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ABSTRACT. 
Field qeoloqical and seismoloqical invest igat ions conducted a f t e r  the 
Guinean earthquake on december 2 2 ,  1983 show a sha l lo \ \ r  rloriial  f au l t  with 2 

1 arqe dextral l a te ra l  disolacement. The s t a t e  of s t r e s s  dedi.~ced from t h i s  
event is  consistent w i t h  measurements made a t  nther places i n  t h i s  r-c?qion.  

O l d  f i s su res ,  sone of them reactivated d u r i n q  t h i s  earthquake, show t h a t  
t h i s  in t rap la te  area cons t i tu tes  a localized weakness zone i n  the  c r u s t .  One 
of our conclusions i s  t h a t  i t  i s  inadequate t o  ident i fy  p o t e n t i a l l y  

se i smic i ty  f o r  hazardous regions only on the  basis of t he  h i s to r i c  
i n t r ap la t e  shocks. 
Introduction 
The Guinean earthquake of December 22 1983 occumd in a reg on considered u p  

t o  now as aseismic. Table 1 gives the location and the magnitude ca lcu la ted  

by PIEIS and CSEM. About  300 people were k i l l ed  d u r i n g  t h i s  event,  several  
hundred people injured and most of the dwellings were destroyed o r  severe ly  

damaged. A maximum in t ens i ty  of VI11 (MKS) has been estimated by 
J.Despeyroux ( o r a l  communication). Because of i t s  s ign i f icance  f o r  
i n t r ap la t e  seismici ty  a team of French and Moroccan seismologists and 
geologists operated a seismological survey and mapped the surface breaks.  

G E O L O G Y .  
The epicentre of the earthquake i s  located in a region bordering 

the  West-African Craton a t  the  southern end of t he  Mauritanides fold b e l t  
and a t  the  edge of the  Bowe Basin character ized by horizontal  
unmetamorphized unperturbed s t ruc tures  (F ig .1 ) .  The metamorphic basement 
shows a wide range of fea tures  with some outcropping i n l i e r s  and i t  i s  
covered by sedimentary s e r i e s ,  mainly made up  of argileous sandstones dated 
from Precambrian t o  Devonian times'. This region has been af fec ted  by 
several episodes of deformation since the pan-african orogeny (500-600 my) 

u p  t o  Hercynian time ( about 300 my), mainly in the  Mauritanides b e l t .  The 
opening of the Atlant ic  ocean (200my) i s  associated w i t h  local extensions 
and do le r i t e  intrusions.  Sykes2 (1978) has shown t h a t  the  seismici ty  due t o  
the largest  i n t r ap la t e  shocks seems t o  be p re fe ren t i a l ly  located along old 
zones of weakness near the ends of major oceanic transform f a u l t s  ac t ive  in 
the  ear ly  opening of adjacent oceans. No evident oceanic f rac ture  seems t o  
be related t o  t h i s  epicentral  region, although the  shelf  extends abnormally 
off the  guinean coast .  The topography of t h i s  area i s  also ra ther  smooth. 
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Only a sandstone c l i f f  has an elevation of some 30 meters, s t r i k i n g  

north-south. This region i s  a t  the foot of a large u p l i f t ,  the F o u t a - D j a l o n ,  
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whose o r i g i r i  i s  riot well s tudied,  a l t h o u q h  i t  is  qenerally considered as 
recent (Trornpette, oral  comairnicat i o n ) .  

SURFACE B R E A K S .  

Field observations show a continuous l inear  system of 10 km lonq 

breaks, wi th  cracks and en-khelon f au l t s  tha t  s t r i k e  roughly N100. Larqr? 
deformations i n  the central  part  ( F i q . 2  ) near Sanourapa ( K A  ) a n d  
Kounsibmba (KI) ) proqressively decrease a t  bo th  ends. The de ta i led  map w i  1 1  

be published elsewhere. 
A t  these extremities some linearnents abou t  200-300 meters wide 

and 1 km l o n g , .  s t r i k ing  N100-N120, are observed. The densi ty  of cracks 
var ies  a lonq  them. Cracks are Inore widely opened in the Y120 d i rec t ion  t h a n  

in the N l O O  one. They af fec t  a l l  formations, the  a l l u v i a l  sandy f i l l i n g s  as 
well as the l a t e r i t e s .  The ver t ica l  o f f s e t s ,  when they e x i s t ,  are small and  

form se r i e s  of horsts and grabens ( Kantakourou ,  K N ) .  

