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Abstract- The coarse-grained earbonatie bodies of Kibuye have been interpreted as magmatic carbonatites (spathic 
crystal form, uncomformable contacts, situation along the rift), metamorphozed limestones (occurrence within a 
sedimentary sequence containing a.o. limestone horizons) or limestones mobilized through magmatic activity 
(abundance of gabbro-doleritic dykes and sills in the vicinity). 

These bodies are made up of nearly pure carbonate, either ealcic or calco-magnesian. They are R.E.E.-, Ba- and St- 
poor, thereby prechding any magmatie alkalic affinity. Their 87Sr/~Sr ratio of 0.71141 is likewise too high for a 
mentelfic f'fliation. This ratio is however intermediate between those shown by the gabbro-dolerites and some 
dolomitic phyllites of the Burundian Sequence (Middle Proterozoic), which have respectively yielded 0.70991 and 
0.71250 (when corrected for 1400 M.a. of STRb decay). 

The latter values, together with the tsO and t3C ratios, suggest that the origin of the carbonatic bodies must be 
searched for in a process where sedimentary dolomites have been remobilized, probably under the influence of the 
magmatic intrusions. Although situated in the vicinity of the Western Rift, as many other alkalic complexes, the 
carbonatic rocks of Kibuye are not representatives of this magmatic kindred. 

INTRODUCTION 

Because  of their  s i tuat ion along the  wes tern  
b ranch  of the  East  African Rift system, the  
carbonat ic  bodies  of Kibuye const i tu te  possible 
e lements  of a cha in  of alkalic complexes emplaced 
between the  n o r t h e m  end of Lake Malawi and  a 
region s i tua ted  sou th  of Lake Mobutu  (Fig. i). The 
propert ies  of these  rocks and  the  a s se s smen t  of 
their  actual  na tu re  are therefore of prime 
impor tance  for the  unde r s t and ing  of the  magmat ic  
evolution coeval with the  tectonic development  of 
the  Rift. 

Several types  of carbonat ic  rocks  are known  in 
the  ne ighbourhood  of Kibuye and  lake Kivu 
(Verhaege, 1963). 

1. Subrecen t  tuffa resul t ing from the activity of 
the rmal  spr ings  the  water  of which  ha s  leached 
e.a. ca lc ium from the  Precambr ian  formations (see 
below) th rough  which they have passed,  following 
fractures  l inked to the  development  of the  rift 
(Buyagu, 1979, 1980). 

2. Calcareous material ,  somet imes  cons t i tu t ing  
centimetr ic  lenses,  in the  quartzitic or quartzo- 
phyllitic m e m b e r s  of the  Lower division of the  
Middle Proterozoic B u r u n d i  Group (see below) and  
dolomitic hor izons in terbedded with the  pelitic 
m e m b e r s  of  t h e  s a m e  g r o u p  ( B u y a g u ,  
D e h a n d s c h u t t e r  and  Trefois, to be publ.). 

3. Carbonat ic  bodies cons t i tu t ing  characteris t ic  
m e m b e r s  of an  alkalic complex, i.e. carbonati tes.  
The neares t  examples  are the  Kirumba (Denaeyer, 
1966) and  Lueshe (a.o. Maravic and  Morteani, 
1980) complexes s i tua ted  in Zaire (respectively 70 
and  110 k m  to the  north-west),  on the  o ther  side of 
the  ~ valley, and  the  Upper  R u v u b u  alkalic 
complex (Tack et  al., 1984) s i tua ted  100 k m  
sou thwards  in Bu rund i  (Fig. 1). 
4. Carbonatic bodies cons t i tu t ing  well individual- 

ized uni t s  showing no direct l ink with magmat ic  
alkalic complexes.  Such  bodies are known  on both  
sides of Lake Kivu. The existence of the  Kibuye 
bodies has  been  reported to the  Geological Survey 
by B. Egoroff dur ing  the  '50s and  they have sub-  
sequent ly  been  s tud ied  (Meyer, 1957) and  
economically assessed  (a.o. Neubauer ,  1968). It is 
mainly  these  rocks  tha t  we shall  be dealing with. 
The Kawizi body (Kivu) ha s  been  described and 
recognized as  non-magmat ic  by Denaeyer  (1970). 

