-
tion i5 in ling with the results of previows workers (2.0
Luais and Hawkesworth, 1994) who showed that, in
the dimbabwe cmton, the voungest gmnitoids ongi-
nate from partial melting, within the aust, of earlier
TTG material.

6.5, Tectonic implications

The geochemical data indicate that the Meoarnch-
asan Francistown gramitoids are marked by: (1) a
high-Al (Group 1) TTG sub-suite originating from
partial melting of a subducting slab; (2} a low-Al
(Group 2) TTG sub-suite onginating from partial

melting of arc mafic igneous rocks undemplated and
metamarphosed in the lower crust; (3) a Sanukitoid
suite ultimately denved from a sub-am mantle wedge
enriched by silica-rich TTG melts and fluids escaping
from a subducting slab; and (4) younger crustally
derived high-K gmnites resulting from partial melting
of TTG material. Treloar et al. (1992) suggested the
genesis of these high-E granites could indicate a
major crustal thickening following continental colli-
siom. However, there are no S4ype gmnites in the
Francistown region and in the rest of the Zimbabwe
craton despite the presence of supracrustal sedimen-
tary rocks and low-grade metasedimentary assemb-
lages, Thus, thers was no major tectonically induced
overthickening of the cmst beneath the Zimbabwe
craton and this is compatible with geophysical data
indicating a crustal thickness betwesn 34 and 37 km
(Mguuri et al, 2001). The laver-parallel shear wones
and thrusts active between ~ 2.68 and 2.6 Ga in the
Zimbabwe craton (g Kusky and Kidd, 1992; Dirks
and Van der Merwe, 1997, Jelsma mmd Dirks, 2000,
Bagai et al, 2002; Diks « al, 2002} induced a
limited thickening of the crust, probably similar to
tectomic thickening in modemn accretionary omgens
(2. Andes). Dirks et al. (2002) suggested that these
layer-pamllel shear zones and thrsts formed during a
shallow subduction process or undemplating. Geo-
chemical data in this paper support a flat slab model.

High-FE grmnites are widespread in the Zimbabwe
craton whenzas coeval mafic rocks are only developed
along the Great Dyvke (2.g Armstrong and Wilson,
20007, The absence of large volune of mafic rocks
apatially closely related to the high-K granites implies
that mafic magma underplating is probably not the
source of heat msponsible for the generatiom of the
granites, The alternative process allowing to heat the
lowver crust s the juctaposition of the asthenospheric
mantle against the hase of the crust. This could
happen during delamination (detachment) of a sub-
ducting slab (2. Houseman et al., 1981 ) and does not
require Himalavan-type continental collision,

The magmatic suites identified in the Francistown
igmems provines define a consistent tectomo-magmat-
ic evolution pattern marked by the following:

(11 A shallow-dipping (flat) subduction during the
earliest stage le=ading to partial melting of the sub-
ducting slab to pmduce the high-Al TTG sub-suite
(Group 1), The earliest ductile fabric reported in the
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Francistown TTG rocks and unknown in the adjacent
(wounger) Sanukitoid mcks mark a shorening event
during this earliest igneous event and this is compat-
ible with a flat subduction. During flat subduction,
there is a higher interplate coupling and the cold,
stromyg theology of the overriding lithosphere enables
stress and deformation to be tmnsmitted far inboard
into the upper plate (e.g. Pubellier and Cobhold,
19967, Shallow-dipping subduction systems are
marked by wide arc systems, sctending much farther
{2 400 km) from the trench (Gutscher et al., 2000), In
the case of central Chile, Kay and Abbruzzi (1996)
indicated that the amc above the central Andean flat
slab extends between 230 and 800 km from the
trench. This could explain the large area covered by
Menarchasan TTG rocks and affected by ca, 2.7-2.6
Ga layer-pamllel shear zones and thmsts in the Zim-
habwe aaton.

