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Controls on the composition of modern sediments, 
Lake Turkana, Kenya 

R.F. Yuretich 

SUMMARY: Source rock composition plays a primary role in controlling the sediment 
composition in modern Lake Turkana, but interactions between sediment and lake water both 
during and after deposition may serve to modify this distribution. The Omo river drainage 
basin, which comprises about 58% of the Lake Turkana catchment area, is underlain 
primarily by Tertiary mafic volcanics exposed to a humid, tropical climate. In contrast, the 
smaller Kerio-Turkwel River drainage basin (28% of the total lake catchment) is extremely 
arid, and bedrock exposures are dominated by Precambrian gneisses and schists. Sediments 
delivered by the Omo system reflect the intense weathering of the area; fine grain sizes 
dominate and consist of kaolinite, along with iron oxides and resistate minerals with high A1 
and Ti. The Kerio-Turkwel sediments are generally coarser (more silt and fine sand) and 
contain appreciable quartz, feldspar, smectite and illite. The chemistry and mineralogy of the 
bottom sediments near the river mouths reflect these differences, but compositional changes in 
deep water deposits may be caused by reactions with the alkaline and slightly saline (2500 ppm 
TDS) lake water. The sediments here are very fine grained (71 _+ 9% clay) and, despite an 
apparently small influx of smectite into the lake, Mg-rich smectite is the principal clay. 
Hydrodynamic segregation of smectite from coarser materials could explain this trend, but 
geochemical calculations suggest that the reaction of weathered aluminosilicates with Mg 2+, 
HCO3 and SiO2 in the lake water may also produce diagenetic smectite. Calcite is also 
precipitated inorganically, particularly in the more distal parts of the lake. Hydrogeochemical 
balances predict other mineral-water reactions to remove dissolved species, but direct 
evidence for these is yet to be documented. 

Lake Turkana, in the northwestern extremity of 
the Kenya Rift Valley (Fig. 1), is the largest lake 
in the East African Rift System. This large size, 
coupled with substantial areal and volumetric 
changes during the latest Cainozoic, has pro- 
duced an abundance of exposed lucustrine sedi- 
ments documenting the evolution of the basin. 
These are currently the subject of considerable 
research interest from the viewpoints ofpalaeocli- 
mate and organic evolution (Williamson 1981; 
Owen et al. 1982; Vincens 1982). Successful 
interpretation of these palaeolacustrine deposits 
requires an understanding of the principal con- 
trols on the sediment composition in modern 
Lake Turkana. In this paper, I elaborate upon 
some of my earlier results obtained from studying 
the present lake (Yuretich 1979, 1982; Yuretich & 
Cerling 1983) and discuss some additional data 
concerning geochemistry and mineralogy of the 
lake sediments. 

Depositional framework and 
sediment sources 
Lake Turkana occupies a topographic low within 
the eastern rift, often called the 'Turkana Depres- 
sion'. Consequently, the basin receives runoffand 

detrital sediment from a wide geographic area. 
Average sedimentation rates are very high; esti- 
mates derived from 21°pb and palaeomagnetic 
studies (C. Barton, unpub, data), burial of inter- 
stitial chloride (Yuretich & Cerling 1983) and 
calcium removal from the lake (Yuretich 1979), 
all produce modern sedimentation rates of e. 0.2 
gm cm 2 a t, which translates into about 1 cm a 1 
when corrected for sediment water content. Sedi- 
mentation rates are extraordinarily high because 
(1) the tectonic setting of Lake Turkana makes it 
a 'sediment sump' so that drainage from a wide 
area (131,000 km 2) is received by the lake; and (2) 
the climate in the source uplands is humid 
subtropical to tropical (McCall 1964; Butzer 
1971) which produces abundant runoff. 

The source areas for Lake Turkana sediments 
are dominated by volcanic rocks (Fig. 2). On the 
western side of the lake, most of the uplands are 
remnants of Tertiary volcanism, containing soda- 
rich mineral assemblages, with scattered outcrops 
of Precambrian basement. The weathered pro- 
ducts of these rocks are delivered to Lake Tur- 
kana by numerous small, intermittent streams 
which constitute the primary control along the 
western margin of the lake. The headwaters of the 
Kerio and Turkwel Rivers, which empty into the 
central lake region, are dominated by extensive 
outcrops of Precambrian basement. Most of these 

From FROST~CK, L.E. et al. (eds) 1986, Sedimentation in the African Rifts, Geological Society Special 
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FIG. 1. Location map of Lake Turkana in the East 
African Rift System. 

