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ABSTRACT

Integrated lithostratigraphic and geochronologic studies of Umm Akhtar Playa. a newly
discovered dry lake located at = N 22° 36" E 30° 18’ in southern Egypt, indicate the
accumulation and rapid desiccation of a sizeable (> 65 km?2) standing water body during the
Late Quaternary. An optical date of 15,120 cal yr on basal aeolian sediments indicates that
the deflation basin was mantled with aeolian sands during the Late Pleistocene. An
overlying sequence of Holocene fluvio-lacustrine muds and gravels attests to the former
availability of ponded runoff waters at this now-hyperarid locality. Playa waters were deep
and persistent enough to create beach berms composed of well-rounded pebbles. and to
sustain cultural activities of Neolithic pastoralists.

Twenty-two radiocarbon dates bracket 'wet' phases and concurrent prehistoric human
occupation from = 8915 - 8580 14C yr BP (9925 - 9544 cal yr BP) and = 7105 - 5955 BP
(7878 - 6799 cal yr BP). Increasing amounts of sand were incorporated into the playa after
7500 14C yr BP: two optical dates constrain the timing of enhanced aeolian activity from
6720 - 6250 cal yr. These optical data comprise the only existing absolute ages for the
emplacement of aeolian sediments during the rapid transition from wet (playa) to dry
(sands) conditions in the Holocene. Playa desiccation after 5955 14C yr BP (6799 cal yr
BP) was marked by cultural abandonment, evaporite precipitation. dune migration. and
deflation.

The AMS dates from Umm Akhtar Playa fall in the same range as other published
radiocarbon data from contemporary sites and playas in Egypt and northern Sudan; the
main period of enhanced surface water storage from 8100 - 6000 BP is linked to the
intensified Afro-Asian monsoon forced by cyclical astronomical variations. The record

from the Arba'in Desert of Egypt and northern Sudan lags the Northern Hemisphere
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seasonal insolation maximum (centered at 10,400 BP) and the greatest frequency of African
lake highstands (9500 - 8500 BP). This lag may result from biogeophysical feedback
mechanisms involved with the 'recycling’ of water within the continental interior. Sub-
millenial variability apparent in the composite record from Egypt reflects the influence of

atmospheric-oceanic dynamics throughout the Holocene.



CHAPTER I

Introduction to the study

At present the desert area west of the Nile River is largely barren of human occupation and
is one of the most arid places on Earth (Bornkamm and Kehl. 1989). However, the
diversity of landforms in southern Egypt and northern Sudan attests to the varnability of
climate regimes over recent geologic time; stabilized dunes exist in close proximity to relict
lake beds. fossil-spring deposits and currently active dune systems. Ancient lake
boundaries and now defunct drainage patterns such as the "radar rivers” (McCauley et al.,
1982) are among the physical evidence that water once flowed over the landscape surface

(Haynes, 1980: Breed et al.. 1982).

During the so-called 'pluvial maxima' of the Late Quaternary (= 9-6 ka BP), southern
Egypt was occasionally at the leading edge of the "Sudano-Sahelian wetting front” of
monsoonally influenced weather which penetrated far into the African continental interior
(Haynes, 1987). During former rainy periods. topographically closed, internally drained
basins collected rainwater and overland flow, forming ponds known as playa lakes.
Though they are no longer active, the playas likely exerted a major control on the peopling
of the region throughout prehistory (Wendorf and Schild, 1980). Since playas rapidly
respond to changing hydroclimatic conditions by fluctuating in their areal extent and style
of sedimentation, they are valuable archives for reconstructing changing

paleoenvironmental conditions across the Eastern Sahara.
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The broad objective of this dissertation project was to decipher the recent hydroclimatic and
geomorphic history of the Bir Nakhlai region of southern Egypt through an integrated
study of sediments at a recently discovered playa located at =N 22° 36" E 30° 18' (figure
1). Umm Akhtar playa was first detected on Landsat satellite imagery processed to
enhance the spectral differences between near surface and bedrock units. Ground
reconnaissance indicated that the relationship of the playa sediments to local bedrock
features and recent alluvial sequences remains well preserved. with some sediments
partially exposed in vertical section due to recent deflation. Moreover, an abundance of
archaeological artifacts at the surface and interstratified with the playa sediments suggests

that the site was frequented during Holocene time.

Field and laboratory study of Umm Akhtar playa accomplished the following objectives:
(1) documented the Quaternary stratigraphic sequence as a basis for reconstructing the
environmental history of the playa area: (2) bracketed the chronology of playa lake
sedimentation through optical dating of quartz aeolian sediments and radiocarbon analysis
of preserved charcoal and other organic materials in stratigraphic context; (3) described the
geomorphic and hydroclimatic processes which contributed to sedimentation in this part of
the Sahara during the Holocene; and (4) correlated the lacustrine episodes with human
occupation of the region. as documented in the archaeologic and lithostratigraphic records

of other localities in southern Egypt.

