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Geodynamic Evolution of the Pan-African Orogenic Belt: 
A new interpretation of the Hoggar Shield (Algerian Sahara) 
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Zusammenfassung 

Der panafrikanische Orogen-Gfirtel des Hoggar-Gebirges in Siidalgerien erstreckt 
sich fiber eine Breite yon ca. 800 km und entspricht einer extrem eingeengten, aus 
komplexen geologischen Einheiten aufgebauten mobilen Zone. In seinem westlichen 
Tell zeugen bereits die untersten m~ichtigen metasediment~iren Ablagerungen sowie die 
alkalischen und hyperalkalisehen Intrusionen des mittleren Proterozoikums von der 
frfihen Mobilit~it eines N~S streiehenden ensialischen Bereiches. Vor ca. 800 M. J. 
wurden die etwa 800~1000 M. J. alten Kratonsedimente yon grol3en Mengen basischen 
und ultrabasischen Materials aus dem oberen Erdmantel intrudiert. Volumenm~il3ig 
noch bedeutender sind Vulkanite und Vulkanoklastite von andesitischer bis rhyodazi- 
tischer Zusammensetzung sowie zahlreiche batholitische Intrusivk6rper kalkalkaliseher 
Natur. Als Ursprung dieser Gesteine wird eine Zone vom Typus Inselbogen auf 
basischer (ozeanischer) Kruste sowie ein Orogen vom andinen Typus auf granulitischem 
Untergrund in Betracht gezogen. Dieses der Kruste vor ca. 650~800 M. J. neu zu- 
geffihrte Material steht m6glicherweise in Zusammenhang mit nach Osten einfallenden 
Subduktionszonen, und wir nehlnen daher die Existenz einer fief abgetragenen Sutur 
am Ostrand des westafrikanisehen Kratons an. 

Der zentrale Hoggar besteht haupts~ichlich aus pr/i-panafrikanischen Gneisen, die 
dem eburnischen und teilweise auch dem kibaridischen Zyklus angeh6ren; ferner ent- 
halt er schmale ensialische, mit sp~itproterozoisehen Schiefern aufgeffillte Grabenzonen. 
Diese verschiedenen Elemente werden in unterschiedlichem MaBe von der panafrika- 
nischen Tektogenese und Metamorphose beansprucht. 

Der 6stliche Hoggar besteht ebenfalls aus Gneisen und Graniten prii-panafrikanischen 
Alters, wogegen die schmale Kette des Tiririne-Gebirges w~ihrend der Endphase der 
panaffikanischen Faltung entlang einer N--S streichenden bedeutenden Scherzone 
gebildet wurde. 

Deckentektonik, liegende Falten, Anatexis sowie ca. 650 M. J. alte syntektonische 
Granitoide charakterisieren die frfihe Phase der panaffikanischen Orogenese im Hoggar 
und k6nnen als Resultat yon Krustenverdickung und Krustenaufschmelzung infolge von 
Plattenkollision interpretiert werden. Die spiit-panafrikanische Tektonik beruht auf einer 
O--W gerichteten Einengung der gesamten Hoggar-Gebirgskette, wodurch N--S 
streichende Falten entstanden, die geometriseh mit einem Mega-System von Scher- 
zonen und Bfiichen in Verbindung stehen. Dabei wurden die alten Massive in lang- 
gestreckte N--S orientierte B16cke zerschnitten, bei denen seitliehe Verschiebungen 
bis zu mehreren hundert km vorkommen. Dieses Strukturbild ist das Ergebnis eines 
/iuBerst starken O--W gerichteten Zusammenschubs der mobilen Zone zwischen zwei star- 
ren Platten: dem westafrikanischen Kraton und dem Ostsahara-Kraton, die unter Links- 
drehung aufeinander stiel3en. Wiihrend dieser Phase (550---600 M. J.) trat ferner eine 
quantitativ noch nicht abschiitzbare O--W-Verkfirzung der Gebirgskette ein, die m6g- 
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licherweise durch seitliche Verscbiebung entlang konjugierter Scherzonen mit dominie- 
render Linkskomponente absorbiert wurde. Mineralalter sowie Diagenese-Alter der 
panafrikanischen Molasseablagerungen stellen die letzte post-orogene Hebung im 
Hoggar deutlich in das Post-Kambrium. 

Abstract 

The Pan-African orogenic belt of Hoggar, 800 km wide, represents an extremely 
tightened complex and composite mobile zone. In the western part, the earlier thick 
recta-sedimentary units and alkaline-peralkaline intrnsives, both of middle Proterozoic 
age, account for the early mobility of a N--S trending ensialic domain. Later, large 
scale upper-mantle contribution was responsible for many magmatie complexes of basic 
to ultrabasic rocks intruded at c.a. 801) m.y. in cratonic platform sediments 1000 to 
800 m. y. old. A very important volume of voleanoelastic deposits, andesites to dacites, 
and widespread calc-alkaline batholiths are supposed to derive from two assemblages 
of island-are type upon basic crust and of Andean type upon granulite basement and 
this newly accreted material 800 to 650 m.y. old, may be related to subduction zones 
dipping East. A cryptic suture ist postulated along the margin of the West African 
craton. The central Hoggar is mainly composed of pre-Pan-African gneisses belonging 
to the Eburnean cycle and pro parte formed during a "Kibaran'" cycle, and ensialic 
upper Proterozoic schist belts, which were subjected at varying degrees to the Pan- 
African deformation and metamorphism. Eastern Hoggar includes also pre-Pan-African 
gneisses and granites, and the narrow ensialic upper Proterozoic Tiririne belt formed 
during the late Pan-African along a N--S trending major shear zone. High structural 
level nappes, recumbent folding, anatexis and syn-kinematic granites emplaced at c. a. 
650 m. y. define the early Pan-African, related to crustal thickening and crustal melting 
during the early stage of a continental collision. The late Pan-African E- -W com- 
pression produced in the whole shield N--S trending folds geometrically linked to a 
mega-system of shear belts and strike-slip faults, which dissect the earlier edifices into 
N--S trending branches and blocks of many hundred kilometres lateral displacement. 
This pattern is the result of an extreme E ~ W  tightening of the belt between two 
rigid plates: the West African craton and the East Saharian craton colliding with a 
sinistral confrontation. During this stage (600-~550 m.y.) an unquantified E- -W 
shortening may have been absorbed by lateral movements along conjugate shear zones 
with a main sinistral component. Mineral ages and diagenesis of molassie deposits 
point out to a post-Cambrian uplift of the belt. 

R~sum6 

La chaine Pan-Africaine affleure sur 800 km de large au Hoggar. Elle repr6sente 
une zone mobile complexe et composite extr~mement raccourcie. Dans la partie Ouest, 
les premiers d~p6ts m~ta-s~dimentaires ~pais, ainsi que des intrusions alcalines et hyper- 
alealines d'~ge Prot6rozoique moyen t~moignent de la mobilit~ pr~coce d'un domaine 
sud-m~rldien ensialique. Plus tard vers 800 Ma, la contribution h grande ~chelle du 
manteau sup~rieur est remarquable sous la forme d'intrusions basiques et ultrabasiques 
raises en place dans des s6diments eratoniques d6pos6s entre 1000 et 800 Ma. Plus 
importants encore en volume, les d~p6ts volcano-d~tritiques, les roches voleaniques 
allant des and6sites aux rhyo-dacites et de nombreux batholites calco-alcalins peuvent 
provenir de zones de type arc insulaire 6tablies sur cro~te basique et de type cordill~re 
andine sur crof~te granulitique. Ce material t~moigne d'importants ph~nom~nes d'accr6- 
tion continentale probablement li6s h des zones de subduction pent~es h l'Est ayant 
fonctionn6 entre environ 800 et 650 Ma. La bordure du craton Ouest-Africain corres- 
pondrait ~ une suture oc6anique. Le Hoggar central est principalement constitu6 par 
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des  gneiss  p r~-Pan-Afr ica ins  a p p a r t e n a n t  gt l 'Eburn~en ,  et  en  pa t t i e  au  cycle  ~ Kibar ien  ,> 
ainsi  que  pa r  d '&roi t s  sillons ens ia l iques  de  Prot~rozoique sup~rieur .  Les  d~format ions  
et  le m ~ t a m o r p h i s m e  Pan-Afr i ca in  a f fec ten t  ces uni t6s  de  man i~ re  var iable .  Le  H o g g a r  
or ienta l  c o m p r e n d  des  gneiss  e t  grani tes  d '~ge  pr~-Pan-Afr ica in ,  et  l '~troite chMne  de  
Tir i r ine  pliss6e au  Pan-Afr ica in  tardff  es t  control~e pa r  u n e  zone  m a j e u r e  de  cisaille- 
men t .  C h e v a u c h e m e n t s ,  plis couch6s,  ana tex ie  et  grani tes  s y n - t e c t o n i q u e s  mis  en  p lace  

650 Ma  son t  en  rela t ion avee  les p remie r s  s tades  de  coll is ion con t inen t a l e  p e n d a n t  
le Pan-Afr ica in  pr~coce, e n g e n d r a n t  u n  ~pa iss i ssement  crus ta l  i m p o r t a n t  et  des  fus ions  
ana t ec t i ques  profondes .  L e  Pan-Afr ica in  ta rd i f  i mp l i que  u n e  compres s ion  g lobale  E - - W  
de  la cha lne  qu i  a p rodu i t  des plis N o r d - - S u d  g 6 o m S t r i q u e m e n t  li6s ~ u n  m ~ g a - s y s t ~ m e  
de  c isa i l lements  et  de  d6crochements ,  qu i  d~coupen t  les ~difices an t6r ieurs  en  b r a n c h e s  
et  blocs l ong i tud inaux  N o r d - - S u d  avec des  d~p lacements  la t6raux de  p lus ieurs  cen ta ines  
de  kilom~tres.  Ce t te  d ispos i t ion  r6sul te  d ' u n  ser rage  E ~ W  extrSme de  la cha~ne en t re  
deux  p l aques  r igides:  le c ra ton  Oues t -Af r i ca in  et  le c ra ton  Es t -Saha r i en  qu i  s ' a f f ron ta i en t  
avec  u n e  c o m p o s a n t e  s6nestre.  Au  cours  de  ce s t ade  (600---550 Ma) u n  r accou rc i s s emen t  
E ~ W  encore  n o n  quant i f i~  a aussi  6t6 absorb6 p a r  le jeu  de  m o u v e m e n t s  la t~raux le 
long  des zones  de  c isa i l lement  conjugu6es .  Les  ages  des  min~raux,  et  ceux  de  la dia-  
gen~se  des d6p6ts  molass iques  sou l ignen t  l '~ge p o s t - C a m b r i e n  du  de rn ie r  s o u l ~ v e m e n t  
de  la cha~ne. 