R.F.  Yuret ich 

TABLE 1. Lake Turkana catchment areas 

Region Area (km2) * 

Omo basin 74,000 
Kerio-Turkwel 39,400 
Ephemeral rivers 9,900 
Lake surface 7,500 

Total 130,860 

* After Ferguson & Harbott 
(1982). 

are biotite gneisses, hornblende gneisses, migma- 
tites and plagioclase amphibolites of the Upper 
Proterozoic Turbo-Kitale Group (Pallister 1971). 
The catchment of the Omo River is the largest in 
the lake drainage basin (Table 1). Tertiary to 
Pleistocene volcanic rocks constitute the primary 
lithologies (Mohr 1971). The Omo River is the 
only perennial water input to the lake and 
provides some 80-90% of the total annual water 
budget to the lake (Butzer 1971; Yuretich & 
Cerling 1983). 

0 50 100 km 

~ ~  F-a ALLOV'UM 

~ BASALTS WITH RHYOLITES 

1 BASALT, TRACHYTE, PHONOLITE 

GRANITIC GNEISS BASEMENT 

FIG. 2. Source rock geology of the Lake Turkana 
basin. I = Omo River drainage; 2 = area drained by 
small ephemeral streams; 3 = Kerio-Turkwel River 
drainage. 

Sediment characteristics: shore zone 

The differences in the source area geology and 
climate in the various drainage systems produce 
distinctive characteristics in the detrital sediments 
delivered to the lake near the points of influx. 

Texture 

The dominantly fine-grained nature of the sedi- 
ments in modern Lake Turkana has been 
reported elsewhere (Yuretich 1979). Grain size 
decreases, as expected, towards the deeper parts 
of the lake basin (Fig. 3), however, other textural 
characteristics serve to distinguish between sedi- 
ment sources. Deltaic regions are characterized 
by concordant medians and modes in the silt-size 
range (Fig. 4A); the graphic standard deviation 
(Folk 1974), a measure of sorting, has consistent 
values near 1.5. On an absolute scale, this number 
is fairly high, reflecting poor sorting, but these 
sediments are comparatively well sorted for Lake 
Turkana. Samples taken from the centre of the 
lake possess a tail of extremely fine-grained 
material (Fig. 4B), although the overall sorting is 
about the same. Marginal environments other 
than deltaic regions reflect the variability of 
sources and sedimentary processes. Sorting is 
noticeably poorer here, although cumulative 
curves exhibit the same general pattern as for the 
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Fro. 3. Isopleths of grain size distribution within Lake 
Turkana. Isopleths are in percent clay size ( < 2 #m) 
fraction. 

deltaic sediments (Fig. 4C). Such textural distinc- 
tions should also be applicable to the interpreta- 
tion of palaeoenvironments for the older lake 
deposits. 

I43 

Mineralogy 

The different lithologies in the source areas are 
the principal controls on the mineral composition 
of the sediments in nearshore, shallow water 
areas. In the volcanically dominated plateaux of 
Ethiopia where the Omo River has its source, the 
climate is mesothermal humid, and deep soils are 
developed (Butzer 1971). Smectites are the domi- 
nant clay minerals in the vertisols developed on 
valley floors underlain by basalt (Semmel 1964; 
Butzer 1971). However, ferrisols (laterites) are 
often found on hillslopes and interfluves in 
montane valleys. Kaolinite dominates in these 
latter soils. 

Butzer (1971) reports finding smectite in the 
alluvial deposits of the Omo River, yet X-ray 
analyses I have conducted on both Omo River 
suspended sediments and shallow subaqueous 
sediments of the Omo delta reveal only a subdued 
and broad peak in the smectite range (Fig. 5). 
Using unadjusted peak height analyses, the smec- 
tite:kaolinite ratio in these samples is less than 
one. In addition, these sediments are lacking an 
illite component. The broad 'dome' around the 
kaolinite peak is caused by the presence of  fine- 
grained iron oxyhydroxides occurring together 
with the clay minerals. These assemblages can be 
considered as representative of the weathered 
vertisols and ferrisols being deposited in the 
shallow Omo delta. 

