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ABSTRACT 

Cornen, G., Bandet, Y., Giresse, P. and Maley, J., 1992. The nature and chronostratigraphy of Quaternary pyroclastic 
accumulations from Lake Barombi Mbo (West-Cameroon). J. Volcanol. Geotkerm. Res., 5 I: 357-374. 

The K/Ar dating of a limburgitic flow indicates that the Barombi Mbo maar was active a million years ago. The mor- 
phology of the maar and the unusual high K,O/Na,O ratio of the limburgite suggest either that this age is too old or that 
this flow is not the last activity of the maar. Twenty three meters of sediments were cored from the bottom (core BM6) of 
the 1 IO-m-deep lake which currentlyfills the maar. They are composed ofclayey and sideritic laminae with interstratified 
ash layers in the lower half of the core. These ashes, composed of slightly vesiculated sideromelane with olivine and labra- 
dorite phenocrysts, have been dated between 2 1,000 and I1,OOO yr. B.P. They show no alteration and correspond to aerial 
fallout of alkaline (sodic) basaltic affinity, which is common in the area, but are distinct from the mafic magmas which 
generated the maar. The origin of the tilting and uplifting of a 1.5-m sedimentary column in the lower part of the core 
remains controversial. Holocene-age pyroclastites are rare and consist of a mixture of granulitic xenocrysts and typically 
transitional tachylite similar to volcanics from the northeast (Manengouba). Magnetite microspherules occurring in Hol- 
ocene layers have no volcanic equivalent. They could be related to biogenic or pedogenetic processes induced by more 
humid climatic conditions. 
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Introduction 

,The Cameroon line is a major structural fea- 
ture of Central Africa. This still active vol- 
cano-tectonic ridge contains numerous lakes of 
volcanic origin, the largest of which is Bar- 
ombi Mbo. The lake (4" 39' 45'' N and 9" 
24' 15" E) is situated near the town of Kumba, 
approximately 60 km northeast of Mount Ca- 
meroon and 30 km southeast of Roumpi 
Mounts. Within the framework of research on 
Quaternary paleo-environmentS.of the African 
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tropical rain forest, a series of cores was ex- 
tracted from the Barombi Mbo lacustrine sed- 
iments (Maley et al., 1990). Radiocarbon dat- 
ing downcore on the total (mineral + organic) 
carbon fraction of the sediments combined 
with paleomagnetic.. curves provide a tightly 
constrained chronological scale for the layers 
of ash which the sediments contain. 

Like Lake Monoun and Lake Nyos, situated 
about 200 km to the northeast, Lake Barombi 
Mbo occupies a maar, a crater resulting from 
phreatomagmatic explosions. The tragic con- 
sequences of the recent CO2 outburst at Lake 
Monoun (August 1984) and Lake Nyos (Au- 
gust 1986) (Sigurdsson et al., 1987; Tazieff, 
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1989; Sigvaldason, 1989; Barberi et  al., 1989) 
underscore the importance of further analysis 
of lacustrine sediments and of the recent vol- 
canic activity of this region. 

Geological framework 

The southern part of the “Cameroon line” 
consists of the Oku, Bamboutos, Roumpi, Ma- 
nengouba, and Mount Cameroon volcanic 
massifs, which stretch alolng a zone of NE-SW- 
oriented fractures. The Bine extends into the 
ocean along the same trend with the volcanic 
islands of Bioko (formerly Fernando Po), 
Principe, Sao Tome and Annobon, as well as 
numerous seamounts (Fig. 1 ) (Gèze, 1943; 
Cornacchia and Dars, 1983; Fitton and Dun- 
lop, 1985). The absence of systematic age vari- 
ation along this ridge is at variance with the 
hypothesis of its formation resulting from hot- 
spot activity, following the Morgan model 
(Cornen and Maury, 1980; Morgan, 198 1; Fit- 
ton and Dunlop, 1985). Indeed, Mount Ca- 
meroon remains active whereas a recent north- 
eastward shift of explosive activity is reported 
in this paper. 

We owe to Gèze (1943) the definition of 
three successive volcanic series in thk conti- 
nental domain: a basaltic “lower black series” 
of Tertiary age; a trachy-phonolitic “medium 
white series”, probably of Neogene age; and a 
basaltic “upper black series” of Quaternary to 
very recent age. 

The study region to the northeast of Mount 
Cameroon is composed of basalts of the upper 
black series which blanket the granito-gneissic 
substratum (Fig. 1 )  (Dumort, 1968). Bar- 
ombi Mbo lake fills the easternmost recent 
crater of a succession of three coalescing maars, 
the oldest one being in the west. These struc- 
tures belong to the upper black series. The 8 
km2 and flat bottom second crater forms part 
of the catchment area of Barombi Mbo lake. 
Owing to the amount of granito-gneissic peb- 
bles in the streams of this second crater, it 
seems likely that the cryst(a1line basement is di- 
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rectly below the surface (Maley et al., 1990). 
The lake, whose surface has an altitude of 

301 m, has an approximate diameter of 2 km, 
and a maximum depth of 110 m. It is drained 
by a steep-sided outlet stream situated to the 
southeast (Fig.2). 

The walls of the youngest crater rise about 
100 m above the lake level, they are entirely 
volcanic and show two similar series of basal- 
tic tuff lapilli separated by a palaeosol. The up- 
per series contains peridotite nodules and has 
tree moulds at its base (Gouhier et al., 1974). 
Fragments of peridotite nodules and gneissic 
xenoliths are widespread. The low-angle, strat- 
ification of the tuffs, which is either sub-hori- 
zontal or dips 10-15” towards the lake (Gèze, 
1 943 ), characterizes this structure as a tuff-ring 
(Lorenz, 1973). Finally, on the northeast 
shore, a much younger (Gèze, 1943) and short 
prismatic lava flow cropping out of the bottom 
of the internal wall has spread toward the maar 
center: its distal part is submerged beneath the 
lake’s waters (Fig. 3 ) . 
Sampling conditions and research methods 

