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Abstract - -The late Pan-African Abe i ba r a -R a rhous  shear  zone in the Adrar  des lforas (Mali) is described and 
studied with the  aim of defining the  direction, sense of movemen t  and amoun t  of  displacement  along the zone. It 
is a strike-slip shear  zone,  the dextral sense of which is demons t ra ted  at the scale of  the map  by the rotation of the 
related mylonitic foliation and at the scale of the thin section with characteristic microstructures.  Preferred 
orientat ion of  quartz  c-axes is tentatively used;  three quartz-rich samples  of  35% or more quartz indicate dextral 
strike-slip movement ,  but  o ther  samples do not  show preferred orientation of quartz c-axes. Strain measu remen t s  
have been performed on one half of  the shear  zone using established techniques and a new technique using the 
thickness of  mylonitic layering. The  results vary along the length of  the shear  zone when using the same method  
and for the same cross-section when using the three methods  together.  A mean  value of  4 km is obtained for total 
d isplacement  which is low when considering the apparent  width of the shear  zone. This result is discussed in view 
of the  assumptions  involved in the strain estimation.  The  tectonic history of the Abe iba r a -Ra rhous  shear  zone 
and its significance in the Trans-Saharan Pan-African collisional belt are discussed. 

R6sum6- -La  zone de cisaillement tardi-Pan-Africaine de Abe iba r a -Ra rhous  dans I 'Adrar  des lforas (Mali), est 
d6crite et 6tudi6e dans le but  de d6finir la direction et le sens du mouvemen t  ainsi que le d6placement  le long de 
cette zone de d6formation ductile. C 'est  un d6crochement  dextre dont le sens est d6montr6 par la rotation de la 
foliation mylonit ique associ6e et des structures planaires ant6rieures. L 'orientat ion pr6f6rentielle des axes c du 
quartz  est aussi utilis6e, mais h l 'exception de trois 6chantillons relat ivement riches en quartz (35% ou plus) qui 
confirment le sens de d6crochement  dextre, les autres 6chantillons ne mont ren t  pas d 'orientat ion pr6f6rentielle 
forte de r6seau. Des  mesures  de d6formation finie ont  6t6 faites sur une moiti6 de la zone de cisaillement, en 
appliquant les techniques  6tablies et une nouvelle technique utilisant l '6paisseur de rubannemen t  mylonitique. 
Les r6sultats varient le long de la zone de cisaillement quand  on utilise une seule m6thode,  et sur une m6me coupe 
quand  on utilise les trois m6thodes  h la lois. La valeur minimale moyenne  obtenue  pour  le d6placement  total 
(4 kin) semble faible si on consid6re la largeur apparente  de la zone de cisaillement. Ce r6sultat est discut6 en 
fonction des restrictions faites pour  I'utilisation des m6thodes  d 'es t imation de la d6formation finie, de l 'histoire 
tectonique de cette zone de cisaillement de Abe iba ra -Rarhous ,  et de sa signification dans la chaine de collision 
Pan-Africaine Trans-Sahar ienne.  

INTRODUCTION 

THE PAN-AFRICAN Trans-Saharan belt (Cahen & Snel- 
ling 1984) is the result of the collision between the West 
African Craton and the Pan-African mobile belt (Fig. 1) 
which occurred about 600 Ma ago (Bertrand & Caby 
1978, Black et al. 1979). The latest stage of the collision 
is characterized by large N-S faults and shear zones that 
have been recognized for a long time as major structures 
of the Hoggar Shield by Lelubre (1952) and Caby (1968) 
and that have been considered to approximate slip lines 
(Caby et al. 1981, Lesquer & Louis 1982) similar to those 
observed in Eurasia by Molnar & Tapponnier (1975). 
This paper deals with the Abeibara-Rarhous shear zone, 
one of the shear zones in the central part of the Adrar des 
Iforas. It appears very clearly on satellite and aerial 
photographs and is the widest (6-7 km) known shear 
zone in the Adrar des Iforas, but no marker allows us to 
determine the displacement along it directly. However, 
a strain gradient exists in its eastern part, in the Ebur- 
nean granulites, that enables one to determine the direc- 
tion, the sense, and the minimum amplitude of the 
movement using field observations, microstructures, 
preferred orientations of quartz c-axes, and different 
techniques of strain estimation. With these results at 
hand, it should then be possible to integrate this shear 

zone in a regional context, to compare it with other faults 
and shear zones in the Hoggar Shield, and to discuss the 
collision model proposed by Caby et al. (1981) for the 
Trans-Saharan Pan-African belt (Cahen &Snel l ing 
1984). 