The mineralogy of the silts and sands also 
reflects source rock composition and intensity of 
weathering in the Ethiopian Uplands. Silt grains 
are dominated almost exclusively by quartz, 
feldspar and magnetite, with the last constituent 
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FIG. 4. Cumulative curves for sediments from nearshore areas. A. Deltaic regions. B. Central lake. C. Other 
nearshore areas. Sample numbers are given. Md = median grain size, Mz = graphic mean, az--graphic standard 
deviation. 
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FIG. 5. Suspended clay minerals from the major rivers entering Lake Turkana. Turkwel and Kerio samples 
have been glycolated. Peak identification: 7.2 A =kaolinite; 9.8 A= illite; 12.4 A = smectite untreated; 
16.4 A = smectite glycolated. 

providing up to 20% of the silt fraction. Ferro- 
magnesian minerals are virtually absent, presum- 
ably weathered to clays, although some biotite is 
found locally. 

Soils and climate in the Kerio-Turkwel catch- 
ment are not as well known as those in the Omo 
drainage. Sandy soils predominate generally, and 
contain abundant quartz and feldspar (both 
plagioclase and K-spar) (Joubert 1966; Dodson 
1971). Volcanic rocks in this region weather to 
rubble (Fairburn & Matheson 1970), and clay 
mineral development is retarded. Coupled with 
the source area sizes (Table 1), this causes the 
sediment load of the Turkwel and Kerio Rivers to 
differ from that of the Omo; 12A smectite is a 
much more important clay in the Turkwel and 
Kerio Rivers (Fig. 3). Furthermore, the preva- 
lence of illite, particularly in the Turkwel, reflects 
the importance of metamorphic rocks in the 
source area. Although the overall quartz: feldspar 
ratio in the silts is lower than that for Omo- 
derived sediments, the sand fractions are ex- 
tremely quartz rich. Apparently quartz reaches 
the lake here as sand grains weathered from 
gneisses, in contrast to the smaller grains avail- 
able to the Omo River from volcanic rocks. 

Local source areas are very important along 
the eastern side of the lake. Exceptionally high 
smectite: kaolinite ratios (7-10) occur here, which 
reflect the preponderance of partially weathered 
volcanics. Many of the sediments high in smectite 
are very fine grained (more than 90% clay), and 
are probably altered ashes and tufts. Sediments 
here also show a comparatively high calcite 
content (often 40-50% of the silt fraction). This 

indicates an isolation from the main influx of 
Omo River detritus. In addition, the high plant 
productivity associated with these protected, 
quiet water environments promotes bio-induced 
calcite precipitation and a favourable environ- 
ment for large populations of ostracods, the shells 
of which often make a considerable contribution 
to the sand-sized fraction. 

Sediment characteristics: profundal 
zone 

Texture 

In water depths greater than c. 20 m, the charac- 
teristics of Lake Turkana sediments become more 
uniform. Grain size ranges from 50% to > 90% 
clay (<2#),  with the fine-grained sediments 
located in the deeper parts of the North Basin. 
Unexpectedly, the South Basin, although deeper 
and more distant from the major sediment inputs 
than the North Basin, has a noticeably coarser 
average grain size (c. 70% clay). 

Mineralogy 

Differences in nearshore sediments can be related 
to source areas, but the controls on the composi- 
tion of sediments farther removed from inputs is 
less easily determined. One would presume that, 
because of the proximity to the Omo River, the 
North Basin sediments should possess a strong 
compositional resemblance to the Omo delta depo- 
sits. This is not the case. Smectite is much more 
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FIG. 6. Clay mineral assemblages from Lake Turkana. All samples glycolated. See Fig. 5 for peak identification. 