This dissertation text interprets the lake muds, aeolian sands, and other related sediments of
Umm Akhdar playa as an archive of recent climatic oscillations and environmental change.

Chapter I discusses the regional setting of the Arba'in Desert, and outlines the playa



FIGURE 1 (next page)

Geographic location of the Bir Nakhlai study region in southern Egypt, with relative

position cf Umm Akhtar playa (N 22° 36', E 30° 18") marked with a star.
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features which have been formerly studied therein. Chapter II contains a detailed
description of methodologies employed and presents the main analytical results. Chapter
[II summarizes the playa lithostratigraphy as documented in the appendix. and discusses
sedimentation at Umm Akhtar in coniext of radiocarbon and optical dates. Chapter IV
correlates the paleoenvironmental record of Umm Akhtar to other contemporary deposits
from sites across southern Egypt and elsewhere in North Africa. Chapter V summarizes
the main conclusions of this study. and discusses some implications for interpreting recent

climatic change and prehistoric settlement patterns within this now-desolate region.

Regional Setting of the Darb el Arba'in Desert

Hydroclimatology

The Western Desert of Egypt comprises an area of more than 400,000 km- in the eastern
Sahara, extending over 1000 km from the Mediterranean Sea toward northern Sudan
(figure 2). The region is also known as the Arba'in Desert (Haynes. 1982b). named for the
Darb EI Arba'in ('Road of Forty’). a famous caravan route which traverses the region
(Shaw, 1929). Today, the Arba'in Desert is within the hyperarid core of the eastern
Sahara delineated by Dubief (1963); this region west of the Nile lacks perennial water
bodies and southern Egypt characteristically receives less than 1 cm of rainfall per decade.
Few rainfall events have been recorded in recent history (Bagnold, 1933), and many years
may pass before measureable rainfall occurs (Bagnold, 1954; Haynes et al., 1987); these

rare events usually occur during the winter.
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FIGURE 2 (next page)

Geographic setting of the hyperarid Arba'in Desert (shaded area). showing the approximate
position of modem isohyets (modified after Haynes. 1987) and vegetation zone boundaries

(modified after Hamilton. 1982: White, 1983: and Ritchie and Haynes. 1987).
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At present, the Arba'in Desert is an internally drained. highly continental region isolated
from the southernmost reach of the winter rainfall belt of the Mediterranean Sea and the
northernmost occurrence of the summer tropical rainfall belt of central Africa (figure 3).
Neither of these atmospheric systems presently contributes significant amounts of moisture
to the region. although they affect seasonal changes in the climate (Tirstig, 1908 a and b:
Bhalotra, 1963). The southerly winds from the South Atlantic that bring summer rains to
the Sahel become desiccating winds (i.e. fohns) as they reach the low-lying deserts of the
eastern Sahara (Dorize, 1974). The present decreasing moisture gradient across the Sahara
from west-to-east is exacerbated by the upwelling of the cold Somali current off the eastern
African coast during the summer months and by the northeastern passage of the dry Asian
monsoon during the winter months. Effects of the southerly-southwesterly July monsoon
from the Indian Ocean are now confined to the Indian subcontinent, and have a minimal

impact upon Saharan North Africa.

Today the continental anticyclone over the modern study region is a relatively constant and
stable feature, and low-level circulation is characterized by slow subsidence of warm. dry
air (Hadley cell circulation). During most of the winter, a high pressure cell extends over
the Arba'in Desert, resulting in stable atmospheric conditions and temperatures ranging
from 6 - 27°C at Kharga and up to 29° C along the Nile Valley at Aswan (Hester and
Hobler, 1969). Strong, persistent winds with speeds ranging between 4-20 km/hour
typically blow from the N-NW over the whole region and are subject to seasonal reversal
(Oliver, 1965). During the spring, a southerly shift of the storm track steers lows eastward
along the Mediterranean Front. rapidly moving approximately 2 to 7 depressions across

Egypt each month. In March-April, these low-pressure systems are usually preceded by
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FIGURE 3 (next page)

Meteorological features of North Africa. Approximate maximum trajectories of surface air
flow boundaries, and limits of the polar front and monsoon rains (Dubief, 1979). At
present, the Arba'in Desert is isolated from the southernmost reach of the winter rainfall

belt along the Mediterranean Sea and the northernmost occurrance of the summer tropical

rainfall belt of central Africa.
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hot, dry. dust-laden, southerly winds known as the khamssin (Arabic for 'Fifty-Day
Winds'): these strong gusts up to 18 km per hour (Ezzat, 1974) cause severe sand and dust

storms lasting two to three days before abating and resuming (Hume, 1925).

