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Alstract

The Mesoproteroesic Irumide beltis a northeas t-trending structum] province stretching from central Zambia to the Zambia- Tanes-
mia border and northern Malawi. Mesoproterszoic and Neoproteroeoic transewment slear zones within reactivated pans of the Palase-
oproteroesic hendian belt define its nonheastern limit. The porthwesten margin i@ defined by the largely undeformed basement
litha bogies of the Bangweul block. An intensely folded and sheared zone at the sout heastern margin of the M porokes.o Grou p sedimen -
tary depocentoe on the Bangwenlu block, interpreted to have developed abowe a thoust at the basement-cover interface, indicates that
far-field effects of the Irumide Orogen ako alfscted the southeastern pan of the Bangweule block sedimentary cover. To the west and
arthwoeat, Tnumide and basement litholo ges were reworked by the Damara- Lufilian-Zambexi Orogen within the Meoprote roeoic Zam-
i and Lufilian Belta The Choma-Ealomo block, previously negarded as the sout hwestedy continuation of the Irwmide belt, & a dis-
timet Mesoprote roaoie provimoe, while a succesgon of structumlly justapesed tectonde temanes in eagstern Zambia mocord a deformation
event melated to the Irumide Orogen. The lithologeal units identified in the Trumide b el inchude: (1) limited Meoarchaean rocks emplaced
Ieetwooen 273 and 261 Ga and representing the oldest rocks in the Bangweuh block; (2) ca. 205-1. 85 Ga volcano-plutonic complees
and geiaes pepresen ting the moat important components in the Bangwenlu block; (3) an extensive quanzite- metapelite sucosaion with
minor carbonate Torming the Muva Supergoup, and deposited at ca. 185 Ga; (4) ganitoids emplaced between 165 and 155 Ga; (5) a
miner auite of anorogenic plutons (nepheline syenite and biotite granite) restrcted to the far northeastern Trumide belt and emplaced
Ieetwooen 136 and 1.33 Ga; (6) voluminows ayn- to poat-kinematic Inumide ganitoids emplaced between 1,05 and 0095 Ga. Crstal short-
ening and thickening in the Inunide belt ae shown by northwestwand -directed thrwsts and related folds and metamorphic paragens ses
recording a clockwise med wm-presawne fmedivm-temperatwne P11 path,. Metamorphic grades moge from greenachist facies in the fore-
land to the northwest to upper amphibolite facies in the southeast, with local granulites. Peak metanorphism iz diachronous acmoas the
ezlt and bracketed between 105 in the southeast and 102 Ga in the northwest.

Keyworde Irumide helt; Pabheopraterceoic Muva Supergroup;, Mesoproterozoic granitoids; Bangwenhn baock

1. Introduction Zambia-Tanzania-Malowi border in the northeast, where
it terminates against northwest-trending shear zones (Daly,

The Irumide belt & a northeast-trending fold and thrust 1986; Theunissen et al, 1996; Klerkx et al., 19%98), The
belt (Fig. 1) that stretches from central Zambia, where itis Irumide belt was first described by Ackermann (1926,
truncated by the Neoproterozoic Zambez belt, to the 1950, 1960), Ackermann and Forster (1960) and Forster
(1965) who referred to the granitic basement complex in

the Irumide belt as “Die Mkushi Gneisse™ and the exten-

* Carrepanding authar. sive metasedimentary succession of quartzite and metapel
E-mai] address: mfoi@hdewaele he (B, De Waek]. ite as “Die Muva”. To the northwest of the Irumide belt, a
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Fig. 1. lectoms prowvinces of cemtral asd southem Adnmca. MM = Hangeeuh Wock; UU = Longo Lrator; UFE= Lape Fokl telt (Saldansm helt];

CK = Choma-Kalmma block DB=Damara helt; KB = Kibaraa helt; Kvl = Kaapvasl Cratom; LA = Lafilian belt; Lil = Limpapo belt; Lubl= Luria
helt; MaB = Magondi beli; MB = Maanbique helt; NaB = MNatal heli; NB = Namaqua helt; NW = nonhwest Botseana Rif; R1= Rehohoth Inler;
33 =3ndair Sequence; TC = Tanzanma Craton; Uh = Ubendin belt; Uhs = Umkondo hasin; UsB = Ukagaran hel; ZB = Zamberi hel; 70 = Fim
habwe Craton. Dashed lne shows the kocation of a regiomal eressesection m Fig. 15

complex of granites and gnetsses was ascrided to the Bang-
wenlu block and presumed to be of Archacan age (Forster,
1965), Daly and Unrug (1982 and Andersen and Unrug
(1984} extended the teem Muve: Supergroup to include
the sedimentary rocks of the Mporokoso Group and the
Kasama Formation or the Baagweulu block, and the
Mitoha River and Marshya River Groups and correlatives
in the Irumide belt iFig. 20 The Manshya Rwer and
Kanona Group metasedimentary sequence predominantly
comstss of shallow manne depesits, whereas flvial and

lacustine deposits dominate the Mporokoso Group, Previ-
ously, the age of sedimenmuon was poorly constrained
between the waning stags of magmatism i the Bargweulu
block jca. 1.82Ga) and the intrusion of the Luserga sye-
mite {1145 = 20 Ma, Brewer et al, 1970, Fig. 2, Table 1,
no. ),

The Irumide belt displays overall northwesterly tectonic
vergenoes, placng rocks affected by Irumide deformation
on top of undeformed Falacoproterozoic (~2.05-1.85 Ga)
rocks of the Bangwenlu block in northern Zambia. Withn
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Fig. 2. (eological map of northern Zambiz. Assembled and modified after Andersen and Unrug (1984) and Thieme and Johnsan ( 1981).

the Irumide belt, metamorphic grade changes rapdly
across strike, and this led earher workers (Stillman, 1965
Maoaore, 1967) to subdivide the metasedimentary umits into
an older high-grade metamorphic sequence and a vounger
low-grade sequence. De Waele and Mapam (2002 showed
that this subdivision of essentially identical stratigraphic
sequences, based on differences in metamorphic grade
alone, & untenable.

Orver the past 10 years a large amount of new data has
been acquired in the Irumide belt, shedding new light on
this poorly documented structural provinee, This paper
presents an overview of the Irumide belt, based on previ-
ouslty published and new geological, geochronological
and geochemical data, and attempts to place this tectonic
unit in a reglonal context,

2. Tectomstratgraphy and geochronology
2.1, General location of wnits

Fig. I presents a simplified geological map of the fore-
land to the Irumide belt in northern Lambia, Figs. 3 and

4 are simplified maps of the southwestern and northeastern
Irumide belt respectively, ndicating the location of geclog-
i1cal maps published by the Geological Survey Department
of Zambia and wsed in this review. Fig. 515 a location map
of the main geochronological data reported in the paper,
and the approximate postion of Figs, Z-4 and 6-10.
Fig. 5 ako shows the location of what in this paper is
termed the Bangweuh block, Irumide belt 5.5 and south-
castern Irumide belt, The large number of new U-Ph
SHRIMP data acquired in the Irumide belt 5.5 are dis-
played in Figs., 6-10, together with a few previous whole-
rock Bb-5r isochron dates used in the text. All ages
reported i the text and shown on the figures are summa-
rised i Table 1 where the sources of the geochronological
data are listed. All these data were cakeulated (or recaleu-
lated where necessary) wsing decay constants of Steiger
and Jiger ( 1977).

2.2 Basement

Earlier workers have indicated that the Irumide belt
overlies an  Archacan/Palacoproterozoic basement (e.g.
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Talde 1
Geachmnological data an rocks of the Immide beltand assodsted basemem
Ma. I Zack type Age b ermor (Ma) Mzthad Sourze
1 Walarda 06 L1010 W A& ixchran Hzalim ct al. { E85)
2 LWz Luswa Syerite LS U-Ph SHRIMP zircan Dre Waele et 2l (200%)
3 Lufils Granite M7 LED WE Rb-5r imchraon Craly ( 1985
4 Launga Gramite XU E 3 TIMS bulk zrcan Draly ( 1986)
5 Apie I Laramo Cranhe STT 41 P evaporatkn Ring et al. (155
] Aplite in Wililo Granie EoEET | Pt evaparaticn Ringetal. { 1954)
7 ZHE Lufils Granite 1000 & 44 U-Ph SHRIMP zircan Dre Waele (2005
g luzngwa (ness = 05 LA-TCP M3 Cox =4 2l (2002)
L LWl thilnhanama Liranme PUILILIE S LI-Fh 5 HMELMP 2incon Lhe ‘wWaele (2201
10 KKl Porphyritic gramte 1003 4 31 U-Ph SHRIMP zircan Dre Waele (2005
11 CHTS Hiatite granite gneds JULILE S U-Ph SHRIMP zircan Dre Waele (2005
12 MT G4 Chiluhanama Granite 10104 11 U-Ph SHRIMP zircan Dre Waele et al (200%)
MT G4 Chiluhanama Granite Hood & 18 U-Ph SHRIMP zircan Dre Waele et 2l (200%)
13 SERSS Lukisahi migmatite RO U-Ph SHRIMP zircan Dre Waele et 2l (200%)
14 SASAL Sasa (ranite 106+ 14 U-Ph SHRIMP zircan Dre Waele et 2l (200%)
15 CHLS Granite gneks 1016417 U-Ph SHRIMP zircan Dre Waele (2005
16 SER&TY Fukwe Migmatite LR EC U-Ph SHRIMP zircan Dre Waele et 2l (200%)
SERATY Fukwe Migmatite SE4 420 U-Ph SHRIMP zircan Dre Waele (2005
7 EME Hiatite granite gneds 10224 16 U-Ph SHRIMP zircan Dre Waele (2005
18 NI Zorphyrtic gramte 02347 U-Ph SHRIMP zircan Dre Waele (2005
19 ZM35 Mumnga (uarry Graze 10254 10 U-Ph SHRIMP zircan Dre Waele et 2l (200%)
20 MTGG] Mutangosh: Gmessic Granite 10274 13 U-Ph SHRIMP zircan Dre Waele et 2l (200%)
21 MNDE Syena-granite W0EL7T U-Ph SHRIMP zircan Dre Waele (2005
7 WHGC Torphyritic gramide 4 4 TI.Ph SHRTMP wircem The Wl el { WHIS
23 EMIA Porphyritic gramte 10314 14 U-Ph SHRIMP zircan Dre Waele (2005
24 MH2 Zorphyritic gramte WiTL 19 U-Ph SHRIMP zircan Dre Waele (2005
25 200G Serenje Qruzrry Granite L ) U-Ph SHRIMP zircan Dre Waele et 2l (200%)
28 SERET Parphyritic granid 103 L & LI-Ph SHRITMP xircon Dra Wadla at al. (2003c)
7 OCR Porphyritic gramte 10354 12 U-Ph SHRIMP zircan Dre Waele (2005
28 SERS4 Zorphyritic gramte 10364 13 U-Ph SHRIMP zircan Dre Waele et 2l (200%)
29 MWD Granadiarie 035419 U-Ph SHRIMP zircan Dre Waele (2005
eln] oS Purapdl yai b g sl o+ 17 LI-Flr SHEITMF o Dre Wl (3005
31 FW1 Porphyritic gramte 1035 & 58 U-Ph SHRIMP zircan Dre Waele (2005
32 ZAMS Chipata Granite JUESIE] U-Ph SHRIMP zircan Dre Waele (2005
33 luzngwa mes 1043 19 LA-TCP M3 Cox =4 2l (2002)
3 Chipawr granulie 1046+ 3 TIMS single monazie Schenk and Apnel (2001
15 ZAMI Chipata granulite 47 £ M U-Ph SHRIMP zircan Dre Waele (2005
36 EMNT Porphyritic gramte 1045 & 10 U-Ph SHRIMP zircan Dre Waele (2005
7 ZAMS Chipata Granite 10504 10 U-Ph SHRIMP zircan Dre Waele (2005
5u B M thorinte gramie gness PURLE S T LI-Fh 5 HMELMP 2incon Lhe ‘wWaele (2201
19 MTGG2 Mutangosh: Gmessic Granite 10554 13 U-Ph SHRIMP zircan Dre Waele et 2l (200%)
40 ZAME Chipata Granite 1764+ 3 U-Ph SHRIMP zircan Dre Waele (2005
4l Lwalowa gramite 10874 11 TIMS single sircon Ringetal. { 1954)
42 Miwsh gnets JUESEE L U-Ph SHRIMP zircan Baimeud et 2l (200Z)
43 Luroms gramite moE4 1 Pt evaparaticn Ringetal. { 1954)
a4 Wilila grante 1Mis+1 Pt evaparaticn Ringetal. { 1954)
45 Wilila grante IERLESS] Pt evaparaticn Ringetal. { 1954)
&6 Wilila grante Mg+l Pt evaparaticn Ringetal. { 1954)
T Mwenga granite nL+x TIMS single sircon Ringetal. { 1954)
48 Lusenga syemite 11454 20 WE Eh-8r ischron Brewer et al. (1979)
49 Semahwa mass TS84 & TIMS bulk zrcan Haman et 2l { 9ER)
50 Chilala gness 12854 &4 TIMS bulk zrcan Haman et al. ( DEE)
51 Htendele meatonafite 132941 Pt evaparaticn Wrdna et al. (3004)
52 wivula syexite 1341 & 16 WE Eh-8r ischron Temia [ 1986)
5% Tongae grewms 154% 4+ & TIKE bl wirean Hamem et ol { ER)
54 Sizsikabale granite 13524 14 TIMS bulk zicon Haman et al (9EF)
55 wivula syexite 13604 1 Pt evaparaticn Wrdna et al. (3004)
56 Mutangash: gneds 1407 & 33 WE Rb-5r imchraon Craly ( 1985
£7 MLZ Lubu Orande Onaies 1550 & 33 LI-Ph SHRITMP xircon Dra Wadla at al. (2003c)
58 LWia Musalango Gmeds 16104+ 26 U-Ph SHRIMP zircan Dre Waele et 2l (200%)
59 MWD2 CGranite gneks 16274 12 U-Ph SHRIMP zircan Dre Waele (2005
&0 3RI2 Lukamfwa FEll Granit: Gneds 16394 14 U-Ph SHRIMP zircan Dre Waele et 2l (200%)
al AERG- Lubeanlwa FEl Chauils Tucoo 1652+ 4 LI-Flr SHEITMF o D Wadle ol al. (2000 )
&2 SER&Z Lukamfwa FEll Granit: Gneds 16644 4 U-Ph SHRIMP zircan Dre Waele et 2l (200%)