abundant in the clay-size fraction (smectite :kao- 
linite ratio averages 1.5-2.0), and the profundal 
smectites generally exhibit higher crystallinity 
(Fig. 6). In the silt fraction, the quartz: feldspar 
ratio is 1.6-2.5, which is similar to that of the 
Omo delta. However, there is considerably more 
calcite here (as much as 30%). The amount of 
sand is small, and quartz is dominant, with 
subsidiary grains consisting of green amphiboles 
and plagioclase feldspar. Such an assemblage 
bears a greater resemblance to that found in the 
Kerio-Turkwel delta or along the eastern lake 
margin. This fact, together with the consistent 
size of these grains in the fine sand range (0.15 
mm) and the uniform distribution of these grains 
throughout the profundal sediments, indicates a 
wind-blown origin. These minerals constitute a 
'metamorphic assemblage' which is probably 
derived from sources to the SE and blown into the 
lake by the strong prevailing winds. 

In the South Basin, the smectite: kaolinite ratio 
is also near 2 (Fig. 7), and the general mineral 

abundances are similar to those in the North 
Basin. Since soils in the local southern source 
areas are only poorly developed (Dodson 1963), it 
seems probable that the clays are spillover from 
more northerly sources, transported at depth by 
subsurface countercurrents to the northwesterly 
flowing surface waters (Ferguson & Harbott  
1982). The silt composition of the South Basin is 
unique, consisting almost entirely of calcite and 
silica. The latter is caused largely by the abun- 
dance of diatoms (Nitzschia and ?Coscinodiscus); 
the calcite silt consists of acicular crystals of 
autochthonous origin, but whether these are 
inorganic precipitates or bio-induced is still 
uncertain. The sand-sized grains consist of 
numerous ostracod shells, many of which are 
overgrown with sparry calcite. Fish bones (oto- 
liths) are also fairly abundant. Volcanic glass 
(usually with a brownish tinge) and basaltic rock 
fragments are important locally, particularly in 
the vicinity of South Island and the eastern shore. 
This reflects the importance of recent volcanic 
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FIG. 7. Patterns of clay mineral distribution within 
the sediments of Lake Turkana, based on X-ray 
diffraction of 127 samples. 

R.F. Yuretich 

activity in this southernmost part of Lake Tur- 
kana. 

Geochemical patterns 
The mineralogical associations noted previously 
are reinforced by trends in chemical composition 
of the sediment. The influence of the Omo River is 
illustrated by those constituents exhibiting a N-S 
trend. Many major and trace elements exhibit a 
southward decrease (Fig. 8). Fe203, TiO2, Mn and 
Zn are all indicative of the weathered vertisols 
and ferrisols which make up the bulk of the Omo 
River detrital load. In contrast, CaO and MgO 
increase southward (Fig. 9), demonstrating the 
increased importance of authigenic and biogenic 
sedimentation in the more distal parts of the lake, 
away from the Omo inputs. Na20 and K20 
distribution within Lake Turkana (Fig. 9) are 
controlled principally by the detritus delivered 
from the Turkwel and Kerio Rivers as well as 
local (volcanically related?) inputs on the eastern 
shore near Koobi Fora and Alia Bay. The trace 
elements Co, Ni, V and Cr show little clear 
relationship to either Omo or Kerio-Turkwel 
influences (Fig. 10). Instead, local influences from 
the eastern shore are evident in their distribution. 

The heterogeneity in the mineralogy of Lake 
Turkana sediment (or any sediment, for that 
matter) makes it difficult to determine the specific 
causes for some of the geochemical changes in the 

~Z..,-~. Fe203 ~ Ti02 "~,6~'o~ Mn ~ Zn 
w o,o [ WTO, o 

I L I , ' 1 " 5 ° -  
' ' I ( . l z 5 o  

, ,o o, 

FIG. 8. Chemical components in Lake Turkana deposits which exhibit major influences from Omo River 
sources. The Omo enters the lake at its N end. 
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FIG. 9. Chemical components in Lake Turkana deposits which exhibit major influences from autochthonous 
sediments in South Basin (CaO, MgO) and Kerio-Turkwel River sources (Na20, KzO). 
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FIG. 10. Chemical components in Lake Turkana which are influenced primarily by local sources along the 
eastern shore. 

sediments. However, multivariate statistical 
analysis of the sediment composition using prin- 
cipal components analysis (Davis 1973) can often 
reveal significant correlations which quantify the 
relationship between geochemistry and minera- 
logy. 