In summer, circulation is steered around the Asiatic low pressure system centered over the
Indian sub-continent. Moderate-to-severe heat waves occur as the Sudan low-pressure
trough moves northward, bringing hot. dry airmasses into the Arba'in Desert (EI-Tom.
1975). Summer months (June-September) are very hot and dry: the mean daily maximum
temperature at Kharga in July is about 40°C. and the mean daily minimum temperature is
22°C (Embabi. 1967). The prevailing winds are from the north-northwest. steered by the
circulation around the Asiatic low centered over northwestern India. Autumn months of
October and November are transitional and resemble the spring months. with milder
temperatures and occasional high winds accompanying low pressure systems moving from

the west toward the east (El Dansouri. 1957).

As a result of strong winds, continuous sunshine. low relative humidities. and high
temperatures. the modern region is characterized by a water deficit. Potential evaporation
rate estimated for the Arba'in Desert are in excess of =5.000 millimeters per year (Haynes.
1987). Net losses along the shores of Lake Nasser in the Nile Valley amount to >6 m /year

(Haynes, personal communication. 1992).



Flora and Faun

The present-day hyperaridity precludes lush vegetation across the Arba'in Desert: as a
whole, the region is an "absolute desert” (sensu White, 1983) characterized by low plant
productivity, low biomass, and reduced nutrient flow (Bornkamm and Kehl, 1989).

Harsh microclimatic conditions enhance the effects of local winds. which erode silt and
clay-sized particles from bedrock and soil surfaces and carry the dusts great distances
downwind. As deflation persists, watering places emerge where the land surface is
lowered to the capillary fringe of the local water-table: these wells ( abyar (plural form) or
bir (singular form) in Arabic) comprise the only watering places scattered across the broad

expanse of the hyperarid desert.

Except at various bir and oases. vegetation is now almost entirely absent from the region.
Where present, plants cluster where the groundwater is at or slightly below the ground
surface, or along the mouths of dry valleys (wadis ) which concentrate runoff during rare
rainfall events (Boulos, 1982). Today, the dominant plants in areas where water is
available are date palm (Phoenix dacrylifera), doum palm (Hyphaenae thebaica), tamarisk
(Tamarix amphexicaulis and Tamarix nilotica), and acacia (Acacia raddiana and Acacia
flaua). However, across most of the desert, the distance between two trees is often several
hundreds of kilometers (Bornkamm and Kehl, 1989). Occasionally present are legume
varieties such as halfa grass (Desmostachyva bipinnata and Imperata cylindrica) and camel
thom (Alhagi mourorum) as well as ephemerals such as triple-awned grass (Aristida
plumosa) and various weeds (el Hadidi, 1980). Reeds (Phragmitis communis and Typha

australis) occur in the marshy areas of large oases (Kassas, 1952).



Today. the scarcity of vegetation limits the number of animals in the region (Hume. 1921).
Animal life exists sporadically. and food chains rely upon the aeolian input of organic litter.
beetles, and migrating birds (Osborn and Krombein, 1969: Bornkamm, 1987). Varieties
of rodents (Gerbillus sp..Juculus sp.). Fennecus. and some geckos and lizards are
sparsely present in the open desert: passers-through include gazelle (Gazella dorcas), fox
(Vulpes sp.) and occasional birds (Osbom and Helmy, 1980: Goodman and Haynes.
1989). Desert-adapted gazelles live mostly on grasses and herbs and can exist for months

or more without water other than that from plants and dew (Haltendorth and Diller. 1977).

neral Physiograph

As a whole, the Arba'in Desert lacks extensive areas of high relief: the regional topography
is characterized by broad plains, basins, and plateaus, locally interspersed with irregular
hills, cuestas, low mountains, and uplands ranging in elevation from 500 m to about 1500
m (Ball, 1912). The study region overlies nearly horizontal Mesozoic and Cenozoic rocks.
locally reaching several thousands of meters in thickness in some portions of the larger
tectonic basin (Handley et al., 1987). The bedrock is composed of sandstones and
variegated shales of the Cretaceous to lower Paleocene Dakhla Formation, capped with
occasional outliers of Paleocene limestones (Said, 1962; Issawi, 1973). Locally, the cross-
bedded sandstones and interbedded shales are well ferruginized. and contain high
concentrations of manganese (Hermina and Issawi, 1971). Outcrops of sedimentary rocks
are topographically expressed as shallow basins, low plateaus, escarpments, and cuestas.

