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Synposis

Bab edh-Dhra and Numeira, two Early Bronze settlements,
are located on alluvial fan surfaces within the tectonically
active Dead Sea rift. Bab edh-Dhra, located on the south edge
of the Wadi Kerak, had a much gentler topography and most
probably an interior spring at the time of occupation by Early
Bronze populations. Post-occupation fault movement has
resulted in extensive erosion, especially of the northern edge
of the site and loss of the interior spring. Numeira, situated on
the south edge of Wadi Numeira, is presently some 50m.
above the Wadi Numeira stream. At the time of Early Bronze
occupation the wadi stream flowed past the south side of the
site and was a readily accessible water source. Fault move-
ment and greatly increased erosion has resulted in loss of the
northern half of the site. The stream, adjacent to the site in
Early Bronze times, is now north of the site and some 50 m.
lower.

Introduction

Archaeological geology, a new interdisciplinary field, can be
described as the interface between archaeology and geology.
The interaction between specialists from both fields often
generates new information valuable to both disciplines. The
archaeologist is primarily interested in cultural sequences and
often does not have the training to evaluate the impact of the
physical setting on the culture he is examining. For the
geologist, the insertion of cultural dates offers a much finer
temporal resolution with which to examine geological proces-
ses.

In the present paper, I hope to convey how archaeological
geology is of use in a better understanding of the physical
environment of the southeast Dead Sea Plain during and after
Early Bronze time.

Regional geologic history

A brief sketch of the geologic history of the Dead Sea area is
helpful before discussing details of the geology for Bab
edh-Dhra and Numeira. The history for the region, although
complex if examined in detail, can be divided into three major
phases.

The oldest exposures in the area are Pre-Cambrian (older
than 600 million years B.P.; B.P. means before present)
igneous and metamorphic rock sequences within the Arabian
Shield. They represent a period of mountain building associ-
ated with igneous activity. Topographic relief established
during the Pre-Cambrian was largely eroded and removed
before the end of that period. Thus, by the close of Precam-
brian time, the Arabian Shield, a low relief feature, was
established (Bender 1974).

The second phase of history involves deposition of
sedimentary rocks upon the Arabian Shield. The period of
time involved is Cambrian (600-500 million years B.P.)
through at least Eocene (55-38 million years B.P.). The area
west and northwest of the present Dead Sea tended to be a site
for marine sediments while terrestrial deposits were more
common to the east and southeast (Bender 1975: 110). The
Lower Paleozoic (600—345 million years B.P.) sedimentary
rocks tend to be terrestrial reddish sandstones which have
commonly been described as Nubian Sandstone (Burdon
1959). The Middle Paleozoic through Upper Mesozoic (345—
66 million years B.P.) rocks show a change to light colored
fine-grained sandstone and fine-grained limestones which can
be fossilferous and/or cherty. These units commonly thicken
toward the northeast; subsidence increased in that direction
which was toward the Tethys geosyncline. The region to the
southeast tended to remain a stable shelf, the Arabian Shield
(Bender 1975).

In Oligocene (38-22.5 million years B.P.) or Miocene
(22.5—6 million years B.P.) time, a radical change in tectonic
style occurred. The Dead Sea—Jordan River rift valley
developed; the center of this long narrow valley, extending
from north of Lake Tiberias to the Gulf of Aqaba and the Red
Sea, is a downdropped fault block or graben (f1G. 1). Major
movement on the fault has been strike-slip or horizontal but
enough vertical displacement has occurred to form the rift.
The high-standing escarpments to the east and west are
erosional remnants of the upthrown fault blocks. Sporadic
earthquakes within the Dead Sea area indicate that fault
movement is still taking place.

During Miocene and Pliocene (22.5-1.9 million years B.P.)
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1. Tectonic map of the Dead Sea rift showing the location of Bab
edh-Dhra and Numeira. Major displacement has occurred on the
eastern and western, north—south border faults. A smaller amount
of displacement has occurred on the east—west faults north and
south of the Lisan Peninsula and at the Araba Escarpment after
deposition of the Lisan Marl (After Neev and Emery, 1967).
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time, a seaway connection apparently existed with the
Mediterranean (Neev and Emery 1967) and perhaps the Red
Sea. Marine limestones and evaporites were deposited along
the central axis of the Dead Sea rift while conglomerates and
sandstones were emplaced along the east and west border of
the rift valley; alluvial fan deposits consisting of sediments
transported from the adjacent high-standing escarpments.
Before Pleistocene (1.9 million—12 thousand years B.P.) time,
seaway connections were terminated but because of the
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predominantely arid climate in the region, evaporite deposi-
tion continued from fresh water. Alluvial fan sedimentation
continues up to the present time along the margins of the rift.

