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Abstract--In the Tlmgaoulne area, the gramte-gnelsses and medium-grade metasedlments of the Aoullene 
domam, situated to the east of the area studmd and separated from the Tlmgaoume domain by a hlgh-stram zone 
the Tm Dl-Tm Elfin hneament, do not correspond to a simple pre-Pan-Afrlcan basement The Tlmgaoulne 
domain is constituted by two mconformable formatmns, the older Pharusmn I cycle which ended 840 Ma ago with 
the emplacement of post-tectonic h~gh-K granites and syemtes, while the Pharusmn II constitutes a volcanoclast~c 
unconformable cover Both umts have been shghtly deformed and metamorphosed under greenschlst-facles 
condmons and large late-tectomc batholmc complexes (Imezzarene pluton) were emplaced The contrast is sharp 
with the highly deformed, medium-grade Aoullene domain where, however, Pharusmn II eqmvalents have been 
recogmzed A study of the deformation in the Tin Dl-Tm Effel hneament and m the Aouflene domain (which are 
characterized by a strong often mvlonmc and flat-lying fohauon and a conspmuous NE trending stretching 
hneatmn) shows that ~t corresponds to a complex assocmtmn of thrusting and stnke-shp mechamsms This 
feature is interpreted as the result of a major mtracrustal decouphng zone separating a deeply reactivated 
underlying basement and cover unit from a high-level unreactwated crustal 'pop-up' U/Pb geochronological 
results confirm this mterpretanon and fix the age of the mam tangentml tectomcs in the range 629~614 Ma Ages 
and tectomc evolution of the Aouflene domain are thus very similar to what ~s known m the nelghbourlng Central 
Hoggar The late-tectomc Imezzarene pluton has been dated by the same method at 583 Ma 

I N T R O D U C T I O N  

DURING THE Pan-Af r i can  o rogeny ,  600 Ma ago, a wide 

mobi le  bel t  was f o r m e d  m the H o g g a r  area to the east of  

the Wes t  Af r i can  c ra ton ,  which r ema ined  stable dur ing 

the Middle  and U p p e r  P ro t e rozo lc  F r o m  convergen t  

ev idence ,  a comple t e  Wilson cycle was p roposed ,  

ini t ia ted ca 800 Ma ago, It ended  ca 600 Ma ago with the 

b m l d m g  ot a colhs lonal  o rogen  (Ber t r and  and Caby 

1978, B l a c k  e t a l  1979, C a b y  e t a l  1981) 

The  most  p r o m i n e n t  s tructural  fea tures  are N - S  t rend-  

mg folds, and mega  shear -zones  which acted as thrusts or  

s tnke-shp  faults Th ree  s t ructural  domains  have  been  

def ined,  separa ted  by ma jo r  h n e a m e n t s  (Ber t rand  and 

Caby 1978) T h e y  are,  f rom west to east the Pharus lan  

bel t ,  the  Cent ra l  Hogga r ,  the Eas te rn  H o g g a r  The  

T l m g a o u m e  area  be longs  to the eas tern  branch of  the 

Pharus lan  belt  (Fig 1) 

G E O L O G I C A L  S E T T I N G  OF  THE 
TIMGAOUINE AREA 

The  Pharus lan  bel t  ~s separa ted  into two branches  by 

the In Ouzza l  and the Iforas  granuht tc  umts in t e rp re t ed  

as r ep re sen tmg  basemen t  nappes  (Bou lhe r  1979) 

Excep t  for these umts ,  most  of  the bel t  is consUtuted  by 

Middle  to U p p e r  P ro t e rozo lc  fo rmat ions  (Caby 1970) 

In the eas tern  branch,  two t e c t o n o m e t a m o r p h l c  cycles 

have  b e e n  d e m o n s t r a t e d  (Ber t r and  et al 1966, Grave l l e  

1969) Pharus lan  I and Pharus tan  II 
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Fig Slmphfied geological map of the western part of the Tuareg 
shmld 1, West Afncan craton 2, Eburnean granuhtes (Iforas and In 
Ouzzal) 3, Central Hoggar 4, Eastern branch of the Pharuslan belt 
5 Western branch of the Pharuslan belt 6, Tflems~ accretion domain 
7, Gourma and Tlmetrme nappes 8 Suture zone SI Sdet TA, 
Tamanrasset TI, Tlmgaoume W A C , West African craton T S B , 

