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Abstract

The Mguba and Kundelungu Growps constitute the middle and upper parts of the Moo proterocedc Katangan Supergrowp, mespoec-
tively, and congdal of conglomerate, sandstones, mudrocks and cabonates. During deposition, the Katangan basn reosived sediments
originating from beth nodthern and southern sowos, The Mguba ad Kundelungu Groups aliciclastic socks have o emental abwndaneess
and ratios suggestive of 2 wlatively fekic TTG sowrce, although shightly more mafhs compositions oo in the MNauba Growp and the
overlying “Petit Congloméral” Formation at the bage of the Kunddunge Growp. Modal comp o tions of the Mg ba Growp rocks indi-
cate a basement wphilt provenance, aud geochemical pammeterns indicate the sowrce of both the Mguba and Kundelmgu CGrowps had an
active conlinental margin character.

Bownoe area westhering was moderate in the Nguba Group, Low Chemical Index of Altemtion (CLA ) and Plagioclae Index of Alier-
ation (FLA) indics and relatively unilorm chemical compositions of the “Grand Conglomdrat™ and the “Petit Congloméat™ Forma-
toms lying respectively &t the bass of the Menba and Kundelungy Groups are compatible with deposition in & cool o lrigid climate,
and support their preswmed petiographic baed glaciopmic ongn. High CLA and PLA indices in Upper Kalule rodo in the middle pan
of the Kundelunge Groowp point to the intendfication of sowrce weathering, podsibly wnder tropical to subtropical chmate under steady
state conditions. Geoclhemical similanities botwesn the Meuba Grows and the “Petit Conglomérat™ are compatible with 2 change lrom an
extensional selting o compresion, with derivation of the “Petit Conglomérat” by eworking of the underlying unite during bagn inver-
siom. Changs in provenance signatures and weathenng indices in the Upper Kaluk Fomation may reflect reduced tectonim and
rEnmphion of supply of more weasthered extmabagnal detrnius, amilar to thal which lad the besal Boan Growp.

Orveral] the dats sugpest derivation mainly from pre-Katangan Proberoeode sowces with continental are characteriatics. The adjaoent
Palooproterosec Ulsend ian Belt, particulady the Bangweulu Mock saledkaline plutonic and voleanc province, is 2 aitable candidate as
the sowrce Tor the Nguba and Kundelungu Growp scdimentary tocks. However, Mesoproteroeedc and Archaean teming have also con-
trilvubed & miner component b the basin.
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1. Inirosduc tien

The Meoproterozoic Katangan Supergroup compwises
an approximately 10 km thick succession of sedmentary
rocks constituting the Katangan Belt located in the south-
castern part of the Democratic Republic of Congo (hore-
after Congo), and extending southward into  nort bowest
Lambia (Fig 1), Owing to its world-class stratiform Cu-
Co deposits, this belt is also referred to as the Central
Africa Copperbelt. The Katangan Supergroup is com-
manly subdivided into three groups: Roan Crroup, Mguba
iformerly Lower Kundehmgu) and Kundelungu (formerly
Upper Kundelungu) Groups, in ascending stratigraphic
arder. Thizs lithostratigrephic subdivision is based mainly
o bwo diamsictiesAillics well caposcd  Qooughoul the
region, forming regional stratigraphic markers (Frangois,
1974, 1987, 19495, Cailtevx et al., 19%; Cailtews, 2003).

Lithologikal associations of sedimentary rocs, their
‘acies arranzements, and their detntal mineralogy and
chemical composition can provide entical mformation on
the tectomic, climatic and geochemical evolution of the con-
timental crus;, as they preserve the record of crust removed
Ay erosion of the hinterand (e.g. Dnekinson et =1, 1983;
Rosm and Fonsch, T9EE MoLenpan ol al, 1993 Nesbiu
et al, 1996) Many studies carried out on the Katangan
supergroup have focused on the famous stratiform Cu-
Co mineralization hosted by the Roan Group succession
ieg Frangos, 1974; Cailteux, 1983; Cailteux et al., 1994;

In contrzst, the Mguxa and Kundelungu Ciroups were
poorly mvestigated bemuse of weak economic interest.
The few geochemical studies carried out in these two
groups were conducted in areas with Fh—&n (Cu-Cie)
deposits or pocurrence:s such as Kipushi, Kergere and
Lombe {c.g Intiomak znd Owosterbosch, 1974; Intiomale,
1982; Chaba, 19935) or with limestones exploited far cement
and lime poduction, e.g. in Kakovtwe (Frangos, 1973).
Moreover, most geochemical imvestigations carried out n
the Katangan Supergronp were directed towards metallo-
gemic questions (e.g. Intiomale and Oosterbosch, 1974;
Intiomale, 1982; Cailteux, 1983; Chabu, 19495 Loris,
19; Kampurzu ot al., 2002a ), and very few are sediment
provenance studies (e.g. Kampunzu et al., 2002h).

Thiz papz exanines the padal soaposiion:s ol sued-
stomes from Mguba and Kundelungu Group rocks in the
Katanga Province (5.E. Congo), and presents major and
trace element data from conglomerate matrices, sandstones
and mudrocks within these two groups. The foous of the
study 15 on presenting the petrological and geachemical
characterist:es of these sedimentary rocks, and plecing con-
straints on “heir spurce, tectonic seting, and the paleocli-
matic enviranment in which they were deposited

L. Geology
The Meoproterozoic KEatangan Swergroup forms one of

the Pan-African belt seoments in sub-cquatorial Africa. It
15 located betwesn the Congo and the Kalahan cratons,
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Fig. . Meoproterozoic bels (dashed Fnes) and major enustal blocks
south-cemtral Africa ( Kampunzn et al, 2000).

and extends from southern Katanga Provinee (5. E. Congo)
to northwest Zambia (Figs. 1 and 2). The two diamictites
that allow division of the Katangan Supergroup into three
groups are the “Cirand Conglomérat”™ and the “Pett
Conglomérat”, which lie at the hases of the Mgubha and
Kundelungu Groups, respectively (Fig. 3). These diamic-
tites were correlated with the two worldwide Meoprotero-
zoic glacialk documented in detail by several workers (e.g.
Young, 1995, 2002; Goddéris et al., 2003), and named
the Sturtan or Bapitan (~730 Ma) and Yaranger or
Marinoan ( ~620 Ma) glacials. Greochronological data indi-
cate deposition of the “Grand Conglomérat™ at ca. 750 Ma
{Kampunzu et al, 1%94; Porada and Berhorst, 2006; Key
et al., 2001; Master et al., 2002) supporting its correlation
with the Sturtian glacial. In contrast, the age of the “Petit
Conglomérat’ is not yet constrained, and its correlation
with the Marinoan glacial remains speculative.