KpaTKoe  c o ~ e p ~ a H H e  

rIaH-a~pHKaHCKHfI 0poreHH/~If~ rioHe t o p  H o g g a r  B IOYKH0~I ~IacTH AJDKHpa IIpo- 
CTHpaeTcH B IIIHpOTHOM HarIpaB~eHHH Ha 800 KM H C00TBeTCTByeT c~(aBJIeHH0~I 
H0~:]~BHYI~HO~I 3OHe, CJIOYKeHH0~I H3 CJIOYKH/~IX re0JIOrHqeCKHX cTpyKTyp.  IIO~CTHJIa- 
~0II~He MOII~HI~Ie MeTace]~HMeHTHI, Ie 0TJIO~KeHt~I C0 II~eJIOqHI~IMH H yJI~TpaI~eJIOqHl~I- 
MH HHTpy3HHMH cpe]~HeIIaJIeo30~eKoro Bo3pacTa  CBH~eTeJIbCTBy~0T 0 paHHe~ 
YI0~BI4~KHOCTH r rpocTHpa~o~eroe~  3HcHaJmqecKoro  pai~oHa 3aHa~H0~  q a c r H  n o , c a .  
YIpHMepHo 800~--1000 MHJIJIHOHOB JIer r oM y  Ha3a~,  Bo BCYIKOM c ~ y ~ a e  ~o  800 MH~- 
JIHOHOB JIer TOMy Ha3a~,  HMeJIH MeCTO HHTpy3HH 60JII~IIIHX KOJIHtIeCTB 5a3HtiecKoFo 
H yYmTpa6a3HqecKoro  MaTepHa~a  BepxHe~ MaHTHI4 B o c a ~ o q H b i e  IIopo]~/~i KpaTOHa. 
EIII~ 50JII~ItIHM 5I~Io-I 05%eM ByJIKaHHTOB H ByYIKaHOKYIaCTHTOB aH]~e3HTH0-pH0~aI~H- 
TOBOF0 eOCTaBa H MHOI"0qI4cJIeHHI~IX 5aTOJIHTHI~IX HHTpy3HBHI~IX TeJI II~eJI0qHO- 
KaJI]~L~HeB0rO I~p0Hcxo~eHI4Yl.  B~ICKa3I, IBatOT npe~rIOYi0~KeHH~, qTO DTH IIOpO~I~l 
IIp0HcXO~HJIH H3 30Hbl THrIa 0CTp0BH/~IX ]~yr Ha 5a3HqecKo~I oKeaHHHeCKO~I K0pe a 
o p o r e H a  THrIa fi~H~ Ha rpaHyY~TOBOM OCHOBaHHH. ~TOT HOB~I~I MaTepHaJL HHTpy- 
~HpOBaHHI~I~ IIpHMepH0 6 5 0 - - 8 0 0  MHJ'IJII~0HOB JIeT ToMy H a 3 a ~  B ~opy ,  B03MOHs 
CBH3aH C c n a ~ a m ~ e f ~  Ha BOCTOK 30HO~I c y 6 ~ a K ~ H  MaTepHKa, II03TOMy H p e ~ n o ~ a -  
r a r e r  cyII~eCTBOBaHHe IIIBa Ha BOCT0qHOM Kpae  3aHa~Ho-adppHKaHcKoro KpaTOHa, 
c e f ~ a c  y ~ e  B 3HaqHTeJIbHOI~I ~ e p e  eHeceHHOrO. 

I ~ e H T p a ~ H a a  ~aCT~ t o p  H o g g a r  COCTOHT r~ .  06p.  ~3 rHei~c0B ~0-naHa~bpH- 
KaHcK0r0 oporeHa ,  n p H H a ~ e ~ a ~ H x  36ypHHTCK0~y H, qacTnqH0,  KHSapH~CKOMy 
~HKJ~aM; KpOMe TOFO DTOT YIOHC HMeeT y3Ky~0, 3HCHaJIHqecKy~0 30Hy r p a 6 e H a ,  
3arIOYIHeHHOF0 YI03~He-IIaJIe030ffICKHMH cYIaHI~aMH. ~TH pa3JIHqHI~Ie 3JIeMeHTI~I 
~ o ~ B e p r a J ~ c ~  B pa3JIHqHOl~I CTeHeHH CTeHeHH BJIHHHHI~ IIaH-aC~pHKaHCKOFO TeK- 
TOreHe3a H MeTa~op~bH3Ma. 

BOCT0qHaYl HaCTb top Hoggar C0CTOHT T a K ~ e  It3 PHe~COB H rpaHh'TOB ~]~0-IIaH- 
aC~pHKaHCKOr0 B03pacTa,  npHqeM y3Kay[ ~eHb THpHpHHCKHX r 0 p  05pa30BaJIacb  BO 
BpeM~ 3aK~OqHTeJ~bH0i~ c~a3~i ~aH-aqbp~KaHC~Or0 CKJ~a~K005pa3oBaHH~ B~OJ~b 
30HhI C~BHFa, n p o c T H p a m ~ e i ~ c a  a ceBepO-BOCT0qHOM HanpaBJ~eH~H. 

TeKTOHZ~a ~ 0 K p 0 s a ,  3 a ~ e r a m ~ H e  c ~ a ~ ,  aHaTaKCHC ~ CHHTeKTOHHqecK~e 
rpaHHTOH~I~I B03pacTa  IIpHMepHo B 650 MHJIJIHOHOB JIeT xapaKTepH3ymw p a H H m m  
CTa~H~0 ~aH-adppHKaHeKoro o p o r e H e 3 a  B paf ioHe H o g g a r  ~ M0ryT paccMaTpH-  
BaTI~CH, KaK pe3yJIbTaT yTOJIII~eHHYI H pae~J~aB~eHH~ Kop~i B CJ-Ie~CTBHe CTOJIKH0- 
BeHHH PJIBI6. I~03~]~HHH llaH-a~bpHKaHcKaa TeKTOHHKa x a p a K T e p H 3 y e T c ~  cy~KeHHeM 
Bce~I ~enH Fop Hoggar, np0cTHpaIoII~HXC~ B B0CTOqHO-3aIIa~HOM HaI~paBJIeHHH, B 
pe3yJn ,  TaTe q e r o  YIOYIBHJIHCb CKJIa~KH, HaHpaB~eHH~Xe Ha c e B e p o - m r ,  H a x o ~ H e c ~  
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B reoMeTpH~eCKO~ CB~3H C rHraHTCK0i~ cHCTeM0~ 30H~I C~BHra H pa3~0MOB. 1-IpH 
3TOM ~peBHHe MaCCHBI3I B 5JIOKaX, BblTaHyTble H 0pHeHTHpOBaHH~Ie Ha eeBepo-mr, 
pacnaJmeb H 7(a~H 5 o ~ o B o e  c M e l ~ e H H e  ~ o  HecKoJI]bKHX COT KHJIOMeTpoB. TaKaa 
KapTtiHa pacrrpe~e~eH~a cTpy~Typ 5IBJIYleTCH cJIe~eTBHeM qpe3B~Iqa~H0 MOII~H0~I, 
HaIIpaBJIeHH0~ e BOCTOKa Ha 3aIIa~ KOJIJIH3HH ~ByX 3acTI~IBmHX FJILI5 IIO~BH~H0~I 
30HbI: KpaToHa 3ana~Ho~ ~pHKH H BOCT0qH0i~ qaCTH Caxap~L ~OT0p~m npH 3TOM 
c o s e p m a ~ H  n0BOpOT BJIeB0. B0 spe~a 3T0i~ c ~ a 3 ~ i  - -  550 ~o 600 MHJI3IHOHOB JIeT - -  
H~IeJ~0 MecTO, e ~  ~oJmqecTBeSHo ~e  o~eHei~Hoe, yI~0p0qeHHe r0pH0~  ~enH B 
B0CT0qH0-3ana~HOM rrpocTHpamm, ~OT0pa~, B03~0mH0, o~a3a~ac~ aSc0p5Hp0BaH- 
H01~ 50~OSSI~H c~e~eHza~z ~ 0 ~  C0IIpYI~eHH0~ 3OHI~I c~sHra c rocno~crBym~efi 
J~eB0~ KOMHOHeHT0~. B 0 3 p a c T  MHHepaJIOB H BpeMH n p o ~ e c c o B  ~HaPeHe3a  OTJI0~Ke- 
HH~I HaH-a~pHKaHcyHx MOJIYICC0B p a 3 p e m a e T  0THeCTH nocJ~eT(Hee HocJ~e-oporeHHoe 
HO~HHTHe top Hoggar K ~oc~e ~e~5pH~CK0~y nepao~y. 

1 .  I n t r o d u c t i o n  

The central saharian Hoggar shield situated immediately to the E of the West 
African craton stable since about 180'0 m. y. is composed essentially of crystalline 
Precambrian rocks affected by the Pan-African orogeny (c. a. 600 m.y.) (Pm- 
CIOTTO, 1965; BLACK, 1966, 1967; CABY, 1970). The shield covers an area of 
about 500 000 square kilometres, is beautifully exposed, and is a key area for 
studying multiple aspect of the Pan-African. In the last fifteen years many 
detailed investigations have been carried out (BERTRAND et  al., 1966; AB~NE, 
1968; GBAVELT.E, 1969; CABY, 1970; VITEL, 1971; LATOUCHE, 1972; BOISSONNAS, 
1978; BERTRAND, 1974; etc.) following the pioneering work of KILIAN (1932), 
MONOD & BOURCART (1982), LEr.UBBE (1952) and BLAISE (1957, 1961). A re- 
connaissance survey by geologists of the B.R.M.A led to the publication of the 
geological map on the scale of 1 : 500 000 compiled by REBOUL e t  al. (1962). The 
first general synthesis presented by LELUBRE (1952) is a fundamental work on 
the general geology of the Hoggar. With the advent of geochronology and recent 
detailed structural studies, the time is now ripe to attempt an outline of the 
geodynamic evolution of this segment of the Pan-African orogenic belt. 

a) G e o c h r o n o l o g i c a l  d a t a :  m a i n  o r o g e n i c  c y c l e s  a n d  
l i t h o s t r a t i g r a p h i c  s e q u e n c e s  

The compilation of mineral ages given by BERTRAND & LASSERRE (1976) shows 
that, except for the older In Ouzzal block, all the figures fall in the range 
600--500 m.y.  with some younger ages indicating that the Hoggar belongs 
to the Pan-African mobile belt. However recent dating by Rb/Sr whole rock and 
U/Pb on zircons allow us to define a sequence of orogenic events which can be 
indirectly used to date lithological units ranging from the Archean ( >  2700 m. y.) 
to the late Proterozoie. Archean ages are reported from the In Ouzzal block 
(FERRARA et  al., 1966; ALL~GaE & CABY, 1972) and from the Oumelalen area 
in northeastern Hoggar (LATOUCHE & VIDAT., 1974). 