GENERAL GEOLOGICAL SETTING 

In the central Adrar des Iforas, three main Pan-Afri- 
can phases of deformation have been identified (Wright 
1979, Boullier 1979, Davison 1980). The first phase D1 
corresponds to a deformation during which the granulitic 
Eburnean basement (the Iforas granulitic unit) and its 
Upper Proterozoic cover have been thrusted northwards 
over a high grade gneissic unit, the so-called Kidalian 
Assemblage (Boullier et al. 1978). The mylonitic base of 
the Iforas granulitic unit is preserved on its northern and 
south-eastern borders. A fiat-lying foliation, occasional, 
recumbent sheath folds, and a North-South stretching 
lineation are developed in the Kidalian Assemblage 
during D~. This deformation phase is not precisely dated 
but is placed at before 696 Ma by Caby et al. (1981) and 
Bertrand & Davison (1981) and between 696 and 613 Ma 
by Ball & Caby (1985). 
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Fig. 1. Locality map of the Pan-African collisional belt of the Adrar des Iforas (Mali) along the eastern margin of the West 
African Craton. The suture zone is drawn as defined by gravimetric anomalies (Bayer & Lesquer 1978). SSZ: studied Late 

Pan-African shear zone along the western margin of the Iforas Eburnean (2000 Ma) granulitic unit. 
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Fig. 2. Schematic section across the Abeibara-Rarhous shear zone along the western margin of the Iforas granulitic unit 
which is interpreted as a D~ nappe lying upon the Kidalian gneissic assemblage. D~, Dz and D 3 structures are superimposed 

within the Kidalian gneissic assemblage. In the Iforas granulitic unit only $3 is visible on the western margin• 
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Fig.  3. Stereographic projection (lower hemisphere) of the poles to S 3 m y l o n i t i c  fo l i a t ion  (po in t s )  a n d  L 3 stretching 
lineations (dots with tails) along the Abeibara-Rarhous D 3 shear z o n e  on  the western margin of the lforas granulitic uni t .  
Except in area 2, which has been disturbed b y  a later sinistral N N W - S S E  fault, S 3 fo l i a t ions  are vertical, s t r ik ing  N-10  ° to 

N-20  ° and bear a horizontal L 3 lineation. 

The D2 phase corresponds to a SSE-NNW and then an 
ESE-WNW compression (Wright 1979, Boullier 1982) 
expressed by ENE-WSW to NNE-SSW upright to over- 
turned isoclinal folds. The Eburnean granulites (D1 
nappe) constitute the core of a large D E synform. This 0 2 

phase is well dated at around 610-600 Ma (Bertrand et 
al. 1985). 

The D 3 phase corresponds to N-S to N-20 ° trending 
strike-slip shear zones and faults described by Wright 
(1979), Boullier (1980, 1982) and Davison (1980). The 
Abeibara-Rarhous shear zone is one of these D 3 shear 
zones. U-Pb and 39Ar/4°Ar geochronological dating indi- 
cate that it was active between 566 and 535 Ma (Lancelot 
et al. 1983) and confirms its late Pan-African age. 
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DESCRIPTION OF THE ABEIBARA-RARHOUS 
SHEAR ZONE 

The Abeibara-Rarhous  shear zone trends N-10 ° and 
separates two geologically different blocks (Fig. 2). On 
the west block, the gneissic Kidalian Assemblage has 
suffered the three Pan-African deformation phases 
described above (D1, D2, D3). Far away from the shear 
zone, the $1 subhorizontal foliation bears a N-S to N-10 ° 
stretching lineation and is folded by NNE-SSW D2 
folds. Both deformations were accomplished at 
amphibolite facies conditions. The N-10 ° S 3 vertical 
foliation is almost subparallel to $2, but corresponds to 
lower metamorphic conditions of upper amphibolite 
facies to greenschist facies; $3 bears a horizontal N-10 ° 
stretching lineation. Thus St, $2 and S 3 are subparallel to 
the shear zone in a band 5-6 km wide. Consequently,  it 
is not possible by observing the structures west of the 
shear zone to determine how much strain should be 
attributed to D~, D 2 or to D 3 individually, because the 
three deformation phases are almost homoaxial. 