The Roan Ciroup is formed of clastic sedimentary rocks
and carbonates (mainly dolomites and dolomitic shales).
In contrast, the MNguba and Kundehmgu Ciroups are
maostly constituted of clastic ssdimentary rocks with a
main carbonate wunit occurring in the MNguba Group
namad the Kakontwe Limestone. Roan Group rocks were
deposited in a hasin that evolved from a continental
rift up to a proto-oceanic | Afar/Red-see type) nift
{e.g. Kampunzu et al, 19493, 2000; Tembo et al, 19494%).
Mwashya Subgroup and Mguba Group rocks are assumed
to have been deposited in a wide basin (Buffard, 198E;
Cailteux et al., 19%4) whereas the Kundelungu Ciroup is
taken to represent the inversion from extensional to com-
pressional tectonics (Batumike et oal, 2002; Kampurzo

et al., 2003 John et al, 2004). The Plateaux Subgroup
at the uppermost part of the Kundehmgu Group is
formed af subhorizontal rocks known only in the northern
part of the Katangan helt.

3. Analytical methods

Representative samples of the clastic sedimentary mocks
of the Mguba and Kundelungu Crroups were collected from
five localities { Kipushi, Luiswishi, Likasi, Tenke and Bun-
keya) within the Lufilian Arc (Fig. 4). Following general
petragraphic description, maodal compostions were deter-
mined for sandstones from the Upper Likasi Formation,
the Monwesi Subgroup and the Plateaux Subgroup.
Between 500 and 1) points were counted on thin soec-
tions stained for both plgioclase and K-feldspar, using
CramirDickinson methodology (Ddckinson et al., 1983
Dickinsom, 1985). Samples from other formations could
not he counted due to their fine grain size or dgnificant
carhonate content.

Eighty-seven samples were selocted for chemical analy-
sis, These represent seven of the ten formations present.
Samples collected from the Kakontwe Formation and the
“Calcaire rose” were not analysed because they are carbon-
ates and thus are not relevant for this study focused on
clastic rocks. Samples were manually chipped to <1 cm,
discarding any weathered rims. Large clasts were removed
trom the conglomerates in an attempt to analyze the
matrix. The washed and dred chip was then crushed in a
tungsten carhide ring mill for 30-50 s { Roser et al., 19%98).
Fine-grained samples weighing less than 30 g were pow-
dered wsing an automatic agate pestle and mortar. After
crushing, 10 g of ecach sample was dried for 24h at
110 % before conventional gravimetric determination of
loss on dgnition (LOM) by firing at 1000 *C for at least
2h. Fusion beads for X-ray fluorescence analysis (XEF)
were prepared wsing an alkali Qux comprizsing #0044 hithium
tetraborate and 200 lithium metaborate with a sample to
thx ratio of 1:2, following the method of Kimura and
Yamada (19%9%6). Major clement and 14 trace clements
atmdances were analysed at Shimane University using a
Bigaku BIX-2000 spectrometer equipped with a Bh-anode
X-ray tubc. Accuracy and precision of the method and
results on some standard rocks am given m Kimum and
Yamada (19%6).

4. Petrography

The Mguha and Kundelungu Grroups tillites are matrix-
supported conglomerates, although clhst-supported con-
glomeratic beds occur locally in the northern facies of the
“Crand  Conglomérat”., Clasts are poorly sorted and
include faceted and rounded to angular quartz, quartzite,
granite, sandstones, shales, chert, dolomite, mafic igneous
rocks, volcanic rocks and chloritesericite schist. Sand-
stones ocour in the northern facies of the Mguba Group
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Group | Subgroup Formation Lithologies
Platagux Arkoses, with sandstones, sandy
Ku 3 shalis or conglomerate bads
_ Ku 2.2 Wore of lass dolomaic sandy shales
E Hiubo | Uppe: Kubo or ghales, refa Impure limestones beds
= Ku? (Hu?l Nalnmiti: siltstrnae, arnry, shAles o
oh L Kb sheles, feldspathic sandstones bads
5 Ku 1.3 Dolomitic siltsiones, sendy shales or shales,
i} Uppe Kalule pins ooitc limestone (basa)
z Kalule | Hui.2 Silztones, marly and sancy sheles,
-_3_ Ku 1 KMiddlz Kalula iris dofamile ("Catacaine oge”)
Ku 1.1 {Lowar Kal } A
Palit Conglomearat Diemiciila
Monweazi Mo or less dolomiltic sillstonas ar sandy
= Mg 2 SMEIEs NG SHAKS SANSINES
o Mg 1.3 Slightly dolomitic akos siistores,
I Uppe Liasi sardy shiles and shales, sandslones
=] Likasi | Ng 1.2 Dalomiteslimestones (" Kawontwe Limestone”)
g Mg 1 | Middiz Likasi shales and sandy shales
Mg 1.1 [Lower Likasi) -
Grand Canglomerat Diamictte
Mwanshya Lippa M, R 4.2 Shalas, carbonacecus sheles and sandsionas
R4 Lowe M, R 4.1 Dislomies, [asper, pyroclastics and hamatite
R34 Dolomites imerhedded with shales
Dipata | R 3.3 Daolomitic sitstonas and feidspathe: sandstanes
Ra Raz Dalanitic and gabbroic bodas
R3.1"AGS5" Dolomitic sitstonas
T R23 Laminatad, stramatoMiz, tcose dolomites
= Kambowva and dolomatic elitsiones
E R22 Daolomitic and carbonecedas shales, dolomite,
I Mimeg | Dolamilic Shale sardy dolomite, sandstones and arkoses
R2 R £1.3 A.5.C [Roches Sicauses Callllaires)
sirematalilic dolkamita
R21 R 2.1.2 Beddad dolomile: and silslones, silty
Kamcio doknite
Fi 2.1.1 grey ALAT (Roches Arglo-lakquedses)
dokymnitic: gillstones
R1.3 Pirk-llac chlontis dolomilic sillsionas
RAT R1.2 Chioritic sill, sromatolilic dolomite, sandstones
=K FER lities, ilightl ratis killstenn
Kibaran and pre-Kibaran

Fig. 3 Stratigraphy of the Katangan Supergroup in smthern Katanga. Modied from Frangais( 1974, 1987), Parada and Berharst {3000 and Cailtenx
{ 200%). The names Upper Kahle, Middle Kahile, Upper Likasi and Middle Liiasi are used infarmally, for Kul3, Kul X, Mgl and MglZ, respectively.

{Bunkeya arca, Fig. 4) and in the top part of the Kunde-
lungu Group (Matcaux Subgroup), their compositions arc
presented in the next section.

The Mguba Ciroup siliciclastic rocks are characterized
by a decrease in grain size From north to south. Sandstones
and sltstones ocour in the northern regione (e.g. Bunkeya
arca, Fig. 4) whereas shales are abundant m the southern
regions (e.g. Kipushi, Fig. 4), where carbonates are also
well developad., The “Feul Comglongial” psuis in the
northern region 15 sandy and feldspathic easts are more
aburdant (~~13 vol.%, Bunkeya arca) than n the southern
region, where the matrc is muddier and feldspar clasts
comprise ~2 vol. %, Vokanic rock clasts chserved in this
tarmation in the north zre absent in the south. The thick-
ness of Kundehingu Ciroup formations overying the " Petit
Conglomémt” also increases southward The Middie
Kalde Formation (Ku 12) & 300 m thick in the northern
region (Bunkeya, Fig. ¢) and up to 1600 m in the south
(g, Luiswishi, Fig. 4).

