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Abstract 

The climatic-environmental history of the Shum Laka cave (western Cameroon) and its surroundings has been 
established by means of geomorphological, sedimentological and botanical data, tied in a well-dated stratigraphical 
sequence. Since ~ 30,000 yr BP, this mountainous area (1,650-2,000 m ASL) has never been a desert, nor a tropical 
forest. Temperatures seldom significantly dropped below freezing. Mountain forest, with galleries along the water 
courses and grassland in between, prevailed most of the time. A certain evolution can be observed from ~ 31,000 to 
~20,000 yr BP. Annual precipitation was initially higher than today, and subsequently somewhat lower. From 
13,000 yr BP onwards, humidity and temperatures increased again. Around 9,000 yr BP they probably reached 
higher values than today. From 9,000 yr BP human activity became very apparent. This may have influenced the 
evolution of the natural landscape, and obliterated climatological effects. 

This evolution has been interrupted three times by dryer climatic conditions, which each time lasted for only 1 or 
2 millennia, respectively at ~33,000, at 11,000, and at ~3,000 yr BP. Another important, less humid, episode 
occurred between 6,070 and 3,180 yr BP. Finally, there is some evidence for a drier period between 8,480 and 7,150 yr 
BP. The climatic evolution, established for the Shum Laka cave, confirms and refines former data from the area and 
is in good agreement with data from Barombi Mbo and Chad. © 1997 Elsevier Science B.V. 
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1. Introduction 

The  Shum L a k a  cave is a 20-m-deep and  50-m- 
wide recession wi thin  a cliff face. It lies at  
5°51'37"N, 10°04'44"E, and  ~ 15 k m  to the south-  
east o f  B a m e n d a  (Fig .  1). The  cave occupies  a 
mid-s lope  pos i t ion ,  at  1650 m A S L ,  a long  the 
inner  wall  o f  the Bafochu  M b u  ca lde i ra  descr ibed  
by D u m o r t  (1968).  

The Laka ,  a small  creek, forms a waterfa l l  in 
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f ront  o f  the cave. A t opog ra ph i c a l  m a p  o f  the cave 
is presented  in Fig. 2. 

Archaeo log ica l  excavat ions  at  the ent rance  o f  
the Shum L a k a  cave (de M a r e t  et al., 1987) 
revealed the presence o f  > 3-m-thick sed imenta ry  
infill, da t ed  by  14C between ~31 ,000  yr  BP and 
the present .  Such a long and  con t inuous  sequence 
is ra ther  except ional  in West  Africa.  The  presence 
o f  a rchaeo log ica l  remains  t h r o u g h o u t  the entire 
s t ra t ig raphica l  succession makes  the site even more  
at t ract ive.  A l t h o u g h  pol len  are  absent ,  the na ture  
o f  the deposi ts ,  the vege ta t iona l  debr is  and  the 
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Fig. 1. Location of  the Shum Laka cave and geomorphological  sketch map  of  the area. 
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geomorphology of the cave provide some interes- 
ting facts about  the late Pleistocene and Holocene 
environmental evolution of the area. 

2. The cave and its deposits 

The geomorphology of the cave and the nature 
and stratigraphy of the deposits have been studied 
by Moeyersons (1996). The cliff in which the cave 
has been hollowed out comprises fairly massive 
fissured and partly weathered welded tufts, which 
belong to the middle volcanic series described by 
Gbze (1943). Approximately 1 m above the actual 
floor of  the cave appears the top of a much more 
weathered volcanic breccia. 

Sporadic widening and enlargement of the cave 
may be related to the two ways in which water 
arrives in the cave. Firstly, water from the Laka  
valley above the cave seeps along fissures and 
joints through the welded tufts and reappears on 
top of  the breccia in the southeastern part  of  the 
eastern cave wall (Figs. 2 and 3). Desquamation 
and detachment of  small rock flakes seem to be 
especially active in this resurgence area and is a 
factor in the widening of the cave. Secondly, runoff 
from outside arrives in the cave along the south- 
eastern part  of  the entrance. Both resurgence and 
runoff water transport  gravels and silts along the 
routes indicated in Fig. 2, and contribute to lateral 
scour along the interior of  the cave. Some of the 
eroded material accumulates in form of "dust"  in 
the lowest part  of  the cave towards the entrance. 
The archaeological excavations carried out in this 
area indicate that these deposits are only 5 10 cm 
thick. They truncate a >3-m-thick sedimentary 
layer, resting on the weathered bedrock of volcanic 
breccia. From old to young the following division 
is made: P-deposits, S-deposits and T-deposits 
(Fig. 3). A large number  of 14C dates supports 
this sequence (Table 1; Fig. 3). 