Structural control on the landscape of the study region is apparent only locally where
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features are truncated along the Nakhlai fault (Issawi, 1968): the area has remained
tectonically quiescent for many millenia. Outcrops of Precambrian crystalline basement
rocks occur within the region (Issawi. 1971: Klitsch et al.. 1979), most noteably at the
Chephren Quarries. which were exploited as a source for decorative stoneworks during the
Phaoronic period (Murray, 1939: Haynes. 1985). The morphometry of the Uweinat-
Safsaf basement uplift between Bir Sahara and Bir Nakhlai (Issawi, 1982) exerts some
control on the local water-table; according to Klitsch (1983), the shallow structural depth of
basement rocks "dams up" the S-N migrating groundwater, causing it to remain near the

surface.

Southern Egypt presently lacks integrated surface drainage systems and is dominated by
aeolian surface processes. Though a few inactive wadis drain the escarpments. the only
vestiges of formerly active rivers are sinuous ridges of wind-resistant channel gravels:
these inverted wadis are best preserved near the Nile River Valley (Giegengack, 1968).
The desert landscape’s broad., flat erosion surfaces are characteristically separated by
escarpments and erosional remnants (inselbergs) mantled with late Tertiary to Quaternary
fluvioconglomerates, calcretes. lacustrine muds, paleosols. and aeolian sands. Locally.
water and wind have eroded outcrops of bedrock into hollows. mountains (gebel in
Arabic), and occasional dome-shaped knolls and yardangs ranging in size from meters to
several tens of kilometers (Peel, 1941). Wind activity is farther apparent where barchan
sand dunes travel southward in long belts trending roughly parallel to basinal axes. Thin
sheets of sand and lags of angular, wind-blasted, faceted pebbles and gravels (serir in

Arabic) cover much of the desert surface (Holm, 1960).



Across the landscape. there exist a great number of shallow silt- and clay-filled depressions
in which overland flow. suspended-load. and rainwater formerly collected during times
when the regional climate was wetter, and surface conditions were considerably different
than in the modern hyperarid environment. Known as mudpans or plavas (the Spanish
word for 'shore’ or 'beach"), these are low-gradient surfaces located in the central basin of
a flat desert plain where water ponded and persisted above the zone of saturation for some
time. Playa mudpans have been called by many names including clay pan. salt pan. salt
flat, alkali flat, and salina, and are the subject of a wide and dispersed literature (e.g. see
Russell. 1885: Motts, 1965: Neal. 1969: Smith, 1970: Shaw and Thomas. 1989: Harmse
et al.. 1990: Goudie and Wells, 1995). In Egypt. these short-lived lacustrine features are
called balata or hattiva by local Bedouins: the word hartiva (colloquial Arabic for
‘temporary settlement’) refers to the fact that water from the occasional (and unusual)
rainstorm collects there, and is available for the nomads who pass through the area
(Mitwally. 1953: Said. 1980). For simplicity. this paper uses the term "playa” to refer to
ponded waters which have formerly collected in topographic lows within closed basins
lacking a visible link to a discharge channel (sensu Neal, 1975). "Playa muds” are their
associated sedimentary deposits consisting of sand. silt, and clay. often displaying a

polygonal pattern of large desiccation cracks, and a vulnerability to erosion by wind.
morphic expression of pl m ns
Although mudpans have long been recognized as sedimentary remains of formerly ponded

water across the Arba'in Desert landscape (Zittel. 1883 Beadnell, 1909; Balil, 1927:
Bagnold, 1931; Peel, 1939), they are not often distinguished or subdivided from general
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Quaternary alluvium (Qal) on geological maps published by the Egyptian Geological
Survey. Said (1980) mentions that many unmapped dry lake mudpans exist in the lowest
points of enclosed basins in southern Egypt. Playa and lacustrine sediments located near
the scarp between Kharga and Dakhla were described by Caton-Thompson (1952) and
Embabi (1968. 1969). Other ephemeral lakes in the desert include those studied by Issawi
(1969). Haynes et al. (1979). Haynes (1983), Wendorf and Schild (1980): Pachur and
Braun (1980). and El-Baz and Maxwell (1982).

A review of the literature suggests that Quaternary playas occur in certain geomorphic
settings across southern Egypt and northen Sudan. Playas have been documented in (1)
interdunal areas (Haynes. 1982a): (2) abandoned river channels (e.g. Wadi Howar --
Pachur and Krépelin, 1987): (3) topographic lows (Haynes et al.. 1979): and (4) within
unconsolidated sediments of Quaternary units, including deflated lake beds (e.g. Bir
Kiseiba -- Haynes. 1982 a,b), alluvial deposits (e.g. Barqat el Shab playa --Haynes. 1982

a. b) or aeolian sediments (e.g. Wadi Wassa Wassa --Peel. 1939: and Haynes. 1982 a. b).

