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Abstract
In the Theban area around modern Luxor (Egypt), the River Nile divides the temple complexes of

Karnak and Luxor from New Kingdom royal cult temples on the western desert edge. Few sites

have been archaeologically identified in the western flood plain, despite its presumed pivotal role

in the ancient ritual landscape as the territory that both physically divided and symbolically con-

nected the areas inhabited by the living and the areas occupied by the dead. Using borehole data

and electrical resistivity tomography, the current investigation of subsurface deposits reveals the

location of an abandoned channel of the Nile. This river course was positioned in thewestern, dis-

tal part of the Nile flood plain. Over 2100 ceramic fragments recovered from boreholes date the

abandonment of the relatively minor river channel to the (late) New Kingdom. This minor river

branch could have played an important role in the cultural landscape, as it would have served

to connect important localities in the ritual landscape. Changes in the fluvial landscape match

with established periods of basin-wide hydroclimatic variability. This links cultural and landscape

changes observed on a regional scale to hydroclimatic dynamics in the larger Nile catchment, in

one of the focal areas of Ancient Egyptian cultural development.
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1 INTRODUCTION

Thebes (Luxor, Egypt; Fig. 1) is famous for its major ancient monu-

ments, being one of the primary cities of ancient Egypt from the Mid-

dle Kingdom (MK; late 11th–13th dynasties, c. 1980-1630 B.C.E.; Hor-

nung, Krauss, & Warburton, 2006) until the end of the Roman period

(overview of historical periods in Supplementary Material 1). The cen-

tral axis of the Nile valley is marked by Karnak and Luxor Temples.

Geoarchaeological investigations at Karnak suggest that the temple

complex was founded during the First Intermediate Period (FIP; c.

2118–1980 B.C.E.: Gabolde, 2000; Hornung et al., 2006) on former

bars or islands of the river Nile (Bunbury, Graham, & Hunter, 2008;

Graham, 2010a; 2010b). The other focal area for temple building, ded-

icated primarily to the cult of the deceased king and the god Amun, is
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situated on the western desert edge. These “Mansions of Millions of

Years” are all positioned within a c. 3.5-km long strip of land (Fig. 2).

Their construction began early in the New Kingdom (NK; c. 1539–

1077B.C.E.). There seems to have been a strong preference for placing

temple complexes on the edge of the desert, where it meets the flood

plain, of which the royal cult temples of Merenptah, Ramesses II (the

Ramesseum), Thutmose III, and Seti I are clear examples (Fig. 2). These

royal cult temples were constructed throughout the NK. While the

temple locations are not known for several kings, textual sources and

titles of priests indicate the existence of temples for almost all kings

during the NK with the exception of some who ruled for brief periods;

during theAmarna period (c. 1353–1334B.C.E.) when the capital along

with many of its functions was moved to Akhetaten, modern Amarna

(Kemp, 2006; 2012); and four of the last five rulers at the end of the
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F IGURE 1 The modern catchment of the river Nile (modified from
Woodward et al., 2015)

NK (c. 1138-1077 B.C.E.; Ullmann, 2016), when political and economic

instability increased in the late 20thDynasty, announcing the fragmen-

tation of the state that ended the NK period (VanDijk, 2000).

Johnson (1998) argues that NK Thebes was divided into four

interlinked localities; (i) Luxor Temple, where the primeval creator

god, Amun, was born and reborn; (ii) Karnak, where Amun lived in

palatial splendor; (iii) the Mansions (Temples) of Millions of Years

(royal cult temples) on the West bank, where Amun was worshipped

along with the king; and (iv) the Small Temple of Amun (later enclosed

byMedinet Habu, the royal cult complex of Ramesses III) where Amun

was regenerated by merging with his own chthonic form (Fig. 2).

Three festivals linked these places: the annual Opet Festival between

Karnak and Luxor, which celebrated the local triad of Amun, Mut,

and Khonsu and their connection with (and blessing of) the king; the

annual Beautiful Festival of the Valley between the Karnak complex

and theMansions of Millions of Years on theWest Bank, which served

as an act of symbolic reunion and reintegration between the living and

the dead; and the decadal festival (held every 10 days)—a procession

between Luxor Temple on the East Bank and the Small Temple of Amun

on the West Bank, which memorialized the life cycle of Amun (Bell,

Highlights

• Fluvial deposits were dated using 2100+ ceramic sherds.

• The New Kingdom Theban flood plain featured a minor

channel of the Nile.

• Hydroclimatic variability influenced both the cultural and

fluvial landscapes.

1997; Cabrol, 2001; Foucart, 1924; Graefe, 1986; Murnane, 1980,

1982; Schott, 1953; Ullmann, 2016). For the latter of these festivals,

travel between the temples is only securely attested during the later

years of the NK although the festival itself is known from earlier in the

NK (Cabrol, 2001; Doresse, 1979; Wente, 1967). The barge in which

Amun traveled during these festivals was pivotal in linking the sacred

monuments (O’Connor, 1998). Hence, by extension, the Nile could

have played a key role both physically and symbolically in the intercon-

nected ritual landscape.

NK textual sources and tomb scenes suggest the former existence

of (royal) canals fronting some of the Temples of Millions of Years

(Jaritz, 2005; Lacau & Chevrier, 1977; Schlüter, 2009), which has led

to the hypothesis that natural or human-made waterways may have

connected the main channel of the Nile with the desert edge (Graham

et al., 2014). This could explain the concentration of temples in the

zonebetweenMedinetHabuand theRamesseum, aswaterwayswould

have provided easy means of transport and connection between the

different localities visited during the Beautiful Festival of the Valley.

Waterways also would have been important in the construction of the

large temples, which required sandstone building blocks from quar-

ries located c. 150 km upstream, and which housed colossal statues

quarried near modern Cairo (downstream) and Aswan (upstream) that

were transported to their destinations via barges on the Nile (Goyon,

Golvin, Simon-Boidot, & Martinet, 2004; Kitchen, 1991; Klemm &

Klemm, 2008; Stadelmann, 1984; Wehausen, Mansour, Ximenes, &

Stross, 1988).

Presently no detailed study of preexisting channel networks exists

in the region, leaving a gap in current knowledge regarding the config-

uration and use of the ancient flood plain in the Theban region. This

paper presents the results of an interdisciplinary approach that aims to

map and date ancient waterways in the Theban region and understand

their origins. Borehole and electrical resistivity tomography (ERT) data

were used to survey geological deposits and geomorphological ele-

ments that could identify the location of formerly active channels on

the current western bank of the Nile. Due to restrictions in exporting

samplematerial for radiometric dating, information from the abundant

ceramic fragments retrieved from the boreholes has been used (explo-

ratively) to date the sedimentary infill of abandoningwaterways and to

create age-depth models for flood plain deposition. This has allowed

a comparison of important changes in the fluvial landscape with the

regional configuration of archaeological sites and places some of these

dynamics in a general framework of hydroclimatic variability in the

larger Nile catchment.
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F IGURE 2 The Luxor region in Egypt with the location of a selection of archaeological sites
Notes:Riverside archaeology near Karnak temple includes 25–26thDynasty (c. 760–525 B.C.E.) quaywalls andmooring loops (Boraik et al., 2017),
and west of Luxor Temple a Roman age structure has been interpreted as a Nilometer (Borchardt, 1906).
[Color figure can be viewed at wileyonlinelibrary.com]