2.1. The S-deposits 

The S-deposits are the oldest dated deposits at 
the entrance of  the cave. They are ~ 2  m thick 
and cover an ancient depression, probably an old 
plunge pool, extending several meters into the 

cave. The depression was carved out in the breccia 
bedrock and part  of  the P-deposits. 

According to 14C-dates Oxa-5200, Oxa-4944 and 
Oxa-4945 (Table 1), they represent the period 
between ~ 32,000 and ~ 11,000 yr BP. This mate- 
rial is composed of sand and loam mixed with 
rock debris of  variable size, mainly rockfall from 
the roof  of  the cave. 

The sandy-loam fraction (finer than 0.002 m) 
shows lamination over the entire depth of the 
complex. Running water has played a role in its 
deposition. However, the water flow seems to have 
been weak and more characteristic of runoff than 
of river flow. This can be deduced from the fact 
that the dip of the long axis of  rockfall fragments 
most closely corresponds to the dip of laminae in 
the fines. Rock fragments, longer than 3 cm, have 
not been displaced by water currents after their 
fall and, therefore, never show an imbrication 
structure. 

Wide and shallow runoff channels in the fines 
at the cave entrance suggest a pattern of  conveyors 
(Fig. 2), comparable with the actual one, described 
above, but with a much stronger curvature. This 
confirms (Moeyersons, 1996) that, somewhat later 
than 30,000 yr BP, the cave was ~ 10 m narrower 
than today. The aproximate position of the south- 
eastern wall around 30,000 yr BP is indicated 
(Fig. 2). 

Because post-rockfall reworking of the rock 
debris seems negligible, the numerous discontinu- 
ous "stone-lines" represent temporary accumula- 
tion surfaces within the S-infill. Two units can be 
distinguished. The lower one shows vertical accre- 
tion, the basal and two lower stone-lines which 
reflect more or less the shape of the bot tom of the 
ancient plunge pool. The upper unit is charac- 
terized by a stone-line, dipping outwards of the 
cave at 5 10 ~. Two secondary stone-lines start 
f rom this level and plunge steeply towards the cave 
outlet at an angle of  30 35 ~. This picture is reminis- 
cent of deltaic fore-set deposits with lateral accre- 
tion, covered by top-set beds. The two steeply 
inclined stone-lines represent rather short events. 
The summital stone-line could be polygenic. 

The change from vertical to lateral accretion has 
been dated by interpolation at ~ 20,000 yr BP and 
coincides with a change in rockfall intensity. 
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Fig. 3. Shum Laka cave: geology, water circulation and stratigraphy of the deposits at the entrance. The localization of the stratigraph- 
ical section is indicated in Fig. 2 A-grey = grey ash; A-o = ochre ash. 

Rockfall fragments are very important in number 
and size during the phase of vertical accretion: 
heavy concentrations occur shortly after the goug- 
ing of the old plunge pool and also between 30,000 
and 20,000 yr BP. During the subsequent period 
of lateral accretion, rockfall has been much more 
sporadic, but an increase can be observed between 
12,000 and 10,000 yr BP. 

The textural and morphoscopic analysis of the 

<2000-~tm fraction does not show significant 
differences between vertical and lateral accretion, 
nor between "stone-lines" and finer portions in 
the section. All samples are bimodal and poorly 
calibrated. Bimodality results from a mixture of 
coarse sand or gravel with a population of grains 
around the modal value of + 16 ~tm. In the sand 
fraction (2000-63 ~tm), all samples contain frag- 
ments of rocks from the ceiling and roof of the 
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Table 1 
14C dates from the Shum Laka cave 

Age (yr BP) 

Surficial dust layer 

T-deposits grey ash 

T-deposits - -  ochre ash 

T-deposits - -  fluvial part below 
base of ochre ash 

S-deposits 

40 _+ 40 (BM-2495) 
200 + 60 (BETA-51835) 
885 _+ 55 (Hv-10.587) 

1,310 _+ 65 (OxA-5201) 
1,360_+80 (BETA-51837) 
1,690 _+ 55 (Hv-10588) 
2,150+ 110 (BETA-51836) 
2,940 _+ 60 (OXA-5207) 
3,025 _+60 (OXA-5206) 
3,045 _+ 60 (OXA-5205) 
3,180_+80 (BETA-51834) 
3,300 _+ 90 (OXA-5204) 
3,810 + 60 (OXA-4538) 

6,070 _+ 340 (Hv-8963) 
6,360_++ 100 (BM-2496) 
6,870 -+ 80 (OXA-4359) 
6,980_+260 (Hv-8965) 
7,040 _+ 80 (OxA- 1362) 
7,150 + 70 (OXA-5203) 
8,480+ 140 (Lv-1603) 
8,540 _+90 (OXA-5202) 
8,705 _+275 (Hv-8964) 
9,095 _+ 70 (OXA-5636) 

9,880 ± 100 (OXA-5635) 

12,800_+ 1 l0 (Oxa-5200) 
30,300 _+ 1,600 (OXA-4944) 
31,700 _+ 750 (OXA-4945) 

P-deposits no dates 

cave. Welded tufts are sub-rounded and hollowed 
out, reflecting chemical alteration. Individual 
quartz grains, some feldspar crystals and a rare 
altered mica, probably phenocrysts from the cave 
rock, are also present. Allochthonous elements 
could not be identified. Wind-blown material is 
therefore absent. 