On the east block, the Iforas granulitic unit is mainly 
composed of a homogeneous banded formation of 
quartzo-feldspathic subalkaline gneisses metamor- 
phosed under granulitic facies conditions during the 
Eburnean period (2400-2100 Ma, Lancelot et al. 1983). 
Except in the north, D 3 is the only Pan-African deforma- 
tion phase observed in the Iforas granulitic unit along 
the Abeibara-Rarhous  shear zone. It is characterized by 
a strain gradient in a zone 500-1500 m wide and by a 
vertical N-350 ° to N-10 ° foliation with a horizontal 
stretching lineation (Fig. 3). 

As the lithologies and the pre-D3 tectonic history of 
the western polyphase gneisses are complex, the defor- 
mation features related to the D3 Abeibara-Rarhous  
shear zone have been mainly studied in the mylonitized 
granulites. The L-S tectonites within the shear zone 
suggest that the deformation was plane strain and the 
horizontal stretching lineation is assumed to be close to 
the movement  direction. Consequently,  the Abeibara -  
Rarhous structure is a strike-slip shear zone, the sense of 
which will now be determined. 
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Fig. 4. Schematic map of the Pan-African pre-D3 Abeibara granite 
showing the rotation of the S 3 mylonitic foliation and of the granulitic 
layering towards the centre of the shear zone (map drawn from the 
aerial photographs NE 31 XX and 351). The numbers refer to the 

sections along which strain measurements have been made. 

DETERMINATION OF THE SENSE OF SHEAR 

Field observations 

Observations on the 1/50,000 aerial photographs and 
on the outcrop of the pre-D 3 Pan-African Abeibara 
granite show that the $3 mylonitic foliation is deflected 
into the shear zone, indicating a dextral sense of shear 
(Fig. 4). The granulitic layering of the banded gneisses is 
similarly deflected (Fig. 5). At its northern termination, 
the Abeibara-Rarhous  shear zone divides into several 
dextral strike slip faults which curve towards the 
penecontemporaneous  dextral strike slip And jou r -  
Tamaradant  fault (Fig. 6). The displacement of the 
north-eastern limit of the Iforas granulitic unit (see Fig. 
3) indicates a movement  of 28 km along this fault. Some 

N E - S W  adamellitic dykes and E - W  sinistral faults, the 
type B secondary faults of Chinnery (1966), could be a 
response to the same stress field as that which caused the 
D 3 Abeibara-Rarhous  shear zone. 

Microstructures 

The evolution of the microstructures in the Abeibara-  
Rarhous shear zone has already been described (Boul- 
lier 1980). All stages are observed from protomylonites 
to ultramylonites, the increase in the deformation being 
accompanied by a decrease in the grainsize due to 
different plastic and cataclastic behaviour of the con- 
stituent minerals. 
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Fig. 5. Maps drawn after aerial photographs (NE 31 XX and XIV) to show rotation of the granulitic layering towards the 
centre of the Abeibara-Rarhous  shear zone. Numbers refer to sections from north to south along which strain 

measurements have been made (see locality map). 

Fig. 6. Map of the northern part of the lforas granulitic unit, where the Abeibara-Rarhous  shear zone curves towards the 
Andjour-Tamaradant  dextral fault. Note the pre-D3 granite and the limit of the granulites which are deformed by the shear 
zone. The D~ shortening direction is deduced from the orientation of N-S to N-20 ° dextral faults, E - W  sinistral faults and 

N E - S W  adamellitic dykes. 
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Fig. 7. Shear bands superimposed on the vertical mylonitic foliation S 3 . 
The relative orientation of both planes is constant all along the 
Abeibara-Rarhous shear zone and indicates a dextral sense of shear. 

$3 is defined by a greenschist facies metamorphic 
assemblage and by mylonitic layering in the form of an 
alternation of dark layers of green biotite, opaque phases 
and accessory minerals, and light layers of albite, micro- 
cline and/or polycrystalline quartz ribbons, the latter 
being of type 11-2 of Boullier & Bouchez (1978). How- 
ever, in the centre of the shear zone, grainsize is very 
small (20 ~m), mineral phases are mixed, and the 
mylonitic banding tends to disappear. 

