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Pretectonic tholeiitic volcanism and related transitional plutonism 
in the Kidal assemblage (Iforas Pan-African Belt, Mali) 

J LETERRIER a n d  J M BERTRAND 

C R P G , BP 20, 54501 Vandoeuvre Les Nancy Cedex France 

(Recezved~or pubhcatton 1 4phi 1980) 

Abstract--The Kldal assemblage corresponds to a high-grade tectonometamorphic unit situated beneath the 
IGU granuhtlc nappe Pretectomc magmatlc rocks of intermediate to ultrabaslc compositions form more than 
60% of the volume and were intensely fohated during the D1 event Four groups have been defined (l) alkaline 
leptymtes associated with alummous quartzltes and dated at 1837 + 17/-9 Ma (Caby and Andreopoulous- 
Renaud 1983, J Afr Earth Scz 1, 193-197), (u) metadlontes-metatonahte plutons, far the most abundant, 
(m) amphlbohte bands, locally associated with metaconglomerates (O Bourhessa), lying directly upon the 
quartzltes and marbles attributed to the Upper Proterozoic, 0v) narrow lenses and large bodies of metagabbros 
associated wlth metapendotltes and some meta-anorthosites 

The amphlbohtes show T MORB affinities (low alkali and incompatible element contents and almost fiat REE 
patterns), and this suggests a spreading environment The gabbroic state magmas with various cumulates, are 
distributed between three end-members (ohvme peridohtes, pyroxenltes, anorthosltes) The fine grained 
gabbros show a close chemical similarity with the amphlbohtes and this suggests a direct genetic relationship 
between the two suites The chemical characters of the metadlonte-metatonahte state conform to typical 
dionte-tonahte-trondhjemlte continental suites m a spreading environment 

The magmatlc units of the Kldal assemblage show significant hthologlcal and geochemical similarities with the 
supracrustal basic volcamcs and mtruswe complexes of Archean high-grade belts 

The postulated extensional behaviour of the Kldal assemblage may be considered to have indirectly induced 
the high-strata and dominantly rotational tectomc regime evidenced in this domain 

INTRODUCTION GEOLOGICAL SETTING 

THE KIDAL assemblage was defined by Boulher et al 
(1978) as the high-grade gnelsslc unit underlying the 
Iforas granuhtlc unit (IGU) which forms a major base- 
ment nappe (Boulher 1982) Tectonic lenses of 
quartzltes and marbles showing similarities with the 
Upper Proterozolc Stromatohte Series (Caby 1970) 
suggest that the assemblage corresponds proparte to late 
Precambrlan rocks The only available geochronological 
data confirm the Pan-African age of the tectonometa- 
morphlc evolution of the area, this 690 Ma old U/Pb age 
on zircon may be interpreted either as the emplacement 
age of a pretectonlc intrusive (Caby and Andreopoulos- 
Renaud 1985) or as approaching the age of the main 
nappe-formlng event In the area (Boulher et al 1978, 
Boulher 1982) 

The mare structural characteristics and the metamor- 
phic evolution of the nappe pile were presented by 
Boulher (1982) and are discussed in a paper by Cham- 
penols et al (1986) The nappes were emplaced, prob- 
ably toward the N, under amphlbohte-facles conditions 
of Barrow type 

Our purpose ~s to present preliminary geochemical 
results on mafic metavolcanlcs and ultrabaslc-gabbrolc 
lntruslves These data, combined with prewously pub- 
hshed data on the pretectonlc metatonahtlc plutons 
(Bertrand et al 1984), are used to discuss the geotectonlc 
significance of the Kldal assemblage 

Three major components make up the Kldal 
assemblage (Fig 1) 

(1) A gnetsstc component  comprises banded grey 
gnelsses where a part of the mobihzates predates the 
main deformation Some of these gnelsses may be inter- 
preted as retrogressed granuhtes They are associated 
on the field with red alkaline leptynltes which yielded a 
U/Pb on zircon age of 1837 +17/-9 Ma (Caby and 
Andreopoulos-Renaud 1983) Numerous meta-aphtes 
and metapegmatltes are also present and show a typical 
platten-quartz structure more or less obscured by the 
post-kinematic mlgmatltlC recrystalllzatlon The gneIsslc 
component, which forms 10-30% of the assemblage, is 
interpreted as the result of deep-seated reworking of 
Eburnean gnelsses, granuhtes and Middle Proterozolc 
lntruslves during an early stage of the Pan-African 
orogeny 