(conrmued on et page)
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Mehad

Smurce

Me. I Fack type Age & arar [ Ma]
& Lauchanw guaniia I TR0 b 250
L] Mama valanic BS54+ 29
65 Eaiz granie &30 4 85
L] Mama graane [E- L7 S
&7 520 Eachinga Tuff 18564 4
&8 MAI Mama Granite 12604 |3
L MAS Mama Vokanic IB62 -k 19
™ M AL Mama graaite 186248
Tl W A2 hasanda Falls Grondwe 186 ok 7
A MAS Mama Vokanic IBAE £ T
7 KBS Eatihunga Basalt 1871 4 24
K] Emeenda Lufut schist 187348
] Salwesd gramte 187449
TE Mambec et I&77 L 3%
” ZMI L River Tuff 15794 13
] EKmsenda gamite (Luma come) 824 20
™ Kabampa granite &84 10
L] ISK2 Larrali Granite Gmess 19274 10
| Nyika gramite 1144
- ISKI Larra i Granite (mess 1942k &
5 CClho Pariy ritic granite gneds 1953k 4
k2 Baate metatonahis Il k|
i Samha pomphyry 1964 4 |2
£ Laufuta schist 1970 4 10
& Myika granite 1969 4 |
& ZAMZ Lautembave River Cramlite 19744 |8
] Mgl gusio 1976+ 3
L] Chambishi granite 19804 7
9l Chambishi granite 19834 3
o Famphi grenite 1988 4 |
&0 Marulira granite 1991 & 8
k] Clhielunds gl 1935k |
a5 Larmma granite 002k |
4 Luzngwa granite 233
o MES Minshi Greds M2 0
o MES Minshi Greds a7

MBS M izughi G 05D 9
o« EMI Minshi Greds LR
pi] Famphi grenite k|

Ll Micishn gress R o]
i Muinihmg: gramts MEE T
piiH Luroma granite AR |
10 Larmma granite e E Y|
s Muinihmg: gramts p o]
106 Muinihmg: gran: FLTL B
iy Muinihmg: gramts 2561 10
plis Luangwa gneds 2608 L |4
L] EMP1 Eapir Mpashi Grenite TS
11 Chembewau Cuanzite Detrital
m Murubira quarixii Dectrital
1 K asama quarizite Detrital
105 Mama quartzite Detrital

WER Bb Sr machran
WER Bb-8r machran
WER Bb-8r machran
WHE K-S machran
U-Fh SHRIMP zircan
U-Fh SHRIMP zircan
U-Fh SHRIMP zircan
U-Fh SHRIMP zcan
LI=Fi SHEIMF zicom
U-Fh SHRIMP zcan
U-Fr SHRIMP zircan
U-Fr SHRIMP zi-can
TIMS single zircoa
WH b8 machran
U-Fr SHRIMP zircan
TIM3 single zircoa
TIM3 single zircoa
U-Fr SHRIMP zircan
TIMSE halk #ircon
U-Fh SHRIMP zircan
U-Fr SHRIMP zi-can
Pb evaparatian

U-Fr SHRIMP zi-can
U-Fh SHRIMP zircan
Ph evaparation

U-Fh SHRIMP zircan
LI=Flr SHRIMF 23 wora
U-Fh SHRIMP zircan
U-Fr SHRIMP zircan
Ph evaparation

U-Fr SHRIMP zi-can
Plr cvagrn sl

Ph evaparation
LA-ICP-MS

U-Fr SHRIMP zi-can
U-Fh SHRIMP zcan
LI-Fh SHRIMP xrcan
U-Fr SHRIMP zi-can
Ph evaparation

LI=Fb 5HEIM P zroom
U-Fr SHRIMP zircan
Ph evaparation

Ph evaparation

U-Fr SHRIMP zi-can
LI=Fi SHEIMF zicom
U-Fr SHRIMP zi-can
LA-ICP-MS

U-Fr SHRIMP zi-can
U-Fh SHRIMP zircan
LI-Fh EHRIM T z3can
U-Fh SHRIMP zircan
U-F SHRIMP zircan

Rehandalnaiar (| 050
Brewer etal. (1579)
SchandeImeder (| 950
Hreaver el al. [157)
Die W ael= { 2005

Die W ael= ( 200 5

Die W ael= { 2005

Die W ael= { 2005

D W aelz (2005

Die W ael= { 2005

Die W ael: ( 2005
Famaud et 2l (300Z)
Jahm (3H1)
Bchandeineicr (1 050
Die W ael= ( 2005
Moy etal. (1991)
Jahm (3H1)

Die W ael= ( 2005
TMiadkenn #f ol {(1375)
Die W ael= { 2005

Die W ael= { 2005
Wrana etal. (2]
Famaud et 2l (300Z)
Famaud et 2l (300Z)
Ring et 2l {1997)

Die W ez { 2005
Fainanl el al. (3002}
Famaud et 2l (300Z)
Famaud et 2l (3002
Ring et 2l {1997)
Famaud et 2l (300Z)
Riug =t <. (1997)
Ring et 2l {1997)
Cox et al (200

Die W ez ( 2005

Die W ael= { 2005

D Waelz (2005
Ring et 21, (1997)
Bamaud et al. (0]
Key et al (2001
Ring et <. (1997)
Ring et 21, (1997
Key et al (2001
Key e 2l (2001
Key et al (2001
Cox et al, (2002

D Waelz (2005

D Waelz (2005
Ramaud ot 2l (2002)
D Waels (2007

D Waelz (2005

Ages interpreted o date peak metamarphism are i italics.

Me. refers to numhers memioned in the text, 1T refers to sample names of own samples.

Dizvsdall et al, 1972; Daly, 1986). An extensive sct of now
seEitive high-mass resolution jon microprehe (SHREIMEP)
U-Fh #@ircon geochronological data | Table 1) is used in tis
paper to consrain the age of crustal -ocks affected by the
Irmmmide contractioral deformation and these exposed in
the Inmide foreland. The main basement Ichologies
eapaned i and adpoeat weote Dooide bel. aoe descrilod

below according -0 geographic location, from tie northeast
(the Bangweulu slock and related basement lithologies in
the Irumide belt, Fig. 2) to the centre { hasemert lithologies
in the Irumide belt =.5, Figs, 2, 4, 6-10), southwest (Domes
of the Copperbe t area, Fig. 5) and southeast (Luteanbwe
Cirarulite near Chipata and the MNyika Gramte [NG),
Fig. 5 nea te Malawi bander, This secaon includes data
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related to correlative basement units within the Irumide
belt and Copperbel (outside the Inomide bel: s.5) that
have a majr bearing o1 proving that basement lithologies
underlie large portions of the Irumide belt.

220, Bangaaaly biock

The Bangweulu block comprises three distinct lithotec-
tomc units (Fig. 2i: (1) a series of northwest-trending
high-grade metapelites exposed in northeast Zambia and
within the Palasoproterozoic Ubendian belt; (b) a series
of east—west-trending schist belts on the Bangwenlu Bock
known as the Muhmpwiz Gnoeisses (Namateba, 1994
Van Tuijl and Verhoog, 1995 Verhoog and Van Tuijl,
19%5a kel () an extnsive suite of plutone-vaolcanics
wvetlain by the supraciustal Mpowckoso Choup neasali-
mentary ssquence {Andersen and Unrog, 1984 Androws-
Speed, 1989,

The main lithology of the Mulunwizi Gneiss consists of
migmatitic botite gneis=, with micor biotte-epdote and
muscovite gneks, associated with mica-schist, amphibaolite
and guartzite, The main fabric of the Mulungwizi Gneiss

strikes east—southeast with steep dips to both the north-
northeast and south—-southwest, The Mulungwin Cineiss is
reported to pass eastwards into Palacoproteozok gneiss
of the Ubendian belt with no obvious break; they are there-
fore inferred to be correlatives (Mamateba, 19944 Van Tuil
and Verkoog, 1995; Verhoog and Van Tuaij, 1995a,bel
Pelitic schist belts exposad farther west in the Bangweulh
block display a similar east-sout heast-fabric to the Mulung-
wizl Cnetss, from which they are separated by relatively
undeformed gramtods of the Bangweulu block, one of
which vidded a Eb—5r date of 1877 = 55 Ma (Schandelme-
ier, 1981, see Fig, 5 and Table 1, na. 76). The schist belts are
interpreted as vestiges of the Palicoproterozaic Ubendian
belt in the Bangweul: block (Mamateba, 1994 Yan Tuil
and Werloog, 1995, YWerboog and Wan Tuoigl, 1695,

In the northwestern part of the Bangwenu block, the
contact between plutono-velcanic rocks and the Mporok-
oso Croup supracrustal metasedimentary ssquence 15 2
high-stram zone, locally known as the Luonge Shear Zone
(Fig. 2. The Bangwealu block high-K cak-zlkaline felsic
igneous rocks represent a continental arc related to the
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Ubendian belt | Brewer et al., 1979 Anderser and Unrug,
1944; Kabengele et al., 1991). Rb—Sr whole-rock daes on
granitoids and ryolite:s suggest the emplacement of the
sutte between 1EE and 1LE2Ga (Brewer ot oal, 1979
Rewmndelmeier, 1981, 1983 Fg 5 Tahle 1, nns f1-66
and 76). SHREIMP U-Pt sircon datng of Banzwenlu Hock
igreous rocks exposed near Mansa (Fig. 2) vielded dates of
1EG0 = 13, 186 = 8 and 18669 Ma for granitoids and
1858 =7 and 1862 = 9 Ma for rhyolites (De Waele
et al., 2002h, 2005 De Waek and Frzsmmons, submitted
forpublication, Table |, nos, 68-72), These dates supersede
previows estimates on the emplacement of tiese gramtes
and assodated woleanic rocks (Browe oo oal, 1974%).

Two granites exposed within the rortheastern part of
the Irumide belt (the Luwalizi Granite near koka, Fig. 4)
yvielded SHEIMP U-Pb zircen dates of 1942 =6 and
1927 = 10 Ma ( De Waelz et al, 2003b; De Weele and Fite-
simons, submitted for publication, Fig, 10, Table 1, nos, 80
and £2) and form part of a Palisoproterozoic basement to
the Irumide belt. The Luwalizi granites are milkdly
desormed botite granites, and are strecturally overlain by

the Manshya River Group metassdimentary succession of
the northeastern Inmmide belt.