(2) Generation of the Sanukitoid suite by partial
melting of a sub-are mantle wedge enriched during the
asgent of the earier TTG melts, The absence of TTG
igmeous rocks emplaced at the same time or mixed
with the Sanukitoid suite rocks suggest that the partial
melting of the subducting slab had ceased when the
Samikitoid magmas were produced. We speculate that
the tmnsition from TTG to Sanukitoids could corne-
spomd to a change from shallow to a steep subduction.
It s known that flat subduction alters the thermal
structure of an active margin because of the insertion
of oold oceanic lithosphers benzath the upper litho-
sphere in the arsa when: nommally hot asthenosphere
occums in the case of steep subduction {2z, Davies,
19997, Therefore, prolonged flat subduction coaols
both plates and increases the strength of the upper
plate (Vlaar, 1983; Spencer, 1994). We infer that a
substmtial cooling of the downgoing slab beneath the
Fimbabwe cratom shut its melting and favoured the
comversion of basaltic rocks into eclogites, lsading to
a steeper subduction regime and related partial melt-
ing of the sub-arc mantle wedge (cf. Sanukitoid suite).
An importmt observation from our geochemical data
iz that the ratios Cs/La, Ba'Th, Ba'La point to the
emplacement of the Francistown Sanukitoids at or
close (=50 km) to the volcanic arc front. This
requires a trench, which was relatively close to
Francistown during the Meoarchasan and, as there is
no evidence of extrems crustal overthickening in the
region, presumably the trench sediment infill should

still be preserved in the vicinity, In our interpretation,
the supmerustal (meta) sedimentary rocks exposed in
the Shashe belt represent remnants of the Meoarch-
amn accretionary ssdimentary packages. The Matsi-
tarma greenstome belt, which is close to this infernsd
trench sedimentary package, containg mafic rocks
with geochemical affinities with oceanic arc tholeiites
(Majaule et al, 1997). Geophysical studies have
shown that the Shashe belt s the western extension
of the Meoarchaean Limpopo belt (Ranganai et al.,
2002, Therefore, the subduction along the Limpopo—
Shashe belt presumably controlled the genssis and
emplacement of the 27-26 TTG and Sanukitoid
suites in the Zimbabwe craton. This implies a notth-
erly-dipping subduction zone, and this is in agresment
with the north—south Meoarchasan shortening dom-
mented in the southern part of the Zimbabwe craon
by Treloar md Blenkinsop (1995, Granitoids ex-
posed in the Limpopo—Shashe belt are coeval to the
TTG suite in the Zimbabwe craton (Majaule and
Davis, 1998; Kniner «t al., 1999). The convex-shape
of the Limpopo—Shashe belt compares to the shape of
the Pacific subduction svstem along the Aleutian
trench in Alaska (Morth America) or the Makran plate
comvergence zong between the Arabian and Irmian
microplates, and is most probably a primary feature, A
comvex subduction along the Limpopo—Shashe belt
implies, in presemt day coordinates, a west to north-
west-dipping subduction #one to the east of the
Fimbabwe craton and a northeast-dipping subduction
mme to the west of the cmton. In such a continental
active margin, the layer-parallel shear ones and throst
developing in the overnding plate will be marked by
cratomward transport dirsction, i.e towards the notth-
et in the west of the craton and westward/north-
westward in the east. This is compatible with available
structural data (Dirks and Van der Merwe, 1997,
Jelsma and Dirks, 2000; Dirks et al, 2002; Paya
and Kampunzu, unpublished data).