Trans-Saharan belt 
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Fig 2 Tlmgaoume area geological map (from Reboul and Bouvet 1959 and E R E M unpubhshed mapping) 1, 
Quartzites, marbles, pyroxenltes (Pharuslan 19) 2, Pharusmn I volcano se&mentary 3, Pharuslan I granltolds 4, Abankor 
pre-tectonic alkaline granite 5 Pharuslan I] (detntlC) 6 Pharuslan II (rhyolitic) 7 West Aouflene gramte-gneisses 8 
Post-tectonic granite 9 Imezzarene post-tectonic gramte 10, Taourirt gramte I1, Eocambnan 12 Locahzatlon of the 

cross-sections described m Fig 3 TI Tlmgaoume 

The Pharuslan I is constituted by a volcanosedlmen- 
tary unit with calc-alkahne affinities (Fabrles and 
Gravelle 1977, Chlkhaoul 1981), deformed under green- 
schist-facies conditions between 868 Ma and 839 Ma, 
ages corresponding respectively to pre-tectonlc and 
post-tectonic calc-alkahne lntruslves (Caby et al 1982) 

The Pharusian I I  lies unconformably on the eroded 
terranes of the Pharuslan I and IS mainly composed of 
andesmtlc to rhyodacltiC flows and tufts 

In this study, the two tectonic events which affect 
respectively the Pharuslan I and the Pharuslan I!  will be 
noted D1 and D2 (S1 and $2 are the corresponding 
foliations or schlstOSltles) 

In the TImgaoulne area, a "Suggarlan horst" has been 
previously proposed (Bouvet  and Reboul 1961), based 
upon the existence of high-grade gneisses and of a 
stratlgraphic unconformity More recently the terranes 
separated by the unconformity were attributed respec- 
tively to the Pharuslan I and Pharuslan ]I (Bertrand etal 
1966), but the significance of the gnelsslc assemblage, 
well represented in the eastern part  of the area, was not 
understood 

On the field, a major  N E - S W  trending l ineament (Tin 
D1-TIn Elfel), corresponding to a high-strain zone and 
locally to a fault, separates two domalns - -Aoul lene  to 
the east and Tlmgaoulne to the wes t - -whose  structure 
and llthology are described in this paper  (Fig 2) 

The Pharuslan belt is classically bordered to the east 
by the 4o50 ' mega-fault  The structural evolution of the 
adjacent Central  Hoggar  has been recently reinterpreted 
as composed of an Eburnean  basement  strongly reacti- 
vated during the Pan-African event s s (615-580 Ma) 
The corresponding refohatlon occurred in a thrust 
regime under metamorphic  conditions which evolved, in 
time, from deep amphlbohte-facles to greenschlst-faoes 
(Bertrand et al 1984, 1986) 

THE TIMGAOUINE DOMAIN 

Pharustan I series, rock types and structures 

The Pharuslan I terranes are composed of lnterbedded 
sedimentary and volcanic terms The hthology is not 
uniform and the sedimentary terms are more abundant  
to the east of the domain To the west, the basaltic terms 
and associated greywackes become dominant ,  but still 
contain some interbedded marbles and microconglomer- 
ates The shelf sediments and lavas are cross-cut by 
pre-tectonIc ultrabasic and gabbrolc to dlorltlC rocks 
forming sills or small plutons The basement  of the series 
is rarely exposed but can be observed near  the E R E M  
Abankor  base, where a small anticline exhibits the 
unconformity of the Pharuslan I on older gneissic rocks 



A major Pan-African crustal decouphng zone in the Tlmgaouine area 619 

In that place, the Pharus~an I sequence starts w~th 
quartzites and conglomerates followed by Conophyton 
marbles (Gravelle and Lelubre 1957, GraveUe 1969), 
which may be equivalent to those of the Stromatohte 
series of the NW Hoggar (Caby 1970) 

The whole complex was deformed during the D1 
event under lower greenschlst-facles conditions, and 
locally amphlbohte facies conditions, producing a strong 
fohatlon in the lavas, sills and sediments, but often 
unaffectlng the core of the gabbrolc plutons The D1 
folds are recumbent lsocllnal folds, latterly locally dis- 
turbed during D2 Early lsochnal folds are sometimes 
preserved but the llneatlon is weak except in dlorltlC 
gnelsses poorly affected by D2 which exhibit a W-E to 
NW-SE trending stretching hneation representing the 
movement direction during D1 