The silt population (63-2 ~tm) has been tested 
in the 32-gin fraction. Its composition is very 
different f rom the sand fraction. Apart  from a few 
quartz grains, some feldspar, a sanidine and some 
pumice, the bulk of the population contains glass 
shards and saccharoid structures, cemented by iron 

oxide. In fact, we see here the disintegration of the 
ignimbritic rock into its formerly welded constitu- 
ents. This type of weathering of massive rocks 
with only a minor production of clays has been 
studied for a long time and corresponds with the 
sandy deep weathering type of Bakker (1967). 
This weathering type is generally associated with 
a subtropical climate, whereby the circulation of 
iron colloids in the rocks is responsible for their 
desquamation along shells and their further break- 
down into their granular constituents (Schnfitgen, 
1983, 1992). 

2.2. The T-deposits and corresponding ash layers 

The T-deposits rest unconformably against and 
on the S-deposits and dip towards the inside of  
the cave (Fig. 3). They are believed to be the 
fluvial infill of  a rejuvenated plunge pool 
(10,000 yr BP). The T-deposits in the bot tom of 
this plunge pool contain large boulders and rocky 
material, with a clast supported to open space 
structure. They indicate important  mass wasting 
in the Laka valley above the cave. The overflow 
material in the cave is dated at its base as 
9,880_+ 100 yr BP (date OXA-5635; Table 1 and 
Fig. 3). It consists of  structureless gravelly loamy 
sands with occasional concentrations of rounded 
to subrounded pebbles and small boulders. This 
deposit dips slightly towards the inside of  the cave. 
It is impossible to say to what degree rockfall f rom 
the roof  is mixed in with outside material. 
However, the general trend of fining upwards, so 
typical of many river deposits, is evident. 

The overflow material changes laterally into two 
superposed anthropogenic ash layers into in the 
cave (Fig. 3). 

The lower ochre ash occupies only the central 
and deepest part  of  the cave, where it is -~ 50 cm 
thick. The typical ochre colour is due to the 
presence of fragments of  burnt earth in all frac- 
tions. White to grey ash lenses occur occasionally. 
Anthropogenic reworking is evident in many 
places. Human  skulls, stones and small boulders, 
f rom the underlying rockfall, are present. The grey 
ash rests either directly upon the ochre ash or is 
separated from the latter by a zone of alternating 
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ochre and grey or whitish laminae, which indicates 
sporadic runoff. 

The T-deposits and related ash layers differ from 
the underlying S-deposits in several aspects. 
Firstly, boulders and coarse material are almost 
absent in the T-deposits and especially in the ashes. 
Rockfall from the roof, common during the late 
Pleistocene, came suddenly to an end. Secondly, 
traces of  fire are much more numerous than in the 
underlying S-deposits. Apart from the two ash 
layers, many rolled fragments of burnt earth occur 
in the T-deposits. 

There are strong affinities between the textural 
composition of the mineralogical components of 
the grey ash, the ochre ash and the S-deposits. 
The bimodal trend and poor  calibration are typical 
for the S-deposits. 

Because of the apparent anthropogenic distur- 
bance of  both the ochre and grey ash layers, it 
was thought inappropriate to make detailed subdi- 
visions of  these layers on pure stratigraphical 
grounds. In the present case, it was of  great 
archaeological interest to date as many cultural 
remains (e.g., burials, hearths) as possible. Twenty 
14C dates (Table 1) were obtained from both ash 
layers. In the ochre ash, they cluster around 
7,000 yr BP and range between 9,100 and 8,500 yr 
BP. The hiatus between 6,000 and 4,000 yr BP 
corresponds to the interval with laminae between 
both ash layers. In the grey ash, human activities 
center around 3,000 yr BP and isolated events 
date between 2,000 yr BP and the present. A 
hiatus covers nearly the entire third millennium 
BP. 

3. Environmental evidence from the S-deposits 

3.1. Evidence from fine-grained sediments and floral 
remains 

As mentioned above, < 63-tam fines may indicate 
subtropical weathering conditions. Furthermore, 
the fines in the S-deposits have been transported 
by runoff. Part of this wash came from outside the 
cave. Of course, runoff is not a climate indicator, 
as this process occurs in deserts as well as in 
tropical regions. However, it does point to the 
inability of  the vegetation of that time to protect 
the soil and/or to the existence of open patches 
of ground. 

