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CHAPTER TWO

SITE GEOMORPHOLOGY AND REGIONAL FLUVIAL RECONSTRUCTION AND HISTORY.

Paul E. Buck, Ph.D.

INTRODUCTION

Many scholars have suggested that the Nile delta was a center of human habitation beginning as early as Predynastic times  (Butzer 1976, Kemp 1983, Hoffman 1979 add more recent sources ?), although few traces of such occupation have been found.  The initial decisions involved in selecting suitable locations for settlement during the Old Kingdom can be expected to have had an ecological or environmental component, as well as more political or religious components (Kees 1961, Wenke et al. 1988, Wilson 1951, 1955).  Some sites, such as Buto in the western delta (ancient Pe), the "place of the Throne" may have been primarily religious in nature with the privileged dead making pilgrimages to locations deep in the marshes to take part in festivals and to be greeted by their ancestors (Kees 1961:184). Other settlements may have served a more secular function. Proximity to a branch of the Nile for transportation of goods, availability of riverine resources, distribution of the fertile Nile silt for agriculture, abundance of good grazing land for stock; all these are relevant factors and important variables in any explanation of patterns of rural settlement during the Old Kingdom. 

A brief review of the literature concerning the Holocene geology and geomorphology of northern Egypt and the delta is appropriate here for several reasons.  First, the area surrounding human habitation sites in the west delta must have provided a variety of building materials and stone for sculpture, and provided sources for raw material for artifacts, including flint and Nile mud for pottery. Second, the surface sediments, at least in part, dictated the nature and distribution of a variety of biota, which may have limited the agricultural potential of the region. Third, the Nile delta, like other major deltas of the world, is extremely dynamic, and even geologically minor shifts in delta morphology or Nile river regime may have had major consequences for human populations in the area. Fourth, without understanding geomorphological processes of burial and destruction, so widespread in deltaic situations, it is extremely hazardous to make inferences about dynastic settlement patterns based only on what appears on the surface.  

The "Modern" Nile River

The "modern" Nile River flowed through Egypt from the beginning of the Holocene to the construction of the Aswan High Dam in 1964 (Said 1993). Although barrages had been erected on the Nile in 1833, and modification of the Nile or major canals carried out as early as the 2nd century A.D., the pattern of annual Nile floods remained until the 20th century. 

In the last 9000 years or so, the Nile has deposited mainly muds, with occasional sand and silt deposits (Said 1993, Stanley and Warne 1993, 1998; Stanley 1988, Stanley and Liyanage 1986, Summerhayes et al. 1978). Changes in the grain size of subsurface deposits in the Holocene are due more to lateral shifts of Nile channels than to variations in flood levels or competence of the main stream.   The particle-size distribution of suspended particles in the pre-Aswan Dam Nile river is 12.9% sand larger than .02 mm, 25.3% silt between .02-.002 mm, and 61.8% clay smaller than .002 mm (Ball 1939:139).  The bed load of streams is much more difficult to measure, but the bed load of the modern Nile consists mostly of coarse and fine sands and silts (Ball 1939:139). 

The rate of deposition of these typical Nile muds varies depending on geographic location and proximity to Nile distributaries.  Although some authors assume a rate of about 10 cm/century (Bell 1970, Ball 1939) or 20 cm/century (Butzer 1976:23), the actual rate of deposition in any area varies, sometimes significantly. A core taken from near the mouth of the Rosetta branch showed an accumulation of about 3.8 m of sediments over the period from about 3940 BC to 840 BC (Stanley et al 2008: 601) an accumulation rate of about 12.2 cm/century; a core just south of Lake Manzala in the eastern delta indicates a rate of deposition of about 7.5 cm/century between about 7600 and 2300 B.P. (Coutellier and Stanley 1987:260).  Other cores show a rate of accumulation as much as 50 cm/century (Coutellier and Stanley 1987:267).  

The area of the Nile delta is about 17,000 square kilometers, which accounted for about 58% of the cultivated land of ancient Egypt (Butzer 1975:1043). Perhaps the earliest use of the term "delta" was by Herodotus about 2500 years ago (Coleman 1968).  He noted that this area was deltoid in shape and used the Greek letter � to identify this land.  Since then the term has been used in various ways, but is generally applied to the subaerial plain formed by a river at its mouth without reference to its exact shape (Coleman 1968:255). 

The following description of the modern appearance of the Nile delta was taken mainly from Butzer (1976 update?).  Today, coastal periphery takes the form of multiple beach ridges, bay bars, and cuspate subdeltas; the two modern ones are the Rosetta in the west and the Damietta in the east, although there may have been at least seven in the past (Toussoun 1923).  Bay bars cut off brackish lagoons from the open sea, such as Lakes Maryut, Idku, Manzala, and Burrullus.  Extensive salt marshes are found south of this area, to about the modern 2 meter contour in places. The remainder of the delta to the south is marked by Nile distributaries and smaller minor distributaries (now in the form of canals) paralleled by ridges of slightly higher ground (levees) that bound alluvial flats subdivided into irrigation basins drained by natural gathering streams (now artificial drains). 

The Nile valley is not a swamp basin but a seasonally inundated river plain (Butzer 1976) with a convex type of flood plain.  Sediment has accumulated in historic times through bank overflow of suspended sediment rather than through the lateral accretion of sands and gravels carried in bed load, although the latter may have been more common in the Pleistocene (Summerhayes et al. 1978).  A convex flood plain is marked by natural levees that constitute the low water channel banks and that rise from one to a few meters above the seasonally flooded surrounding landscape. The irrigation system and pattern of hydrology in the delta was very much like that found in dynastic times at least until the construction of a barrage near Cairo in 1833 (Said 1981) and has only been greatly altered by the construction of the High Dam at Aswan. 

GEOLOGICAL CONTEXT OF SETTLEMENT

Several geological factors are central to assessments of the interrelationship between landscape and settlement in the western delta:  1) changes in the location of the shoreline relative to Kom el-Hisn, 2) shifts in locations of Nile distributaries, and 3) fluctuations in flood levels and sediment load characteristics of the river.