222 Mbuski Gress Complex

The Minshi Ginetzs Complex comprises handed hiatite
gnelses, avgen gnelsses and porphyritic grante gneisses,
collectively known as the Mkwsa Gness, underlying the
soutiwestemn Irumide bek (Stillman, 1965, Figs, 6 and 7).
The Mkushi Gneiss vielded a SHREIMP U-Pb zircon izne-
ous crystallsation age of 29 + 6 Ma on a sample from
the Munshrwemba Quarry south of Mkush (Rairauwd
et a., 2002, 203, Fig 6, Table 1, no 10010 At Mun-
shiwemba Quany, e Meushi Guoeiss s a bigaly sheaml
biotite-rich, coarse porphyritic aad medium-gramed gran-
ite, which yielded SHEIMP U-Pb zircon dates of
2042 = 10 and 2029 = TMa (D Wacke et a., 2003 b,
Fig. 6, Tablz 1, nos. 97 and 98), iz cut by aplite veins con-
tainng inherited zrecons with cores yielding the same date
as the Mkushi Gness, and magmatic overgrowths yielding
a low-preceion date of 1088 =159 Ma (Rairand et al,
2002, 2003, 2005, Fig. 6, Table 1, no. <2). Farther to the
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with zircon U-Pb SHRIMP 2ge (Ma)

Faut

Pamphyritic Granite (Group V)
Lubamifwa Granite Galss (Group )

Kanona Group metasedimentany
rocis

Matavelcanic rocks fncluding
Lufubu schists] {Group I sute)

Mikushl Grnss (Groap La)

Fig. & Rimplisd geolgical map of the area around Miwhi, bamd om publiched 1 100000 scale genlogical maps; inchides Banini Mpadi, Kalah
{ Mulingushi), Mita Hils, Mkwshi, Musofu River, Fiwila and Ndahela map sheets and paris of Seremje, Chin"gombe, Luzno and Beana Minbwa map
sheets (Stillman, 1965; Smith, 1966 Maoore, 1967; Cvetoonic, 1973 Kerr, 1575; S3mith and Ker, 1975 Reicheclder and Brandoa, 1992 Mapani and

Moo, 1905 Carruthes, 20600; Choeela, H00).,

soutiwest, 4 megacrystic granite vieldeda SHRIMP U-Ph
zmircon igneous orystallisation age of 1976 = 5 Ma (Famand
etal, 2002 Fig, 6, Table 1, no, 8, To the northeast, a bio-
tite gramte gneiss mthe Kanona area yielded 2 SHEIMP
U-Pb zircon igneous crystallisaion age of 2036 = 6Ma
(Fig 7, Takle 1, no. 949), while to the sowheast of the Mun-
shiwemba Quarry, a porphyritic biotite granite meiss from
Chir'gombe Mission was emplaced at 1952 = 6 Ma (De

Waele et al, 2003ab, Fig. &, Tahble 1, no, §2). The data
in Table 1 confirm the presence of a Polasoproterozoc
(205-1.95G:) basement th-oughoat the southwestern -
mide elt, which 1= collectively ascribed to the Mkushi
Cineiss Complex, Granitoids intruding the Mkushi Gness
Complex and previcusly mapped as part of this complzx
(Srmith, 1966; Cvetcovic, 1973; Page, 1973; Elerr, 1975
Smith and Eerr, 1975) yielded SHRIMP U-Pb zircon
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Samplae location with zircon U-Pb
2 SHRIMP age (Ma)
(apes on metamarphic dms in italics)

f Fault

[ Pomphyritic Granite {(Group I'V)

o HEE Lukamfwa Granite Gneiss (Group II)
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B Mkushi Gneiss (Group la)

Fig. 7. Smplfied geological map of the region arowund Kanona, adapied Fom published 1:100 000 scale geological maps; mchides Kasanka (mapped from
satellite imagery). Seremje. Kanonz, Chitamba, and Mupamade sheets (Condiner, 1977 Mapani and Moore, 1995; Van de Velde and De Waele, 1997;

Cardines, 2000,

igneous crystallisation ages of ca, 165 and 105-102Ga
([ Wacle et al, 2003c),

2.2.3. Copperbelt domes

In the Copperbelt, basement “Domes"” (Fig. 5) contain
migmatites, gneisses and deformed gramtes exposed in
the Lushwishi, Konkola, Luma, Solwei, Mwombeshi
and Kabompo Domes in Zambia and southern Katanga
([Democratic Republic of Congo, hereafter DRC). The
Luina Dome gramtes yielded a thermal jonisation mass
spectrometry ( TIMS) U-Fb zircon date of 1882 = 20 Ma
(MNgoyi et al.,, 1991, Fig. 5, Tablke 1, no. 78). John (2001)
reported TIMS U-Fb zircon dates of 1874 =9 Ma for a
granite of the Solwea [Dome and 1884 = 10 Ma fora gran-
ite of the Kabompo Dome (Fig. 5, Table 1, nos. 75 and 79,
Ramaud et al. (2002) reported SHRIMP U-Pb mircon
emplacement ages of 1991+ 3 Ma for the Mufulira Gran-
ite, 1983 = 5 and 1980 =7 Ma for the granite underlying
the Chambishi basin in the Copperbelt (Fig. 5, Table 1,
nos. 40, 91 and 93 ). Two samples of the Lufubu metavolca-
nic schist, one from DEC and one from Zambia, vielded
SHEIMP U-Pb igneous crystallisation ages of 1872 £ 8§

and 1970+ 10 Ma respectively (Rainaud et al, 2002,
Fig. 5 Table 1, nos. 74 and 6 respectively). Key et al.
(2001 ) reported SHRIMP U-Ph zircon emplacement ages
of 2543+ 5 251 £ 10, 2538 £ 10 and 2058 £ 7 Ma for
pre-Meoproterozoie  basement  granitoids  bounding  the
Zambian Copperbelt to the northwest (Fig. 5, Table 1,
nos, 105107 and 102), These late Archacan gramtoids
were interpreted to form part of the Congo craton in north-
west Zambia (Key et al, 2001). Apart from the Neoarcha-
ean lithologies in the far western portion, the Copperbelt
areq appears to be underlain by a Palasoproterozoic base-
ment with igneous crystallsation ages between 206 and
1L.E7Ga.

2.2.4. Chipata aren and eastern extension of the Trumide
belt

Pre-lrumide rocks exposed within the southeastern Iru-
mide belt include a granodioritic gneiss from the Luangwa
area  recording a  laser  ablation-inductively  couplad
plasma—mass spectrometry (LA-ICP-MS) U-Pb zircon
date of 2608 = 14 Ma (Cox et al, 2002, Fig. 5, Table 1,
no. 108, A fohated gramite gnets from the same area
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Fig. & Smplified genlogical map of the region aromd Mpika, adapted
from published 1:M0000 scale geological maps; inchides Chilonga
Massiin and Kanhunga Mizaon aneas and pans o Miotwe and
Mupamatei River weas (Cordiner, 1977 Muoley, 1979 Moy and
Marten, 1979; Van ce Velde and De Waek, 1997)

viekled a LA-ICP-MS zircon U-Pb date of ~2032Ma
(Cox et al, 2002, Fig. 5, Table 1, no. 96). The Lutenbwe
River zranulite in the Chipata area {e:stern Zimbia)
viekled a SHEIMP U-Pb protolich age of 1974 =18 Ma
(De Waele, 2005, Fig. 5. Table 1. no. 88 Ths age
supersedes a Ra-5r whole rock-hiotite date of 2117 =
15 Ma previously reported by Livungu and Vinyu (1996,
and a quh};r_rcc:'siun Rb-8r whoe-rock date of 270 =
240Ma  (T8rEST) = 07145 00091 reported by
Haslam et al. {1986), The Nyika granite { Malawi) yielded
a bulk U-Ph #Arcon date of 1932 =9 Marecalculated from
Dodson et al., 1973, Fig. 5, Table |, no. 31). Ring et al.
(19971 eported a2 *Ph/™Fh m@ircon evaporation date of
19659 =1 Ma fora graniteexposed co the north of the Nyika
pluton, providing a more reliahle estimate for the cmplace-
ment age of thesmte( Fig. 5, Table |, no. £7), Ring et al. fur-
ther reported a number of “Ph™Fh drcon evaporation
dates betwsen D@3 and 1988 Ma n northe-n Malaw, and
interpreted 2 “"Ph™ Pt zircon date of 202 =1 Ma on
metamarphic zircon to constrain peak Ubendian metamor-
phim (Ringeta., 1997, Fig. 5, Table 1, nos 92, 94, 95, 100,
102 and 104 ). & Motite metatonalite intrudicg the gramulites
of the Muyombe area in northzast Zambia yielded a
Tph ™ Ph drcon evaportion date of 1961 = 1 Ma (Vrdna
et al., 2004, Fig 5, Table 1, no. 84,

225 Summary on the basement
Basamem s exposed north and northwes: of the Immide

belt and comprizes of Palacoproterozoic putone-velecamc

rocks and gneises emploed berween 203 and 1,83 Ga.
This basement 1z part of the Bangweuh block.

To the west, the Copperbelt Domes include verably
deformed  grantoids aad  (melajvoleane  units  also
emplacad betwesn ca, 2061 .87 Ga taken to represent the
westward contimuation o the Palacoproterozoic Bangwe-
ulu block within the Neoaroterozoic Lufilizn belt.

To the south and southeast, pre-lrumide lithelogies
comprize 4 Necarchaean unit with igneous crystallisation
age of ca. 261 Ga, and various gnasses with protolith igne-
ous crystallisation ages between 203 and 1.97 Ga, How-
ever, 4o present it 15 unclkar waether these lithologies
represent the southerly estension of the Bangweulu block
in the Iumide belt or whether they represent disine crus-
tal blocks accretad to the southerr margin of the Bangwe-
ulu block during the Irumide orogeny.

2.3 Muva supergroup

240 Introdc tion

The Muva of Ackermznn (1950, 1960) and Ackermann
and Forster (1960), which included only the sedimentary
umits idemtifisd 1 the Irumide belt 5.5, has been redefinad
to inchide the post- 2000 Ma sedimentary cover of the Bang-
wenlu Flock (Dely and Unrug, 1962). To tae north of the
K arnn-age Lnanpas graben (K aron graben in Fig S) three
differen: supracrustal sedimentary successions form the
Muva Supergroup (Fig. 11), and include the Mporckoso
Ciroup of northern Zambia, the Kasama Formaton of
the Kasama area, and the Manshya River and Mitoba
River Groups of the Irumide belt (Daly and Unrug,
19621, The Manshya REiver Group is a lateral correlative
of the Kanona Group in the southwestem Irumice belt
(e Wacle and Mapam, 2002), which comprises the previ-
ously defined Irumi, Musofu and Kalonga Formations of
Stillsan (1965), Dioct neber-te-memn e conelaion off
the Manshya River Grous with the Mafing Group of Fit-
ches (1968, 1971) to the northeast is not possible, but 1=
inferred from broad litho ogical and structeral similarities,
South of the Luangwa graben { Karoo graben in Fig 5) an
extensive ridgeforming quartzaite-metapelite  succession
and a thick carbonate saquence are ascribed to the Meuvye,
Sinda and Sasare Groups (Phillips, 1960, 1964, 1945 Barr
and Drysdall, 1972 Agar and Ray, 1983), Althowh no
direct carrelation can be supported, this sedimentary pack-
age wasregarded as a deep marine distal facizs of the Mans-
hya River Group ( Daly and Unrug, 1982; Daly, 1986). The
differen: lithostratigraphic units are descrited below from
i U w south, whik sioplifiod suatigiapic colunns e
shown m Fig. 12,

2.3.2. Mporakosa (GGroup

The Mporokoso Group was extensively described by
Andrews-Speed and Urrug (1982), Daly and Unrug
(1482), Andersen and Unrog (14984), Unrmg (198<) and
Andrews-Speed (1986, 1989, and comprises a mildly
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Fig. 9. Simplified geological map of the region around Chinsali, adapted from published 1:100,000 scale gealogical maps; mchides Shrwa N gandu,
Tkmdala Mision, Lusea Eiver and Chinsali map sheets (Duly, 1994a; Svkes, 1995 Avres, 1974 Luwcacik, 1998). A= Chivhenzma Cramite;
B = Mutangoshi Gnessic Gramte; © = Lutu Granite Gness; D = Misalango Gneiss; E = Lufila Granite (Bemba Bathalith).

deformed and low-grade S000-m-thick sedimentary pack-
age subdivided into four formations ( Fig. 12). The oldest,
the Mbals Formation, contains voleanic rocks but consists
mainly of conglomerate/dimictite, feldspathic sandstone,
orthogquartzite, purpk pelite and silicified tff. The thick-
ness of the sequence increases from 250 min the south near
Mansa to 2700 m in the north near Mbala. The Mbala
Formation is overlain by up to 600 m of shales and tuffs
of the MWsama Formation, which is locally absent in the
south, The Kabweluma Formation consists of a ~1500-
m-thick sequence of fluviatle quartzites and  minor

mudstones, The uppermost Chibote Formation comprises
of ~100m of mudstones. Andersen and Unrug {1984
pointed out that palacocurrent directions indicate a sedi-
ment source to the south ( present coordinates).