Sevenl authors (e.g. Cloos, 1993; Gutscher et al.,
2000 and references thersin) indicated that flat sub-
duction are common where ridge or ocsanic plateas
are subducting. The Central fone of the Limpopo belt
includes mafic—ultramafic rocks chanically similar to
mafic mcks along the Chile-type oceanic ndge and
emplaced when this ridge was subducting bensath
sowthem America (Kampumen et al., 2002, this vol-
ume). The subduction and partial melting of this type
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of oceanic hasalts would provide m adequate source
for the high-Al TTG sub-suite in the Zimbabwe
craton, Seismic tomography investigations showed
that slab melting is closely linked to flat subduction
of thick ocemic cmst (eg. Gutscher et al., 2000).
Thersfore, the Francistown TTG pmobably reflects a
flat subduction of a thick oceanic crst, e, an oceanic
platean or an arc. Presumably, this process was
common during the Archasan, leading to frequent
slab melting {eg. Martin, 1993, 1994, It is known
that both the overnding plate and the subducting slab
are cooled by flat subduction (eg. Viaar, 1983
Spencer, 1994). Cooling the subducting lithosphere
delavs the basalt to eclogite transitiom bt onee this
happens, the avemge density of the downgoing slab
would ingease and this should induce a change from
flat to steeper subduction (e.z. Abbott et al,, 1994).
The production of TTG magmas will cease with that
chamge. A steep subduction favours dehydration of
fluids from the subducting-slab which enrich the
mantle wedge leading to the penemtion of cale-alka-
ling mafic magmas (e.g. Pearce, 1982). The Francis-
town Sanukitoid suite rocks have geochemical
affimities with cale-alkaline magmas and this probably
indicate a fluid input at the man tle source but bear also
the geochemical imprint of a sub-am: mant l2 metaso-
matism induced by the ascent of earher TTG melts,
Condie and Harrison (1976 reported “*tholeiitic™
mafic rocks in the Zimbabwe craton (between = 18—
2075 and 29-30°E). These mcks show chemical
similanties with the Francistown Sanukitoid suite
mafic rocks. In addition, the andesites reported by
these mtthors in the same area comain on avemge
= b Mgl at ~ 537% 510 and corrssponds to Mg-
andesites similar to the Sanukitoid Mg-diorites docu-
mentad in this paper. Acconding to Jelsma (personal
communication, 2002), the Nd and Pb isotopic
compositions published by Jelama et al. (199) relate
to the Samikitoid rocks in Zimbabwe, They show
positive (+2 to +3) epsilon Ndy and identical U-Ph
wircon and Tpas model ages at ca. = 264 Ga. These
data point to mantle ongin for the Sanukitoids as
proposed in this study, The high-g value reported by
Jelzsma et al. (1996) for the soume of these rocks
support the subductiom model proposed during the
genesis of the Francistown Sanukitoids. The areal
coverage of the Sanukitoid volcanism in the Zim-
babwe craton is vet not known but conservative

estimate using the data from this study and from
Condie and Hamison (1976) is =1000 km® It indi-
cates an important continemal active margin and
probably a steeper subduction process in the evaolu-
tion of the Limpopo—Shashe accretionary system.
O interpretation is close to that of Berger and
Rollinson (1997) who pointed out that Neoarchasan
crustal growth within the Morthern Marginal done of
the Limpopo belt in Southen Zimbabwe compares
with modern continental convergent marging such as
the Andes (see also Berper et al, 1995), We further
contend that the Meoarchasan magmatism at — 28—
2.6 Ga in the Zimbabwe cmton and the Limpopo—
Shashe belt are linked to various evolutionary stages
of a single Andes-type long-lived active continental
margin, with an earlier flat subduction stage (gener-
ation of high-Al TTGs) relayed by a steeper subduc-
tion (emplacement of Sanukitoids). The seismic
tomography map of the Zimbabwe cmton (James et
al., 2001 shows a fast mantle mmd a keel beneath the
Zimbabwe cmton. We infer that this mantle mot
represents the residual mantle wedge afler extmetion
of the arc magmas,

Previous geodynamic models assuming that the
~ 2R-15 Ga magmatismn in the Zimbabwe craton
w emplaced in a classical continental riff setting (2.0,
Wishet et al., 1981; Blenkinsop et al., 1993; Jelsma et
al., 1996) are not supported by our data. Hunter et al.
(1998] linked the = 2.7 Ga Belingwe greenstong belt
(£imhabwe) to an extensional (rift) setting based on
sedimentological data (2.2 proximal thin sedimentary
deposits, heterogeneity of the sedimentary rocks indi-
cating very local sounces) and the presence of komati-
ites inferred to mark a plume. However, the above
sedimentological features could as well be accommo-
dated in 2 steep subduction model known o be
chameterised by the devel opment of extensional hasins
in the upper plate. In addition, komatiites can form in
are settings (T, Grove, personal commumication, 2000;
see also Pamman et al, 1997, although there is no
agreement on this question (Hersberg and O Hara,
19498 and references therein).

Fousky (1998) proposed that the Tati and Vumba
gresnstone—granite temanes represent an oceanic
platean accreted omo the Zimbabwe craton and
subsequently affected by are magmatism. Geochem-
ical data (Bagai, 2000; this paper and our wnpub-
lished data) do not support this interpretation. The
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Wumba and Tati gresnstone belts and related grm-
itoids are part of arc magmatism; thers is no evi-
dence for an oceanic plateau in these two greenstone
belts.