The Mediterranean Shoreline During the Old Kingdom

Proximity of the shoreline during occupation at Kom el-Hisn may have conditioned to some extent the original decision to settle there and subsequent economic activities pursued. The presence of abundant remains of a marine drumfish (Wenke et al. 1988:Table 2) in some Old Kingdom archaeological deposits suggests that the shoreline may have been closer than at present.  

The approximate location of the Old Kingdom shoreline is difficult to determine, however.  Sea level has risen about 100-130 meters relative to land from its low sea stand about 15,000 years ago (Kraft 1985, van Andel and Lianos 1984, Bloom 1985, Shackelton and van Andel 1986), due principally to the retreat of Late Pleistocene ice sheets.  In general, local rates of eustatic sea level change in the Mediterranean have shown a rapid rise in sea level from 15,000 to c. 6000-8000 years ago, with the rate gradually leveling off in the late Holocene (Sivan et al. 2001, Galili et al. 1988).  Smaller-scale changes in eustatic sea level may be the result of a number of factors other than absolute change in the level of the Mediterranean, including progradation of Nile distributaries, compaction and subsidence of heavily loaded deltaic sediments, and tectonics (Stanley and Toscano 2009). 

Between 9000-5000 years ago the shoreline continued to migrate southward.  At the time of maximum transgression in the eastern delta, about 5000 years ago, the coast lay about 40-50 km inland from its present position (Coutellier and Stanley 1987:268) (Figure 2.1).  From about 5000-2500 years B.P., sea level continued to rise slowly, but by now the delta was prograding slowly northward at the rate of about 10 meters per year. Butzer (1976:36) argues, based on his interpretations of subsurface geology, that sea levels may have been as much as 2 meters higher than present at 3000 B.C., and that coastal marsh and lagoon were found as far south on the Nile delta as the modern 4 or 5 meter contour.  Between about 4000-3000 BC, marsh-lagoon environments were found ~ 30 km south of the  modern coastline very close to the site of ancient Buto (Stanley et al 2008: Fig. 2).

Sneh et al. (1986) report results from a 48 meter section of bore hole drilled east of the Suez Canal.  By 8400 B.P. littoral sands rich in marine fauna were deposited at a coastline that was more than 20 km south of its present position.  During most of the Holocene, the area remained marine, but by 3000 B.P. the Pelusiac branch of the Nile had begun extensive deltaic progradation in the area of the Fadda I bore hole (Sneh et al. 1986) (Figure 2.1).  

Coutellier and Stanley (1987) and Stanley (1988) report the results of their investigations in the eastern Nile delta.  Between 20,000/15,000 B.P. and about 7500 years B.P. the coast line was moving southward, drowning previously exposed Pleistocene sands.  Prodelta and delta front marine muds were deposited between 9000 and 3000 years ago in a relatively open marine littoral zone (Coutellier and Stanley 1987:264) as much as 50 km south of the present coastline. These deposits were accumulating during a time of sea level rise, although the rate of rise had considerably lessened from earlier post-glacial transgressive rates. The coastal Holocene facies dates to sometime after about 3000 years ago, and shows a progressive sequence from littoral, brackish, and finally terrestrial (Coutellier and Stanley 1987:265).

Limited coring from the western delta (Saad and Sami 1967) suggests that in general the coastline of the western delta was also somewhat south of its present location, although there are too few data at present to state exactly how far south (Figure 2.2).  The ancient capital of Lower Egypt, Buto, seems to have been quite near the coastline during late Predynastic times (Von der Way 1986, Wunderlich 1988).   Subsurface marine sands with a littoral fauna are found near present day Damanhur in the western Delta (Attia 1954).  

Extrapolating from evidence in the eastern delta, it appears that the coastline may have been 20-50 km nearer to Kom el-Hisn during the Old Kingdom that at present, with associated coastal marshes and lagoons quite close by.  

Ancient Nile Distributaries

Although geologically minor, important changes in the delta landscape have occurred during the Holocene, suggesting that the delta in the period from early Holocene to perhaps 2000 years ago was different from today in several respects. In particular, the number and character of Nile distributaries may have differed significantly. There were many more active distributaries of the Nile (at least seven according to historical sources such as Toussoun 1923) (Figure 2.1) and these distributaries may have been somewhat straighter and narrower, carrying less water and less sediment (Summerhayes et al. 1978). Flood heights in the delta may have been lower, since more distributaries might have resulted in less water per branch.  Channel switching and abandonment in the delta may have been much more common than today, where human intervention controls water flow for agriculture and navigation. One could arguably suggest that major Nile distributaries were somewhat scarce in the western delta, and that a larger proportion of the landscape consisted of exposed sands and gravels, uncovered by Nile silt. 

The proximity of a Nile distributary to Kom el-Hisn is important in understanding occupation at the site for several reasons: 1) large towns were often located near the Nile for ease of communication and transportation; 2) flood basin irrigation, the only irrigation method available in the Old Kingdom, required that agricultural fields be located close to the Nile River to be assured of critical Nile silt every year; 3) Nile distributaries can be expected to have been a productive source of riverine subsistence resources, such as fish, as well as a source of drinking water, papyrus, and building materials. A variety of kinds of evidence can be used to suggest locations of Nile distributaries important for settlement at Kom el-Hisn. These include historical evidence, evidence from topographic maps, and remote sensing information.

The Rosetta and Damietta branches are the main distributaries of the Nile River today. Historical evidence indicates as many as nine different branches since about 400 B.C., although probably not active at one time. The historical evidence for now-defunct deltaic distributaries, and the importance these held for settlement since Greco-Roman times (Toussoun 1922, 1923, 1925), suggests that even in the Old Kingdom Nile distributaries migrated relatively rapidly across the delta. The largest of these branches in the west delta may have been the Canopic branch, which flowed past Naukratis at the time of occupation in the 6th century B.C. (Figure 2.2).  The antiquity of this branch is unknown, although Kees (1961) implies it was located to the west of Sais even in the Old Kingdom. By the 12th century the Canopic branch had been reduced to a canal, called the Abu Diab Canal (Toussoun 1922). 

A relatively minor distributary, called the Alexandria branch, is shown (Toussoun 1922) as flowing along the western margin of the delta and emptying into the western end of Lake Maryut and is described as "Branche d'Alexandrie venant d'el lahoun" (Figure 2.2).  Goyon (1971) has argued that either a canal or a minor Nile branch existed during the Old Kingdom running from near the Fayyum north and west along the extreme margin of the western delta, which would have passed to the west of Kom el-Hisn.  This may be the same Alexandria Branch referred to by Serapion in the 7th century A.D.