5. Sandstones composition and tectonic setting

Sandstone detrral modes are wseful for constraining
provenance and ectonic setting (c.g. Dickinson  and
Suczek, 197% Dickinson et al., 1983), provided no large-
scale replacement of feldspar and rock fragments or mo
diagenetic feldspar have occurred. Detrital modes of repre-
sentative sandstonzss from the Mguba and Kundelunga
Chooups me given in Table 1. Nguba Chroup ssuelsiones
are medum- to fine-gramed and typocally poorly sorted.
They are cemented by calcite and clay mmneral, The rocks
are massive to tney bedded, and locally exhibit unidirec-
tonal cross bedding. Fanges of modal compositions n
Upper Likasi Formation and Monwezi Subgroup sand-
stones are (ar-mFa_adlo_szand Quz_s1Fassalo_s respec-
dvely (Tahle 1) Kfeldspar coment increases from Upper
Likasi to Monwea Subgroup sandstones, whereas lithic
tfragment content decreases. The main lithic fragments
comprise voleanic rocks, quartzites, sandstones, granitoids,
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Fig. 4. Locality asd division of the Katangan helt, with main ko lties inchiding the study areas. Modified from Cailteux et al. (1994)

and chlorite—sericite schists. Feldspars ame generally well
preserved, but partial comversion to carhonates or clays
oocur in places, However, such replacements do not affect
the detrital modes sgmificantly. Apatie and zircon are
the most common detrital heavy minerals.

The Plateaux Subgroup sandstones examined hem were
callected in the Tenke ama. They ame not the typical facies
of the subgroup, and thus conclusions hased on these sam-
ples are limited to this area only. Addinonal samples are
necded, especially from the extreme northern region of
the Katangan helt, for fuller characterization of the Fla-
teaux Subgroup. The sandstones examined here are quartz
amenites, with compesitions in the range Qas_geby 2l -2
Taey are mostly welsorted sandstone: containing well-
rcunded quartz grains cemented by dizgenetic silica, but
hematite and clay cements occur locally, Sscondary silica
overgrowths oocur around guartz grains, £ircons am rare,
and lithic clasts are of {meta)sedimentary rocks. Mguha
and Kundeluingu Crroup siltstones and shales vary from
tinely bedded to massive, and mnge from greenish gray
teo reddish gray. Siltstones locally show unidirectional cross
bedding, and shales may contain wavy heds.

CHFL and (uFL; diagrams (Fig. 5) show that Upper
Lkasi Formation sandstones fall in the recycled orogen,
tmnsitional  continental, and hasement  uplift  ficlds,
whereas Momwezi Subgroup sandstones are confined to

the hasement uplift domain. Aburdances of volanic and
(metaedimentery lithic fragments decrease upward from
the Upper Likasi Formation to the Monwezi Subgmup.
Although there & wide variation in lithic volcanic/otal
lithic (Lvw/L) ratios in the Upper Likasi suite, but these
ratios (L1-1M00, Table 1) ssem gmater than those in the
Momwezi Subgroup (00054, Tahble 1), which also shows
less variation. Smilarly, feldspar content in the Monwez
Subgroup increases over the Upper Likasi Formaion,
and the plagiocaseftotal feldspar (F/F) ratio decreass to
an average of 1L67 (Tahle 1). These patterns are compatible
with uplift and erosion cawsing exvosure of an increasing
proportion of pltonic rocks in twe source, possibly the
roats of a volcanic provinoe.

All samples from the Plateaux Subgroup fall in thecra-
ton interior (Fg. 5a)) and guanzose-recycled domains
(Fig. 5(b)). IMckinson et al. (1983] considened sandstones
plotting in this deld as mature and derived from relatvely
low-lying granitoid sources, supdementsd by recycled
sands from asscciated platform or passie margin basins.,

. Geochemisiry
The Mguha and Kundehimgu sedimentary rocks digplay

diverse chemica compositions. Anclyses of the samples are
given i Table 2. The major element data For each sample
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Tahle 1

Deritl madal compasitions of Mguha and Kundehmgu Group sandstones

Sampe im Op F K Lv Lsm Matric Tatal i F% L% FF Lw/L
Plarean x Subproup (Ku 1)

BO& T4h 94 a4 14 L] 10 12 piT] Wb it} 14 [l 1] L]
BOT =03 oS a7 13 L] a7 Ak piT] ] 22 0 036 L]
B OSA BT T L] i L] g [%] piT] wh K3 0 K] L]
B OSC TIE 124 L] L1 L] 23 iR piT] W.E 1.2 0 K] L]
B IaA T4 173 0z i L] 27 L3} piT] “d 0 g [ L]
Bl& TEE 114 L] 14 L] 4 4 piT] W.E L& LA K] L]
Average TEA 114 0z L1 L] | as “d 14 22 a4 L]
STDEV 47 14 a3 a4 L] 10 9 14 K3 1.1 a6 L]
Maonven Subgroup (N 2]

JB 140 43z 4 44 162 14 12 12 piT] .4 457 9 [iK.] LT
IR 13% 529 a3 89 140 a7 0% i3 piT] 1 422 L7 &S G4z
IR 133 445 23 252 154 15 22 T piT] 8.3 4.7 4.1 AT G4z
IR 137 456 L1 sl 131 10 23 1l piT] M5 411 44 K3 [l
JB 134 418 19 n3 157 g 12 1.7 piT] 29 44z 9 [iK.] [ike]]
IR 13 416 14 e 1.7 a4 25 id piT] 421 476 12 07 (i} ]
B 1M 40 19 e 125 0% 12 1ad piT] 27 425 4.9 &S 022
IR 132 454 4z o1 &7 a3 13 170 piT] 28 B2 it} 07 [iledi]
A8 15 w50 (LK) Iis 1) 0z 1 ml o b 5I.E ] nEl noE
BE D4 472 a7 ot 13 L] i 115 piT] Lol e ] a7 QAT L]
BE 4B 40z 44 we ol a4 10 150 piT] 8.3 471 L& 075 [t}
BE oeC E2 1T Xl 177 0z i lih piT] 458 5r4 a9 AT 025
BE 04 151 5E 7 | 151 L] 0z 118 piT] 463 515 [ &R L]
BE i Hh 46 we 151 0z 10 155 piT] 44 532 1.3 QAT [
Average 4314 12 Thh 131 i 15 HE3 piT] 27 4.9 4 QAT 023
STDEV 56 19 1T 12 0k 0% Ll 50 54 14 .06 alé
Upper Lakast Formarion [N 0.3}