The Kibuye bodies have been  interpreted as 
magmatic ,  carbonati te-l ike in t rus ions  by Meyer 
(op. cir.), mainly on the  basis  of their  associat ion 
with gabbro-dolerites,  as  carbonat i tes  s e n s u  
str/cto by Maravic and  Morteani  (op. cit.), probably 
following Meyer, and  by Denaeyer  (1970) who 
n o t e d  h o w e v e r  t h e i r  p e c u l i a r  i s o t o p i c  
geochemistry.  These au tho r s  have indeed been  
considering t h e m  in the  dynamic  frame of the  

335 



336 J. LAVREAU et al 

0 100 km 

-0 o 

-5 o 

Lldi Arni~ 

A 

3bo 

.12 

/ ¢  
/ /  

1.Monbadio 

2. Bingo - I'/,ont Home 
3. Lueshe 
4. Kirumbo 
5. Bishusha 
6. Rusongati 

7. Num bi 
8. Kahuzi 

9. Biego 
lO.Miki 

I1. Kalo |o-  Lusaka 
12. Upper Ruvubu 

13Lugusu 

I/,.Sangu - Iko|a 

15, Mbozi 

16.Nochendezwaya Hil l ] 
i 

I?. Songwe- I lomba Hil l  

I&N kombwa H 

19.Mivula I 

L Tonqonyika 

-10 o 

Volcanic provmces 
f Fault 

/,18/17N~ t 

"7 ,~9 , 

' /1  / I 
/ 

30 ° / L M o l a w i  
i 

Fig. I. Spatial  dis tr ibut ion of alkalic uni ts  located along the 
western  b ranch  of the East  African Rift 

(from TACK et. aL, 1984). Kibuye is indicated by a *. 

ca rbona t i t e s  (of va r ious  ages) the  existence of 
which was  p r e s u m e d  to be  l inked with the  
development  of  the  Rift and  its volcanic province 
(Fig. 1). On the  bas i s  of the  exis tence of recognized 
carbonat ic  s ed imen t s  in the  vicinity (2. above), 
they  have b e e n  in terpre ted  as  me tamorphozed  
l imes tones  by  Ber tossa  and N e u b a u e r  (1970), b u t  
this  hypo thes i s  h a s  not  gained unanimity .  

DESCRIPTION AND GENERAL GEOLOGY 

The carbona t ic  bodies  of Kibuye form three  small  
(some 100 to 300  m 2, 10 to 25 m high) hills s i tuated 
nor th  and  sou th  of the  h a r b o u r  of Kibuye, and  also 
par t  of the  islet of  Mbara ra  to the  nor thwes t  of it 
(Fig. 2). 

They are buil t  up  by coarse  grained spath ic  
dolomite. The crys ta ls  are usua l ly  2 to 4 cm large. 
The body  s i tua ted  nor th  of the  h a r b o u r  also shows  
tremoli te  and  is cu t  b y  veins  of calcite with some 
pyrite. The con tac t  be tween  the bod ies  and  the 
coun t ry  rock  is uncomformab le  (non-interbedded) 
with the  m e t a s e d i m e n t s  of the  Middle Proterozoic 
B u r u n d i  G r o u p  or  wi th  the  me tado le r i t e s  
(originally gabbro-doler i tes)  sills emplaced  into 
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Fig. 2. Sketch  map showing the main  lithologic uni ts  and the 
s i tuat ion of the carbonat ic  bodies near  Kibuye. The sub-  
conformable position of these  bodies and  the cons tan t  vicinity 
of the gabbro-doleri tes is stressed.  Legend: 1. locality; 
2. gabbro-doleritie sills; 3. metapel i tes  and 5. quartzi tes  of the 
Middle Proterozoie Burundi  group; 4. carbonat ic  bodies. 

them. These metadoler i tes  are a lways  found  in the 
vicinity of (not necessar i ly  in con tac t  with) the  
carbonat ic  bodies.  Indicat ions  of m e t a m o r p h i s m  
have been  reported,  as  well as  the  p resence  of 
muscov i t e - sch i s t s  and  dolomite  inliers (Bertossa 
and  Neubauer ,  op. cit., Buyagu ,  1980). 