Three main orogenic cycles have been distinguished: 
- -  The E b u r n e a n  (2000 + 100 m.y.) is well dated in several places 

(Tassendjanet, In Ouzzal, Aleksod, Oumelalen) (ALL~CaE & CABY, 1972; BER- 
TRAND • LASSERRE, 1976; LATOUCHE & VIDAL, 1974); 

- -  The " ' K i b a r a n  e v e n t "  (1000 + 100m. y.) was reported from the 
central Hoggar (BERTRAND, 1974; BERTRAND & LASSERRE, 1976). It is not so well 
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Fig. 1. Map of West Africa showing the location of the Hoggar shield. 1. Pharusian belt. 
2. Polycyclie province of central Hoggar. 8. Eastern Hoggar including the margin of 

the East Saharian craton. 

documented as the previous one and requires checking by the U/Pb method on 
zircon; 

- -  The P a n - A f r i c a n  s. l. (800--550 m. y.) which may be subdivided into: 
1. Pre-tectonic magmatic events (80'0--650 m. y.); 
2. The early Pan-African (e. a. 650 m. y.) which is well defined in the western 

part of Hoggar where it is mainly supported by the age of syn-tectonic granites 
(PIccIOTTO et al., 1965; ALLI~GRE • CABY, 1972, and unpublished results); 

3. The late Pan-African (c. a. 600 m.y.) dated in Eastern Hoggar (BERTRAND 
et al., in press) and post-tectonic granites yielding even younger ages by Rb/Sr 
scattered across the whole shield (BoIsSONNAS et al., 1969; BOISSONNAS, 1973). 

On the basis of geochronological and field evidence, the following lithostrati- 
graphical units have been distinguished: 

1. Units of Archean age ( ~  2700 m. y.): Ouzzalian (LELUBRE, 1969; ALLI~GRE 
& CASE, 1972), oldest basement of the Oumelalen area (LATOUCHE & VIDAL, 1974), 
Arechchoum unit pro parte (BERTRAND, 1974); 

2. Units of lower Proterozoic age (2000 ~ 2700 m. y.): Tassendjanet Formation 
(CABY, 1970), Arechchoum Formation (BERTRAND, 1974), Oumelalen Formation 
(LATOUCHE, 1972); 
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8. Units of middle Proterozoic age (1000 < 2000 m.y.) :  Aleksod Formation 
(BEaTRAND, 1974), Ahnet Quartzite Formation (CABY, 1970), Toukmatine Forma- 
tion (LAToUCHE, 1972); 

4. Units of Upper Proterozoic age (1000--800 m.y.) :  "S~rie ~t stromatolites" 
(CABY, 1970), "Pharusien I"  (BERTaAND et al., 1966); 

5. Units of late Proterozoic age (800--650 m. y.): "S~rie verte" of western 
Hoggar (CA~, 1970), "Pharusien I I "  (BERTRAND et  al., 1966; GBAVELLE, 1969), 
Tiririne Formation (BEt~TaAND et al., in press); 

6. Units of Eocambrian to Cambrian age: "S6rie pourpr~e" (CA~Y & Movsstr, 
1967) and "S6ries interm~diaires" (GaAVELLE, 1969). 

b) D e f i n i t i o n  o f  s t r u c t u r a l  p r o v i n c e s  

Detailed structural studies carried out since 1965 have shown a complex story 
of sedimentation, volcanism, folding, metamorphism, often initiated in the 
Archean area. It  is possible to distinguish irrespective of the metamorphic grade, 
areas where the structural history is: monocyclic and due only to the Pan-African 
orogeny, polycyclic with a Pan-African imprint on older structures, and zones 
devoid or weakly affected by the Pan-African (Fig. 5). In this paper three 
provinces have been distinguished on the basis of the following criteria: 

- -  the proportion and lithology of the upper Proterozoic, 
- -  the type and grade of Pan-African folding and metamorphism, 

the presence or absence of an assumed Kibaran event, 
- -  the age of syn-kinematic granites, 
- -  the presence or absence of molassic deposits. 
The t h r e e p r o v i n c e s from W to E are as follows (Fig. 1): 
- -  The P h a r u s i a n b e 1 t that is mainly constituted by upper Proterozoic 

sediments and volcanics, divided in two branches by the In Ouzzal granulite 
block; 

- -  The p o I y c y c 1 i c c e n t r a 1 H o g g a r which on the contrary consists 
of pre-Pan-African basement rocks folded and metamorphosed during the Kibaran 
and Eburnean events and reactivated to varying degrees during the Pan-African 
orogeny: 

- -  The e a s t e r n H o g g a r which is characterized by two different base- 
ment blocks of pre-Pan-African age, separated by a narrow linear belt (the 
Tiririne belt) folded and metamorphosed during the late Pan-African. 

2. The  Pharusian belt  of central western Hoggar 

The Pharusian belt lies between the edge of the West African craton and the 
polycyclic central Hoggar (Fig. 2). This belt comprises mostly rock units formed 
between c.a. 1750 m.y.  and 600 m.y.  which outcrop in two branches which 
show an almost similar evolution, separated by an older longitudinal block of 
granulite facies rocks, the "In  Ouzzal block". Within these two branches, only 
a few basement remnants of 2000 rn. y. age are exposed. Five main lithostrati- 
graphic units can be defined in central western Hoggar: basement units, middle 
Proterozoic, upper Proterozoic, late upper Proterozoic, and molassie deposits 
(Fig. 2). 
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Fig, 2. Pharusian belt. Synteetonic and post-tectonic granites are not represented. 

a) T h e  b o r d e r  o f  t h e  W e s t - A f r i c a n  e r a t o n :  a p o s s i b l e  
p a l e o - r i f t  s y s t e m  

Granites and gneisses refoliated during Pan-African greensehist facies meta- 
morphism outcrop in the extreme West. They are considered to be of Eburnean 
age and are intruded by various dykes and plutons. North-South trending dyke 
swarms also characterize this zone. The earlier dykes are diabases and porphyritic 
andesites and are cut by a later generation mainly composed of alkaline to per- 
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alkaline rhyolites and various types of syenites including nepheline syenites and 
pegmatites. Subsequently folded and mylonitised under lower greenschist facies, 
these dykes have built linear zones sometimes entirely composed of dyke 
material. Gravimetrie highs associated with some dyke swarms may imply a 
connection with more mafie rocks at depth (REcHV.NMANN, 1978). 

All these pre-metamorphic dykes suggest a palace-rift system along the margin 
of the West African eraton. 

b) P r e - P a n - A f r i e a n  b a s e m e n t  u n i t s  

I. T h e  I n  O u z z a l  b l o c k :  c a s e  o f  a c o l d  a n d  u n r e a e t i v a t e d  
g r a n u l i t i e  c r u s t .  

The In Ouzzal block elongated North-South comprises mainly granulite 
facies rocks (GIRAUD, 1961), the zircon U/Pb ages of which indicate a 2100 m. y. 
granulite facies metamorphic event (LANCELOT et  al, 1978; LANCELOT, 1975). 
Various Pan-African s. l. dykes and granites cut the granulites. Both longitudinal 
margins are vertical mylonite zones, and the granulites are in tectonic contact 
with all metamorphic and tectonic levels of the Pharusian belt, from upper 
greenschist to lower amphibolite facies. Their trend is sharply cut by the mylonite 
and they are only affected by a partial greenschist facies retrogressive meta- 
morphism and cataclasis in a zone from a few metres up to one hundred metres 
wide. The weak Pan-African imprint in the northern part of the block is shown 
by undeformed andesite and basalt flows and their feeder dykes of upper to 
late Proterozoic age, which are preserved in a faulted graben near the Akofou 
hill and have only been affected by zeolite facies metamorphism prior to the 
late Pan-African intrusive granites (CABY, 1970). Towards the South, the intensity 
of Pan-African retrogressive greenschist facies metamorphism progressively in- 
creases as the width of the block decreases, and at the southern extremity near 
the Malian border the In Ouzzal rocks are entirely composed of vertical refoliated 
granulites and mylonites showing a strong regular horizontal stretching lineation. 

II. T h e  T a s s e n d j a n e t  P a n - A f r i c a n  n a p p e  

This nappe structure was proven by detailed mapping (CABrr 1970, fig. 8). 
This structural unit is mainly composed of granites of Eburnean age (ALm~GRE 
& CA~Y, 1972; LANCELOT, 1975) intruded in the Tassendjanet Formation, which 
comprises a meta-sedimentary sequence of meta-quartzites, alumina-schists, 
marbles, a gneissie formation of acidic volcano-detrital origin and amphibolite 
sills. The "S6rie a stromatolites" was deposited upon this basement, and has been 
thrusted with it. 

c) L i t h o s t r a t i g r a p h i c  u n i t s  of  t h e  P h a r u s i a n  b e l t  

These lithostratigraphie units are defined in the western branch, but they also 
constitute the rocks of the central branch, as reconnaissance work has shown 
(GRAvELLE, 1969; BERTRanD et al., 1966; CA~Y, unpublished results). 

I. U n i t s  of  m i d d l e  (?) P r o t e r o z o i c  a g e  

These units have been previously described in north-western Hoggar as 
possible lateral equivalents to the "S6rie a stromatolites" (CABY, 1970), but 
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Fig. S. The Tassendjanet Nappe in northwestern Hoggar. 

recent geochronological work in progress suggests that they are much older. 
These units mostly build up the deepest tectonic level of the Pharusian belt, and 
except in the Ahnet region, they were affected by polyphase deformation during 
metamorphism of upper to lower amphibolite facies grade. It  is suggested that 
they represent a thick accumulation of terrigeneous material over a wide sub- 
siding ensialic area. 

The A h n e t F o r m a t i o n (AR~NE, 1968) constitutes a thick accumulation 
( ~  8000m) of typically fine-grained orthoquartzites with rare pelitic inter- 
calations. The well preserved sedimentary features may reflect a fluviatile or 
deltaic environment. Marine quartzites with pelitie schists and stromatolite- 
bearing dolomites occur on the top of the succession. 

The m e t a - q u a r t z i t e  u n i t s  are thought to be the equivalent of the 
Ahnet Formation. They are well exposed in the western branch where they form 
the main reliefs (Taoudrart, Tideridjaouine) and are mainly composed of kyanite 
or sillimanite white meta-quartzites with pelitic schists, some marbles bands, and 
amphibolitised basic sills. 

Pre-tectonic alkaline to peralkaline layered intrusions. 
Widespread igneous activity occurred after the deposition of the quartzites. 

