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ABSTRACT

The relationship between climate change and the development of Old World riverine civi-
lizations is poorly understood because inadequate dating control has hindered effective inte-
gration of archaeological, fluvial, and climate records. This paper presents the most compre-
hensive and robustly dated archaeological and paleoenvironmental data sets yet compiled for
the desert Nile. It focuses on the valley floor hinterland of the Kingdom of Kerma (2400-1450
B.C.) in northern Sudan. Kerma emerged as a rival to Egypt during Africa’s first “Dark Age”
drought. In contrast to other irrigation-based agriculturists in Egypt and Asia, Kerma flour-
ished during the environmental crisis ca. 2200 B.C. We have studied the stratigraphy and
archaeological records of paleochannels across an 80 km reach of the Nile upstream of Kerma
using optically stimulated luminescence to date when channels flowed and when they dried
up. The dynamics of the local alluvial environment were critical in determining whether cli-
matic fluctuations and changes in river flow represented an opportunity for floodwater farm-
ers (5000-3500 B.C.), a hazard that could be managed (2400-1300 B.C.), or an environmental

catastrophe that resulted in settlement abandonment (after 1300 B.C.).

INTRODUCTION

Climatically driven changes in river flow are
of critical importance for floodwater farming in
exotic rivers such as the desert Nile. However,
the relationship between rapid climate change
and the development of Old World riverine
civilizations is poorly understood, primarily
because of inadequate dating control and lim-
ited integration of archaeological, fluvial, and
climate records. The Nile’s flow regime inte-
grates two parts of the global climate system:
the summer monsoon in the Northern Hemi-
sphere and equatorial rainfall in the Intertropical
Convergence Zone. Changes in the flux of water
and sediment to the desert Nile are controlled
largely by climate in the Blue Nile—Atbara and
White Nile basins (Woodward et al., 2007). The
fluvial and archaeological records of northern
Sudan have allowed us to explore the interac-
tions between Holocene climate change, river
dynamics, and human activity in unusual detail.
A key aim is to shed new light on the history of
the desert Nile and its people in the context of
the ongoing debate about societal collapse and
Holocene environmental change (Weiss et al.,
1993; Stanley et al., 2003).

KINGDOM OF KERMA

Between 2400 and 1450 B.C., a remarkable
Bronze Age kingdom dominated the Nile Val-
ley between the Second and Fourth Cataracts
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(Fig. 1A) (Bonnet, 1992; Welsby et al., 2002).
With monumental architecture and elaborate
fortifications, Kerma emerged as a powerful
independent polity by controlling trade on the
Nile. The metropolis at Kerma was supported
by a fertile hinterland with anabranching chan-
nels ideally suited to irrigation-based agricul-
ture and livestock rearing (Welsby et al., 2002).
During the Kerma period, the eastern side of the
Nile Valley from Mulwad to the Third Cataract
(Fig. 1A), a distance of 135 km, was especially
favorable for settlement and farming.

STUDY AREA AND METHODS
The 80 km study reach is located to the south

of Kerma in the hyperarid Nubian Desert, and

\
r | Eimani
Cataract T \ \! ( !
| agen \\ | ik
|
\ 8~ {
Vs 3
2
NEL (
910 \ ‘o O
21°N \ % II 5 (
]
// & © (
| \ (
L (
. ¢
[ ‘\
Wy ;
Kawa LL
40
iy
[l
@ ; »
17 [3] o
Ka \ s = oY =
-o° Lake S (8] o
L Victoria = o)
- S =
0 500 km~ s > o °
z R =5
5 N W 2
Dongola 5 1) ( 2
§ Northern zQ\ c
-19°N D f @ (
ongola Fourth Cataract Ancient (
Reach well holes By ¢
(NDR) {
8 [
\ (
Mulwad (
uiwa Jebel Barkal, (
(
[
® Kerma site dﬁl E% {(
0 50 km ¢
e —]
| 1gen 0 5 km
31°E 32 El-Ugal e