Several deep wells (4,000 m.) have been drilled into the rift
sedimentary sequences, but it was not possible to drill
through the complete fill in the graben. Seismic methods have
been used to estimate the thickness of the rift deposits.
Nettleton (1948; 1958) estimated that the Dead Sea rift was
filled with sediments to a depth of 3—6 km. Zak and Bentor
(1972) using somewhat different assumptions, recalculated
data from Nettleton (1958) and Nasr (1949) and estimated
that the sedimentary fill reaches a depth of possibly 8—10 km.

The final sequence of events for the rift valley has involved
the shrinkage of Lake Lisan, which filled a large portion of the
valley from the Araba escarpment, south of the Dead Sea, to
north of Lake Tiberias. The lake was present from about
60,000 years B.P. to 18,000 years B.P. (Begin, Erlich and
Nathan 1974). Since that time, the shoreline has apparently
retreated to the present position of the Dead Sea.

Geologic structure and especially the location of faults
strongly control present topography within the southern
Dead Sea valley. The prominent north—south faults which are
responsible for the high standing eastern and western escarp-
ments, have been active since perhaps Late Cretaceous (ca. 80
million years B.P.). The earlier movement is apparently
predominately strike-slip; pronounced vertical movement did
not occur until Late Pliocene (ca. 2.5 million years B.P.) time
(Neev and Emery 1967; 21) when a thick sequence of
sediments, evaporites in the center of the rift and sand and
gravel on the margins, began to accumulate. Bender (1974;
1975; 120) places the first significant vertical movement
somewhat earlier, Oligocene to Miocene (38—6 million years
B.P.) with deposition of syntectonic, mildly deformed,
sedimentary rocks within the rift. Bender (1975; 121) also
states that evaporite deposition apparently began in Miocene
time (22.5—6 million years B.P.); seismic records indicate an
evaporite sequence at a depth of 4,000 m.

Although the data are not unequivocal, Neev and Emery
(1967) suggest the presence of northwest trending faults on
the north, west, and south borders of the north and south
basin of the Dead Sea (r1G. 1). The Lisan Peninsula is
interpreted as a high-standing horst structure. The Araba
escarpment, 15 km. south of the Dead Sea, was formed by
movement of the southernmost fault, a feature which is well
documented from field evidence. Movement on these faults is
thought to have occurred in Holocene time (less than 12,000
years B.P.), after deposition of the Late Pleistocene Lisan
Formation. Interpretations discussed below suggest that dif-
ferential movement has occurred on the fault bounding the
southern border of the Lisan Peninsula since Early Bronze
time.

The placement of wadi systems, presently eroding into the
eastern escarpment, may also be fault controlled. Bender
(1975) shows large fault traces in the position of Wadis
Kerak, edh-Dhra, and Hasa. Shorter fault traces are also
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indicated in the position of Wadi Khanazir. No faults are
located near Wadis Numeira or Feifa, but these may have
been missed during fieldwork for preparation of the geologic
map. It is reasonable that the present wadis would be located
along fault zones; the faults provide a zone of weakness which
would be preferentially eroded.

Regional setting of Bab edh-Dhra and Numeira

Bab edh-Dhra and Numeira are both located on alluvial fan
surfaces just east of the Dead Sea. Bab edh-Dhra is adjacent to
the Lisan Peninsula while Numeira is located east of the south
basin of the Dead Sea (F1G. 1). In both cases, the sites are
adjacent to wadis, the Wadi Kerak and the Wadi Numeira,
which drain from the 1,000 m. high escarpment to the east.
Both Early Bronze sites are situated on the south side and
about 50 m. above the streams that presently flow through the
respective wadis. The alluvial fans themselves consist of silts,
sands and gravels that were transported from the eastern rift
escarpment and deposited as coalescing fans on the margins
of the Dead Sea Basin. Both fans are presently being eroded
because of gradient changes in the wadi streams.