2 REGIONAL SETTING

The Nile is the second largest river system in the world by catch-

ment size (c. 3,400,000 km2), and its channel network spans from the

tropical highlands in Uganda (White Nile) and Ethiopia (Blue Nile and

AtbaraRiver) to theMediterranean Sea (Fig. 1). Theflood regimeof the

Nile downstream from Khartoum in the Sudan (Woodward, Williams,

Garzanti, Macklin, & Marriner, 2015) is controlled by important com-

ponents of the global climate system such as theNorthernHemisphere

Summer Monsoon (NHSM) and the Intertropical Convergence Zone

(ITCZ:Macklin et al., 2013;Woodward,Macklin, &Welsby, 2001). Until

the construction of the Aswan High Dam in the 1960s, annual floods

occurred during summer (June to September). These weremainly gen-

erated in the upstream region of the Blue Nile and were strongly cor-

related with the El Niño Southern Oscillation (ENSO; positively corre-

lated with strong La Niña years; Indeje, Semazzi, &Ogallo, 2000).

The current Nile in the Luxor region is a low-gradient alluvial river

system,whichmigrateswithin the limits of the limestone bedrock cliffs

and wadi fans that flank the 10-km wide Nile Valley. Migration of the

main channel occurs through a combination of gradual lateral mean-

der bend migration with the formation of typical point bars (Hillier,

Bunbury, & Graham, 2007) and the formation of mid-channel bars that

cause switching of the main channel route as water gradually gathers

in one dominant channel to by-pass the bar. Although there are many

examples of the formation of large islands recorded historically (e.g.,

Engelbach, & Macaldin, 1938), geomorphologically interpreted from

satellite imagery (Hillier et al., 2007), and revealed in surveys of the

subsoil (Bunbury et al., 2008), the net spatial movement of the main

channel axis in the Theban region is believed to have been rather lim-

ited during the LateHolocene. Archaeological excavations have uncov-

ered Pharaonic quays near the present Nile at Karnak (Boraik, 2010;

Boraik et al., 2010; Chevrier, 1947; Lauffray, Traunecker, & Sauneron,

1975) and a Roman Nilometer at Luxor Temple (Daressy, 1920; Lacau,

1934; Legrain, 1917). Geological investigations (Bunbury et al., 2008;

Ghilardi & Boraik, 2011) further indicate that the main channel of the

Nile hasbeenflowing in the central part of thefloodplain of theTheban

region for at least the last four millennia. In this period, the distal parts

of the convex flood plain were mainly occupied by flood basin back-

swamps (Butzer, 1976), which steadily aggraded through deposition

of fine sediments (clay-rich silts) during overbank flows of the annual

floods. It was within these environments, with fairly predictable and

regular supplies ofwater and sediment, that floodwater farming devel-

oped; the agricultural basis of the ancient Egyptian economy (Butzer,

1976; Said, 1993).
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F IGURE 3 (A)Map showing: anomalous field patterns and cropmarks (1), channels andwaterways (4–5), the historical position of the Nile chan-
nel (2) and mid-channel island (3). The white lines indicate the position of ERT survey transects (P46, P32-36). The dots indicate the locations of
boreholes undertaken. (B) Cropped section from theDescription de L’Egyptemap, showing the position ofNile channels and islands in the late 18th
century (Jacotin, 1821). (C) Position of historical waterways in the Thebes region (Murray, 1888—after Wilkinson’s 1830 survey). The position of
theMortuary Temples of Seti I (a), Ramesses II (Ramesseum) (b), Thutmosis III (c), Amenhotep III (e), and Birket Habu (6) are indicated in the frames
for reference
[Color figure can be viewed at wileyonlinelibrary.com]

3 METHODS AND MATERIALS

3.1 Mapping of flood plain deposits

Geoarchaeological surveying techniques were combined to investi-

gate the Holocene history of the present Nile flood plain. An inventory

was made of channels visible on georectified historical maps, as well

as cropmarks (local differences in vegetation) and anomalous field

patterns on satellite imagery to identify the possible location of former

channel routes (Fig. 3). Small canals and ditches with an anomalous

layout compared to the linear configuration of 19th century fields and

large canals were noted (Willcocks & Craig, 1913). These were used

to prioritize zones for further investigation of the subsurface. This fol-

lowed the assumption that anomalous field patterns, cropmarks, and

irregular ditches can signal preexisting archaeological features or a dif-

fering local subsoil that may have influenced later zonation efforts to

structure agricultural field systems or caused differential plant growth

(e.g., Trampier, Toonen, Simony, and Starbird, 2013;Wilson, 2000).

Lithological informationwas gathered fromboreholes and ERT pro-

files along a 3 km transect across the western flood plain (Fig. 3). The

exact positions of boreholes and ERT profiles were recorded using a

Leica Real Time Kinetic (RTK) base-rover global positioning satellite

system,with elevations referenced to the Survey of EgyptDatum (Gra-

ham et al., 2014). Boreholes were spaced at an average distance of no

more than 250 m apart, which is a length-scale smaller than the char-

acteristic dimension of geomorphological features in the Nile flood

plain and thus ensures that nomajor natural subsurface elementswere

missed. The borehole transect was undertaken in tandem with ERT
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profiles along the same line. ERT results were used to identify the loca-

tion of (sedimentary) anomalies or general lithological changes in the

subsurface, and provided information for deposits beyond the reach of

the coring; up to 20m instead of amaximum coring depth of c. 10m.

The ERT transects (settings in SupplementaryMaterial 2)were con-

ducted using the principle of earth resistance survey, measuring the

apparent resistivity below the surface of the ground (Schmidt, 2013;

Zakrzewski, Shortland, & Rowland, 2016). The nature of lithology,

sediments, and inclusions below the ground surface allows the passing

of an electrical current through the earth to measure the resistance

to the current in Ohms (Ω). The inclusion of the volume of material

that the current is passed through in the calculation of measurements

allows the apparent resistivity in Ohm meters (Ωm) to be measured

(assuming the homogeneity of the subsurface). This facilitates the

survey of profiles of resistivity values to assess the changing resistivity

of subsurface deposits at increased depth (Schmidt, 2013; Scollar,

Tabbagh, Hesse, & Herzog, 1990). A Wenner probe array (C,P,P,C

current/potential probe configuration) was used (Clark, 1996) with

a probe spacing along the ERT profiles at 2 m intervals, giving a

horizontal data resolution of 2 m and a vertical resolution of 1 m. The

resulting apparent resistivity data were processed with Res2Dlnv

software. Outlying values were removed manually through the data

edit function. This included removal of the third level of data in the pro-

files, which contained unusually high resistivity values across profiles,

potentially caused by thewater table levels and erroneous readings by

individual probes. The profile data were then passed through the least

squares inversion modeling, with up to 12 iterations used to produce a

model of the subsurface resistivity along each traverse (Graham et al.,

2012; Loke, & Dahlin, 2002). The ERT profiles are presented at a very

basic level, discriminating between sands, and fine (clayey) silt deposits

using an arbitrary twofold division; calibrated to <8 (fine silts), and >8

Ωm (sands) based on lithological information from boreholes. Three

different color ramp images of each profile are also presented in the

Supplementary section of this paper for comparison.