Examination of Egyptian Geological survey topographic maps at scales of 1:100,000 and 1:25,000 show topographic relief indicative of a former channel, most likely of the Canopic branch.  Specifically, geological profiles from southwest to northeast across the western delta show a broad gentle rise marking the levee deposits of the former Canopic branch (Figure 2.3), corresponding quite well with locations from historical accounts.  The orientation of the one meter contour lines also suggest a relief slightly higher than surrounding flood plain of about 1 meter, in line with Butzer's estimate (1976) of one to three meters for the height of levees in the delta.  The abundance of canals flowing southeast to northwest through the western part of the delta, and segments of former channels found in Beheira Governorate in general suggest that Nile distributaries have been active at least until the recent past.

Analysis of satellite imagery has also been useful in tracing former distributaries of the Nile.  Analysis of large scale infrared radiometric data collected by the Nimbus HRIR in the range of 3.5-4.2 microns allowed Pouquet (1969) to identify, at least roughly, former Nile distributaries based on differences in heat capacity of differing sediment types. Pouquet shows a former branch of the Nile diverging from the modern Rosetta and heading westward towards Alexandria. Coleman et al. (1981) have mapped channel deposits of former Nile distributaries in the delta and although these are not dated in the west delta, one of the channels may be the Alexandria branch reported by Serapion. 

Other forms of remote sensing and electromagnetic prospection have been used to locate the Canopic branch of the Nile quite close to Kom el Hisn (El-Gamili et al. 1994). Electrical resistivity transects in the western delta, including a transect near el-Tod , combined with published core logs indicate that the Canopic branch passed approximately 5 km northwest of Kom el Hisn (El-Gamlli et al 1994:Fig. 13).  This branch was in existence at least 2000 years ago, and is likely to have been present during the Old Kingdom (Stanley and Jorstad 2006).  Traces of the mouth of this now extinct Canopic branch have been found submerged below sea level in Abu Qir Bay just to the west of the Rosetta Promontory (Stanley et al. 2004, Stanley and Jorstad 2006). 

The now defunct Pelusiac branch of the Nile, one of the seven reported by Herodotus, has recently been identified by aerial photography and confirmed by surface inspection (Sneh and Weisbrod 1973, Sneh et al. 1975) (Figure 2.1).  Apparently defunct by about 25 A.D., the channel is both narrower and with fewer meanders than the extant channels of the Nile in the delta. The location of this branch is observed today by a difference in surface relief of no more than 20 centimeters, and is about 80-100 meters wide, less than a third the width of present day distributaries.  It flowed generally from west to east and displays 3 very subdued meanders, the total belt being less than 2 km wide (Sneh and Weisbrod 1973). 

The consequences of the geomorphological and geological processes outlined above for understanding the distribution of Old Kingdom settlements in the delta may be summarized: 1) Settlements can be expected to have been located along former Nile distributaries, which may have been more numerous; 2) individually, each of these channels carried less water, suggesting that higher natural flood basins or those farther from the channel received less water and sediment; 3) sites may have been buried or destroyed by channel migrations; 4) active progradation of delta lobes in the northern third of the delta, combined with subsidence resulting from auto-compaction of sediments, suggests that Old Kingdom settlements in this area will rarely be located; 5) the recovered sample of Old Kingdom settlements will be heavily biased in favor of those sites situated on higher ground and older surfaces which remain uncovered by later Nile sediments. 

Variations in Nile flood levels

The heights of Nile flood levels before and during the Old Kingdom may have limited the availability of a critical agricultural resource in the area of Kom el-Hisn: Nile mud. It appears that Nile flood heights were relatively lower during the Predynastic and early dynastic, and decreased even more in the mid- to late Old Kingdom. During low water there may have been a failure of Nile distributaries, scarcity of potable drinking water, and desiccation of the delta marshlands (Butzer 1976:54).  Repeated Nile failures brought "ecological disaster" at a scale great enough to endanger the central administration (Butzer 1976).  

Using historical sources, Bell (1970) has shown that there was a significant decline of as much as 1.6 meters in the height of the annual flood between the 1st dynasty and the end of the Old Kingdom. Average flood heights were lower in the later part of the Old Kingdom than in the early dynastic or early Old Kingdom (Bell 1970). Since the measurements reported by Bell (1970) of Nile floods in the Old Kingdom were taken from the Memphis Nilometer, and reflect the level of the trunk Nile, it is likely that all the distributaries in the delta were correspondingly lower. It is unknown what impact these variations in the height and amount of Nile flood would have had on settlements in the western delta.  However, it can be argued that some of the distributaries may have been almost dry in the dry season, or have vanished (at least temporarily) altogether during the Old Kingdom. Given the relatively thin deposits of the Neonile in the western delta (Said 1981), Nile mud may have had a much "patchier" distribution, especially when compared to the contemporary central and eastern delta.  Assuming a rate of deposition of Nile mud of about 20 cm/century (although local rates of deposition must have varied considerably), much of the western delta may have received little or no Nile silt before the end of the Old Kingdom.

This trend is supported by evidence from the Fayyum.  In general, Nile flood levels (as reflected in lake deposits in the Fayyum Depression) were high between 6500-5000 years B.P. (Hassan 1986, Wendorf and Schild 1976). After 5000 B.P. and until the Middle Kingdom, lake levels in the Fayyum were significantly lower (Wenke et al. 1988a).  Hassan argues that heights of the Fayyum lakes were controlled by the annual influx of Nile floodwaters (Hassan 1986:493), suggesting that infilling due to local precipitation was insignificant.  