(2) Metasupracrustals define three different zones 
from East to West 

In the Tin Elor area, close to the IGU, polyphase 
folded alumina-rich quartzltes are closely associated 
with the 1837 Ma old alkaline leptynltes 

In the central part of the domain (O Bourhessa), 
discontinuous tectonic lenses are formed by a polyphase 
folded trilogy of quartzltes, marbles and banded 
amphlbohtes, metapehtlc rocks occur in places Local 
occurrence of pebbly quartzltes at the bottom of the 
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Fig 1 Geological map of northern Central Iforas belt 1 Eburnean granuhtes 2 Amphlbolltes and gabbrolc mtruslves 3 
Metadlormc-metatonahtlc  pretectonlc plutons 4 Gnelsses and metasedlments (2 + 3 + 4 = Kldal assemblage) 5 

Posl-tectomclntrusl~es 6 Thrusts 7 Faults Sample location, 8 Amphlbohtes 9 Metagabbros 10 Metatonahtes 

sequence suggests a correlation with the base of the 
Stromatohte Series but any basement-cover  type stratl- 
graphic contact is completely rubbed out by the deforma- 
tnon 

In the westernmost part of the domain, htghly 
deformed conglomerates have been found, interleaved 
with plagtoclastc gnelsses and banded amphibolltes 

The metasupracrustals form 0-10% of the assemblage 
and are interpreted as the result of the infolding of cover 
in the reactivated basement 

(3) An mtrus~ve component  forms in many places the 
bulk of the assemblage Most of these intruslves clearly 
predate the main tectonometamorphic evolution (the 
D1 event of Boulher 1982) They consist of 

Fohated lenses of meta-ultrabaslcs metagabbros and 
meta-anorthosltes Close association on the field with 
small occurrences of unretrogressed OPX-bearing 
granuhtes suggests either an early contact metamor- 
phism or basement slices or xenohths 

Metatonalltes associated with leucocratlc terms 
having trondlhemlnc affinltes Their  magmatlc texture 
is never preserved, a late-kinematic blastlc recrystalllz- 
atlon being the rule, locally associated with remeltlng 

True syntectonlc intrusIves were not recognized w~th 
certainty but the late-kmematic remeltlng is sometimes 
so large that almost homogeneous new tonallte and 
granodlonte may be reached A metatonalltlC ghost 
structure and/or irregular xenohths are present m all 
cases 

Along the western contact of the domain, porphyrmc 
monzodlorltes and granodlorltes cross-cut the S1 toh- 

anon of the metatonahtes and gnetsses Together  with a 
large aphtlc and pegmatltlC complex (the RA P U  = red 
aplo-pegmatmc unit), they predate the D2 deformation 
which dominates the westernmost bathohtlc domain 
(Bertrand and Wright in prep ) 

P E T R O G R A P H Y  

The magmatlc units of the Kldal assemblage have all 
been submitted to the D1 tectono-metamorphlc  event 
(Boulher 1982) Their  primary textures and mineral 
associations are rarely preserved, being replaced by 
amphlbohte facies metamorphic paragenesis 

Amphlbohtes occur as elongated lentlcular bands of 
various sizes interleaved with metasediments or grey 
gnelsses In most cases they lie upon the marbles and are 
believed to constitute an upward sequence by compari- 
son wnth the sequence observed in less metamorphic 
tectonic units (Ibedouyen, Ourdjan) where the uncon- 
formity of the basal quartzite upon a basement has been 
recognized Other amphlbohtes are mterbedded with 
ubnqultous gnelsses which may contain metaconglomer- 
ates (O Bourhessa) Amphlbohtes are htghly follated 
and have a fine grained granoblastlc texture with the 
mineral assemblage hornblende + calcIc andesme + 
epldote + sphene + quartz + l lmeno-magneti te 

The metagabbros and serpentlnlzed ultramafic rocks 
occur as numerous lentlcular bands varying in thickness 
from 1 m to up to 100 m Their contacts with the 
enclosing metasedlments and gnelsses are sharp Field 
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studies reveal that they constitute a complex association 
of serpentlnlzed dumtes, metapyroxenltes, meta-anor- 
thosltes and fine grained, texturally lsotroplc metagab- 
bros Primary mineral associations are partly preserved 
in some samples and associate olivine with coronltlC 
texture, orthopyroxene, clinopyroxene and basic 
plagloclase 