Along the  wes te rn  limit of the  no r the rn  body, a 
microcrystal l ine rock m a d e  up  of  90  % albite and 
quar tz  in myrmeki to id  assoc ia t ion  with hemat i te  
ha s  been  observed.  No indicat ion of fenitization or 
o ther  form o f m e t a s o m a t i c  activity ha s  b e e n  noted.  

The Lower and  Middle divis ions of the  Burund i  
Group,  outcropping  in wes t e rn  Rwanda  are made  
of a s u c c e s s i o n  of quar tz i tes  and  peli tes  locally 
me tamorphozed  in the  g reensch i s t  facies to 
quar tz i tes  of variable  grain and  pur i ty  and  grey, 
b lack  or green  lu s t rou  s phyllites, locally with b las t s  
of bioti te or  garnet .  Vo luminous  doleritic sills and 
dykes  (auto ?) m e t a m o r p h o z e d  to amphibolo-  
doleri tes (metadolerites) cu t  t rough the  succes s ion  
in the vicinity of Kibuye. One or two metric  
hor izons  of the B u r u n d i a n  s e q u e n c e  show 
cent imetr ic  to decimetr ic  a l te rna t ions  of quartzo-  
peli tes with ca rbona t ic  material;  some  inter- 
stratified dolomites  are also known.  

Granites ,  aplites, pegmat i tes  and  quartz-veins,  
s o m e t i m e s  t i n - b e a r i n g ,  c u t  t h r o u g h  t h e  
sed imen ta ry  s equence  nor th  and s o u t h  of  Kibuye. 
Their in t rus ion  resu l t s  tn the  development  of 
muscovi te  and  tourmal ine  in the  m e t a s e d i m e n t s  
s i tua ted  nea res t  to the  contac t ,  and  in the  b las tes i s  
of biotite and  garne t  fa r ther  f rom it. 

The geochronological  pa t t e rn  of the region is 
quite cons t ra ined.  The  lower division of  the  
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B u r u n d i  Group  h a s  b e e n  depos i ted  (in Burund i ,  
b u t  t he  s i tua t ion  shou ld  no t  be  different here) 
a r o u n d  1.4 Ga  ago. The B u r u n d i a n  s equence  
compr is ing  the  metado le r i t es  h a s  b e e n  sub jec t  to 
several  tectonic  phase s ,  t he  las t  of which  is 1100 
M.a. old, the  o the r s  a b o u t  1.3 a n d  1.2 Ga. The 
so-cal led t in gran i tes  are  980  M.a. old (ages 
compi led  In Lavreau,  1984). 

GEOCHEMISTRY OF THE 
CARBONATIC ROCKS 

Major e l e m e n t s  
The analyzed s a m p l e s  be long to the  ma in  

ca rbona t i c  b o d y  (Fig. 2). They  are a lmost  pure ly  
ca rbona t ic  with a n  a m o u n t  of  t remoli te  and  more  
rarely oxidized pyri te  varying b e t w e e n  0 and  10 %. 
The p u r e s t  m e m b e r s  s h o w s  a MgO to MgO + CaO 
ratio of 0 .39  a n d  a FeO to FeO + MgO ratio of 0.17.  
The r o c k i s  t h u s m a d e  of fe r roan  dolomite (Table 1), 
i.e. a r a the r  ra re  type  (especially w h e n  it is the  only 
ca rbona t ic  rock  present)  among  ca rbona t i t e s  (the 
K i rumba  ca rbona t i t e  Is for ins tance  m u c h  r icher  in 
Fe, cf. Denaeyer ,  1966). 

This  pur i ty  in non -ca rbona t i c  e lements  c a n  be  
c o m p a r e d  w i t h  v a l u e s  o b t a i n e d  on  wel l  
d o c u m e n t e d  magma t i c  ca rbona t i t e s  and  compi led  
b y  Gold (1966, in Le Bas ,  1981); the  low va lues  
d isp layed  b y  the  Kibuye  rocks  in Ti, Fe, Na, K and  
P are str iking and  confi rm the  lack  of  silicate 
minera l s  ev idenced  in the  field (Table 1). 