Second

. T
T

5ed

Figure 1. A: Kerma sites between the Second and Fourth Cataracts of the Nile. Inset: Nile
basin. B: Exposures in the Northern Dongola Reach (NDR) where the Holocene stratigraphy
has been recorded. Sites shown in black and red were dated by optically stimulated lumines-
cence (OSL) or ™C. C: Well pit section (site 40).
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includes the modern town of Dongola (19°10'N).
The Northern Dongola Reach (NDR) (Fig. 1A) is
bordered by a bedrock plateau to the east and by
the modern Dongola Nile to the west (Fig. 1B).
Archaeological survey of the NDR has discov-
ered more than 450 sites spanning the Neolithic
(pre—3500 B.C.) to the Medieval Christian period

ARCHAEOLOGY OF THE NDR (ca. 4000 B.C.), the Alfreda and Seleim (6200—
PALEOCHANNELS 3700 B.C.), and the Hawawiya (5500-5100
Three major paleochannel systems (Hawa-  B.C.) paleochannel belts were all active (Fig. 3).
wiya, Alfreda, and Seleim), between 1 and Operating together, these would have signifi-
3 km wide, have been mapped to 18 km east of  cantly increased the amount of land available
the modern Dongola Nile (Fig. 1B). Individual  for seluka cultivation (the cultivation of land
anabranches are convex in cross section with  between the high and low flow stages) without
(A.D. 500-1500). Many sites are associated levees ~2 m above the valley floor. Preservation  the need for irrigation (Welsby et al., 2002).
with a well-preserved system of paleochannels.  of the archaeological record is good: sites ranging
Ground-based surveys and satellite images were  from Neolithic to post-Kerma are found in close =~ Kerma Period (2400 to 1450 B.C.)
used to delineate former channel belts and estab-  association at the modern land surface. Site burial With the emergence of the Kerma culture
lish their relationship to these sites. Thousands by fluvial sedimentation is limited because most  ca. 2400 B.C., the number and location of per-
of potsherds provide dating control for these are found on levees along the channel margins

manent settlements in the NDR changed radi-
sites. Investigation of the Holocene geological and the location of the main channel belts has not

cally. As the channel network contracted, there
record has been facilitated by the many hun-  changed appreciably over the past 8000 yr. Inte-
dreds of pits in the NDR dug by modern farm-

was a shift of sites to the Alfreda and Seleim
gration of the archaeological and geological data  channels (Fig. 2B). Three cultural phases have
ers to house diesel pumps for groundwater-fed — sets in the NDR shows when channels conveyed = been recognized during Kerma times (Fig. 3)
irrigation (Woodward et al., 2001). These pro- flows (and could be used for agriculture) and
vide three-dimensional exposures along all the

(Bonnet, 1992). Kerma Ancien (2400-2050
when they dried out and were abandoned (Fig. 2).  B.C.) sites are found in similar numbers along
paleochannel belts, and 40 locations have been

the three channel belts, but in the Kerma Moyen
(2050-1750 B.C.) and in the Kerma Classique
Neolithic sites are widely distributed across  (1750-1450 B.C.) periods, the number of settle-
the valley floor, reflecting more humid cli- ments associated with the Alfreda and Seleim
matic conditions (Ritchie et al., 1985; Kuper Nile channel belts more than doubled from 40
and Kropelin, 2006), higher river flows, and a  to 90 (Fig. 3). By contrast, along the Hawawiya
cence (OSL) (see the GSA Data Repository'), more extensive channel network at that time Nile, the number of settlements decreased in
and charcoal associated with in-situ archaeologi-  (Williams et al., 2000) (Fig. 2A). OSL dating Kerma Classique times; no sites later than
cal features has been “C dated. of fluvial sands shows that the Dongola Nile ca. 1450 B.C. are recorded (Fig. 3). This major

logged (Figs. 1B and 1C). We have also studied  Neolithic Period (5000 to 3500 B.C.)
paleochannel fills and eolian sediments filling

ancient well shafts. Across 19 locations, 33 sedi-
mentary units (including fluvial and eolian sands)
have been dated by optically stimulated lumines-
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Figure 2. Neolithic to Medieval archaeology (red dots) and channel dynamics in the Northern Dongola Reach.