Boreholes were drilled using a standard Edelman augering kit

(coded AS; borehole diameter 70 mm) and a percussion corer (coded

PC; borehole diameter 75 mm). Sediments retrieved in 100 mm inter-

vals were logged in terms of their basic lithological characteristics.

Each sediment samplewasbaggedandweighed.Clastswere sievedout

from thematrix in classes of 2–4mm and>4mm.

3.2 Ceramic analysis and age-depthmodeling

More than 2100 ceramic fragments larger than 4 mm were sepa-

rated from the sieved clasts for further study and used to establish a

chronology for the sediments. The dating of each fragment produces a

maximum age for the facies that host it. Sherd diagnostics (e.g., fabric,

fabrication techniques, shape, surface treatment) were comparedwith

local well-dated reference collections developed from excavations and

documentation of finds at nearby Karnak and Luxor Temples (David

et al., 2016; Le Bohec & Millet, 2012; Masson, 2007, 2011, 2013,

2015, 2016; Millet, 2007, 2008) and many systematic ceramic studies

in the wider region (Arnold & Bourriau, 1993; Aston, 1999; Aston,

Dominicus, Ford & Jaritz, 2008; Bourriau, 2010; Bourriau, Nicholson,

& Rose, 2000; Rose, 2007). The ceramic corpuses included in these

studies are dated through a combination of relative stratigraphic

dating, absolute dating through the association of inscribed objects,

and radiocarbon dating of ceramic material and other nonceramic

artifacts from the same stratigraphic contexts (Bronk Ramsey et al.,

2010; Shortland & Bronk Ramsey, 2013). Age ranges were estimated

in a conservative manner to avoid over-interpretation based on rela-

tively small and sometimes abraded sherd fragments. Some fabrics are

typical for very specific periods in this region,while others are farmore

common and were produced over long periods of time, oftenMK-Rom

(Middle Kingdom to the Late Roman Period). As a trial for developing

an approach to ceramic information in age-depth correlations, the

estimated age ranges of all sherds retrieved from individual boreholes

were plotted versus depth. This was done on three basic assumptions.

First, no major age inversions should occur naturally. Second, an

overwhelming number of similar finds is more indicative of a certain

age than a single diagnostic sherd that may have moved down the

sedimentary sequence by bioturbation or downhole contamination

during coring. Third, the uppermeter of depositsmay contain evidence

of sebakh—fertilizing fields with nitrogen-rich archaeological matrix

removed from nearby sites; a practice that may have begun as early

as the Roman Period (Quickel & Williams, 2016; Wallace, 1938), but

which is known to have taken place at an industrial scale throughout

Egypt in the 19th and first half of the 20th centuries with, for example,

the temple ofMedinet Habu being heavily dug during this time (Bailey,

1999; Hölscher 1934; Quickel &Williams, 2016).

Sedimentation rates were estimated from the resulting ceramic

age-depth diagrams and related to the interpreted fluvial setting

(e.g., channel fill or flood basin) in order to test the general validity

of the age–depth models. This approach worked well at sites with

an abundance of ceramic finds, generally exceeding 100 pieces per

borehole. At other locations, lithostratigraphic correlations of sedi-

mentary units across the flood basin allowed assignment of ages to

deposits despite a local lack of abundant direct dating material. These

lithostratigraphically derived ages were locally verified with sporadic

diagnostic ceramic finds. Periods of decreased sedimentation were

inferred from the presence of two distinct paleosols with a concen-

tration of calcareous and manganese nodules. The ages of these pale-

osolswereestimatedbasedona combinationof directly ceramic-dated

cultural horizons and at other places on reconstructed sedimentation

rates. Their presence and age is relevant in discussions of the effects

of basin-wide hydroclimatic signals on cultural dynamics and major

changes in the regional fluvial landscape.

4 FLOOD PLAIN DEPOSITS OF THE

THEBAN REGION

4.1 Lithology and nesting of sedimentary units

The borehole information (Fig. 4B) indicates three main lithological

zones: (i) fine-grained deposits in the central western flood plain, (ii)

relatively coarse-grained deposits in a ∼1.2 km zone adjacent to the

present Nile, and (iii) sandy deposits centered around a fine-grained
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F IGURE 4 (A) Inverse model from ERT readings with tag numbers for reference in the main text (upper frames). The black arrow in P46 marks
a confined area of very high resistivity (>200 Ω m; Supplementary Material 3), which corresponds with the location of a small ditch or channel
in Wilkinson’s (1830) survey (Fig. 2C); probably filled with rubble in the 20th century but not further investigated in this study. (B) A schematic
(generalized) lithological profile of the western flood plain region; (a) coarse-grained substratum with fining upward sequence, (b) central flood
basin, (c) NK channel lag, (d) laminated channel-fill sequence and clay plug, (e) levee, (f) crevasse splay, (g) Nile channel deposits, sandy channel fill,
and (h) mid-channel bar (gezira)
[Color figure can be viewed at wileyonlinelibrary.com]

unit in a 400-m wide zone adjacent to the western flood plain–desert

transition. In this third zone, samples contained numerous ceramic

fragments occasionally down to 10m below the present surface.

The central part of the flood plain (AS52 to PC08) is dominated by

relatively fine-grained deposits with a dark brown to very dark grayish

brown color (7.5YR 3/3 – 10YR 3/2), characteristic for Nile overbank

mud. Starting from∼10mdepth, there is a gradual fining upward trend

with slightly loamyfine tomedium-coarse sands (80-350𝜇m) at∼67m

above mean sea level (+msl) that grade within 1 m into loamy fine

sands and coarse silts (30–80𝜇m; Fig. 4B). This transition is also clearly

reflected in the ERT data (Fig. 4A). The upward fining is accompanied

by a decrease in the occurrence of millimeter-sized mica minerals. The
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sands in the deepest part of the boreholes are poorly sorted, contain

up to 5% rounded gravels (max. Ø ∼5 mm), and are characterized by

millimeter to centimeter scale laminations. Between AS54 and AS55,

the upper ∼7 m consists of homogeneous fine silts ranging in texture

from silty clay loams to silty clays (5–30 𝜇m). Toward the west (AS52

to AS53), deposits are generally coarser with higher resistivities (P32;

Fig. 4A). Coarse silts reach up to ∼73 m +msl and only the upper 3 m

are dominated by finer silty clay deposits. Further east (AS57 to AS58),

the general fining upward trend is interrupted between 68 and 71 m

+msl by fine sands and loams (70–150 𝜇m) that are relatively rich in

mica minerals. This unit is separated from the lowest sandy stratum by

more than 1 m of silty loams. Throughout all the cores of the central

flood plain, small quantities of distinctive, individual sand grains are

dispersed within the fine-grained matrix. Based on their polished

appearance, it was assumed that these quartz grains are of local desert

origin and transported onto the flood plain during (frequent) dust

storms (Garzanti, Ando, Padoan, Vezzoli, & El Kammar, 2015).