B 1% 523 23 160 40 a4 1l 29 piT] TG 56 44 (-] all
B 1x =1 52 137 T4 L] 10 20 piT] T HL& 7 (= L]
JB IXB 473 73 158 T4 L] T4 Hi piT] Tl 44 15 [ L]
JB I%B 498 14 n3 12 10 L1 1al piT] (1% 16 4.9 0LEE 074
JB 1ER &0l L1 6 45 1% g 152 piT] & 19 55 0LEY 0E3
JB 1ER 437 16 21 4 12 12 xB2 piT] LG T b [k 1] hd
JB 13 493 13 163 13 22 L1 Ik piT] % 6T 4.5 0LEY AT
IB 1B 45T [k 138 3 4 ) 0E e Lo cks) 4 3.5 LR 0B LAy ]
JB 12 421 15 89 44 L] L7 4 piT] 857 40 3 [ L]
B 12 447 27 Id 5l 25 L] el piT] [ 156 12 0.8l P ]
JB 121 425 19 Xl 41 a4 L] 199 piT] 4] 415 s 0LEE P ]
JB 12 40 12 W4 46 L] L] pati} piT] Ha 454 il 0ET

BE 0B W63 0 193 T4 s 4 1 piT] 452 G M43 0LEE [T
BE B 154 4z e | 9z 9 158 piT] 470 1.5 14 [iR=x] asl
Average 456 23 Il4 16 27 4 25 piT] a7 19 Gd [ 053
RTTYFV Ly e &N in 14 ) (e Bd TN T it N

were recalculated to 1S after deduction of loss on igni-
tiom, for all comparisons given below and for plotting.
The same normalisation factors were also applied to the
trace element data for ach sample.

d. 0. Major elemenis

Ir the Mguba CGroup, the *Crand Conglomérat” matrix
samples have a restricted mnge in anhydrous 510, (62.2-
G Ewte) and Al [(3.4-16.01 wit) abundances when
sample  JB3E 1 exchided. High  Fegddat  content
{104 wits) in this =ample acts as a dilucrt for the other
majer clements, The “Grand Conglomérat” samples have
greater Tis and Mg relative to the overling formations.
The Upper Likasi samples are mainly siltstones and mud-

stomes (Table 2). Samples from the Kipushi area (Tabe
2) have relatively low silica contents (59,2620 wi'a.
Those tfrom the Bunkeya area (samples JB33 and JH3E,
Table 2) have similar Tid: comtents (15 and 1.8 wi',
respectively) to the “Grand Conglomérat™ matrix.,

The Momweri Subgroup is mpresented by five sand-
stomes and six mudrocks (Tahle 2). The sandstones have
higher 5i); and lower Alyd; contents (69.9-TH.S and
Bb-100 wit™: respectively) compared to the mudrocks
(510, 574651 witband Al Oy 1009-17.2 wi's). Fraction-
ation hetween sand and mud via sorfing is thus the most
significant amongst the fomation: analyscd., Conse-
quently, the mudrocks also have greater Tidd,, Fe,(ht
and Mgl content: than most of the sandstones (Fig. 6.
The mudrocks alse tend to have greater K0, but lesser
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Fig & a0 (WFL amd i) Pl dimgrama for Npabm and Kundelng
roup aanhsme, afe [Ndeiman es ol (1965 Aksrvatom wed 2
Uk: mdmased v TA: mazsond arc 4 domed . OF casan
[ f LB o ’
reryclod; TH: mazsomd meyded, 1R hedve rayelal

Magh i Fig. & Ths s conssent with greater proporions
of quartz, feldspar and bt fragments m the ;sazdsones
versm alomnimons clys mote msdrocks.

The “ Pesit Conghomedral™ samples show ne mively mar-
row range oomient m anhwdrom AL, (FROC1ET wit),
Sod (S00ET O wi%) and Ka (26-3% wit). Samples
fromn the morthern aneas (Bomkeva and Tenlke, Fig 4] have
lower Al Cal and Mgl contents, and greuter Sk
amd Mafh than dose from Lios, Loswish and Kiposh
{Table I Fig. 7). This s poesihly limked fo e ratore of
ithe matn that s sandy to the north and mradder in e
sovgth, and the avendance of plagsoclase clasts in the north
ot few to the sooih. Almost all Upper Kalade Formaton
iFm 1.3) slimtones and modsiones bawe greater K0 id5—
T3 witte, Tahle I)than those fom other fommatons within
the maccesmon | Tahle I). All Fatevax Sabgroop sandstones
are Mghly ennched m slica 98 with) and bence am
siromgly depleted moall ofer cnides compared fo fhe
andedyng it

th2 Traee olememrs

Among e tace dement arabveed, seven (Ba, Ce, Ph,
Th, ¥, Zr, and Sr) show mlatvely poor comrelason with
ALy, Wery high valoes of Ba {1000 ppm) are seen ma
few Momwezi Gromp, “Petit Conglomemt™ and Middhe
Kabale samples from Bomieva This i poesily due 1o the
presence of harde as postalited by Belbdre (1968 (e, Po
and ¥ abvendances show mo corrdaton with AlL, and
mo chear differences between formations. The hetavior of
Ar (oo correlation with Al 5 comnmon n sedmentary
wores, due to prmary comirod by detrital mrcon abome
darces. Patevas Group sandsions have vanable bt sg-
mficant & coments idé-130ppm), compared fo ther
very bow Ba, Ce, Th, and ¥ condents { Table I} Most mme
s comitanm <200 ppven of Sir, bt bl adldle Kalale Formaison
samples wiih cewted Cald comiemts have abumdanoss
=Hppm. This refiects the associaton of these two ee-
memts woth e carbomate fraction .

The remaming tmee eements (i, Wh, Sc, Rh, O, B
and W) show positive oomrel ations with Al of wrying
strength, sagestng thar At ndinces are mamly com ol lad
o ihe cay fraction and sorimg. The st sampbes from
the “Grand Conglomerat™, have hgh Wb comtent
0 ppmn ). Seveml of these ennched samples also comtam
rogher vakoes of T, with whch NMb 5 geochemcally
oolferent.

Or, Mi ond ¥ display a commom pattern with o inders
sactimg irends (Fig. &) Two dffemrd wend are obsened,
samnples from fe bower part of the soccesmon § LP trend;
‘Waata Growp and the “Petn Conglomenat ) show different
tend relatme to those from the apper part (UP mend,
Whddie and Upper Kalale). Ths groapong of e ements sag-
et A compoetional change on the soane regon . The
Mgoha Caromp and the “Petit Conglomént” had then a
sommewhat more maflc soance than the Mddle and Upper
Kalkale Pormatms as shown by the relabvely great comientd
im these dlemiends mothe bower pant of de soocesson . Ths =
also reflected by smlar ot less pronoomced conimsts m
T amd Sc.