Two groups have been defined m the plutomc rocks 
The older one, generally the most deformed, predates 
the D1 event It is composed of granodlorltes and 
quartz-dlorltes tohated and retromorphosed under 
greenschlst-facles conditions Dlomlc rocks, spatially 
associated with the gabbrolc bodies, are often tecton- 
lcally interleaved with the lavas The younger, more 
granitic group, intrudes the granodlorites of the first 
group and has only been affected by a weak N-S trending 
cleavage of the D2 event 

Pharustan H series, rock types and structures 

An important Pharuslan II volcanosedlmentary basin 
outcrops in the eastern part of the domain West of the 
alkahne granite of Abankor, the basal unconformity is 
marked by a thin and discontinuous conglomerate hor- 
Izon (Bertrand et al 1966) It is overlain by grits and 
pehtes which exhibit numerous sedimentary structures 
(interpreted as flysh-type structures by Haddoum 1984), 
and Is intruded by basaltic and andesltlC dykes At the 
top of the series, acid volcanltes become dominant 
They are composed of pyroclastltes (brecclas to tufts), 
lgnimbrltes and rhyodacztlC flows Some gabbroic dykes 
cross-cut the rhyohtes The thickness of this vol- 
canosedlmentary series is estimated to be about 4 km 
(Haddoum 1984) 

The D2 event is responsible for N-S to N20°E trending 
upright open folds and tor a more or less penetrative 
axial-plane cleavage formed under upper greenschlst- 
facies conditions 

To the west, the sequence is less well developed and 
polygenlc conglomerates outcrop in N-S trending 
elongate 'spoon-shaped' structures affected by D2 open 
folds Further west, metamorphic grits locally associated 
with polygemc conglomerates ('greso-pehtlc' formation 
of Gravelle 1969) are the host-rock of the Imezzarene 
pluton They exhibit a dynamic contact metamorphism, 
and in places mlgmatlzatlon There is no detailed map- 
ping of the Pharusian II rock types, but there should be 
an east-west gradation from a volcanic (Abankor, Tin 
D1-Tln Elfel) to a clastlc facies where the grits could 
represent the most evolved terms 

The main post-tectonic plutonlsm is represented by 

the Imezzarene pluton which largely outcrops to the 
west of the Tlmgaoulne domain and also extends south- 
wards (In Tedelnl) and northwards (Sdet) It is a com- 
plex pluton, composed of late to post-tectonic units, and 
whose detailed study remains to be done 

THE TIN DI-TIN EIFEI LINEAMENT (Fig 3a) 

This high-strain zone contrasts sharply with the weak 
development of $2 in the Tlmgaoulne domain, it follows 
closely a narrow Pharuslan II volcanosedlmentary basin, 
which shows a unique phase of delormatlon D2 The 
stratlgraphlc unconformity of volcanoclastlcs on the 
marbles and granodlorltlC gnelsses of the Pharusian I 
was observed along the western border and the southern 
end of the basin The Pharuslan II is similar to the 
sequence defined in Tlmgaoulne but numerous rock 
type repetitions occur either due to a primary volcanic 
alternate or to the intense D2 deformation It is then not 
possible to determine the initial thickness and the sub- 
sequent shortening 

A short deformation gradient characterizes the lin- 
eament and within about a 100 m lrom west to east, the 
deformation becomes very penetrative and gives rise to 
a vertical N30-N40°E trending foliation bearing a strong 
stretching hneatlon, subhorizontal or plunging about 40 ° 
to the north Mlcrogranltes and pegmatltes cross-cut the 
rhyohtes and are affected by synfollatlon folds, whose 
hinges are parallel to the stretching hneatlon In the 
tufts, sheath-hke folds (Cobbold and Qulnquls 1980) 
with NE-SW horizontal axes have been observed 
Another slight deformation gradient is also observed 
from south to north from the southern part of the Tin 
Effei basin, which forms a large open synchne where the 
basal unconformity is preserved, to the Tin DI basra 
where the deformation is maximum 

The measurement of quartz (c) fabrics does not pro- 
vide a good determination of the shear sense because of 
the widespread post-kinematic recrystalhzatlon of the 
rocks However, some field mlcrostructural criteria indi- 
cate a Slnlstral shear along the eastern border of the Tin 
Elfel lineament Haddoum (1984) also reported a SlnlS- 
tral shear for a N20°E trending wrench fault along the 
Abankor alkaline granite 

