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385 ppm CO2 = 0.0385 % of total atmosphere

Anthropogenic portion (IPCC) 5 % ≈ 0.002 % of total atmosphere





„Der große Gott von Sefar“ (Tassili n‘Ajjer, Algerien)
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Xavier und die Wetterextreme: Kippt unser Klima?
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Major sites of
palaeoclimatic and
geoarchaeological
field work in the
Eastern Sahara
1980 - 2018
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During the past 60 years, 
the population of Darfur has 
increased from 1.3 million 
to about 9 million

(Ibrahim 1980)

(1995)



Terrestrial paleoclimatology of the habitable continents
vs. 

Paleoclimatic proxies from ice and ocean cores

Vostok, Antarctica

15 July 1993



The onset and termination of this humid period were very abrupt, occurring within decades to centuries.

14.8 and 5.5 cal. ka BP (*) associated with the African Humid Period.

* 12,800-3,500 BCE

Nato Advanced Research Workshop, Kemer, 9/1994





Sahara - USA

(~9 mio km²)



Hamada south of Laqiya, N Sudan 1983



Tieroko, Tibesti, NW Chad 2016



Lower Wadi Howar, N Sudan 1985



Emi Koussi, Tibesti, NW Chad 2015



Era Kohor, Emi Koussi, Tibesti, NW Chad 2016



Mourdi, N Chad 2003



Great Sand Sea, SW Egypt (1996)



Great Sand Sea, SW Egypt, 24.5°N  (1995)
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Sand Sea, 

SW Egypt 

1981



Early Wadi Shaw, NW Sudan, 7800-5600 BCE (1983)



Gilf Kebir Plateau
SW Egypt

(23°N)





"Swimmers‘ Cave", Wadi Sura





"Cave of the beasts"



Blocking

dune

Mud deposits

Wadi Bakht, Gilf Kebir



(uncal. b.p.)

Wadi Bakht, Gilf Kebir
SW Egypt, Tropic of Cancer
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Riemer, Kröpelin 
& Zboray (2017)
Antiquity 355 



West Nubian
Paleolake

NW Sudan, 1985

17 N - 25 E





~9,000 cal. BP

West Nubian Paleolake
=

Ptolemy‘s Marshes of the Tortoises

Present



Prehistoric site at former lake shore

West Nubian
Paleolake,
NW Sudan

17° N - 25° E

(1995)



Neolithic site at former shore of West Nubian Paleolake (1995)



(Hoelzmann, Keding, Berke, Kröpelin & Kruse, Palaeo3, 2001)

Environmental change and archaeology:  
Lake evolution and human occupation

(Kröpelin,
Nova Acta Leopoldina

108, 2009)
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(1987)

The Lower Wadi Howar (17-18° N): 
once the Nile‘s largest tributary from the Sahara



Outcrops of fluvial deposits

Lower Wadi Howar



Jabarona 84/13, 
Middle Wadi Howar



Zolat el Hammad, Wadi Howar, ca. 8000 BCE





Ennedi Plateau
NE Chad







(From Ennedi Clip, E. Goethals et al., May 2014 )









Arbeitsgebiete

(Enhanced with DStretch)







Ennedi, NE Chad, ca. 6000 -0 BCE



Lakes of Ounianga, N Chad



(Saudi Aramco World, May-June 2014)
Lake Yoa, Ounianga Kebir

Chad
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Location of test coring

Jan. 1999



Lake Yoa, Ounianga Kebir

NE Chad (19ᴏ N - 20.5ᴏ E)

2004

1996

Top layer

at 26 m 

water

depth



Transfer, repair:

Jan-Feb 2003 (6 weeks)

April 2003       (2 weeks)

3rd coring (8 m core):
Oct-Nov 2004  (5 weeks)

Test coring (1 m core):

Jan-Feb 1999 (6 weeks)

2nd coring (4 m core):

Nov-Dec 2003 (7 weeks)

4th coring (16 m core):
Feb-Mar 2010  (5 weeks)

(total: 52 weeks)

Surveys, sampling:
Oct 2011  (2 weeks)
Mar 2013 (1 week)

Stays in N‘Djaména:

1999 - 2016 (16 weeks)

OUNIANGA FIELD WORK
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.. “Detailed microscopic investigation revealed the sedimentary processes responsible for 
the formation of the fine laminations, identified the season during which they were formed, 
and their annually rhythmic nature. High-resolution XRF core scanning allowed distinction of 
each individual lamination over the entire record, opening new perspectives for the study of 
finely laminated sediment sequences.” ..



Lake Yoa, Ounianga Kebir (March 2010)



Continuous subannually varved 10,500-year 
continental record

Exceptional thickness of Holocene varved 
sequence  (16 m)

Evidence of all natural and anthropogenic 
events

Most detailed chronology of climate change 
on the African continent

Lake Yoa long core Co1240





Lakes of Ounianga
Chad‘s first UNESCO World Heritage Site
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Kuper & Kröpelin, 
Science 313: 
803-807 (2006)



Climate change affecting the eastern Sahara during the past 10,500 years

(Kuper & Kröpelin, Science 313, 2006)

Before 8500 BCE 8500-7000 7000-5300 5300-3500 3500-1500 Present



Climate change and prehistoric occupation in the Eastern Sahara

 From ~ 8,500 BCE increasing monsoon rainfall pushed the former desert margin some 

800 km north to beyond the Tropic of Cancer creating semi-arid conditions in the north 

(Egypt, Libya) and semi-humid conditions in the south (Chad, Sudan) 

 Transformation of the late Pleistocene desert into diverse savannah environments with 

wide-spread lakes and wadis resulted in rapid dissemination of wild fauna and diversely 

swift reoccupation by hunters and gatherers from the south

 Relatively stable favourable environments prevailed over ~ 3,200 years

 From ~ 5,300 B.C.E. gradual southward retreat of the monsoons causing environmental 

deterioration and shifting occupation

 Mobility was the key to survival and drove prehistoric societies from semi-sedentary 

foraging to a multi-resource economy

 The desiccation of the Sahara (co)triggered the emergence of Egyptian and Sudanese 

civilization in the Nile valley, influenced the spread of pastoralism throughout the 

continent and was a motor of Africa’s evolution



The “African Humid Period” in the (Eastern) Sahara

Extent – Timing – Causes?

“Abrupt onset at 14,800” vs Rather slow onset from ~11,000 – 10,000 

“Abrupt termination at 5500” vs Gradual southward retreat 

of monsoon rains from ~ 7300 - 2700

Validity of marine sources for continental African paleoclimatology?

Validity of numeric climate models?

(dates cal BP)  



Und nach der Expedition zur Kaffeepause …