7. [Hsenssbon
T4 Teoramte seming

As moed above, detntal modal compostoms of the
Upper Limas Formation and Monwen Suhgroop sand-
womes imdicate that they had recvded orogen %o hasement
plift proverances, whilst the Flateans 5 ohgroop sam ples
Fave fe characenstes of craton imenor and goars e
recyeled smdstonss (P 3] Accordmg to Doedionson
(1988, orogenie recwclng may oocar m sehduction com-
plemes, hackarc throst bels, and m sotare Zones. Sam ples
falimg m the basement apift fed generally reflect conti-
nemial rift or foreland has ns setimg m which the sedimen -
ary maeral ane rapedly eroded, transported and aned,
s that feldapars (especal by plageos bee | ane well preserved
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iDidiomson et al | 1983). However, Duckimson (1589 alko
moten that mands with smilar compoeitions can alao he
denved from ploiors expossd m deeply eraded magmaic
arcs

Mggha Group sandsiones are chanacenzsd by a
decrense of LyfL and FF ration apwarnd ( Takle 1), compai-
e with the memeral fendency of enceon o expose the

deepest pant of the hasement or the roots of 4 vobcane
province @ sme pases Some sapport for dervaton from
a deeply desectsd palecarc sowrce B gen by Op-Low
Ls+m and Jm-P-K relations (Diconson and Swoeek,
198 Dickimson, 198

fere i comsaderakhb:
cal ard Monwen sardstons have
w-La +m relations that span an orogen, mined ome-
gen, and colimonal enviromments. However, (m-P-K
composiions ane comparable with those of crcume Pacidfic
volmroplatonie smtes | Fig. %) The wellsorted ratare of
Platevm Sohgroup samdstones and feir wellroomded
guariz grams are soggestve of eolan deprainon (eg
Ciomade et al | 20600

Composstion of Ngoha md Kondslwnge Groop mcis
can he wed to mfer thatof the soarce area @ shown above
e these sedemends were deposnied rapedly. Most Ngaba

i gh

and Kundelwngn formations show oo active mangm offin-
i by rg withim the active comtimental mangm ( ACM)
field (Fig 1Waj) and comimental sland arc (CIA) feld
i Fig. b)) ACM field mcode sedmenis derned drom
actwve comtmental marges of adicent o actve plate
boandanes, ard deposted m mbhdacton-mlied sns,
comtimental colision hasis, and polapan hasns ssoc.
ated woth snieshp faok zomess (Koser mnd Korsch,
1584 Muddle Kalale Formaton smmpesans dsplicsd mio
the arc fleld due {0 carbomate difwison, bt bawe smmidar
KA Nap0r misos do mosd ofher mmits In comirast, most
Upper Kakdle and some “Grasd Comglomeéna™ samples
are diep laced upward mio the pesve mangn feld, b ih
smilar Sk, coment. For e Upper Kafle Formaion,
thas = oot ey camed by @ combornation of wenthening
and E-metasomasm, as demoosed bedow In comdrasi,
ihe higher rafios m de “Grand Conghomdra™ are gemer
ated by kower Mag O contentsrelasve to the oved
whereas Ko{r abardanos are somlar

{im Thfc-£r dmonmomant | Fig. 1)), several Plaeam
Sohgroon samples fall within the possve margin field, and
the remaimader plot ot the Fr apex. Thes may bend somme sap-
port o ws propoeed eoban angm, with e reatively higher
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Fig. 7 Selawd mager dememe—Ak (5 vasanon dagasma for The " Fos Conglamem©* For mason sBawng somh-smsh compomponal d flresce

Ar comeemsratons resalong from persstence of abrason.
resstant mroors. The dstimctiom between CLA and AOM
affinenes refeced by fe e roc s (K 10) s tRenedone mo
cracal here, the mam pomnt beng ol Th-Sc—2r mhtons
clearky mdcate an actne margm ssttng mafer than
i

A relaively evolved margm and an ewlved crzstal
sonane ans mdoated by the plot positions of average Pro-
terozoe rocis (Conde, 1953) relatne o the dhson monant
fledds aned dhe Lias, Momwen, ard Kool daia
(Fag. 10(k)). Awarage Manproe rasaic feloe volanie ek
(HPF) amsd Proterogose TTG dall withm the CIA feld,
menr s kower edge and midde, respectnely. Reo proteno.
zoo: hasalt and andeste Gl moike O fSebd, and Prodeno.
zooc grarste falls between ACM and PM. Alhoogh there
& comaderatle overlap, Mpoha Grogp md “Pen Con
ghomenat™ sampiles are concentated im the kewer pamt of
the CIA fleld mear NPF, whilst Middie and Upper Kalale
samples spread fo hgher Th above average Proteroeme
T This pattern also saggests that ko wer part of the sac-
cemiom had a shghtly more mafic somrce tham the wpper
part, as mdcated by s hgher Or, M oand ¥ abandamces.
The mone mafic content observed m the Nagaha Groap
aned Petit Congomenat may be abo rdlaed o the asaloc

magrmatam ewn! danng e Mwasha Sobhgoup depos-
somthat s represented m e nortfern punt of the Katan-
g Tt by iR Kihmmitabe fhasalt (K ampomz of al, 191,
1953)

12 Rawrce weatherlng

Meshift amd Yoong (591 meredeced the Chemical
Izdex of Alzeration (C1A) o evabmte palecweathenng
condriors. The mdex measares e etent to whoch fresh
el (U1 22 90) Rave azam comvartad 2o clava, atalss
P et ton Of AVEri@e SOanGe COMOEINO N 1N S0me
rtarecs. Applcaton to e data here i beeted dae o
ecessve carborate contents m many senples. Alhoagh
this effect cam be overcome by caboalation of nom-detntal
carbomate comients and hemee dervation of desrtal Cadk
comiemt (Call®; Fado ot al, 199, we lack the nemessary
Ok data. Comseguenily, we hove confimed CIA examina-
gom fo sples wih <04 Cald fo redoce dhe mopact of
addsd carhoraie.

The abvoredance of shales n e Pigoha and Komde g
Lanovap socoesRons shows et thear soune s wene subjected
0 sgmficant weathenmng O LA vakoes are Jow (afe to ~&i)
m the Wgoha Grogp (Fig [ia)). Tha and e preence
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=3

Cirzum-Fasilic
volcancpiutonic

P K

Fig 9 (m-RE mlason in mnd sones from the N g and Bodelumg
i, fely st Didemaon amed Sucxke {19790 and Dickman (1955
P ramos incmax m magmase e preremace belaw de Gmene
Fanfc feld wih nrmmng moa o pweamc 5 eadomc e, and
memam ahave if de fo inctoung mamsty in coEmmal Hock
movernam | Decomon i 1% 510

o i tane sandsiones comtasmn g relatively fresh dedntal
feldspars m Wgaha rociesim fee monthemn pant of the K aan:
gan el pomt %o a reaswely wvweadhered or tectomucally
active soarce for ths pant of the soccesmom. The “Petit
Comghomnérat” samples also hawe low CTA valkoes (52-57)
Oy ome Mudde Kaldle Formaton sistone fas <89
Calk ared dux also has bow CLA (8 ) To corcomwe o ke
carhanae afaet im (e Srmasan, we hawe b planad
an A-M-K dagram §Fg [Hh)). Ths shows that the
hliddle Kabale samples plot mear the field of the “Pein
Conglomnéral”, seggesting smaldar wetenng conditons
prevaled at dua tme