The metadlorlte-metatonahte suite is widely distrib- 
uted within the Kldal assemblage and occurs as large, 
highly fohated plutons The rocks are medium to coarse- 
grained with orthognelssic texture and contain numer- 
ous deformed amphlbohte xenohths They consist of 
ohgoclase-andesme plagmclase, hornblende, biotite, 
some quartz and allanlte + sphene + ep~dote + magne- 
tite as accessory minerals 

ANALYTICAL METHODS 

Major and trace element abundances of the 33 
selected samples of amphlbolites and metagabbros were 
determined by ICP on an ARL 31 000 spectrometer 
combined w~th a micro-wave plasma source unit 
Analytical errors are 5% for major elements and 10% 
for trace elements The REE, Nb and Zr values on eight 
samples were determined by ICP on a JY48P spec- 
trometer combined with an inducted plasma source unit 

The precision of this method, which has been tested by 
isotope dilution, is in the 3-5% range Analyses of the 
metatonahtes are from Bertrand et al (1984) 

RESULTS 

Analytical data of the selected samples are presented 
in Tables 1 and 3 and their normative compositions in 
Tables 2 and 3 

The amphtbohtes 

Except for the most dlfferentmted terms which are 
quartz normative, all the analyzed samples of amphlbo- 
lltes are olivine tholentes with normative ohvlne and 
pyroxene ranging between 1-14% and 27--43%, respec- 
tively Their relatively low alkali (mean values for Na20 
and K20 = 2 47% and 0 56%, respectwely) and incom- 
patible element contents may be a primary feature or it 
could be the result of alkali depletion during high-grade 
metamorphism The almost linear &stributlon of the 
amphibohtes within the field of modern unmetamor- 
phosed basalts in the logarithmic oxide molecular pro- 
portion ratio diagrams of Beswlck and Soucle (1978) 
suggests that no major change has occurred In the 

Table 1 Representative analyses of amphlbohtes and gabbrolc rock suite from the Kldal assemblage 

LM33 

Gabbrom complexes 

Serpen- Fme 
Amphlbolltes tlmzed Orthopy- Chnopy- grained 

perldome roxemte roxenlte Anorthoslte gabbro 
LM35 LM15 LM54 LM10 LM59 LM66 LM45 LM58 

S10: (wt%) 47 26 45 32 48 48 46 09 
AI,O, 14 25 15 68 14 73 12 36 
Fe:O~* 12 17 13 55 13 45 17 62 
MnO 0 18 (I 22 II 19 (I 27 
MgO 8 19 7 52 b 84 5 4b 
CaO 11 56 12 76 11 75 t) 81 
Na,O 2 47 1 56 2 19 2 13 
K20 0 57 I/68 [I 49 II ~6 
T10: 1 39 1 88 1 40 4 87 
P20~ 0 37 (I 05 (I 16 nd 
L1 079 076 (161 029 
Total 99 20 90 98 100 26 99 26 

36 89 53 05 51 91 46 80 46 30 
2 19 3 21 6 37 31 23 14 51 
8 32 12 09 5 31 1 50 13 69 
012 018 079 004 020 

36 18 24 70 15 57 1 41 8 70 
0 86 4 35 16 73 14 09 12 24 
001 020 069 185 184 
005 0 13 035 066 038 
(I 18 tl 36 0 33 0 20 1 10 
0 20 nd nd nd 0 02 

14 36 2 09 0 63 1 70 0 66 
99 36 100 36 98 68 99 48 99 64 

Ba(ppm) 90 141 94 123 
Cr 367 335 123 82 
NI 152 153 140 f~9 
Sr 17~ 257 213 256 
Rb 5 0 7 3 
La 4 4  5 6  63  186 
Ce 11 6 104 107 493 
Nd 8 1 10 2 13 9 32 5 
Sm 23  3 2  43  8 4  
Eu 0 82 1 03 1 50 2 5 
Gd 2 3  33  45  79  
Dv 3 0  ~8 4 7  81 
Er 16 18 22  4 0  
Yb 16 19 2 2  3 8  
Lu 0 24 0 30 0 4 l) b 
Nb 10 l! 11 4 11 9 33 2 
Y 25 8 22 6 26 9 46 4 
Zr 60 8 84 2 105 6 252 8 

