




Extended Data Fig. 2 | Construction of the Co1240 composite core. a, Core 
Co1240 lithology with a core gap and bedding types. b, The composite core 
(central column) is based on the correlation of lithological changes and Ti XRF 
counts of the cores Co1240 and OUNIK03/04. Core segments building the 

composite are highlighted with darker shading and dashed lines. The red  
arrows and rectangles mark the positions of the thin sections shown in 
Extended Data Fig. 5.
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Extended Data Fig. 3 | Linescan images of the composite core Co1240. For classified bedding types, see Extended Data Fig. 2.



Extended Data Fig. 4 | Chronology of the composite core Co1240.  
The chronology of Co1240 is based on varve counting (black line, hatched 
where extrapolated), supported by the AD 1963 137Cs peak and 14C ages of  
grass charcoal and plant remains26 (compare with Extended Data Fig. 6).  
The resultant sedimentation rates are indicated by the striped pattern.  
Also shown are the chronology of core OUNIK03/04 (ref. 22) (red line), the four 
lake phases (at the top of the figure and dashed lines), 14C ages of bulk carbonate 

and compound-specific plant waxes and uncorrected (uc) and reservoir-
corrected (c) 14C ages of bulk organic matter and Typha rhizomes. The 
uncorrected 14C ages of organic matter and Typha rhizomes were used for the 
Bayesian age–depth model (grey shading), whose differences to the varve 
chronology (green shading) reflect the variable reservoir effects associated 
with the radiocarbon ages of these components.
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Extended Data Fig. 5 | Exemplary thin sections from core Co1240.  
For positions of thin sections, see red arrows and rectangles in Extended  
Data Fig. 2. a, Calcite-rich finely laminated sediment in the upper core part 
corresponding to the lower laminated facies in core OUNIK03/04 (ref. 23) that 
has proved to represent annual layers (varves). b, Finely laminated sediment 
similar to a in larger sediment depth, below the two disturbed intervals in core 

Co1240. c, Coarsely laminated sediment with intercalated non-erosive, reddish-
brown clay layers (indicated by black rectangles and partly labelled). d, Finely 
laminated sediment deposited during the 8.2 kyr event and first clay layers 
above (indicated by black rectangles). e, Particularly finely laminated sediment 
deposited during the initial stage of Lake Yoa.



Extended Data Fig. 6 | Annual layering in core Co1240. a, High-resolution 
linescan colour image of the upper 22.7 cm in the gravity core Co1240-1 that 
forms the uppermost part of the composite core (Extended Data Fig. 2). 
Superimposed is the greyscale image of X-radiographs, with the layer counting 
indicated by black and white lines. Also shown is the depth of the 137Cs peak 
ascribed to AD 1963, which was measured in core OUNIK03/04 (Fig. 1) and 
transferred to Co1240-1 based on the correlation of comparable lamination 
patterns in both cores (Methods). The perfect match of the 137Cs peak with the 

layer counts confirms their annual formation as varves. b, Thin section from 
1,506.5–1,516.0 cm, bracketing the 8.2 kyr bp drought event. The thin section  
is shown in plane (PPL) and cross-polarized light (XPL), with the varve counts 
superimposed (yellow lines) and the sediment depths and varve ages before 
present indicated. The Ca/Ti ratio, measured along the centre of the thin section 
in 200-µm resolution, illustrates the amounts of calcite precipitation relative to 
clastic sedimentation.
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Extended Data Fig. 7 | The Lake Yoa pollen record. The record is based on 
pollen counts from cores OUNIK03/04 (<5.2 kyr bp)22 and Co1240 (>5.2 kyr bp) 
(Fig. 1). a, Pollen-derived HI and Typha as an indicator of extended littoral 
vegetation. b, z-scores of the summed proportions of Guinean, Sudanian, 
Sahelian and Saharan taxa, calculated from squared-root-transformed and 
centre-log-ratio-transformed values. Phytochoria groups are colour-coded 
according to moisture: positive values (on the right) of the Guinean (dark green) 
and Sudanian (light green) curves show the spread of these taxa indicative  
of humid conditions; values to the left (negative) their decrease, indicating 
reduced plant-available moisture; positive values of the Sahelian taxa (orange) 
indicate semi-arid conditions and shifts of the Saharan taxa (yellow) to positive 

values indicate the establishment of today’s desert vegetation under arid 
conditions. The small bars show the samples; the larger, semi-transparent  
bars correspond to 250 years average. c, Percentage variations of the main 
phytomass producers, that is, grasses (Poaceae) and Amaranthaceae (sum of 
Cornulaca-type and Amaranthus-type), which mainly reflect savannah and 
desert vegetation, respectively. d, Percentages of selected pollen types showing 
the main vegetation changes. The colours of the pollen types correspond to their 
respective phytogeographical affinity. The column on the right and the dashed 
lines indicate the four phases of long-term hydrological changes, the grey and 
red horizontal bars the superimposed short-term droughts during phase II.



Extended Data Fig. 8 | The Lake Yoa diatom record. The record is based on 
diatom counts from cores OUNIK03/04 (<6.0 kyr bp)22 and Co1240 (>6.0 kyr bp) 
(Fig. 1). Taxa are presented according to their preferred habitats and the resultant 

P/B diatom ratio, as shown in Fig. 2b. The column on the right side and the dashed 
lines indicate the four phases of long-term hydrological changes, the grey and red 
horizontal bars the superimposed short-term droughts during phase II.
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Extended Data Fig. 9 | Transient Holocene precipitation simulations for the 
Lake Yoa area. a, Results of the TraCE model. b, Results of the LOVECLIM model. 
Black and blue lines indicate simulations without and with AMOC correction, 
respectively.



Extended Data Fig. 10 | Simulated in monsoon changes for the 8.2 kyr bp 
event. a–d, Annual mean precipitation anomalies simulated by AWI-ESM 
between 6 kyr bp and the preindustrial period (PI) (a), 8.2 kyr bp without hosing 
and PI (b), 8.2 kyr bp without hosing and 6 kyr BP (c) and 8.2 kyr bp with hosing 

and PI (d). e, Difference in 850 hPa zonal wind during the summer months  
(June, July, August, September) between 8.2 kyr bp with hosing and 8.2 kyr bp 
without hosing. The location of Lake Yoa is marked by stars.