The bow O (<63) valoes o Fig. D0 and bow Plago.
ol Index of Adteraton  PLA | valoss of de “Gomnd Cone
whomérat” and “Pest Congloménat™ samples woth <%
Clalb{ i and 5§18, respecEvelyf are sogpesive of aless
weatenad mance, sach as that mterpreed o oocar i fngd
emvironmnents (Mestott and Youong, 1982). Thewe featares,
thenr teotoral mwmatonty, assd the lack of Bmear mter
element cormelatons lend sapport to a glctogese angn
fuor these two fomaons
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Upper Kalale samp bes pl ot well apant from the amderiy-
mg formations m the AACH-K diagram, faling im o gght
groap anthe A-K jom nenr the compoestion of Pvscovite
i Fig. Ulia)), woih momoral C1A wabees of 7274 Thes
valoes have almost cerfamiy been mfloemced by post
depostonal K -metaomatsm (Fedo et al | 1953, and moost
ongmally have been moach hagher. As noted above, Kl
comtemts of the Upper Kabde samples are sgnfioantly
greter than for the ofher mits Om the A-CN-K diagram,
el wenthering fends shoold paralel e A-CN jom
when projectsd from potendial soane commpoetons, il
the A-k jom s reached (Meston oand Woung, 19

i :

Gy
T& Lt

Kaitaz0

1]

Fig I Tasomc semng daguma for the Ngum aad Kundelug
o (2850 vermn KO0y Nag(h i Raomrand Korxch, 1968 P pame
marpm AL acovecomnmal masgn; ARC arcapmag Amawaahow
albpf pxmecnal fram cacsa e kluman and K-memaomaswm i Th-te-
Fr-dr iBaamm sad (nack, 1 GHA oocame dand wg Ok
emumenal rolbame wr. Frotranac mck averages from Condhe | 1905
Pk Prowrame gramer TT0 Proter avae Tamde-Trand femae-Cma -
;. MFF, WPA, and NFB are Neaorowsaac febr wdcame mco,
sndemers, amd mmde rmpeceely

For the Mpaba Grogp and the “Petnt Conghomedmi™, wdeal
trends wonld form a zone evendng hefwesn Protenoeo i
TG and Protercecec gramite | Fig. [1ia)), repmsenting
the probahles soonce composet on. The effact of Kometmso-
matan & o deplece smpls towards fe Reapex
Howmever, s can be cormected by projcson from the
Kempex dhroagh the mo st oo noes sampbe ima given sate
il s deal weathermg bne s reached, b vieldng
depostiomal CIA (Fedo et al | 1999). Hecome the Upper
Kakdle mamples be on the A-K jom, angmal LA valbss
vt have hewmoad bmst T98E, and may hove been even
ragher ( Fig. Ll{a)) The paocty of Nag(and Cadr m the

Cla

Fig. 11 2l A-CH-K-K dhagram i Meaines and Young, 1964 far Ngubm
and Kunddunga mengles wah < Swet Cadh &= Mgy O = Ol 4
Hagly, K= Koib imole proposomi Fo=plagodase, Sm=amasse,
Ka= oo, b= ghlmm,  Chiochlom, Muy s mucoss,
Ko = K-feldipe Do arecormmond far agamee bt oos micme Sepaaea
wth oonm wr Protwrsoac md swsges o Conde (199055 22 a0
Frg. 1§50 Salad Ine fom T and PO indrase e drecsan of seal
wpatiynng trads fom thme posdidn (b A-N-K whiom m ot
Malde Kaue Fomrason mmeernd mo e " leas Conglomems
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Upmper Kalale Formation { Table 2) and very bagh Plago-
clase Indee of Altemton (PLA) vaboss o Fado =t al, 15494)
of %098 compared fo the wnderhing umds pomi do
abrost total destroction of plagiocase The hagh CIA
ard LA sabaes oof e Ulpper Kakdle Formation saggest
somrce arsd wealhermg was miese dunng ds depos
tom, poesbly arder sabiropuial or mopcal condinons
(Mestott ef al, 1997) The dusenng of Upper Kabde
data farther soggest S they may bave hemn denwed firam
a soarce amder “weady state” wenthen ng condstions, dar-
g whach eromorns and weathenmg rates wene comparable
(Mot o al, 1997). This sogaest that eciomsm o ke
Upmper K akabe somrce was less active tham m e omderlzimg
[ E 8

Ax motad ahows, ACHCK relators dlo hawe mplion.
o for tectomisnn. In 4 gaper examnng the stratigran bic
pesition of the “Reoches Aurgio- Talgoewses’ (R AT) in the
Eatamgan Belt, Wendorfl (2000 ) noized KoMk and
K Na (AL fHa 0 dagrams o examimee relatnons
Detwern hasemen? grantes, and Hoan and hoomde fango
sadimenis in terms of we athenng and recucbng. He mer-
preted lower Mas(d m the Hoan (except HoAT.) and
Ko debanga sedoments companad fo hasement grazetoods
as representing e firgt cwle of eromom. Lower Kok and
smilar Maglh m the RACT. compared o the Roan sedi
memts was mepreied as eudence for a secomd ceche. A
Ka-Paz(y plot for the adata of ths strady shows that all
mts from the “Gmnd Congloméra ™ throogh to the
Whadde Kalole have soolar Ko and Mag( condends do
the hasement gan fes, aned ane gqote dstoned from the lower
alvamd ances in the anderlzimg Koan saccesson | Fig. 130a)).
In comtmst, Upper Kakabe samples plot im the bower past of
the Roan feld ared helow. Plaeam samples ane sromgly
depleted m both K0 and Nad, and plot near the Sield
of the BAT. However, om the KO0 RaOoALOsN add
daggram (Fig. 1208]), all Mgaba md Kumdahom po s ple
e gong the carve of Roan sedmoents and hasement grani-
ks from Wen doarfl | 2000, sug@esting commaon pareniage
ot varahle weatkenng

The ahove fealares soggest (fat modenely weatered
extmahas nal demrtm wis woppibed to the Roan SGromp dor
g metial ewerseon, fGollowed By fresher detritos m the
Mgata Groop, as dermved fromn active hasemnent aplkdi
Retention of smfar ALK-Na rdatiors in the “Ptit
Comglomeérat” arsd mio the Midde Kakde Formation
coald refiect the hasn mversom, which ocoarred at this
wmn e, whach lad to redoced mfox of evirabasral madenal
ard reworkong of sedments fromn the Mgaha (roup el
The morensed CLA and chestenmg of data m the Upper
Kl Formation (Fig | D) sogges sofeegoen redoctoen m
tectonesm and resampeon of sapply of weathered extra’has-
mall detrtos mrla s o that pronnced o the Hoan Goon In
this comtent, the highly alominoms mature of the AT
may i plE refiect evinene i At weiBenng o the Kooan
sorce, and first-cvcle sapply of that matenal o the im rzal
hasm fill of the Katamgn Belt, mather than the polveschc
mcedel progeosed b Wendord (1000)
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(AN (A Baemew gans () Kamn, Mwsits ssd Kuondelnga
arpiles; () BLAT