Many playa mudpans lie at the footslopes of plateaux capped with Eocene limestones
(Embabi, 1972; Said, 1980) or form on bedrock surfaces of shale or fine-grained
sandstone (McDonald. 1992). These lithologies characteristically have a low cohesive
strength and weather easily via processes of salt-splitting and the desiccation of expandable
clays. This produces fine-grained particles easily entrained in aeolian and fluvial transport
by suspension, saltation, or surface creep (Haynes, 1980); the removal of materials
downslope and downwind in discrete or aggregate form excavates bedrock hollows,

forming topographic lows where water can pond. Wind deflation. riverine action, and/or



rainfall may be involved in the creation of playa basins in southern Egypt (Hobbs 1917
Bryan, 1923; Ball 1927: Said 1962: Haynes. 1980). Some clusters of playa lakes may
have originated as river systems which flowed during the Tertiary (Issawi and McCauley.
1992) but are now defunct due to a climatically-induced drop in hydraulic gradient (Smith.

1970).

Unmapped playa mudpans are often found during field reconniassance along the leeside of
escarpments (i.e. south side) or in places where water might collect. downslope from
poorly-drained fluvial systems or along faults and fractures. Playa mudpan surfaces in the
Arba'in Desert are virtually flat (gradient < 0.5 m/km) or topographically inverted and
range in area from a few to several hundred square kilometers (Az-Izz, 1971). The
surfaces of mudpans have certain common characteristics (table 1), including large
polygonal shrinkage cracks and surface mudcurls. The lithostratigraphy of playas in the
Arba'in Desert is dominantly comprised of fine-grained sands. silts, and clays with
occasional lenses of pebbles, gravels, and cobbles. Playa sediments are often highly
oxidized, and typically do not preserve organic materials well: playas lack the chalk-like
marls, organic muds, laminated sediments, and fossils commonly preserved in
groundwater-fed lakes (e.g. ostracodes, pollen, diatoms). Thick accumulations of
evaporite minerals are not widely present or preserved in southern Egypt. This contrasts
with the nitrate and alum surface crusts associated with the "economic” lacustrine

environments which are mined in northern Sudan.

Playa surfaces are typically devoid of vegetation and highly vulnerable to wind erosion:

many cohesive playa mud deposits have been sculpted by abrasive winds to form
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TABLE 1

Characteristics of playas in the Arba'in Desert of southern Egypt and northern Sudan

————— =

« occupy regional or local topographic lows

¢ lack surface outflows (i.e. are internally-drained)

« were formerly occupied by standing water bodies

+ have arelatively flat surface, commonly wind-eroded to form yardangs

« are generally characterized by evaporative losses (P<<<ET)

« are comprised of dominantly pelitic sediments with some aeolian siliclastic input

« may be patterned with polygonal desiccation cracks along surface

are generally lacking in surface vegetation (occasional halophytes)
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aerodynamic ridges called yardangs (Hedin. 1903: Grolier et al.. 1980) or mudlions
(Beadnell, 1909: Bagnold. 1939). Near the Kharga Oasis region, playa mud yardangs are
as much as 10 m above the present basin floor (Embabi. 1972: Said. 1980). The playa
near Gebel Nabta reflects deflation-lowering by at least 4 m since the Neolithic: several
portions of the dunes underlying the playa-sediments form small hillocks =4 m higher
than the current level of the playa floor (Wendorf and Schild. 1980). At the present time.
playa mud deposits in the Arba'in Desert are loci of desiccation and deflation-excavation as

well as a sources of sediments easily eroded by the wind.
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CHAPTER I

Study Methodology and Analytical Results

This project employed several different techniques, the specific details of which are
documented in this section. Landsat data were processed to map landscape environments.
recognize geomorphic features, and discover new areas suitable for field study. During
field reconnaissance, geometrically-rectified basemaps were ground-truthed. stratigraphic
relationships were mapped. and sediments were sampled from a new playa lake.
Radiocarbon and optical dating techniques were employed to bracket ages for playa

sedimentation and contemporaneous human occupation.

Landsat Im Processin

Landsat satellite images are invaluable geologic field study of the Arba'in Desert, an area of
difficult., unmapped terrain and harsh climatic conditions. Mapping the surficial geology in
southern Egypt was greatly aided by the use of synoptic satellite data because the
discrimination of different surficial sediments by the unaided eye is limited by the extremely
flat and featureless terrain, and subtle changes in mineralogical composition. Twelve
adjacent Landsat Multispectral Scanner (MSS-1) scenes (figure 4) were utilized to view the
broadscale distribution of sedimentary features in the Arba'in Desert, and to define areas of

research interest with accessible Quaternary aeolian, fluvial, and lacustrine deposits.

Figure 5 summarizes the basic image processing methodology. The processing was

accomplished at various institutions, including the Center for Earth and Planetary Sciences



FIGURE 4 (next page)

Shaded area on the map shows the geographic area covered by the twelve adjacent Landsat

Multispectral Scanner (MSS-1) scenes that were processed in this study.
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FIGURE 5 (next page)

Flowchart depicting the basic steps of Landsat image processing.
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of the National Air and Space Museum, Smithsonian Institution; the Planetary Imaging
Research Laboratory at the Planetary Sciences Department at the University of Arizona; the
Remote Sensing Division at NASA-Goddard Space Center: and the Department of

Geography at the University of Arizona.