<I l l  11 78 201 119 
2494 2093 1220 250 250 
2305 1217 730 22 173 
<113 20 93 1267 164 

nd 2 4 10 3 
x 2 2  14  17 4 0  
x 6 4  4 0  4 9  104 
x 33  31  085 73  
x 091 11 005 21  
x 0 3  0 4  024 075 
x 12 13  007 2 7  
x 10 12  001 2 8  
x 0 6  0 7  001 18  
x 05  05  001 16  
x 01  01  001 024 
x 31 2 5  21  105 
x 61  5 6  0 3  208 
x 202 183 15 554 

* Total iron as Fe20~ x not analyzed, nd not detected 



610 J LETERRIER and J M BERTRAND 

Table 2 Normatwe compositions of the selected amphlbohtes, meta-ultrabas~te, metapyroxemtes, meta-anorthoslte and metagabbro from the 
KMal assemblage 

LM33 LM35 LM15 LM54 LM10 LM59 LM66 LM45 LM58 

Qz 0 0 0 2 2(1 0 1 31 0 0 0 
Or  3 45 4 15 3 00 2 30 0 30 0 75 2 10 3 95 2 30 
Ab 22 85 14 50 21) 20 20 45 0 10 1 80 6 25 16 80 17 00 
An 26 85 34 91) 29 70 24 70 4 15 7 45 13 40 71 90 31 10 
Dl 23 84 24 28 23 40 21 96 0 11 24 56 48 0 25 24 
Hy 3 94 3 10 14 44 18 02 23 28 74 98 19 42 6 82 4 62 
Ol 14 19 13 92 4 59 0 69 69 0 1 02 0 15 81 
Mt-II 4 06 5 02 4 28 10 36 1 72 2 48 1 34 0 54 3 90 
Ap 0 80 0 11 0 35 I) 0 45 0 0 0 0 

In the calculation Fe20~ is set at 0 15 FeO--for petrographic mformanon see Table 1 

composition of the rocks since their origin (Fig 2) The 
MFA plot (Fig 3) shows for the amphlbohtes a strong 
iron enrichment trend which precludes affinltes with 
calc-alkahne suites According to the nomenclature 
applied by Wood (1978) to the Icelandic Tertiary tholen- 
tic series, the Kldal amphibohtes are distributed 
between high-magnesia basalts and Ti-rlch ferrobasalts 
Their general low content of incompatible elements 
suggests affinities with oceanic domains These affinities 
are also indicated by the distribution of the amphlbohtes 
within the ocean floor basalts field of the discrimination 
diagrams of Pearce and Cann (1973) (Fig 4) 

The most magnesian amphlbohte (LM33) has a low 
REE content (E REE = 36 ppm), poorly fractionated 
pattern [(Ce/Yb)N = 1 9] and no Eu anomaly (Table 1, 
Fig 5) These characters and its high Cr and NI contents 
suggest that It may represent a primary magma The 
transition to ferro-basalt type (LM54) induces a marked 
Increase of the REE content (ca 136 ppm) but the REE 
pattern remains practically unchanged [(Ce/Yb)N = 
3 4] The lack of Eu anomaly suggests that plagloclase 
fractionatlon was not involved In the primitive evolution 
of the rock series 

Table 3 Chemical and normative composition of selected samples from the Kldal metadlonte-metatonahte state - 1 to 4 comparison with the 
Nuk gneisses from Labrador (McGregor 1979) 

N190 N186 N188 N189 1 2 3 4 

SiOz(wt% ) 52 87 55 62 59 79 66 58 51 65 55 29 64 50 67 65 
AI203 18 89 17 26 16 91 15 15 18 28 19 58 17 28 16 42 
Fe203* 8 37 7 46 6 32 3 96 9 04 6 25 3 39 3 10 
MnO 0 14 0 12 0 10 0 04 0 12 0 08 0 04 0 04 
MgO 4 69 3 74 3 00 1 93 4 55 2 88 1 68 1 20 
CaO 7 20 6 37 5 83 4 04 7 74 7 54 4 41 3 87 
NazO 4 25 3 94 3 93 3 85 4 40 4 70 5 00 5 30 
K20 l 82 2 01 1 74 1 58 1 59 1 24 1 54 1 24 
T~O 2 0 97 1 09 0 81 0 64 1 06 0 81 0 44 0 42 
P~O~ 0 25 0 32 0 31 0 11 (/75 0 36 0 18 0 17 
L I 0 92 0 88 0 76 0 71 0 50 0 85 0 88 0 74 
Total 100 37 98 81 99 50 98 59 99 68 99 58 99 34 100 15 