On the other hand, the presence of  vegetation 
is apparent because of the high organic content 
(up to 8% and more than 8% of the total weight) 
of the fines. Moreover, charcoal fragments are 
scattered throughout the entire sequence. 
Surprisingly, the determinations did not reveal the 
presence of many woody plants other than Protea 
mad. sp. The ecological conditions of this species 
(Beard, 1992), imported or left behind either by 
man or by natural processes, suggests the idea that 
the surroundings of  the site during this time were 
never really arid like a desert, nor were they 
extremely hot and humid like a tropical forest. 
Temperatures never dropped significantly below 
zero for several days. A few charcoal fragments of 
Kigelia cf. africana, Drypetes sp., Triumphetta sp. 
and Hypericum sp. point to a montane forest with 
open patches and gallery forest. The species found 
in the charcoal are still present today. 

2.3. An erosion surface and the superficial layer 

The surficial layer, described above, truncates 
the T-deposits and, deeper into the cave, also the 
updoming S-deposits, before wedging out against 
the backwall of  the cave. The top of the deposits 
is extended by a platform or shelf in the bedrock 
(Fig. 3). In spite of  the large number of  14C dates, 
this erosion surface, which separates the superficial 
layer from the older deposits is difficult to date. 
According to date Hv-lO.587 (Table 1), the ero- 
sion ended less than a thousand years ago. 

3.2. Indirect evidence from the rockfall 

Rockfall inside the cave may have some palaeo- 
environmental significance. Rockfall caused by 
freezing has to be rejected for two reasons. Firstly, 
frost wedges or cryoturbation are absent in the 
deposits. Secondly, Protea mad. sp. seems unlikely 
to survive temperature drops below 0°C. Also the 
hypothesis of earthquake induced rockfall is not 
likely at Shum Laka. According to information 
from the local inhabitants, the region actually 
suffers rather heavy earthquakes at regular 
intervals, accompanied by the fall of  debris from 
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steep slopes. But inside the cave, no traces of  
important  rockfalls are visible for the period of 
the last 9,000 years. 

It seems therefore appropriate to attribute rock- 
fall to seepage of water through the roof  of  the 
cave, a combination of weathering and hydrostatic 
pressure contributing to the opening of existing 
joints and massive exfoliation. The occurrence of 
seepage during the periods of  rockfall is further 
attested to by pitting (Watson and Pye, 1985) of 
the upper facies of  rock debris and boulders buried 
in the deposits. Many blocks are still in their 
original position, and were not water deposited. 

Presently, the site of  Shum Laka does not pro- 
vide conclusive evidence for the interpretation of 
the reduced rockfall between 20,000 and 12,000 yr 
BP. However, a decrease in seepage, reflecting 
somewhat drier conditions in the Laka valley 
above the cave, seems a plausible explanation. 

3.3. Estimation of seepage rates by application of 
the Es-model 

The model of  erosional susceptibility, Es, elabo- 
rated by De Ploey (1990), allows an estimation of 
seepage discharge during the deposition of the 
S-deposits. As seepage discharge may be related 
to precipitation, it could be useful to compare past 
with actual discharge rates. Detailed information 
about the application of the Es model can be 
found in De Ploey (1990), and De Ploey et al. 
(1995). Application of the Es model at Shum Laka  
may explain why the southeastern wall receded 
~ 4  m during the deposition of the S-deposits 
(Moeyersons, 1996). Water, seeping out of  this 
wall, contributed to the removal of  rock which 
accumulated in the form of disintegrated fines. 
Erosion consists of  rill and interrill erosion, pro- 
voked by resurgent water along the wall with 
splash effect during the extreme events. For rill 
and interrill erosion, the erosional susceptibility is 
in the order of  10 3 sZ/m 2, and is given by the 
following equation (De Ploey et al., 1995): 

E s =  VIA .P-g .h  (1) 

where Es=eros iona l  susceptibility (10 .3 s2/m2); 
V= total volume (m 3) eroded within a surface area 
A (as the wall is ~20  m long, ~ 5  m high and 

receded over ~ 4  m, the eroded volume is of  the 
order of  400 m3); A =planimetric  surface (m 2) of  
the considered area, representing a hydrological 
unit (it consist here of  a zone, maybe 1 m wide 
and as long as the wall ); P - - to t a l  volume of water, 
precipitated per m 2 during the period considered 
(in this case, it concerns resurgence water per m 2, 
of  an unknown volume; the product A" P repre- 
sents the total volume of water which percolated 
along the southeastern wall during a period of 
20,000 years); g =  gravitational acceleration 
(10 m/s2); and h= loss  of  head in m, here repre- 
sented by the rill depth, which has been estimated 
at0.1 m. 