These magmatic rocks have been converted everywhere into gneisses and have 
been studied in some detail in two areas: 

1. The T i d e r i d j a o u i n e c o m p 1 e x offers the best preserved plutonic- 
volcanic suite only partly recrystallized in the chloritoid-kyanite zone (CABY, 
1970). Felsitic alkaline meta-rhyolites with phenocrysts of blue quartz and 
perthite may represent either flows or thinly banded sills. They are intruded by 
sills of banded K~O rich (5--8~o) microgranite showing granophyric structure, 
which typically contains iron-rich dark green biotite and/or ferro-hastingsite, 
fluorite, and frequently sphene, allanite, zircon and other rare-earth minerals. 
Albitic leucocratic granites have also intruded these layered rocks. A Rb/Sr whole 
rock isochron on meta-rhyolites and associated microgranites has given an age 
of c.a. 1850 m.y.  (ALL~.Gr~E, pers. communication, 1974) whereas zircons from 
the microgranites have given U/Pb ages in the range of 1750 m.y.  (LANCELOT, 
pers. communication, 1974, work in progress). Plutonic rocks of an adjacent area 
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associated with these rocks are porphyritic gneissose granites containing ferro- 
hastingsite, and some alkaline pegmatoids. 

2. Close to a North-South vertical mylonite zone, another complex is gradually 
affected northwards by lower amphibolite to L. P. granulite facies metamorphism. 
It is entirely composed of layered to banded gneisses of alkaline to peralkaline 
composition with some syenite gneisses. The intrusive character of these rocks 
is shown by their sharp, and often oblique contacts with recta-sedimentary rocks 
(impure quartzites and calc-silicate rocks) interlayered with the complex. The 
original magmatic layering, defined by compositional variations, and especially 
well developed in the fine-grained strongly alkaline rocks, is often preserved 
despite the strong metamorphic recrystallization and the discrete mobilisation. 
The ferro-magnesian minerals observed are: ferro-augite, ferro-hastingsite, iron- 
rich biotites, aegyrine-augite and oxydes. Aegyrine and amphiboles of the 
riebeckite-arfvedsonite series are frequently found in bands a few centimetres 
thick. 

II. T h e  u p p e r  P r o t e r o z o i c  s h e l f  d e p o s i t s  

In the Pharusian belt, typical shelf deposits showing various degrees of meta- 
morphism are found. The similarity of facies and the stromatolite associations 
strongly support the existence of a single stratigraphic unit in this area, which 
can now be correlated with the Atar Group of the West African craton 
(BERTRAND-SARFATI, 1969; CABY, 1970), deposited between 1000 and 800 m.y. 
(CLAUER, 1978). 

The "S6rie h stromatolites" was defined in western Hoggar (CABY, 1970) 
where it overlies the Tassendjanet basement, or rests concordantly upon the 
Ahnet quartzites. In the Tassendjanet area, the series is 4000 m thick. Typical 
fluviatile quartzites (50---500 m) with intraformationnal conglomerates are found 
at the base. To the North-East, the basal conglomerate contains quartzite 
boulders showing typical polished striated faces of glacial origin. This quartzite 
unit rests unconformably upon alkaline rhyolites of Adrar Ougda which gave 
a whole-rock Rb/Sr isochron of 1100 m.y. (AL~GaE & CABY, 1972). The over- 
lying limestones and dolomites contain many stromatolite biostromes, the most 
characteristic of which is a Conophyton marble layer which can be traced over 
more than 50 km without significant lateral change, some other stromatolite 
beds are characterized by Tungussides (BERTRAND-SARFATI, 1969). The rest of 
the series comprises alternating limestones, dolomites, siltstones and quartzites, 
which become more abundant on the top. The upper beds are brecciated and 
silicified dolomites with jaspers probably deposited at the onset of basic magma- 
tic activity. This series is correlated with the Tin Aberda series, also resting upon 
an old granitic basement NW of the Iforas (CABY, 1970) and in the eastern 
branch, the marbles of the Timesselarsine Series (GRAVELLE, 1969) and the 
Conophyton marbles of Timgaouine (GRAVELLE & LELUBm~, 1957) also overlying 
basement gneisses and granites, may represent the same beds. Thus, these shelf 
deposits of cratonic type may have been deposited over large areas both on the 
West African craton and within some areas incorporated in the Pharusian belt. 
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IlI. T h e  u p p e r  P r o t e r o z o i c  m a g m a t i c  c y c l e  a n d  t h e  c o n -  
v e r s i o n  a t  e. a. 8 0 0  m.y. o f  a s i a l i c  c r u s t  t o  a b a s i c  o r  
i n t e r m e d i a t e  c r u s t  

This major magmatic cycle is well defined in the Tassendjanet area of NW 
Hoggar. Basic to ultrabasic rocks were emplaced into the shelf deposits of the 
"S6rie /t stromatolites". Gabbroie sills from a few metres up to 800 m thick, 
were intruded in the pelitie and siltstone horizons and now form about 40~o in 
volume of the frontal part of the Tassendjanet Nappe. Hornfelses close to thick 
sills yield Rb/Sr whole rock ages of c.a. 800 m.y. (CLAuER, 1976), a figure 
which is interpreted as the age of intrusion. The Ougda layered lopolith (about 
400 km 2) was also emplaced within the "S6rie /t stromatolites" which now is 
only preserved as hectometric size pendants. Partly serpentinised harzburgites 
containing a few chromite veins, green spinel-amphibole rich rocks, pyroxeno- 
lites and amphibole gabbros, may constitute the root of this lopolith with 
frequent garnetiferous, often anorthositic inclusions, and are cut by more acidic 
aplites. Heterogeneous gabbroic rocks with an agmatitic texture, and quartz 
diorite sheets showing fluidal texture constitute most of the body with layered 
labradorites, trondjhemites, granodiorites and porphyritic granites representing 
the upper part. 

Another smaller layered intrusion of the Tassendjanet area is formed by various 
banded gabbros with cumulates, whereas serpentinised ultrabasic rocks are found 
as intrusive sheets within the dolomites at the top of the series. Strongly serpen- 
tinised ultrabasic rocks, associated with often leucocratic amphibole bearing 
diabases also constitute a layered unit, 4000 metres thick, which is cut by a 
dyke complex of diabases. 

In the central bran& of the Pharusian belt, ultrabasic rocks are mostly 
serpentines and metagabbros. These are lenticular bodies and were teetonieally 
emplaced along shear zones during the Pan-African orogeny. A few of these 
ultrabasic rocks are associated with marbles tentatively correlated with the "S6rie 
h stromatolites" and may also represent intrusive sheets subsequently deformed. 
Associated with these mafie intrusions are some diorites and large batholiths of 
intermediate composition, mainly quartz diorites, trondjhemites and ealc-alkaline 
granites, which intrude volcanic rocks of the Timesselarsine Series, including 
basalts, andesites and intermediate to acidic rocks (GaAvELLE, 1969). Porphyritic 
tale-alkaline granites, and syenites were also emplaeed in the central branch 
during the late stages of this magmatic period. 

This upper Proterozoie magmatic activity seems to be present everywhere in 
the Pharusian belt, It is not linked to any regional deformation or metamorphism 
but the plutonie rocks emplaced form more than 70Yo of the upper Proterozoic 
crust upon which the late upper Proterozoie voleanoelastic deposits are deposited. 
Upwelling of mantle-derived rocks at e.a. 800 m.y. through shelf sediments 
deposited upon a sialie crust fits well with the concept of oeeanisation developed 
by soviet geologists and others (see REZANOV • F A Y T E L S O N ,  1976), though at 
about the same period typical oceanic crust was formed now represented by 
the obdueted ophiolites of South Morocco and northern Mall (LEBLANC, 1976). 

In the central branch of the Pharusian belt, the preponderant role of ealc- 
alkaline batholiths would suggest an Andean type development upon sialic crust 
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during the same period, as suggested by the presence of granulite xenoliths from 
the Recent basaltic volcanoes (GmoD, pers. communication, 1976). Later on, this 
enormous volume of newly erupted material was submitted to deep erosion, 
probably during the onset of late Proterozoic calc-alkaline volcanism which seems 
to have affected the whole belt and the In Ouzzal block. 

IV. T h e  l a t e  u p p e r  P r o t e r o z o i c  v o l c a n o - c l a s t i c  r o c k s ,  
v o l c a n i c  r o c k s  a n d  a s s o c i a t e d  p r e - t e c t o n i c  i n t r u s i v e s :  
a p o s s i b l e  i s l a n d - a r c  t y p e  e n v i r o n m e n t  

The rocks of late upper Proterozoic age, mostly in the greenschist facies, are 
essentially composed of metavolcanics, volcano-clastic rocks and calc-alkaline 
intrusives. They correspond roughly to the "Pharusian" of LELUBRE (1952), and 
more precisely, to the "Upper Pharusian" of BERTRAND et  al. (1966) defined in 
the central branch of the belt by a basal unconformity upon deeply weathered 
quartz-diorite batholiths, outlined by marble lenses and polygenic conglomerate 
with coarse boulders always of local origin (BERTRAND et  al., 1966; GRAVELLE, 
1969). 

In the western branch, the following suite has been defined (CABY, 1970): 
1. A n d e s i t e s  f r o m  w e s t e r n  H o g g a r  a n d  a d j a c e n t  a r e a s .  

Andesite complexes are preserved at three localities: along the margin of the 
West African craton, in the Tassendjanet area resting upon gabbroic rocks, and 
on the In Ouzzal block. The Tassendjanet-Ougda andesites (6000 m thick) are 
the best preserved. Resting upon basic and ultrabasic rocks, they comprise very 
fresh andesite flows, tufts and agglomerates, and rhyo-dacites at the top of the 
succession (CABY, 1970; CHIKHAOUI ~ DUPUY, 1977). A lateral change to volcanic 
conglomerates and green graywackes of the "S6rie verte" has been mapped 
(CABY, 1970). 

2. V o l c a n i c  g r a y w a c k e s  a n d  a s s o c i a t e d  p l u t o n i c - p e b b l e  
c o n g l o m e r a t e s  f r o m  w e s t e r n  H o g g a r .  Named "S6rie verte" by 
CA~Y (1970), these rocks make up more than 80~o of the formations of this age. 
Up to 6000 metres thick, the deposits exhibit flysch-type sedimentary features. 
The rocks are entirely made up of volcanic and plutonic detritus derived from 
penecontemporaneous calc-alkaline igneous complexes, andesite fragments being 
dominant (CABY e t  al., 1977). The lack of typical sialic components in these 
deposits strongly suggest trough deposition close to an island-arc or a very 
active continental margin along which calc-alkaline volcanics of Andean type 
were exposed (CABY et  al., in press). In the central branch, very similar deposits 
laterally grade into a terrigeneous semi-pelitic unit which near the eastern margin 
is restricted to the base of the succession (GRAvELLE, 1969). 