Ba (ppm) 730 769 760 791 1010 480 859 440 
Cr 34 40 42 34 90 80 40 30 
Nl 26 29 25 12 54 48 26 6 
Sr 784 695 656 703 1119 800 737 604 
Rb 52 66 54 47 40 43 51 35 
La 2 1 2  195 178 12 1 
Ce 4 9 3  4 0 6  393  238  
Nd 30 7 25 3 16 9 12 2 
Sm 6 9 6 0 3 9 2 3 
Lu  1 86 1 84 1 15 073  
Tb 0 87 0 79 0 55 0 30 
Yb 2 20 2 04 1 35 0 68 
Lu 031  0 3 2  0 2 0  0 11 
Nb 14 14 10 9 6 6 3 5 
Zr 220 169 226 143 113 48 139 124 

Qz 0 4 32 11 29 24 03 0 2 08 15 56 19 74 
Or 10 80 12 20 10 50 9 65 9 50 7 40 9 20 7 35 
Ab 38 25 36 25 35 95 35 60 39 75 42 50 45 35 47 70 
An 27 10 24 00 23 75 19 95 25 60 28 85 20 35 17 40 
Dl 5 68 5 00 2 92 0 6 60 5 24 0 52 0 64 
Hy 6 32 14 72 12 74 8 94 2 98 11 00 7 48 5 74 
Ol 8 61 0 0 0 11 01 0 0 0 
II-Mt 2 74 2 82 2 20 1 60 2 98 2 18 1 18 1 10 
Ap  0 53 0 69 0 67 0 24 1 57 0 75 0 37 0 35 
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Fig 2 Logarithmic oxide molecular propornon ratio plot of Kldal amphlbolltes Fields gwen are those of modern unmetamorphosed basalts 
(after Beswlck and Soucie 1978) 

The meta-ultrabastc-metagabbrotc sutte 

This unit shows a considerable range in chemical 
composition reflecting the large diversity of the 
associated rock types (Tables 1 and 2) The serpentinized 
ultrabasltes and coarse-grained gabbros have cumulate 
compositions ranging from olivine perldOtltes to pyr- 
oxenltes, In which the chemical spread is controlled by 
the variations of the chnopyroxene/orthopyroxene ratio, 
and to anorthosttes The olivine peridotltes and pyr- 
oxemtes are strongly enriched In Cr and Nt and, by 
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Fig 3 AFM plot of the Kxdal igneous suite A = NaEO + KEO, F = 
total Fe as FeO, M = MgO Reference fields and trondhjemitic trend 

after Barker and Arth (1976) 

contrast, depleted in incompatible elements The anor- 
thosltes are characterized by their high anorthite norma- 
tive content (ca 80%) and their Sr enrichment The 
cumulative character of this rock suite IS also attested by 
their very low R E E  contents and normalized patterns 
strictly controlled by their dominant minerals 

The fine-grained, texturally lsotroplc, gabbros have 
basaltic compositions and exhibit characters almost 
identical to the Kldal amphlbohtes They have olivine 
tholente affinities with low alkali and incompatible el- 
ement contents They are REE  depleted (34 ppm) with 
an almost flat pattern [(Ce/Yb)N = 1 65] (Fig 5) and 
plot within the ocean floor basalts field of the discrimi- 
nation diagram of Pearce and Cann (1973) (Fig 4) 

The metadlortte-metatonahte sutte 

The different plutons appear similar in composition 
and have a wide range of SIOE contents (53 -67%--  
Table 3), whereas their alkali and more particularly K 
contents remain almost constant (K20 varies between 
1 35 and 2 01%) In the AFM diagram the series follows 
a well-defined trondhjemitlC trend as defined by Barker  
and Arth (1976) (Fig 3) Over all the compositional 
range the suite is enriched in incompatible elements with 
only slight positive or negative correlations with SIO E , 
except for Rb which follows K All four analyzed sam- 
ples have relatively fractlonated R E E  patterns with no 
significant Eu anomaly (Fig 6), with the increase of the 
silica content the total R E E  content decreases (from 113 
to 52 ppm) whereas the fractlonatlon between L R E E  
and H R E E  increases [(Ce/Yb)N varies from 6 to 9] This 
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Fig 5 Chondnte-normahzed REE patterns for a Kldal amphibohtes 
(LM33, 35, 15 and 54) and fine-grained gabbro (LM58),  b T-MORB 
ohvme tholeutes from Iceland (Wood 1978), Skye (Mattey et al 1977) 
and Scotia Sea back-arc basin (Hawkesworth et al 1977), and 
Archaean amphlbohte from Isua Greenland (Sun and Nesbitt 1978) 