A Bedewnr prosonanc

Az shown above, the Hgoha Qroop and  Kalde
Suhgroap rocks show inhersted comtimental anc or atve
comtmental mangm geccherncal affimimes (Fig W0). An
early Archaean soarce for the Naoha ard Konedelonga
Grroaps rocis s pechded, & virtmly all samples fall
withim  fhe postAnchomn field on the BCro plod
(Fig. B3} of Taylor and McLenman (1935, Howewr, a
Meo-fArchasan  soancee remams posmhle. Many Reos
Archazan shales aboe Gl withm the poatoArchasan feld |
ewn thoggh ofers have higher NI comients of 100
200 e, amd Fall ot 000 Taylor ased Melamsan, 185,

CrfTh ratics have also hem wed (0 examme changes
m somrce composstion and crestal evolation, as majpr
comirgsts sooar helween Archasim oamd postoArndhacan
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Fig 15 € and % redasiombe e n e Npta s Ksddung Geom
Fieids after Taviar amd Melesron | 1955

rochs (Conde amd Wronkewicz, 1990, Average CrfTh
ratios of e Ngaha and Komcdelanga Groap fomatons
ramge between 6 amd F0, mespt for 4 somewhat greater
average (17.4) m the Upper Liias Formaton. Rates of
< W are tpecal of peltes deposaiied e the post-Anchaean
(<24 aj, m comirast fo dhe Sar geater misos (1030
exkotited by Archaean pelves f0ondie and Vronoewies,
l'}-‘}(‘l.l. Raiws m e 'I'ﬂ_'ﬂ'hn. ard Krardelongo samnples
are comparahie weih |72 N0 G pelites from e PWE
i Frretona—Watertvarg—Sonthparssheng | drend of the Kaap-
vaal Crasom in Somthern Adnca (Condi e and Won newic,
19%0). TR mmalardy soggests that Proerozoc socks
foormed the major pant of the mane for the Ngoha and
Krondelorega  secdmends, and  any  cominbrafion  from
Archasan soarces soch o the adacent Conge craton was
TNSTRT .

Aspoted ahowe, Mpaha and Kandebonga samples with
lomw Call contents be nearihe average ¢ omp osrtons of Pro-
temazooe TG amd Neoprosemezon fboe voboane nocks,
arsd spread as fr as Proterozone granate on (he A-CH-K
phot (Fig. Llia)). Thes seggests the Ngoghaand Konderanga
seddments were derned from re lutvely felse soanoe rocis,
arsd posa by of dhat age. However, (R plot 5 mot deal
for examonimg e dfierences hetween the groopa, @ven
the poor mends m mdnidml formatons amd potential
madficaton of the ratios of these mobde elemen.

|mvmna rele el emends (e g Th, Se, 2, 'Thj am mone sasiable
foor provesance detemm imation, becme fey ane mone ness-
tamt to redismbaton and are generally regarced as being
trarsferred quaninamvely from soarce o sadmnent (Taylor
arsd Melenzan, 195 ke Lenman of al |, 1953). When sach
elements ane comned s ris, e effects of carbonate
difftion are ovencome.

AT S e dagram (MeLenzan et al, 1993) shows
ther Mgoha Gromp samples have relatvely srmall range m
hoth ThfSc and Zrfc s (Fig 14a)) The Ngota
mampls B2 oon @ medel soarcs compeainn Do bnking
the averages of Meoproterozooc hasall and Proerogo
grarste, faling near TTO and MPF ( Fig. 140a) ), confirming
a relatinely felme sooree Three Upper Likas (JHIE, 1)
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Fig. 12 E%o-Thiic dagama (Mdeama enal, 1905 for () Npbs
and (k=) Kunklugu Group S desote svwrage compomsong far
Fowramr ades fom Conde | 1905 PO Prosr aoac gresse; TTOE
| TammlzeTr imnism NFF, NFA and NFE e
eapreesmac bt v lkaar md, ssdmre, sl sk, ropovely
Icimed e besween MFE amd MO0 @ an i lnsse muTe compagsan
wrad Frld sy mtiam dae dem b o Npdha e sampieaiam
in1, mchsbag e ow mersies plo tmg e NPA

ard Monwezs (JEZD) samples, however, plol meaner
Mo prraterogsoec andesie, soggesinee of mone mafi c pamsi-
age. These mmnples are abso ennched m ferromagnesan
clements (Telk, Cr, Sc) melatwve to egovalens m each
fomaton

Maost Komdelonga Gromp smopls also plot on i8e
sorce Bme ( Fig. 18(h)), boot tend o hawe higher valoes
S baih ratine ARBagh ahacared om the piat all CPemn
Comghomerat ™ sampdes fall withim e Ngoha feld. This 5
also wompathle wiih dermration from enderlying Mpaba
arats exposed dunm g mwersmon. Many Midde Kakale mm-
s mleo fall withon the Ngoha field, o others spread 20
ragher ratoa, s gentng a Allghdy mone felac srane. Pla-
teaan Suhgroap samples hoe extreme Srfc nocs weih
smlar ThSc ratios & the anderhying Kondelanga mniss.
Sk imoranzed FrfSe natiee af relatvdy comatimd TRS:




Hnz

are merpreted as oo recwvebng efisct CMolenman e oal,
19, doe to mlatve comceniraton of ressiant mrcors,
e mam carner of fr oand destrocion of les resstand
Sebeaning phass (ed. pynonene, mafc rock fmgmenits)
Alerasion moan enban environm et woobd have moch the
sanne effect

Smndar patterss are shown by TV and Cefc rafus
Mgaha Groaps samphs generally show Bitle wnation,
woilh TV rasos (208 and CefSc ratos (196) soralar
0 fhatof Proterozone TG The dhree moone mafc mm ples
whemtfied ahoswe have gher TV r( 4400 and kower CefSc
(R 1 %), mgam oorssend with mone mafc soone Inthe
Komn debamgra Groap, “Pesi Conglomérat™ agam has raos
whemmcal 1 the Bgota Giroop, whensas Muddle Koalde

Mguba Group

M Basesibe @ al | dewmadof Afuaan Barsh Scimoa @4 00006 0 35058

ratics spread toward higher ratios (op to 10), sagEstve
of a slighy meore felac soarce. Upper K akale samples show
greater razge in CefSa, with some samphes Salin g o anom-
kol bow wabae (mear 1), Tt netam smilar TV rasos
(2035 The came of Sese anomaboely low CefSe tos
= ot wet dear, bt meay e dae to Ce boes rafer duan mone
maflc moarce. With ome emoepd on, Plateaan Sohgroap sam-
ples rave very hagh CefSe rasios (1 7-53) and very low Tofdr
(3134.%). These ratice ane agam o derstanda b fromn i
viewpoant of an eolan ongm, saggesting sarvival of rems-
tant beavy momerals sach as monazte [ (e jand mrcon (A
T oo charac er of (e sed e niry o i analveed
Bere amd the small contrasts betwesn farmatons outbned
above can be sammanzed on maltieeleent dagrams afer

Kundelengu Group
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normalsution agamst average Upper Contimental Crost
(L) Average Meoproterozos basall and floc volanic
rocios are also plotted for companson ( Fig. 15). The patem
for the “GGrand Conglomdrat™ i relatively wmidor m de spoe
s Bthobogoal vanaion, omd abvendances m the segment
Eb¥ are gererally ahove LOC This ondfoarmity agam
lemds sapport 0 a damcste characer. The patern m
the Upper Likas Formation i 5 smdar, bt i detimgashed
by omeformiy greater atvondances m the fermomagnesan
element wgment Feo¥', smolar fo average heoproenoeo
ki, refiar i the sbighdly more mafic composrion wden-
tfied ahove Some Morwen Sohgroup samples also show
this ennchment, whereas others spread to valoes bhelow
LOC. This is largely a sontng effect, as the latder groap
rocis e mamdy sandaiones.