Applying these values to Eq. ( 1 ) gives: 

A • P (20,000 years) = 

400 m 3 

(10 .3 sZ/m2) . ( 10 m/sZ) • (10-1m) 

A. P ( annua l )=  20 m 3 resurgence water (2) 

According to our measurements and estimations 
during the dry season in 1991/1992 and 1994, 
annual seepage along the southeastern wall should 
be slightly over 18 m a. The agreement of  this 
result with Eq. (2) leads to the conclusion that 
percolation through the roof  of  the cave between 
30,000 and 10,000 yr BP did not differ very much 
from the present. Late Pleistocene conditions, such 
as infiltration, are much alike those of today 
(Fig. 4). 

4. Early Holocene and Holocene phenomena in and 
around the cave 

4.1. IndicationsJor reduced seepage but occasional 
runoff in the cave 

Rockfall material in the S-deposits contains 
many large boulders and even massive exfoliation 
plates, sometimes over 0.5 m thick. However, the 
actual morphology of  the cave roof  does not 
correspond to any of these detached blocks. 
Instead, roof  and walls are smooth and weathered. 
This weathering zone, in some places at least 
50 cm thick, consists of  1-mm to > 1-cm-thick 
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lamellae. The actual process of rock disintegration 
consists of  exfoliation of  these shells and spalls. 
This zone has the physical appearance of so-called 
spheroidal weathering (Schn~tgen, 1992). 
Exfoliation affects even the highest parts of  the 
roof. This is therefore not a subsurface weathering 
phenomenon, but the result of subaerial decay of 
the bedrock in the cave. This change in weathering 
pattern since the deposition of  the S-deposits could 
point to reduced infiltration and seepage along 
joints in the bedrock, resulting in the discontinua- 
tion of the production of  large rocks and boulders. 

An important reduction of coarse material has 
been mentioned in the T-deposits from prior to 
Oxa-5635 (Fig. 3; Table 1 ), which provided an age 
of 9,880_+110 yr BP. Rockfall and seepage 
appears to have been much less important than 
before this date. 

The cave was not always dry. Frequent lamina- 
tion in both the ochre and the grey ashes indicates 
runoff. The transitional period between both ash 
layers is characterized by a number of  major 
runoff events. 

4.2. Flowing rivers 

Until ~ l l , 0 0 0  yr BP the lowest part of  the 
entrance formed the exit for the S-deposits. At 
9,800 yr BP this situation had radically changed. 
The T-deposits, resting on the S-deposits, dip 
slightly inwards (Fig. 3) and block the exit. 
Perhaps there was a long standing body of  water 
inside the cave. The permeability of  the S- and 
underlying P-deposits kept the cave more or less 
dry. 

The T-deposits are interesting from a palaeo- 
environmental point of  view. For more than 
20,000 years, there is no evidence for deposition 
by the Laka river. The filling in of the 
~32,000-year-old plunge pool was by gradual 
colluviation (S-deposits). The new plunge pool 
( 10,500 yr BP) has been filled in by fluvial material 
from the Laka river. The Laka was apparently 
flowing during the deposition of the T-deposits. 
The conditions during which the T-deposits were 
deposited were at least as humid as the period 
before. The rate of infill was very high at the start. 

At 9,880 yr BP, the first fluvial deposits already 
flowed over into the cave. 

4.3. Vegetation 

The decrease in percolation through the cave 
roof  since ~ 9,000 yr BP is difficult to interpret in 
terms of changes of  the environment outside the 
cave. It could indicate reduced precipitation, but 
this would contradict the presence of  the 
T-deposits. Therefore, an increase in evapotranspi- 
ration, due to higher temperatures and vegetation 
density, is held responsible for a reduction in 
infiltration. The vegetational macroremains, found 
in the cave, become more diversified. Throughout  
both ash layers Protea mad. sp. is present but in 
the ochre ashes Hypericum and also Maythenus 
acuminatus occur. In the grey ashes, Protea mad. 
sp. is accompanied by Syzygium cf. guineensis, 
Nsete Gilettii, Canarium sehweinfurthii, Raphia sp. 
and Elaeis guineensis. Zingiberacea occurs in the 
upper level of the grey ash. This association is 
completed by the abundant presence, throughout 
the grey ash, of  grass phytoliths. Faunal remains 
all belong to rain forest species. It is not clear to 
what extent plant and animal remains have been 
imported by man. However, during the Holocene 
savannah and forest were both present in the 
vicinity of the site. 