The 1.2 km zone adjacent to the current Nile features consid-

erable variability in surface topography, contrasting with the flat

landscape to the west. From west to east, the surface level first rises

to ∼77 m +msl (AS59 and PC08), then sharply drops to ∼75 m +msl

in a well-defined 200-m wide elongated surface depression with a

north-south alignment (AS60 and AS61; Fig. 3) that corresponds with

the position of the Nile in the 19th–early 20th century (Fig. 3B). Then

the surface abruptly rises again to the east and gradually increases in

elevation to its highest point close to the current river Nile. Between

AS59 and PC08, there is a strong eastward coarsening in deposits:

AS59 is dominated by coarse silts with minor variations in texture and

sorting, but PC08 features repetitions of well-sorted sandy intervals

(Fig. 4B) with a high mica content. Below 70 m +msl cross-bedded

sands (250 𝜇m) were encountered with a distinctive richness in

mineralogy (e.g., feldspar, epidote, amphibole, and pyroxene minerals

in contrast to the otherwise almost pure quartz sands; Garzanti

et al., 2015) that is similar to sands found in cores AS60 to AS66.

The deposits encountered between AS60 and AS61, both positioned

within the topographic depression, are relatively coarse-grained (150-

250 𝜇m) and fairly well sorted. Visually distinct sub centimeter scale

laminations, evidenced by subtle changes in texture and mineralogy

of the sand, are frequent. Due to liquefaction of the sands below

the groundwater level (generally between 3–4 m below the present

surface), coring depth was limited in these locations. ERT data (P34),

however, suggest a continuation of coarse deposits at greater depths

(Fig. 4A). Further to the east of AS61, as the surface rises between

the surface depression and the current Nile channel, five cores all

featured a sequence ofwell-sorted distinctive quartz and feldspar-rich

sands (150-300 𝜇m) below ∼72 m +msl, overlain by a unit of finer

sediments ranging from coarse silts to brown-yellow sands with

frequent laminations.

Between AS51 and PC01, a central fine-grained sedimentary “plug”

is surrounded by sandy deposits that reach higher up in the profile. The

central plugoffines (coreAS43; Fig. 4B) followsageneral finingupward

trendover∼10mfromsmall gravels (2mm)below67m+msl to clays in

the upper meter. Below 69 m +msl, sediments are highly laminated at

a centimeter scale with gravelly layers and sandy and loamy beds con-

tainingup to20%clay.Above∼69m+msl a rather abrupt (non-erosive)

transition to finer-grained deposits occurs, which persist for the upper

7 m of the core. These fine silts (16–32 𝜇m) are well sorted and lack

clear visual laminations.

To the west and east between 70 and 74m+msl, the central plug of

fine silts is flanked by well-sorted deposits of coarse silts to fine sands

(32–105 𝜇m), which show repetitive internal fining upward trends in

several stacked 1–2 m thick sets. The occurrence of sands up to the

surface is also clearly visible in the ERT profile, alongwith high resistiv-

ity measurements that correspond to the sandy deposits of the desert

edge (labeled 46.1–46.3 in Fig. 4A). Eastward of AS49, the sets display

an increased heterogeneity, but generally they fine and grade into the

silts of the central flood plain. Above ∼74 m +msl, the uppermost fin-

ing upward set is covered by a drape of fine silts of a similar texture

to the silts in core AS43. This drape thins to the east; it is 2-m thick

in core AS50, only 1-m thick in AS42, and absent in AS49 and PC01

(Fig. 4B).

4.2 Paleosols and ceramic fragments

The flood plain yields indicators for soil formation at two distinct lev-

els that comprise traceable zones of particularly frequent occurrences

of calcareous (and manganese) nodules and streaky white mottling

(amounting up to as much as 40% of the matrix). The calcareous nod-

ules are often dendritic in shape and contain a central hollow axis,

which suggests that they are rhizoliths of calcium carbonate that pre-

cipitated around rootlets of plants that have taken up calcium-rich

groundwater (Klappa, 1991; Retallack, 1990; Wright & Tucker, 1991).

The highest concentrations of nodules and mottling occur between

71–73 m +msl, and 69–70 m +msl (Fig. 4). The upper zone is consis-

tently found in all cores from the western desert edge to PC08. The

lower zone is, however, not found west of borehole AS52, and is less

well developed than the upper zone at nearly all locations. To the east

of PC08, nodules were largely absent, and no signs of paleosol forma-

tion have been identified in this region.

Ceramic material is distributed irregularly along the transect. Parts

of the fine-grained flood plain deposits contain relatively few sherds:

between AS54 and AS56 only 7–15 pieces were extracted per core

after sieving, not taking into consideration very small (<2 mm) or

degraded fragments. Increased sherd occurrence is observed toward

the western part of the flood plain, west of AS54 (Fig. 5; Table I).

The vertical distribution of sherd material also varies. Between AS49

and AS56, sherds are rarely encountered below 4 m depth (∼72 m

+msl); they are most densely concentrated in the top meter, presum-

ably partly as a result of sebakh, and at 3–4mbelow thepresent surface

(∼72–73m+msl).

Between boreholes AS51-53 and AS58-59, sherds occurred in

greater density and up to depths of 10 m below the present surface.

Especially in AS50, PC01 and AS53 sherds occur in far greater density

thanelsewhere: 839sherd fragments larger than4mmwere recovered

fromAS50 alone (Table I), with highest concentrations between 68 and

72m+msl (Fig. 5).
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F IGURE 5 Ceramic fragments and age-depthmodels for selected cores (AS43 in SupplementaryMaterial 4)
Notes: The left frame shows the number of diagnostic sherds, groupedper ceramic type (potentially coming from the samevessel, broken inmultiple
fragments) andplottedon its depthof recovery. In themiddle, the general lithology and indications for calcareous (Ca-soil: blackbars) soil formation
and sebakh (S: white bars) are indicated. The right frame plots the age range for each individual type of fabric at the depth of recovery. Dashed lines
indicate uncertain determinations, often due to poor preservation of the ceramic fragments. Conservative age-depth inferences are depicted in
a gray shade. Along the right axis, estimated accumulation rates are shown for increments that could be distinguished based on the available age
information.
[Color figure can be viewed at wileyonlinelibrary.com]
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TABLE I Summary of ceramic finds larger than 4mm in boreholes after sieving

Borehole
Surface Elevation
(m+msl)

Sherd Count
(>4mm)

TotalWeight
(g)

MaximumDepth of
Occurrence (m Below
Surface)

AS51 75.2 31 15 5.7

AS50 75.7 839 591 8.1

AS43 76.0 129 89 10.2

AS42 75.6 50 32 6.2

AS49 75.7 38 31 6.8

PC01 75.8 187 474 7.3

AS52 75.7 66 65 9.2

AS53 75.8 154 39 6.1

AS54 75.7 15 6 5.3

PC07 75.9 12 2 5.3

AS55 75.6 7 3 6.8

AS57 76.0 7 1 3.1

AS56 75.9 10 2 7.4

AS58 75.8 36 12 8.4

AS59 76.6 42 18 10.0

PC08 76.5 6 3 8.8

AS60 75.2 6 1 1.7

AS61 75.6 8 4 5.3

AS62 76.2 7 2 4.4

AS63 76.4 9 3 5.5

AS64 76.3 7 10 4.7

AS65 76.5 15 6 5.6

AS66 76.5 1 <1 4.6

Boreholes are arranged from west to east (top to bottom in table). Boreholes coded AS were hand-augered, while those coded PC were cored with the
percussion corer.