!GSA Data Repository item 2013190, OSL methods and data and radiocarbon data for the Northern Dongola Reach, is available online at www.geosociety.org/pubs
/£t2013.htm, or on request from editing @ geosociety.org or Documents Secretary, GSA, P.O. Box 9140, Boulder, CO 80301, USA.
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Figure 3. Integration of archaeological data with dated phases of fluvial and eolian sand
deposition in the Northern Dongola Reach and regional paleoclimate records (OSL—opti-
cally stimulated luminescence). Bars show number of archaeological sites recorded for each
channel system for each period. Lower diagram shows proxy climate records from the Kili-
manjaro ice core record (Thompson et al., 2002) close to the White Nile headwaters (see
Fig. 1) (cal B.P.—calendar years before present). Proxy for the White Nile flows is also shown
from correspondence analysis of diatom data from core (lbis-1 core, axis CA2) in the Damba
Channel of Lake Victoria (Stager et al., 2003). Central shaded bar shows African “Dark Age”
when drying climate produced high dust concentrations in the region.

change in settlement pattern coincides with
the drying of the Hawawiya Nile channel belt
ca. 1990 B.C. (150 yr). This corresponds with
the well-documented climate event ca. 2200
B.C., which caused reduced river flow in the
lower Nile and is believed to have been a key
influence on the demise of the Egyptian Old
Kingdom (Bell, 1971; Hassan, 1997; Stanley et
al., 2003). In the NDR, however, Kerma com-
munities were remarkably resilient to this epi-
sode of rapid environmental change and regional
drought. Kerma sites increased significantly in
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this period and shifted from the western and
central parts of the NDR to the easternmost
edge of the valley floor, becoming concentrated
on levees along the Alfreda and Seleim channels
of the Nile (Figs. 2 and 3).

END OF THE KERMA PERIOD

After ca. 1450 B.C. there was a further dra-
matic change in settlement number and location;
during this period there was a total abandon-
ment of sites in the Hawawiya Nile channel belt
(Fig. 2C) and a marked reduction in the number

of settlements in the Alfreda-Seleim (from 90
to 21) and Dongola (from 23 to 10) systems
(Fig. 3). Eolian sands infilling two ancient brick-
lined wells sunk (sites 41 and 42 in Fig. 1B) into
the former bed of the Hawawiya Nile channel
have been dated to 1170 B.C. (=120 yr) and 1440
B.C. (£140 yr), respectively. These provide a lim-
iting age for the presence of flowing water in this
system (Fig. 3).

High-Resolution Record of Nile Floods

Declining flood flows and the drying out of
the Alfreda Nile are recorded very precisely
~2 km upstream from its confluence with the
Hawawiya Nile channel belt. A 2.3-m-deep sec-
tion (pit 32) in the center of an Alfreda paleochan-
nel preserves a sequence of silty Nile flood units
interbedded with eolian sands (Fig. 4). OSL dat-
ing of eolian sands at the bottom of the exposure
shows that this channel belt first dried up com-
pletely shortly before 1290 B.C. (160 yr). This
is confirmed by OSL ages on an adjacent levee
250 m from the mid-channel pit showing that
floodplain sedimentation continued in this reach
to ca. 1320 B.C. (270 yr) (pit 34; Tables DR1
and DR2 in the Data Repository). These ages
indicate a sudden failure of this system, perhaps
in less than a century, but error terms in the OSL
ages preclude a more precise estimate. An event
of this kind would have been catastrophic for
floodwater farming and explains the permanent
abandonment of large parts of the NDR at the
time. After 1290 B.C., the Alfreda Nile carried
flows for a short period between ca. 780 B.C.
(x130 yr) and 730 B.C. (150 yr) (Fig. 2D).
Both historical and OSL-dated sedimentologi-
cal evidence (Fig. 4) identify a period of unusu-
ally large Nile floods during the early Kushite
period in the NDR. Later episodes of flooding
are recorded ca. 45 B.C. (=100 yr) and A.D. 280
(£90 yr), which was the last time the Alfreda
channel was active. All major settlements have
been located on the modern Dongola Nile since
the 4% century A.D. (Fig. 2E).