Fig 4 Trace element discrimination diagrams according to Pearce and 
Cann (1973) showing the distribution of the Kldal amphlbohtes (ur- 
cles) and fine grained metagabbro (black circle) Comparison with 
T - M O R B  olivine tholentes from Iceland (black triangle) (Wood 1978) 
and Skye (black square) (Mattey et al 1977) and Archaean amphibo- 
htes from Labrador and Greenland (triangles) (Rivalenn 1976 Coller- 

son etal  1976) 

evolution suggests that hornblende fractlonatlon was 
involved m the production of the more siliceous magmas 
(Arth and Hanson 1975, Cocherle 1978, Fourcade and 
Allegre 1981) 

An Rb-Sr isotope study has been previously per- 
formed over nine samples of the metadlonte-metatona- 
hte suite (Bertrand and Davlson 1981) The data present 
a large scatter which exclude any lsochron age and may 
be attributed to an inhomogeneous effect of the Pan- 
African metamorphism 

DISCUSSION 

When compared with modern, unmetamorphosed, 
volcanic series, the Kldal amphlbohtes present affinities 
with enriched Transitional (T)-MORB (Sun et al 1979) 
(Figs 4 and 5) which occurs in several spreading environ- 
ments These include ridge segments such as the 61-63°N 
Reyklanes Ridge (Sun et al 1975), islands on a ridge 
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Fig 6 Chondnte-normahzed REE patterns for a Kldal metadlonte -  
metatonahte suite, b Cenozoic-Mesozoic  tonahtic-trondhlemltic 
suites from continental margin and continental interior (Arth 1979) 
and Archaean metadlorltes-metatrondhlemltes from Minnesota 

(Arth and Hanson 1975) and Nfik, Greenland (Compton 1978) 
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such as Eastern Iceland (Wood 1978), back-arc spread- 
ing centers such as the Scotia Sea (Hawkesworth et al 

1977) or continental dyke warms such as Skye (Mattey et 

al 1977) All these basaltic suites exhibit Fe-enrIchment 
trends, no marked depletion in highly incompatible 
elements and almost flat REE patterns (Table 4, Fig 5) 
Taking into account the close associanon of the Kldal 
amphlbohtes with supracrustal metasedlmentary rocks 
(pehtes, quartzites and marbles) and grey gnelsses, we 
suggest that they may represent the metamorphosed and 
deformed equivalent of a back-arc spreading center 

The close chemical similarity of the fine-grained gab- 
bros with the amphlbolites suggests a direct genetic 
relationship between the two units 

The high incompatible elements enrichment, and the 
fractlonated REE patterns of all the terms o1 the 
metadlorlte-metatonahte suite, preclude any generic 
relationship with the amphlbohtes The chemical charac- 
ters of this suite conform to Barker's 11979) and Arth's 
(1979) definition of typical dlOrlte-tonahte-trond- 
hlemlte suites which are known in four main geologic 
environments (1) Archaean grey gneiss terranes 
(McGregor 1979), (2) Continental margins or interiors 
in relation to subductlon or to subsidiary back-arc 
spreading (Barker and Mlllard 1979), (3) Island arc as 
part of arc-tholentlC states (Phelps 1979), (4) Ocean 
ridge or ophlohtes as a member of the plaglo-gramte 
suite (Coleman and Peterman 1975) Some major ele- 
ments, such as AI203, and trace elements, such as REE, 
appear able to distinguish the geotectonlc setting ot 
these suites According to Arth's (19791 criteria the 
Kldal metadlonte-metatonahte suite is comparable to 
the hlgh-A120~, low-Yb continental type (Fig 6) 
Taking into account the geotectonlc setting previously 
defined for the amphibohtes into which the plutomc 

suite is emplaced, we can suggest for this suite a back-arc 
spreading environment 