The coring operations were conducted from 
a catamaran-type floating platform, 6 x 6 m in 
size, which was anchored in the middle of the 
lake. The piston corer used was made by D.A. 
Livingstone and operated by himself and his 
staff (G. Kling, C. Stager, J. Maley, P. Nduni 
and A. Zogning). The corer was composed of 
a series of 3-m-long steel shafts, 56 mm in in- 
terior diameter, which was manipulated with 
the help of a derrick and a winch. This study- 
concentrates on the longest of the cores: BM6, 
23.5 m long, extracted in the center ofthe lake, 
under 1 1 O m water depth (Figs. 2 and 3 ). The 
BM6 core consists entirely of laminated sedi- 
ments, the thickness of each lamina being more 
often less than a centimeter. Each sampled sec- 
tion was of the order of 10 cm. Complemen- 
tary samples of particular laminae or parts of 
lamina were studied in more detail. Sedimen- 
tological and palynological studies are pre- 
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Fig. 1. Geological map, simplified from part of the 1 :500,000 map of Dumort (1965.) I=crystalline basement; 
2=Cretaceous sediments; 3= Cenozoic sediments; 4=fault; 5=maar and caldeira; 6=Tertiary syenite of Mont KoupC; 
7=foidic lavas from Etinde; S=basalts of the “Lower Black Series”; 9= trachytes; IO=recent basalts of the “Upper Black 
Series”. Inset: Position of the Cameroon line in Africa (top left). In black, volcanic ridge (Miocene to the Present), from 
West Cameroon to Adamaoua; stippled: Benoué trench and Niger delta. Pointed triangles situate the approximate posi- 
tionsof IakesNyos ( N ) ,  Ivfonoun (M) ,  and Barombi Mbo ( B ) .  
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Fig. 2.  Schematic map of Lake Barombi Mbo area, adapted from 1 : 50,000 map (sheet Douala-Buea 3b/”B 32-IV-3b; 
I.G.N., Paris). Elevation in meters. Stippled: ring zones of the two most recent craters. Hachured Kumba city area. 
C‘=location of the core BM6; L=flow of limburgite; T=sampling location of the maar tephra. Stars=situation of other 
cores. Line AB refers to the cross section of Figure 3. 

NE 

BAROMBI  M B O  

300 -m 

200- o- 200 m 

Fig. 3. Cross section along line AB of Figure 2 showing the limburgitic flow ( L ) ,  the approximative situation of core BM 
6 ( C )  and its length, the dip of the maar tephra and of the palaesol (dots). Cross section of the lake is after the sisniic 
records of Kelts et al. (1986). Height and distances in meters. 

NATI 

seri 

In t 
the 
ity ( 

T 
POS6 
whi 

Na2 
KzO 
Pl05 
L.O.1, 
Total 

Qz 
Or 
Ab 

Ne 

Fs 

En Fs I 
Fo 
Fa 
Mgt 
Ilm 
AP 

D.I. 
[Mgl - 



ET AL. NATURE AND CHRONOSTRATIGRAPHY OF QUATERNARY PYROCLASTIC ACCUbIULATIONS, LAKE BAROMBl MBO 36 1 

V-3b; 
area. 
other 

! 

sented elsewhere (Maley et Brénac, 1987; 
Maley, 1989; Maley et al., 1990; Giresse et al., 
1991). 

Petrology and dating of the maar 

Maars are structures usually difficult to date. 
In this case, the lava flow can help to constrain 
the period of the supposed last volcanic ,activ- 
ity of the Barombi Mbo. 

This lava is dark, slightly vesicular and com- 
posed of olivine FosZ phenocrysts, the rims of 
which are sometimes iddingsitized, and of ho- 

TABLE l 

mogeneous, non-oxidized titanomagnetite in a 
matrix of clinopyroxene microcrysts and 
abundant brownish glass, without feldspar 
(Tables 1 and 2) .  The few vesicles present are 
edged with a fine rim of devitrified ground- 
mass. Finally, rare quartz xenocrysts edged 
with reaction rims are present. 

Two samples were analyzed and dated. Mi- 
nor alteration observed on the first is con- 
firmed both by the loss on ignition of the 
chemical analysis and by the near-saturation in 
normative silica that is inconsistent with modal 
mineralogical composition. This minor altera- 

Whole-rock chemical analyses and norm of samples from the limburgite lava flow ( 1 and 2), of ashes from the Loum volcano 
(3)  and ash layers from the BM6 core (4-8). The negative references correspond to levels on the core. [Mg]=Mg/ 
(Mg+Fe,,,,,+Mn) in atomic proportions (CRPG analyses, Nancy). 

I 2 3 4 5 6 7 8 
Ref limburgite ashes 

MBO. I MB0.3 ScLoum - 12.8 - 12.9 - 15.4 - 15.8 - 17.25 

SiOl 41.63 40.3 I 48.7 1 47. I O  46.50 44.30 44.50 45. I O  

Al203 12.41 13.17 15.38 16.80 16.93 15.1 5 14.61 16.30 
Fe203 14.65 14.86 12.93 12.50 12.50 13.00 13.10 13.50 
blnO 0.23 0.20 0.15 0.25 0.2 1 0.16 0.17 0.38 
blg0 9.06 9.25 6.40 5.54 5.2 I 8.28 8.72 5.81 ~ 

Ca0 10.27 11.17 8.33 7.9 I 7.27 9.14 9.S8 8.14 
Na,O 1.54 1.51 2.9 1 4.90 4.50 3.40 3.30 3.90 
K20 1.61 1.87 0.85 1.50 1.50 1.10 1.10 1.30 
PlOS 0.97 1.10 0.44 0.62 0.63 0.6 1 0.58 0.49 

Total 100.17 99.60 99.73 100.25 98.40 98.93 99.12 98.49 

Or 10.04 11.50 5.13 8.92 9.09 6.64 6.62 7.88 
Ab 12.94 4.30 25.14 25.37 28.67 17.22 16.85 24.29 
An 23.42 24.6 1 26.96 19.56 22.14 23.3 I 22.23 23.74 
Ne 0.44 4.87 8.87 5.63 6.58 6.28 5.18 
w o  10.15 1 1.00 5.26 6.80 4.62 9.33 10.12 6.15 

6.03 6.59 2.87 3.62 2.4 I 5.64 6.18 3.25 
Fs 3.6 I 3.83 2.20 2.97 2.08 3.19 3.38 2.72 
En 

En 12.09 
Fs 9,26 
Fo 12.46 12.19 0.92 7.20 7.64 10.80 11.18 8.13 
Fa 8.2 1 7.80 0.78 6.50 7.27 6.74 6.74 7.49 
Mgt 3.36 3.31 2.87 2.74 2.79 2.89 2.90 3.01 
Ilm 6.9 1 7.22 5.45 5.99 6.14 6.19 6.12 6.96 
AP 2.43 2.72 1.07 1.48 1.53 1.48 1.40 1.19 