The Francistown high-F granites and correlative
granitoids of the Chilimanzi suite in Zimbabwe have
stroetural features (g, Miweli stal,, 1995, Freiet al,,
199497 and geochemical charactenstics (this paper)
which are compatible with their genesis in a late to
post-orogenic envimnment. There s no evidence of
magmatism due to overthickening of continental crust
in the Zimhabwe crton, Stype plutons, which would
be significant in such a setting, are absent and the -
tvpe composition of the voluminous late-to post-
arogenic high-K granites in the Zimbabwe craton
indicates partial melting of TTG bodies underplated
i the lower crust, A potertial tectonme madel for the
high-K granites, in line with the geotectomic interpre-
tatiom of the Francistown Sanukitoid and TTG suites,
wiould be the detachment {delamination) of the sub-
ducting slab (2.g. Houseman et al., 198]; Kampumzu
etal, 1998). Steepening of the subductmg slab most
prohably led to its detachment, allowing upwelling of
4 hotter mmd deeper mantle section supplying heat for
crustal melting of earlier TTG material. This interpre-
tation is supported by metamomphic studies indicating
a = 26-25 LP-HT gramalite facies metamorphism
(Berger et al, 1995; Blenkinsop and Frei, 1996;
Famber et al., 1996) showing an anticlockwise P—
T—t path in the NMZ (Kamber and Biino, 1995). On
this ressoning the main region of delamination lay
withm and morth of the MMZ, consistent with the
occumence of large volumes of Chilimarzi-type grim-
itoid plutons in Zimbabwe,

7. Conclusion

The Neoarchasan (~ 2.7 -26 Ga) intrusive bodies
exposed at the southwestern margin of the Zimbabwe
craton in NE Botswana represent three distinet mag-
matic suites: (1) TTG suite made of tomalites—trond b-
jemites and Ma-granites; (2) Samikitoid soite includ-
ing gabbros and Mg-diontes; and (3) high-E granites
which are part of the Zimbabwe craton-wide Chili-
manzi late- to post-orogemic gramitoid suite, These
three magmatic suites occur also in the cemre of the
Zimbabwe craton.

Major and tmee element compositions of these
thres magmatic suites indicate the following featurss:

{17 High-Na, Sr and S¢/Y, enrichment in LILE and
REE, fractionation of both LREE and HREE and
no negative Eu anomaly in the chondnte-
normalized patterns of Alrich (Groap 1) TTG
sub-suite mcks, These features indicate the
genesis of these magmas by partial melting of a
subducting slab. The Al-poor (Group 2} TTG
sub-suite mcks originate from partial melting (8
kb= Pz 15 kb) of gamet amplibolites represent-
ing imderplated arc mafic rocks metamorphosed
at the base or within the lower crust;

(2) High-Mg diorites which are rich in tmansition
metals, LILE and LREE and possess steeply
frctionated REE pmfiles. These geochemical
features are typical for Archasan Sanukitoids and
modern Mg-andesites in are settings. The trm-
sitton mmetal and incompatible tmee  element
contents are high in these silica-nich magmas,
The emrichment style {e.z Nb-T1 negative
anomalies, low Ce/Ph, high 5i0); and tansition
metal contents, high La/Nb, ThiTa, Ba/La, Calla,
BaTh) ar consistent with a sub-am enriched
mantle source for the Sanukitoid suite. TTG melts
from melting of the subducting slab and fluids
escaping from the downgoing slab represent the
most important metasomatising agents of this
mantle sounce;

(3} High-K gmnites originate from crustal melting of
catier TTG material. Thers s no evidence for or
against partial melting triggersd by inderplating
of are mafic magmas to produce these granites.

However, the evolution from TTG to Sanukitoids
and to high-K grnites is hers taken to indicats a
progressive change from an earlier flat subdvction of
a hot lithesphere to a steeper subduction induced by
the conling of the slab during the subduction process
and finally 2 break-off and detachment of this steep
slab, This detachment allowsd the uprise of hotter
mantle material, which supplied the requined heat for
crustal melting of eadier TTG to produce high-K
granites. 'We believe that the Frmcistowm igneous
suites and coeval igmems rocks in the Zimbabwe
craton and Limpopo—Shashe belt represent a single
aceretionary system including: (1) a continental mag-
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matic arc within the Zimbabwe crton and () an
accretiomary sedimentary and  volcanio/plutomic as-
semblage within the southward-comvex Limpopo—
Shashe belt.
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