2.3.3. Kasama Formation

The Kasama Formation oocurs only in a small basin in
the eastern part of the Bangweulu block (Fig. 2. At its type
locality east of Kasama { Unrug, 1982), the sequence con-
sists mainly of mature quartzites, with subordinate mud-
stones. The mature character of the Kasama quartzites
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led Daly and Unrug (1952) to sugeest that these rocks rep-
resent reworked Mporokeso Group sedimentary rocks,
Thiz interpretation 15 supported by calaeccurrent direc-
tions indicatirg a sadimeat sovree to the northwest and
west (present-day coordinates) (Andersen and Unrug,
1984}, The lowermost par: of the metasedimentary succes-
sicn notth of lsoka was previmsly termed the Mitoba
River Group (Daly and Unsrug, 1952) based on its predom-
inant flovial characler as opposed to the shallow marine
character typral for the Manshya Eiver Group further
soath, Hased on simlar fluvial caaracter, the Basama For-
mation had been comrelated with the Mitoba River Groap
(Daly aml Uwug, T9E2), aud by jolooonoe widh Ui lower
part of the Manshya Biver Group (Daly, 1%4abc) Cur
new data show that the Kasama Formation is much youn

ges than the lower Manshya River Group.

224, Manshya River (Group

The Manskya BEwer Group. first described by Marten
(1968) from the Chalabesa Mission area (Fig. 4), com-
praes three pelite and two quartzite units 17 its type arca

along the Manshya River, These units can be fol owed
~ 120 km to the sast whers, in the Chimbwe svncline near
lsokz, a marble unit pocurs at the top, completirg the
stratigraphc successior. Thecontinuous sequence exposad
in the Chimbwe syncline begms aith 1600m of poorly
exposed metapelites of the Lower Pelite Formation, com-
przicg phylite aad slae. This basal unit passes higher up
into the 1600-m-thick Mukonkote Quattzite Formation,
consisting of a lower massive quartzite member, fol owed
by a poorly sorted coarse quartzice with detntal musco-
wvite, and finally a well-=sorted, medivm-grained, pure
quartzite. This 1= followed by the Mukoakoto Pelite For-
nativn, which s poaly eaposed aod consets of pliyllies
and slates, The cverlying Nkwale Quartzaite Formation is
charccterised by o coarsening upward gquartzite pelite
packige, grading up inlo an extensively cross-badded fine-
to medinm-graired pmkish quanzite, whick 12 poorly
sorted towards the top and grades into zn impure qaartz-
ite. An interbedded pelite—quartzite sucoession overlizs the
impure quertzite, In the Chimbwe syncline, a thin marhle
oocurs at the top of the ssquence (Daly, 19951 Some
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S0km to the southwest, Ayres (1974) described stromato- 235 Karoa (Group

lites within the Manshya River Giroup in the Shiwa The Karoma Group was redefined by De Waele and
M gandu area. Mapani (2002) to comprize the deformed metasedimertary
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sequences in the southwestern Irumide belt, and include a
strongly tectontsed basal part, consisting of mylonitic
schist with subordinate quartzite umts, called the Irumi
Formation, The Irumi Formation is interpreted to include
both  tectonised basement lithologles and  high-grade
metasedimentary rocks at the thrust comtact between the
plutono-volcanic basement and supracrustal sedimentary
and volcanic rocks, The metapelites are garnet—andalusite,
garnet-hiotite or kyanite schists, while the guartzite units
inchide ferruginous muscovite quartzite, locally contaimng
kvamte. Mo contimious sedimentary succession can be
reconstructed i the southwestern lrumide belt, making
the construction of a stratigraphic succession very difficult
due to thrust duplication, Nevertheless, fragmentary suc-
cessions documented at several places m the belt allow
some reliable correlations and the reconstruction of a syn-
thetic stratigraphic succession, The Kanona Group starts
with a coarse gquartzite with local conglomeratic layers,
The quartzite shows current bedding and large-scale
cross-bedding and 15 interbedded with ferruginous schist,
The sequence grades into a Aagey metasiltstone, with slate
and phyllite, which passes up into a micaccous, sugary
quartzite member with minor pelitic schist. & second pelite
unit consisting of slate and phyllite grades into a prominent
quartaite sequence. This quartzite is recrystallised and
pure, and practically no primary structure is preserved, A
poorly exposed pelitic unit overlies the quartzite, and grad-
ually coarsens upwards into a single or double quartzite
horizon, m which ripple marks and small-scale cross-bed-
ding are common, The uppermost part of the Kanona
Group consists of a poorly exposed metasiltstone unit,
Koerr (1975) and Smith and Kerr (1975) described locahsed
evaporites and carbonates including algal stromatolites in
the Fiwila Mission and Ndabala map sheets, which may
correlate with those described at the top of the Manshya
River Group { Ayres, 1974; Daly, 1986, 1995).

236, Mafingi GGroup

In northeast Zambia and northern Malawi, the Mafingi
CGiroup of Fitches (1971 ) rests unconformably on the Palae-
oproterozoic Ubendian granulites and gneisses { Figs. 4 and
11y, According to Fitches (1971} the group was first
deformed during the Irumide orogemy, and can be tenta-
tively correlated with the Manshya Biver Group, The Maf-
ingl Group consists of quartzites that grade upwards into a
metapelite unit. The quartzites are subdivided into four dif-
ferent formations. The basal siliciclastic (conglomerate and
coarse sandstone) Formation unconformably overlies gran-
ulites and consists mainly of a ~20-m-thick conglomeratic
unit that contains clasts of the underlying lithologies. The
Lower CQuartzite Formation overlying the conglomerate
has a maximum thickness of 210 m and 15 made up of a
pure white quartzite. Ripple marks, trough cross-bedding
and reverse and normal graded bedding are the main sedi-
mentary features preserved, The Lower Quartzite Forma-
tion passes upwards into the 23e-m-thick Upper Coarse
Sandstone Formation, This poorly sorted sandstone

contains conglomeratic and pelitic intercalations, Primary
sedimentary features include herringbone cross-beds and
graded bedding, Upwards, the scquence grades into the
Upper Quartzite Formation, which forms a ~900-m-thick
package of medium-grained muture sandstones, containing
substantial amounts of detrital muscovite, Sedimentary
features include planar cross-heds and large-scale herning-
bone structures that give a bimodal current direction
between 0—40F and 160-200F (Fitches, 1971}, inferred to
reflect shallow marine, tidal conditions and/or heach
deposits, This interpretation led Fitches (1971) to suggest
a palaco-shoreline oriented east-west during the deposition
of the Upper Quartzite Formation,

2.3.7. Mvwvye, Sinda and Sasare (froups

Between the Karoo Luangwa graben and the Zambia—
Mezambique border to the south, and the Zambia—Malaw
border to the east, metasedimentary rocks of the Myvuvye,
Sinda and Sasare Groups occur, These sedimentary sucoes-
sions comprise quartzites, graphitic schists, cale-silicates,
marbles and volcank rocks. The sequence records poly-
phase deformation, obliterating primary sedimentary struc-
tures, which along with the exposure gap across the Karoo
graben, hampers direct correlations with the Muva sedi-
mentary sequences to the north and northwest, MNeverthe-
less, a tentative correlation was proposed by Daly ( 1986)
and Johns et al, (1989) based on lithological similarities,
Haslam et al. {1986) reported a Rb—Sr whole-rock date
of 596 = 10Ma (8 /%8r), = 0.71 144 = 0.00085) for the
Sasare Group volanic rocks (Fig. 5, Table 1, no. 1), and
interpreted this date to record a metamorphic event soon
after the extrusion of the lavas, If this interpretation were
correct, the Sasare Group and its correlatives would belong
to the Neoproterozoic sequences of the Zambezi belt and
would thus not be part of the Muva Supergroup and the
Irumide belt. However, little weight should be given to
the Bb—Sr whole-rock date without supporting evidence,
and more geochronological work 15 needed to resolve the
issue satisfactorily, Johns et al, (1989) attempted to corre-
late the various metasedimentary units described in eastern
ZLambia, and distinguished three distinet successions: (1)
the Basement Complex Supergroup comprising paragneis-
ses and marbles; (2) the Chitundula Schist and Cuartaite
Formation comprising quarteites and metapelites and
equated to the Manshya River Group (as they are affected
by Irumide tectonism; (2) the Mwami Formation compris-
ing pelites, psammites and metaconglomerates, unaffected
by the Irumide orogeny. In the interpretation of Johns
et al, (1989) the marbles, previously correlated to the
Manshya River Group by Daly (1986), belong to an older,
pre-Muva succession, Recent investigations in eastern
ZLambia (Mapani et al., 2001 ) have shown that the region
to the southeast of the Irumide helt consists of a series of
tectonically uxtaposed terranes, explaining the difficultics
in correlating the variows metasedimentary sequences,
Unravelling the different sedimentary successionsin eastern
Zambia awaits further work,
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LAH Are of the Mura Supergroup

The Muva Supergroup & undedain by widespread vol-
canik urits in the Bangweulu block, where rhyolitic igimb-
ritcs  occur  boncath  the Mpomokoso  Group.
ignmimbntes yield:d BEb-57 and U-Pb zircon igneous crys-
tallization ages of ca. 1.86-1.82 Ga. Within the Irumide
helt, neorrencesaf metavnleame naits withn the Manshya
River Group in the northeastern Irumide belt include the
Luswa and Kachinga metarhyoitic tuffs that yielded
SHEIMP U-Pb @ircon cystallisation ages of 1879 =12
and 1856 = 4 Ma respactvely (De Waele et al., 2003a b;
e Waele and Frzsimons, submitted for publication, Figs,
Yand 10, Table 1, nos, 77 and 67 respectively). Both rhyo-
litic tutls were interpreted as water ain volcaniclastic rocks
(Daly, 1995, Svkes, 1995), whereas pillow lavas described
in the lbangwe Group of the Katibunga Mission arca,
which yrldal a SHEIME cicon U-Flboaystallisalion age
of 1871 =24 Ma (Fig. & Table 1. no. 73} indicate sub-
aqueons extrusion (Maosky, 197% Mosley and Marten,
19749}, The similer ages for thyolite unmts in the Manshya
River Group and mmediately selow the Mporokoso
Ciroup (1868 = Jand 1860 = 12 Ma, Table |, nos. 68 and
T2y support the proposal that the two grouss are coeval.

SHEIMP U-Pk dates on detrtal zircon grains from
prominent quartsites from the Mporokoso Group, Mans-

Thesc
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hya Kiver Group and Fesama Formation { Fig. 11) were
analysed by De Waek and Fitzeimons (submitted for pub-
lication), and detrital age data for a guartzite from the
Kanona Group ncar Mutulira (Fig. 5) was prescntod by
Rainaud et al. (2002), Quartzite collected from the Muful-
ira mine area (sample MV, Fig, 12a)in the Lufilan Arc
and repressnting the sonthwestern contirmation of the
quartzites documented in the Irumide belt yielded promi-
nent age populations of 202 Ga (8%, 270240 Ga
2390 (6%), 230-2120Ga (39:) and 2.10-
Vel (Bamaud et al., 2002), with the oldest and
voungest grains at 2180=12Ma and 1941 =20 Ma
respectively (Fig, 12a), Within the Manshya River Group,
the Chembewesn Cuartzite (sample IL14, Fig. 13k), south-
west of Chinsali (Fig, 9) shows 47% of grains between 204
and 200 Ga, with the oldest and voungest concordant
wiains polding 3011 = 10 and 1882 = 30 Ma jespeulively
(Fig. 12b, [ Waele and Fitzsimons, submitted for subli-
cation). In contrzst, the Mwela Quartzite from the Kzsama
Formation (sample BLAR, Fig. 13c)yvielded z single detrital
Aircon of 1434 =13 Ma (%% concordant ), which indicates
that it & a younger sadimentary saquence (Fig. 13, De
Waele and Fitesmnons, submitted for publcation). Ninety
percent of the sopulaticn of Akcons from the Mwela
quartzite of the Kasama Formation have an age bebween
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Fig. 13. Probability density distvhanion of SHRIMP U-Fh dates for concardant detritalzircon graims from the Chembewsu Carizre (Manshye River

Crroup). Mwela Quadzie (Kasama Faormatn), Mamss Quarizie 'Mporokosa Group) and Mufulin Cartzate { Kanona Group). Deds for the Mufulina
Chiartrite are afler Ramaud et al (2002). The location of the samples is mdicated i Fig. |1, while their approximate stratigraphic pesifion is ndixated

Fig. 12.
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1900 and 2050 Ma, witk mmor contribution of older pop-
ulztions zt 2168+ 17 Ma and 2593 = 5Ma. The detrital
pactern of the Kasama Pormation is consisten: with ils der-
ivation from the Mporekoso Group to the northwest, as
previnsly angpested by Andecsen and Uneng (19847 A
zample taken from the base of the Kabweluma Formation
of the Mporckoso Group near Mansa (sample MAG,
Fig. 13d) displays vwo equally represented populatons,
meking up 8005 of the total analyses (Fig. 13d). Zircon

53

imal as wel as dital sources. Forty percent of the detrital
zircens range in ege from 1800 to 1900 Ma, while 4%
range trom 1950 to 2050 Ma. These tao populations are
clearly distinguishable, with a prominent trouzh between
19000 and 1950 Ma The nldest concordant Aircon has g
TP ™ Pk age 2710 = 15 Ma, while the youngest anaysis
provides a maximum age of deposition of the Kabwelima
Formaton at 1824 = 1% Ma (Fig 13d, De Waeke and Fie-
simcns, submitted for puslication). The age data indicate

maorphology sugeests that both age populations haveprox-  broad  similarties  of detrital zircons  baween  the
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Fig 14. S3mplified structural map of the Irumid: helt showing the structura] zones rnoognised by Dalr (1986) and discumed i the text. The peositions of

the cross-sedions shown i Fig. 15 areindicatec with dashed Fnes.
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Chembewesn and Mufulira Quartzite of the Immide belt
and gquartzite of the Kabweluma Formetion | Mporokoso
Ciroup) near Mansa and are consstent with the emplace-
ment ages of vokanic rocks underlying or imerstratified
witln Lhe seadbpentay tocks o the M paokoso aiml Mais-
hya Brer Groups, Gramtoids { 1.65-1.55 Ga) ntrude the
Marehya Biver and Kanona Group ssdimentary rocks
and thus =gt their mimmum depositionz] age. & younger
zircon withm the Kasame Formation indicates that sedi-
mentation on the Bangweulu block continued after the
1.65-1.55 Ca magmatic event.