I n  the  central  pa r t  deformations are i m p o r t a n t  and numerous. Two 

para l le l  zones can be seen ( K A  l k m  and KO 3 km long) w i t h  s imi la r  pa t te rns  
characterized by en-échelon f i s su res  connected by compressed zones. The 
ver t ica l  and horizontal o f f se t s  have anplitudes of the saine order of 
magnitude. There we may see: 
- Open f i s s u r e s :  

arrangement i s  we1 1 -ordered. 

in the  direct ion N150. 

they present large var ia t ions  i n  s t r i k e ,  length and opening, b u t  t h e i r  

.1 maximum openings, u p  t o  40 cm, are always observed a lonq  cracks 

the  N l O O - N l l O  segments are weakly opened and d i sp lay  dext ra l  

e t h e  southern block i s  always p u l l  down ,  the  ve r t i ca l  o f f s e t  

)1 cracks are subver t ica l ,  b u t  often d i p  t o  the n o r t h .  

l a t e r a l  motion of up t o  10 cm. 

reaching 15 cm. 

- Compressed zones: 
The zones connecting the  open f i s su res  t h a t  d i sp lay  the m o s t  important 

horizontal  o f f se t s  are under compression, as indicated by up1 i f t e d  c lods ,  
small t h r u s t s  and exposed bent and broker1 roots .  These zones of 
compressional deformation s t r i k e  N060-NO80 and are always bounded by the 
extremities of two open f i s su res .  

The extension of these observations and t h e i r  consistence a l l  
along the deformed zone a l low us t o  claim that  i t  corresponds t o  t he  sur face  

fea tures  of a f au l t  ' s t r ik ing  a b o u t  N100. The d i rec t ions  o f  the  pr incipal  
axes of s t r a i n  about  N150 and N070, can be deduced respect ively from the  

. . .  / . . .  
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1 opening of the cracks and from the compressive deformations. 

Many breaks, some of them ra ther  long, can be observed i n  t h e  
e n t i r e  epicentral  area outs ide the  main f a u l t  t r a c e  without any c l ea r  
ordering . 

I n  the  region of the largest  deformations ( K O  ) o l d  cracks may be 
observed breakinq t h r o u g h  the l a t e r i t e s .  These f i s su res  are cemented by 
conglomerates of ferrugineous gangue and show decimetric ver t ica l  o f f s e t s .  
These accidents are  general ly  paral le l  t o  the s t ruc tures  of the l a s t  event ,  
some of them having been reactivated by i t .  Bushes and t r e e s ,  absent on the  
l a t e r i t e s  elsewhere, have been able t o  grow along these f i s s u r e s .  These 
features  appear t o  be related t o  o l d  t ec ton ic  movements and are  
exceptionally important  t o  evaluate the seismic r i sk  and t o  es t imate  the  
return period of earthquakes i n  t h i s  region. 

I 
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SEISMICITY. 
Although the seismici ty  of the West Africa i s  low i n  comparison t o  

t h a t  of the East african r i f t  system, several large and d a m a g i n g  earthquakes 

i 

have nevertheless occued  i n  the  Accra area of Ghana and t o  the north of t h e  

Cape Verde i s lands .  Morever, several earthquakes have been reported i n  
Guinea d u r i n g  t h i s  century, mainly in the coastal  area (maximum i n t e n s i t y  
VI/VII), b u t  t he  locations may be biased by the  location of t he  colonial  
administration mainly in the  coastal  c i t i e s .  The seismological s t a t i o n  a t  
Kedougou (Senegal) c lose t o  the Guinean border, recorded a precursor t o  the  
December 22 event on the  day before a t  10:30 AM w i t h  a local magnitude 3.0.  
T h i s  s ta t ion  allows us t o  estimate the seismic ac t iv i ty  before  the  
in s t a l l a t ion  of a network of 12  MEQ 800 instruments t h a t  operated s ince  
December 30 1953 unt i l  January 06 1984. T h e  b-value of 0.8 of t h e  
Gutenberg-Richter r e l a t ion  i s  low. Unfortunately d u r i n g  th is  opera t ion ,  , 

t he re  was no  earthquake large enough t o  be recorded i n  other nearby s t a t i o n s  ! 
(Senegal and Ivory Coast) and hence useful t o  r e loca te  the m a i n  shock. 