Pre-cultural stratigraphy at Bab edh-Dhra and Numeira

A number of pre-cultural stratigraphic units are exposed
within the immediate vicinity of both sites. They range in age
from possibly Oligocene up to Holocene (38 million years
B.P.—present). The units were examined during field work at
the sites and are as follows:

Bender (1975) describes a number of syntectonic units from
the Dead Sea rift valley; sedimentary rocks which were mildly
deformed contemporaneously with deposition by fault move-
ment during development of the rift. They range in age from
Oligocene to Miocene (38—6 million years B.P.) (Wetzel and
Morton 1959; 167). They are only exposed at Bab edh-Dhra.

Four different lithologies are presently exposed along the
floor of the Wadi Kerak. The syntectonic units in Wadi Kerak
are gently folded with dips reaching a maximum of about 30°.
Minor faults with small displacements are also present. No
effort was made to measure thicknesses within these units as
they probably were not exposed at the time of occupation at
Bab edh-Dhra; they are not found in the cultural materials at
the site.

The upper boundary of the syntectonic units is an eroded
surface having an irregular relief; this surface may be re-
sponsible for the spring presently located near the wadi floor
immediately below Bab edh-Dhra. At the spring itself, the
contact between the syntectonic units and the overlying
gravels is obscured by travertine deposits and vegetation. It
probably is less than 10m. above the wadi floor. In a
downstream direction, 100 m. west of the spring, the contact
is at a height of about 15 m. An additional 100 m. west, the
contact has risen to a height of 25 m. The syntectonic units are
fine-grained and relatively impermeable, while the overlying
gravels are coarse and permeable and serve as a good aquifer.
The spring located immediately beneath Bab edh-Dhra as well

as the spring located in Wadi edh-Dhra, a tributary of Wadi
Kerak located 100 m. northeast of Bab edh-Dhra, are caused
by emergence of ground water flowing through gravels from
the uplands to the east. Their emergence is probably caused
by the rise in the syntectonic erosional surface at this point.

After erosion of the upper portion of the syntectonic units,
renewed fault movement regenerated the eastern escarpment
as a sediment source. Flat-lying gravel- to silt-sized sediments
were deposited within the Bab edh-Dhra area during Middle
Miocene through Middle Pleistocene time (15—1 million years
B.P.).

Three stratigraphic sections were measured at Bab edh-
Dhra to establish what types of sedimentary units are present
in the area. Two of the sections, A and B, extend from the
Wadi Kerak floor up tributaries into Bab edh-Dhra itself. A
third section, C, was measured on the north side of Wadi
Kerak, about 100 m. west of the beginning point for section B
(F1G. 2).

Although the three sections are somewhat different, they
show a generally similar depositional sequence. In all three
sections, a coarse gravel including boulder-sized material with
a sand- to silt-sized matrix is present above the syntectonic
unit. The sediment is very poorly sorted with upper size limits
of up to 90 or 100 cm. The gravel- to boulder-sized material is
consistently well rounded. In all three sections, a fining
upward or decrease in grain size is seen. The gravel is
cemented by calcium carbonate, undoubtedly precipitated
from ground water evaporation in this arid environment.
Because of cementation, present erosion of the gravel pro-
duces vertical or very steep valley walls.

The gravels probably represent channel fills within an arid
alluvial fan sequence (Doeglas 1962; Hook, 1967). After

2. Topographic map of Bab edh-Dhra showing location of site wall
and excavation fields. Dashed continuation of wall line shows
probable position before removal by erosion. Positions for
stratigraphic sections A, B and C described in text are shown.
Distribution of pre-Lisan sand and gravel and Lisan Marl are
indicated. Finally, the position of cultural material at —223 m. and
above is indicated in the western tributary of the site.
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erosion of the underlying syntectonic units and uplift of the
eastern escarpment, the present wadi system was probably
established along fault zones in the escarpment. The gravels
represent initial build-out by the ancestral Wadi Kerak.

In section C, a 10 m. sequence of well-sorted silt to sand
overlies the coarse gravel. No cross-bedding was noted within
the sequence. This may represent a lens of sheet flood deposit,
emplaced by water flowing over the surface of the alluvial fan
itself (Doeglas 1962). Overlying it is about 15 m. of medium-
to fine-grained gravel with a sand matrix at some horizons.
The relatively good sorting within this unit would again
suggest sheet flood deposition with transport of coarser-
grained sediment.