At thin section scale, the best shear sense criteria are 
the vertical ductile shear bands as defined by Gapais & 
White (1982) or C' planes (Berth6 et al. 1979) or C 
planes (extended terminology of Lister & Snoke 1984), 
which are superimposed on the S 3 mylonitic foliation 
with a consistent geometry indicating a dextral shearing 
(Fig. 7). They only appear in the centre of the shear zone 
where the well-developed S 3 foliation (XY plane) is 
subparailel to the shear zone boundary; they are low- 
strain shear bands with an orientation strongly divergent 
from that of the bulk shear plane (N-30 ° vs N-10°), but 
they are characterized by the same green biotite as $3. 
These oblique structures could be explained as a 
response of the anisotropy to stretching in a continuous 
deformation, thus being examples of the extensional 
cleavage of Platt & Vissers (1980) or fig. 19(a) of Lister 
& Snoke (1984); but if that were the case, both antithetic 
and synthetic shear planes should be seen. Only dextral 
shear bands exist in the Abeibara-Rarhous shear zone, 
so it is suggested that these oblique structures involve a 
small rotation of the regional shortening direction 
toward a roughly E-W direction. This rotation will be 
discussed later when the regional tectonic history of the 
Adrar des Iforas is considered. 

Quartz  c-axis preferred orientations 

Quartz c-axis preferred orientations have been 
studied optically in several samples along an E-W cross- 
section (Fig. 8). Most samples do not show strong prefer- 
red lattice orientation. Some diagrams show a pole-free 
area around the stretching lineation X (My7C, My9) or 
near the X Z  plane (My8), but they can almost be 
interpreted in terms of a random c-axis orientation. This 
random orientation has been confirmed with X-ray 
goniometric study at the University of Leeds for [10]-0] 
and [1020] in three ultramylonites (My7B, My7C and 
My6A) in which the grainsize was too small to permit 
optical investigation. 

Nevertheless, four samples (My2, MyG, IB761 and 
IB765) show a c-axis preferred orientation defined by a 
single girdle in which a maximum occurs near Z (My2) or 
near Y (IB765). Except in sample MyG, this girdle is 
clearly oblique to the strain axes. In the case of MyG, the 
measurements have been plotted separately for por- 
phyroclasts and small equant new grains, but the c-axis 
preferred orientation is almost the same in both cases. 
This result is similar to those obtained by Hobbs (1968), 
Wilson (1973), Marjoribanks (1976), Bouchez (1977) 
and Garcia Celma (1982). 

The interpretation of the observed preferred lattice 
orientations for this shear zone is that the intensity of 
preferred orientation is related not to strain (Burg & 
Laurent 1978, Berth6 et al. 1979) but to the percentage 
of quartz in the rocks (Starkey & Cutforth 1978). In the 
present case, the rocks that present a well-defined pre- 
ferred quartz lattice orientation are those with at least 
35% quartz. 

The intensity of preferred lattice orientation also 
appears to be related to the mechanism of deformation. 
Intracrystalline gliding on specific slip systems gives rise 
to preferred orientation (Nicolas et al. 1973). According 
to different mathematical models, the elements of an 
emerging pattern are usually evident only after about 
30% shortening (Lister & Hobbs 1980, Etchecopar 
1977). If the grainsize is small enough, the deformation 
mechanism can change from intracrystalline glide to 
grain boundary sliding (Boullier & Gueguen 1975, 
White 1976); consequently, the lattice-preferred orien- 
tation achieved in the first stages of mylonitization could 
be progressively obliterated at higher strains (Ashby & 
Verrall 1973). That may well have happened in the 
ultramylonites studied here; the fine average grainsize of 
about 20 /xm and the presence of different mineral 
phases may have prevented recrystallization and pro- 
moted grain boundary sliding. 

In cases where lattice-preferred orientation is clearly 
defined, assuming that the stretching lineation is close to 
the transport direction, the c-axis girdle indicates intra- 
crystalline slip in the (a) crystallographic direction 
(Bouchez et al. 1979, Bouchez & P6cher 1981, Schmid et 
al. 1981). The various positions of maxima in the girdle 
of c-axes correspond to two or three glide systems that 
may be operative in the samples (Bouchez & P6cher 
1981). In the case of the Abeibara-Rarhous shear zone, 
the orientation of [10]-0] is not known and the interpre- 
tation of the c-axis girdle is based on the comparison with 
similar patterns cited above: the X maximum (My2) 
would correspond to predominantly basal slip (0001) in 
the (a) crystallographic direction and the Ymaximum to 
predominantly prismatic slip in the same direction. 