A Structure
i1 Tetrodustion

Tae earhest structural investigations established the
northeast structural grain of the romide belt { Ackermemm,
19500, Extensive structural work by Dialy (1986) recognisad
three separate strudural zones, named Luongo, Chambeshi
and Shiwa N'gandn zone, They are charactenssd by an
increase of deformetion intensity from the nortbwest (fare-
land zonc) to the southcest (internal zonc. Thac intcrnal
zone hosts the late Mesoproterezoic Immide gramteoids,
intruding extensive pre-Mesoproterozot basement units
in the souttwestem Irumide bek interpreted as a “pop-
up” structure by Delby (1985), Daly ( 1986 described the Iru-
mide belt and its foreland in terms of a northwest verging
fold and thrust belt and irdicatec that thrust deplacement
in the belt was accommodated aleng the Mugesse transcur-
rent shear zone within the Ubendian belt to the northeast
(Fig. 2). Ths shear zone farms the northeasterr boundary
of the Trimide het  Mirar smtheastverging stret res
thronghout the belt, especially to the sowhwest, were irter-
preted as back-thrusts relaced to the major northwest-direc-
ted tarusts, & brief descripidon of the structures marking the
Irumide belt & given below, from north to south: Luongo
Fold Zone, Iramide belt =5, and southeastern Inunide belt
{Southern Irumide belt of Johnson et al.,. 2005; Fig. 14).

A2 Lasnge Fold Eone

Ir the Luonge Lone on the Bangweulu block, Daly
{ 149%6) identified a series of major basal shear zones below
the Mporoboso Group sedimenary package and colec-
trvely called them the Bargweule thrust. The Mporoboso
Ciroup sedimentary rocks overking the ~~1.85 Ga alu-
tono-volcame comzlex, define a major arcuate structure,
strongly tolded and strucurally thrust on sub-horizontal
strata to the north and west, Tedtonic transport along the
Rangwenln thrst = towards the northwest K -Ar hiotite
dates betwesn 1050 =31 and 991 = 20 Ma for Palacopro-
terozoic basement lithologies at or nesr the Bangweulu
thrust, support a linkage sevween this thrust and the Ire-
mide deformation to th: south and southeast (Daly,
19861 Ca. 11 km skortening was calculated in the Mporok-
oso Group near Mansa | Daly, 1986),

3.3 Iramide belt 5.5

In the Irumide belt 55, two episodes of deformatien
affected the rocks of the Manshya Erver and Kanona
Chooups (Daly, 1986, The calies event (D) developed
open Fy folds with upright, northeast- to norh-north-
cast-trending axial planes, Doubly phingng F, fold axzs
indicake a [3; refolding evenl. A streng Lz ineation, definsd
by sillimanite laths 17 metapelites, & well developed in te
southwestern Irumide belt and is parallel to F, fold anxes
trending 25% — (050, In the northeastern Irumide, fold axzs
related to 25 trend north-northeast and the Ly lineation
plunges 75% — 235°, The relations between Sq end 5 in
the northwesern Irumide are clear (lowsgrade metamaor-
phizm ], ot further smithesst waere the metimorphbic
grade mereases, 5; and 5; fibrics become domimant. Con-
tractional deformation in the Irwmde bel: induced north-
westery thrusting onto the Bangreulu bock (Fig. 1<),
Up to &0 km of shortenming is inferred to have ocourred in
the Manshya River Group m the northeast of the Iromide
belt (Shiwa N'gandv thrust, Fg. 14), Thrusts within te
supraaustal sequence and ductile deformation at the base-
ment-cover comtact in the southwesterr Irumede, near
Mkushi, suggest thet the Kanon: Group was detached
from its basement, whik shallow plunging incations
throughout the Irumide belt confirm a northwes<directed
tectone  transport. Minor back-thrusts are reognised,
especiclly in the sovthwestern Irumide belt, preducing a
doubly-vergent charzcter. Tae thrst interface in the south-
western Irumde is charactenised by strong mylomtisation
of metpelites and quartzites at the hase of the Kanona
Ciroup. Fig. (5 shows twe schematic sections across the
Trnmide helt in the northeast and smithwest respectively
(approximate locations of these section: are shown in
Fig. 14).

34 Seutheasiern Iramide belt

Johns et al. (1989 recogmsed five deformation events in
castern Zamba, the two ascribed o the Irumide orogeny
revanding ponthwestaly teclonic segeies, Howewer ouly
three of these five deformetion events can be correlated
on a regional scale, one related to the Irumide deformation,
and two to Pan African events, Mapani et al. (2001) pro-
posad a tentative terrane sabdivision of the southeastern
Irumide belt, and suzgested that eostern Zambia is under
lain by a series of tectonic terrane stacks, inchidingthe para-
utochthonous Sereme, Luangwa and MNyimba terrames,
which they regard as part of the Irumide Crogen (the region
iz referred to as the Southern Irumide Belt 3y Johnson et al.
(A} The tactomicvergenes in thess terrenes is alan to the
northwest, Daly (1956) inked the Mesoproterozeke defor-
mation events in the Lurio belt of northern Mozambigae
w the structural developmeat of the Irumide belt and pos-
tulated the exstence of a pre-Mesoproterozoic mirocraton
{the Miassa craton) in southern Malawi, to explam the var-
iation of structural vergence along a section running from
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the Irumide balt, across sovtheastern Zambia, southern
Malawi znd into northen Mozambique (Fizo 15b). More
waork s nocded in the southeastem Irumide and adjaccnt
Malawi znd in norhwestern Mozembique, to unravel this
strongly averprinted and complex errane.,

4. Metamorphism

The general distribution of metamorphic facis in the
Irumide selt 1z given n Ramsay and Ridgway (19771 and
Ridoway and Ramsay ( 1986). The Irumde belt lies entirely
in a northeast arented  amphikbalite- greeschist grade
metimomhic zone of tie above authors (Fig. 16). Two
metumorphic episodes (M, and M) are correlated with
the 5¢ and 5; fabrcs tat developed during [y and [D:
resprcLively, with U cegional stowctuial grain of e el
developad dunng Dz, The Irumide belt & characterised by
an ncrezse of melamorphic grade, from sub-groensdiist
to greenschist facies in the fareland to the northwest, to
amphiboite facies end localissd grenulit: facizs in the inter-
nal zone of the bedt to the soutbeast. The metzmorphic

assembhges  moarke  low-grade  greenschis  fades, with
chlorite + muscovite + albite = epidote, in the Mporokoso
Giroup and arc linked to the main thrusting cpisode, [,
Tte rocks of the Masshye River and Kanona Groups
inerease in mewmmorpaic grade from greenschist in the
naorthwest toamphibolite facies ir the southeast. The abun-
dance o kyanite and sillimarite indicatzs medium-pressure’
medium-temaeratire (Barrovian type) conditions, A areli-
minary study of metamorphem inthe *erenje area { Mz pam
and Meore, 1995; Mapani, 1999, led to the idestification
of the ‘ollowing metamorphic zones, from northwest to
svithensts  hintte — gnrmes — saurdite — kyanite — =l
imanite Sillmanite + cordierite — gamet assemzlages are
common in migmatites and paragneisses ir the far south
castern corner of the Serenje arsa (Fig. 3. Mapani and
Boowe [1993) and Mapaoi (199%) also ropat the weads-
tence of sillmanit and kyamte in recrystaised quartzite,
and textural relations in metapelites indicatirg stauro-
lite + gedrite+ kyanite (M;) beng replaced by =ilima-
nike + cordierite + gednte + hornblende (M), followed by
the growth of kyanitz replacing silimante + cordierite
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Fig. 16, dmmplifiec metamorphic map of Zanbia (after Ridgwey and Ramsay, 1386).

along the 5 fabric. In the Sermje ard Kanona arcas
(Fig. 2), Myis generally obliterated. However, ir the Mku-
shi and Mdabala arsas (Fig. 3), Btillman (1965 records M,
as hotite + zarnet — quart: + muscoviteand M, as musco-
vite + kyanmice + quartz + andesinz, In the Kajona arca
(Fig. 3), Vrina (1972) reports vridine [ALMn, FejaSilke,
the manganese varisty of andalusite, to ke intimately azso-
cinted with gnhmite | Fn Al ), the zine spinel, alomg the 5.
fabri. Viridine n the Mz assemblage likely records a ate
[3; docrease of pressure. These textural relations indicate
that the meamorpaic evoution in the southwestern Iro-
mide belt wes quite complex.

Inthe nostheastern Irumide, the more feldspathic lithal-
ogles are poor mdicators of metamorphic grades, The
metadelitic anits commaonly contain the assemblage bio-
Lite = ganel T nussovile o stanalite = gaoael + hiotie
indicative of medium pressure/medium temperature (Ear-
rovian type) conditons,

Available data indicate a clockwise P-T—¢ path duning
the syn-kinematic M, prograde Irumide metamorphim
{ Mapanm and Moore, 1995 Mapani, 1999, This clockwise
P-T-t path marks the crustal thickening stage o the orog-

eny, wich ended with exhumatior closely followed by a
reheatng episade coinciding with the widespread smplace-
ment of granite bodies recording igneous erystallisation
ages similar to the age of metamaorphic rims of arcons m
gnetsses and migmatites (see below],

Crranulite tacies rocks are rare in the Irumide belt, and
are  clnopyroxene—orthopyroxene-bearing  parsgneisses,
cowexistng with sillimanite-hearing meisses at the margins
of batholiths Daly, 1986) 17 northeastern Zamba, Thes
assemblages do not record regional metamorphc grades
as they were linked to contact metamorphism Sy kes,
190 5) with granulite facies assemblages marely extendirg
over more than a few tens of metres,

The timmg of Mz peak metamorphism 17 the scuthwest-
ern Irumide helt is constrained by SHEIMP U-Pb zircon
dates Do low-ThU netown plic s oo cicans o
migmaitic gneisses in the Serenje ares, which range
betweer 1021 = 16 znd 1008 = 5 Ma (samples SER 6-6
and SER 6-Tin Fig. 7, Tabe 1, nos. 13 ard 16, De Wace
et al, 2003c) Similar metamorphic zircon rims from a
gnetss in the northsastern Irumide belt near Chinsali

(Fig. @ Tabkle 1, no. 12) vidded a SHEIMP U-Pb zircon
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date of 1004 = 16 Ma (De Waele, 2005 In contrast, meta-
maorphic rims on zircon Tom an Archacan (2608 = 14 Ma)
dionte-granodiorite gneiss near Luangaa, south of Serenje
(Fig 5 Tahle 1, nn 33, wvielded o LA-NCP-ME date of
104 = 19 Ma (Cox et al, 2002). Thiz gneiss repressnts
an Archasan basement, reworked in the Irumide belt,
and the metamorphic @ircon mms date peak [romide meta-
mnplize, A U-Flbomooaeite date of 10440 £ 3 Ma, ioter-
preted to date peak metamcorphism in granulite gneisses
near Chizata [Fig. 3, Table |, no. 34, 5cherk and Appel,
20003, indicates that peak metamorphizsm iz ~20 Ma older
in tyw southezstern Irurnde 2elt than m the Irumide belt
5.5 Peak metamorphism is inked to crustal thickenng
between ~ 10540 and 1020 Ma, as the metamorphic sges
overlap the age-range of syn-kmematic Irumide gramteids
(e Wacle et al., 2003c),

5. Magmatism

Siz detinct igneous events mack the evelution of the
crustal sacton affected by the Mesoproterozoic Irumide
deformation. Rocks emplaced during the firstigneous event
inchide  Archacan  granite—tonalite  gneisses  emplaced
between 2,72 and 261 Ga (Fig. 5 Tablke 1, nos, 108 and
1(#, Meoarchaean rocks are known only at two localides,
one north of Kapn Mposh. and one east of Luangwa
(Fig. 5). The second igneons event = widespread and
inchide twro dosely-spaced, sub-snites (termed Group la
and Group 1 b) madz of variably deformed plutonicand plu-
tomo-volanic bodics crnplaced betweoen 205191 Ga and
1 85-1.85 Ga respactivdy, The Palacoprotrrozcic mag-
matic rocks within and underlying the Irumide bell are out-
side the scope of this pape: and will not be discussed
turtier.