There is increasing scientific evidence of Nile flow failure during the Old Kingdom, with some authors suggesting that these reduced flows contributed to the decline of Old Kingdom civilization (Stanley et al. 2003). Water in the main trunk of the Nile in Egypt comes from both the Blue Nile and the White Nile, which join at Khartoum in the Sudan.  Sediments of each of these rivers come from distinct basement rocks.  The White Nile catchment is dominated by crystalline basement rocks with high 87Sr/86Sr ratios while the Blue Nile drains the Ethiopian highlands whose rocks typically have low 87Sr/86Sr ratios (Krom et al. 2002).  Stanley at el (2003) using data from cores collected in the Nile Delta have used these data  along with radiocarbon dating to infer drastic reductions in the annual floods which derive from the Blue Nile (Ethiopian highlands). They argue that the collapse of the old kingdom in Egypt, and possibly near-synchronous disturbances of other civilizations, may have been caused by climatic events in Africa resulting in drastically reduced Nile river flows at towards the end of the Old Kingdom about 4200 cal years BP. 

DEPOSITS AT KOM EL-HISN

The purposes of this section are to describe the deposits surrounding and underlying Kom el-Hisn, and, using information presented above, formulate geological and geographic models of site settlement.  I relate the land forms and sedimentary deposits at and around the site to developmental models of the delta as a whole, providing the context in which the Old Kingdom archaeological deposits may be understood. I wish to examine the local geological context, identify processes responsible for the formation of the gezira, and suggest how the local landscape may have appeared during occupation.  

Introduction

The archaeological site of Kom el-Hisn is located about 100 kilometers due northwest of Cairo; about 3 hours driving time. It is located some 10 kilometers southeast of the village of Dilingat in Beheira Governorate, which is agriculturally one of the least productive provinces in Egypt (Wilson 1955). The site is located on a sandy feature referred to as a "gezira." The gezira itself is a low lying, isolated north-south trending sand feature (Figure 1.2). It shows relatively gentle relief, and is no more than about 2 meters higher than surrounding fields. Its surface is generally covered with sparse grasses and shrubs, but over much of the area is barren, exposing a coarse-medium yellowish sand. 

The surrounding area is typical of the Nile delta: small agricultural plots in areas of fertile Nile mud, interspersed by a network of small feeder canals and drains.  A small irrigation canal called the Firhash Canal runs in a general east to west direction about 350 meters north of the gezira; the El-Dilingat drain is about 750 meters to the south.  Somewhat larger canals, the El-Hagir and Nubariya, are found about 4 and 8 kilometers respectively southwest of the mound of Kom el-Hisn.  A major canal for the western delta, the el-Khandaq el-Gharbi Canal flows northwest near Ityai el-Barud, about 12 kilometers to the northeast, and the Rosetta branch of the Nile is about 14 kilometers to the east-southeast. 

Surface deposits in the region consist of Quaternary Abbassia gravels underlain near Wadi el-Natroun by a sequence of Prenile, Protonile, Pliocene, and Miocene strata. The edge of the desert and limit of cultivation is now found some 13 kilometers or so to the south-southwest of Kom el-Hisn just south of the Nubariya canal. The desert surface consists here of low rolling sand dunes, developed perhaps on the Qena sands (Said 1981). Northwest from Kom el-Hisn, continuing past the town of El-Dilingat, is a generally low lying area ranging from 3 to zero meters above sea level characterized by sandy soils which often are unable to support agriculture.  Scattered in this topography are saline or brackish lakes and ponds, today a source of natron (Said 1962) as it may have been in ancient times (Lucas and Harris 1962:263-67), with the more fertile areas of Nile mud being cultivated.  To the north and east is the delta proper, covering about 20,000 square kilometers (Coleman 1968:256), or 2/3 of the agricultural land of Egypt: a huge carpet of tightly packed fields, one of the most productive agricultural areas in Egypt. 

Methods

Field work was conducted at the gezira of Kom el-Hisn in conjunction with archaeological work in 1984, 1986, and 1988 (see Wenke 1985, 1986; Wenke and Redding 1986; Wenke et al. 1988).  This consisted of topographic mapping, mapping of the surface deposits, shallow coring on the gezira and its margins and shallow trenching.  Topographic mapping of the gezira and nearby fields was accomplished using a Kern electro-optical theodolite and mirror target. Several thousand individual points were required to construct the topographic map (Figure 1.2), which was computer drawn using the SURFACE II mapping program (Sampson 1978). Absolute elevations are derived from an iron bar located in the ground near the site, and shown on Egyptian Geological Survey map (Khirbita 1:25,000) at an elevation of 6.04 meters above sea level. An arbitrary baseline was established oriented magnetic north and south, and 2 concrete data were placed at the beginning of the 1984 season. 

The gezira at Kom el-Hisn is about 700 meters long and 400 meters wide, with the long axis oriented generally north and south.  Its highest elevation is slightly above 7 meters above sea level (hereafter termed simply "a.s.l."), with most of the gezira averaging 5 meters a.s.l. A high point is found in the central western part of the gezira, and another is represented by a small cluster of houses in the southwestern part of the site.  The surface is generally flat, except for small depressions less than a meter deep, some of which are the result of archaeological excavations in the 1940s (Hamada and Farid 1947). 

The deposits were sampled in the 1984 and 1986 seasons to determine the texture and composition of sediments from different parts of the gezira, and the stratigraphic relationship between the gezira and surrounding deposits.   A total of 54 cores and 5 small trenches  were completed (Figure 2.4).  In 1984, one series of cores consisted of a north-south transect through the gezira past its margins; a second was perpendicular to this transect in an east-west direction. Additional cores were placed in the central part of the midden itself. Additional coring was conducted in 1986; these cores are labeled as AH # to distinguish them from those collected in 1984. The coring device used was a bucket auger with a bit diameter of about 10 cm which allows a fairly accurate description of subsurface  deposits (Stein 1986:516).  Using the maximum number of 75 cm extensions, a depth of about 6 meters was possible, although it was seldom possible to auger deeper than 4 meters without the auger hole collapsing. The procedure was to screw the bit into the ground until it was full (about 20 cm of deposit), pull the auger up, dump the sediment on the ground for inspection, record the depth of the hole with a meter stick, and repeat. Stratigraphic boundaries were noted, and representative samples of the units encountered during coring were bagged for subsequent analysis. 

Several shallow trenches were excavated in various places of the gezira.  These were excavated to reveal sedimentary structures and other informative characteristics of the deposits. In addition, the completed archaeological excavations in the south part of the gezira were cored.  This was done to determine the depth to gezira, indicating the remaining thickness of the cultural deposits which could not be excavated because of the high water table. 