4.4. Human activities 

Below the level dated at 9,880 yr BP (Fig. 3), 
the T-deposits contain many rolled fragments of  
burnt earth in the coarse sand fraction. This mate- 
rial originated above the cave, and it is therefore 
likely that bush fires were frequent. The abundance 
of burnt earth fragments throughout the 
T-deposits suggests the continuation of these activ- 
ities until recent times. It is possible that these 
activities were the direct cause for the accelerated 
erosion in the Laka valley above the cave. 
Moreover, firing activities were not restricted to 
the open air. Starting ~9,000 yr BP, the 
T-deposits laterally become two superposed ash 
layers, as mentioned earlier. They occupy the 
deepest part of the cave floor, and contain human 
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skeletons, artefacts, ceramics, faunal and floral 
remains. 

At first, it was thought that the considerable 
volume of grey ash indicated important forest 
clearing in the vicinity of the cave. A simple 
calculation, however, shows that this was not the 
case. The conservative estimate is that the volume 
of grey ash equals ~100 m 3. Fire ash of wood 
represents ~0.5% of the original volume (Wise, 
1952). Therefore, 100 m 3 of ashes represent 
20,000 m ~ of wood. This is the approximate volu- 
metric equivalent of 100,000 small protea trees. 
Supposing an occupation time of ~1,000 years 
(see below), the grey ash layer results from the 
annual burning of 100 small trees at the most! 
Over a thousand years, repercussions would have 
been felt if tree cutting was restricted to a small 
area around the cave. The T-deposits indicate 
contemporaneous burning of wood outside the 
cave. It is clear that human impact on the environ- 
ment was already visible in the early or middle 
Holocene. 

4.5. Post grey ash evolution o f  the cave 

In subrecent times, the cave underwent an 
important change. Sudden lateral extension of the 
cave is indicated by an erosion surface, which 
truncates the grey ash and forms the top of a 
bedrock platform. This platform is ~0.5 m wide 
along the northeastern wall, but several meters in 
the southeastern part of the cave. It has been 
suggested (Moeyersons, 1996) that desquamation, 
in combination with resurgence of seepage water 
in the walls, was the primary cause for this widen- 
ing of the cave. An Es analysis for this period 
arrived at quantities of  percolation water several 
orders of magnitude greater than during the depos- 
ition of the S-deposits. Only torrential conditions 
in the cave can explain the sudden erosion. Perhaps 
this involved important inflow from outside the 
cave along a trajectory following the walls as 
illustrated (Fig. 2). This flow may have caused 
lateral scour and contributed to the transport of 
gravelly rock debris. Thus cave widening indicates 
a sudden influx of water into the cave. This is 
corroborated by the presence, along the northern 
wall (Fig. 2), of a mud trail, coming from behind 

the collapsed blocks at the northwestern part of 
the entrance. An unidentified but important seep, 
possibly along a joint in the bedrock, was probably 
active during that time. Finally, there is evidence 
for a major waterfall during the same period which 
scoured out the plunge pool in front of the cave. 
It appears (Fig. 2) that the plunge pool has the 
outline of a wide, 2-m-deep gully, much larger in 
size than required for the actual discharge of the 
Laka waterfall. Moreover, the gully head does not 
end at the actual impact point of the Laka waterfall 
in front of the cave, but beside the entrance, 
approximately there where the mud trail, men- 
tioned above, should start behind the loosened 
blocks. The escarpment above the gully head shows 
an irregular subvertical joint, partly widened by 
running water. The rock overhang where the Laka 
flows today is not affected at all. 

It is obvious that during a subrecent period the 
Laka has had exceptional discharge rates. Seepage 
water entering the cave caused appreciable erosion. 
As yet, this sudden phenomenon remains unex- 
plained. A sudden climatic oscillation, or an 
anthropogenic impact may have been the cause. 

In spite of the many 14C dates available, it is 
not easy to define the hiatus between the grey ash 
and the so-called surficial layer. The reason is the 
mixing of charcoal from the surficial layer with 
charcoal from the grey ash. The conclusion is that 
the maximum age of  the surficial layer could be 
885+_55 yr BP. The youngest uncontaminated 
date for the grey ash is 2,940_+60 yr BP. (This 
gives a grey ash occupation time of ~ 1,000 years.) 

4,6. Cave dynamics today 

The erosion phase, which probably started 
3,000 yr BP, came to an end with the beginning 

of the accumulation of the surficial layer less than 
1,000 years ago. Desquamation still affects the 
cave ceiling today and contributes to the further 
development of the thin surficial layer. Seepage 
through the roof  and resurgence of seepage water 
along the walls reflect alternating rhythm of dry 
and wet seasons. Occasional runoff redistributes 
the quickly disintegrating fallen desquamation 
shells evenly over the lower central part of the 
cave. It forms a 5-cm-thick veneer, mixed with 
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ashes. At the entrance, this layer becomes more 
than 50 cm thick upon the ravine wall to the side 
of the cave. However, the Laka flow appears to 
have stabilized and lacks the torrential discharge 
rates responsible for the development of the gully- 
like plunge pool. The present small waterfall does 
not erode the wall of the ravine wall. Instead, the 
water is often dispersed by the wind and the load 
of  fines it carries is retained on this wall by the 
present-day vegetation. 