In sections A and B, about 15m. of tan calcareous silt
occurs at the level of sand and gravel in section C. At first
glance this sequence, located on the side walls of the tribu-
taries presently cutting into Bab edh-Dhra, appears to be part
of the natural stratigraphy. Closer examination reveals the
presence of abundant cultural materials: mudbrick, pottery
sherds, fire lenses, and stone ‘door sockets’. This material is
actually a much younger cultural sediment deposited during
Early Bronze time and now covering the natural stratigraphy
on valley sides within the Bab edh-Dhra site.

The uppermost unit exposed in all three sections is the
Lisan Marl; it ranges in thickness from 5 to 15 m. In section
A, its base is concealed by overlapping, younger cultural
sediment so total thickness is not known.

The Lisan Marl is characterized by alternations of white
aragonite and dark detrital laminations. The white aragonite
layers range from 0.5-1.5 cm., while the brown detrital clay
layers vary from 1.5-3.0 cm. in thickness.

Pre-cultural stratigraphy at Numeira consists of much
younger units. The Lisan Marl is not exposed and is probably
a subsurface unit here. The south basin of the Dead Sea has
been downdropped relative to the area of the Lisan Peninsula.
The alluvial fan complex at Numeira is post-Lisan in age and
consists of gravel- through silt-sized sediments similar to
those deposited at Bab edh-Dhra below the Lake Lisan
deposits.

Pre-cultural topography of Bab edh-Dhra
Detailed field work during the 1977 (Donahue 1981) and
1979 (Donahue 1982) field seasons of the Southeast Dead Sea
Archaeological Expedition has made it possible to determine
probable topography for the Bab edh-Dhra area before
occupation. The site is located on the south edge of the Wadi
Kerak and is being eroded by two tributaries which drain into
the wadi. The western tributary drains a large part of the
interior of the site with two east—west trending branches (F1G.
2). The head of the smaller eastern tributary is just breaching
the northern edge of the site and has caused the erosion and
removal of a portion of the northern wall of Bab edh-Dhra.
This tributary is presently cutting into the nothern east—west
branch of the western tributary.

Prior to and during occupation, the Wadi Kerak was
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3. Profiles across Wadi Kerak and Wadi Numeira showing the
upper bowl-shaped and lower straight-sided nature of each wadi.
Wadi Kerak has had 28 m. and Wadi Numeira 50 m. of rapid
downcutting.
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shallower than at present by at least 28 m. This has been
documented at two points in the wadi. The western tributary,
where it enters the Wadi Kerak, has a gentle, bowl-shaped
profile down to an elevation of —250 m. Below that elevation,
the tributary is a narrow, deeply cut valley with vertical walls.
A similar relationship can be seen about 500 m. east of Bab
edh-Dhra on a profile across Wadi Kerak (F1G. 3). The wadi
has a gentle, bowl-shaped profile or cross section down to an
elevation of —250 m. and then vertical walls to —278 m., the
elevation of the present wadi floor. Additionally, cultural or
occupation sediment occurs down to elevations of —233 m.
within the western tributary in Bab edh-Dhra (FiG. 2). Below
that elevation, the tributary has a narrow, vertical-walled
profile cut through non-cultural sediments. These observa-
tions suggest that prior to occupation, the Wadi Kerak was
some 28 m. shallower than at present, with relatively gentle
slopes leading down to the wadi floor. After occupation,
uplift and rapid downcutting produced vertical walls in Wadi
Kerak and its tributaries.

The eastern, southern and western boundaries of Bab
edh-Dhra, where a wall is still present, had approximately the
same topography as is present today (FI1G. 4). The eastern and
especially the western edge of the site where the wall is now
situated were somewhat lower than at present. Excavation
along the eastern wall (Lapp 1966) demonstrates the exist-
ence of cultural sediment beneath the stone wall foundation.
This area was built up in Early Bronze 1 and II before
construction of the wall. The western wall is also probably
situated on cultural material. The enclosed basin west of the
wall is the head of a valley which drained into the western
tributary of the site prior to wall construction.

The most dramatic topographic changes have occurred
along the northern edge of Bab edh-Dhra. The slope leading
down into Wadi Kerak was probably situated slightly north
of its present position (compare Figure 2 and 4). The eastern