The fact that the c-axis girdle is asymmetric and 
oblique to the foliation suggests that the deformation 
occurred under conditions close to those of plane strain 
(Bouchez et al. 1983, Simpson & Schmid 1983 and Lister 
& Snoke 1984), and one can deduce the sense of shear 
from the asymmetry: it is dextral in the case of the 
Abeibara-Rarhous shear zone and consistent with field 
observations. 
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Fig. 8. Preferred lattice orientations of quartz c-axes in mylonites (lower hemisphere).  The percentage of quartz, the 
number of measurements and the distance (d) from the centre of the shear zone are given for each sample. The contours are 
at 1,3, 5, 7, 9 and 11% points per 1/220 surface area of the sphere (Bouchez & Mercier 1974). The orientation is the same 
for all the samples, the projection plane being nearly horizontal. The $3 mylonitic foliation is vertical at N-15 ° and X is the 
horizontal stretching lineation. MyG is a mylonitic granite (pre-D3 Abeibara granite) located on Fig. 4. My7B, My7C, My8, 
My9 and Myl0 correspond to section 11 and Myl ,  My4 and My2 to section 10. The samples IB765 and IB761 were taken on 

profile 16 (see Fig. 5 for the localities of the profiles). 
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Fig. 9. Relation of the strain ellipse to shear in a simple shear system 
with no volume change (Ramsay 1980). 
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Fig. 10. Graph of  the variation in shear strain (30 across five cross 
sections of  the /)3 shear zone; the numbers refer to the sections on 
Figs. 4 and 5. 3' has been measured using the orientation of the $3 
foliation (0 ')  with respect to the shear zone boundary (first method).  

The sense of shear has been clearly established using 
both field structures and microstructures to be dextral. 
Using c-axis preferred orientation alone, it would have 
been difficult to affirm an unambiguous dextral sense of 
shear since only a few of the studied samples show a clear 
c-axis pattern. My observations confirm Simpson & 
Schmid's (1983) conclusions concerning reliable struc- 
tures for the determination of sense of shear in regions 
where no displaced marker  horizon can be found. 

STRAIN ESTIMATION 

Knowing that the Abeibara-Rarhous  shear zone is a 
dextral strike-slip vertical shear zone, it is now useful to 
determine the amount  of displacement along it. The 
methods of strain measurement  applied to estimate the 
shear strain are based on three assumptions: 

(1) The deformation is plane strain and due to shearing 
only. This assumption is based on the L-S fabric of the 
tectonites (strong lineation but no apparent constriction) 
and on the characteristics of the deformation at the map, 
thin section, and lattice scales, suggesting rotation and 
plane strain. But the lack of strain markers means that 
this is an approximation, to be kept in mind until dis- 
cussion of the results. 

(2) The deformation is presumed to have been at 
constant volume. The density and composition of the 
rocks do not show any significant variation across the 
shear zone (Boullier 1982), so this assumption therefore 
appears valid. 

(3) The deformation is ductile and homogeneous,  
with no discontinuities across the shear zone. This 
assumption can be verified at the scale of the sample and 
at the scale of the outcrop. Except in the centre of the 
shear zone where cataclasis is often superimposed on the 
ductile deformation,  no important fault has been 
detected. It must be noted that some highly deformed 
zones less than 10 m wide could have been missed due to 
the presence of rivers and superficial cover, and that the 
value of total displacement could thus have been under- 
estimated. 

Because the western part of the Abeibara-Rarhous  
shear zone is complex and $1, $2 and S 3 there are parallel 
and no rotation of any structure is observed, only the 

eastern half of the shear zone has been investigated for 
strain measurement.  It will be assumed that the displace- 
ment calculated with the three methods is half the total 
displacement D. 

First method: rotation of  the S 3 foliation 

In the case of homogeneous shear (Fig. 9), the angle 
0' between the XY flattening plane and the shear plane 
is related to the shear strain y by the formula: 

tan 20' = 2/y 
(Ramsay & Graham 1970, equation 36). 