No information about the  local seismic veloci ty  i s  ava i l ab le .  In 
order t o  ca l cu la t e  the  hypocentres of more t h a n  1000 aftershocks using t h e  
Hypo71 program we chose a model consisting of a half  space w i t h  a P v e l o c i t y  
of 5.6 km.s-'. The value 1.68 of the  V P / V S  r a t i o  was determined using t h e  
Wadati diagram technique. Tests were performed t o  check the inf luence of 
t h i s  choice, b u t  the  r e su l t s  do n o t  s i g n i f i c a n t l y  d i f f e r  from the  f i r s t  
ones; for  instance a P veloci ty  of 6.0 km.s-' does not  change the depth by 

more t h a n  1 km. The low value of VP/VS may be explained by a sedimentary 
layer  t h a t  could produce converted phases and miss ident i f ica t ion  of S 
waves. Only events with more t h a n  four P and one S arr ival  times have been ! 
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,! kept and a t o t a l  amoun t  of 770 shocks s a t i s f y  the following condi t ions:  

standard deviation in epicentral  coordinates 2 k m ,  i n  depth 3 km and RMS of  
arr ival  time residuals  0.30 s. I n  f a c t  in most cases the  d a t a  of 7 s t a t i o n s  
were used. 
The aftershock d i s t r ibu t ion  (Fig.3 ) c lea r ly  shows two l inear  E-W segments 
with a N-S of fse t  a b o u t  t o  5 kms. The t o t a l  length of these l ines  is roughly 
15 k m ,  in agreement with the expected length fo r  an event of magnitude 6 .33 .  
This value confirms t h a t  the  disappearance of the seismici ty  t o  the  West is  
no t  due t o  the absence of s t a t ions .  D i f f i cu l t i e s  t o  extend the network were 
related t o  local conditions.  The same general pat tern i s  also observed when 
considering only the la rges t  events.  The se i smic i ty  i s  d i s t r ibu ted  between 
depths of 5 km and 15 km and mainly between 7 km and 11 k m .  I t  i s  noteworthy 
t h a t  there  are only very few events located above 5 k m .  The ep icent res  of 
t he  western segment are aligned a long  t he  western continuation of t h e  
observed f a u l t  t race .  A l l  the  seismici ty  of the eastern segment i s  located 
a t  the  S o u t h  o f  t h i s  t r a c e .  A ver t ica l  N-S cross-section (Fig.4 ) of t h i s  
segment shows t h a t  the  d i s t r ibu t ion  of the aftershocks dips roughly t o  t h e  
S o u t h .  This slope i s  s teeper  and ac tua l ly  subvert ical  f o r  t h e  western 
aftershock area where the  seismici ty  i s  more clustered a t  a depth of 8-10 
km. If we adopt a dip angle of 603 f o r  the f a u l t  plane as indicated by t h e  
focal mechanism solution discussed i n  the  next sect ion,  then the  se i smic i ty  
i s  uniformly d is t r ibu ted  a t  each s ide  of t h i s  plane, b u t  i f  t he  d ip  i s  703 
then al l  the  aftershocks a c t i v i t y  will be in the  southern block. 
The area of t he  aftershock zone increased by a fac tor  of 1 . 2  from t h e  
begining t o  the  end of the f i e l d  operation. The eastern segment developped 
towards the  East while the  western aftershock area extended towards t h e  
North. 

FOCAL MECHANISM 
Our readings of the  f i r s t  motion of P-waves from the  long period s t a t i o n s  of 
the  global network are shown in f igu re  5 .  We have added observations from a 
short  period array in Ivory Coast and from a s t a t ion  in Senegal (MBO a t  a 
distance of about 500km). Al l  of them correspond c l ea r ly  t o  d i l a t a t i o n ,  
except f o r  doubtful observations a t  PTO and VAL where the  seismic s igna l  i s  
ra ther  noisy. W i t h  these d a t a  i t  i s  impossible t o  determine accurately the  
nodal planes, nevertheless a normal d ip-s l ip  motion must be introduced in 
the  f ina l  solut ion.  A shear component should be considered s ince  t h e  
modeling of the  f i r s t  pa r t  of the  waveform of the  P wave recorded a t  t hese  

