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Turkana	  Basin	  

the exact nature and timing of some inferred environmental changes
derived from lake water-level fluctuations were subsequently found
to be equivocal and/or irreproducible (cf. Barton and Torgersen,
1988; Cerling, 1986; Halfman et al., 1992; Ricketts and Johnson,
1996). In our study we have focused primarily on the largely unex-
plored southernmost margin of the Turkana Basin (Fig. 1B), where
steep slopes have helped preserve a unique staircase morphology of
palaeo-shorelines, between 0 and 80 m above the present-day lake
water-level. In order to reconstruct lake water-level fluctuations in

the Turkana Basin and use them as indicators of past variations in
the moisture regime, we mapped shoreline elevations with a high-
precision differential global positioning system (dGPS) and measured
oxygen-isotope ratios of in situ fossil mollusk shells collected from
shoreline deposits. By combining 21 new 14C ages obtained from
these shells with other published ages we have constrained the timing
of past lakewater-level changes and provided insights into the environ-
mental history of Lake Turkana, particularly during the mid-Holocene.
We also used the abundantly available archaeological data from the
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Fig. 1. (A) Map of the Turkana Basin and adjacent basins (SRTM topography). Also shown are rivers (thin blue lines), catchment boundaries (thick and thin black lines), the maximum
extent of Lake Turkana during the Holocene (MHS, thick blue line) approximated using a present-day surface elevation of 460 m, and the various overflow sills in the area (arrows linked
to white circles). The overflows were active during the early to mid-Holocene when the Turkana Basin received inflow from the Bogoria, Baringo, and Suguta basins to the south and the
Abaya, Chamo, and Chew Bahir basins to the east; at that time Lake Turkana overflowed into the Nile Basin. Bathymetric map of Lake Turkana (below 360 m) from Johnson et al. (1987).
Inset is a structural map of the EARS. (B) Location map for the radiocarbon sample sites and dGPS survey sites. Also shown are the Holocene shorelines, the approximate position of the
maximum highstand shoreline, and the main recent (late Quaternary) faults; all were mapped using field observations, SPOT satellite imagery, and SRTM data, together with previously
published data (e.g., Baker et al., 1972; Dunkelman et al., 1989; Johnson et al., 1987; Morley et al., 1992). (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

2 Y. Garcin et al. / Earth and Planetary Science Letters xxx (2012) xxx–xxx

Please cite this article as: Garcin, Y., et al., East African mid-Holocene wet–dry transition recorded in palaeo-shorelines of Lake Turkana,
northern Kenya Rift, Earth Planet. Sci. Lett. (2012), doi:10.1016/j.epsl.2012.03.016

Garcin	  et	  al.,	  2012	  



HSPDP West 
Turkana ̃2 Ma 

Holocene highstand ̃11,500 yrs 

Geologic Setting 

Earliest evidence of 
hominins ̃4 Ma 
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Kabua Gorge 

Lake	  
Turkana	  

Ferguson’s	  
	  Gulf	  

- Holocene clays, silts, and sands onlapping 
Miocene basalts and Pliocene Lonyumun Frm 

- Galana Boi formation which was described at 
Koobi Fora (Owen and Renaut, 1986) 

Outcrops created as Kalokol 
Laga and its tributaries incise 
through older strata 
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Significance 

Halfman	  et	  al.,	  1994	  

Potential to correlate outcrops to cores 

Advantages of outcrops: 
 1) Ease of access 
 2) Opportunity to trace lateral facies changes 
 3) Larger sample sizes 

Challenges of working with outcrops: 
 1) Exposed to surface weathering 
 2) Working on margins of Holocene lake 

1984 project cored multiple sites in North, 
Central, and South basins of Lake Turkana 

 Late Holocene in age based on AMS dates 

Is my section correlatable??? 
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Methods- Field Work 

-  Measured sections 

-  Made lithologic descriptions 

-  Took bulk samples with 
particular focus on lacustrine 
phases 

-  Collected material (ostracods, 
charcoal) for AMS dating 
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Methods- Lab Work 
-  Wet sieved and picked ostracods 

-  Imaged cods on the SEM 

 Will conduct stable isotope (δ13C, 
δ18O) analysis on cods 

 Will collect material (ostracods, 
charcoal) for AMS dating 
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Stratigraphy 
Lateral facies changes over scale of 100’s of meters to km’s 