D.I. 23.41 20.68 30.27. 43.16 43.39 30.43 29.76 37.35 
[ m 1 54.86 55.08 49.42 46.43 44.99 55.68 56.75 45.48 

Ti02 3.45 3.65 2.8 1 3.13 3.15 3.19 3.16 3.57 

- - - - 0.82 L.O.I. 4.35 2.51 - 

Qz 
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TABLE 2 

Selection of microprobe analyses of mineral (Camebax, 15 kV, 10-12 nA,). 1 and 2=olivine from the ashes at level - 17.25 m; 
3: olivine from the Loum ashes; 4, 5, 6=phenocrysts from the Barombi Mbo limburgite lava flow (sample no. 3),  4=olivine, 
5 =micropyroxene, 6=titanomagnetite; 7 =roughly rolled titanomagnetite sampled in the outlet beach sand, 8 =magnetite mi- 
crosphere. Structural formulae calculated on the basis of 4 oxygens: olivine, 6 oxygens: pyroxene, 32 oxygens and 24 cations; 
magnetites. Al* corresponds to AI(1V) for no. 5 and to total aluminium for the others; Ca, Mg, FeSMn: atomic proportion; 
X'usp: ulvöspinel content calculated according to Stormer ( 1983) 

1 2 3 4 5 6 7 8 
Ref Olivine Pyroxene Magnetite 

- 17.25 - 17.25 ScLoum MB0.3 MB0.3 MB0.3 MB0.P -4.05 

sioz 
Tio2 
Alzo3 
Cr203 
Fe0  
MnO 
MgO 
Ca0  
Na20 
K 2 0  
Total 

Si 
Al (IV) 
Al* 
Ti 
Cr 
Fe3+ 
Fe2+ 
Mn 
Mg 
Ca 
Na 
K 
Total 

F O  
X'usp 
Ca 
Mg 
Fe + Mn 

39.59 
0.0 
0.0 
0.12 

17,23 
0.15 

42.99 
0.27 
0.03 
0.04 

100.42 

1.001 

0.0 
0.0 
0.003 

0.364 
0.003 
1.619 
0.007 
0.002 
0.001 
3.000 

81.51 

39.69 
0.07 
0.03 
0.0 

18.75 
0.26 

42.3 1 
0.25 
0.01 
0.0 

101.37 

1 .o00 

0.00 1 
0.001 
0.0 

0.395 
0.006 
1.589 
0.007 
0.0 
0.0 
2.999 

79.86 

38.80 
0.0 
0.10 
0.08 

22.95 
0.2 1 

39.33 
0.22 
0.06 
0.0 

101.75 

0.994 

0.003 
0.0 
0.002 

0.492 
0.005 
1.502 
0.006 
0.003 
0.0 
3.007 

75.16 

40.42 
0.01 
0.05 
0.2 1 

16.77 
0.32 

44.54 
0.2 1 
0.02 
0.0 

102.34 

0.999 

0.002 
0.0 
0.0 

' 0.347 
0.007 
1.641 
0.006 
0.00 1 
0.0 
3.003 

82.28 

42.48 
4.91 
9.67 
0.02 
8.22 
0.13 

10.82 
23.36 

0.73 
0.0 

100.34 

1.610 
0.390 
0.042 
0.140 
0.001 

0.261 
0.004 
0.61 1 
0.949 
0.054 
0.0 
4.062 

51.99 
33.50 
14.52 

0.07 
17.14 
7.35 
0.22 

64.06 
0.66 
7.35 
0.08 
0.0 

96.93 
0.0 

0.019 

2.391 
3.551 
0.048 
6.409 
8.375 
O. 154 
3.023 
0.024 
0.0 
0.0 

24.000 

0.526 

0.05 
9.41 
6.71 
0.03 

76.96 
0.62 
2.47 
0.0 
0.03 

96.28 
0.0 

0.014 

2.268 
2.029 
0.007 
9.654 
8.804 
0.151 
1.056 
0.0 
0.017 
0.0 

24.000 

0.314 

0.56 
0.07 
0.1 1 
0.05 

91.59 
0.55 
0.0 
0.0 
0.02 
0.0 

92.95 
- 

O. 174 

0.040 
0.0 16 
0.0 12 

15.582 
8.02 1 
O. 144 
0.0 
0.0 
0.012 
0.0 

24.00 1 

0.002 

tion casts some doubt on the ages of 1.15 and 
1 .O9 Ma obtained on this sample. 

With 40.31% silica, 9.25% MgO, high levels 
of Tio2 (3.65%) and P205 (1.1%), 5% nor- 
mative nepheline and a lower L.O.I., the sec- 
ond sample is clearly a mafic alkaline lava, the 
mineralogical features of which correspond to 
a limburgite (Fig. 4) .  Microprobe analyses in- 
dicate that potassium is uniquely concentrated 
in the homogeneous and abundant glass of the 

groundmass, which does not appear, under the 
microscope, to have undergone any major al- 
teration. The very marked potassic nature, in- 
dicated by the high K20/Na20 ratios of the 
bulk analysis (1.0-1.2) and of the glass (i.e. 
2.0) (Table 1 ,  no. 2; Table 3, no. 7 )  (Fig. 5)  
is distinct from that normally recorded ( K20/  
Na20 = 0.5 ) for basic lava of the region (Gou- 
hier et al., 1974). 

Th'e dates obtained from the second sample 
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t 1 
t s i02 5 5  

40 45 50 
I l 

Fig. 4. Alkali/silica diagram for the volcanics of Barombi 
Mbo maar. Filled symbols=whole rock; open sym- 
bols=glass analyses. Tie lines join both analyses. 
Starzlimburgite flow; ringed star=pyroclasts of the tuff- 
ring; circles = Pleistocene ashes of the lacustrine deposits; 
triangle= Holocene ashes; diamond= ashes from volcano 
near Loum. The coarse line separates Mount Cameroon 
and Mounts Roumpi volcanics (left side) from Manen- 
gouba lavas (right side) (adapted from Dunlop, 1983, and 
Nkoumbou, 1990). Dashed lines according to IUGS clas- 
sification (Le Bas et al., 1956); Fzfoidite; B=basanite; 
H= hawaiite; b=basalt. 