4.3 Age–depth inference

Because of the spatial sedimentary heterogeneity, due to different for-

mation processes (Section 5), a single age–depth model for the entire

flood plain would be imprecise and incorrect. Hence, sedimentation

rates are likely to be spatially and temporally inconsistent, and the

ages of deposits at similar depths are likely to vary. Age–depth mod-

els and the resulting estimated sedimentation rates are largely based

on the three cores with highest sherd occurrences (AS50, PC01, and

AS53), each representing different geomorphological elements in the

landscape (channel-fill, levee, and flood basin respectively; Section 5).

These three locations can be used to provide age information for

deposits found elsewhere in the same general setting, because of the

spatial consistency of some sedimentary units (Fig. 4).

In the westernmost part of the flood plain, 101 sherds of an

exclusive NK age were found in AS50 between 67.5 and 72 m +msl

(Fig. 5), strongly suggesting an NK age for these deposits. The same

interval is marked by many fabrics that were in use continuously

from the MK-Rom Period, which thus do not contradict a specific NK

age. In the same interval, only five MK-Second Intermediate Period

(SIP) fragments potentially conflict with a NK age (Fig. 5). However,

the concentration of these MK-SIP sherds in a confined 0.5 m thick

interval located at ∼69.5 m +msl could be related to the NK dumping

of older ceramic material—perhaps the clearing of nearby land littered

with older archaeological remains.

From 72 to 75 m +msl there are fewer sherds and (with the excep-

tion of the uppermost meter) no sherds with a specific NK age were

found. Dates of the fragments range from MK-Rom, but MK–NK ages

for these deposits are implausible based on the NK age of the deeper

strata. The scarcity of diagnostic fabrics complicates the establishment

of a precise age of these deposits. Nonetheless, the relatively high fre-

quencyof sherdswith anage range including the lateperiod (LP), Ptole-

maic (Ptol), andRomanperiods suggest such an age for thedeposits. An

LP-Rom age for this sedimentary unit (Fig. 4) is more evident in cores

AS43 (Supplementary Material 4) and PC01 (Fig. 5), located ∼250 m

to the east (Fig. 3). At all coring locations, the upper meter consists of

an inhomogeneous mixture of MK-Rom sherd material, which is most

likely in part the result of deposition of sebakh.

Sedimentation rates can be estimated based on the chronostrati-

graphic control afforded by the sherds. The ceramics in cores AS50

and AS43 suggest that, locally, 5 m of fine-grained deposits accumu-

lated during the NK (67.5–72.5 m +msl: Fig. 5), which equates to
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accumulation rates of at least 10.4 mm/yr (considering the full dura-

tion of the NK period for deposition). Following this, the upper ∼3.3 m
must have accumulated from the end of the NK until the Aswan High

Damwas completed in the 1960s. This equates to an average accumu-

lation rateof∼1.1mm/yr since1069B.C.E. Thedifference in accumula-

tion rates is supported by the general lithology, with the upper meters

recording more fine-grained deposits (Fig. 4), indicating low energetic

distal backswamp conditions in a fluvial context.

CorePC01 returned a total of 187 ceramic fragments. Nearly all the

sherds in this core are concentrated between 74.5–75.5 m +msl and

73–74 m +msl (Fig. 5). The lower cultural layer is dominated by NK

fragments, amidst fabrics with a broader age range. No sherds were

specifically diagnostic to any period later than the NK; thus an NK

date seems plausible for this horizon. The upper cultural layer yields

sherds with much more diverse dating ranges. A Roman–late Antiq-

uity date (30 B.C.E.–640 CE) seems most plausible for this horizon as

there is a strong increase in LP-Rom sherds with various specimens

that are attributed exclusively to the Roman and the Late Roman peri-

ods. Below 73m+msl, ceramic fragments are very scarce but the diag-

nostic fabrics are consistent with an MK date. The data are, however,

too limited to unambiguously assign the sediments to this period. Thus,

assuming an NK age at ∼73 m +msl, the upper 3 m of sediment must

have formed since 1539–1077 B.C.E., which equates to a mean accu-

mulation rate of ∼0.8–1.0 mm/yr (based on the start and end dates of

the NK and the termination of deposition following the construction

of the Aswan High Dam). Accumulation rates further down the core

are more difficult to assess because independent dating information is

largely absent.

In core AS53, within the central fine-grained flood plain region,

153 sherd fragments were recovered. Again, there are two levels of

increased ceramic concentration; between 70 and 72 m +msl and in

the uppermost meter. The upper meter in this core is interpreted to

have been disturbed by sebakh, but MK–NK ages are strongly sup-

ported between 70 and 72 m +msl. Based on the ceramic age-depth

information, it is clear that the upper∼4m (72–76m+msl) of sediment

has accumulated since the NK at an average rate of ∼1.0–1.3 mm/yr.

The lower 2 m of deposits may yield higher sedimentation rates with

maximum ∼2.0 mm/yr (Fig. 5), based on the dispersed occurrence of

MK–NK ceramics. The exact sedimentation rates in the lower part are,

however, more difficult to constrain because all ceramics are of similar

age range.

Further to theeast (betweenAS54andPC08), ceramic recoveryand

thus available age information decreases. The few diagnostic sherds

that have been recovered in this zone correspond generally with the

cultural stratification at cores AS53 and PC01. The uppermost meter

contains mixed material and has most likely been enriched with rel-

atively old ceramics from sebakh, but similar to PC01 there is still a

strong indication for a Roman date in the upper meter. The data sug-

gest NK levels are certainly lower than ∼74.5 m +msl, with most MK–

NK ceramics scattered between 69 and 72.5 m +msl. Based on the

lateral correlation of sedimentary units and cultural horizons, supple-

mented by local ceramic finds, estimated accumulation rates range

between 0.8 and 1.4mm/yr for the uppermeters.

5 GEOGENETIC INTERPRETATION

5.1 A new kingdom branch of the Nile

The sediments between boreholes AS50 and AS49 (Fig. 3) are inter-

preted as having been formed by a minor branch of the Nile, which

was active during (and probably at least some centuries before)

the NK. The nesting of deposits and sedimentary sequences are

typical for an infilled channel (Toonen, Kleinhans, & Cohen, 2012),

with (i) bed-load deposits at the base representing the channel lag

during active flow (AS43 and AS50), (ii) fine-grained levee deposits

that fine and thin toward the east (70–74 m +msl; AS42, AS49, and

PC01), and (iii) a fine-grained sedimentary plug with sandy individual

flood units (AS43 and AS50). The successive transformation from

an active river channel to common flood plain is marked by a fining

upward trend, which confirms a gradual declining influence of river

flow and decreasing energetic conditions and sedimentation rates.