l long period s t a t ions  i s  incompatible with a pure normal faul t . '  
1 
i As i t  was said above the d i s t r ibu t ion  o f  t he  aftershocks of both segments 
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pre-existing fau l t -p lane  oriented E-W as a dext ra l  l a t e ra l  and normal 
dip-s l ip  m o t i o n ,  we can conclude t h a t  t h i s  motion r e su l t s  of s t r i k e - s l i p  
motion according t o  the c l a s s i f i c a t i o n  by Armijo e t  al (1982)4. Hence al  i s  
i n  the  d i rec t ion  N W  and a2 v e r t i c a l .  The parameter R=(a2,a3)/(al-a3) has a 
value between O and 1. If eastern and southern Africa are two regions where 
the s t a t e  of s t r e s s  i n  t he  l i thosphere has been well studied, i t  is not t he  
case i n  the western p a r t  of Africa.  Two oceanic in t r ap la t e  earthquakes and 

an in -s i tu  s t r a i n  r e l i e f  measurement indicate  a NW-SE trend f o r  the  m a x i m u m  
compressive ~ t r e s s ~ - ~ - ~ .  This direct ion i s  i n  good agreement w i t h  t h a t  
deduced f r o m  our  focal so lu t ion .  Therefore the re  seems t o  e x i s t  a uniform 
regional s t r e s s  f i e l d  t h a t  indicates  t h a t  such seismic zones a re  local ized 
weakness area i n  the  c r u s t .  T h a t  would ind ica te  t h a t  there  e x i s t s  some 
favorably oriented pre-existing c rus ta l  f a u l t s .  A@ preliminary inspect ion of 
s a t e l l i t e  p ic tures  does n o t  indicate  any s i g n i f i c a n t  deformations or  
accidents s t r ik ing  E-W. Further analysis i s  required t o  confirm t h i s  p o i n t  
t ha t  erosion i s  acting here more quickly than t ec ton ic s .  

An upl i f ted area ex i s t s  t o  the south East,  the  Fouta-Djalon, a t  
the  northern edge of t he  major h i g h  topography block i n  West-Africa. This 
cenozoïc s t ruc tu re  could have affected the t ec ton ic s  of the region, b u t  t h i s  
re la t ion  has been not yet es tabl ished.  

Return period of earthquakes may be modeled by a reasonably c l ea r  
scheme i n  a n  i n t e r p l a t e  seismic environment. This concept needs t o  be 
enlarged i n  a case where no p la te  consumption i s  taking place. The observed 
ancient cracks reveal t h a t  some recurrence of seismic ac t iv i ty  may e x i s t .  
Further f i e l d  observations have t o  be car r ied  out t o  obtain a f a i r l y  
representat ive p ic ture  of t h e  seismic h is tory  of northern Guinea. 

I 

2- 

CONCLUSIONS.  
Geological and seismological s tud ies  of t he  main mechanism of the  I' 

1983 gu inean  earthquake show t h a t  i t  was a normal d ip - s l ip  event present ing 
a s ign i f icant  dextral  mot ion .  The rupture mechanism may be r e l a t i v e l y  
complex. The aftershock d i s t r ibu t ion  shows two segments s t r i k i n g  E-W and 
dipping more o r  l ess  t o  the south. There i s  a c l ea r  r e l a t ionsh ip  and 
complementarity between surface observations and t h e  seismic source obtained 
by seismological means. Breaks i n  the l a t e r i t e s  show the importance of t he  

.: ancient seismic a c t i v i t y  i n  connection t o  seismic risk. This datmwas  not 
:: avai lable  from instrumental seismology. 
!. 
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.- - s t r ikes  E-W.  I t  dips South a t  the eastern part  and i t .  is subvert ical  
i towards the West. Another impor t an t  constraint  i s  provided by sur face  break 
f 
i; 
I informations, we obtained the  best f i t t i n g  of t he  waveform f o r  t h e  focal 1;. 
;! 
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w .  d a t a :  openings and dextral  shear .  T a k i n g  i n t o  account a l l ,  of these 

mechanism solution presented on f igure  5 .  A depth of 13 km also i s  the  most 
consistent w i t h  t h i s  modeling. Therefore our solut ion consis ts  i n  a normal 
d ip - s l ip  E-W f a u l t  w i t h  a large component of dextral  l a t e ra l  motion and a 
depth varying from 10 t o  15 k m .  
The body wave seismic moment i s  a b o u t  3.5 dyne-cm. However two U.S .  