THE AOUILENE DOMAIN (Figs 3a and b) 

Bordered to the west by the Tin Di-Tln Elfel lin- 
eament, this mainly granitic and gnelsslc domain is 
strongly deformed The older granltolds are clearly pre- 
tectonic They are alkaline granites forming discontinu- 
ous alignments along the edge of the Tin D1-Tln Elfel 
basin (as the rlebecklte-bearlng granite of Abankor), or 
preserved as remnants in the pre-tectonlc granite- 
gnelsses representing the more abundant rock type 

The West Aoullene granite-gneiss is a porphyritic 
monzonltlC gramte with biotite and hornblende Its 
highly heterogeneous deformation corresponds to plas- 
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Fig 3 Cross-sections located m Fig 2 1, Quartzltes, marbles (Pharustan I) 2, Pharuslan I gramtolds 3 Pre-tectomc 
grano&ontes 4, Ultrabaslc rocks 5, Amphlbohtes and rhyohtes (Pharuslan II) 6 Conglomerates (Pharuslan II) 7, West 

Aoullene gramte-gne]sses 8, Post-tectomc gramtes 9, Thrusts 



A major Pan-African crustal decouphng zone in the Tlmgaouine area 621 

y /  
Pharuman I rocks ~ Aouilene 

~.0~_~,4 , ~ / ~ _ _ _ _ . . ~  ~ gramte-gnolsses 

10 t 4 *- ~t 4,- 

# d Y / { :  a i < 
• 67 ;#2 .  " . ~  ,,4/.'o'. 
~ < , l  .I. V ~ + ~  Thrust movement 

Pharuman I granite / .~.,- _~ 
J +o 

Fohatlons l i 
Lmeahons 

lkrn 
~ / / ~ /  (a) 

Fig 4 Sketch map in the north of the Tin Dn basin showing the older Pharuslan I structures reoriented b~ the NE verging 
movemen t  of  the Aouilene granite-gneisses (a) The pattern ofs t ructures  is consistent with a smtstral strike-shp shear  zone 

very strong heterogeneous deformation leads locally to 
biotite-bearing mylonltes The quartz shows very 
elongate ribbons, and, according to the intensity, the 
feldspar megacrystals are more or less rounded and 
exhibit a microcrystalhne rim of quartz and feldspar 
Dissymmetric microstructures are uncommon Numer- 
ous deformed pegmatltes, some of which are 
mylonltlzed, are associated with the Aoullene granite- 
gnelsses 

The structure appears monophased In this domain if 
one excludes later N-S trending large wave-length open 
folds The dip of schlstosity varies from horizontal to 
vertical, but with a constant N30-N40°E azimuth This 
foliation, often mylonitic, and produced under lower 
greenschlst-facles conditions (locally amphlbohte- 
facies), is broadly subhorizontal in the centre of the 
dome and becomes progressively vertical to the west at 
the contact with the Tin D1-Tln Eifei basin In the 
northern part of the basin, the granlte-gnelsses are 
tectonlcally lnterbedded with Pharusian II metavol- 
canltes The flat-lying mylonltiC fohatlon which affects 
the granlte-gnelsses together with the quartzltes, 
metarhyohtes and amphlbohtic greywackes (Pharusian 
II more metamorphic equivalents), becomes progress- 
lvely vertical in 100 m when approaching the Tin D1-Tln 
Eifel hneament  Whatever  the dip of this foliation, it is 
always associated with a N40°E trending stretching hnea- 
tlon, similar to the hneatlon observed in the Tin Elfel 
metarhyohtes The similarity in direction and deforma- 
tion type between the Pharuslan II basin of Tin Elfel and 
the Aoullene granlte-gnelsses suggests that both have 
been deformed during the D2 event Close to the Tin 
EIfel lineament, the subvertncal foliation may be affected 
by a slightly retromorphlc cleavage S'2, but always with 
the same stretching hneation Although obscured by a 
strong recrystalllzatlon due to later heating, the quartz 
(c) fabric analysis performed on a sample (C 67, Fig 5b) 
in the NW part ot the domain indicates a movement 