The chronostratigraphic information from the sherd material lends

further weight to the interpretation of an infilled river channel in

this area, as it confirms an NK palaeotopography comprising a local

depression at 67.5 m +msl (AS43 and AS50) flanking elevated levees

at 73 m +msl (AS42, AS49, PC01), and a relatively low backswamp

area at 70–72 m +msl (AS52 and further east). Deposition was very

rapid as the channel silted up with rates averaging up to 10.4 mm/yr,

which is of a magnitude larger than the deposition of fines on the

elevated levees and the surrounding lower lying flood basin (around

1.0–1.3mm/yr).

It is difficult to establish when and how this minor branch came into

existence, because deposits of the initial phase are not preserved due

to later fluvial erosion. Levee formation prior to the NK is suggested

by the presence of coarser material (105–250 𝜇m) directly under-

neath the NK levels in AS42, AS49, and PC01 (Figs. 4 and 5). The rel-

atively well-developed levees and incised channel base suggest fluvial

activity and bed formation for a prolonged period, potentially placing

the onset of fluvial activity in the MK, but conclusive information is

lacking.

The channel seems to have migrated little, as sandy deposits do not

extendmuch beyond the zone of ceramic infill (AS43 and AS50; Fig. 5).

Furthermore, no coarse bed-load deposits were found between PC01

and PC08 nor were they detected on the ERT profiles, which indicates

that no river channel has occupied this part of the flood plain in the

last fewmillennia (see also Section5.2). As no continuous lateralmigra-

tion from the central valley axis to the desert edge has occurred, an

upstream avulsion must have forced the diversion of river flow. In a

typical convex flood plain of low-gradient river systems, ongoing levee

development can result in low-lying, sediment-deprived backswamp

areas (Butzer, 1976; Lewin, & Ashworth, 2014). Presumably triggered

by large flood events, such as those recorded in the Nubian Nile Val-

ley during the early part of theMK (Butzer, 1997; 1998; Macklin et al.,

2015; Vercoutter, 1966), levees could have been breached and new

channel routes established, exploiting the lowest regions in the back-

swamp area.

The extent of sandy deposits and channel infill indicate that this

channel had a maximum width of ∼250 m. This channel width could
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not have been sufficient to carry the full discharge of the Nile and

must have been a minor branch (Butzer, 1976; Willcocks, and Craig,

1913). During its active phase, maximum depth during bankfull dis-

charge would have been ∼7 m (∼74.5–68 m +msl: height difference

between the channel lag and the top of levees), which implies that this

channelmay have carried flow throughout the year because the annual

flood at Thebes is thought to have had a similarmagnitude (Said, 1993;

Seidlmayer, 2001; Willcocks, & Craig, 1913). For the local landscape,

thismeant that the currentwestern flood plain areawould have been a

“water-locked” region during theNK, located between theminor chan-

nel near the desert edge and the main Nile channel that was present

in the central axis of the Nile Valley, based on the quay structures and

sedimentary record at Karnak (Fig. 2; Boraik, Gabolde, and Graham,

2017; Bunbury et al., 2008).

Abandonment of the channel was probably rather gradual in its ini-

tial stage, as a considerable part of the channel has filled with fine-

grained sandy deposits (63–150 𝜇m; AS43 and AS50). This requires

a maintained open connection with the active Nile branch to convey

bed load from upstream into the abandoning channel where deposi-

tion could occur due to waning energetic conditions (Toonen et al.,

2012). During abandonment, the channel was used for the dump-

ing of refuse from the NK temples located nearby (Fig. 2), based

on the vessel types and low abrasion of ceramics (Graham et al.,

2016).

5.2 Flood basin formation and deposition

The substrate of the Nile flood plain is coarse-grained and must have

formed in a strikingly different setting compared to the flood basin

setting with deposition of overbank fines of the last millennia. Var-

ious studies have suggested a transition in fluvial style during the

Holocene in response to climate change, mainly aridification (Butzer,

1998;Macklin et al., 2015; Said, 1993), that occurred roughly between

c. 5000–2500 B.C.E. (Castañeda et al., 2016; deMenocal et al., 2000;

Gasse, 2000; Hennekam, Jilbert, Schnetger, and de Lange, 2014; Krom,

Stanley, Cliff, and Woodward, 2002; Woodward, Macklin et al., 2015).

While the modern Nile system with its low-sinuosity channel and mid-

channel bars is typical for the middle and late Holocene (Butzer, 1976;

Said, 1993), there was a different Nile system with a more violent dis-

charge regime, a braided channel pattern, and coarser deposits (with

large sediment inputs from wadi systems; Woodward, Macklin et al.,

2015) prior to this time. This shift in fluvial style seems to correspond

with the transition from coarse to fine sediments observed around

∼67 m +msl in the boreholes and ERT profiles (Fig. 4) and is corrob-

orated regionally by the geological survey of Attia (1954), who simi-

larly found coarse-grained deposits >11 m below the present surface

in the Luxor region. The onset of flood plain formation is thought to

coincide with a reoccupation of the flood plain by humans in the Nile

Valley (Honegger & Williams, 2015; Kuper & Kröpelin, 2006). If the

5000–2500 B.C.E. age (range) for the lithological transition is adopted

in the age–depth model for PC01, conservatively estimated sedimen-

tation rates range between 1.4 and 5.3mm/yr for the lower part of the

flood basin (between 68 and 73m+msl).

The fine-grained deposits found in the upper ∼8 meters between

AS52 and AS59 are typical of a flood basin environment in which

sediment has accumulated during annual overbank events. The sandy

deposits between 68 and 71 m +msl at boreholes AS57–58 are the

only exception but may have been formed by a crevasse splay (based

upon the minor size of the sand body), which concords with the over-

all impression of a low-lying flood basin environment (in which avul-

sions can also occur). Thewell-sorted fine to coarse silts settled in low-

energetic flow or standing water during the waning stages of annual

Nile floods. The overall fining upward sequence may be a logical trend

following a slight incision of the meandering channel, in combination

with the gradual formation and growth of levees following the major

shift in discharge regime and fluvial pattern, and a steadily declining

Nile discharge since 5000 B.C.E. with smaller floods resulting in finer

overbank deposits. Rising levees would increasingly limit the depo-

sition of (coarse) sediments across the river valley, and result in the

typical convex flood plain of the Nile (Butzer, 1976). These patterns in

deposition and sedimentation rates could also have potentially been

caused by lateral eastward migration of the main Nile channel. How-

ever, such a driver can be largely ruled out in regard to the fining

upward of flood basin deposits on thewest bank. Direct evidence from

sedimentary information from the east bank is largely lacking but vari-

ous archaeological structures suggest the presence of aNile channel in

the central axis of the valley in the last fourmillennia (Fig. 2). Even if an

anabranch existed in the present east bank region, sediment conveyed

into thefloodbasin on thewest bankwould bederived from thebranch

in the central valley axis and theNKbranch at thewestern desert edge.

The activity and abandonment of the NK branch probably influenced

sedimentation rates only locally, as suggested by the reconstructed

sedimentation rates and general flood basin lithology; the central part

of the flood basin seems largely unaffected by reconfigurations of the

local fluvial landscape (NK channel and establishment of the 19th cen-

tury channel), as these do not significantly overprint the overall fining

upward trend. Therefore, the central part of the flood basin could thus

be representative for the general (minimum) background sedimenta-

tion rates in the region.