Fig. 5. Distribution of whole rocks and glasses in a K20/  
NazO diagram. Same symbols as in Fig. 3. The K20/Na20 
ratios of 2, 1 and 1 /2  are indicated by dashed lines. 

are quite similar to those of the first (Table 4). 
Both samples have potassium content of the 
same order ( 1.6 1 and 1.87 %Klo), but, owing 

to their similar low radiogenic argon content, 
they are of equivalent low quality. Despite this 
fact, the coherence of the 4 measurements 
plotted on an isochron diagram with 40Ar/ 
36Ar =f( 40K/36Ar), is obvious (Fig. 6) .  It 
shows a straight correlation whose slope allows 
the calculation of this lava’s isochron age. With 
the ordinate at the origin close to the reference 
value 295.5, the isochron age obtained is sim- 
ilar to the conventional age calculations: 
1.05 20.07 Ma, which strongly supports the 
first results. This extrusive volcanic activity of 
the maar would thus be not much older than 
the Quaternary. 

Barombi Hbo lava (West Cameroon) 

40Ar/36Ar 
350 

/I0! 
40K/36Ar 

2004 ’ I 

O 100000 200000 300000 400000 500000 

Fig. 6. “Ar/I6Ar versus 40K/36Ar isochron diagram of the 
samples 1 and 3 from the Barombi Mbo Iimburgite flow. 

The tephra sampled from the east of the 
maar, near the top of the tuff-ring, show a very 
heterogeneous mixture of juvenile lapilli and 
substratum fragments. The more numerous 
fragments are identical to those taken in the 
brook (Toh Mbock) in the second crater to the 
west (Fig. 2) and consist of biotite-rich silli- 
manite gneiss, with occasional staurolite and 
garnet. The abundant plagioclase ranges from 
albite to oligoclase. The Barombi Mbo substra- 
tum is thus inferred to belong to the sillimanite 
zone of the “pelitic complex of the West” (Du- 
mort, 1968). According to the few K/Ar dat- 
ings (567 and 576 Ma) performed on this 
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TABLE 3 

Micropobe analyses of plagioclases and glasses from the tephra and the lava flow. 1 and 2=plagioclases from the ashes in BM6 
core, level - 17.25, 3=plagioclases from the Loum volcano ashes; 4 to 8 glasses; 4=glass from the ashes in BM6 core, level 
- 17.25; 5=idem, level -3.45; 6=glass from the Loum volcano ashes; 7=glass from the Barombi Mbo limburgite lava flow; 
8=lapilli from the Barombi Mbo tuff ring. K, Na, Ca by atomic proportions. 

1 2 3 4 5 6 7 8 
Ref feldspar glass 

- 17.25 - 17.25 ScLoum 

Si02 
Tio2 

Cr203 
Fe0 
MnO 
MgO 
Ca0  
Na20 

Total 

Al203 

KI0  

52.10 
0.59 

27.22 
0.06 
1.62 
0.15 
0.38 

11.89 
4.25 

98.66 
0.40 

51.84 54.70 
0.10 0.05 

29.57 28.57 
0.0 1 0.09 
0.75 0.6 1 
0.0 0.0 
0.17 0.09 

13.59 11.66 
3.73 4.76 
0.20 0.24 
99.96 100.77 

- 17.25 -3.45 

48.34 50.50 
3.70 2.66 

14.52 14.80 
0.12 0.07 

12.35 12.29 
0.14 0.16 
4.72 5.75 

10.55 7.92 
3.03 3.92 

98.73 98.50 
1.26 0.43 

ScLoum MB0.3 MB0.T 

49.57 
3.72 

14.53 
0.09 

12.33 
0.08 
4.94 
8.90 

. 3.23 
1.23 

98.62 

48.45 
1.19 

22.50 
0.0 
5.71 
0.12 
1.79 
4.03 
2.49 

91.35 
5.07 

4.7.26 
3.94 

14.51 
0.0 

11.46 
0.25 
4.24 
8.77 
3.53 

95.91 
1.95 

K 2.36 1.16 1.38 8.53 3.31 9.04 4 1.44 13.27 
Na 38.36 32.80 41.89 31.30 45.69 36.03 30.90 36.54 
Ca 59.28 66.04 56.73 60.17 5 1 .O0 54.94 27.66 50. I8 

TABLE 4 

K-Ar dating of the Barombi Mbo limburgite lava flow. Analytical results obtained with a mass spectrometer A.E.I. MS 20, by 
isotopic dilution with argon 38 tracer. Tracer calibration with biotite USGS LP-6 Bio (sample 1 l-II-C4). The potassium decay 
constants used are those recommended by Steiger and Jäger (1977) and the conventional age errors are calculated with the 
formula of Cox and Dalrymple ( 1  967) 

Sample Weight K20 40Ar*/40Ar' 4oK/36Ar 40Ar/36Ar conv. Age U 

(ref.) (g) (Oh) (Yo) (Ma) (Ma) 

MBO. 1 0.8090 1.61 4.0 182749 307.8 1.2 0.4 
0.8175 1.61 7.0 348026 317.7 1.1 0.2 

MB0.3 1 .O820 1.87 6.0 287966 3 14.4 1 .o 0.3 
0.9550 1.87 5.0 2498 13 311.1 1.1 0.4 

complex 40 kin northwestward (Nkoumbou, 
1990), it has a Pan-African age. Most of the 
lapilli have spherical shape and consist, for the 
most part, of vesiculated glass which has been 
palagonitized to various degrees. Vesicles are 
spherical sometimes ovoid and very rarely co- 
alesce. When the lapilli are relatively unmodi- 
fied, some rare olivine ( FoS2), plagioclase 
(An610r,.4) and titanomagnetite crystals can 
be observed. Some non- palagonitized lapilli 
are wholly crystallized with dominant labra- 

dorite. Rare examples contain clinopyroxene 
and amphibole microcrysts. Finally, lapilli in- 
clude frequently olivine, orthopyroxene, spi- 
nel or biotite xenocrysts. They result respec- 
tively from the break-up of peridotite nodules 
and of the gneissic basement. 

The glass composition of the lapilli nearly 
devoid of crystals is considered to be repre- 
sentative of the whole rock and, thus, it can be 
compared to that of the limburgite whole-rock 
composition (Table 1, no. 2; Table 3, no.8). 
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The maar lapilli have higher SiOz (+ 5 % ) ,  
Alzo3 ( + 2%), Na.0 ( + 2%), lower MgO and 
Ca0  and similar K 2 0  contents (Fig. 5 ) .  Their 
K20/Na20=0.5 ratio appears to be consistent 
with that of the regional lavas. Therefore, the 
high K20/Na20 ratio of the limburgite has to 
be explained. 