I fx  is the width of the shear zone, the displacement d is 

d = xy. 

The total displacement D across a zone of heterogene- 
ous shear strain is 

(Ramsay & Graham 1970, equation 39). 

0' has been measured  in the field for two sections 
across the eastern part of the shear zone and on aerial 
photographs for three others (Fig. 10). $3 is very difficult 
to see on aerial photographs when it is superimposed on 
the granulitic layering, but it is clearly visible where it 
affects the pre-D3 Abeibara granite (Fig. 4). Using this 
method,  five values of D/2 have been obtained (Table 1). 

Second method: rotation of  the Eburnean granulitic 
layering 

The angle a '  between the pre-existing Eburnean 
granulitic layering and the shear plane (Fig. 9) is related 
to the shear strain by the formula: 

c o t a '  = c o t o t +  y 
(Ramsay 1967, equation 3.71), 

where a is the initial angle between the layering and the 
shear plane. The displacement is then calculated as in 
the first method. Measurements of a' have been made 
all along the shear zone on aerial photographs only 
(Figs. 5 and 11). The angle a is not constant all along the 
Abeibara-Rarhous  shear zone (Fig. 5); consequently, 
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Fig. 11. Graph of the variation in shear  strain (y) across the D3 shear  zone the numbers  refer to the sections on Figs. 4 and 
5. y has been measured using the orientation of the granulitic layering ( a ' )  with respect to the shear  zone boundary (second 

method) .  

for each cross-section, a has been taken as the highest 
value of a'  measured in the anticlockwise sense, from 
the shear zone to the layering, at the position just where 
the layering appears to be turned towards the shear 
plane. Generally, this corresponds to a distance of 2000-  

2500 m from the centre of the shear zone. 
The results are given in Table 1 and Fig. 11. One set of 

measurements has been made along a section across the 
Abeibara granite and its surrounding rocks using the 
first and second methods together. 

Table 1. Displacement  along the D 3 shear  zone,  calculated from strain measurements  by three different methods.  The stars indicate a 
cross-section on which two different methods  have been used on two different segments  

2nd method  3rd method  
1st me thod  (Fig. 10) (Fig. I 1 ) (Fig. 13) 

Aerial 0' aerial ~ '  aerial 
photograph photograph 0' outcrop photograph n/n '  sample 

no. Section D/2 (km) D/2 (kin) D/2 (kin) D/2 (kin) 

NE XX 218 1 
NE XX 274 2 

NE XX 285 4 

. {s 
NE XX 340 6 

7 
NE XX 351 8 {9 
NE XX 406 10 

NE XX 418 11 
NE XX 484 12 

NE XIV 34 ~ 13 
[ 14 

NE X | V  148 15 {,6 
NE XlV 370 17 

18 

7.97* 
5.06 

3.87 
2.27 
2.51 

7.66 
7.76 
8.17 
3.31 
7.07 
7.52 
7.97* 

11.68 
2.69 
3.43 
2.32 
5.08 

16.98 
9.85 

16.65 
20.04 

2.36 
1.97 
1.89 
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Fig. 12. Method  of strain measu remen t  in the  Abe i ba r a -Ra rhous  
shear  zone using the num ber  of  fer romagnesian mineral  spots or  layers 
along segments  of  constant  length in the Z direction. The  measure-  
ments  are made on XZ thin sections, n/n' is a direct est imation of V~3 

or (1 + e3). 

Third method: thickness o f  the S 3 mylonitic layering 

An estimation of the strain has been made petro- 
graphically by using the aggregate of biotite and opaque 
phases resulting from the replacement of clinopyroxene 
in the granulites. In this method (Fig. 12), the number of 
biotite clusters is counted in a segment of a constant 
length a: the counting is made in different directions for 
undeformed rocks (n) and in the Z direction normal to 
the $3 foliation for the mylonites (n ' ) .  X Z  thin sections 
were used for these measurements. We have 

n = a/(b 1 + b2) n'  = a/(b~ + b~), 

where bx and bz are the thicknesses of the ferromagne- 
sian and the quartzo-feldspathic layers, respectively. 
Then 

n/n '  = 1 + e 3 = W~3. 

The deformation is assumed to be plane strain; then e 2 is 
zero and ]/can be deduced from n/n '  using the equation 

A3 = ]/2 ..[= 2 -- yVry 2 + 4 
2 

(Ramsay 1967, equation 3.71). 