towards the NE in the flat-lying fohatlon ot the granlte- 
gnelsses 

North of Tin DI (Fig 4), the geometry of the shear- 
zone is disturbed by the strength of the Pharuslan I mole, 
and is similar to what was described at frontal and lateral 
tips of shear-zones (Coward and Potts 1983) West of the 
shear-zone, the D2 deformation in the Pharuslan I for- 
matlons shows 
- -ve ry  deformed marbles, showing NE trending sheath- 
like folds, and boudlnage giving a NE trending exten- 
sion, 
- -s t rongly detormed volcano-plutonxc complex made 
up of amphlbohtes intruded by gabbros and dlOrltlC 
gnelsses, which often exhibits an E - W  to NW-SE trend- 
lng llneatlon In that region, the Pharusian I rocks are 
cross-cut by a less deformed granite, post-D1 ante-D2 
At its contact, the NE-trendlng shear-zone lncurves 
itself eastwards and the fohatlons in the Pharuslan I 
rocks undergo a sinlstral rotation Moreover,  the 
stretching llneatlon of these rocks is progressively 
reoriented from a vertical plunge to a horizontal one 
(l e from an E - W  trend to a N E-S W  trend) The granite 
is tipped on the Pharuslan I rocks and its xenollthes are 
strongly flattened in an E - W  plane dipping to the south 
These features are consistent with a N E-S W  compres- 
sion corresponding to a NE verging movement  of the 
Aouilene block along the shear-zone 

In the eastern part of the Aoullene domain (Fig 3b), 
a similar pattern to that of Tin Elfin was observed, with 
a N E-S W  trending vertical foliation zone which indi- 
cates here a dextral shear [quartz (c) fabric measure- 
ments made on a gneiss (C 134, Fig 5a) and on a 
quartzite (C 71, Fig 5c)] This lineament is underlain by 
a metasedlmentary unit composed of marbles, pyroxen- 
ires and quartzltes associated with strongly deformed 
alkaline gnelsses The $2 foliation, also carrying a N40- 
N50 stretching llneatlon, is vertical and forms a tight 
anticline and synchne, and a retromorphic vertical 
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Fig 5 (a) Preferred onentatmn of quartz c-axes for a horizontal thin secuon of the sample C 134 XZ dmgram Lower 
hemisphere equal area prolectmn, 100 grams Contours 2, 5, 10, 15, 20, 25, max 28, measurements per 1% area (b) and 
(c) Dmgrams of the c-axes pro lectmn m the XZ thin section plane (b) Sample C 67 250 measurements (c) Sample C 71 201 
measurements Sohd hne is the trace of the fohahon plane and for (a) the black pomt shows the hneatlon prolecUon The 

samples are located m Fig 2 

fohaton S'2 appears At the contact with the shear-zone, 
the granlte-gnmsses show the same structures This 
association could represent a more metamorphic equw- 
alent of the Timgaoume Pharuslan I, but a s~mdar 
association, also in the amphlbohte-faoes, is also known 
in the Central Hoggar where it is interpreted as Lower 
Proterozolc in age (Bertrand et al 1984) The metasedl- 
ments are cross-cut by pegmatltes deformed m large 
horizontal lsochnal-folds, with boudmage on their l i m b s ,  

resembhng sheath-folds All these structures indicate a 
NE-SW extension Large-scale sheath-fold structures 
are suggested in the southern region by satelhte imagery 

South of the domain (Fig 3c), the almost flat-lying 
foliation affects a strongly deformed porphyritic alkaline 
granite, which is lnterlayered w~th a monophased 
sedimentary formation made of thick arkoslc and pelltiC 
layers associated with greywackes and acid metavol- 
canltes These terms are Interpreted as Pharuslan II 
equivalents A NE trending stretching hneation and 
small parallel lsocllnal folds are frequently observed, the 
fohatlon d i p s  gently about 20-40 ° to the east, towards 
the 4050 ' mega-fault where ~t is latterly disturbed by a 
vemcal mylonmc zone 

Thus, all the observed features suggest a continuum m 
the deformation regime between a thrust mechanism In 
the core of the granlto-gnelsslc umt and a strike-slip 
mechanism along its margin, especmlly along the hmlt 
with the T~mgaouine dommn to the west The tangential 
deformation ~s developed over a large domain, from the 
Tm D1-Tm Eifel lineament to the 4°50 mega-fault, and 
extends largely to the south 