The third igneous event itermed CGroap 11includes bo-
tite arthogneisses that yislded zircon ignzous crystallisation
ames between ~L6F and 1.55 Ga, The fourth igneous event
(termed Growy 11, 15 representad by a nepheline syemite
and a bistite metcomnabte emplaced at -1 36-1 3305 in
the extreme northeast of the Irumide belt. Group 11 and
Giroup 11 igncous rocks pre-date the Irumide orogony,
but they are briefly discussed m chis paper because they
extend inwe the Mesoproterozoic, The youngest igneous
event is recorded by large bodies of peralummous, K-fzld-
spar-phytic to megacrystic Hotite granites, folisted por-
phytitic Motite granitz=s  and  garnetifercus  two-mica
granites (Group 1Y) that vielded Arcon ignecus crystallisa-
tiom ages of 105095 Ga, cooval with end post-dating the
peak of tie Irnmide orogeny. Group 1V igneous rocks rep-
resent the main magmabe episnde directly selated to the
Irumide arogeny.

An atternpt was made by Temba et al. {2002 to chasae
terise the various gramitoids of the Irumide belt, Tembo
el oal, (2002 wwpontal very simila gooclomical chaacicnis-
tics for all granite suites, which were subdivided into pre-
syn- and pos-tectonic granitoids, Acording to Tembo
et a. (2002), all suites are cheracterisad by hgh potassum

content. strong enrichment in LILE and HFSE and low
Tid; content, keading o the interpretation that all grani-
tods hed incorporated significant amount of crustal melt
with cal-alkaline affinty We hee present new paneherni-
ca data on selected samples of the granitic snites, meluding
major elements (1CP OES) and trace slements (ICP ME),
These data are summanissd n Tebles 2, 3 end da—d.

5.0, Gieaup 1l pre-Trumide granito’ds (1.65-1.55 Ga)

Cirovp 11 granitoids exposad inthe rortheastemn Irumide
belt betaeen Mpika and Chinsali (Figs, §-10), are gneissic

Table 2
Feresentative major and trace element gecchemistry of Group 11
gramtmds (1L65-1.55 Ga)in the Irumide helt
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Table 3

ERepresentative major and trace ebmemnt geachemistry of Grougp I phitanic rodes ( Group 1T granitods | Mivula syenite]] in the northeastern frumide helt

{data from Temba, 1586)
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and folizted granitoids, known as the Mutangoshi Gneissic
Ciramite and Luw Grarite Gness, In tie southwest,
between Mpika and Mbushi | Fig. 6 and 7), Group 1 grani-
toids are known as the Lukamfwa Hill Granite Gaelss,
Ciranitoids and orthogneisses of this group were previously
poarly dated, but regarded to be reated to initial stages of
e Diode wogeay i e gontheast (Daly, 1%86), wm
undated but presumed to pre-date Irumide tectonism in
the southwest, where they were ascribed to the Palacopro-
terozoic Mlushi Gneiss Complex (Stillman, 1965,

Cirous 11 gramtoids form plitons of grey hiotite s,
containing biotite {locally retrograded to chlorite) or bio-
tite = hernblende. Based on field relations indicating that
they intrude the Muva Susergroup. and the strong morth-
to norti-northeast-trendng  folation, the orthognelss
complexzs were assumed to be syn-kinematic mtneions
with respact to the Irumide compressional deformation
(Stillman, 1965; Smith, 1966; Page, 1972; Cordiner, 1977;
De Wade and Mapam, 2002). Daly (1985) interpreted
Uz wnhogueisses as pe-kiematie otz deloonsd
together with the supracrstal metassdimentary sequence,

The Lukamfwa Hill Granite Ciness in the southwestern
part of the Irumide belt mnges frem coarse phenoorystic
varketies to finer gramed phases. In the type locality of
Lukamfwa Hill m the Serenge area these recks comsit of
coarse-grained, Kfeldspas-phyric grantte gneiss, with a
strong rortheast foliation defined by hotite that wraps
stretched microclne phenocrysts, imparting an augen tex-
ture, The gneiss & intensely folded, with 1socimally folded
quartz veins and axial planar 5, botite foliation defining
a first deformational event. A cremlation of the hiotite

foliation along a northeast 5, folistion defines a second
deformaton. The two deformatioral events are recorded
in both the coarse- and fine-grained gneisses,

The Mutangoshi Usneissic Usranite and its equivalents in
the Chireali area (Fig, 9) form large bodies of strongly foli-
ated grey biotite orthognets, aflected by east—west discrete
shear coes, The pocks contain abuwsdant Diotite (ocally
retrogressed to chlorite) or hiotte + hornblende, They
show evdence of polyphese deformation, with a north-
enst-goubnrest gneissic fabric cut by steep sist—west shear
zones accompaned by C-5 fabric and step lneations,
MNumerons melt veins intrude the gieiss and display ptye-
matic folds along east—west axes. Daly (1986) imterpreted
the Mutangoshi Gnetssic Granite as a pre-kinematic intru-
sion, deformed together with the supracrusta sequence, He
pointed out that the deformed gravitoids are closely asso-
cated with amphibolites and suggestad that the two belong
to a pre-kinematic extensonal bimodal magmatic event.
The Muangoshi Greissic Granite ocours together with a
conupansitoually ey similar soilte of younger  greniles
called the Chilubanama Gramte (Daly, 1986), which
belong to Group IV graniioids (see below).

The Musalangs CGneiss in the Luswa Biver area, previ
ously equated with the Mutlangoshi Gneissic Granite (Daly,
1986; Sykes, 19495), yieldd a SHRIMP U-Pb dae of
1610 =20 Ma (Fg 9 Tasle 1. ne. 58 De Waele et al..
203, The Lubu Gramte Gneiss, which was previously
assigned to the Palacoprokerozoic Basement | Daly, 1995),
viekled 2 SHRIMP U-Pb zircon date of 1551 = 32 Ma
(Fig. 9, Tabk 1, no. 57, De Waele et al., 2003). Ia the
southwestern par: of the belt, the Lukamfwa Hill Granite
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T 053 0z7 0445 all 0.17 0zx 02 .77 0.6k s
Pally 0,04 008 012 a1l 0,08 0.7 .10 ki) .10
Lot .00 aal a.al iz a.al aial 0.1 aial a.al
Taoial .19 983 R 9501 99.33 2a.11 9,92 10159 ¥3.51 99.79
Rh HRE 1947 .7 2543 ZE03 1293 1.0 54 155.7 Zlog
] .7 62 A | 7 L1 13 59 21 .7 4
Fh 364 I4E 126 ng 17.0 429 Py | T 19.5 450
Ba 1432.0 725D 1346.5 e 7204 TTAS 45951 15514 9559 070
Th 125 189 2.0 7. nl 189 1.0 158 154 410
u L4 22 L& 15 54 0 1. as g 40
Nh 253 128 12.4 610 M8 99 7.8 JUES 131 150
La 531 50 6.3 139 45.2 513 126.2 170 &2 1215
Ce 125 568 127.3 303 .7 1188 480 L7 ELT Z4R0
Ar 125.7 790 1685 749 E7.9 82 THI.& 1041 178.1 154
Pr PUR .7 125 32 .7 1.7 4.2 I8 0 80
Md Loi 213 .3 108 .7 ®13 4.2 154 .4 1035
Zr I6R.6 1541 1533 1224 196.5 123 751 1960 127.4 M0
3m 69 43 G4 5 T gl 17.0 I8 6.5 180
Eu Lo 04 L3 a5 .7 13 EX] g L& 10
G 51 29 &3 21 51 5z JLiR) 19 &9 165
Th La as a7 a4 a9 a7 L7 as Lo 0
Dy &3 15 18 23 &3 19 1. 18 19 114
ki 215 65 138 159 .7 17 1.0 124 19.3 480
Ha 7 0z 0% a4 0.7 04 Lo e .7 2l
Er L9 a6 L1 Ll 20 10 29 Ll L7 58
Tm a4 al 0z az a3 al s 0z 0.z 14
Wh 22 04 .7 10 1.7 0s 18 Ll Lo 49
Lu 0.4 ol al az L ol 05 al 0z 0g
In 5.0 427 6.2 190 21.7 I5E 126.3 52 553 550
Cu 14.2 59 58 128 7.4 30 L8 123 a.l 0
Mi &3 Gk iE 18 3 16 .7 58 50 100
Cr 114 168 a1 i 7. 7. 5462 129 122
Cao 16.1 104 130 127 735 229 9.0 75 3.5 190
Ga ik 3 154 18.1 103 19.9 o0 4.5 28 17.4 230
Hf 6.8 43 LR 22 54 35 X 49 6 &0
3n 23 13 .7 19 21 g LE 10 L3 30
Ta 7 ik LK 7 .7 13 1.2 s 22 a0
w &5 65 5z 1ol 5461 169 124 138 T 1540

Gneiss, yielded SHRIMP U-Pb zircon dates of 1664 =4,
1652 £ 6, 1639214 and 1637 212 Ma (Fgs, 6 and 7,
Tahble 1, nos. 59-62, De Waele et al, 2003,

Major element analyses of Group I granitoids (Table 2)
show a uniform composition, with a relatively small range

for most oxides (510 = 693877300, Ty = 0,26~
(L58%, AlxOs = 11 91-14.08%, total FerOs = 1434100,
MpgO = 0050400 NaO0=218-352% and K0

41546534, In the Q-A-P normative classification dia-
gram, these granitoids plot in the field for monzogrante
(Fig. 17a). The distribution of the datain Fig. | Thshows that
these rocks range from metaluminous to peraluminous, with

peraluminous compositions dominating, Their alumina sat-
uration index  (AS] = molecular ratio AlLD . Cal +
Na, () + K.0)) ranges from 080 to 1,18, and K20/Na,0

are potassic granitoids { Fig. 1 7e).