Off-site deposits similar in appearance to those at Kom el-Hisn were also investigated, albeit on a much more limited basis. Visits were made to the site of Kom el-Kharaz, south of Kom el-Hisn near the desert margin, Kom Firin, a large Roman site to the northwest, Kom Dahab near Kom Firin, and Kom el-Barud to the west. Limited coring and trenching was conducted at some of these locations.

Sediment samples were systematically collected for later laboratory analyses from the deposits at Kom el-Hisn and selected off-site locations. These sediment samples were collected with the same bucket auger noted above, and the sample depth was recorded along with details about the nature of the sediments.  These samples were subjected to various analyses, including grain size analyses, soil chemistry, and microartifact studies.  

For the purposes of this study, the deposits of the gezira and the surrounding area can be divided on the basis of field observable characteristics into 4 general types (Figure 2.5): (1) the gezira itself, consisting of loose yellowish sand; (2) a smaller part of the gezira in the north, consisting of harder more consolidated light brown or tan sediment with occasional freshwater gastropod shells; (3) the black clayey Nile mud which forms a fertile agricultural veneer over most of the delta and is found on all sides of the gezira; and (4) a dark reddish brown area in the southwest corner of the gezira, marked by abundant potsherds, charcoal, and lithic artifacts, hereafter  termed the "midden." This is the main part of the Old Kingdom site.  The first three types of deposit form the subject of this section.  The cultural deposits (the midden) will be discussed in subsequent chapters. Each of these deposits may have different source(s), transport agent(s), environments of deposition, post-depositional alteration, and age(s). 

Gezira Deposit

Cores from the central part of the gezira show a continuous sequence of yellow sand from the surface as far as the coring device can penetrate.  Along all margins of the gezira, the upper surface of the yellow sand slopes sharply downward, and is overlain by alternating strata of mud, sand, and sandy mud.  At core NS-8, the most northerly core, the thickness of Nile mud is at least 2.7 meters. At the far southern end, Nile mud is continuous for almost 4 meters from the surface, although it is overlain close to the surface by a lens of sand, which may be colluvium from the gezira proper. Transect B at the southern end of the gezira shows a rather more complex sequence of alternating Nile mud and sands or sandy muds.  

The bulk of the gezira consists of medium sand with a mean size of 1.5 to 2.5φ (“phi”) and is generally well sorted to moderately well- sorted.  The sand-sized fraction is always greater than 90% and can be as high as 98% by weight.  Percentages of carbonates and organic matter are always low.  These sands are yellowish in color and contain rare gastropod shells.  Loose (Brady 1974:65) and dry at the surface, gezira sand remains loose even when recovered from below the water table. Samples often contain small rounded chert pebbles, almost always less than 20 mm in size.  The gezira is at least several meters thick, and may be much thicker since the device used for augering was only able to penetrate a few meters into the sand.  Grain size and chemical analyses of unmixed core samples (Table 2.1) support the initial division of the Kom el-Hisn deposits into 3 main types (the fourth type, midden, will be considered separately).  

Consolidated Gezira Deposit

The second kind of deposit is hereafter termed the "consolidated gezira."  This deposit is exposed at the surface only in the northeast quarter of the gezira.  It is a consolidated sediment, somewhat indurated (Brady 1974:66), containing relatively abundant whole and broken freshwater gastropod shells. No sedimentary structures were noted in the shallow trenches excavated (Figure 2.4).  Particle-size analysis indicates only about 70% sand, with 30% silt and clay, a mean size of 3.8 φ, and very poorly sorted. The consolidated gezira contains three to four times as much calcium carbonate as the other sands.  Deposits with similar grain size characteristics and relatively high carbonate content are found in cores EW6, AH4, AH10 and AH20. Only in EW6 can this deposit be shown to be stratigraphically above the gezira; in the other cores the gezira was not reached.  In AH20, a stratum of Nile mud underlies the consolidated gezira.

Nile Mud

The third type of deposit is Nile mud; the mixture of silt and clay deposited by the modern Nile, forming the agricultural base of Egypt which surrounds the Kom el-Hisn gezira on all sides. Samples of this Nile mud typically have mean phi sizes in the silt or coarse clay fraction, and are often poorly sorted, although samples containing more than 80% by weight smaller than 8 φ are better sorted.  This mud is a black, sticky plastic (Brady 1974:64) deposit, containing relatively high amounts of detrital organic matter. 

The cultural deposits of the gezira is the fourth main deposit type and below I discuss the stratigraphic relationship of the cultural deposits to the three types described above.  The main part of the midden, exposed on the surface in the southern part of the site, rests immediately on top of the gezira and extends north (?) until obscured by agricultural fields. Underneath these fields on the north, northeastern, and northwestern margins of the site buried cultural strata can be recognized by the high percentage of small sherds recovered from samples collected by bucket auger. Samples taken from the central part of the midden always show a high percentage of small sherds, and some samples recovered from buried deposits also show a percentage of sherds greater than 10% (Table 2.1).  Midden deposit, however, is defined not only by the presence of sand sized sherds (bucket augers rarely collect particles larger than granules) but also by mud brick architecture, faunal remains, etc.

Along the southern margin a cultural deposit is often found stratified between layers of Nile mud or sandy mud above the gezira. This cultural deposit is as much as four meters below the ground surface (augers AH #4 and #5) and is a thick greasy black layer much like those found in certain excavation squares in the main part of the midden, which probably represents an intact Old Kingdom occupation deposit. It therefore seems that the Old Kingdom occupation of the gezira occurred at a time when the Nile flood plain may have been 2-3 meters lower than it is presently. Furthermore, deposition of Nile mud continued after the occupation.

INTERPRETATIONS

The origin and age of the gezira of Kom el-Hisn are uncertain. Surface sand deposits in the delta are generally either aeolian (sp?), as the stabilized sand dunes of pre-Neolithic age shown by Said (1981), or are "turtlebacks" (Sandford and Arkell 1939), remnants of Pleistocene gravels and sands deposited when sea level was considerably higher (Ball 1939).  According to Said (1981), much of the sand exposed at the surface in the western Nile delta represents "stabilized sand dunes of pre-Neolithic age" (Said 1981: Plate IV) (Figure 2.2). The pattern of dunes is clearly seen in aerial photographs taken in the 1940s and Landsat TM imagery taken in 1984. 