The reconstructed 0.8–1.4 mm/yr of flood basin deposition in the

upper meters fits well with generally assumed or inferred accumula-

tion rates in the Theban region and Nile Valley more generally (e.g.,

Ball, 1939; Bunbury et al., 2008; Pacha, 1896). Using this range in

rate of sediment accumulation, the cessation of deposition of much

coarser deposits at 67 m +msl can be exploratively suggested to

date between 9,000 and 4,700 B.C.E. This most certainly is, how-

ever, a maximum age as accumulation rates were higher in the period

before the NK, suggested by the notions that a general fining of sed-

iments usually goes hand in hand with a decrease in sedimentation

rates (the deeper strata are uniformly coarser than the top), and

that other studies have demonstrated a decrease in sedimentation

rates over the last few millennia (Butzer, 1959; Ghilardi & Boraik,

2011). Considering these observations, the major transition in fluvial

style thus approximately matches the aridification between 5000 and

2500 B.C.E. (e.g., Butzer, 1980; deMenocal et al., 2000; Krom et al.,

2002).



284 TOONEN ET AL.

6 DISCUSSION

6.1 Cultural dynamics and the fluvial landscape

The Nile valley has been occupied by humans during much of the

Late Pleistocene and Holocene periods (Butzer, 1976; Honegger, and

Williams, 2015; Said, 1993). Archaeological sites of prehistoric date

are clustered on what is currently the desert edge (Honegger, &

Williams, 2015; Takamiya, 2008; Vermeersch, Paulissen, and vanNeer,

1990; Wendorf, & Schild, 1976), perhaps situated out of reach of

turbulent Nile flows that prevailed during the earlier part of the

Holocene (Butzer, 1998). The cultural migration into the Nile Valley

broadly corresponds in time with the establishment of the modern

(fine-grained) Nile flood plain after 6000 B.C.E. (Butzer, 1976; Honeg-

ger, and Williams, 2015; Said, 1993). It was upon this flood plain that

the inhabitants of the valley then developed methods of floodwater

farming, cultivating emmer wheat and barley (Wengrow, 2006). These

crops formed the agricultural basis for development of the Ancient

Egyptian state,which arose in the late fourthmillenniumB.C.E. (Butzer,

1976;Macklin, & Lewin, 2015).

In the Theban region, there is little evidence for flood plain utiliza-

tion and widespread floodwater farming before the MK. Archaeologi-

cal sites of a Predynastic (PP) toOld Kingdom (OK) (4000-2120 B.C.E.)

age are uncommon in the area (Dorman, &Bryan, 2007;Gabolde 2013;

Takamiya, 2008). Obviously, silt deposition and flood plain formation

started before the MK–NK in the research area, because thick silty

strata were found below cultural deposits of this age (Fig. 5). There-

fore, it seems unlikely that the fluvial landscape exerted a pivotal role

in the local cultural dynamics between the PP–MK; the flood plain was

already in existence before the MK–NK and not susceptible to catas-

trophic changes, as shown by the gradual changes in lithology (Fig. 4).

In addition, no cultural response (e.g.,major changes in settlement loca-

tions or utilization of the riverine landscape) can locally be correlated

with the major change in fluvial style between 5000 and 2500 B.C.E.—

but such observations depend hugely on the data availability in the

region, which is currently limited.

It is evident that a waterway was active during the NK in the west-

ern periphery of the Nile flood plain. This waterway was probably a

natural channel: the nesting of deposits and the dimensions of the

infill give no reason to suspect anthropogenic forcing of the aban-

donment of this waterway (Fig. 4). However, theoretically the chan-

nel could have its origins in a human-made feature, such as a canal

that was taken over by regular river flow, since the lithology only pro-

vides an insight into the later stages of activity and channel aban-

donment. Although examples for this are not available from the Nile

flood plain, human manipulation of waterways and the construction

and maintenance of canals is known from contemporaneous ancient

Mesopotamia (Heyvaert, & Baeteman, 2008). It is likely that ancient

Egyptians exploited the opportunities that this branch offered and that

the channel came to play an important role in the development of the

Theban ritual landscape. This could explain apparent representations,

albeit highly stylized, in NK tomb scenes (e.g., in the Khons TT31 and

Neferhotep TT49 tombs: Davies, 1933; Schlüter, 2009; Wreszinski,

1923).

This minor river branch would have facilitated the transport and

on-site delivery of construction material in the form of stone blocks.

The existence of this channel would, however, probably not be wholly

required for these constructions as the extensive labor force avail-

able for these projects could have allowed for the transport of blocks

over considerable distances anyway—albeit with more effort through

the construction of roads and ramps (e.g., Bloxam, Heldal, and Store-

myr, 2007; Klemm, &Klemm, 2008). However, delivery of construction

stone to the royal cult complex of Ramesses II by boat is known from

texts found in the temple (Kitchen, 1991). The river branchwould have

also greatly facilitated the delivery of colossal statues, such as those

known from the Temples of Amenhotep III and Ramesses II. Further-

more, the existence of this river branch enables reconsideration of the

procession of Amun in his sacred barge during the Beautiful Festival of

the Valley and allows for the reinterpretation of the elusive location of

the mryt (riverbank-marketplace). The mryt was a place where goods

were exchanged, where washermen did the laundry and the “court”

was located. It is referred to in many texts from the Workers’ Village

of Deir el-Medina nestled in the Theban hills west of Amenhotep III’s

temple (Černý, 1973; Eyre, 1992; Kemp, 2006;McDowell, 1990, 1994;

Ventura, 1986).

The gradual abandoning of the branch during or at the end of the

NKwas probably not a causal factor in the cessation of construction of

royal cult temples. Even without new temples, the importance of the

Theban cosmogonical landscape with its symbolic festivals persisted

long after the end of the NK. This suggests that the developing polit-

ical instability and eventual devolution, along with the accompanying

cultural changes at the end of the NK, were more important for the

termination of temple construction on the West Bank than the aban-

donment of a local river branch. Nonetheless, the presence of the NK

minor Nile branch could still have played an important role in the con-

figurationofhumanactivities in theancient landscape, at least at a local

level. The specific planning and layout of temple complexes on the adja-

cent desert edge and the high-density clustering of royal cult temples

at the location where the river channel was very close to the higher

grounds (Fig. 6) could be largely related to the local land- and water-

scape. Large complexes such as the royal cult Temple of Amenhotep

III, the Ramesseum, and potentially Medinet Habu seem positioned to

face the location of the abandoned channel (Fig. 6). Amenhotep III’s

Temple even extends into the flood plain and may have approximated

the former levee of the river branch, which probably signifies the sym-

bolic importance regarding rejuvenation and rebirth reflected by the

river and floods to the ancient Egyptian civilization (Assmann, 2005).

Currently no data or indications from anomalous field patterns are

available to trace the upstream and downstream route of the minor

channel. For thedownstreamroute, the channelmusthave curvedback

at some point toward themain axis of theNile valley to join upwith the

main river because the Holocene alluvial valley narrows directly to the

north (Fig. 2). It would thus have been positioned closely to the wadi

outwash that connects to the Valley of the Kings and reveals that the

Royal Cult Temple of Seti I could also have been close to the waterway

(Fig. 6).