Major elements 

Two principal components analyses, one using 
only data from surface sediments, and the second 
using data from cores up to 3 m in length, 
revealed useful information about the composi- 
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TABLE 2. Principal components analyses TABLE 3. Principal components analysis 
involving major elements of surface sediments involving major elements of sediment cores 

Principal components Principal components 

Provenance Silt Clay Texture Clay Smectite Silt 1 Silt2 

% clay 0.09 -0.37 0.28 0.86 % clay 0.27 0.02 -0.76 0.19 
K20 0.32 0.27 -0.61 0.23 Smectite:kaolinite 0.07 0.54 -0.01 -0.81 
Na20 0.23 0.57 -0.31 0.31 Na20 0.36 0.36 0.36 0.36 
CaO -0.45 0.30 0.12 0.09 K20 0.43 0.07 0.45 0.11 
MgO -0.21 0.62 0.43 0.16 Fe203 0.50 -0.35 -0.07 -0.30 
Fe203 0.44 0.15 0.30 --0.16 CaO -0.58 0.22 0.06 0.10 
X 0.45 0.02 0.24 -0.23 MgO 0.15 0.64 -0.28 0.26 
Y -0.44 -0 . I0  -0.32 -0.05 % variance 37.2 25.2 17.7 10.2 
% variance 49.0 17.3 12.8 I 1.6 

tion of the individual mineral phases. The four 
major determinants in the first analysis appear to 
be, in decreasing importance: (1) provenance; (2) 
silt composition; (3) clay composition; and (4) 
texture (Table 2). The provenance factor is espe- 
cially important, accounting for 49% of the total 
variance. The positive and negative contributions 
to this component agree with the observed differ- 
ences in mineralogy and trends in chemical 
composition. 

The silt composition factor is indicated by large 
positive contributions from Na20 and MgO, 
together with a negative influence from the 
amount of clay (Table 2). The amphiboles present 
in these fractions are probably the principal 
controls. Moreover, the ferromagnesian minerals 
of the Turbo-Kitale Group are sodic varieties, 
which satisfactorily explains the positive contri- 
butions from the alkalis. Since the amphiboles are 
found in about equal abundance in all parts of the 
lake, the geographic location of the sediment is of 
little consequence. 

The influence of Mg and Fe-rich clays, princi- 
pally smectite, is indicated by the positive contri- 
butions of Fe203, MgO and clay to the third 
component. Finally, the grain size factor is 
evidenced by the very high positive values contri- 
buted by the clay. However, the poor correlation 
of texture with any compositional variable, 
together with its low contribution to total data 
variance, indicates that changing grain size alone 
does not greatly influence the chemistry of Lake 
Turkana sediments. 

In order to determine the relationships between 
geochemistry and mineralogy independent of 
sample location, principal components analysis 
of samples from 3 m long cores was done without 
the X and Y variables. As in the previous analysis, 
90% of the data variance can be explained by four 
(new) principal components (Table 3). With the 

provenance influence removed, then clay mineral 
composition accounts for 37% of the variance, 
with significant contributions from Na20, K20, 
Fe203 and the amount of clay. The second 
component indicates that smectite controls the 
Mg in the clays, because of high positive covari- 
ances between the smectite:kaolinite ratio and 
MgO. Fe203, on the other hand, is negative and 
suggests that kaolinite, not smectite, is the asso- 
ciated clay. This would presumably be a coating 
on the kaolinite micelles as has been proposed by 
Carrol (1958). 

The composition of the silt fraction, although 
reduced in importance with the removal of prove- 
nance, constitutes the third and fourth compo- 
nents. Alkali feldspar is probably the most impor- 
tant mineral as shown by the dominance of Na20 
and K20 in the third component. The last 
significant component has a positive correlation 
between NazO and MgO, which has already been 
identified as a sodic amphibole or pyroxene phase 
in the previous analysis. 