Characteristics of the ash layers interstratified 
in the lacustrine deposits 

Sedìmen tary en vìronmen t 

All of the 23.5-m-long BM6 core is com- 
posed of mm- to cm-thick laminae, consisting 
of dark brown to green clay and rich in organic 
material (5-1 0% organic carbon). Each lam- 
ina is composed of a lower micro-layer rich in 
quartz, feldspar, muscovite, pyroclasts, sponge 
spicules and woody plant fragments, and a 
more clayey upper micro-layer with yellow sid- 
erite crystals whose abundance determines the 
pigmentation of the deposit (from blue to yel- 
low) (for more details see Maley et al., 1990; 
Giresse et al., 199 1 ). 

In the lower half of this core, 21 black ash 
layers have been counted. Between 2 1 and 22.5 
m, the regular horizontal deposits are abruptly 
interrupted by a column with vertically ori- 
ented layers (Fig. 7).  The laminated nature of 
these layers is exactly the same as above and 
beneath this part of the core. This laminated 
nature excludes a mass slide from the adjacent 
slopes where cores have shown very different 
facies: sediments from BM 9 cored under 32 m 
water depth are relatively coarse-grained mud 
with several brownish layers, those from BM 7 
and -BM8 (-59 m)  are noticeably fíner- 
grained, but also quite homogeneous. As shown 
by a series of new short cores, the limit of the 
extension of the deeper laminated sediments is 
generally near -90 m, that is to say close to 
the footslope. 

The upper half of the core does not present 
distinct ash layers, volcanic elements are rare 
and dispersed in the sediments. 

365 

Pyroclast morphology and mineralogical 
composition 

In the lower half of the core, black ash beds, 
with millimeter to centimeter thicknesses, rec- 
ords distinctive episodes of marked lacustrine 
sedimentation, The particles only rarely ex- 
ceed 0.5 mm in diameter and are typically fine 
to coarse ash (Schmid, 198 1 ). They comprise 
two types of pyroclasts: 

( 1 ) Particles of lava made up of slightly ve- 
siculated glass, brownish in color when their 
thickness is less than 1 O0 ,um (sideromelane). 
Their shape is generally angular but numerous 
grains are broken droplets with bright surfaces 
and a clearly marked fluidal texture, rare shards 
have a palagonite skin. All have vesicles with 
thick walls, and contain few phenocrysts and 
no microcrysts (Fig. 8 ) . 

(2)  Numerous crystals and crystal frag- 
ments of the same dimensions (0.5 mm maxi- 
mum) as the lava particles occur in variable 
proportions. Phenocrysts and single crystals 
have identical composition : Foso olivines 
(Table 2, no. 1 and 2) and labradorite An660rl 
to Anj90r2, rarely exceeding 0.2 mm (Table 3, 
no. 1 and 2; Fig. 9 ) .  These minerals are ho- 
mogeneous, in equilibrium with the siderome- - 
lane and not altered. Pyroxene, opaque min- 
erals and xenocrysts were not detected. The sole 
distinguishable difference between these ash 
layers, the greater or lesser abundance of the 
single crystals, olivine in particular, is not in- 
dicative of ashes from different origins. The 
absence of alteration, the homogeneous gran- 
ulometry and the flat lamination indicate that 
the ash beds are direct volcanic fallout deposits. 

Pyroclasts occur infrequently in the sandy 
fraction of the upper part of the core. They are 
composed of lava granules up to 0.5 mm max- 
imum size and clustered or isolated crystals. 
The mineral fraction is composed of: 

( 1 ) olivine Fosz in euhedral and unaltered 
crystals; 

(2)  plagioclases Anj60rl and An6,0rl, in 
elongated and large crystals respectively. The 

~ 
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G. CORNEN ET AL. 

Fig. 7. Vertical distribution of plagioclases feldspars (F.pl. ) (calibration by X-ray diffractometry ), magnetite spheres 
(M) ,  brown granules ( I ) ,  vitreous pyroclasts (P )  and ash layers (Cin) on scale of radiocarbon dates. Beneath 21.5 m, 
contorted lines indicate the laminae orientation in the tilted slab. The relative thicknesses of the observed ash layers are 
shown at the right of the figure. 
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Fig. 8. SEM micrographs (secondary electrons, 15 kv acceleration-SMEB Nantes) of ashes and magnetite spheres. ( 1 )  
vesiculated ash from strombolian volcano in the Loum vicinity; ( 2 )  one of the most vesiculated ash from the Pleistocene 
layers of the BM 6 core; (3)  fluidal droplet from the same level; (4)  detail of the palagonite skin of a shard in the same 
level; (5)  and ( 6 )  magnetite sphere of the 4.05 m Holocene level showing hexagonal ( 5 )  and dentritic sutures (6). The 
scale bar represents lOOpm in 1, 2, 3 ,4 ,  and 10pm in 5 and 6. 
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Fig. 9. Position offeldspars and glasses on a K-Na-Ca dia- 
gram (atomic proportions). Filled symbols=feldspar; 
open symbols=glass; ringed star=pyroclasts of the tuff- 
ring; circles=Pleistocene ashes of the lacustrine deposits; 
triangle=Holocene ashes; diamond = ashes from volcano 
near Loum. 

latter locally have mechanical (lenticular) 
twins and are frequently broken; 

(3)  fragments of perthitic orthoclase; and 
(4)  clusters of large augite with schiller type 

inclusions and of brown hornblende and sub- 
ordinate apatite. Few other clusters of actinol- 
itic hornblende and titanomagnetite have also 
been observed. 

The lava particles are highly vesiculated and 
most of them are almost entirely opaque be- 
cause of the spotting by minute crystals includ- 
ing titanomagnetite and some Fe and Fe-Ni 
sulfides (tachylite ). Some skeletal olivine FoS2 
and plagioclases Ans60r, , have been identi- 
fied. These pyrocIasts are interpreted to be ve- 
siculated quench ashes also derived from di- 
rect fallout but their geochemistry and 
xenocrysts population clearly distinguish them 
from those of deeper levels. 