On each cross section, y is deduced from n/n '  on 
different samples and D/2 is calculated in the same way 
as in the two first methods. The results (Fig. 13) are given 
in Table 1. 

Discussion o f  the results 

The results vary along the length of the Abeibara-  
Rarhous shear zone when using the same method, and 

15 

10 

• I 

0 2 50 500 
I t  

× 
m 

Fig. 13. Graph of the variation in shear  strain (3') across the Abe iba ra -  
Rarhous  shear  zone using the third method.  The  numbers  refer to the 

cross-sections on Fig. 5. 

for the same cross-section when using the three methods 
together (Table 1). Actually, keeping in mind the 
assumptions which have been made for the three 
methods (see above), each method involves some par- 
ticular errors and these are addressed in the following 
remarks. 

(1) The centre of the shear zone is well known where 
it has been recognized in the field (sections 8, 9, 10, 11, 
15, 16, 17 and 18). Otherwise, the position of the centre 
of the shear zone was estimated from aerial photographs. 
Because contrast between the two sides of the shear 
zone is not sharp, errors in x could be up to 100 m at a 
total apparent shear zone width of 500-2500 m. 

(2) 0' (first method) and ~' (second method) should 
be determined with great accuracy, especially for high 
strains for which a small measurement error in these 
angles gives a large error in the calculated value of ]/ 
(Ramsay & Graham 1970). 

(3) The deformation is assumed to have been plane 
strain, but some flattening component probably exists, 
because on the western side of the shear zone, in the 
polyphase Pan-African gneisses, the vertical N-S D 2 
folds have been exaggerated during D 3. In the eastern 
side of the shear zone, the highest value of 0' measured 
is 30 °. If this correctly indicates a shortening component 
during D 3 of about 8% (Burg & Laurent 1978), then the 
displacement calculated with the three methods will be 
overestimated. 

(4) In the case of the Abeibara-Rarhous shear zone, 
use of the second method (a ' )  is very imprecise because 
of two uncertainties in the value of a. First, a is assumed 
to be the angle between the layering and the shear plane 
just before the point where the former plane begins to 
turn towards the latter, so that a is the highest measured 
value of a ' .  In fact, ot is probably overestimated, and 
thus ]/is also too high, because we cannot map on aerial 
photographs the precise eastern limit where shear strain 
begins. Further, the orientation of the granulitic layering 
2000 m away from the centre of the shear zone could be 
in part the result of D 3 folding or of earlier Eburnean 
folding. Secondly, ot is assumed to be constant along one 
cross-section but we know that the Eburnean layering 
may vary in azimuth. 
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(5) The third method,  involving thickness of the 
mylonitic layering, has some specific limitations inherent 
in the assumptions made for calculating 3'. 

(a) The shape, size, and distribution of biotite 
clusters in undeformed rocks are assumed to be round, 
constant and homogeneous,  respectively. These are 
good approximations based on observations made on 
many undeformed rocks and allow us to take a reason- 
able average value of n. 

(b) The biotite and opaque mineral clusters must 
have the same rheological properties as the quartzo- 
feldspathic matrix. As the percentage of these clusters in 
the rock is small (about 5-10%),  the difference of plas- 
ticity would have important  consequences only in the 
case of hard clusters in a ductile matrix. Neither pressure 
shadows nor strain heterogeneities are observed around 
the clusters, so plasticity differences were not important.  
Actually, the least plastic minerals in the rocks are the 
zircons and the mesoperthitic feldspars (Boullier 1980). 
Moreover ,  as soon as a small grainsize is attained by 
deformation,  and if grain boundary sliding is the princi- 
pal deformation mechanism, ductility contrasts between 
different minerals should be negligible. 

Consequently,  it seems that in the case of the Abeib- 
ara-Rarhous  shear zone and of the shear zones in 
polyphase gneisses, the first and third methods should 
give equivalent results, whereas the second method is 
much less precise because of the irregularity of the 
planar structures initially. It thus appears reasonable to 
take the value of half the displacement along the D 3 
Abeibara-Rarhous  shear zone to be 2 km, as indicated 
by methods one and three. 