Trace elements 

A principal components analysis of the trace 
elements, together with the major oxides, can 
serve to establish more precisely the distribution 
of minor elements in the mineral phases. Re- 
arrangement of the 11 variables used explains 
90% of the data variance in six new components 
(Table 4). A clay mineral component is once again 
the most important, and both Zn and Mn make 
substantial contributions here. Both these oxides 
have fairly high correlations with Fe203. These 
are probably associated with iron, as an oxide 
coating on the kaolinite. The second component 
pairs the trace elements Cr and Co with MgO and 
Na20. These major oxides composed the smectite 
and amphibole components of the first principal 
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TABLE 4. Principal components analysis involving trace elements 

Na20 
K20 
Fe203 
CaO 
MgO 
Mn 
Co 
Cr 
Ni 
Zn 
V 
% variance 

Principal components 

1 2 3 4 5 6 

0.26 --0.30 --0.06 --0.30 --0.48 --0.58 
0.38 --0.22 --0.12 0.45 --0.06 -0.22 
0.43 0.24 0.17 -0.12 --0.14 0.28 

--0.46 --0.08 -0.23 0.04 0.16 -0.20 
0.01 --0.50 0.26 --0.31 --0.13 0.09 
0.30 0.27 -0.31 0.18 0.27 -0.43 
0.17 --0.39 --0.39 0.12 --0.05 0.42 
0.07 --0.51 0.02 0.38 0.29 0.10 

--0.04 --0.05 0.75 0.36 0.09 --0.23 
0.43 0.20 0.11 0.08 -0.04 0.22 
0.28 --0.15 0.07 --0.51 0.73 -0.11 
34.0 24.3 12.2 7.3 6.8 5.5 

I49 

components analysis (Table 2). Although some of 
these trace elements may actually be in the 
smectites, it is more likely that these elements are 
contained in other N a - M g  minerals prevalent in 
smectite-rich localities, such as sodic amphiboles 
and pyroxenes. New component four has moder- 
ate contributions from Cr and Ni, together with 
K20. This may represent illite with Cr and Ni 
incorporated into the lattice. The strong indepen- 
dence of Ni and V is illustrated by components 
three and five, and the sixth component demon- 
strates a correlation between Co and Fe203. 

Discussion of geochemical patterns 
Examining these principal components in con- 
junction with the geographic variations in miner- 
alogy and chemistry suggests several substantive 
patterns: 
1 Provenance is the major control upon sedi- 
ment composition, accounting for at least 50% of 
total variability. Geographic changes in silt 
mineralogy are generally more important than 
those for clays. 
2 In the absence of provenance considerations, 
the clay component has a greater variance than 
the silt composition. However, in all cases there is 
little direct control of grain size upon chemical 
composition. 
3 Iron is an important constituent of both clay 
and silt minerals. Although some Fe may be in the 
smectite, the majority seems to be associated with 
kaolinite and probably consists of an iron oxide 
coating on the clay mineral surface (Carrol 1958). 
Such an Fe oxide-kaolinite association explains 
the trend of FezO3 decreasing away from the Omo 
River in spite of the increasing abundance of 

smectite in the sediments. In the silts (and sands), 
biotite and sodic amphiboles, in addition to 
magnetite, make important contributions to the 
iron content. The abundance of these minerals is 
chiefly responsible for the increased iron concen- 
trations at several places along the eastern shore- 
line and the high iron 'ridge' N of the Kerio- 
Turkwel delta (Fig. 8). 
4 Magnesium is important in the composition 
of both amphiboles and smectite. It is the pres- 
ence of the clay mineral which exerts the primary 
control on the percentage of MgO in the central 
reaches of the lake (Fig. 9). Along the eastern 
shore, the amphiboles and pyroxenes from 
nearby metamorphic outcrops are the dominant 
Mg-bearing phase. In the South Basin an 
additional source is in the calcite, which contains 
about 3 mol % Mg. This calcite, together with 
magnesium silicates in volcanic detritus and 
smectite, accounts for the Mg content of the 
southern sediments. 
5 Na20 and K20 are primarily in non-clay 
minerals and are intimately associated with each 
other. They occur largely in feldspars, although 
biotite and illite account for a sizeable amount of 
the K20. The Turkwel and Kerio catchment areas 
are the prime source of these minerals. Some Na 
occurs as an exchangeable cation on the smectite 
(Yuretich & Cerling 1983), and there is an 
additional amount contained in the amphiboles. 
The high Na20 province along the eastern side of 
the lake (Fig. 9) is a function of an increase in 
blue-green amphiboles in the silt and sand, plus 
locally high smectite concentrations. 
6 Clay minerals themselves are not important 
carriers of trace elements, but the iron-trace 
element correlations suggest that oxide coatings 
on the clays carry large quantities of Zn and Mn 
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along with them. The southward-decreasing 
amounts of these elements (Fig. 8) is satisfied by 
this association. 
7 Sediments with abundant illite and amphi- 
boles are generally enriched in Co, Cr and Ni. All 
these are concentrated along the eastern shore of 
the lake (Fig. 10), suggesting derivation from 
local volcanic and metamorphic rocks. 