The composition, age, and formation of these "turtlebacks" has been a subject of some debate since Fourtau (1915) first identified them.  Ball (1939) referred to these exposed sand deposits as "subdeltaic deposits" and says they are: "merely the more consolidated and resistant portions of deltaic deposits of sand and shingle that were formed in the sea around the mouths of the river at a time when sea level was considerably higher relative to the land than it is at the present day" (Ball 1939:32).  

Sand deposits attributed as sand dunes are located quite close to Kom el-Hisn.  In the western delta, Fourtau (1915) shows the maximum eastern extent of these turtlebacks as passing very near Kom el-Hisn (Fourtau 1915:Plate III). These formations, shown as areas marked "Q2/T" in Figure 2.2, are relatively rare in the western delta, although much more common in the eastern Delta (Said 1981, Kholief et al. 1969). The nearest turtleback recognized by Said is found a few kilometers north of the town of Ityai el-Barud. 

Although the data collected from Kom el-Hisn itself do not unequivocally show how the deposit originated, I believe it more likely that the gezira is eolian in origin.  The high proportion of sand, almost to the exclusion of silt and clay, argues against a fluvial origin. The particle size characteristics (Table 2.2) of samples collected from the gezira are not dissimilar from the Gebel Asfar and Ballana dune sand in the central delta (Kholief et al. 1969) and are almost identical to a sample collected from Kom Firin, located in an area of stabilized sand dunes (Figure 2.2).   If the single radiocarbon date of 11,344 ± 241 B.P. (Wenke et al. 1988) accurately dates the gezira, this implies that it is not fluvial, since sea level was considerably lower at 11,000 years ago.   The deposit also contains rare re-deposited small rounded chert pebbles and gastropod shells. A bore hole at El-Tod (Attia 1954) only a few kilometers from Kom el-Hisn shows coarse yellow sand at a depth of only 2 meters below the surface which may represent dune sand buried by modern Nile alluvium.  While the uppermost part of the gezira is most likely eolian, the base of the deposit remains unexposed, since the coring device penetrated no more than 3 meters into the loose sand. 

The consolidated gezira seems to represent a deposit attributable to either a distributary of the Nile river or a major west-delta canal.  In particular, characteristics of the deposit suggest deposition in close proximity to such a branch, and may be levee or crevasse-splay deposits. Topographic maps, interpretations of delta geomorphology, and analysis of remote sensing imagery suggests that the Canopic branch of the Nile formerly flowed close to Kom el-Hisn on the east and northeast, and consolidated gezira deposits are found primarily on the eastern side of the mound of Kom el-Hisn.  I suggest that these deposits represent levee deposits of the ancestral Canopic branch.  

The age of the deposits is unknown, although they overlie the gezira proper and must be more recent.  However, evidence to be presented in later chapters on the cultural deposits suggests that mud bricks used in the construction of walls in the archaeological deposit may have been manufactured from this consolidated gezira.  The deposit therefore must pre-date the Old Kingdom occupation of the site, although how much older than the Old Kingdom is unknown.  However, it may well be that occupation of Kom el-Hisn occurred at the time a Nile branch was very close to the site, and that the midden may be essentially contemporary with the deposition of the consolidated gezira.

Nile mud onlaps the gezira proper.  This mud contains high proportions of silt and clay, typically is black, sticky, and plastic, and often has a relatively high organic content.  At Kom el-Hisn, this mud is extremely fine grained (Table 2.1) containing in one case 87% clay by weight. 

These deposits are flood basin or channel-fill deposits of the Nile river, and were deposited at some distance from any Nile distributary. In particular, the extremely fine texture and abundant organic matter suggest deposition from floodwaters at the margin of the flood basin or from other bodies of standing water, such as oxbow lakes. It is possible that these Nile mud deposits indicate that the branch of the Nile flowing past Kom el-Hisn earlier in the Old Kingdom was abandoned through avulsion, caused in part by the formation of a new channel after the extremely low floods of 2180-2130 B.C. (Bell 1970, Said 1981).

CONCLUSIONS

Four distinct kinds of deposits are recognized from the mound at Kom el-Hisn (Figure 2.6).   These are cultural deposits (to be discussed in detail below), gezira sands, consolidated gezira, and Nile mud. The gezira proper may be eolian in origin and date to the late Pleistocene or early Holocene.  It is probably the same unit as the "stabilized sand dunes of pre-Neolithic age" mapped by Said (1981) in the western delta. The consolidated gezira represents levee or crevasse-splay deposits of a river similar to the modern Nile, and can be attributed to the Canopic branch when it passed close to the site of Kom el-Hisn on the east.  Although absolute age is again unknown, the "consolidated gezira" was probably deposited at about the same time as the cultural deposits of the Old Kingdom. Fine grained Nile mud overlies both the consolidated gezira and the cultural deposits, the result of sedimentation in flood basins far distant from any Nile distributary. 

During the Old Kingdom, the coast line may have been closer to Kom el-Hisn, while at the same time flood levels of the main channel were low.  Many areas of the western delta, especially the northern third or half, may have been marshland or swamp, while the historically lower levels of the Nile suggest that marginal areas like the western delta may have remained above water during flood season. Nile mud deposits near el-Tod are much thinner than other areas of the delta. 

The distribution of fertile Nile silt was very limited even as recently as the Old Kingdom.  Occupation at Kom el-Hisn may therefore have concentrated around what must have been a much scarcer resource, Nile mud; and perhaps may have limited the agricultural potential of the area, forcing occupants to rely instead on more marginal habitats for cattle grazing.  Grazing areas were quite close, only a few kilometers to the west, if the site was not actually part of the desert in the Old Kingdom.  Precipitation may have been slightly higher in Old Kingdom times (Butzer 1976), and this may have resulted in optimal conditions for grazing animals and pasturage. Virtually no wood charcoal has been recovered in flotation samples collected from the cultural deposits at Kom el-Hisn (Moens and Wetterstrom 1988), perhaps indicating the predominance of a savannah vegetation lacking abundant trees for use as fuel. 