The layers of the five meters at the top of the 
core exhibit orange to brown granules, and 
magnetic black sphemles, which are absent or 
rare in the lower part of the core (Figs. 7 and 
8 ). Though granules and spherules frequently 
occur in the same layers, no genetic link has 
been found between them. Most of these brown 
granules seem to result from diagenetic precip- 
itation of kaolinite and ferruginous hydrates 
more or less cemented by siderite (Giresse et 
al., 199 1 ). Some rare examples are dearly de- 
rived from fersialitic soil crust, whereas even 
others even rarer exhibiting oolithic texture, 
show Ni sulfide spherules up to 25 pm 
(Fe,.1C04.ONi54.9S37.0 wt*'/O * 

G. CORNEN E T  AL. 

Magnetic-black spherules, sized from 100 to 
900 ,um, are frequently hollow with several 
spherical, or one single offset, vacuoles. Their 
smooth and shiny external surfaces as well as 
the internal ones, usually show polycrystalline, 
sometimes dendritic, microstructure with hex- 
agonal sutures (Fig. 8 ). The EDS spectra does 
not display any iron substitution and in partic- 
ular, no detectable nickel or titanium content. 
A single spherule has a ferroan apatite crystal 
included. Microprobe analyses record low and 
constant manganese contents with only small 
amounts of silica (O-IYo Sioz)  and alumin- 
ium (0.07-3.8% Al,03). Calculations of sto- 
chiometric fbrmulae do not indicate maghem- 
itisation or hydration (Table 2, no. 8). 

Chemical compositions 

Five of the ash layers from the lower half of 
BM6 core were analyzed by absorption spec- 
trometry (Table 1 ) .  All these analyses show 
great similarity. The total of weight oxides close 
to 100 are indicative of the low volatile con- 
tents of these ashes. Thus, they appear very 
different from the Barombi Mbo limburgite 
and the maar lapilli which are volatile-rich (Cl 
among others), as is usual for this type of lava. 
The high Tio2, PLOs and alkali content, the 
fairly high MgO ( 5 4 % )  and C a 0  (7 to 100/0), 
and the moderate silica content (44-47%) of 
these ash layers show that they were produced 
by an alkaline, sodic (K20/Na,0=0.3) and 
slightly differentiated magma (45 I [ Mg] 56, 
Ni = 75 ppm) . In an AFM diagram (Fig. 1 O )  , 
these ash analyses show subtle iron enrich- 
ment trend, confirmed by microprobe anal- 
yses of their glass. With more than 5% norma- 
tive nepheline and DI values between 30.1 
(olivine-rich tephra levels) and 40.1 , the 
norms are typical of basanitoid (DI I 35 ) and 
hawaiite (35 I D I S  50) magma types (Maury, 
1976). Increasingly large normative nepheline 
contents in the glass are indicative of a trend 
towards greater silica under-saturation of the 
residual liquids. 
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Fig. I O. Position of volcanics from Barombi Mbo maar on 
an AFM diagram (A: N a 2 0 + K 2 0 ,  F: FeO,,,,i+MnO, M: 
MgO). The dashed line joins the whole rock to its glassy 
counterpart. Filled symbols= whole rock; open sym- 
bols=glass analyses. Star=limburgite flow; ringed 
star= pyroctasts of the tuff-ring; circles= Pleistocene ashes 
of the lacustrine deposits; triangle= Holocene ashes; dia- 
mond=ashes from volcano near Loum. 

In the upper part of the core, the fresh vesic- 
ulated quench ashes, are particularly poor in 
potassium (0.43% &O) and quite rich in sil- 
ica (50.5 O/o) (Table 3, no. 5).  Their DI value 
of 36.2 and 14% normative hypersthene are in- 
dicative of transitional magmas clearly dis- 
tinct from the more calcic, magnesian and po- 
tassic maar lapilli. 

Ch ron ostra t igraph y 

The 23.5 m of the BM6 core correspond ap- 
proximately to sediments accumulated during 
the last 25,000 years. Radiocarbon dating was 
performed on the total carbon of the sediment 
(organic carbon + siderite carbon) by M. 
Fournier (ORSTOM, Bondy). At about - 1 O 
m a comparative dating of neighbouring levels 
was conducted, using the total carbon on the 
one hand (8480, f400 ,  -420 yr. B.P.) and 
the carbon linked to organic matter on the 
other (after destroying the siderite) (8850, 

+ 500, -470 yr. B.P.). This demonstrates that 
the organic carbon results were 5% older. Since 
the planktonic production of the lake is very 
low, the main source of organic matter comes 
from the catchment basin feeding the lake. For 
this reason, the age difference is probably an 
expression of the average residence time of the 
organic material in the A2 horizons of catch- 
ment soils before erosion and subsequent ac- 
cumulation in the lacustrine sediments. A bias 
towards older radiocarbon ages is again appar- 
ent when we compare the accumulation rate 
calculated using radiocarbon dates (Maley et 
al., 1990) to that calculated with the secular 
paleomagnetic variation curves (Thouveny 
and Williamson, 1988), it can also be attrib- 
uted to this pedogenetic residence time (Gi- 
resse et al., 199 l ). These measurements lead 
us to conclude that the carbon which took part 
in the siderite authigenesis ( 1 O-20% of the de- 
posit) is mainly organic in origin. If the CO2 
which contributed to the formation of the sid- 
erite had been magmatic in origin (i.e. with 
“dead carbon” component), the dates based on 
the carbon isotopes would have given aberrant 
ages, without stratigraphic correlation, as in the 
case of the carbonates sampled from the bot- 
tom waters of Lake Monoun and dated at-  
18,000 yr. B.P. (Sigurdsson et al., 1987). 

On this chronological basis we can calculate 
that the rate of sedimentation is between 13 
and 46 g cm-2 years, with higher sedi- 
mentation occurring in the first half of the 
Holocene. The periodicity of the laminae is in 
the range of 15-1 9 years, and corresponds to 
the major floods of the Toh Mbock river which 
drains the catchment of the second crater. 