After Landsat MSS-1 scenes were retrieved from tape archives. random and periodic noise
such as stripes (or six-line banding) in the raw data was removed or supressed. A two-
pass destriping method was applied to the images using an algorithm module in ELAS.NS
software. Radiometric correction compensated for discrepancies between data collected by
satellite sensors and "true" sediment colors, the scattering of light by atmospheric aerosols,
and the aquisition of adjacent scenes at different imes, days. and years (table 2). Each
scene was normalized for solar irradiance by considering the differences in gains and
offsets between the Landsat | sensors, and calibrating the radiance for each band (Dokken.
1990). Absolute reflectance among images was correlated by taking into account
differences in sun angle and the Earth-to-sun distance during the acquisition times of each
scene, after methods in Short (1982). Using modules within the software package
ERDAS, mean digital numbers (dns) for each scene were converted to normalized

reflectance values (albedos) following procedures outlined by Markham and Barker (1986).

To correct pixel (i.e. picture element = 79 m x 58 m) locational errors and to place ground
features in their correct geographic positions throughout the image, geometric

rectification adjusted the default corner coordinates after "ground truthing” (table 3).
Precise geometric control of the locations of particular features is limited by a lack of detail
in the few existing maps available for the study region: these are at a scale of 1:250,000

which was suitable for strategic navigation during World War II, but not precise enough



TABLE 2: Landsat MSS-1 scene specifics and values used in radiometric calibrations

Decimal
Scene Date of Landsat | latitude | Radiometric Calibration Multiplier Coefficient?
path-row scene MSS-1 | of scene values!
aquisition | scene ID | center
point d Jd h Os Band 4 | Band 5 | Band 6 | Band 7

189-42 11-01-72 | 111007561 | N25.76° | 234 ]| -17.941 30.00 | 524 1.659 1,563 1.707 4.23
189-43 11-01-72 1 111007563 |N24.32° § 234 | -17.94] 30.37 | 51.6 1.623 1.536 1.683 4.17
189-44 11-01-72 1 111007570 | N22.88° § 234 | -17.94] 30.44 | 50.6 1.587 1.503 1.647 4.08
189-45 11-01-72 J 111007572 IN21.44° | 234 | -1794 | 30.81 | 49.6 1.557 1.473 1.614 3.99
190-42 1-04-73 | 116508014 | N 25.99° | 289 | -22,60] 2992 | 56.6 1,833 1.737 1.902 4.71
190-43 2-00-73 1116508022 IN24.55° } 316 | -17.31] 30,28 } 51.2 1.608 1,521 1.668 4.11
190-44 2-09-73 ] 120108025 | N23.12° } 316 | -17.31} 30.60 | 50.3 1.578 1,494 1.638 4.05
190-45 11-11-72  F 1108031 | N21.44° | 235 | -18.19] 30.73 | 49.7 1.557 1.473 1.614 3.99
191-42 11-13-72 | 111308132 | N25.75° | 236 | -18.454 29.99 | 529 1,674 1.584 1.737 4.29
191-43 11-12-72 | 111208080 | N24.31° § 236 | -18.45] 30.08 | 51.8 1.632 1.545 1.695 4,17
191-44 11-12-72 1 111208083 | N22.88° § 236 | -18.45] 3045 | 50.8 1.593 1.509 1.656 4.08
191-45 11-12-72 | 111208085 | N21.45° | 236 | -18.45] 30.82 | 50.0 1.569 1.485 1.629 4.02

Values used in radiometric calibration equations of Shont (1982): d = days past vemal equinox (21 Masch),

d = solar declination; h = hour angle 10 Sun in degrees; ©s = solar zenith angle in degrees.

Muttipliers used to convert mean digital numbers (dns) to reflectance values after equations in Markham and Barker (1986).