Geometrically, at the map scale and In particular 

places, the granite-gneiss assemblage seems to plunge 
under the Pharuslan I terranes, but no evidence has been 
found of an E-W early thrusting On the contrary the 
identical stretching hneation occurring in both tangential 
and vertical planes supports a unique, probably pro- 
gressive deformation The large-scale geometry should 
be an alternation of NE directed thrust and lateral ramp 
as the Tin D1-Tm Elfin lineament 

Post-tectonic plutonism occurs in the core of the large 
elongated dome structure of Aoullene, where the gran- 
lte-gnelsses are cross-cut by an undeformed porphyrmc 
granite which probably explains the widespread post-D2 
recrystalllzation 

GEOCHRONOLOGICAL RESULTS 

Two granitic complexes have been dated by the U/Pb 
method on zircon (Bertrand et al 1986) From the ages 
obtained on the West Aouilene pre-tectonlc monzo- 
granite (respectively 629 _+ 6 Ma on zircon and 614 + 
6 Ma on sphene), the age of the tangential tectonics in 
the Aouilene domain is well bracketed 

In the Central Hoggar (Bertrand eta l  1984, 1986), the 
615 Ma old Anfeg pluton post-dates an early high-grade 
foliation and is deformed in retrogressive conditions 
The similarities In the foliation attitude and the trend of 
the stretching hneatlon point to progressive defor- 
mation, but the peak of the deformation can be esti- 
mated before 615 Ma (the Anfeg emplacement age) 
Thus the deformation occurs probably at the same age in 
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Imezzarene pluton Tin Dt-Tm Eifel 4 50 Fault 
hneament 
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Fig 6 Styhzed cross-secnon through the Tlmgaoume area showing the 'pop-up' of the T]mgaoume domain and the 

decouphng zone between the Tlmgaoume and Aouflene domams 

the Central Hoggar and in the Aoullene domain How- 
ever, the sphene ages indicate slight differences m the 
thermal history, the Aouilene domain (614 Ma) cooling 
probably before the Central Hoggar (580 Ma) This age 
fixes the end of medium-grade metamorphic condition, 
the difference suggests a west-east younglng of the main 
deformation and confirms the deeper and longer rework- 
Ing of the Central Hoggar 

The late-tectonic Imezzarene complex, which forms 
with similar plutons a very large volume in the Pharusian 
belt, has given a zircon age of 583 _+ 7 Ma This age is 
very close to the Rb/Sr isochron ages obtained on post- 
tectonic orcular plutons (Taourirt granites) (Bolssonnas 
etal  1969, recalculated by Cahen etal 1984) The origin 
of such large plutons is still in question from their 
gradatlonal and mlgmatitlC contacts, they are good can- 
didates to represent the product of crustal melting sub- 
sequent to the crustal thickening related with the tangen- 
tial tectonics, but the 87Sr/86Sr initial ratios estimated 
from early data are low (0 701-0 705) 

DISCUSSION AND CONCLUSION 

The most striking feature of this area is the tectonic 
contrast between the two domains The Tlmgaouine 
domain is dominated by old Pharusian I features (older 
than 840 Ma), with a weak Pharuslan II vertical cleavage, 
while the Aouilene domain shows a strong tangential 
deformation affecting together old gneisses and Pharu- 
slan II formations The 630 Ma U/Pb age of the pre-tec- 
tonic West Aouilene granite-gneiss confirms that the 
deformation in the AouIlene domain is related to D2 By 
its hthologlcal and structural characters, the Tlmgaoulne 
domain belongs to the eastern branch of the Pharuslan 
belt, but the structural characteristics of the Aouilene 
domain are closer to those of the Central Hoggar, where 
thrust tectonics and syntectomc plutonlsm dated at 
615 Ma have been evidenced As a consequence, the 
4o50 ' mega-fault cannot be further considered as the 
western tectonic border of the Central Hoggar, which 
now corresponds to the volcano-tectonic lineament of 
Tin D1-Tm Elfel 

The existence of the Pharusian ! assemblage is, from 
available data, strictly restricted to the eastern margin of 
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the Pharusian belt This terrane would seem a good 
candidate for an 'allochthonous terrane' model (Ben- 
Avraham et aI 1981, Nur and Ben-Avraham 1982), but 
unfortunately the tectontc history of the Pharuslan I is 
poorly known, and in particular no post-Pharusian I 
suture can be defined On the contrary, the hthology ]s 
not very different m the Pharusmn II on both sides of the 
Tin D1-TIn Elfel hneament 