3. A c i d i c  v o l c a n i c  c o m p l e x e s .  Acidic volcanics, predominantly 
dacites and rhyo-dacites, have been deposited upon the terrigeneous formation. 
Keratophyres in connection with polymetaUic sulphide deposits have also been 
recorded. Many acidic plutons often rich in albite may represent magmatic 
chambers related to this episode. 

4. C a 1 c - a 1 k a 1 i n e b a t h o 1 i t h s. These pre-tectonic batholiths are mainly 
quartz-diorites to calc-alkaline granites, and are widespread in the northern part 
of the central branch, where they were subsequently sheared under greenschist 
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facies conditions. They often contain a great number of basic to semi-basic intra- 
plutonic dykes. 

5. B a s i c r o c k s. Basalts, diabases and quartz-diabases sills were emplaced 
in the graywacke or pelitie formations. They probably belong to several gene- 
rations but seem to represent the latest intrusions in many areas. 

V. T h e  m o l a s s i e  d e p o s i t s  

The main molassic deposits up to 6000 m thick in the Ouallen area crop out 
in N--S trending graben and in residual basins from western Hoggar, where 
they were first described as "S~rie pourpr~.e" de l'Ahnet (MONOD & BOURCART, 
1932). This series has been later subdivided into several units (CABY & Moussu, 
1967). Resting unconformably upon any structural and metamorphic level of the 
Pharusian belt, intruded by the 580 m.y. old post-tectonic granites, the basal 
group is often outlined by glacial deposits including: a typical moraine displaying 
sorted blocks of local origin, polygenic fluvioglacial conglomerates and in many 
areas a regular tillitic horizon mostly associated with carbonates containing either 
stromatolites (BERTRAND-SARFATI, 1968) or erratic blocks up to several cubic 
metres. The overlying jaspers and acidic volcanic ashes are thought to derive 
from the In Zize ignimbritic rhyolites, dated at 530 m.y. by Rb/Sr (ALL~GRE 
CABY, 1972). This association of tillite, carbonates and jaspers is tentatively 
correlated with the glacial deposits of the Bthaat Ergil Group resting upon the 
West African craton (TROMPETTE, 1973). Most of the overlying rocks which show 
very rapid lateral facies changes, are continental red arkosic sandstones and poly- 
genie conglomerates with a few siltstone and clay horizons. The upper group of 
probable lacustrine or marine origin comprises West of Ouallen more than 
1500 metres of varved clays overlain by a tillite, and North of the In Semmen 
graben a 2000 metres thick green flyseh unit including volcanic graywackes con- 
taining basaltic detritus is cut by a syenite. A 470 _+ 18 m.y. age, interpreted 
as the age of diagenesis, has been obtained on clays from an unfolded area, 
South-East of Ouallen (CLAuER, 1976) and this figure confirms the attribution 
to the Cambrian of this Series proposed by CABY (i967). 

In the central branch, similar deposits crop out South-West of Silet (GnAvRLLE 
& THEBAVLT, 1965). Here the lower unit includes green beds similar in facies 
to the underlying metagraywackes and cunglvmerates of upper Proterozoic age. 
The upper unit is composed of red arkosic sandstones and polygenic conglo- 
merates, which are intruded by rhyolitic sills. 

d) P a n - A f r i c a n  s t r u c t u r e s  a n d  m e t a m o r p h i s m  of  t h e  
P h a r u s i a n  b e l t  

The deformation is best documented in the western branch. Three phases of 
folding have been described (CABY, 1970). 

I. T h e  e a r l i e r  d e f o r m a t i o n  (F 1) is displayed in the deepest struc- 
tural level (Tideridjaouine area). Isoclinal folds developed during Barrovian type 
metamorphism in the quartzite formation. These folds are kilometric in size, and 
face NNW. The syn-kinematic isograds related to this major tectonic phase have 
been mapped in this region (CABY, 1970) and are characterized by a wide kyanite 
zone with a low temperature zone in which chloritoid appears. Local occurrences 
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of eclogitic rocks have been found in the kyanite and in the sillimanite zones: 
the transition between these two zones is very gradual, and there is a complete 
lack of migmatisation and associated syn-kinematic intrusions. 

In the North, the very high level Tassendjanet Nappe composed of Eburnean 
rocks and its cover of the "S6rie ~t stromatolites" moved southwards. The lower 
part of the nappe gradually exposed towards the West is in the biotite-staurolite 
zone of medium pressure type. Upper Proterozoic meta-graywackes affected by 
recumbent folds represent the autochtonous terranes beneath and in front of the 
Nappe. High-level klippen of the "S6rie ~t stromatolites" are also preserved. 

II. T h e F 2 p h a s e has build N--S  trending recumbent folds facing West, 
which define antielinoria and a major synelinorium of late Proterozoic gray- 
wackes. These structures are associated with an increase of temperature shown 
by pseudomorphs of andalusite after kyanite in the lower units. Parautochtonous 
diapiric plutons of granite s.I. dated at 640 m. y. (AI,L~CaE & CABY, 1972) were 
intruded in the core of isoclinal folds facing West. 

III. T h e F 8 p h a s e has affected the whole area. It  produced folds with 
vertical axial planes, the direction of which is mostly oblique to the shear zones 
with a main NNW trend. Open folds associated with low-grade greenschist facies 
conditions in the core of the metagraywacke synclinorium where they apppear to 
be the only phase of deformation, tighten towards the West, while the meta- 
morphic grade increases. The westernmost area of Egatalis is affected by late 
to post-kinematic HT/LP metamorphism with local occurrences of granulite facies 
rocks related to a late high thermal gradient produced by syn-metamorphic 
noritie intrusions. 

The later deformations which postdate the post-kinematic granites and partly 
the molassic formations of Cambrian age are related to horizontal and vertical 
movements along strike slip faults, and strong differential uplift of blocks related 
to graben tectonics. 

In many areas of the central branch, N--S  trending folds seem to be the only 
Pan-African deformation in greenschist facies metamorphism (GaAvELLE, 1969). 
Polyphase deformation however is general in deeper structural metamorphic 
levels and steeply plunging folds are also very frequent in the western part of 
this zone. Moreover, local post-molassic thrusting has been observed (R. CABY, 
unpublished results) indicating the high mobility of this zone, cut by the Taourirt 
granites at 560--540 m. y. (BoIsSONNAS et aL, 1969) which forms a characteristic 
province in this branch. 

3. The polyeyclie central Hoggar province 

The lithology, metamorphic history and structural evolution of the central 
Hoggar, differ completely from the Pharusian belt. The main characteristic is 
the considerably smaller areal extent of low grade upper Proterozoic units, less 
than 10~o of the whole area. Pan-African granites however are abundant particul- 
arly in the West. Older Archean and Eburnean rock units are gneisses and high 
grade schists whereas granulite facies rocks are found in some places but have 
been involved in a polymetamorphic and polytectonic evolution during the 
"Kibaran" orogeny according to BERTnAND (1974), and in superimposed Pan- 
African deformation of variable intensity. 
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Fig4. Central Hoggar and eastern Hoggar. Syn-orogenie and post-orogenic granites 
are not represented. 

a) P o l y e y c l i c  r o c k  u n i t s  

On the basis of structural and metamorphic criteria, three main polycyclic 
domains have been distinguished: 

I. T h e  A l e k s o d  d o m a i n  
The Aleksod area has been described by BEaTRAND (1974). Similar Pan-African 

basement areas are found in the Egere, Tourha and Arefsa regions although 
they have not been studied in detail. 

The domain is characterized by: 
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1. an E b u r n e a n b a s e m e n t composed of banded grey granodioritic 
gneisses, augen gneisses and some recta-sediments which are cut by amphi- 
bolitised dykes. The augen gneisses have been dated at 194'0 m.y.  (BERTRAND, 
1974) and this age is in good agreement with the Eburnean age of granite 
emplacement defined elsewhere in Africa (BoNHOMME, 1962). The age of the 
banded gneisses is not so well established: a Rb/Sr reference isochron (BERTRAND 
& LASSERRE, 1978) indicates an age of 2200 m. y., but isolated whole rock model 
ages suggest an older age (,-' 2500 m. y.). Thus there is some evidence of a pre- 
Eburnean history for this gneiss complex. 

2. the A 1 e k s o d u n i t ,  a high grade complex of amphibolites and recta- 
sediments resting with a structural disconformity upon the Eburnean basement, 
which from base to top consists to: massive amphibolites with chemical composi- 
tion close to continental tholeiites and similar in composition to the basic dykes 
cutting Eburnean basement, plagioclase bearing gneisses, associated with kyanite 
garnet schists and calc-silicate layers, calc-silicate rocks associated with garnet 
amphibolites, pyroxene amphibolites, marbles and thin layers of kyanite-garnet 
schists and locally lenses of banded ironstone, veined muscovite bearing gneisses, 
meta-sedimentary rocks mainly alumina-rich kyanite bearing schists, associated 
with marbles, quartzites and some amphibolites, and veined biotite hornblende 
gneisses. 

Apparently the whole sequence does not exceed 1500 metres. 
The earliest deformation observed in the Aleksod unit also folds the cross- 

cutting amphibolitised dykes in the Eburnean basement and proves the existence 
of a major break between both units. This F 1 phase of folding in the Aleksod 
unit produced large scale recumbent folds during high-grade often migmatitie 
barrovian type metamorphism. The F 2 folds are also recumbent but smaller in 
size with associated metamorphism of lower grade. Both phases have been 
attributed to the "Kibaran" orogenic cycle in the light of geochronological data 
(BERTRAND, 1974; BERTRAND ~I LASSERRE, 1976). Rb/Sr whole rock isoehrons have 
yielded an age of 1040 m.y.  on migmatised pelitic gneisses of the Aleksod unit 
and respectively 910 and 980 m.y.  on blastomylonites formed during F 1 de- 
formation and on schists in the Eburnean basement. 

The type and intensity of the Pan-African deformation varies from place to 
place: tight upright F 8 folds associated with retrograde metamorphism are 
found near N--S  trending shear zones and are in continuity with similar 
structures found in monocyclic schist belts of assumed upper Proterozoic age. 
The wave-length of the F 8 folds decreases away from the shear zones. Rare 
granodiorites and granites cross-cut all previous structures. Fresh cordierite and 
sillimanite occur in alumina-rich gneisses within the aureoles. Late post-meta- 
morphic thrusting has been described from the Ouadenki area (BERTRAND, 1974) 
and is probably related to late movements along shear zones. 

II. T h e  O u m e l a l e n - T e m a s i n t  d o m a i n  

The tectonic and depositional history of this area characterizes most of the 
eastern part of central Hoggar. The following units have been distinguished: 

1. P r e - E b u r n e a n  r o c k s  ("S~rie rouge des Oumelalen") have been 
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reported on the basis of structural and geochronological data (LATOUCHE, 1972; 
LATOUCHE & VII)AL, 1974). 