LE



TABLE 3: Geometric calibration data for processing Landsat MSS-1 scenes

Scene
path-row

Default Corner Coordinates

Upper Right

Upper Left

Lower Left

Lower Right

189-42

N 26.30°, E 32.21°

N 26.66°, E 30.39°

N 25.13° E 29.94°

N 24.86°, E 31.71°

189-43

N 24.95° E 31.80°

N 25.22°, E 30.02°

N 23.69°, E 29.58°

N 23.42° E 31.33°

189-44

N 23.51° E 31.41°

N 23.78°, E 29.66°

N 22.25°, E 29.22°

N 21.98°, E 30.95°

189-45

N 22.07° E 31.03°

N 22.34°, E 29.30°

N 20.81°, E 28.86°

N 20.55°, E 30.58°

190-42

N 26.60°, E 30.91°

N 26.87°, E 29.13°

N 25.36°, E 28.68°

N 25.10° E 30.43°

190-43

N 25.17°, E 30.43°

N 25.45°, E 28.67°

N 23.93° E 28.22°

N 23.66°, E 29.96°

190-44

N 23.74°, E 30.05°

N 24.01° E 28.31°

N 22.49° E 27.86°

N 22.22°, E 29.58°

190-45

N 22.07° E29.61°

N 22.34°% E 27.8%°

N 20.81°, E27.44°

N 20.54° E 29.16°

191-42

N 26.38°, E 29.34°

N 25.65°, E 27.54°

N 25.12°%, E 27.09°

N 24.85°, E 28.86°

191-43

N 24.94°, E 28.94°

N 25.21°, E 27.17°

N 23.68° E 26.72°

N 2341° E28.47°

191-44

N 23.50°, E 28.55°

N 23.78° E 26.80°

N 22.24°, E 26.35°

N 21.98°, E 28.09°

191-45

N 22.07°, E28.17°

N 22.34°, E26.44°

N 20.81°, E 25.99°

N 20.55° E27.71°

8¢
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for the identification and subdivision of surficial geologic units. During the 1992-1996
field seasons, a hand-held Garmin Global Positioning System (GPS) determined the
geographic coordinates of feature-specific ground control points (GCPs) via triangulation
to passing satellites. Landsat MSS-1 scenes were geometrically registered and mapped into
the Universal Transverse Mercator (UTM) World Geodetic System 1972 (WGS 1972)
ground coordinate system at a resampled pixel size of 100 meters. Bilinear interpolation
(Moik, 1980) was used in resampling. and the accuracy of geometric control was within 3-
6 pixels. Registration between adjacent scenes of mosaiced images averaged within 5

pixels.

The twelve-scene mosaic informed navigation and served as a base map for field studies. as
well as spectral analyses leading to the classification of landforms and geologic units.
Using georeferenced playas and paleosols visited during field seasons as training data. the
spectral properties of known surficial sand, lake and soil deposits were classified.
Supervised classification techniques (Taranik. 1978: Lillesand and Keifer, 1987) were
employed to identify similar Quaternary deposits on the basis of spectral variations due to
differential chemical and physical properties. including composition, texture, and
roughness. Statistical measures generated for the pixels in the training areas of known
surface cover were input to the classifier, which grouped areas with similar spectral
characteristics in the study area. Five categories were classified: "red" desert windstreak,

barchan dunes, sand sheet, shale bedrock. and playa deposits (figure 6).

To accentuate farther the contrast between these features of interest in the digital image, the

range of input digital numbers (dns) were redistributed to fill a larger output scale (Rohde et
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FIGURE 6 (next page)

Average spectral characteristics of four categories of observed features in Landsat images
of the Bir Nakhlai region. southern Egypt: 'red’ desert windstreak. barchan dunes. sand

sheet. shale bedrock. and playa deposits. Note: Band 4 (500-600 nm): Band 5 (600-700
nm); Band 6 (700-800 nm): and Band 7 (800-1100 nm).
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al.. 1978). Application of a linear contrast stretch preserved the original radiance
relationships by reassigning digital pixel values over a range of 0 to 255 (where dnmjp =0

and dnmgx=255). The enhanced image and annotated map in figures 7 and 8 document the

digital processing and classification of landscape features in the Bir Nakhlai study region.

On the enhanced image. a large, unmapped surficial deposit was apparent within the Bir
Kiseiba-Bir Nakhlai region. The spectral signature of the unknown feature resembled that
of distinctive surficial playa mud units at Bir Murr and Bir Ayed (Issawi, 1968: 1971).
suggesting a similar origin. Ground reconnaissance was essential to confirm the nature of

this feature.

Field Investigations

Reconnaissance during the 1992, 1994, and 1996 field seasons in the Bir Kiseiba-Bir
Nakhlai region confirmed the location and spatial extent of several geomorphic features
recognized on processed Landsat MSS images. including drainage networks, hillslopes.
wind streaks, and sand dunes. Among the features observed were formerly studied playa
lake muds located in topographically-low areas along the southern base of the Kiseiba
escarpment trending NE-SW from approximately 22°60" N latitude. On the ground, the
playa lakes were similar to the unmapped. unnamed surficial deposit discovered at

approximately N 22° E 30°. thereby suggesting a similar playa lake origin (figure 9).