The shght reactivation of the Timgaouine domain 
during the Pan-African lntracontmental thrust tectonic 
(D2) event suggests that this domain could have been 
structurally isolated by a mechamsm of crustal 'pop-up' 
(Fig 6) as the one described for the Kohlstan arc m the 
western Himalayas (Coward et al 1986) from the model 
of Elhott (1981) m thin-skinned thrust zones 

The existence of such crustal 'decouphng zones' is 
Important for explaining the relationships between 
plutonlsm and tectonics during the Pan-African event 
s s The tectonic evoluUon bracketed between 629 and 
614 Ma m the Aouilene domain took place preferentially 
along the 'decoupllng zone' with vertical strike-shp 
movements on its borders and subhorlzontal thrusting in 
the core of the granIto-gnelsslc dome, m a SW-NE 
direction In the Aouilene granlte-gneisses the defor- 
mation ~s clearly mhomogeneous and the sharp tran- 
sitions between vertical and horizontal fohatlons, and 
sometimes lack of foliaUon with, however, a strong 
hneation, indicate that this domain cannot be inter- 
preted in only a simple shear-zone context There is now 
growing evidence based upon strain analysis (Khgfield et 

al 1981, Coward and Kim 1981) that deformation m 
thrust sheets is a combination of simple shear and layer 
parallel longitudinal strata which results in a wide range 
of strain elhpsoid shapes from oblate to prelate The 
deformation probably revolves different deformation 
rates, and hence opposed shear senses, around an 
approximately uniaxial prelate strain ellipsoid If the 
movement dlrecuon is clearly outhned by the stretching 
hneation, as in many ductile shear-zones (Ramsay and 
Graham 1970, Ramsay 1980), the sense of movement is 
less obvious Broadly, the granIto-gnelsslc unit moved 
towards the NE on the basis of structures observed in the 
north of Tin DI, and interpreted as a lateral and frontal 
tip (Coward and Potts 1983) On a larger scale, the 
Aoudene domain could represent a crustal sheet verging 
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to the NE The Tin DI-TIn Eifei lineament is interpreted 
as resulting from lateral ramp formation where the lower 
level 'decoupllng zone' beneath the Tlmgaoulne domain 
climbed laterally to a higher and easier slip horizon 

Such a structural pattern showing thrust zones, fre- 
quently associated with a NE trending lmeatton and 
hmlted by strike-shp faults parallel to the movement 
direction (with sinistral or dextral shears), has already 
been described in Hoggar and Mah (Bertrand et al 1978, 
Boulher 1979, 1982, Latouche 1986) This implies at the 
shield scale that the major colhslonal event, which occur- 
red in the age range 615-580 Ma, was oblique and 
produced heterogeneous tectonics in time and space 
Looking at the geometry of the oceanic suture between 
the West African craton and the Hoggar mobile belt 
(Lesquer and Lores 1982), we see that the Benin prom- 
ontory could have played the role of an indenter during 
the Pan-African event 

The existence of a deep-crustal 'decouphng zone" 
under the Timgaoulne 'pop-up' could explain the 
emplacement of the late to post-tectonic granites west of 
the Tin Di-Tln Eifel shear-zone, and especially the large 
Imezzarene pluton The post-tectonic granites outcrop- 
ping m the center of Aoullene could be explained m the 
same way by a relay to the east of another 'decoupllng 
zone' situated under the Aouilene granlte-gnelsses 

The alkaline granites which are clearly pre-tectonlc 
with respect to D2 could represent an early extension 
stage The ones which are ahgned along the eastern 
margin of the Tlmgaoulne domain (i e Abankor) under- 
lie the weaker zone close to the site of the future 
lineament From the REE pattern of the calc-alkahne 
rhyohtes (Balla 1984), which suggest an origin from 
crustal meltmg (Barbey pers comm ), and from the 
intense plastic deformation of these rocks (under 
greenschlst-facies conditions) producing very stretched 
rhyolitic pebbles, it may be assumed that the volcantc 
area was not completely chilled when the D2 thrust 
tectonics occurred Thus the emplacement of the Pharu- 
slan II formations may predate shortly the tectono- 
metamorphic evolution Moreover, it has been shown 
(Oxburgh 1982) that the crustal strength is lowered by 
earlier extension, and hence makes the following thrust 
tectonics easier to operate 
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