5. Climatic implications 

5.1. The period beJore .,~10,000 yr BP 

Evidence of a different nature shows that the 
surroundings of the Shum Laka cave during the 
deposition of S-deposits experienced climatic-eda- 
phic conditions comparable to the present day. 
The area was neither dry like a desert nor hot and 
humid like a tropical forest. The precipitation was 
not very different from the present day. Somewhat 
higher from 32,000 yr BP until ~20,000 yr BP, 
and somewhat lower after that. The renewed rock- 
fall from ~12,000 yr BP indicates the onset of 
more humid conditions, announcing the Holocene. 
Temperatures never dropped significantly below 
zero. There was a mountain forest, probably with 
open patches and dense galleries along the rivers. 
This corroborates the findings of Kadomura  and 
Kiyonaga (1994) in a boring along the Matongwe 
river, at only 4 km from the cave, but more than 
300 m lower in the valley. 

The close resemblance between climatic condi- 
tions of 10-30 millennia ago and the present 
conditions was rather unexpected. It is generally 
believed that arid conditions during that period 
not only prevailed in the Sahara but extended 
much farther south, even to the equator (Servant 
and Servant-Vildary, 1980). The findings in the 
Shum Laka cave strongly suggest that the area 
was not much affected by this arid period. A 
comparison can be made with Lake Barombi Mbo, 

150 km to the south, where since 24,000 yr BP 
the rain forest persisted with limited variations 
(Giresse et al., 1991, 1994). 

5.2. Climatic evolution since 10,000 yr BP 

Important changes in cave evolution occur since 
10,000 yr BP. Increased river activity combines 
with "spheroidal weathering" and subsequent 
spalling and flaking. Rockfall from the roof  in the 
form of large boulders discontinues. These changes 
indicate that the environment became (slightly) 
more humid, but with much higher evapotranspira- 
tion rates, and possibly higher temperatures, than 
before. However, the macrofloral remains indicate 
that both forest and savannah remained present 
in the proximity of  the cave. 

This period also shows an increase in human 
activity. Traces of bush fires are nearly 
10,000 years old. 

A problem is the absence of dates during certain 
periods (Table 1 ). This could reflect lack of human 
passage or activities in the cave. The ochre ash 
shows a hiatus between 8,480 and 7,150 yr BP. 
Another occurs situated between both ash layers 
and covers the period from 6,070 to 3,810 yr BP. 
The latter corresponds with the drier transition 
period between the ochre and grey ashes. Is it a 
coincidence that the first corresponds with a 
period, labelled as more arid in the Lake Chad 
area (Servant and Servant-Vildary, 1980)? 

As mentioned above, stratigraphical as well as 
other evidence indicate that the cave has been 
flooded around 3,000 yr BP by the Laka stream 
and/or by runoff and seepage. Apparently, river 
discharge as well as precipitation became very 
irregular with peaks not any more attained today. 
This period appears to correlate with to the cli- 
matic deterioration found in the area and elsewhere 
by authors such as Morin (1989), Maley (1992) 
and Schwartz (1992), and to the period of forest 
degradation described by Kadomura  and 
Kiyonaga (1994). 

5.3. A note on the significance of plunge pool 
development 

The stratigraphical sequence at Shum Laka has 
been interrupted at least three times by the devel- 
opment of a plunge pool in front of  the cave. The 
oldest known pool has been scoured out around 
32,000 yr BP. Rejuvenation took place at 



o o c~ o o o 

~o 

O 

~2 

s~ 

L,, q 

t< 

< 
e~ 

-,. 

? 

g 

2 

COLLUVlAL DEPOSITS 

VERTICAL ACCRETION LAT . ACCRETION 

t~ 

• .o • o~ ,o o~ 

RIVER I 
~NDEPO~ITS q 

F ING UPWARDS, 

r m ~ ~ 

.< 

CO 
o "o 

oeSo~ 

c:, 

;11 

r 

i, ~= ,. J 

ROCK DEBRIS - BOULDERS EX OLIATION ~.. FLAKING 

m 
..q# 

TODAY 
-- -,,a .... ,O - 

r'- 
0 

z 
0 

o o 

HIGHER EVAPOTRANSP, 

M OUNTAIN 

COOL- 

P OREST AND 

COOL DRIER 

IpESKEBOR I 
I 

WET r 

i 

S 

I' 