The playa lake we have named Umm Akhtar (Arabic for ‘Green Mother") occurs as mud-

rich surficial sediments which outcrop continuously over a considerable geographic
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FIGURE 7 (next page)

Detail of enhanced Landsat Multispectral Scanner image of the Bir Nakhlai study region:
Umm Akhtar Playa is located near the central right-hand side. marked with a star: its

geographic coordinates are N 22°36', E 30° 18'. (Please compare with figures 8 and 9).
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FIGURE 8 (next page)

Surface geology of Bir Nakhlai study region as categorized by digital classification
techniques and field checking. Umm Akhtar Playa is located near the central right-hard
side. marked with a star: its geographic coordinates are N 22° 36'. E 30° 18". (Please

compare to figures 7 and 9).
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FIGURE 9 (next page)

Map drawn from satellite images. depicting location of Umm Akhtar playa in the larger Bir
Nakhlai region. The dashed line shows the approximate location of the caravan route

known as the Darb El Arba'in ('Road of Forty"), after which the region is named.
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distance (>20 km?2) within the 160 masl (meters above sea level at Alexandria) contour
(Egyptian General Desert Development Organisation. 1965). The muds floor an extensive
topographic hollow incised in local bedrock. the nearly horizontal sandstone and mudstone
units of the Dakhla Formation. Throughout the perimeter of the basin, the sediments torm
a continuous surface deposit characterized by polygonal cracking patterns up to several
meters in diameter (figure 10). Playa muds are locally mantled with aeolian sediments and
an armor lag of wind-abraded cultural materials and fluviolacustrine gravels and cobbles.
On aerial photographs of the region. the surficial deposit can be traced by its tonal contrast
with that of the surrounding bedrock, which rises in a series of low steps to the north due
to differential erosion along the bedding planes of outcropping sandstones and shales

(figure 11).

The extent of the surficial playa muds is confined by bedrock promontories and inselbergs
along its northern and western ends. Along the southern flank of the playa. however. no
shoreline features or bedrock sills are apparent today, complicating an accurate estimation
for the total areal extent of the playa mud deposits: the southern boundary of the playa may
have formerly been bounded by dunes. older lake sediments. or alluvial sediments. The
playa lake extended at least 25 km2, which is significant because no perennial water bodies
are in the immediate area of Umm Akhtar playa today, and the modern water-table is deeper
than any hole we were able to dig with an auger core (about = 3 m below the ground
surface). Within the region, the closest water wells occur farther southwest at Bir Nakhlai,
a traditional watering place on a caravan route that has not been used during this century
(Haynes, 1980) although it was an important outpost during the revolt of the Mahdi (ca.
1888-1898). Two stone-and-mortar block houses were built at Bir Nakhlai in 1893-1894

(Gleichen, 1905) to assert British military presence and to monitor activities of the Dervish
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FIGURE 10

Photographs of the mudpan surface and meter-scale desiccation cracks at Umm Akhtar.
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FIGURE 11 (next page)

Digitally-compiled aerial photomosaic of playa Umm Akhtar. Note the long dune field
along the eastern perimeter of the playa: barchans are marching southward across the

bedrock.
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raiding parties from the Sudan. Presently at Bir Nakhlai (elevation =185 masl), the
pieziometric head is at I m below the ground surface, and the low pH, iron-rich water is

potable.

In the north-central part of the larger basin, the relationship of playa sediments to local
bedrock features and recent alluvial sequences is well preserved. and some sediments are
partially exposed in vertical section due to recent deflation (figure 12). A portion of the
mud-floored basin (figure 13) was selected for surveying and detailed study at N 22° 36’
06.5" E 30° 18' 19.4". An EDM (Electronic Distance Meter) Total Station (figure 14) was
used to survey the horizontal and vertical distance relationships among the various
morphometric elements of the playa and its margins over 2 0.6 km? area bounded by
distinctive, mappable geomorphic features: the terminal section of a dry wadi (north), a rise
in the elevation of the basin floor (south), a longitudinal dune (east). and a bedrock bench
(west). The precision of repeated survey measurements averaged <2 cm. The surface
topography of the study area in Umm Akhtar playa is depicted in a contoured map (figure

15) and cross sections (figure 16).

Natural and hand-dug exposures of playa muds and shoreline facies were systematically
examined and local sedimentary units and their stratigraphic relationships were described in
detail. Stratigraphic profiles were described and correlated among 11 trench sites and 2
auger holes (figure 17) along transects spanning the wadi, the basin depocenter, and the
bedrock-beachface junction (figures 18. 19, and 20). Basic characteristics of sediments
exposed along the trench face were noted. including unit thickness, geometry, dry color
(using notation of Munsell, 1994). state of coherence. bedding, structural characteristics.

nature of boundaries, fossil content. and associated archaeology (please see appendix for



FIGURE 12

Pictures depicting the general geomorphic setting of playa Umm Akhtar study area
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FIGURE 13 (next page)

Detail of aerial photo showing study area where field work was conducted within the larger

playa basin.
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