2. E b u r n e a n b a s e m e n t constituted mostly of meta-sediments meta- 
morphozed in the granulite facies (Oumelalen Formation) at c.a. 2000 m.y.  
(LATOVCHE & VIDAL, 1974) associated with isoclinal folding. 

3. The T o u k m a t i n e  F o r m a t i o n  (LATOUCHE, 1972) and the T i t  
n ' A f a r  a U n i t  (Gu~nANC~, 1966) are probably equivalent in age to the 
Aleksod Unit. They consist of a monotonous sequence of alumina-rich schists with 
some quartzites, amphibolites, marbles and calc-silicate rocks, serpentinites and 
locally layered alkaline orthogneisses. In contrast to the Aleksod area, the meta- 
morphism of barrovian type amphibolite facies is devoid of migmatisation and 
possibly decreases eastward to the greenschist facies. The main phase of de- 
formation which produced the foliation and isoclinal folding and later thrusting 
in the Toukmatine area can be considered by comparison with the Aleksod area 
as "Kibaran".  Such an interpretation would be in agreement with the 750 m. y. 
data obtained on the granodiorite emplaced after this main deformation 
(LATOUCHE & VIDAL, 1974). In the Toukmatine area a late phase of upright 
tight folds is thought only to be related to the Pan-African (LATOUCHE, 1972). 
In the Temasint area the present authors (unpublished results) have observed 
two phases of deformation believed to be Pan-African: (1) recumbent folding 
facing W under greenschist facies conditions producing intense retrograde meta- 
morphism; (2) later tight upright folds. North-East of this domain, the Tazat Unit 
(BLAISE, 1967) comprises a thick fluviatile quartzite formation deposited upon 
a granitic basement (BEnTRAND et al., 1968) which is tentatively correlated with 
the Ahnet Formation of western Hoggar, involved in polyphase deformation 
during one single orogenic cycle (Pan-African?). 

III. T h e  T e f e d e s t - A t a k o r  d o m a i n  

In contrast with the previous areas this domain is intruded by abundant Pan- 
African granites (Plcc~OTTO et al., 1965; MAISONNEUVE, 1970; VITEL & VIALETTE, 
in press). Almost all the gneisses surrounding the granites have been affected by 
an important phase of approximately N--S  trending folding with vertical axial 
planes which decreases in intensity southward. This folding is accompanied by 
high grade, low pressure type metamorphism (cordierite, sillimanite and some- 
times andalusite) and intense migmatisation grading into syn-kinematie granites. 
Relict high pressure mineral assemblages including kyanite-bearing rocks and 
granulite facies in the Tamanrasset area (GRAVELLE, 1969; DESCHAMPS, 1973) and 
the Tefedest (VITEL, 1971) are interpreted as pre-Pan-African. South of Taman- 
rasset as the domain widens flat-lying foliations prevail and may represent an 
unreactivated zone unconformably overlain by residual basins of upper Protero- 
zoic rocks. It is noteworthy that the high level W-Sn bearing granites and 
greisens are concentrated in this zone (BoIsSONNAS, 1973). 

b) M o n o c y c l i c  u p p e r  P r o t e r o z o i c  u n i t s  

They form two types of structures: narrow linear belts of low grade schists 
and volcanics (Arefsa, Serkout, Temasint), and small basins (Laouni, In Ebeggui). 

The state of knowledge of the structural evolution of these occurrences is poor. 

24 Geologische Rundschau, Bd. 67 3 ~  
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Fig. 5. Metamorphic provinces of the Hoggar shield. 
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Local unconformities have been described (KILIAN, 1982; LELUBRE, 1952) but 
their structural significance is uncertain. In most cases the belts are bounded by 
tectonic contacts or by late granitic intrusions. The most extensive is the Arefsa 
belt which follows the Amguid-Arefsa shear zone. Although polyphase deforma- 
tion has been observed in schists, the prograde mineral assemblages of green- 
schist facies locally up to the staurolite-almandine zone in the northern part 
(BERTRAND, 1974) account for a monocyclic evolution of Pan-African age. Locally 
high-level granites developing contact metamorphism cross-cut the schists. 

4. The eastern Hoggar 

This domain has been subdivided into three structural domains. Two different 
pre-Pan-African basement units which are also very dissimilar to the basement 
units described in the Pharusian belt and in the central Hoggar, are separated 
by a narrow rectilinear belt of upper Proterozoic rocks, the Tiririne belt, folded 
and metamorphosed during the late Pan-African. Many granites are associated 
with this event, and the western boundary of the Issalane domain is cut by post- 
kinematic granites which form the elongated N--S Honag zone. 

a) T h e  I s s a l a n e  p r e - P a n - A f r i c a n  d o m a i n  

The lithology of this unit is very homogeneous. Some marker horizons may be 
followed more than one hundred kilometres. They comprise banded and veined 
granitic gneisses, meta-sedimentary unit composed of green Cr-bearing quartzites, 
marbles and calc-silicate rocks, and pelitic gneisses with associated coarse- 
grained migmatites. Very characteristic of this unit is the occurrence of thin but 
extensive layers of alkaline to peralkaline leucocratic gneisses which probably 
represent intrusive pre-tectonic sills. 

The polyphase deformation and metamorphism predate deformation in the 
Tiririne belt which only affects the eastern margin of the Issalane basement. 
The coarse-grained migmatites are associated with E - - W  trending folds develop- 
ed during high temperature low pressure metamorphism (sillimanite, cordierite, 
wollastonite in marbles). This event is superimposed upon large scale earlier 
isoclinal folds. Relict kyanite and rutile may be related to this earlier event. 

The age of these rocks and of the metamorphism is unknown. 

b) T h e  T a f a s s a s s e t - D j a n e t  d o m a i n ,  p a r t  o f  t h e  
E a s t  S a h a r i a n  c r a t o n  

This domain is mainly composed of large batholiths of predominant calc- 
alkaline granites overlain by the flat-lying Tiririne Formation. It comprises also 
low grade flysch-type deposits, a marble calc-silicate sequence and various pre- 
tectonic volcanic and plutonic rocks including alkaline gneisses and granites 
and ultrabasic rocks. West of Djanet, semi-pelitic schists and graywackes cut by 
foliated granites built extremely deformed vertical N--S  trending shear belts 
which also predate deposition of the Tiririne Formation. 

The Tiririne Formation which has been described in the Niger as the Proche- 
T6n6r6 Formation (RAULAIS, 1959; BLACK et  al., 1967) comprises three groups 
of rock sequences composed of arkoses, graywackes, silts and conglomerates 
(BERTRAND et  al., in press). Lithologically strikingly similar to the "S6rie verte 
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of western Hoggar", this formation is 1500 metres thick and slightly deformed 
in the South. A pre-tectonie sill of granodiorite has given a U/Pb zircon age of 
660 m.y. a figure which gives an upper limit age for the deposition of the 
formation (BERTRAND et  al., in press). To the North this formation is more than 
8000 metres thick, and is progressively affected by deformation and meta- 
morphism in the Tiririne belt, entirely controlled by the 8 ~ 30' E shear zone. 

e) T h e  T i r i r i n e  b e l t  

The structural setting of the belt is described elsewhere (BERTRAND et al., in 
press). It may be summarized as follows: 

In the southern part gentle open folds are only found close to the shear zone 
and flat-lying beds are however affected by an incipient vertical N--S trending 
slaty cleavage. 

In the central part of the belt overthrusting to the East of the Issalane base- 
ment rocks upon Tiririne rocks took place along the 8 ~ 80' E shear zone which 
gradually decreases in dip. In the Tiririne rocks, recumbent folds facing East 
were formed under greenschist facies metamorphic conditions up to the biotite 
zone going North. The margin of the Issalane domain is affected by mylonitisa- 
tion of upper greenschist facies grade over a zone 5 to 10 km wide. 

In the northwestern part of the belt, preserved only as pendants within large 
syn to post-kinematic granites emplaced at c. a. 604--585 m.y. (BERTRAND et al., 
in press), gneisses affected by polyphase deformation were recognised to represent 
high grade equivalents to the Tiririne rocks with relicts of some meta-conglo- 
merates and some pecular horizons, despite a lower amphibolite HT/LP type 
metamorphism and partial migmatisation. 

The tectonic development of this narrow ensialic belt is entirely controlled by 
the 8 ~ 30' E shear zone, which appears as a late tilted major thrust, and thus this 
belt only related to the late Pan-African, implies an E - - W  shortening of c.a. 
80 km (BERTRAND et  al., in press). 

5. The shear zones, a mega strike-slip fault sytem 

N--S trending, often sinuous and branched major vertical shear-zones and 
faults are a striking feature beautifully displayed on ERTS photographs of the 
whole Hoggar shield. These structures have been interpreted as a mega strike- 
slip fault system of continental scale (CABY, 1968). The permanence of this N S 
trending shear system within the shield is indicated by the distribution of some 
alkaline intrusive complexes of middle Proterozoie age in the western branch 
and the pre-Pan-Afriean age of the N--S shear belts of the Tafassasset-Djanet 
domain. Nevertheless, the major movements along the shear zones of western 
central Hoggar are of Pan-African age and their genetic relation with the late 
phase of N--S trending upright folds has been proven in many areas (CARY, 1970; 
LATOUCHE, 1972; BERTRAND, 1974; VITEL, 1975; BERTRAND et al., in press). More- 
over the permanent mobility of main shear zones is shown by shearing of late 
to post-kinematic Pan-African granites themselves cutting mylonites, and post- 
Palaeozoic and pro parte post-Cretaceous reactivation is also shown by the 
structures of the cover North of the shield (LELUBRE, 1952; BLACK • GIROD, 
1970). 
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Although only preliminary results on strain analysis and petrofabrics of the 
mylonites are available (BOULLIER, work in progress), they are generally in the 
greenschist facies and the overall horizontal stretching lineations imply mostly 
pure horizontal movements. In many cases the drag of foliation trends adjacent 
to the mylonites together with the help of geological markers allows the tentative 
determination of the sense of movement. On these grounds, a 850 km sinistral 
displacement of the In Ouzzal block with respect to the Iforas granulite block 
has been advanced (CAsY, 1968) and such a proposal best explains the juxta- 
position of unreaetivated granulites with different structural and metamorphic 
levels of the western Pharusian branch. A left lateral displacement of 45 km has 
also been recognized along another strike-slip fault along the eastern margin of 
the Tassendjanet Nappe (CAsY, 1970). The Amguid-Arefsa shear zone which 
coincides with the monocyelie meta-sediments of the Arefsa to the South, would 
be a left lateral wrench fault of possibly more than 400 kin displacement. On 
the other hand, opposed lateral movements along sinuous N---S trending, faults 
would imply pure lateral-slip related to E - - W  flattening of an areuate fault 
bounded block. The major 4 ~ 50' E shear zone which delimits Pharusian belt and 
central Hoggar, outlined by a mylonite zone many kilometres wide with a 
horizontal stretching lineation is probably also one of the major wrench faults of 
the shield of unknown lateral displacement. The 8 ~ 80' E shear zone shows that 
it has been active throughout the tectonic history of the Tiririne belt, and re- 
presents the late evolution of a major thrust. 