The initial occupation of Kom el-Hisn appears to rest on a stabilized eolian sand dune and occurred at approximately the same time that a former distributary of the Nile (possible the ancestral Canopic branch) flowed northeast of the site.  This distributary was then abandoned, perhaps by avulsion caused by catastrophically low flood levels at the end of the Old Kingdom, and the channel filled with fine grained sediments. 

Landscape reconstruction (FROM CHAPTER 6)  (??)

The deposits at and around the Old Kingdom site of Kom el-Hisn have been divided into several general lithological units: midden, gezira, consolidated gezira, and Nile mud. The medium yellowish gezira sands are probably of Pleistocene age and may be an isolated "turtleback", although these are not common in the western delta.  It seems more likely that the gezira deposit may rather be "stabilized sand dunes of pre-Neolithic age" (Said 1981) which cover large areas of the western delta.  

Whatever the origin and age of these elevated sand features in the delta, they have been favored locations of settlement during all ages at Buto (von der Way 1986) and in the eastern delta in Sharqiya province (van den Brink 1987, 1988) as well as during the Old Kingdom and early Middle Kingdom at Kom el-Hisn. The absence of Nile mud on the top of the gezira at Kom el-Hisn indicates that it has always been above the level of the annual inundation, probably close to agricultural fields (Van den Brink 1987).

The consolidated gezira appears much more similar in texture to sediments of modern Nile although with considerably more sand.  The northern portion of site may be either levee or bed load deposits of the now-defunct Canopic branch of the Nile, which flowed considerably closer to Kom el-Hisn during the Old Kingdom than does the modern Rosetta branch.  

Cultural deposits are known to extend to the west, south and east of the central part of the midden, sloping down following the gezira contours to the Old Kingdom floodplain, which may have been at least several meters below the present floodplain. This reconstruction of the geomorphic setting of Kom el-Hisn is similar to that inferred for Old Kingdom sites from the eastern delta (van den Brink 1987), where sites were located close to the Tanitic branch on an elevated gezira to be above high water, but close to agricultural muds found south of the main part of the occupation.  

Nile distributaries were more numerous at any given time during the Old Kingdom, and were rather straighter and carried less water and sediment than their modern descendents, the Rosetta and Damietta branches.  Floods crests were lower, suggesting that flood basins far from the river received silt-laden waters from the Nile less regularly.  Assuming a modest rate of deposition over the last 4500 years, Nile mud may have been much less widely distributed than at present in the western delta.  Evidence from the eastern delta (Coutellier and Stanley 1987) shows that eustatic sea level may have been higher, a result of the interaction of a number of factors, including deltaic sedimentation and auto-loading of sediments.  Delta lobes of Nile distributaries were continually prograding, and the coastline or at least coastal marshes and lagoons may have extended as far south as the modern 2 meter contour, perhaps 40 km inland. In this case, elevated geziras and levees of the Canopic branch would have been extremely favorable locations of settlement, with dry land being more limited than after the Old Kingdom.  

FIGURES

Figure 2.1 Old Kingdom shoreline, associated lagoons and marshes, historic branches of the Nile, and locations of Snehs and Stanleys work in the eastern delta. Also shows location of confirmed Pelusiac branch reported by Sneh (1973).

Figure 2.2  Western Nile delta, showing topographic contours, former distributaries, exposed sand dunes, hypothetical Old Kingdom shoreline, and cross sections showing levees associated with Canopic branch.  Also shows locations of former distributaries based on remote sensing by Coleman (1968) and Pouquet (1969).

Figure 2.3  Sections through Nile delta from west to east showing differences in elevation, indicating possible levees associated with the extinct Canopic branch of the Nile. Locations of these sections shown in Figure 2.2.

Figure 2.4  Map of core locations from Kom el-Hisn.  Locations of cross sections shown in Figure 2.5 are shown as A-A' and B-B'; geological test pits indicated as "TR1" and so on. 

Figure 2.5  Cross sections through gezira, consolidated gezira, Nile mud and midden based on augering data. 

Figure 2.6 Cartoon of deposits at Kom el-Hisn and the western delta. This reconstruction is based on shallow coring at the site of Kom el-Hisn and information from Attia (1954), Butzer and Hansen (1968), and Said (1981). 

TABLES


Table 2.1 Textural and chemical characteristics of auger 

sediment samples from Kom el-Hisn gezira.           