The exact age of the pre-D1 Kldal magmatlsm is 
unknown, as it is also for the D 1 event itself An Rb-Sr 
isotopic study did not succeed in dating the metadiorite- 
metatonahte suite (Bertrand and Davlson 1981) 
Unpublished U/Pb data on zircons (Bertrand and 
Dautel) have yielded useless low intercept ages of 554 + 
10 Ma and 605 _+ 8 Ma for two similar samples of the 
same plutonlc body (a striking feature, yet unexplained, 
is the same upper intercept, ca 3000 Ma, for the two 
samples) As these ages are lower (or in the same range) 
than the biotite ages (Bertrand and Davlson 1981, Ber- 
trand et al 1984), they cannot correspond to the 
emplacement of the plutonlc bodies More likely, they 
may result from an open system behavior at the time of 
the collision, estimated at ca 600 Ma and accompanied 
by the emplacement of a large bathohthlc complex 
(Llegeols et al 1986) Assuming, on the basis of many 
indirect arguments, a Pan-African age for its tectono- 
metamorphic evolution, two age posslblhties for the 
Kldai pretectonlc plutonlsm are to be checked 

(1) It could be related to the malor dlstenslve event 
evidenced by Caby (1970), dated at ca 800 Ma (Clauer 
1976, La Bolsse 1979) and interpreted as the initiation of 
the oceanic stage of the Trans-saharan Belt, 

or (2) it could be associated with a still undated stage 
of the eastward subductIon and corresponds to a back- 
arc spreading 

The Arablan-NubIan shield is currently regarded as 
one of the best examples that display the development of 
the Pan-African magmatlc activity from 901/-950 Ma to 
some 640 Ma ago (Kroner 1985, Marzoukl et al 1982) 
Geochemical data provide evidence of general affinities 
ot volcanic as well as plutonlc suites with island-arc 

Table 4 Mean composmon  of Archaean meta-volcamcs meta-ultramalacs meta-anorthos~tes and metagabbros  compared with recent 
T - M O R B  ohwne tholentes 

I 2 3 4 5 6 7 8 9 10 1l 12 13 

S~O: 49 511 51 05 49 07 50 59 46 (10 38 8~ 49 60 49 20 48 86 47 23 47 115 47 91 50 02 
(wt % ) 

AI20~ 14 43 14 13 14 52 12 08 14 53 0 95 5 20 26 60 17 22 15 03 14 60 13 (11 16 13 
Fe20~t 12 56 13 16 13 46 13 28 13 91 10 56 8 40 3 41 10 29 12 97 14 95 17 06 l l  05 
M n O  1/20 0 20 0 23 0 21 0 06 0 10 0 15 0 07 0 17 11 19 0 20 0 24 0 18 
MgO 6 90 7 63 7 22 8 56 11 41 38 02 29 80 1 55 6 90 7 55 5 96 4 71 6 01 
CaO 11155 895  1022 11 00 1061 1/61 54(1 11 03 11 10 11 50 10/15 931 11 62 
Na:O 2 78 2 55 2 08 2 16 1 78 0 09 0 85 3 31 2 35 2 27 2 92 2 88 2 99 
K20 0 46 1 03 0 39 0 74 0 33 0 01 0 09 1 13 0 71 0 26 0 51 0 59 0 16 
T~O, 1 12 l 03 1 03 0 68 11 85 0 117 0 12 0 21 0 62 2 05 3 00 ~ 68 1 67 
P2Os 0 14 0 25 0 27 0 07 0 113 ~1 42 0 06 0 22 0 35 0 41 0 15 
L I l 37 2 18 1 37 1 37 11 88 1 50 2 14 1 17 1 30 1 1)7 1 (16 1 31 

Ba 211 140 116 115 8 27 129 187 96 162 2/12 
Sr 121 134 79 24 18 414 143 245 309 28~ 811 
Rb 11 23 26 4 4 118 21 2 6 ~ 12 
Cr 366 310 ~37 599 6(17 31 ~2 2646 66 3 ~9 239 92 27 224 
N1 141 217 100 147 151 2/164 1178 47 132 117 75 26 70 
Zr 811 ~5 45 17 17 35 4~ 101 176 215 42 

1 Ampblbohtes  from Flskenaesset  Greenland (Rlvalenn 1976) 2 Nena  amphlbohtes  Greenland (Kalsbeek and Leake 1970) 3 Amphlbo-  
htes from Munt  River belt, Labrador  (Collerson et al 19761,4 Amphlboh tes  from Saglek area, Labrador  (Collerson et al 1976) 5 Amphlbohtes  
from Sargur belt India (Venka ta ramana  1982), 6-9 Metapendot l tes ,  metapvroxemtes ,  meta-anorthosl tes  and metagabbros  from Labrador  
(Collerson et al 1976), 10-12 Tertiary ohvme tholeutes state from Eastern Iceland (Wood 1978), 13 Ohvlne tholente from M a n a n a  back-arc 
basin (Dietrich et al 1978) 
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setting No back-arc setting environment has been so far 
described m this region and no valuable comparison may 
be established w~th the Ktdal assemblage 