Diagenesis in Lake Turkana 
Yuretich & Cerling (1983) have recently summar- 
ized our collective information concerning the 
likely diagenetic processes in Lake Turkana. By 
comparing the chemistry of the inflowing river 
water with the present composition of the lake 
water, we were able to determine the major 
mineral-water reaction mechanisms based on 
mass balance and chemical equilibrium relation- 
ships. In general, we found that over 90% of the 
incoming cations were being removed by cation 
exchange, burial of interstitial water and authige- 
nic mineral formation. 

Cation exchange is of principal importance for 
the abundance of Na and Ca in the water. Na 
replaces Ca (and some Mg) as the principal 
exchangeable cation when fluvial clays enter the 
lake. This removes almost half the dissolved Na 
being delivered to the lake (Table 5), balanced by 
a corresponding increase in Ca and Mg. The high 
sedimentation rates in the lake also remove a 
significant amount of dissolved material by burial 
of interstitial water. Because the lake water is 
enriched in Na and C1 in comparison with the 
annual amount delivered by the rivers, the effect is 
greatest on these two ions, removing some 32% 
and 65%, respectively. 

Mineral-water reactions 

Of interest to the present discussion are the 
remainders, which must be removed by diagenetic 
mineral formation. The bulk of Ca is precipitated 
as calcite; X-ray diffraction reveals that the 
composition of the calcite averages 3 mol % Mg, 
so some of this latter ion is removed as well. 
Calcite is produced both as shell material (ostra- 
cods and gastropods), as well as autochthonous 
precipitates of micron-size acicular crystals. 
From the Kerio-Turkwel delta up through the 
northern parts of the lake, biogenic calcite is the 
only type recognized; the bulk of the autochtho- 
nous precipitates are found in the South Basin 
where detrital sedimentation rates are lower. The 
mass of Ca being removed corresponds well with 
the abundance of calcite in Lake Turkana sedi- 
ments (Yuretich & Cerling 1983). 

The question of authigenic aluminosilicates is 
still under consideration. Mass balance relation- 
ships require some sort of magnesium silicate 
formation to balance Mg, SiO2 and alkalinity 
(Tcoz)(Yuretich & Cerling 1983). The abundance 
of smectite in the profundal sediments of the lake 
(Fig. 6) and its relative paucity in the sediment 
influx, makes this mineral a likely candidate. Our 
calculations suggest that the authigenic forma- 
tion of stevensite, a trioctahedral smectite, pro- 
vides the best balance for Lake Turkana water 
chemistry (Yuretich & Cerling 1983). Jones & 
Weir (1983) have found that diagenetic stevensite 
is forming in the sediments of Lake Abert in 
Oregon, USA. At the present time, we are 
characterizing the structural chemistry of the 
smectites in Lake Turkana. Our early results 
indicate that we can separate essentially pure 
smectites by analysing the < 0.1 #m fraction. The 
oriented-slide specimens we have examined so far 

TABLE 5. Removal of chemical components from lake water (after Yuretich & Cerling 1983," 
Cerling 1986) 

% of dissolved river input 

alkalinity 
Na K Ca Mg (Tco2) C1 SO4 SiO2 

River input 
Exchange 
Burial 
Calcite 
Stevensite 
Other* 
Accumulating 
in lake water 