                    %    %    %   MEAN                          % -1í

SAMPLE   YEAR ELEV SAND SILT CLAY SIZE  sort     OM  CaCO3 pH   Sherds



03-3     1984 5.54   80   11    9  2.55 3.10  4.00  3.40 7.55 13.32

03-8     1984 4.79   81   10    9  2.60 2.72  3.30  2.69 7.72  6.69

03-9     1984 4.64   78   14    8  2.88 2.70  4.17  3.39 7.48 21.32

03-14    1984 3.89   76   16    8  2.88 2.91  4.65  3.33 7.56 42.76

09-6     1984 5.43   71   23    6  2.96 3.14  5.71  3.60 7.83 29.24

09-12    1984 4.83   80   12    8  1.56 3.75  3.59  3.13 7.68 29.58

12-18    1984 3.80   93    3    4  1.27 1.68  1.43   .89 8.66   .70

13-4     1984 5.84   88    5    7  2.15 2.24  2.32  2.57 8.08  3.20

13-27    1984 4.20   94    3    3  2.34  .90  1.46  2.33 9.99  4.00

13-29    1984 4.06   94    3    3  2.25  .92  1.28  1.25 9.99  1.18

13-31    1984 3.92   93    3    4  2.29 1.14  1.71  1.38 7.92  4.49

14-1     1984 5.94   84    9    7  2.05 2.43  2.49  3.50 7.76 13.97

14-3     1984 5.82   80   11    9  2.76 2.60  2.38  4.93 8.01  4.52

14-6     1984 5.63   86    7    7  2.13 2.44  1.88  3.89 8.12 10.13

14-8     1984 5.50   91    4    5  1.78 1.82  1.47  3.15 8.13  2.26

14-12    1984 5.25   94    3    3  1.55 1.43   .59  3.42 8.31   .21

14-19    1984 4.80   94    3    3  1.64 1.38   .90  1.97 8.48  2.23

14-22    1984 4.61   95    2    3  1.53 1.33   .69  1.63 8.39  2.08

ew6-8    1984 4.60   75    7   18  4.13 4.29  4.15  1.60 8.12  6.46

ew6-16   1984 3.47   89    5    6  1.73 2.44  1.88  1.69 8.99 18.67

ns1-16   1984 4.43   76   11   13  3.38 3.30  2.11  4.14 8.26  3.20

ns1-17   1984 4.32   68   13   19  4.85 4.25  3.79  2.68 8.13   .78

ns1-21   1984 3.89   91    3    6  1.78 2.23  1.21  2.05 8.34  1.55

ns3-14   1984 5.00   96    2    2  2.16  .92   .75  1.76 9.57  1.08

ns3-23   1984 4.34   95    3    2  2.15 1.02   .82  1.24 9.33  1.88

ns3-27   1984 4.04   97    2    1  1.72 1.23   .92  1.10 9.60   .20

ns7-8    1984 4.93   98    1    1  1.68 1.03   .73   .62 8.33   .25

ns7-12   1984 4.69   97    1    2  1.75 1.05   .78   .77 8.46   .27

ns7-17   1984 4.40   97    1    2  1.75 1.04   .71   .68 8.33  0.0

ns8-22   1984 3.78   25    5   70  9.16 4.56 10.93  2.99 8.90  1.23

ns8-260  1984 3.38    6    7   89 11.32 2.75 99.99 99.99 9.99  0.0

ns8-270  1984 3.28    4    9   87 11.16 2.57 14.44  3.10 8.00  9.09

04-sand  1986 4.58   82    2   16 3.17 4.23  1.22  1.35 8.57  6.29

04-s.m.  1986 2.71   55    4   31 5.13 4.52  3.39  5.76 8.35 15.71

04-mud   1986 2.09   63    9   28 4.77 4.17  2.15  5.25 8.03  5.33

04-b.m.  1986 1.26   37   16   47 7.00 4.75  5.72  3.48 8.00 13.24

06-sand  1986 2.79   90    2    8 1.50 2.49   .82  2.68 9.06  4.50

07-1     1986 9.99   78    7   15 3.37 3.73  1.39  2.61 8.29  5.56

08-A     1986 5.15   73   15   22 4.27 4.18  1.93  2.43 8.38  9.17

08-B     1986 4.85   90    2    8 2.03 2.31   .84   .83 8.51  8.08

08-B-1   1986 4.30   86    2   12 1.87 2.62   .73  1.13 8.52  1.93

09-1     1986 5.33   81    5   14 2.60 2.87  1.41  1.33 8.28 11.99

09-2     1986 2.28   22   32   46 7.43 4.06  7.10  4.83 7.96  0.0

10-2sand 1986 5.23   84    4   12 2.33 2.59  1.07  1.31 9.13  7.23

10-2 mud 1986 4.50   26    8   66 8.30 4.80  3.85 12.73 9.62  4.28

10-3     1986 3.52   76    5   19 4.00 4.71  1.50  6.04 9.42 16.09

10-4     1986 3.22   26   16   58 8.13 4.42  6.67  8.30 9.99  4.09

11-1     1986 4.63   70    6   24 4.57 4.35  1.42  4.12 9.11  8.36

12-1     1986 6.10   66   16   18 4.10 4.01  1.33  1.94 8.69  6.37

13-1     1986 5.20   81    8   11 2.30 2.84   .94  1.13 8.99  8.61

13-2     1986 4.92   79    8   13 2.13 3.17  1.00  2.36 9.35 11.47

13-3     1986 4.42   36   14   50 7.33 4.73  3.99 11.48 8.04  3.72

13-4     1986 4.02   84    7    9 1.90 2.72   .45  2.16 9.35  1.74

13-5     1986 2.75   15   27   58 8.83 4.08  4.94  7.39 8.52  4.72

14-1     1986 5.83   82    5   13 1.90 3.50  1.17  1.67 9.04 16.14

14-2     1986 3.13   40    9   51 7.00 4.83  4.12  4.75 7.93  5.35

15-2     1986 5.11   68   15   17 3.83 3.92  1.52  1.45 8.39   .90

15-1     1986 2.21   87    8    5 1.87 2.20   .35  5.97 8.99  0.0

15-3     1986 2.11   86   10    4 1.57 2.43   .49  4.89 8.87  0.0

16-1     1986 3.60   90    4    6 1.20 2.69   .86   .72 8.69  5.84

18-1     1986 2.99   69   13   18 4.10 4.23  1.75  1.58 8.47  8.00

18-2     1986 2.79   68    4   28 4.60 4.66  3.71  2.55 8.32  6.07

18-3     1986 2.19   84    7    9 1.53 3.15   .98   .70 8.35 13.82

19-1     1986 9.99   72    8   20 4.23 4.37  1.97  3.63 8.63  5.27

20-1     1986 3.87   71   10   19 4.00 4.30  1.72  1.87 8.76  4.71

20-2     1986 2.27   37   20   43 6.00 4.77  5.38  2.49 8.05  7.78

21-1     1986 4.46   50   17   33 5.47 4.60  3.41  3.94 9.27  9.20

21-2     1986 3.46   82   12    6 3.13 1.67   .95   .77 9.32 10.20

Table 2.2  Particle size characteristics of selected deposits from the Nile Valley and delta.  Although sedimentary structures are almost always necessary for understanding environments of deposition, particle size data indicates that the Kom el-Hisn gezira is similar to dune sands from other parts of Egypt.

Location
í size range
mean í size
sorting1
sorting2
Reference

"Turtlbacks"
.85-1.50     1.12      1.40-1.77 -------   Kholief et al. 1969

Kom el-Hisn gezira  1.27-2.34     1.85      1.31-1.70  .90-1.68 This article

Qena sand           --------      1.41         1.41      .83    Hassan 1976

Gebel Asfar dune    --------      1.62         1.36   --------  Kholief et al. 1969

Ballana dune sand   --------      2.44         1.52      .80    Hassan 1976

Arminna member      1.30-6.10     4.80      2.22-3.55 1.82-2.55 Butzer & Hansen 1968

Darau member         .40-2.70     2.00      1.62-2.64  .95-1.52 Butzer & Hansen 1968

sorting1: û(Q1/Q3)

sorting2: (í86%-í16%)/4 + (í95%-í5%)/6.6
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