Significance	  	  	  	  	  	   	  	  	  	  	  Methods	  	  	  	  	  	   	  	  	  	  	  	  Results	  	  	  	  	  	   	   	  	  	  	  	  Conclusions	  



Stratigraphy 
Facies	  (from	  boAom	  to	  top)-‐	  recrystallized	  Cleopatra	  coquina	  (irregular,	  
erosional	  contact),	  pedogenic	  calcic	  soil,	  bedded	  gravel,	  molluscan	  
coquina,	  massive	  to	  weakly	  planar	  bedded	  sand	  

Environmental	  InterpretaMon-‐	  
flood	  plain	  -‐>	  beach	  
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also see white soil carbonate nodules
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 coquina  of recrystallized shells, 
characteristic of Lonyumun Mmb

Is the top really all that conglomeratic??? How do 
I show the gradation from gray to black 
“shales”??

Something is not right here.... top box should not 
be the thickest for this unit.... need ~1m sands 
between each laminated silt

gray clay to !ne sand, some fossils present

gravel
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Is the top really all that conglomeratic??? How do 
I show the gradation from gray to black 
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Something is not right here.... top box should not 
be the thickest for this unit.... need ~1m sands 
between each laminated silt

gray clay to !ne sand, some fossils present

gravel

Facies-‐	  thin	  to	  medium	  bedded	  fine	  silt	  to	  clay	  
	  -‐	  planar	  cross	  bedded	  sands	  

Environmental	  InterpretaMon-‐	  3	  cycles	  of	  
prodeltaic	  liAoral	  lacustrine	  -‐>	  beach	  

	  -‐	  possible	  missing	  record	  due	  to	  erosion	  

1 

2 

3 
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 coquina  of recrystallized shells, 
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Is the top really all that conglomeratic??? How do 
I show the gradation from gray to black 
“shales”??

Something is not right here.... top box should not 
be the thickest for this unit.... need ~1m sands 
between each laminated silt

gray clay to !ne sand, some fossils present

gravel

Facies-‐	  molluscan	  coquina	  grading	  into	  planar	  
to	  massive	  sand	  then	  thin	  to	  laminated	  silt,	  
laminated	  black	  silt	  to	  clay	  (TOC	  =	  ~14%)	  

DeposiMonal	  environment-‐	  marginal	  
lacustrine/beach	  to	  marsh	  
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characteristic of Lonyumun Mmb

Is the top really all that conglomeratic??? How do 
I show the gradation from gray to black 
“shales”??

Something is not right here.... top box should not 
be the thickest for this unit.... need ~1m sands 
between each laminated silt

gray clay to !ne sand, some fossils present

gravel

Lithology-‐	  	  basal	  gravel,	  planar	  cross	  bedded	  sand	  to	  gravel	  	  

DeposiMonal	  environment-‐	  beach	  lag	  potenMally	  indicaMng	  missing	  Mme,	  
fluvial	  to	  distributary	  channel	  (likely	  meandering)	  

Black shale 

Beach lag? 
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Laminations 
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2.0	  

2.5	  

0	   10	   20	   30	   40	   50	  

Kabua08	  

-  Present on multiple scales  
(cm to mm) 

-  Sedimentological changes 
-  grain size variation 
-  diatomaceous 

-  What is controlling deposition? 

PotenMal	  to	  Me	  relaMve	  
laminaMon	  thicknesses	  
from	  outcrops	  to	  cores	  
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Ostracods 
Main species 
 Limnocythere 
 Darwinula 
 Ilyocypris 
 Hemicypcris 
 species X 
 Cyprideis? 

•  Fresh water assemblage 
•  Preliminary results show increasing 
Darwinula through lacustrine phase 1 
•  Darwinula sensitive to turbidity 
•  Hypothesize  Dar =   fluvial input 

Indication of regression? 
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Regional Picture 

this dry period, rare dated lacustrine deposits indicate a lake water-
level reaching elevations of ~440 to ~410 m between 13,000 and
11,500 cal. yr BP. However, the lake water-level curve remains poorly
constrained for this period.