The patterns for de * Pest Conglomént™ are smiar to
e of the “Uarand Con g oovedrat™ and are also relatively
araform | Fig. 14). Widdle K albde patierss are detarbed by
vis carhom@e comient, with sohstanial ennchment m Cald
m many samples. Ahondances mothe fermomagnesan seg-
ment Fe¥ fall to below UCC, refiectng the shght v mox
felmic somrce propoeed above. Ths may be mone marioed
than apparent fere, & all the Middle Kabole samples ane
mrimdro: s, which have less felac compositions than smds
dermved from soch svorces. Thes pasfiern = repaied m the
Upper Kakdle Formaton Al mafic eb=ent con
tenis imcrease shghily companed tothe Lower Kakde, tey
are cearly b fan m the Upper Liks madrocks. The
ofer notable fatores of the Upper Kaloe paitenms ane
the madred depletiom m Cadh, Maxd mmd & m most
samples due fo the merse weithering of fts soarce, and
ennchment m Kb above U0 abondances duoe to K-
metasnmatsm. As epected from fs goarizose ratore,
Plateam Groop sandstones paiterns (mot dhestraed) for
all clements except Sk are strongly depleied wilh respect
to UCC, with abendances ranging from abowt 0000004
times cnesild brvels

Warth to seath Ehokogacal and petro grap hic ¢ hanges m
‘Waaha and Kuondeongn Groops wiibm the Kaungan el

ancent sedmmentary saves| for the soothern sampbes. Thes
i alm soppored by the presemce of vt ral dasts from
the Koan md Mgoha Groops m the south fat are
min o fanther nomih, soggestng o soofhern proverance
for the sed memds i fhis area. Thes mopliss exbamagon of
the Mgota and Koan rocis at ths ome, and soppors the
mterpretation tat the “Fest Congloména™ coold mark
the mverson from evtenmonal o comprewonal fecio no
donng the evoloton of the Katngan han . The geo: hem-
noal s laritiess hetweem the “Petid Congloménat™ and the
amderiving Mgaba wniis m general, as ooibned above, akso
sappo rt s mmodel.

The Meso- 1o Pabeo protence o Irommdes belt bes o the
somtheast of the stody are, and contams mafic and feloc
igmecas rocks (Hansom et al, 1983, De ‘Waeke and Mapaza,
) 14 thves ool aleo e soone for K anngan sedments
These mderences are ako sapportad by OrfTh rasos and
the chome match of the analveed sampls weih TTG and
WFF composstors, saggestng that the bolk of the Ngoba
ard Kundebmnga Group detritas was denved from Proteno-
200c soaress with actve con tnental charactensi
and mot from an Archacan soance soch as te Congo cras
ton A& Pmienoeo e sowroe 5 oo indoated by a Pabsopno:
tErogode age reporied from detrtal ziroons m the Patem
Sobgroap iMaster of al | 3002 However, addrwomal geo-
cremocal, smotope, and geochronologoal dat ane nesded
o test this mierprelaton.

& one beshons

The Katangan hasm evalvad from a wede rift hasmioa
fomelamd b dorimg depoention of the M goha and Konde-
bomgn Growps. Sedovents were mamby derved from the
meonth, with some contnbation from the soat. Alhoagh
the soance remaned relatively felac throsghoot, demental
atmmdanoes and ratos sogaest o580 dy more mafic sooe
m the Ngoha Growp and the “Patit Conghomedrat™ fham i
the overiving wets. (FFL composations and geochemical
i ters mdinte a hasernent aphf provenance, proha.

suggest that the Katngn basm opened o de sooth | Bof
ard, 1SE Batomibe et al | 300 The Paleoproeosoic
Ubendan and e Meoproterogox Kibande belts ax
expoead m the norfern and montbemstern pars of e
Katurngan helt Bofh helts contam maflc and febac ignen s
roces deplaving contmerdal anc geochenwcal affimtes
{eg Andersen and Unrog, 198 Kamponza ef al, 1585
Kapenda et al | 1993 Kokomvang et al, 2004), and ako
comtam Bthologes sodlar o that of clasts recorded m
the “Giand Conglomeérat™ amd “Petd Comgloménat”
(gmnizie, gmnie, goess, rhyolite, mica schis, guanz:
Frmngosm, 194, Batamdee et al, 2002) The Lhendian
and Kitande belts ihos comprse sastable soarces for the
rocks examimed hene.

In the soademn dstrct e g Kipashi), the “Petit Con-
homenat” disp laws higher comients of Al Mg and Ca than
that im dhe mort b from Bonie va ), and 55 matnm s mosddier
than im the nonth, soggestng 4 more wanthersd soarce (eg.

hiy of Proterogone age Decesang Ly/L matos between
the Upper Likasi and Momwen Sob group soggest sinppong
of partal wlane cover and exposare of e oot of
soiroe terranes with contnental anc geo: hemioa! afinetes
The Paleoproteroeoo: |nendan Bt the Mesoprotenaen e
Fotarde and Iromde teli, and the Meso o Palsopmie-
re@nie I des are all poertal soaroes for the W goha and
Kumdebom gra Garoaps sediments. Although interpretaton s
soorewhat bwted by carbomate comtents, CLA mtos sag-
et moaroe ared wenthenng was genemlly mode rate donng
deposation of the “Grand Congloménat™ drough o the
Midde Lias Foarmaton Low CLA and PIA rasos and
the melawely andorm chemial compostors of the
“Carand Comglomenat” and de “Pedt Conglomenat™ bend
soare gapport 10 a cool or fngsd chmate and a glacogen o
ongm for these units. Soano: wenthenn g micmfied donng
Upper Kakale depositon, when tropooal or sohirop o] cons
ditwoms may have prevaded, and tectonism lessened The
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penchemical data are compaithle with deposton of the
Waoha Group m an exienmonal ervironment. S mlar geo-
chemcal sgratanes m e “Petit Conglomerat” and per-
faps  the Mudde Kakle Fomnaton may redect
mtrabasmal mworkng of the Ngoba Groop donng mwer-
son, wherness geochemiol contrasts mothe Upper Kabole
Formatsm may nepresent resampion of sapply of exn.
sl detriios.
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