Trace e l e m e n t s  
Some e lemen t s  which  are diagnost ic  for carbo-  

na t i tes  have b e e n  analyzed (Table 1). Sr, Ba  and  
the  R.E.E. ( represented  b y  Y, La and  Ce) are 
general ly  lower by  a factor  of 10 or 100 in the  
ca rbona t ic  rocks  of Kibuye t h a n  in carbonat i tes ;  it 
is par t icular ly  clear  in the  case  of Sr  (40 to 100 p p m  
as  c o m p a r e d  wi th  the  3 0 0 0  to 6 0 0 0  p p m  which  
m a y  b e  expec ted  in the  m a g m a t i c  types)  
(cf. Kaputs in ,  1983). 

Sr i so topes  
The isotopic compos i t ion  of the  s t r o n t i u m  of the  

ca rbona t lc  rocks ,  the  metadole r i t es  .and the  
m e t a s e d l m e n t s  h a s  b e e n  de te rmined  (Table 2). 

Three  ca rbona t i c  rocks  have yielded va lues  
b e t w e e n  0 . 7 1 1 2 7  a nd  0 .71152 ,  with an  average of 
0 .71141  + 0 . 0 0 0 1 3  for the  aTSr/~Sr  ratio. The 
metadole r i t es  (one sample)  show an  initial rat io of 
respectively 0 . 7 1 0 1 0  + 81 or  0 .70991  + 86 (+ from 
analyt ical  da t a  only), af ter  correc t ion  for the  decay  
of SVRb dur ing  1.2 or  1.4 Ga. (When us ing  the  Sr  
ratio of the  ca rbona t i c  rocks  as  initial ratio, the  
"age" of  the  in t rus ives  is 1009 M.a; b e c a u s e  of the  
low con ten t  in Rb of the  metadoler i tes ,  the  
Incer t i tude on tha t  age Is qui te  high: 189 M.a.). 
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Table 1. Chemical composition of the Klbuye 
carbonatic rocks compared with reputed magmatic 
carbonatites (*Average") compiled by Gold (1966). The 
lower content of diagnostic major and trace elements 
displayed by the Kibuye samples is striking. 

(Analyst: R. Kool, MRAC, Tervuren). 

% s% 
aao  2 
A12O3 
F203t 
MnO 
MgO 
CaO 

N%O 
P2O5 

ppm Sr 
Ba 
L a + C e  
V 
Y 

Kibuye Average 
5 samples range Gold (1966) 

0.9 1.6 
0.0 0.1 
0.05 - 0.1 
0.1 0.3 
0.07 - 0.15 

18. 20. 

5.67 
0.50 
1.77 
8.00 
0.78 
6.17 

29. 30. 
0.01 - 0.02 
0.1 0.2 
0.13 - 0.18 

44. 101. 
4. - 10. 
7. - 28. 
8. 12. 
5. 71. 

37.06 
o. 87 
1.09 
1.73 

7500. 
400. 

5300. 
105. 
114. 

A m e t a s e d i m e n t a r y  dolschis t  (one sample)  yields 
a ratio (when the  s a m e  correc t ion  is applied) of 
0 . 71296  +_ 50 or  0 . 7 1 2 5 0  + 53 (when ca lcu la ted  a s  
above,  its ,age,  is 1523 + 66 M.a., a va lue  well in 
keeping wi th  the  p r e s u m e d  age of the  hos t  rocks,  
cf. Lavreau,  op. cit.). 

The ratio yie lded by  the  ca rbona t i c  rocks  is t h u s  
s i tua ted  in b e t w e e n  the  initial Sr  ratio of the  
metadole r i t es  and  tha t  of the  me ta sed imen t s .  