Croup Il granitoids show a wide range for Rb
(172-493 ppm), Ba (370-145 ppm), Zr (77-637 ppm),
51 (16-86), Nb (2681 ppm) and Y (24-211 ppm). In the
diagram K versus Bk (Fig. 17d), these granitoids define
evolution trends similar to the magmatic trends defined
by gramtoids not affected by significant post-magmatic
“alteration’ and are characterised by K/Rb ratios between
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04 [ [ KE1 KM KN4 KNS EKNT EKME KHEh
Fihy T5TI TAAY 7410 [ 7201 "z [T T52E G308 IZAS
Al 1252 1355 1312 1494 1340 469 1352 1374 1572 1455
Felly 1655 412 2 174 246 1.&1 5 133 T 268
Kn
Mgt [T wa [~ Es s wan 1251 s i wEs
Cal) naE 241 162 265 130 124 296 0 L5 170
M0 275 295 254 208 23 28l 264 27 23 26
K20 421 172 14 4 &S 455 4,90 331 435 s 490
Tk 0zl a7z 045 051 048 0 1.05 0zl 0.5 nsl1
Py s als 005 014 ol 0.2 a.1n all 0l als
Lot a1 0ol a1 0.l 0 0.l 0. a1 0.l a1
Tantal 2871 101.74 LEEn o807 LE %07 2 2891 7.7 1004
Eh 1835 140 684 4 mrE 2.2 177 2847 M5 HMOE
(] 15 15 13 1.2 23 T 54 25 48 59
Ph 57 3 177 472 73 iz 19.1 4n3 6z T
Ba 10322 17620 ligan 14011 16428 1086.0 LR 5194 ST TAES0
Th 154 50 20l A 125 Al 124 X% ne 1%x
LI h 14 7 1o 1= 7 13 25 1.2 0
M 169 129 104 1 195 Ak 5.0 154 L [EN]
La 551 XNE 7546 ELE 476 a8 5 L] 321 1595 1547
Ce 1nmuz T3z 1537 192.5 17wl 117.0 7.7 EES 7.9 1528
Sr 1144 I3 1712 161.2 1304 1509 &0 1044 9.5 SEAE
Pr 111 T 144 17.1 103 03 96 (3] 9 187
Md 365 et S04 &2 1 378 iS5 IS4 240 10zl 58
ZIr 1885 7 1264 1771 1143 223 [1E] 2065 124.0 72
Sm 70 59 1ol 1.8 Ed [ 7 49 9.9 187
Eu 09 14 14 A | 21 e 15 06 16 13
G 51 46 7. 9.3 T4 6.1 3l 124 1z0
Th UK 08 13 1.5 12 s 1.1 0s 1.9 15
Dy 16 42 63 67 19 i} 54 3 7. T
Y 184 mE 186 W4 9% 9.8 11| 104 =4 nzx
Ha 0s 7 10 1.2 11 0z 10 [ 1o 11
Er 13 0 12 3.2 L1 .7 25 7 7 25
Tm 0z [ 06 s 04 ol s ol 0 04
Yh UK 18 19 0 25 0E L] 7 L& 19
Lu 0z [ 06 0.4 ns ol s ol 0z 0z
ZIn 423 Q55 S03 ™S 590 8 ™. 469 553 05
T 33 128 &5 14.0 EE: 3.7 43 15 7.5 s
Mi 0 44 15 19 25 4.2 0.7 T 108 1na
Cr 99 1z0 120 7.0 4] a1 M9 .7 il | 42
Ca 1.z 1746 135 751 163 (1% 3 (1] 18.2 190
= 183 187 177 327 203 12 CE 175 17.8 195
Hf 49 21 15 A | L1 LX) 14 3 7 7
Sn 14 1o 14 1o 13 27 1.1 23 1.9 23
Ta 12 04 06 27 as 19 [} UK 1.1 7
w 7.1 T 4 FLE] 121 ELE] 18 5z %7 I
130 and 240; therefore, the alkall contents in these grani-  toids &5 collson-relatsd,  rather  than  anorcgenic
toids are likely to be close to the original compositions, granitoids,
The relationships between Bb, ¥ and Nb (Pearce et al., The rare-carth element (BEE) contents are 626-1611
1984; Prarce, 1996, Figs 17e and f) suggest that these  times  chondrtic vales (normalisation  values  after

gramtods are either anorogenic within-plete granies or
late to post-orogenic grantoids, However, stongly peralu-
minous CoOmMposions are not Common N anorogenic set-
tings  (Sylvester. 1989 Pitcher  1997), and where
peraluminous granitoids were documented in anorcgenic
settings, they usaally represent rocks affected by strong
post-soldus hydrotherma alteration and are documented
together with akaling'peralkaline gramtoids (Konnaird
and Bowden, 1991 ). We therefore interpret Group 1 grani-

McDonough and Sun, 1995, Fig. 18a), ewept for [
Lar™ b values fall m the range 4.4-18 .4, The light B
(LREE) dieplay a fracticnated pattern {Lay/Smyg: 28—
4.4), whereas the heavy REE (HREE) are marked by
nearly flat patterns (GdyyYbeg: 1.1-2.00, All the REE pat-
terns display a negative Eu anomaly (Eu/En”: 0,240 48;
where Eu” 15 denved by lincar imtzrpolation between Sm
and Cidi. Multi<lement patterns of Group 11 graniboids,
normalized to primordial mantle, show negative anomalies
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for Ba, Wb—Ta, 51, Euard Zr—Hf (Fig. 1 8k). These features
mark gramtods emplaced at convergent plate margins or
crigingting from partial melting of crustal -ocks, However,
the discrimiration diagram plots indicate that these are not
arc grenitoids and therefore their geochemical signatuce is
inherited from panial mehing of crusul rocks. The absmce
of any structural evidence for orogeric activity a; ca. 165
1.55 G in central Africe suggests that this crustm] melting
event & unreated to an orogeny and linked to underplating
of hot mantl originating magmasin the crust atthat tme.

5.2, Girowp I pre-Iremide phitony rocks (1.34-1.37 ()

Group U1 intrusive bodies are known only n the far
northeastern part of the Iromide belt, and consst of a
nepheline svenite and deformed biotite zranite, The nephe-
line syente of Mivula Hill covers ~1x 4 bm (Mewton,
195 Tembo, 1986) and 15 located in the Muyombe area
(Fig. 4). It is a medium-grained, locally porphyritic, neph-
elinz-rich intrusion, with sedalite veinlsts. Minor acgirice
syenile avd a sleaed liotile syeoile coeast wilh e aeph-
elinz syenite. The Ntendele motite gramte of the Muyombe
shest (Fiz. 1) consists of folived biotite gramte, with
strached K-felspar phencerysts. The pliton was linked
tor che e 190 Ma Nyika Cirantte svite hy Ring et al
(1997},

A Rb-Srdate of 1341 = 16 Mz (Fig. 5, Table 1, nos. 52
and 55) for the Mrua Hil syente { Tembo, 1986) 15 sup-
ported by a " Ph™Ph evaporation date of 1360+ 1 Ma
(Vrina etal., 2004, Fg. 5, Table |, nos, 52-55). The Nten-
dek hiotize granite yielded 1 ™ Ph™Fh evaroration date
of 132% =1 Ma(Fig. 5 TaHe 1, no. 51, Vrina et al, 2004,
These two dates indicate a ~1345 =15 Ma igneous event
confined o the northermmost Irumide belt.

Major element analyses zre reported for the Mivala sye-
wite by Teabo (198G ) and we given o Tabbke 3, These data
show relatively low S0 (average 53 46wt ) versus high
alleali (MazOx 5300 1650 Fa00 702 9400 and Al
( 19.52-24.86%) contents. M g0y and Cald are in the range
001 7=1 72% and 010 353 B4 respectively, These rocks onm-
tair normative nepheine and leucite, Ther ASI & dose o
or ower than | (Fig 17k and their B0 Na.0 ratio s
between 061 and 1Le0 (Fig 17c). Note however that the
B /MNa rato 1s aways <1, Taere ave no REE data avalabie
forthese rocks. Tembo (1986) pointed out there areno fez-
tures supportng syn-orogenic int-usion of the Mroala sye-
nite and therefore he suggested that the intrusive complex
was emplioed 17 an anorogenic sstting.

5.3, Growp TV svn- to lnte-kinemaic frumide praniteids
{05095 (Fu)

Sym ta late lanematic Irumide granitoids include the
Bemba Batholith (Lafila Granite), the Kamga Granite
and the Chilnhanama Grarite complexes in the noctheas -
ern Irumide belt and have been described in detail by Daly
(19860, They also meclude large volumes of porshyrite
granites chroughout the belt. Group IV granitads are
homogensous, with sharp mtrusive contacts, and contan
abundant xenciths of Paleeoproterozoic gramte gnetsss
and metzsedimentary rocks belonging to the Manshya
River/ Kanona Groups. The porpayritic granibes are coarse
graned and commorly contain abundant aigned micro-
cline megacrysts, Solid-state fabrics in Group IV grenitoics
are heterogeneously detributed throuzhout the rumide
Lol A woak Moliation s paatcolaly deselupod ean Ue
marging of imrusive bodes, and the phenocrysts are
aligned prallel to the moasgins, In some cases, a highly
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Am 6l 19.1 s 0 1ol 165 T. L3 12.6 ln4
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i 58 138 202 256 T 135 53 15 0.7 6.1
Th 10 25 .7 05 14 4 0% 0.8 21 La
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W 03 S84 1164 17.7 LR ¥ 613 M0 ] al.d =1
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Cr 20 .7 20 4 14 ] 1379 25 1450 .z
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strained matrix wraps around rigid microchne phenocrysts
in gramtoids, whike locally a mylonitic fabric occurs along
northeast-trending shear zones,

Extensive shearing and mylonitisation has obscured the
orginal contact between the Group 11 Mutangosh Cinets-
sie Grranite and the younger Group IV Chilnbanama Gran-
ite, However, subtle decrease of gruin swe m the
Chilubanama Granite towards contact with the Mutango-
shi Gmeissic Granite, interpreted to record chilling of the
former against the latter, and the presence of migmatitic
gramte pods within the Chilnbanama Gramte, interpretad

as rafts of the Mutangoshi Gneissic Granite, suggest that
the Mutangoshi Gnessic Grante and the unfoliated Chilu-
banama Gramte are two distinet magmatic bodies, Two
samples of what was previously mapped as the Mutangoshi
Cineissic Ciranite near Chinsali (samples MTGG 1 and
MTGG 2) yielded SHRIMP U-Pb mircon dates of
1027 £13 and 1055 =13 Ma (Fig. 9, Table 1, nos. 20
and 39), These samples were collected near the tectonised
contact between the Mutangoshi Gnessie Granite and
the Chilubanama Granite, and date the igneous crystallisa-
tion of the latter. Samples from strongly foliated and
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mylonitic Mutangoshi Gnessic Granite yielded a Rb-Sr
whale-rock date of 1407 =22 Ma (Fig. 5, Table 1, no.
56, Daly, 1986), Apart from the two samples collected near
the tectomsed contact between the Chilnbanama Gramte
and the Mutangoshi Gneissic Granite, no samples were col-
lected from what can unequivocally be ascribed to the
Mutangoshi Gneissic Granite, At this stage, the reported
Bb-5r age of Daly (1986) has not been confirmed by a
L-Ph mircon date, but in our view could have been calen-
lated using data that possibly includes phases of the Chilu-
banama Granite, and thus reflects a mixed age between
Ciroup 11 and Group IV gramtoids. An alternative inter-
pretation s that the age reflects partial resetting of the
Eb—5r system and can as such not be ascribed to a geolog-
ical event,

Daly (1986) reported a nine-point Rh=Sr 1sochron of
G47 = 89 Ma for the Lufilh Granite and a U-Ph #ircon
upper intercept age of 970 = 5 Ma for the Kaunga Gramte
(Fig. 9, Table 1, nos. 3 and 4). SHEIMP U-Pb sircon dat-
ing by De Waele et al. (2002, 2003a,c) vielded crystallisa-
tion ages for Group IV gramtoids ranging from 105 to
054 Ga as summarised in Table 1 and in Figs, 6-10, Near
the junction between the Irumide and Ubendian belts, Ring
et al. (1999} reported " Ph/™Ph evaporation and TIMS
zircon dates between 1,12 and 098 Ga (Fig. 5, Table 1,
nos. 41, 42-47), but indicate that the dated granitoids ocour
within major shear zones, reactivated durmg the Mesopro-
terozoic and then during late Pan-African, at ca. 550 Ma
(Ring, 1993 Ring et al, 1999,

Major element chemical characteristics of Group IV
intrusive bodies | Tablkes 4a—4d) indicate a substantial com-
positional variation (S10: = 6465-T7 89, Ti: = 0.07-
137, Al = 12.14-16.1 T, Py = (L6595 1%,
Mgl =011-248%, MNaz0= 1E-3163% and K0
1 897 59%). In the normative classification diagram, the
granitoids plot in the fields for monzogranite and granodi-
orite (Fig. 17a). They are metaluminows to peraluminous
(Fig. 1 7h), with peraluminous compositions predominating
(AS]= (L88-1.73) and have K20yNaz() ratios greater than
1 {Fig. 172). The K/Rb ratios range from 110 to 266 and
the data define a magmatic trend consistent with unaltered
granitoids (Fig. 17d). The trace element concentrations are
varable m Group 1V granitoids {see Tables 4a—4d). In the
discrimination diagrams of Pearce et al. (1984) and Pearce
(1994), these granitoids plot in the fields for continental-
collision-related syn- to post-orogenic granitoids, arc gran-
ites and within-plate granites (Fig. 17¢ and ). The domi-
nance  of  peralummnous  compositions  and  the
emplacement during the paroxysm of Dy/M. or during
the late- to post-kinematic stage of the Irumide orogeny
indicate that these are not arc or anorogenic granitoids,
They represent felsic melts originating from partal melting
of the crust durmg the Irumide orogeny. The overlap
between the age of these granitoids and the Barrovian-type
metamorphism support this interpretation.