A second order conjugated system of NW--SE and NE--SW strike-slip faults 
with minor displacements related to the same E - - W  shortening is superimposed 
upon the shear zones, and extends beyond the Hoggar shield (BALL, 1977). 

Though the system of shear zones considerably obscures the exact geometric 
relationships of different domains and provinces which have been defined, they 
constitute a key for understanding the global tectonics of the Hoggar shield. 
The overall picture of the shear pattern formed during the late Pan-African is 
one of pronounced E - - W  tightening with an important sinistral component. 

6. D i scuss ion  

An attempt to correlate the major rock units and the major igneous and 
orogenic events in the Hoggar shield is given in Fig. 6. 

a) T h e  s t r u c t u r a l  a s s y m e t r y  of  t h e  s h i e l d  

Despite of the picture of N--S trending longitudinal block and shear zones 
due to the late stages of the Pan-African orogeny which affects the shield over 
a width of 800 km, in fact, the Hoggar exhibits a strong assymetry in lithology, 
metamorphic grade and age, and Pan-African structures. 

To the West, the Pharusian belt, divided into two branches by the In Ouzzal 
block which can be regarded as a micro-continent, corresponds to newly formed 
crust of upper Precambrian age (Fig. 7 A, B). 

East of the 4 ~ 50' E shear zone, the central Hoggar is part of an old cratonie 
area of Eburnean or older age eovered by younger supraerustal rocks, which was 
partly affected by thermoteetonic events of assumed "Kibaran" age, and later by 
the Pan-African orogeny. 
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The thermo-tectonic events related to the "Kibaran" orogeny may have affected 
the central part of central Hoggar only, but it must be pointed out that syn- or 
post-orogenic granites which could be related to that cycle are very scarce. U/Pb 
ages on zircons are required to precise the timing of this post-Eburnean event. 

b) T h e  m a i n  s t a g e s  o f  p a l a e o t e c t o n i c  d e v e l o p m e n t  
o f  t h e  P h a r u s i a n  b e l t  

Three main stages of palaeotectonic development outlined by three major 
magmatic cycles can be defined: 

I. M i d d l e  P r o t e r o z o i c  s u b s i d i n g  a r e a s  a n d  c r a t o n i c  
m a g m a t i s m .  

At a rather imprecise period (1800--1750, or 1350 m. y. ?) terrigeneous sedi- 
ments were deposited in subsiding ensialic basins. A subsequent magmatic cycle 
of alkaline to peralkaline type was responsible for layered intrusions of hypo- 
volcanic rocks and granites. It is likely that intrusions of this age identified in 
western Hoggar belong to a greater province, as it is frequently the ease for such a 
cratonic magmatism. The localisation of alkaline intrusions along some N--S 
trending shear zones may indicate the very early creation of deep lithospheric 
tensional faults subsequently reactivated during the Pan-African. 

II. C r a t o n i e  s h e l f  t y p e  u p p e r  P r o t e r o z o i c  s e d i m e n t a -  
t i o n  a n d  t h e  b a s i e - u l t r a b a s i c  m a g m a t i c  c y c l e  a t  c.a. 
8 0 0  m.y. 

Stable conditions characterize the period between c.a. 1100--800 m. y. during 
which shelf-type very uniform sediments with the preponderance of carbonates 
were directly deposited over a sialic basement which was possibly part of a 
greater palaeo-West-African craton, and also coneordantly upon the basins of 
middle Proterozoie age. It was followed by a continental scale tension regime 
which was initiated at c.a. 800 m.y. In the western branch, widespread basic 
and ultrabasie intrusions represent the basification of the older sialie crust and 
its cover, and they announce the forthcoming arc-type development with talc- 
alkaline magmatism (Fig. 7 A). 

In the central branch, ultrabasic intrusions are less abundant than quartz- 
diorites and granodiorites which also cross-cut shelf-type sediments and various 
voleanics suggesting crustal consumption in this zone. Subsequent strong positive 
vertical movements led to the erosion of these eruptive rocks and to the forma- 
tion of an ephemeral palaeo-topographic surface. 

N--S trending metamorphic dyke swarms of predominantly hypovolcanie and 
volcanic rocks of basaltic, syenitic and peralkaline composition may represent the 
remnants of a rifting stage. This longitudinal zone coincides with the actual border 
fault which delimits the margin of the West African eraton. Thus,, this fault may be 
regarded as a cryptic suture zone, since typical ophiolites are preserved along 
it both to the North in southern Morocco (LEBLANC, 1976) and to the South in 
Mall (LEBLANC, pers. communication, 1976), but no convincing evidence of upper 
Proterozoie oceanic crust has yet been found anywhere in Hoggar. 

379 



il
l 

W
.A

F
R

. 

W
 

T
J.

 
E

 

-t
- 

-I
- 

~ 
" 

" .
.

.
.

 

O
ce

an
ic

 c
ru

st
 a

nd
 o

ce
an

ic
 m

an
tle

 

O
ce

an
iz

ed
 a

re
as

 

~
/~

/~
, 

C
on

tin
en

ta
l 

m
an

tle
 

,~
 

] 
U

pp
er

-m
an

tle
 m

ob
ili

ze
d 

du
rin

g 
~

'~
'~

,~
 

hi
gh

 g
ra

de
 m

et
 ..

..
 

ph
is

m
 

~
/~

/~
 

C
al

c-
 a

lk
al

in
e 

vo
lc

an
ic

s 

~
i

 
M

ai
nl

y 
vo

lc
an

oc
la

st
ic

 d
ep

os
its

 

X 
X 

C
al

c 
- 

al
ka

lin
e 

ba
th

ol
ith

s 

U
pp

er
 P

ro
te

ro
zo

ic
 

V;
'.'.

:.'.
~i

~ 
M

id
dl

e 
P

ro
te

ro
zo

ic
 

de
po

si
ts

 

,~x
.~.y

.~.~
,~ a

J O
ld

 g
ra

nu
lit

es
 c

ru
st

 
b/

 i
d.

 in
fe

rr
ed

 

"~
t'.

.~
_ 

U
nd

iff
er

en
tia

te
d 

si
al

ic
 c

ru
st

 



J. M. L. BEltTttAND & tl. CABY - -  Geodynamic Evolution of the Pan-African Orogenic Belt 

Fig. 7. A schematic reconstruction of the western part of the Pan-African mobile belt 
in terms of present views on global tectonics appplied to the upper Proterozoie. 
(A) is the opening stage (c. a. 800 m.y.) during which crustal thinning, basification 
process, together with the formation of oceanic crust took place. Calc-alkaline batho- 
liths of the eastern part suggest early subduetion zones dipping East (B) represents 
the posible site during which the main ealc-alkaline volcanics and plutonics were 
emplaeed (c. a. 750--650 m.y.?) in relation to East dipping subduetion zones. In these 
two palinspatic sections, the question marks outline the gaps of unknown width due 
to lateral displacements along the shear zones. The location of oceanic crust is only 
inferred from the widespread tale-alkaline rocks which may derive from partial melting 
of descending oceanic lithosphere, and also from the existence of ophiolites in South 
Morocco and northern Mall (C) gives a possible section of the western Pbarusian 
branch just after the complete oceanic closure and after the initial major phase of 
Pan-African deformation (e. a. 650 m.y.) which produced nappes, recumbent folding 
and a global crustal thickening (T. N.: Tassendjanet Nappe). The lower part of this 

section is highly speculative. 

III.  T h e  l a t e  P r o t e r o z o i c  c a l c - a l k a l i n e  c y c l e  s u g g e s t i n g  
a p o s s i b l e  i s l a n d - a r c  t y p e  e n v i r o n m e n t  (c.a.  8 0 0 - - 6 5 0 m .  y.) 
(Fig. 7 B). 

This third magmatic cycle represents the main rock forming process, and by  
the volume of rocks generated this period may correspond to crustal accretion 
process. Indeed,  calc-alkaline volcanics (andesites, dacites, rhyodaeites) and 
immature volcanoclastic deposits mainly volcanic graywackes are predominant  
(CaBY et al., 1977) together with pre-tectonic batholiths ranging from diorites to 
calc-alkaline granites which in the central branch crop out over as much as 
50000 km ~. I t  is likely that such a widespread ealc-alkaline magmatism may have 
been linked with subduction zones. The western branch andesites which overlie 
basic and ultrabasic rocks may correspond to an island-are adjacent  to volcanic 
graywackes trough deposits, whereas the calc-alkaline batholiths and associated 
rhyo-daeites of the central branch may represent an Andean-type assemblage, 
possibly init iated earlier East of the In Ouzzal block, which wa,; buried beneath 
andesite and basalts. 

The Pan-African orogeny s. s. was init iated after the third magmatic  cycle was 
completed. Very unequal uplift of the belt  in connection with the development  
of the strike-slip fault system and the later horst graben tectonics are responsible 
for a rather complex metamorphic and structural pattern. Moreover, the degree 
of metamorphism and deformation depends also on the nature of the crust. I t  is 
remarkable, indeed, that a very weak deformation under upper  greenschist facies 
conditions occurs as a rule in the areas of pre-tectonic volcanics and magmatism 
of the central branch which may represent an Andean-type assemblage lying 
upon a possible granulitic crust, while middle to lower amphiboli te conditions 
accompanied by  anatexis and syn-kinematic granites are localised in zones of 
predominant  meta-sediments of middle Proterozoic or late Proterozoic age. The 
absence of Pan-African metamorphic tectonic events is also striking in the In 
Ouzzal block, as shown by the horizontal at t i tude of the pre-Pan-African pene- 
plain outlined by  the late Proterozoic andesites. 

Pan-African polyphase deformation and recumbent  folding seem to be restrict- 
ed to the deepest  structural level of the two branches of the Pharusian belt, 
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whereas N--S trending folds with mainly vertical axial planes are the only 
structures recorded both in the low-grade synforms of late Proterozoic rocks, 
close to the eastern margin of the central branch, and in the polycyclic units 
of central Hoggar. 