RAPID CLIMATE CHANGE AND RIVER
DYNAMICS

Our results show that the nature and dynam-
ics of local alluvial environments were critical
factors in determining whether climatic fluctua-
tions and associated changes in river flow rep-
resented an opportunity for floodwater farmers,
a hazard that could be managed, or an environ-
mental catastrophe that forced the abandonment
of previously fertile land that had supported a
large Kerma population for 1000 yr. Major alter-
ations in settlement patterns and, by inference,
floodwater farming practices between the Neo-
lithic, Kerma, Kushite, and Medieval periods
can be related to differences in rates and styles
of channel and floodplain sedimentation, the
number of channel anabranches, and to climate-
driven changes in river discharge. As the Kerma
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Figure 4. A: Channel cross section within the
Alfreda Nile paleochannel belt, showing the
context of pit 32. B: Schematic of Nile flood
records from the paleochannel fill at pit 32
(left) and a photograph of the same post-
Kerma flood units and eolian sands.

civilization developed, sites became concen-
trated within a narrowing zone along the three
anabranching channel belts in the NDR. Kerma
rose to prominence during Africa’s first “Dark
Age” (brought about by drought at ca. 2200
B.C.), but, unlike other irrigation-based agri-
culturists in Egypt and Asia, it flourished dur-
ing the environmental crisis associated with the
ca. 2200 B.C. drought. This may reflect greater
reliance on animal husbandry practices that are
less susceptible to changes in flood level, more
mobile, and better able to cope with environ-
mental stress. However, the continuity of the
Kerma agriculturists appears to have arisen
from a combination of local geomorphologi-
cal and hydrological factors: (1) an anabranch-
ing river system with channel-side accretion
creating levee-belt topography ideally suited
for floodwater farming, and (2) a period of
intermediate-sized Nile floods that in the NDR
were large enough to support at least seasonal
flows and farming in the Alfreda channel belt,
but not so big as to cause damage to channel-
side settlements. Farming in the NDR may have
been aided by a period of enhanced White Nile
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flows during the Kerma period (Fig. 3; Stager
et al., 2003). The end of the Kerma civilization
was precipitated initially by the invasion of the
region by Eighteenth Dynasty Egypt (ca. 1500
B.C.), followed by the drying out of the Alfreda
and Seleim channel belts in the NDR no later
than ca. 1320-1290 B.C. This severe reduc-
tion in Nile flow appears to be unmatched in
the period 3500 to 1500 B.C. It coincided with
the abrupt and permanent '*O depletion in the
Kilimanjaro ice core record ca. 1450 B.C.
(Fig. 3; Thompson et al., 2002) that marks the
shift to the hyperarid climate across this part of
Africa that persists to the present day (Kuper
and Kropelin, 2006). The distribution of Kerma
sites downstream shows that the failure of the
Alfreda and Seleim paleochannels would have
had a devastating impact as far as the Third Cat-
aract (Fig. 1A).

CONCLUSIONS

Major disruptions to floodwater farming
communities during the Bronze Age in northern
Sudan were climatically induced. They were not
associated with the ca. 2200 B.C. drought that
has been linked to the collapse of the Akkadian
Empire (Weiss et al., 1993) and early civiliza-
tions in Egypt (Stanley et al., 2003) and the
Indus Valley of Pakistan (Staubwasser et al.,
2003). They occurred nearly 1000 yr later as the
result of an abrupt (<100 yr) climate-related fail-
ure of a major (>100-km-long) channel belt, the
flow of which had supported floodwater farming
in the region since the Neolithic. Channel and
floodplain dynamics in the NDR significantly
moderated the local impact of rapid climate
change on patterns of flood inundation. The per-
sistence of a favorable channel and floodplain
topography in the NDR was critically important
for sustaining floodwater farming in this part of
the desert Nile and perhaps more widely in simi-
lar dryland river civilizations in both the Old and
New Worlds.
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