HUM D I 

GRASSLAND 

i I 

I KANEMIEN[ 
I I 
I ARID I 

AVANAH 

C O O L- TRANSI- 
D R Y TION 

WARM Z (n 
I I r -- 

I I "< "~ z >- 
I WET I ~ O , 

~ I z 

.. t I I [ 

INCREASE I I ~ I Ot 
OF I } ~= I ;e 

HUMIDITY ro 
, I 

I F O R E S T 
I 

HUMID AND HOT ~ O~ 
TRANSITION 1 ;~) 

I "<J 

f"-- 
/// ~" 0"-I 

0--~ 

Ill m 

ca -- 
z 

0 

m 

Q"n 
m , 

c#) r- 

r- r~ 

O.-r m 

Z r- 

r-- 

m -- 
~ 0 

Z 

-® 

® m 

w_ 

--I 

°® Z 

91l fOI (Z661) gel ,f2;OlO.gao(~lr)d ',fgOlOlr)U~!l~OaPlPd ',QcdnagoagoaPlr)d / s'uos'.ta,(aOl~ "f "¢1 I 



J. Moeyersons / Palaeogeography, Palaeoclimatology, Palaeoecology 133 (1997) 103 116 115 

11,000 yr BP and somewhat later than 3,000 yr 
BP. It is amazing to note that, at least in the latter 
two cases, plunge pool formation took only a 
thousand years - -  two very short events during a 
long history. For a small stream like the Laka, 
plunge pool formation appears to be an excep- 
tional event with conditions, very different from 
those of  today. The present-day discharge of the 
Laka, in the order of 0.5 dma/s, does not result in 
erosion but in deposition on the edge of the ravine. 
Therefore, the scouring out of a plunge pool was 
to be related to high, possibly intermittent, dis- 
charges as for example during and after very heavy 
rains. Such irregular precipitation is more typical 
for drier areas with a reduced vegetation cover, 
like the Sahel, than for the more tropical regions. 
It is therefore tentatively proposed that periods of 
plunge pool development could coincide with 
Sahelian conditions. In this respect, the plunge 
pool at 11,000 yr BP may correspond to a short 
climatic deterioration, probably the equivalent of 
the Younger Dryas (Kadomura,  1994), while the 
plunge pool at --~32,000 yr BP appears to be 
contemporaneous with a climatic deterioration, 
also observed in Chad (Servant, 1973). 

6. Conclusions 

The evolution of  the Shum Laka cave is partly 
governed by seepage and water flow from the 
catchment basin of the Laka. The environmental 
and climatic conclusions (Fig. 4) are the reflection 
of local conditions upstream of the cave. The 
catchment basin of  the Laka does not drain the 
highlands above 2.000 m but part of a topographi- 
cal surface at 1.650 m (Fig. 1). This is probably 
the reason why we did not find evidence for periods 
of frost as mentioned by Morin (1989). The eleva- 
tion of the site at 1,650 m ASL keeps it far from 
the reach of  the moist and hot equatorial forest. 
Finally, the western exposure of  the escarpment 
may have increased local precipitation, as a result 
of which it remained humid during dry periods in 
the past. 

The topography may partly explain why the 
environmental data show a certain continuity over 
the last 33,000 years. During this entire period, 

the vicinity of the cave was never as dry as a desert 
nor as hot and humid as an equatorial forest. 
Temperatures never dropped significantly below 
zero. 

However, within these limits, climatic and envi- 
ronmental variations appear (Fig. 4). Generally, 
there is a good correlation with data from Lake 
Barombi Mbo, 150 km south of  Shum Laka, 
especially for the late Pleistocene period. The more 
southerly position of Barombi Mbo could explain 
why the Younger Dryas and Holocene less humid 
oscillations have not been recorded there. On the 
other hand, the dry and humid peaks, proposed 
by Morin (1989), have their less pronounced coun- 
terparts at the Shum Laka Rock cave. Parallel 
tendencies are particularly obvious for the late 
Pleistocene period. Furthermore, the Shum Laka 
cave data complete and detail the climatic evolu- 
tion of the area, established by Hori (1984) and 
later by Kadomura  and Kiyonaga (1994). Special 
attention should be paid to the correlation of the 
climatic data from the Shum Laka cave with those 
from the Chad region, 500 km to the north. There 
is a tendency for the Holocene humid oscillations 
in Chad to culminate near the end of the equivalent 
humid periods at Shum Laka. Apparently, past 
humid pulsations were felt some hundreds of years 
later in Chad than at Shum Laka. On the other 
hand, the repeated dry incursions to the south 
took place in a much shorter period of time. 
Further accurate dating is required to confirm this 
possibly interesting detail, which may reflect either 
long-term air circulation dynamics or the time 
required by the vegetation to be restored after 
drought or both. 
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