100 100 100 100 100 
-45.1 -21.2 +33.8 +24.6 0 
-30.9 -5.0 -0.3 -0.4 -6.7 

0 0 -132 -6.3 -56.5 
-7.1 -5.0 -1.5 -117.9 0 

0 -68.8 0 0 0 

100 100 100 
0 0 0 

-65  -3.3 -0.5 
0 0 0 
0 0 -87.3 
0 -96.7 -12.2 

16.9 0 0 0 3.8 35 0 0 

* Illite regradation, sulphate reduction and diatom sedimentation. 
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FIG. 11. X-ray diffractograms of < 0.1/~m size fraction of sediments from the Kerio-Turkwel region. 
N= untreated; G = glycolated; 75, 250, 550 = temperature of various heat treatments. 

show that the clays of the Kerio-Turkwel delta 
are dioctahedral, as determined by a d(060) of 
about 1.49 A and the rapid collapse of the 001 
reflection at low temperatures (Fig. 11). However, 
these clays may not be representative of those in 
the rest of the lake. When our X-ray and chemical 
analyses are completed we will be able to deter- 
mine if the smectite distribution in Lake Turkana 
reflects authigenic processes, or if it is mainly a 
function of hydrodynamic segregation (Gibbs 
1977). 

The other reactions listed in Table 5 reflect the 
amount of components removed by illite regrada- 
tion (K), sulphate reduction (SO4) and diatom 
sedimentation (SiO2). Such processes should 
occur in Lake Turkana since none of these 
components are accumulating in the lake water 
(Yuretich & Cerling 1983), but they are still in 
need of positive verification. 

Conclusions 

Lake Turkana has a water composition which 
permits the preservation of both detrital-clastic 
and authigenic signatures in the sedimentary 
record. In detrital sediments, it is possible to 
distinguish between different source areas by 
variations in sediment texture and composition. 

The majority of lake sediment is derived from 
weathering of volcanic rocks in the Omo River 
basin to the N of the lake. Detritus delivered to 
the lake from here is dominantly fine grained, 
with kaolinite as the major clay mineral. The 
intense weathering in this region has developed 
ferrisols, and the kaolinite is apparently coated 
with Fe-oxides which also contain significant 
quantities of Mn and Zn. Silts and sands have 
appreciable magnetite (plus ilmenite) in addition 
to feldspar and quartz. In general, quartz is not 
very abundant in the sand fraction, reflecting the 
dominance of alkaline rocks in the Omo drainage. 

Detrital sediments from the Turkwel and Kerio 
River catchments reflect both the greater preva- 
lence of metamorphic rocks as well as a more arid 
climate. Crystalline smectite and illite are more 
abundant in the clays. The alkalis Na20 and K20 
exhibit a maximum concentration in the Kerio- 
Turkwel delta, contributed principally by abun- 
dant feldspars and sodic amphiboles in the silts. 
Quartz sand is prevalent as well. Local volcanic 
source areas along the eastern shore of the lake 
enrich the sediment in smectite, as well as in the 
trace elements Co, Cr, Ni and V. 

Although these source area influences can also 
be observed in profundal sediments, some diage- 
netic overprinting and homogenization may 
occur. Crystalline smectite is the most important 
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clay mineral  in the lake. This abundan t  smectite 
may be concentrated in the distal parts of  the lake 
by hydrodynamic  segregation, yet the fluvial 
supply seems inadequate  to account  for it all. In 
addition, hydrochemical  mass balances support  
the authigenic format ion of  some sort of  magne- 
sium silicate phase (smectite?). Research is still 
underway to distinguish this from detrital smec- 
tire. Calcite sedimentat ion is also very important ,  
particularly in the South Basin where clastic 
influx is lessened. 

The composi t ion of  Lake Turkana  is, at pre- 
sent, delicately poised. Detrital  influences control  
the major  sediment patterns, yet hydrogeochemi-  
cal considerations point  toward incipient alkaline 
lake diagenesis. Except for calcite precipitation, 
we have not  yet documented  conclusively the 

mineral reactions which regulate water composi-  
tion. However,  it is clear that  the possible diage- 
netic processes in Lake Turkana  are compatible 
with those observed in other  African rift lakes 
(Stoffers & Singer 1979), and that  major  shifts in 
the chemistry of  lake water  and climate of  the 
surrounding watershed will leave their imprint  
upon  the sedimentary record. 
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