For the upstream region it ismore uncertainwhere the channel was

positioned and where it branched off the main river. In this respect
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F IGURE 6 Reconstruction of theNKfluvial landscapewith themain geomorphological elements and suggested upstream and downstream loca-
tions of the NKNile branch
Notes: Dots indicate borehole locations, labels for archaeological sites are provided in Figure 1. Blue colors suggest the maximum open channel
width, yellow indicates the width of sandy deposits (levees and crevasse splay deposits).
[Color figure can be viewed at wileyonlinelibrary.com]

the location of Birket Habu (Fig. 2), thought to be an ancient harbor or

ceremonial lake (Kemp&O’Connor, 1974), is interesting because it has

not yet been associated with a Nile channel running in its proximity.

Future studies are planned to tie this location and other important

archaeological sites to the fluvial landscape and which could offer

further explanation regarding the selection of site locations and how

the Nile influenced cultural dynamics in the Nile Valley.

6.2 Hydroclimatic variability in the Nile basin

Several studies have reported on the relationship between hydrocli-

matic change in the Nile basin, the occurrence and magnitudes of

floods, and periods of cultural flourishing, resilience, and breakdown

(e.g., Butzer, 2012; Macklin, & Lewin, 2015). Hydroclimatic change

is often registered in the fluvial record, for example, as individual

sedimentary units associated with extreme floods, depositional hia-

tuses, and soil or crust formation in periods of failing floods and

drought, and phases of channel contraction and entrenchment ver-

sus episodes of aggradation (Macklin et al., 2013; Macklin et al., 2015;

Toonen, Foulds, Macklin, & Lewin, 2017). The geoarchaeological infor-

mation of the Theban region presented here demonstrates that there

have been periods of river avulsion and abandonment, and that the

flood basin features several distinct calcareous paleosols, which are all

potentially related to periods of hydroclimatic change.

The two distinct calcareous paleosols were identified based on

an increased occurrence of calcareous nodules and a white coloring

of the sediment matrix. A well-developed upper paleosol is located

between 71 and 73 m +msl and a second, slightly less developed

zone around 69 and 70 m +msl (Fig. 4). These horizons are consistent

across the transect in the western flood plain, except at the location

of the minor branch of the Nile where only a single well-developed

(upper) paleosol horizon was found (Figs. 4 and 5). The occurrence of

NK ceramics at similar levels as the upper paleosol suggests that very

limited overbank deposition occurred in the late NK (Figs. 4 and 5),

contemporaneous with the drying out of the NK river branch. The late

NK date for paleosol development corroborates evidence from other

studies for lowNile flows in the second half of theNK (cf. Butzer, 2012;

Macklin et al., 2015; Said, 1993), and coincides with the decline of the

NK. Similar to the Theban region, a period of channel abandonment

was dated to shortly after 1300 B.C.E. in Northern Sudan, near Amara

West (Fig. 1; Woodward, Macklin et al., 2015). There, the change in

flood plain configuration is suggested to have had a major impact on

the local riparian societies (Spencer, Macklin, & Woodward, 2012;

Woodward et al., 2017). The same period is also marked by dunefield

migration into the Nile flood plain and regional development of salt

crusts (de Heinzelin, 1968).

The lower paleosol is found only in the flood basin deposits (Fig.

4), located roughly 1–2 m below the NK horizon. Its precise age is

unknown due to a lack of archaeological material or independent dat-

ing information, but based on the suggested sedimentation rates in

the deeper part of the flood basin (1.4–5.3 mm/yr; Fig. 5), it can be

assumed to be between c. 200 and 1400 years older than the NK. This

places the age of this lower paleosol conservatively between 2950 and

1750 B.C.E., which broadly overlaps with the period of failing floods

and drought that coincided with the end of the OK period (2200 and

2150 B.C.E.; Butzer, 2012; Said, 1993; Stanley, Krom, Cliff, & Wood-

ward, 2003). In the same period, declining discharges of the Nile have

been recorded in Nile delta deposits and Mediterranean marine sedi-

ments (Blanchet et al., 2013; Krom et al., 2002) and have been linked

with the widespread 2200 B.C.E. climate event (e.g., Gasse, 2000). The
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correlation between the lower paleosol and historical droughts is ten-

tative, due to the relatively large uncertainty in age, and requiresmore

detailed study. If it canbeconfirmed that the lowerpaleosol is indeedof

OK age, it directly tiesMediterranean (marine) records to geoarchaeo-

logical observations and climate proxy records from upstream riverine

regions and lakes in theupstreampart of theNilebasin (e.g., Krometal.,

2002;Williams, 2009).

7 CONCLUSIONS

The subsoil of thefloodplainwest of thepresentNile at ancient Thebes

(Luxor, Egypt) is characterized by the presence of fluvial deposits that

provide evidence for the former existence of a minor branch of the

river Nile that silted up at the end of the NK period. A flood basin

divided the NK channel from the main channel belt of the Nile in the

central axis of the valley, and indicates that theminor branch came into

existence by a regional partial river avulsion and not by gradual lateral

migration of the river bed. The preserved facies of the abandonment

phase give no reason to suspect humanmanipulation of the fluvial sys-

tem. However, initial stages of channel establishment cannot be fully

investigated as later (natural) flow has eroded and obscured previous

deposits, and the former avulsion node still has to be located.

The presence of awaterwaywould have been important for cultural

dynamics in the region by tying together the ritual places in the various

parts of the fluvial landscape by facilitating transport between them

by providing a way of easy access by boat to royal cult temple com-

plexes and construction sites that had tobe suppliedwithhugebuilding

blocks from distant quarry sites. The presence or absence of a channel

would probably not have affected the ability to undertake large con-

struction projects during the NK, but the concentration of contempo-

raneous archaeological sites adjacent to the NK channel does suggest

an important role of the local fluvial landscape in the configuration of

the cultural and ritual landscape.

Although many fabrics of the recovered ceramics returned a broad

rangeof age estimates, the extremely high abundanceof ceramicmate-

rial constrained the ages of deposits inmany intervals to relatively nar-

row windows. This made it possible to date the infill of the minor Nile

branch during the later part of the NK, to constrain flood plain sedi-

mentation rates, and to date aNK paleosol and to approximate the age

of a lower (older) paleosol. Reconstructed sedimentation rates, rang-

ing between 0.8 and 1.4 mm/yr in the (upper part of the) flood basin,

agree with previous estimates for overbank mud accumulation in the

Nile Valley. Importantly, there seems to be a major decrease in sed-

imentation rates after the NK, which is also evidenced by a gradual

upward fining trend in deposits, reflecting less energetic flow condi-

tions on the flood plain. The abandonment of the minor channel of the

Nile and the regional formation of a well-developed calcareous pale-

osol are dated to the same lateNKPeriod, and could be contemporane-

ous with the decline of the NK state. Hydroclimatic change in the Nile

basin most likely drove the general changes in the river configuration

at Thebes and contributed along with other internal and external fac-

tors tomajor socioeconomic and political change in Egypt. A lower cal-

careous paleosol, located at least 1 m below the NK horizon, hints at a

previous period of severe drought and is tentatively inferred to be of

OK age. The age of this lower paleosol needs to be confirmed by more

precise dating, but if correlative it would add to the ongoing debate on

the fragmentation of theOK.
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