The Sr  ratio of the  ca rbona t i c  rocks  of Kibuye is 
far above the carbonat i t ic  (and the  mantle)  va lues  
which  are usua l ly  be low 0 .705  (Pineau et  al., 
1973), averaging a r o u n d  0 .7035  (PoweU et  al., 
1962). For  ins tance ,  t he  ca rbona t i t e s  a s soc ia ted  to 
the  ca. 750 M.a. old foidal intrusive complex  of the  
Upper  R u v u d u  in B u r u n d i  have yielded a value  of 
0 .7032  (Tack et  al., o19. cit, Midende,  1984). Such  
rocks  are indeed,  b e c a u s e  of thei r  high Sr content ,  
not  sensible  to con tamina t ion  b y  aTSr-rich rocks  or 
fluids. I fca rbona t ic  rocks  show a high Sr ratio, this  
ratio m u s t  t h u s  directly reflect the  compos i t ion  of 
a non-mante l l ic  source .  

0 and C i so topes  
The 61aO and  61aC rat ios  of the  ca rbona t ic  rocks  

of Kibuye  were  m e a s u r e d  s o m e  t ime  ago 
(Denaeyer,  1970). The va lues  obta ined,  respective-  
ly 1 2 . 7 / 1 0  a (relatively to SMOW) and  - 12.6 permil  
(DPD) fall ou t s ide  of the  range  of  the  magmat ic  
ca rbona t i t e s  of Taylor  and  also out  of the  range of 
the  ca rbona t ic  rocks  of s e d i m e n t a r y  origin (Fig. 3). 
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DISCUSSION 

The  in t rus ive ,  or  a t  l eas t  t he  fore ign  c h a r a c t e r  of  
the  c a r b o n a t i c  b o d i e s  w i t h i n  the  s e d i m e n t a r y  
s e q u e n c e  m a y ,  t o g e t h e r  w i th  t h e  h o m o g e n i t y  a n d  

a b s e n c e  of  s t r u c t u r e  of  t h e s e  rocks ,  a p p e a l  for a 
m a g m a t i c  origin.  

Severa l  f ac t s  po in t  h o w e v e r  t o w a r d s  a n o n -  
m a g m a t i c ,  a n d  p a r t i c u l a r l y  non -a lka l i c ,  or ig in  for 
t h e s e  b o d i e s  : 

Table 2. Rb, Sr contents (ppm) and isotopic ratios of s t ront ium of a carbonatlc rock of Kibuye, 
a gabbro-dolerite and a metasediment  (dolschlst). 

The isotopic ratios have also been recalculated at 1.2 and 1.4 Ga, thus  e n c o m ~ s i n g  an  important  event in the 
Kibaran orogeny and a date near  to the beglnrdng of this period, according to the present-day Rb content, The "ages" 
given below are calculated using the ratio of the carbonatic rocks as initial Sr ratio. 

C a r b o n a t l c  R o c k  

A m p h  Dol. 
At 1 . 2 G a  
At 1 . 4 G a  

Dol S c h i s t  
At 1.2 Ga  
At 1.4 Ga  

Rb 

2 + 2  

13.5 _+ 2 

6 2 + 2  

S r  

101 + 2 

148 _+ 2 

2 8 9  + 2 

S~Sr /~Sr  

< 0 . 1 2  

0 . 2 6 4  + 2 

0 . 6 2 1 8  4- 26  

8 7 S r / ~ S r  

0 . 7 1 1 4 1  + 3 

0 . 7 1 5 2 1  _+ 4* 
0 . 7 1 0 7  + 8 
0 . 7 0 9 9  _+ 9 

0 . 7 2 4 9 9  _+ 5** 
0 . 7 1 4 3  4- 1 
0 . 7 1 2 5  _+ 1 

For Ri - 0.7114 
* Age : 1009 + 1 8 9 / -  142 M.a. 
** Age : 1523 + 66 M.a. 
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Fig. 3. 6~3C versus 6~30 diagram showing the position of the representative point of the carbonatic rocks of Kibuye (+) and Kawizl 
(++) (Denacyer, 1970) relatively to the field of earbonatltes (Taylor's quadrangle), igneous rocks and marine limestones. The 
actual position of the Kibuye point, situated between the fields of the Precambrlan limestone and that of the igneous rocks, is 
compared with the position of MARBLEs, CALC-SIL HFLS (calc-silicated hornfels) and SKARNs from Nevada, similarly situated 
between the igneous and the Recent limestone fields (data compiled from O'Nell, 1979 and "Wedepohl, 1978). The Kawlzi 

point similarly lies on the llne tying recent limestones to the magmatic region 
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1. the absence  of alkalic intrusions or fenitiza- 
tion phenomena  in the vicimty; 