DISCUSSION AND CONCLUSIONS 

The dextral sense of shear of the Abeibara-Rarhous  
shear zone has been demonstrated to be consistent from 
the map scale to the scale of the quartz lattice. Different 
methods of strain determination have been used to 
calculate the displacement along the shear zone, and the 
average value of displacement is determined to be 4 km. 

The measured displacement is low when the total 
width of the mylonitic zone is considered, but appears 
reasonable because large extensional or compressional 
D 3 structures are lacking on the northern termination of 
the Abeibara-Rarhous  shear zone (Fig. 6). We have 
seen that the western and widest part of the mylonitic 
zone (5-6 km) corresponds to Pan-African gneisses 
which have suffered three deformations (D1, D2 and 
D3) , two of them being mylonitic (D1 and D3). The 
parallelism of the older D 1 and D 2 structures with the D 3 
shear zone prevent  the determination of the amount  of 
strain attributable to each event. Fortunately,  however,  
it is possible to determine D 3 shear strain in the granulitic 
rocks. Moreover ,  the map of the northern termination 
of the Abeibara-Rarhous  shear zone (Fig. 6) allows us 
to affirm that the 0 3 shear strain is not greater in the 
western part of the shear zone than in the eastern part: 
actually, the northern limit of the granulitic unit is only 

slightly displaced and the S 3 trajectories in the pre-D3 
granite indicate a displacement of only 1 km. Thus the 
total amount  of movement  on the Abeibara-Rarhous  
shear zone can be estimated to be about 4 km. Con- 
sequently, it must be emphasized that the amount  of 
displacement along a shear zone is not necessarily a 
function of its apparent width on aerial and satellite 
photographs. 

Now, let us consider the regional geological context of 
the Abeibara-Rarhous  shear zone, in the Adrar  des 
Iforas and in the Trans-Saharan Pan-African belt 
(Cahen & Snelling 1984). We know that the shortening 
direction is approximately N-S during D1, then N N W -  
SSE to E S E - W N W  during D~. The D 3 deformation is 
characterized by N-S to N-20 ° dextral shear zones or 
strike-slip faults for which a N E-S W  shortening direc- 
tion is assumed. We think that no gap exists at least 
between D2 and D 3 and that the shortening direction 
rotated continuously. 

Ball (1980) described a network of conjugate brittle 
faults throughout the Hoggar Shield that corresponds to 
an E - W  shortening direction. This event (D4) postdates 
the D 3 shear zones and is related to the final deformation 
of the Pan-African mobile belt by the rigid-plastic in- 
dentation of the West African Craton (Ball 1980). The 
shear bands which have been observed in the ultramylo- 
nites of the Abeibara-Rarhous  shear zone are assumed 
to represent an intermediate position of the shortening 
direction between N E-S W  (D3) and E - W  (D4). 

How can such a rotation of the shortening direction be 
explained in a collisional belt? This rotation does not fit 
well with a simple E - W  collision as proposed by Black et 

al. (1979), Caby (1978), Bayer & Lesquer (1978) and 
Caby et al. (1981). However,  it could be explained in a 
collisional belt with lateral displacement of blocks, as 
has been proposed for the Alpine System of the Mediter- 
ranean Sea (Tapponnier  1977) and for eastern Asia 
(Peltzer et al. 1982), where a 40 ° rotation is assumed for 
the Indochina block. Such a model has been proposed by 
Lesquer & Louis (1982) for the Trans-Saharan Pan-Afri- 
can belt, the initial continental contact having occurred 
along the Niamey promontory of the West African 
Craton (Fig. 1) and having produced as a consequence 
the displacement of the Iforas block NNW along dextral 
strike-slip shear zones or faults. The displacement could 
have been as much as 500 km or more along such faults. 
Such movement  is not indicated along the shear zones 
and faults of the Adrar  des Iforas for which strain and 
displacement data are available (4 and 28 km). 
Moreover ,  we have seen that the dextral shear zones 
postdate the S E-N W  to E - W  D2 shortening and are late 
Pan-African structures. Consequently,  the model of 
Lesquer & Louis (1982) remains speculative. At the 
moment ,  no satisfactory answer can be proposed for the 
rotation of the shortening direction. An oblique collision 
could be a solution. But more data are needed on 
paleomagnetism, age and kinematics of the different 
deformation phases along the belt, and amplitude of 
displacement along some faults in Algeria and Mali, to 
refine such a collisional model for the Trans-Saharan 
Pan-African belt. 
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