'I 

! 

s t a t ions  d i f f e r  s ign i f i can t ly  from t h i s  value by a fac tor  of 0.5.  The values 
of ten o t h e r  s t a t ions  f luc tua te  between 3 and 4 dyne-cm. I f  we assume 

t h a t  the  length and t h e  w i d t h  of the active f a u l t  were less  t h a n  15 km each, 
we calculated lower bounds of the  s l i p  and of the  s t ress-drop using a 
uniforin c i r cu la r  crack model. We obtained 50 cm and 24 bars respec t ive ly .  
The l a t t e r  value i s  low when compared t o  other i n t r a p l a t e  earthquakes4. 

DISCUSSION. 
The map of t h e  seimici ty  showing a c l e a r  segmentation i l l u s t r a t e s  

t h e  complexity of the  f r a c t u r e  zone. This d i s t r ibu t ion  could be due t o  the  
largest  aftershock t h a t  occured the day a f t e r  t he  main event w i t h  a 
magnitude of abou t  5.  

Another important  cha rac t e r i s t i c  of the  seismici ty  i s  t he  absence 
of ac t iv i ty  between the  surface and a depth of abou t  5 k m .  This pa t te rn  is 
also observed when only events w i t h  the  most accurate depth and RMS are  
considered. This absence of seismici ty  could be explained e i t h e r  by a low 
strength of t he  material or by a complete s t r e s s  re lease  at  shallow depths 

I 
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during the main shock. Besides the  subsidence of the  south b lock  r e l a t i v e l y  
t o  the  northern one, surface breaks as described above show extension in t h e  i' 

di rec t ion  N060, compression i n  ..N150 and f i n a l l y  shear along N100. These 
fea tures  are qui te  compatible w i t h  the  response of a weak medium lying over 
a more competent substratum which i s  subjected t o  shear f au l t i ng  along the  

. di rec t ion  N100. Morever the  surface displacements are  roughly 10-40 cm while 
" the average' dis locat ion deduced from the seismic moment i s  about 60 cm. Then 

i t '  i s  possible t o  suggest t h a t  a layer a b o u t  5 km thick e x i s t s  where no 
seismic a c t i v i t y  takes place a f t e r  the main event and t h a t  cracks a re  the  

' consequences at  the surface of deep movements: dextral  l a t e ra l  motion and 
:! subsidence of the block t o  the  Sou th  of the surface t r ace .  On the  other  hand 
i . i f  s t r e s s  re lease  had been complete during the main event, t h e  sur face  

3 observations could be'explained by compression striking N N W .  Now i f  we come 
i back t o  the focal mechanism solution and consider t h e '  movement on a 
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Figure caption 

F i g . 1  Regiona geological map ( a f t e r  Villeneuve, 1980). 
Fig.2 Observed surface cracks superimposed on the local geological map 
( a f t e r  ' a  Soviet-Guinean survey, 1976). 
Fig.3 The aftershock d i s t r ibu t ion  fo r  the 770 best locat ions.  The s t r a i g h t  
E-W l ine indicates  the location of the surface cracks.  Fi l led t r i a n g l e s  : 

seismological s t a t ions .  A and B indicate  the ends o f  the  cross  sect ion 
presented i n  f i gu re  4 .  
Fig.4 Vertical  cross section of the events plot ted in f igure  3 and located 
a long  the  l i n e  AB in a s t r i p e  8 km wide. The arrow shows the posi t ion of t he  
observed surface cracks. Two groups of events are c lea ly  defined in t h e  
aftershock d i s t r ibu t ion .  The sloping dashed l i n e  indicates the f a u l t  plane 
deduced from the  f ina l  focal mechanism solut ion ( f i g u r e  5 ) .  The v e r t i c a l  
dashed l i ne  corresponds t o  the hypocentres o f  the  western segment. 
Fig.5 Fault plane solution and waveform modeling for the 22  Decembre 1983 

main shock. The lower focal hemisphere i s  represented with open c i r c l e s  
indicating d i l a t a t iona l  and crosses doubtful1 a r r iva l s .  The syn the t i c  
waveforms are calculated f o r  a point source double couple with t h e  1-3-1 
time function shown ,at t he  bot tom l e f t  of , t he  f igure .  The ve r t i ca l  b a r  
represents 1 cm on a 1500 amplification WWSSN s t a t i o n .  
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