Another comparison may be proposed wtth the tec- 
tono-magmatlc evolution of Archaean high-grade belts 
Such complexes are now well known and a relevant 
chronology has been proposed by Wmdley and Smtth 
(1976) (1) formation of gneisstc basement, (2) depo- 
sition of supracrustal rocks (pelltlC schists, quartzttes, 
marbles, basic volcamcs), (3) mterthrustmg of supra- 
crustals and basement with mtruslon of layered ultra- 
mafic-gabbrolc-anorthosltlC complexes, (4) intrusion of 
tonallte-granodlorlte plutons, (5) deformatton and high- 
grade metamorphism of all rock units The metabaslc 
volcantcs of various Archaean high-grade belts such as 
Labrador (Collerson et al 1976), Greenland (Rlvalentt 
1976) and Canada (Goodwm 1968) have, for their major- 
tty, ollvlne-tholente affinities (Table 4) Their REE and 
incompatible element contents are low with a small 
LREE enrichment (Rlvalentt 1976, Collerson etal 1976, 
Gill and Bndgwater 1976, Sun and Ncsbltt 1978) The 
ultabastc-gabbrotc-anothroslt~C complexes associate 
metaperldotltes, metapyroxenltes and meta-anortho- 
sites characterized by the very high anorthlte content (ca 
90%) of their plagloclase (Collerson et al 1976, Ven- 
kataramana 1982) (Table 4) The intrusive gnelsslc com- 
plexes which, in some belts, make up 80-85% of the 
present surface associate dominant low-K dlOrltlC- 
tonahtlc states with subsidiary granodtorttlc-granltlC 
suites (Wmdley and Smith 1976, Kalsbeek 1976, 
O'Ntons and Pankhurst 1978) (Table 3) From these 
data it appears that the Kldal assemblage shares many 
common features (llthology, geochemistry and even 
tectomc evolution) with the Archean htgh-grade com- 
plexes and thus may be considered as a 'modern' equiv- 
alent for the Archaean geodynamtc environment 

CONCLUSION 

The pre-D1 Kldal assemblage associate four major 
hthologlcal umts (1) old gnelsslc basement, (2) supra- 
crustal rocks (leptynltes, metapelltes, quartzltes, mar- 
bles, amphlbohtes), (3) meta-ultrabaslc-metagabbrotc- 
meta-anorthosmc intrusive sequence, (4) metadtonte- 
metatonallte plutons 

The T-MORB affinities of the amphlbolttes and their 
association with a platform-type sedimentary sequence 
suggest a back-arc spreading center setting A compari- 
son with the post-Eburnean, prc-Pan-Afrlcan dykes 
cross-cuttmg the granulltes of the Iforas Granuhtlc Umt 
(Boulher 1982, Davlson 1980) remains to be done 

The high incompatible element contents and the 
LREE enrtchment of the metadlortte-metatonallte suite 
preclude any direct genetic relationships with the 
amphlbolites and suggest a significant change m the 
geotectomc environment A continental setting in re- 
lation to a subsldmry back-arc spreading developed 
during the subductlon stage seems to be the most suitable 
posslbthty 

The magmatlc units of the Kldal assemblage show 
slgmficant hthologlcal and geochemical Slmllarttles with 
the supracrustal basic volcanlcs and intrusive complexes 
of Archaean high-grade belts 

The high-stram and dommantly rotational tectonic 
regime evidenced in the Kidal assemblage (Champenols 
et al 1986) may be considered as an m&rect consequence 
of the extenstonal behavior postulated from our 
geochemical data As for Archaean equivalents, we can 
guess that such an early thinning has reduced drastically 
the crust strength, inducing lately the preferential 
development of tangentml tectomcs 

Nevertheless the age of the K~dal assemblage as well 
as the proposed geotectomc model are still at the highly 
speculattve stage They cannot be ensured since (a) pre- 
ctse geochronological data are not avadable and (b) it 
has not been demonstrated that present day analogues 
are reahsttc Proterozotc or Archaean models 
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