The REE abtundances are 101-849 times chondrite
(Fig. 1%, e and g). The REE patterns display a negative

Eu anomaly (Euf/Eu® = 0,150 88) and are characterisad
by Law by values in the range 974, The LREE display
a fractionated pattern (LayySmyy = 28-6.6), while the
HREE are marked by sub-flat patterns with Gda/Y by
between 1.5 and 9.0, The primordial-mantlke-normalised
patterns of these gramtoids show negative anomalies for
Ba, Nb-Ta, Ce, Sr, Eu and Zr-Hf (Fig. 18, f and h).
The geochemical data above are consistent with derivation
from crustal partial melting in a convergent setting.

6. Regional implications and tectonic models
6.0, Age of pre-Irumide basement

The dominant pre-lrumide units exposed in the Irumide
belt are ~2.05-1 85 Ga igneous rocks and closely related
~1 85 Ga Muva Supergroup metasedimentary  rocks.
These units represent the main component of the Bangwe-
ulu block, while Meoarchacan rocks represent a smaller
component and are exposed at two localities in southeast-
ern  Fambia, The Archacan to  Palacoproterozoic
Bangweulu block crust has been intruded by a soite of
crust-origmating  granitoids between 165 and 1.55Ga.
Available data do not mdicate a metamorphic event asso-
clated with the intrusion of these granitoids, and more
work is needed to elucidate their significance in the tectonic
evolution of central Africa.

6.2, Age of the Muva Supergroup

Previous workers { Daly and Unrug, 1962; Unrug, 1984)
assumed that the Muva Supergroup is Mesoproterozoic m
age. SHRIMP U-Pb zircon geochronological data
reviewed in thi paper (Table 1, Figs. 5 and 12) show
instead that the Muva Supergroup was deposited between
ca. 185 and 1.65 Ga, This iz indicated by: (1) the absence
of detrital zircon younger than ~~ 1,45 Ga (Rainaud et al.,
2003; De Waele and Fitzsimons, submitted for publication)
and (2) ~1 88185 Ga rhyolites interstratified within the
Muva succession (e Waele and Fitzsimons, submitted
for publication). These data indicate that deposition of
the Muva Supergroup overlaps with emplacement of late-
Ubendian potassic calc-alkaline wolcanic and plutonic
rocks in the Bangwenln block., Furthermore, the geochro-
nological data suppaort the coeval deposition of Manshya
River Group quartzites and Mporokose Group sedimen-
tary rocks, As such, the Manshya Rver, Kanona and
Mporokoso Group are related to the evolition of the
Bangweulu block, and the adjacent Palacoproterceoic
Ubendian orogemc system, as previously suggested by
Andersen and Unrug (1984), Kabengele et al. (1991 and
Kapenda et al. (1998),

Tembo and Porada (submitted for publication) reviewad
the distribution of the Muva quartzites and possible corre-
latives in Zambia and showed that they possibly extend
outside the Irumide belt, e.g. within the Zambezi belt, They
also suggested that these quartzites might be lateral corre-
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lattves of the abundant quartzes described m the Kibamn
bet in Katanga, DRC, Hanson (2005 suggested. on this
ground, that the southcast Kiberan { Katanga, DRC) and
Mava (Zambia) sedimentary basins were originally contn-
uome, Detrital provenance study on guartsites from the
Kibaride belt m Katanga record 1.3% Ga detrita zircons
{ Kokonyangi et al.. in press) and the same apply for part
of the succession in the northern Kibaran belt (Cutten
etal, 2004), placing a maxmmum age on these successions,
Tte only sedimentary package within the Irumide belt that
coald possiblyrelate to these Msoproerozoic sequencesin
central Africais the Kasama Formation on the Bangweulu
block, which contains detrital mircons as young as 1.43 Ga
| Le Wacle and Fitzsimons, submitted for pablicaion),

.2 Tirniny o) froewide Qe onivem

I'cak Irumide conditions have boon constraimed at
1021 =16 and 1004 = 16Ma through low Th/U zircon
overgronths in higk-grade gramtoids and gneisses within
the Irumide belt == (De Waele et al, 2003c, [ Wacle,
2050 Previous estimates in the southeastern pars of the
Irumide belt place the tming of peak metamorphic condi-
tions atl 1 = 3 (Scheak ard Appel, 2002) Ma and
1042 = 19 Ma(Cox et al., 2002), These datesindicate a da-
chronows metamorphic front across strike, consklent with
compressional arc tectonies along a convergent margin.,

fi. frunagde basm

The first madern tectonic inerpretatdon of the Irnmide
bet is that of Daly (1986) whko proposad that the belt
foarmed during closure of 4 Mosoprotarozok maring basn
wrthin which the Muwva Supergroup had accummlated.
Hwever, the data ia this paper show that there 13 no e0i-
dece for an extensional sedimentary basin (equivalent to
the firststage of the Wikon-cyele) that opened after the
Palacoproterozoic Ubendian orogeny and was dlled by
sedimermary ssquences that underwert orogenesiz for the
first time during the late Mesoaroterazoie Irumide orcg-
eny. In fact, the Manshya River/Kanma Group suocession
of the lrumide bel: represents the deformed Ubendian
malasse sequence, while the Mporokoso Group on the
Hangwenlu block foreland to the Irumide selt represents
the undeformed Ubendian mo asses. To date, extensive
Mesoproweroeaic sucessicns deposited along the southern
margin of the Bangweulu block are yet to bz idemified. In
our view, the caposed par: of the Irumide kit lics outside
the main site of cloaure of 4 Mesoprokeroeoc oceen to the
soatheast. Meoproerozoic oceanic aust has besn docu-
mented to the southeast of the lrumide bell in the 1.4 Ga
Chewore complex in Zimbabwe Johnzon. 19991, roviding
evidence of anoceame realm to the sovtheast as far hack as
1.2 Ga. A series of juvenile magmatic zres have been reccg-
nizad m southern Malawn (L0100 Ga, Kroner et .,
1994, northwestern Mozambique (105101 Ga, Kriner
etal., 1997, 2000; Manhica et al., 2001}, northerr Zimba-

bowe (1. 10-1.035 Ca, Joknson and Cliver, 2004) and cemral
Zambia (~1.10 Ga, Hanson, 199 Katcngo et al., 2004)
and arc merpreed to have boon accrcled to the south-
ern margin of the Bangweulu block during Irumide
tectontem.

6.5 “Pop-p " madel

Tte double vergence “pop-up’’ model aroposed by Daly
(149%€) in the sowchwestern Immide, was basad on the rec-
ognition of uprigat strectures and dmphizolite facies rocks
marking the core of a doubly-vergent tectonic complex.
However, Htholosies assigned by Daly ( 1986) 10 a Palaco-
proteroeoic culmmation in that pop-up structure have been
shown to be late Irumide in age. De Waele and Mapani
(2002 considered Lhe soutbcast-vorging Uousts o cpie-
sent backthrusts within tie main  northwest-disected
thick-skirmzd Iramide thrusts, possibly formed in respomsc
to basemert topograpky. Although the presemce of abun-
dant Irumide-age granitoids rather than Palascproterozoc
basement does not invalidatethe “pop-up” model, the tec-
tomic significance of the structure 13 gready reduced.

6.6, Tectonic models

6.6 1. Geochemical wdicators

Tte perzlumirous Group |V Irumide zranitoids display
relatively high 510, cotents, with Aluminium Satu-ation
Index vahxes indicating a predominance of strongly peralu-
minous compositions, The geochemical characteristics of
these gramiodds could suggest the mvohvement of a 3road
spectum o source lithelogies during their genesis, 1.¢ they
could hawve originated from partial mching of mctamor-
phossd 1gneous :nd sedimentary rocks. The lzrge volume
of e, 105102 Ga grenitoids within the Irumide belt, all
displaying similar geochemical traits marked by erich-
ment m LILE and depletion in HFS elements & consstent
with their generasion from extensive crustal melting. Mag-
miatic underplating 15 commmonly described as an important
process of crustal growth noa wide warety of sttng,
including accretionary and collisional aroges (Moores
and Twiss, 1995) and could have provided the heat-source
required for large-scake crustal anatexiz. The structural
data show that the peraluminows Ciroap IV granitoids
are syn-to late-kinematic compared to the climax of the
Irumde omogeny, and SHREIMFPF U-Fhb geockronolgical
data (Table 1) indicate that they zre breadly coeva with
a moamaorphic orent dated at ~1021-1012 Ma, The goo
chemical evidence to dete supports the netion that the Iru-
mide belt sz, represents the ntensaly reworked margin of
the Palacoproterozoic Bangweulu bock.

6.6.2. Metamorphic indcator:

Tte regional metamorphic gradein the Irumde belt 15 of
mediam pressurgmedum  temperature Barrovian type,
which 1= mare consistent with an accretionary setting then
a continent-contnent collision, Althougy no quantitative
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data arc available, preliminary P-T-t models suggest a
clockwise metamorphic P-T—t path { Mapam, 1999) that
is here linked to the major shortening event recorded by
northwest-vergent thrusts. A younger anti-clockwise P-
T—i path recognised locally in the Irumide belt could mark
post-orogenic crustal extension but there & no structural
evidence to support this interpretation. In our interpreta-
tion, the central high-grade part of the belt, previously
inferred to represent a Vpop-up’ structure (Daly, 1986)
represents a major zone of syn- to late-kinematic pluto-
nism, creating a high thermal gradient m the crust causing
an anti-clockwise P—T-r path. More geochemical and pos-
sibly isotopic data are required in order to more reliably
comstrain the origin of the Irumide igneous rocks. Peak
metamorphic constraints for the Irumide belt are 30 M.y,
younger than those recorded in the southeastern extent of
the belt. This diachroneity is thought to reflect compres-
siomal continental-rargin arc tectonics, in which continen-
tal and/or coeanic arcs are accreted to the southern margin
of the Bangweulu block during Irumide tectonism.

6.7. Regional correlations

Shackleton (1973) and Hanson et al. (1988) suggested
that the Irumide belt and the Choma-Kalomo block were
two segments of the same belt cross-cut by the Neoprotero-
zoic Zambeai belt, Kampunzu et al. (19491, 1993, Z000)
showed that igneous rocks exposed in the adjacent Dama-
ran-Katangan segments of the Pan African orogenic sys-
tern represent continental nft and Red-Sea-type mafic
rocks, supporting limited development of Neoproterceoic
seafloor along this trend, and therefore allowing the
possibility of a linkage between the Irumide belt and
Choma—Kalomo block. However, based on the presence
of voderite-bearing whiteschists in the Zambezi belt,
Johnson and Oliver ( 2000) argue for the closure of a major
Neoproterozoic ocean during convergence between the
Congo and Kalihan cratons, John et al. (2003, 2004) con-
sider the eclogites within the Zambezi belt and the Lufilian
Arc to represent relict oceanic crust, The eclogites record
low geothermal gradients during metamorphism (-8 2C/
km) and have been subducted to depths of ~90km. John
et al, (2001, 2003, 2004 ) take this to indicate the presence
of a mature ocean basin that separated the Congo and Kal-
ahari erators prior to Pan African orogenesis. This inter-
pretation would make it unlikely that the Choma-
Kalomo block would be the southwestern extension of
the Irumide belt. Geological and geochronological data
presentad in this paper show that the timing of magmatic
events in the Irumide belt differs substantially from that
in the Choma-Kalomo block. The critical differences
hetween these two terranes are the following: (a) Palaco-
proterozoic rocks are widespread and form the bulk of
the crustal section affected by late Mesoproterozoic short-
ening in the Irumide belt. In contrast, Palacoprotercenic
rocks are unknown in the Choma-Kalomo block (Hanson
et al, 1988); (b) granitoids empliced between 1.4 and

1.2 Ga form large parts of the Choma-Kalomo block
(Hanson et al., 1988) and their geochemical features sug-
pest that they represent peraliminous felsic melts possibly
originating from crustal amatexis { Bulambo et al, 3i04),
In contrast, peraluminows granitoids m that age range
are unknown o the Irumide belt (e Waele et al,
20032, A minor nepheline—sodalite syenite and a biotite
grantte gneiss dated by Tembo (1986) and Vrina et al
(2004 ) and a suite of A-type granitoids in northern Zambia
outside the main Irumide belt (Ring et al., 1999 are time-
correlatives of gramtoids exposed in the Choma-Kalomo
block and in the Kibaride belt, Their petrological charac-
teristics however suggest emplacement in an anorogenic
setting and thus unrelated to the evolution of the younger
(=1 050,95 Gia ) Irumide belt. Although these data are not
consistent with a direct hnkage between the Choma-
Kalomo block and the Irumide belt, and lend support to
the interpretation of Johnson and Oliver (2000, John
(2001 and John et al, (20032, 2004}, they do not provide
direct proof for the development of a large Neoproterczoic
ooean basin between the Congo and Kalahari cratons, Elu-
cidating the complex Neoproterozoic evolution of this part
of Africa requires further rescarch.
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