If we disregard the 1.5 m of sediments 
uplifted between 2 1 and 22.5 m, the ash depos- 
its - and their emission - took place between 
approximately 2 1,000 and 10,000 yr. B.P. and 
thus, taken as a whole can be ascribed as Pleis- 
tocene. No regular periodicity is apparent in 
these deposits which follow one another at 10 
to 1000 years intervals. A greater frequency of 

. 
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pyroclastic deposits is however apparent be- 
tween 20,000 and 17,000 yr. B.P. and between 
13,000 and 1 1,000 yr. B.P. The semi quantita- 
tive distribution curve of plagioclase feldspar 
in the sediment (Fig. 7 )  follows the ash fre- 
quency and shows a significant decrease at 
Holocene levels (from 9000 yr. B.P. ). It marks, 
with a shift of one to 2 millennia, the episodes 
of ash fall on the catchment. This shift suggest 
a flux of particulate material throughout the 
beginning of the Holocene, before a period of 
forest and soil development in the drainage 
basin. This period of pedogenesis favored the 
formation of kaolinite which is six times more 
abundant in the clay spectrum than during 
Pleistocene times. The rare pyroclast-bearing 
levels found in the Holocene sediments of the 
upper part of the core, indicate a more discrete 
or a distant explosive activity, insufficient for 
the production of very distinct ash layers. 

Discussion 

Age and sedimentatioli rate 

An empiric relationship established mainly 
on recent European maars indicates they have 
a diameter/depth ratio ranging from 10 to 5 
(Dr. Camus, pers. commun., 1991 ). The lake 
surface is at the mean altitude (300 m)  of the 
area. Consequently a maximum depth of 200- 
400 m would be predicted based on the 2-km 
diameter of the Barombi Mbo maar and, de- 
ducting the present water depth, the thickness 
of the sediment deposit would be about 100- 
300 m. To reconcile this estimation with a vol- 
canic activity aged at 1.05 Ma implies some 
variation in the sedimentation rate in the lake 
before the last 25,000 years during which it 
reaches an average near 1 “/year (as in re- 
cent European maars). But, a sedimentation 
rate as low as the average of 0.3 “/year for 
a period of 1 Ma seems unrealistically low and 
it would be even more critical if it is assumed 
that the lake was existing before the limburgite 

G. CORNEN ET AL. 

extrusion, 1 .O5 Ma ago. Other explanations to 
this discrepancy would be: 
( 1 ) The 1.05 Ma aged lava postdates the first 
phreatomagmatic activity of the maar sealed 
by the palaeosol dipping toward the lake, and 
this flow has not been entirely blown up during 
the following explosive phase. 
(2 )  The limburgite has been contaminated 
during the intrusion of the lava. Indeed the 
maar tephra, lapilli included, carry a great 
amount of biotite derived from the pan-Afri- 
can gneissic basement. A small fraction of the 
remelted tephra mixed with magmas “en 
route” would affect Si, K contents and age, 
However, the fact that both maar lapilli and 
limburgite have similar K 2 0  contents rules out 
this hypothesis. 
(3) The major change between maar lapilli and 
limburgite involve Na20, Al2O3, S O 2  and Ca0  
the ratios of which coincide with that of albite- 
oligoclase feldspars. Thus, a process of selec- 
tive (gaseous ?)  transfer would tentatively ex- 
plain the sodium loss and consequently the 
production of K-rich limburgite from more 
“normal” basaltic magmas. 

Origin of the ashes 

Different types of magmas have been iden- 
tified by Dunlop (1983) among the main vol- 
canic massifs of southwest Cameroon. The 
mineralogy and the high magnesian and calcic 
features coupled with the high alkali contents 
of the limburgite and the maar lapilli, are con- 
sistent with the characters of Mount Came- 
roon lavas or of basaltic last sequence of the 
Roumpi Mounts (Nkoumbou, 1990). 

In the lacustrine sediments from the lower 
part of the core, ash layers, mainly composed 
of weakly vesicular sideromelane, would be in- 
dicative of ashes produced by hydroclastic 
eruptions. The absence of any xenocrysts, the 
very weak palagonitization as well as the flui- 
dal shape of some droplets would imply brief 
and intense phreatomagmatic episodes at low 
depth and likely in previous volcanic struc- 
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tures (Lorenz and Zimanowski, 1984; Heiken 
and Wohletz, 1985). The alkali/silica ratios of 
the ash layers are similar to those of the Mount 
Cameroon lavas but the latter are distinctly 
more calcic for comparable magnesium con- 
tents and they are pyroxene-bearing (Dunlop, 
1983; Deruelle et al., 1987). The last series of 
lavas from Roumpi Mounts also contain py- 
roxene phenocrysts, but their whole-rock com- 
positions are much closer. Unfortunately, no 
information about tephra of this sequence is 
available. The ashes sampled on a small recent 
strombolian volcano situated near Loum, 25 
km to the east, and the lacustrine pyroclastic 
deposits also reveal similar features (Table I ,  
no. 3; Table 2 )  (Figs. 5 and 8).  Although ashes 
of Loum volcano appear to be more vesicular, 
olivine phenocrysts are slightly more ferrifer- 
ous ( F O , ~ )  and plagioclases as well as the glass 
are slightly more sodic. Both these Loum te- 
phra and the ashes from the Barombi Mbo la- 
custrine deposits show similar indication of low 
volatile contents: whole-rock analyses have low 
L.O.I. and glasses analysed by microprobe 
present a total of weight oxides close to 100. 
However, for similar silica content, and be- 
sides few glass analyses, the ashes from the la- 
custrine deposit show higher alkali contents 
than the tephra of Loum volcano which belong 
to the Manengouba volcanics (Fig. 4). The 
ashes of the lake deposits have features inter- 
mediate between typical Mount Cameroon and 
Manengouba lavas. They are probably aerial 
ejecta related to phreatomagmatic episodes of 
the neighbouring strombolian volcanoes or 
even to other maar like that occupied by the 
lake Disoni, 15 km northwestward, and be- 
longing to the Mounts Roumpi sector (Gèze, 
1943). 

In the upper part of the core, the transitional 
nature of the ashes appears similar to the Ma- 
nengouba lavas (Dunlop, 1983). These ashes, 
and the xenocrysts occuring with them, have 
not been observed in the ejecta of Mount Ca- 
meroon (Deruelle et al., 1987) or in those of 
the nearest volcanoes. Moreover, the associa- 

tion of mechanically twinned labradorite, per- 
thitic orthoclase, schillerized clinopyroxene 
and brown hornblende is typical of catazonal 
crustal levels which are not represented in the 
close surroundings. The nearest catazonal for- 
mation is partly overlain by the Manengouba 
massif where the caldera of Eboga, about 65 
km northeast of Barombi Mbo, was still active 
until very recently and is known to have pro- 
duced gabbro enclosures (Dunlop, 1983). 
Therefore this association would represent 
either ejecta of small strombolian eruptions of 
the nearby volcanoes of Manengouba massif 
(i.e. those of Loum area), where the distribu- 
tion of deep crust xenocrysts has yet to be 
identified, or they are from the most recent 
volcanoes of Eboga. 