2. a major element chemistry rather  different 
from that  of reputed  carbonatites; 

3. a minor  and trace elements chemistry very 
different, especially in elements considered as 
diagnostic, from that  of carbonatites;  

4. St, O and C isotopic ratios falling far out the 
magmatic range. 

These facts and observations can  be reconciled 
in a model where carbonates  from carbonate-rich 
sediments (llke the dolsehists of the Burundi  Group) 
get mobilized under  the influence of relatively hot 
and fluid-rich intrusives to give rise to a marble or 
s k a m  body, i.e. a process  not very different from 
the one presented by Bertossa and Neubauer  (op. 
clt.) and documented  on field observations. 

The observed Sr isotopic ratio, intermediate bu t  
near  to both sediments  and intrusives and thus  
taking a possible admission of 8VSr from the magma 
into account ,  fits also well in such  a scheme. 

In a ~180 versus  ~3C diagram, the values for 
igneous rocks (and the carbonatites) are s i tuated 
in the lower left region, whereas the values for the 
sediments  are spread from the upper  right 
(Phanerozoic to Recent limestones) to the lower 
right (Precambrian limestones) regions (Fig. 3), 
whereas  the representative point for the Kibuye 
carbonatic rocks lays on a line tying the igneous 
field to the field defined by  the l imestones of 
Precambrian age. This s i tuat ion reminds us  of the 
observation in l imestones from Nevada, with a 
similar geological environment ,  where a "marble", 
presumably  equivalent to the Kibuye rocks, is also 
si tuated on a line tying the igneous field to the 
l imestones (Recent in this case), with "skam" and 
"calc.-silicate homfels" as intermediate points 
(Taylor and O'Neil, 1977). It may  be worth noting 
that  the Kawinzi carbonatic rock, considered as 
non-magmatic and recent by Denaeyer (1970), 
similarly plots between "recent" l imestones and 
igneous rocks (Fig. 3). 

The carbonatic  rocks of Kibuye have a much  
lower content  in some trace elements than  
carbonati tes  do; their content is however also 
lower than  in the dolschists and other sediments. 
The s tudied rocks are thus  not isochemical 
variants of the dolschists (the s t ructure  and field 
relations point moreover to the contrary). Some 
leaching process mus t  be invoked, aiming at giving 
rise to a separate  rock body akin to a gigantic 
carbonate  concretion. The fluids responsible for 
this process  are most  probably connected with a 
magmatic activity. Possible candidates  for such an 
activity are, on the one hand, the granitoids 
belonging to one or other of the three or four 
generations of intrusions emplaced during the 
Kibaran orogeny or, on the other hand, the gabbro- 
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doleriteswhich are so abundan t  in the  area around 
Kibuye. 

Kibaran gneissic granites outcropping 10 km 
south of Kibuye have yielded an age (the 
signification of which is not entirely certain bu t  
which corresponds most  probably to a tectonic 
event) of 1135 _+ 43 M.a. and an initial Sr ratio of 
0.7176 + 0.0012, whereas  the "tin granites" have 
given 988 + 27 M.a., 0 .7657 + 0 .0074 (Lavreau et 
Li~geois, 1982). The latter are too young, bu t  the 
gneissic granites consti tute suitable source rocks; 
the amount  of fluids which have been  released by 
these granites is testified by the abundance  of 
hydrated minerals developed in the wall-rocks of 
the intrusions. 

On the other side, several a rguments  point to the 
gabbro-dolerites as  source rocks for the fluids: 
their vicinity and constant  association with the 
carbonatic bodies, the local presence of tremolite 
in the carbonatlc bodies and their adequate  Sr 
isotopic ratio. 

CONCLUSION 

The carbonatic bodies of Kibuye can hardly 
represent  magmatic  carbonat i tes  of alkalic 
filiation. Their origin mus t  be searched for in a 
mobil izat ion p rocess  affecting s ed imen ta ry  
dolomites, probably caused  by  hot fluids released 
by intrusive granites or gabbro-dolerites, not long 
after their intrusion. 
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