From ~11,500 cal. yr BP palaeo-shoreline deposits indicate that
the lake's water-level rose rapidly to its overflow level, and then
remained relatively stable until ~8500 cal. yr BP. This lake highstand
was possibly interrupted by a brief water-level fall of ~15 m that
probably occurred at ~10,200 cal. yr BP, if evidence from prehistoric
near-shore settlements is taken into account. The protracted high-
stand period between ~11,500 and ~8500 cal. yr BP corresponds to
the ‘Phase I’ described by Owen et al. (1982) (Fig. 7A). During this pe-
riod there was fluvial connectivity between Lake Turkana and the Nile
Basin, and the MHS was formed.

From 8500 cal. yr BP lacustrine deposits indicate a significant but
short-lived lake regression (Owen et al., 1982), which may have
taken place over a few centuries. The magnitude of this regression
may have reached between ~50 and ~100 m. The subsequent trans-
gression was equally abrupt, with the lake water-level rising again
to high levels (i.e.,~445 m) at ~7500 cal. yr BP.

From ~7500 to ~5300 cal. yr BP the presence of lacustrine deposits
indicates that the lake remained relatively stable at high levels. This
highstand period corresponds to the ‘Phase II’ of Owen et al. (1982).
While Lake Turkana may have again overflowed during this period,
the available data are too scarce to be certain.

From ~5300 cal. yr BP the lake's water-level fell to an elevation of
~390 m. Shoreline data from South Island suggest that this regression
may have occurred abruptly, possibly within a few centuries. Addi-
tional support for a rapid regression comes from the ages derived
from archaeological sites (Fig. 7A). It is interesting to note that during
this period the ages obtained from abandoned occupation sites follow
our inferred fall in the lake's water-level, indicating that humans
adjusted their settlement locations to keep pace with the receding
shoreline.

Following this final regression the lake's water-level must
have remained low, particularly between ~4000 and 2000 cal. yr BP
when the absence of any exposed lacustrine deposits may indicate
that the water-level was even lower than at present.

Owen et al. (1982) tentatively inferred a lake highstand period
from ~4500 to ~3000 cal. yr BP (Phase III). However, this last high-
stand phase was poorly constrained as it relied on a single shell
dated at 3870 cal. yr BP (cf. Butzer et al., 1969). Analyses of sediment
cores collected across Lake Turkana, including downcore changes in
sedimentation and accumulation rate (Barton and Torgersen, 1988;
Cerling, 1986), diatom assemblages (Halfman et al., 1992), and iso-
topic composition of fine-grained calcite (Ricketts and Johnson,
1996), have subsequently called into question the existence of a
late Holocene lake highstand. Our new palaeo-shoreline dataset
also appears to rule out a return to a higher lake water-level during
Phase III.

Archaeological
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Fig. 7. (A) Proposed lake water-level reconstruction for Lake Turkana, based on original and previously published data. Raw data and references are available in the Supplementary
materials. The lake water-level curve is a compilation of dated lacustrine deposits (radiocarbon ages mostly on mollusk shells) complemented by dated archaeological excavations
(radiocarbon ages mostly on bones, ostrich egg beads, and charcoal). Age error bars represent the 99% confidence interval. All elevation uncertainties were arbitrarily fixed to
±10 m, except for the South Island samples which were further corrected for tectonic subsidence. Green curve represents inferred lake water-levels. Curve is dashed where un-
certainties are greater. Lake highstand periods (Phases I–III) were defined by Owen et al. (1982). (B) Location map for the dated lake water-level markers used in A. The lower
and right side subplots show the distribution of the radiocarbon ages (calibrated) corresponding to longitude and latitude, respectively. Colour coding refers to the sampled ma-
terial (see A). Histogram of radiocarbon age distribution is shown in the lower-right corner; n is the total number of radiocarbon ages. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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ElevaMon	  of	  base	  of	  
Kabua	  Gorge	  outcrops	  

•  Observe 3 distinct lacustrine 
phases at Kabua even though 
curve only predicts 2  

•  If  Dar =   fluvial input, 
then regressive sequences 
should have increase in % Dar 

•  Could detect regressions 
even when sedimentologically 
there is no record of them! 
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Novel	  approaches	  
1.  Comparison with type section from east side of Turkana 
(Koobi Fora) 

2.  Potential for core to outcrop 
correlation 

3. Systematic sampling of Galana 
Boi never done before on outcrops 

4. Need stratigraphic/sedimentological framework to build 
upon for other novel research such as high-resolution 
paleomagnetic studies and Sr isotopes 

Feibel 
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QuesMons?	  