Origin of the magnetic sphertiles 

Magnetic spherules have been described in 
several environments, usually characterized by 
their reducing conditions and often by their 
high iron and carbon contents i.e. deep sea 
sediments (Jedwab, 1970 ; Freeman, 1986), 
limestone or biodegraded oil (McCabe et al., 
1987; Mc Whinnie et al., 1990). Magnetic 
spherules have also been observed by one of us 
(P.G.) in the very recent deposits of lakes 
Bambuluwe, Doube and Wum and infre- 
quently in the soils of the top of the tuff-ring 
or in the beach sand of the Barombi Mbo lake. 
Though industrial pollution cannot be strictly 
excluded in these cases, such a pollution is im- 
probable in the core since spherules occur in 
layers aged up to 6500 yr. B.P. A volcanic ori- 
gin for the spherules is ruled out since, as can 
be'seen in the literature and in Table 2 (anal- 
yses 6, 7 and 8 )  volcanic magnetite is always 
titanium-bearing or, in volcanic sublimates, 
shows Ni and Cr substitutions (Toutain et al., 
1985). These magnetite spherules are often re- 
lated to micrometeorites more or less modi- 
fied by melting during atmospheric entry 
(Jedwab, 1970; Brownlee et al., 1984). But the 
request of successive falls of similar extrater- 

. . .  . 
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restrial dust in the area seems questionable. 
The great resemblance of magnetite spherules 
with fire or industrial products (Heiken and 
Wohletz, 1985) suggest that they could be pro- 
duced by the reduction of goethite from ferru- 
ginous soils during savanna or forest fire 
(Schwertmann, 1988). Since no charcoal par- 
ticles have been detected in the sediments lay- 
ers bearing magnetite spherules, this hypothe- 
sis has to be ruled out. On another hand a 
biogenic origin is often ascribed to similar 
spherules in several carbon-bearing sediments 
(McCabe et al., 1987; McWhinnie et al., 
1,990). Indeed, but at a different scale, ultraf- 
ine-grained magnetite is known to be pro- 
duced both in biogenic under anaerobic con- 
ditions (magnetotatic bacteria in particular, 
generates crystals with hexahedroid morphol- 
ogy), and chemical ways during pedogenic 
processes involving carbon rich soils (Lovley 
et al., 1987; Bazylinski et al., 1988; Maher and 
Taylor, 1988; Stolz et al., 1990; Fassbinder et 
al., 1990). Such an hypothesis of authigenic 
origin is attractive but the link between ultraf- 
ine grained magnetite and spherules has yet to 
be proved. 

Conclusions 

The 23.5 m of sediments cored from the cen- 
ter of the Barombi Mbo crater lake represent 
only a fraction of the total accumulation of la- 
custrine deposits likely to reach up to 300 m. 
The activity of this lake as a catchment collec- 
tor is probably younger than a million years. 
This age is that of a small limburgitic flow 
which was supposed to be the last volcanic ac- 
tivity of the maar. This limburgite and the maar 
lapilli have affinities, with Mount Roumpi la- 
vas. Compared to the maar lapilli, the unu- 
sually high K20/Na20 ratio of the limburgite 
is tentatively related to a secondary and selec- 
tive loss of sodium. 

The plagioclase feldspar content of the la- 
custrine sediments correlates with the ash lay- 
ers interstratified in these deposits. 

G. CORNEN ET AL. 

From 21,000 to 11,000 yr. B.P., the accu- 
mulation of unaltered glassy particles, partic- 
ularly in the lower micro-layers of the laminae, 
records at least 2 1 episodes of pyroclastic fall- 
outs from basanitoid or hawaiite (sodic) mag- 
mas. These magmas lacking iron oxide frac- 
tionation have features intermediate between 
the lavas typical of Mount Cameroon and Ma- 
nengouba. They probably came from nearby 
volcanoes belonging to the Roumpi sector. 

About 21,000 yr. B.P., a 1.5-m slab of the 
lacustrine deposits was vertically tilted. A 
slided block is unlikely an explanation of this 
tilting since the basic character and the grain 
sizes of the disturbed sediments match the sed- 
iment facies in basinal areas and are distinct 
from those of the slopes and the deltaïc zone of 
the Toh Mbock outlet. The preservation of 
laminated slabs implies that transport dis- 
tances were limited, and did not destroy the 
primary bedding. An earthquake creep due to 
nearby volcanic activity could be a causal 
mechanism but nò important slumpings of 
non-laminated sediments from the slopes of the 
lake have been found in the cores studied. An- 
other explanation for this disturbed section 
would consist of a more or less localized vio- 
lent gas burst. At the light of recent tragedies 
nearby Lakes Nyos and Monoun (Sigvalda- 
son, 1989), where the mechanism of CO2 re- 
lease remains controversial, such a tilting 
would support the hypothesis of a sudden ex- 
pulsion of gas trapped in the volcanic pipe 
breccia below (Barberi et al., 1989; Tazieff, 
1989). 

From 11,000 years to the present, ash beds 
are no more formed but sediments contain dis- 
persed highly vesiculated ashes with transi- 
tional character. Their scarcity is indicative of 
a more discrete or more remote volcanic activ- 
ity. The presence of augite, amphibole and la- 
bradorite xenocrysts. suggest an origin situ- 
ated in the Manengouba sector, 40-60 km ENE 
of Barombi Mbo. Extraterrestrial or volcanic 
origin for the magnetite spherules of these lev- 
els is improbable, they are likely derived from 
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authigenic magnetite produced in situ or by 
pedogenic processes. The latter could be re- 
lated to the increase in humidity, and conse- 
quently in weathering, soil development and 
sedimentation rate recorded since the begin- 
ning of Holocene times. 

Significant volcanic activity took place along 
the part of the Cameroon Line close to the Bar- 
ombi Mbo maar between 2 1,000 and 1 1,000 
years ago. During the Holocene, this activity 
decreased or shifted northeastward: probably 
in Manengouba area and, 200 km further, at 
Nyos, a 400-yr-old maar (Lockwood and 
Rubin, 1989). The recent activity of Mount 
Cameroon (in the southwest) is not recorded 
in the sediments of Barombi Mbo lake. 
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