The 650 m. y. zircon ages on syn-kinematic granites both in the Pharusian belt 
and in central Hoggar (PIccIoa-ro et  al., 1965; ALL~GaE & CABY, 1972) may 
indicate large scale crnstal melting processes during the peak of the "early 
phase" of the Pan-African orogeny, but in the western branch, the peak of 
Barrovian type metamorphism predates these granites (CABY, 1970). Assymetry 
is also displayed by the preponderance of basic and intermediate syn-orogenic 
plutonism (gabbros, diorites) indicating a large contribution from the mantle 
in the Pharusian belt compared to the prevalence of more K-rich adamellites 
and granites in central Hoggar suggesting an origin involving partial melting of 
a thickened sialic crust. 

Heterochronism of the deformation between western central Hoggar and the 
eastern Hoggar is suggested by geochronological data which indicate tension and 
pre-tectonic magmatic activity in the site of the ensialic Tiririne belt at 660 + 
5 m.y. (BERTaAND et  al., in press) roughly contemporaneous with syn-kinematic 
granite emplacement in the Pharusian belt. Geochronological data also show that 
polyphase deformation within the Tiririne belt is younger than in the rest of the 
shield and occurred slightly before the syn-kinematic granites dated at 604 + 
18 m. y. (BERTRAND et  al., in press). 
e) G e o d y n a m i c  m o d e l  f o r  t h e  P a n - A f r i c a n  b e l t  o f  H o g g a r  

The shear belt and strike-slip fault system of the shield can be compared in 
scale and geometry, to that of the northern Himalayas which is clearly related 
to different stages of the collision between India and Asia (MOLNAR & TAVONNmR, 
1975). The shear belts and strike-slip faults of Hoggar are the result of the 
collision between two plates: the West African craton, rigid since some 2000 to 
1800 m. y. to the West, and the East Saharian craton, which was also rigid before 
660 m. y. 

The early stage of the collision (c. a. 650 m.y.) (Fig. 7 C) may have produced 
crustal thickening by recumbent folding at depth and thrusting. These early 
structures mostly tightened and refolded may have had a geometry induced by 
that of the inferred east dipping subduction zones. At a later stage the same 
tectonic event was culminating with a compression which produced N--S trend- 
ing folds with vertical axial planes, the thrusts evolving into more or less vertical 
strike-slip faults outlined by mylonites of always greenschist facies grade. We 
suggest that though unquantified a rather important shortening may have been 
absorbed by lateral movements along conjugate shear zones. The localisation of 
100~o dyke complexes, both gabbroic and strongly acidic alkaline, emplaced 
after F 1 in tension zones within some major strike slip faults, such as the western 
fault of the In Ouzzal block for which a sinistral displacement of 850 km has 
been postulated, accounts for the importance of such faults which may affect 
the whole lithosphere (Fig. 8). 

The presence of many granitic intrusions, subsequently sheared along some 
major faults may indicate alternating periods of tension and compression which 
can be correlated with sinuous paths of contiguous crustal blocks of different 

382 



r oo
 

t.
o 

W
. 

P
.B

. 
C

.P
.B

. 
T

e.
 

T
.A

. 
IS

. 
W

 
..

..
..

. 
- 

--
""

~
 

..
..

..
. 

A
r 

A
l.

 
S

. 
H

. 
T

I.
 

E
 

i 
, 

a 

F
ig

. 
8.

 G
ro

ss
 c

ro
ss

-s
ec

ti
on

 o
f 

th
e 

P
an

-A
fr

ic
an

 b
el

t 
of

 t
he

 H
og

ga
r.

 
P

er
pe

nd
ic

ul
ar

 t
o 

th
e 

sh
ea

r 
zo

ne
s 

an
d 

st
ri

ke
-s

li
p 

fa
ul

ts
, 

su
ch

 a
 s

ec
ti

on
 i

s 
w

it
ho

ut
 

gr
ea

t 
si

gn
if

ic
an

ce
 b

ut
 g

iv
es

 
a 

go
od

 i
ll

us
tr

at
io

n 
of

 t
he

 m
aj

or
 r

ol
e 

of
 t

he
 l

at
e 

ph
as

e 
of

 E
--

W
 t

hi
gh

te
ni

ng
 o

f 
th

e 
be

lt
, 

w
hi

ch
 

is
 

re
sp

on
si

bl
e 

fo
r 

th
e 

ov
er

al
l 

ve
rt

ic
al

 
at

ti
tu

de
 

of
 

ro
ck

-u
ni

ts
, 

fo
li

at
io

ns
 

an
d 

te
ct

on
ic

 
co

nt
ac

ts
. 

T
he

 
m

aj
or

 
sh

ea
r 

zo
ne

s 
ar

e 
th

ou
gh

t 
to

 
ha

ve
 

af
fe

et
ed

 
th

e 
en

ti
re

 
li

th
os

ph
er

e.
 

A
n 

at
te

m
pt

 
is

 m
ad

e 
to

 
di

st
in

gu
is

h 
un

re
ac

ti
va

te
d 

up
pe

r-
m

an
tl

e 
--

 
lo

w
er

 
cr

us
t 

an
d 

an
at

ec
ti

c 
lo

w
er

 
cr

us
t 

--
 

m
ob

il
e 

up
pe

r-
m

an
tl

e.
 

C
ro

ss
 

ha
tc

hi
ng

: 
ol

d 
gr

an
u-

 
IR

e 
cr

us
t,

 
an

d 
in

te
rr

up
te

d 
cr

os
s 

ha
tc

hi
ng

: 
in

fe
rr

ed
 

gr
an

ul
it

e 
cr

us
t.

 
T

he
 

do
tt

ed
 

li
ne

 
ab

ov
e 

th
e 

pr
of

il
e 

is
 

an
 

at
te

m
pt

 
to

 
qu

an
ti

fy
 

th
e 

am
ou

nt
 

of
 

up
li

ft
 

of
 

th
e 

di
ff

er
en

t 
st

ru
ct

ur
al

 
do

m
ai

ns
. 

W
.P

.B
.:

 
W

es
t 

P
ha

ru
si

an
 

br
an

ch
. 

C
.P

.B
.:

 
C

en
tr

al
 

P
ha

ru
si

an
 

br
an

ch
. 

T
.N

.:
 

T
as

se
nd

ja
ne

t 
N

ap
pe

. 
I.

Z
.:

 
In

 
O

uz
za

l 
bl

oc
k.

 
T

.A
.:

 
T

ef
ed

es
t-

A
ta

ko
r.

 
A

I.
: 

A
le

ks
od

. 
A

r.
: 

A
re

fs
a 

up
pe

r 
P

ro
te

ro
zo

ic
 

sc
hi

st
 

be
lt

. 
S.

: 
S

er
ko

ut
. 

T
e.

: 
T

em
as

in
t.

 
Is

.:
 I

ss
al

an
e.

 H
.:

 H
on

ag
. 

T
i.

: 
T

ir
ir

in
e 

be
lt

. 

3:
 

t~
 

r t �9
 

o D
-, 8"
 

O
 =, 8"
 

�9
 

tr
~ 8"

 



Aufs~tze 

rheologies. This fact is also frequently demonstrated by the sigmoid attitude 
of the main cleavage planes (and eventually their late folding with steep axes) 
along some faults. Most of the intrusive granites, especially the Taourirts (BoIs- 
SONNAS, 1978) were emplaced during this stage. On the other hand, the LP/HT 
metamorphic conditions which have locally generated fresh granulite facies rocks 
are only found to the West of the belt, in the Egatalis area. 

The Tiririne belt localised on the edge of the East Saharian craton only formed 
after most of the collision was completed at 600--580 m.y.  (BEI~TRAND et  al., in 
press) and the higher group of sediments of the Tiririne Formation is already 
a molasse. The late stages of collision are responsible for second order conjugated 
sets of strike-slip faults which are so characteristic of the Hoggar shield and Air 
mountains. Deposition of the molassic "S6rie pourpr6e" of western Hoggar was 
partly controlled by these second order strike-slip faults. Preserved in graben and 
in unfolded residual basins, for example North of the In Ouzzal block, these red 
deposits were subjected to diagenesis at e. a. 470 + 18 m. y. (CLAuEa, 1976) but 
other similar deposits South-West of Silet which are affected by thrusting account 
for the late mobility of the central branch of the belt. In the central Hoggar, 
it is also noteworthy that the young mineral ages in the range of 550---470 m.y.  
are explained by very late uplift just before deposition of the Ordovician 
r of the Tassili. 

7. Conclusions 

The Pan-African belt of Hoggar, 800 km wide, is strongly assymetric. As old 
as middle Proterozoic, relative mobility of the originally ensialie zone located 
East of the West African craton is indicated by wide subsiding areas and by a 
first magmatic cycle (1750 or 1850 m.y.  ?) of typical cratonic and anorogenic 
type. The c.a. 800 m.y. old magmatic event is related to a continental scale 
tensional regime and represents a large mantle contribution in the form of basi- 
fication of some crustal blocks and their shelf type cover, and this event may 
be correlated with upper Proterozoic ophiolites of adjacent areas. A third major 
magmatic cycle of calc-alkaline volcanies and plutonics took place in the period 
800--650 m.y., suggesting both island-arc type and Andean type assemblages 
and this major pre-teetonic event may have been linked to East dipping sub- 
duetion zones and to the closure of an ocean as proposed by CA~Y (1970). Geo- 
chronological data suggest that the central Hoggar formed of sialic units of 
Eburnean and older ages and younger supracrustal rocks, had already been in- 
volved in a tectono-metamorphie event of assumed "Kibaran" age, before its 
reactivation during the Pan-African orogeny marked by N--S trending folds, 
metamorphism, and syn-orogenic Pan-African granites. 

Recumbent folding at depth and thrusting account for the unquantified 
shortening realised by crustal thickening within the belt in the "old" stage of the 
Pan-African orogeny dated at c.a. 650 m.y.  by synorogenic granites (PIccrOTTO 
et al., 1965; ALL~GaE & CA~Y, 1972). The conspicuous system of N--S  trending 
vertical shear zones and strike-slip faults, to which the late N--S  trending folds 
are geometrically linked also produced a very important E - - W  shortening 
realised by lateral movements along conjugate shear belts with a main sinistral 
component during the "late" stage of the Pan-African orogeny in the period 
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Do 600---550 m.y.,  but geochronological data point out to some eastwards 
younging of the main Pan-African deformation. The younger mineral ages (550 
to 470 m. y.) indicating late vertical uplift of central Hoggar is contemporaneous 
with molassic deposits preserved mainly in the western part of the belt. 

The Pan-African orogeny in Hoggar is essentially due to the squeezing of the 
"mobile zone" between two colliding rigid plates: the West African craton and 
the East Saharian craton. Whilst an oceanic opening and closure may be inferred 
along the western branch of the Pharusian belt, the orogenic evolution of central 
and eastern Hoggar is believed to be ensialic. 
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